N
N

N

HAL

open science

Value-risk based performance evaluation of industrial
systems
Liagat-Ali Shah

» To cite this version:

Liagat-Ali Shah. Value-risk based performance evaluation of industrial systems. Other. Arts et
Meétiers ParisTech, 2012. English. NNT: 2012ENAMO0033 . pastel-00745792

HAL Id: pastel-00745792
https://pastel.hal.science/pastel-00745792

Submitted on 26 Oct 2012

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://pastel.hal.science/pastel-00745792
https://hal.archives-ouvertes.fr

Parislech ET METIERS
INSTITUT DES SCIENCES ETTeECHNCOLOGlES " 'S¢

PARIS INSTITUTE OF TECHNOLOGY

2012-ENAM-0033
Ecole doctorale n°432 : Sciences des Métiers de |’ingénieur

Doctorat ParisTech

THESE

pour obtenir le grade de docteur délivré par

L’Ecole Nationale Supérieure d'Arts et Métiers

Spécialité “ Génie Mécanique et Industriel”

présentée et soutenue publiguement par

Liagat Ali SHAH

le 3 octobre 2012

Value-Risk based Performance Evaluation of
Industrial Systems

Directeur de these : Francois VERNADAT
Co-encadrement de la thése : Ali SIADAT et Alain ETIENNE

Jury

M. Jean-Francois PETIN , Professeur, CRAN, Université de Lorraine Président

M. Angel ORTIZ , Professeur, CIGIP, Universidad Politécnica de Valencia, Espagne Rapporteur
M. Damien TRENTESAUX , Professeur, Laboratoire TEMPO, Université de Valenciennes Rapporteur
M. Laurent GENESTE , Professeur, Equipe SDC, Ecole Nationale d'Ingénieurs de Tarbes Rapporteur
Mme Lamia-Amel BERRAH , Maitre de Conférences, LISTIC, Polytech'Savoie Examinateur
M. Francois VERNADAT , HDR, Cours des comptes européenne, Luxembourg Examinateur
M. Ali SIADAT , Maitre de Conférences, LCFC, Arts et Métiers ParisTech, Metz Examinateur
M. Alain ETIENNE , Maitre de Conférences, LCFC, Arts et Métiers ParisTech, Metz Examinateur

Arts et Métiers ParisTech - Centre de Metz
Laboratoire de Conception Fabrication Commande






Preface
This doctoral dissertation is a summary of my regeactivities conducted during
the last three and half years at LCFC laboratdrgbératoire de Conception,
Fabrication Commandeof Arts et Metiers ParisTech and LGIPM laboratory
(Laboratoire de Génie Industriel et Production Mégae) of University of Lorraine.
The PhD research was performed after getting aladip from Higher Education
Commission (HEC) of Pakistan that lasted from Saptr 2008 to March 2012.
This scholarship was awarded after a national lexamination (NTS) and selection
process under the scheme “Overseas Scholarshiphidistudies in Selected Fields
(Phase 11)". The aim of these scholarships wasastef research activities and
promote higher education in order to build up tlaparity of Universities, R&D

organizations and Industries in Pakistan.

The doctoral research focuses on developing a rddthet attempts to address the
contemporary performance measurement and managersgmnts in industrial
systems. To this end, it relies on modeling, ewsdnaand decision making
approaches, tools and techniques and proposesfarrpance measurement and
management system to assist evaluator/decisionmrakee assessment of industrial
systems while relying on two performance dimensidfelue and Risk measured
respectively by global value and risk indicatore3e indicators are then used to
assess and rank several courses of action (iegnatives) on the basis of desirability
or undesirability in the decision-making contextondover, these two performance
dimensions measured via global performance indisatd value and risk will then
be integrated with two other dimensions of perfanoea Cost and Benefits to

develop a global performance evaluation framework.

Because of the international nature of the schioiipyshe Director-General of Arts et
Métiers ParisTech authorized, as per decision D@2 of £ October 2009, the
writing of this dissertation in two languages: Hslgland French. For this reason, the
manuscript comprises an extended summary in Fréauage (without figures)

and a detailed description of the research in Ehdlvith figures).
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Glossary and acronyms
BPML: Business Process Modeling Languages

Business processA set of end-to-end tasks or activities acros®@anization that
creates value for process stakeholders. The eeddosignifies that simply a
collection of tasks or activities cannot be caliedyusiness process. For example,
registering an order delivery for a client does qualify it to be a business process
but instead a part of a business process: ord@mhgnt.

Choquet integral: As opposed to other MCDM techniques, Choquet late@?l) is
a decision-making technique that is based on fulagpry and thus not employing
additive model for the purpose of aggregation.

DM: Decision Maker

FMEA: Failure mode and effect analysis is a risk analyschnique used for
identifying potential failure modes within a systeand, thereafter, analyzes the
consequences of those failures on the system.

IDEF3: Integration DEFinition 3
Integrated BPPM: Integrated Business Process Performance Modeling

MACBETH: Measuring Attractiveness by a Categorical-Basedaluation
TecHnique or simply MACBETH is an interactive MCDRNchnique used to
develop value functions (or performance expres$iand weights (or importance of
performance criteria) employing principles of prefece and measurement theories.
The values functions along with their weights drent used to obtain an aggregated
global value for a set of alternatives for the msg of ranking them on the basis of
desirability.

Metric: It refers to the quantitative or decimal scale @effprmance measure.
However, it is often used interchangeably with parfance measure in the
performance literature.

MAUT: Multiple attribute utility theory (MAUT) is a staiured methodology to
handle trade-off among multiple objectives (andpsoformance measures/criteria)
and assign a utility value to each measure by liegcthese measures of interest
onto a 0-1 scale with O represents the worst pafer and 1 represents the best. It is
based on utility theory which is used to quantifdividual preferences in any
decision context.

MAVT: Multiple attribute value theory (MAVT) similar tIAUT is a methodology
to handle trade-off among multiple objectives. Hoare it does not take into account
the uncertainty element of the consequences as isase in MAUT.

MCDM: Multiple Criteria Decision Making

Objective: Statements of something that one wants or desiexh@eve and hence,
essential to value analysis. It can be charactrizg a context, an object and
direction of preference (Keeney, 1996). For examlethe contextof “customer
order processing”, thebjectis “product supply” while thelirection of preferencés
“in-time supply”.

Performance indicator (Pl): Performance indicator “expresses or interpretgval
of performance of a process/system achieved wghrtkto its attended objectives.
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Performance measurelt is fundamental to performance indicator anctrefto the
description of elementary performance expressionictwhcan be measured
guantitatively.

Performance management:Performance management uses PM as information to
affect positive change in organization culture,tsys and processes. It identifies
and sets goals, objectives and constraints fovengsystem/process.

Performance measurement (PM):Performance measurement is the process of
guantifying the performance in terms of performameeasures so that the latter
could be used as a tool to monitor and improve gesisystem performance, reveal
progress, diagnose problems, enhance motivatiowamadunication.

Performance measurement systemPerformance measurement system (PMS) is a
set of structural and procedural frameworks as vasll measurement tools i.e.
performance indicators, measures used to analydeaasess the qualitative and
guantitative aspects of performance in a balanoddsgstemic manner.

Process-centered organization: It is a philosophy of managing organization by
processes as opposed to the concept of functidoslis organization.

Process scenarioA process scenario in the context of IDEF3 moded iset of all
units of behaviors that define a path from a sotoaesink element of the process.

Risk: Risk is an effect of uncertainty on objectives

Risk appetite: An amount and type of risk an organization is wilito pursue or
retain (ISO Guide, 73-2009)

Risk factors: They refer to the sources of risks.

Risk tolerance An organization or stakeholder’s readiness ta Bearisk in pursuit
of objectives satisfaction

UOB: Unit of behavior

Value function: A value functionv assigns a numbert(x) to each consequenge=
{x1,x5,..x,). Here,x; is the level of performance measure/criteria meagu
objective0; such that thes(x) indicates the relative desirability of the consemae
By consequence, we mean the level of performanca pérformance measure or
criteria in a particular alternative.

Value: Value in the current thesis refers to satisfactbrstakeholder’s objectives.
The concept is modeled through a conceptual valademin order to develop a
performance indicator: value indicator.

VFT: Value Focused Thinking
VR-PMS: Value and Risk based Performance Management System
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Chapter 1 Introduction et Présentation

Il est apparu ces dernier temps que le manageneelst gerformance de processus
métier représente un défi pour répondre aux besoinsobjectifs des parties-
prenantes dans toute forme d’entreprises privégmibliques. L'entreprise répond a
certains besoins mais aux dépens d'autres a cauda tklation agonistique qui
existe entre les attentes des différentes partesaptes. Dans cette situation, une
entreprise est obligée de gérer ses processusrmiétielle maniére que les attentes
ou objectifs de toutes les parties-prenantes spiastou moins gérés.

Par ailleurs, la satisfaction des objectifs exigaresurer la performance dans un but
d’évaluation. Cependant, les objectifs globaux aavent pas étre opérationnalisés
facilement a cause de leurs multiples dimensiorsutie part, le besoin de mesurer
un systéme ou processus de maniere holistique aumede processus de mesure de
performance.

Pour aborder cette situation, la thése que nougsndéhs est qu'un systeme

d’entreprise doit étre évalué suivant des quates gxincipaux : le codt, le bénéfice,

la valeur et le risque. Le codt et le bénéficeddjh été largement étudiés par ailleurs
mais la valeur et le risque ne sont pas abordés wiacadre intégré et surtout dans le
contexte de I'approche processus. Nous dévelopgons nos arguments atour de
ces deux derniers axes de performance mais le mpénwpe peut étre appliqué aux

deux autres axes : le colt et le bénéfice. Cetpeoahe peut s’appliquer tout aussi

bien a lI'analyse de la performance d’'un systemen giroduit, d’'un processus ou

d’un projet.

1.1 Problématique

La littérature existante du domaine de la perforreasouligne I'importance de la
mesure et la gestion de la performance dans lespeises. Elle se focalise souvent
sur I'élaboration de la mesure de performance &rpdgs objectifs de I'entreprise.
Pour satisfaire ces objectifs afin de créer dealawr pour les parties-prenantes, les
entreprises concgoivent et mettent en place degitasti Cependant, la création de la
valeur par des activités est soumise a des inegett et des risques qui influencent
négativement le processus de la création de laivdlans ce contexte, le role de la
mesure et de la gestion de performance est a $admidéterminer des objectifs,
dériver des mesures de performance a partir delgestifs, définir les risques et
évaluer a la fois les objectifs et les risques paitte a la décision.

D’'une maniére générale, on peut dire gu'actuelleni@mmesure de performance
comprend les aspects financiers et non-financi2esgi and Patelli, 2010; Ittner and
Larcker, 1998). C’est le résultat du changementpdeadigme qui a fait suite a
'inadéquation de la mesure de performance finmac@mme seul indicateur de
performance d’'une entreprise dans un premier tgifigs et al. 2008; Johnson and
Kaplan, 1987). L’émergence et la popularité du ephae tableau de bord équilibré
(Kaplan and Norton, 1992; 1996; 2000 and 2004)' estmple le plus marquant de
ce changement de paradigme. En outre, la littéragur les systémes de mesure de
performance se concentre sur l'alignement de launeede performance avec la
stratégie de I'entreprise (Bhimani, 2006, p. 1@M8. plus, de nombreux chercheurs
préconisent la prise en compte du risque pour ane¢li’'analyse de la performance
(Gourc, 2006; Tuncel and Alpan, 2010). Cependangelstion du risque s’effectue a
part de la mesure de performance intégrée. Paussll le processus de mesure de
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performance n’'est pas strictement lié & l'aide adaision et peut donc étre vu
comme un systeme d’information.

Bien sdr, le systeme de mesure de performances éedbiniques de l'ingénierie du
risque jouent un réle important pour gérer la penfince de processus métier.
Cependant, ces systémes et techniques échouegt’ibisagit de performance
globale de processus. Plusieurs raisons peuvenattibuées a cet échec :

» Le probléme de traitement d’'information quand Ifeptise veut tout
mesurer.

» La plupart des systémes de mesure de performaatfeent pas le cadre
procédural ou méthodologique nécessaire pour gleédmocessus de mesure
et de gestion de performance.

* Les frontiéres des entreprises sont de moins enamoarquées car celles-ci
collaborent en chaines ou réseaux logistiques glmrdes systemes de
mesure de performance ont été développés pountepeses vues comme
une entité fonctionnelle propre.

* Souvent, les systémes de mesure de performanannhpas (ou
insuffisamment) liés au mécanisme de prise de idécite I'entreprise.

Au vu des défis mentionnés ci-dessus, cette thegmpe d’aborder le probleme de
performance et d’évaluation du risque d’'une mangobale. Pour cette raison, la
thése a pour objectif de développer :

«Un systéme de mesure et de pilotage afin de guideévaluateur dans les
évaluations de processus métier en fonction de detéres globaux : la valeur et le
risque. Ces deux indicateurs peuvent étre utilipéar évaluer et classer les
différentes alternatives de processus métier subdse des avantages dans un
contexte de décision ».

Le choix des deux indicateurs ou couple (valesque) a pour objectif de faciliter
l'aide & la décision.

1.2 Organisation de la thése
Ainsi, ce mémoire de these s’articule autour dechigitres (cf. Figure 1-1)

Apres le chapitre d’introduction, le Chapitre 2 g@éte une analyse critique de la
littérature du domaine de la performance afin dié&ules tendances pertinentes et
les concepts de performance dans une perspeaivdatige. Le chapitre aborde les
aspects financiers et non financiers de la perfoo@aleur évolution et la nature
multidimensionnelle, multi niveau et multi partipgenantes d’'un systéeme de mesure
de performance. De plus, le réle et I'objectif gsteme de mesure et de gestion de
performance sont également discutés.

Le Chapitre 3 présente et critique certains systede mesure de performance
faisant référence jusqu’a maintenant. Il discutedeoints forts et points faibles par
rapport aux défis de performance contemporainse®télvaluent par rapport aux
concepts nécessaires a aborder dans un SIP.

Le Chapitre 4 a pour but de synthétiser les exigerdes systémes de mesure de
performance, puis de trouver les outils et techedguécessaires afin de modéliser et
évaluer les exigences identifiées. L'objectif pirad est de trouver les technique
permettant de traduire les attentes des partiemptes dans l'indicateur de valeur
dans le contexte d’incertitude.



Dans le Chapitre 5, un systéeme de mesure de pexfm@nbasé sur les indicateurs de
valeur et de risque, appelé VR-PMS, est proposediéivaluer la performance des

processus métier de I'entreprise en utilisant lg#soet techniques identifiés dans le

chapitre précédent. Le VR-PMMS intégre les concaps®ciés avec la connaissance
sur I'évaluation de performance recueillie dansedivdomaines de performance et
ce, dans un cadre unique afin de satisfaire legeages de gestion de performance
intégrée.

Le Chapitre 6 a pour objet de tester la validitéaetéquation du systeme de gestion
de performance proposé. A cet effet, un cas d'étuée analysé dans le domaine de
la production manufacturiére et qui valide I'adétprade systéme proposé.

Enfin, le Chapitre de conclusion présente le sygghéu travail de recherche. Il
identifie et propose des axes de recherche etinestde leurs perspectives. De plus,
la conclusion discute les limites du systéeme deungest de gestion de performance
basé sur la valeur et le risque.






Chapter 2 L'analyse de la Performance: Concepts
Fondamentaux et Evolutions

Le systeme de mesure de performance est utilisémeoom outil de management
pour quantifier, analyser, piloter et améliorer lpsocessus de I'entreprise.
L’indicateur de performance (noté IP), élément esedu systeme de mesure de
performance (SIP), est donc utilisé pour expringsr dbjectifs et stratégies d’'une
entreprise et d'évaluer I'adéquation de ses proaseséels. Pour expliquer ces
objectifs via un systéme de mesure de performdiecgreprise doit, en premier lieu,

élaborer et mettre en place un systeme de mesumgedermance basé sur des
concepts bien définis. Pour cela, ce chapitre mepdanalyser les concepts de
performance car, bien que largement utilisés damsh@mbreux domaines, leur
définition reste floue.

2.1La littérature de la performance: présentation

Le processus de mesure de performance existe depgiemps dans les entreprises
mais il a connu un développement important durégel industriel, qui continue de

nos jours. Ces développements ont contribué &blégion de plusieurs concepts de
performance, qui ont été adoptés par les SIP aénrépondre aux besoins

constamment en évolution du marché (cf. Figure.2-1)

Néanmoins, selon Franco-Santos et al. (2007) le anpérformance » manque de
définition claire et explicite. Selon Vernadat (699a performance est le triptyque :
organisation, compétence et motivation. Par alede nombreux concepts sont liés
a la performance dans le contexte industriel. Ldopmance repose sur efficacité et
efficience (Neely et al., 2005), efficacité, eféioce et pertinence (Jacot, 1990) ou
encore efficacité, efficience, pertinence et eftétet (Bescos, 1995).

Dans le contexte du management, la performancdirestement liée a la réalisation
des objectifs organisationnels. Cette réalisatient se comprendre au sens strict
(résultat, aboutissement) ou au sens large du gsasequi mene au résultat (action)
(Bourguignons, 2000). Pour expliquer ce conceptnnagement utilise different
termes comme « performance management » (Neely9, 1B8ticchi, 2010), «
performance evaluation » ou « performance measuremdMerchent and Stede,
2007), et « performance appraisal » (David, 19%jagon interchangeable afin de
modéliser le processus de management de la pericena

Par ailleurs, d’autres termes sont également eréplalans la littérature comme «
succes » (Cantner et al., 2011) ou « valeur » ¢Poft998, pp. 33-61) qui font
également référence au concept de performance.

En bref, quel que soit le terme utilisé, le mote«fprmance » reste un terme évasif.
Bourguignons (1995) I'appelle « un mot-valise »aacun met le concept qui lui
convient en laissant le contexte prendre en chiargiéfinition (Neely, 2002, p. 67)
et rend ainsi le concept de performance contexiely, 2007, pp. 322).

2.2 Les différents aspects de la performance

La performance peut étre décomposée en deux diorensiune financiere et une
non-financiére (Dossi and Patelli, 2010; Ittner dmdcker, 1998). La performance
financiére concerne la performance d’'un point de wamptable. Cet aspect de la
performance est le plus ancien et le plus étutidekure la performance en termes
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monétaires (Horngren et al., 1999; Kaplan, 1984s Iesures utilisées sont : les
revenus, le retour sur investissement (ROI) etalewr économique ajoutée (EVA).

La promotion de l'indicateur EVA comme mesure glebde la performance insiste

sur I'importance de I'aspect financier de la parfance (David, 1999).

Les études menées par les chercheurs et pratidens le domaine de la
performance financiere ont donné naissance a dé®des comme « Activity-Based
Costing » (ABC), I'EVA ou « customer profitabilitgnalysis » (Abdel-Maksoud et
al., 2005). Malgré leur contribution a I'évaluatiote la performance d’'une
entreprise, ces méthodes se sont avérées instéisah ont donc fait I'objet de
critiques au cours de ces derniéres décenniesitddefdeur incapacité & déterminer
la performance potentielle.

C’est a cause de cette incapacité que les chexbélgs praticiens ont commencé a
remettre en cause la pertinence de la performaasé@ebuniqguement sur la dimension
financiere. C'est ce débat (hnommé dans la littéeaturelevance debate ») qui est a
I'origine de la performance non-financiére. Celiese base par exemple sur les
concepts de délai (Stalk, 1988), de qualité (Demir882) et de flexibilité (Slack,
1983). De nombreux auteurs pensent que la perfaenaon-financiére augmente la
performance financiére ; malheureusement ce liestrpas encore bien établi. Les
travaux de recherche d’lttner and Larcker (1998gnident cette idée, ce qui pousse
ces auteurs a étudier le rapport entre la satisfactes clients et la performance
financiére.

Pour résumer, on peut conclure que les mesureerflerpance non-financiére sont
répandues dans I(es) entreprise(s). D’aprés Cheil®817), elles sont plus utilisées
dans le contexte manufacturier avancé comme le-puseémps, la qualité totale et les
systemes manufacturiers flexibles (FMS). De ples, domaines techniques ont
beaucoup contribué a développer la performance financiere. Enfin, la
performance améliorée ne peut étre obtenue qu’éirant de facon conjointe la
performance non-financiere avec la performancenfiae (Stern et al., 2001;
Johnson and Kaplan, 1987).

2.3 Mesure et gestion de la performance

Le theme central de la performance se concentrdasuamesure de celle-ci, afin

d’aider au pilotage de I'entreprise. Toutefois,cencept de performance n’est pas
tres clair tout comme celui d’indicateur de perfamoe. Cette partie est donc
consacrée a la discussion des concepts essergigiertbrmance : l'indicateur de

performance (IP) et le processus de mesure deflarpance (PM).

2.3.1 L'indicateur de performance

Les indicateurs de performances sont des descriptiperformance et sont donc
essentiels. Ceux-ci ont pour but didentifier legde d’atteinte de I'objectif
considéré. Selon Neely (2005), la performance pre¢ définie comme « une
métrique pour quantifier I'efficience et I'efficaéi d’'une action ». Cependant, il
manque a cette définition de la performance I'aspealitatif comme l'innovation
(Rosenberg et al. 1992) ou la satisfaction du tleggn ne peuvent pas étre vus a
partir de la définition mécanistique ou opératidiene

D’apres I'Association Francaise de Gestion Indefi&ri(AFGI, 1992), un indicateur
de performance est défini commenre donnée quantifiée qui exprime l'efficacité et /
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ou l'efficience de tout ou partie d’un systéme [ré&e simulé), par rapport & une
norme, un plan déterminé et accepté dans le cadredstratégie d’entreprise. »

Cette définition caractérise un Indicateur de Rerémce comme un Triplet constitué

des trois dimensions : objectif, mesure et variaB&rah (2002), en se basant sur la
définition de I'AFGI, développe cette définition émdécomposant en trois facettes
distinctes :

* une facette « objectif permettant d'exprimer les objectifs rattachés aux
indicateurs,

» une facette évaluation (appelée également « facafiteur »), qui compare
les mesures atteintes par rapport aux objectindtts. Les performances
évaluées sont exprimées de maniére homogéne, shada de certains
mécanismes de calcul, facilitant ainsi une agrégathiu une évaluation
ultérieure,

» une facette appréciation (appelée également «téacdtservateur ») qui
analyse la performance atteinte en fonction duecdatde déroulement du
processus ainsi que du savoir-faire de I'observateu

En plus de lindicateur de performance, d’autremtss sont couramment employés
dans la littérature afin de décrire I'évaluation ldeperformance d’'un systeme ou
d’un processus : métriques, criteres ou attriblasis ces termes sont donc utilisés de
facon interchangeable, mais ils n'‘ont pas la mérapacité pour exprimer un
objectif.

2.3.2 La mesure de la performance

Traditionnellement, la mesure de la performancedéfhie comme le processus de
quantification de l'efficacité et de I'efficienceed actions (Neely et al., 2002).
Cependant, dans le contexte actuel, la mesure derpance joue un role plus
important que celui défini auparavant. Elle fourait retour d’informations sous
forme de mesures pour surveiller, gérer et amélimeperformance, révéler les
progrés, diagnostiquer un probléme ou augmenterokévation et la communication
(Waggoner et al., 1999). Mais la mesure de perfoo@ane peut jouer tous ces rbles
que si elle est effectuée de maniére systématigggudibrée. C’est pour cette raison
gu'’il est nécessaire d’avoir un cadre ou un systéenmesure de performance.

2.3.3 Systeme de mesure et de gestion de la performance

D’aprés Globerson (1985), le systéme de mesureedfermance évalue de maniére
systématique les entrées, les sorties, les tranaf@ns et la productivité dans les
processus manufacturiers et non-manufacturiericBét al. (1997) le définissent
comme un systeme d’informations (Sl). Pour Neehalet(2005), un systeme de
mesure de la performance est ensemble de métriques utilisées pour quantifier
I'efficience et I'efficacité d’une action

Pour obtenir un systeme de mesure de performancauéux, il est nécessaire, en
plus des outils de mesure de performance tels gu'liste de mesures de
performance, d'utiliser deux cadres (Folan and Brey2005). Ces deux cadres sont:

 un cadre structurel qui précise une typologie pdargestion de la
performance

* un cadre procédural pour guider le développememeure de performance
de la stratégie.
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Par exemple, l'outil « Balanced Scorecards » (Kaplad Norton, 1996) fournit ces
deux cadres permettant de gérer la performance=dutreprise. Le cadre structurel
de tableau de bord équilibré vise a mesurer laopmdnce d’une entreprise en quatre
perspectives : finances, clients, processus eteafipsage. Alors que le cadre
procédural comprend quatre processus : traduirgslan, communiquer la vision,
planifier les activités et donner du feedback eichir I'expérience (apprentissage).

Suite aux différentes définitions présentées cihgvaous pouvons reformuler la
définition d’'un systéme de mesure de performancence étant « un ensemble de
deux cadres, I'un structurel et le second procédacaompagnés d’outils de mesure
de performance comme lindicateur de performanddisés pour analyser et

apprécier I'aspect qualitatif et quantitatif dgplrformance ».

Toutefois, les systemes de mesure de performansentepas suffisants pour gérer
la performance d’une entreprise d’'une maniére tiglis parce que ces systémes ne
sont pas complets. On peut en effet remarquer ltheéare actuelle le controle et la
boucle de rétroaction ne sont toujours pas prisoempte.

La gestion de la performance, contrairement aueépyst de mesure de la
performance, implique l'action de planning et dentcle. Ce point de vue du
management de performance est largement soutesulaldttérature (Lebas, 1995;
Kaplan and Norton, 1996; Bourne et al., 2003).t8itet al. (1997) distinguent le
systeme de mesure de performance du managemeetfdenpance en nommant le
premier systeme d’informations, ce qui permet awosd de fonctionner
effectivement et efficacement.

Amaratunga and Baldry (2002) définissent la gesttn performance comme
I'utilisation d’informations de mesure de perforrosarafin d’'opérer un changement
positif dans la culture organisationnelle, dans fgscessus. Les mesures de
performance fixent: un but de performance, l'alibien et les priorisations des
ressources. Cette gestion tient également infoeng@&stionnaire pour soit confirmer,
soit changer les stratégies existantes ou l'oriemtade la performance afin
d’atteindre les objectifs et de partager les résultle la performance en suivant ces
objectifs (Neely, 2003).

En résumé, le systéme de mesure de performanca esus ensemble de la gestion
de la performance. Le premier systéme fournit d&meénts essentiels au second afin
de gérer la performance d’une entreprise.

2.4 Evolution de la mesure de la performance

Il est nécessaire de rappeler ici que la philosogkila mesure de performance et ses
concepts correspondants sont en constante évalu@mite évolution de la
performance, qui est ainsi passée d’une vision immgdsionnelle (uniquement
comptable) & une vision multidimensionnelle, muliveaux et multi parties-
prenantes, est largement attribuée aux pratiqulissirielles et du marché qui ont
également fortement évoluées au cours de ces desnédnées. Cette période de
changements peut se diviser en trois grandes @é&idties derniéres sont détaillées
dans les chapitres suivants.

2.4.1 Gestion de la productivité : Pre-1980

Cette période peut se caractérisée par la spétiatisdes ouvriers (Taylor, 1911) et
la production a grande échelle (Ford, 1922). Aecpériode, la demande des produits
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surpasse les capacités de production. La produatgnande échelle devient alors un
mode de production qui améne l'industrie a se feealsur les concepts de

performance comme la vente et 'amélioration dprtaductivité sans préter attention
aux clients (Neely, 2002; Suzaki, 1987). Pour d&datreprise se concentrait sur les
indicateurs de performance uniquement financiechrSon and Kaplan, 1987)

comme le codt, la productivité et le retour suestissement.

Au cours des années 60 et 70, quelques auteurstétigns ont remis en cause la
mesure de performance basée uniquement sur lesremedinancieres. Par
conséquent, d'autres criteres comme la flexibi{iack, 1983), le délai (Stalk,
1988), la qualité et la satisfaction des clientering, 1982) apparaissent dans le
domaine de la performance. En incluant ces dimessia performance est devenue
multidimensionnelle (Hayes and Abernathy, 1980;n8&r, 1973; Kaplan and
Norton, 2000). Ce changement de paradigme a medéwaloppement des systemes
de mesure de performance intégrés (Johnson ana@ikal®87; Kaplan and Norton,
1992).

2.4.2 1980-2000: La mesure de performance intégrée

Cette période est caractérisée par l'introducti@utdes dimensions de performance
et les criteres de performance correspondants.e Getégration de plusieurs
dimensions a complexifié la gestion de la perforbeance qui a mené au
développement de mesure de la performance intggréees solutions telles que :
« Balanced Scorecards » (Kaplan and Norton, 19926,12000), ECOGRAI (Bitton,
1990), SMART (Lynch and Cross, 1992) ou Performdpicem (Neely et al., 2002).

2.4.3 2000-aujourd’hui: Gestion de la performance intégré

Aprés l'essor de la mesure de performance intégiée question fondamentale reste
sans réponse : comment les indicateurs de perfaenpauvent étre mis en place
pour gérer la performance (Bourne et al.,, 2000g®eCorientation a conduit a la

mise en place de la mesure de performance en tantpgpcessus. De plus, les
chercheurs ont étudié la performance dans différdotmaines comme : la recherche
et le développement (R&D), I'innovation (Adams &t @006; Chiesa and Frattini,

2007; Chiesa et al., 2009), la chaine logistique®téseaux collaboratifs (Chan and
Qi, 2003; Ganga and Carpinetti, 2011; Hernandezlzsplo et al., 2010; Lauras et
al., 2011; Clivillé and Berrah, 2011) et les PMEa(éngo et al., 2005).

En résumé, le systeme de mesure de performanceeéavkc les tendances des
entreprises. A cause de ces tendances, le procdssoesure de performance est
devenu tres difficile & gérer du fait de I'importdiot d’informations (Shah et al.
2012). Par ailleurs, d'autres aspects tels que ddopnance dans le contexte
multiculturel, les PMEs, la chaine logistique vesteles réseaux collaboratifs sont
encore des points a aborder (Bititci et al., 2011).

2.5 Les concepts multidimensionnels de la performance

L'excellence dans une dimension de performance ounacertain niveau de
I'entreprise ou encore pour une partie prenantpeng pas garantir le succes global
de I'entreprise, parce que la performance, commetr@alans la section précédente,
revét plusieurs dimensions, divers niveaux et d#rsi plusieurs parties prenantes.
Ce chapitre se focalise sur ces trois caracténissigctuelles de la performance.



2.5.1 Multi-critéres

Concernant le caractere multidimensionnel, la perémce doit prendre en compte
plusieurs aspects, puis trouver un compromis adbesentre eux parce que
'optimum global, souvent difficilement atteignapla’est jamais la somme des
optimums locaux (Slack et al., 2007). Pour aborpleisieurs dimensions de la
performance, plusieurs attributs ou criteres ddiére déterminés. Ensuite, I'utilité
de chaque critére est analysée (cf. Figure 2-6)guieaboutit & I'expression de
performances élémentaires. L'agrégation des expressie performance définit
alors la valeur globale du processus.

Au fil du temps, plusieurs dimensions de la perfange ont été identifiées. Chaque
dimension représente un objectif. L'entreprise daitdre explicite chaque objectif et
doit déterminer des critéres afin de le mesures. diemensions les plus importantes
d'aprés (Neely et al., 2005; Slack, 2007) sont glelité, le délai, le colt et la
flexibilité. En outre, d'autres dimensions comme taactivité, l'agilité ou
I'interopérabilité (dans le contexte de réseaux ntt&prise) sont également
importantes.

2.5.2 Multi-niveaux

La performance effective ne peut pas résulter sge¢ de la sélection d’'un

ensemble de criteres équilibrés. En effet, il #galement les classifier au niveau
stratégique, tactique et opérationnel (Gunaseka&taal., 2001). Ces niveaux

refletent le degré de hiérarchie au sein de I'gnise et des différents horizons de
temps. Ces hiérarchies et horizons de temps onms Iptopres exigences de
décision et de mesure (Rushton et al., 2010).

Au niveau stratégique, les principales activitésitsdes activités de planning
nécessaires pour atteindre un objectif stratégidgue.niveau tactique, il faut se
focaliser sur le déroulement des activités assecipeur achever [I'objectif
stratégique. De méme, au niveau opérationnel, o& d@s processus opérationnels
du systéme représentant des activités coeur derrdétiéentreprise. Les principales
activités sont basées sur des décisions prisesuaug jour ; elles sont également
mises en ceuvre selon des plans opérationnels étcsatrdlées selon un cadre
normatif et des régles.

Jacot (1996) propose une structure multi niveaux l'déatreprise afin de
conceptualiser la performance a différents échgloing-igure 2-8). Chaque niveau a
ses propres objectifs, critéres et niveaux de pedace.

2.5.3 Multi-Parties Prenantes

La performance est devenue multi-parties prenaseplus d’étre multi-criteres et
multi-niveaux. Il est donc de la responsabilité dareprises d’'identifier les attentes
de leur parties-prenantes et d’essayer de ledasaigAtkinson et al., 1997). Dans le
cas contraire, cela est préjudiciable a la perfogaade I'entreprise (Greenley and
Foxall, 1997). Pour cette raison, plusieurs auteatsonsidéré le concept de partie-
prenante pour améliorer la performante (Bosch-Mandhet al., 2010; Marques et
al.,, 2011; Andy Neely, 2002). Il est & noter queuptes petites et moyennes
entreprises, il est difficile de répondre aux besales différentes parties-prenantes a
cause du manque de ressources (Garengo et al.).2D@Bs ce cas, il est
recommandé d’ordonner les parties prenantes sefoprincipes de Mitchelle et al.
(2997).
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2.6 Les roles de la mesure et de la gestion de la parftance

Le role et I'objectif de la performance sont bietplegués par Rose (1995) : la
mesure de la performance est un langage d’avancepmur |'organisation. Elle
indique ou se trouve l'organisation et ou elle $egé. Elle fonctionne comme un
guide pour déterminer si I'entreprise est en roafi d’atteindre ses objectifs. Elle
est également un outil fort parce qu'elle commuaicaux employés ce qui est
important pour atteindre les objectis

D’aprés cette définition, on en déduit que la medle la performance a plusieurs
rbles et objectifs. Une revue de la littératurecté\davantage ces roles et objectifs.

L'objectif principal de la mesure de la performarest de contrdler et de gérer.
D’aprés Atkinson et al. (1997), le systéme de nesle la performance fournit des
informations qui identifient :

* le niveau de performance souhaité par rapport bjectfs,

» les opportunités pour améliorer les processusretgitant de suggérer des
ameéliorations,

* le degré de réalisation des objectifs des procesdgstants,

» Iatteinte ou non de la performance potentielle€es processus.

Chacun de ces rbles sont importants car ils somesséires afin d’assurer
I'évaluation et I'amélioration des processus étsdierrah (2002) a aussi défini le
role de la mesure de performance comme étant uirdeutontrdle en gestion.

En plus des roles de surveillance et de contrélenésure de la performance peut
étre utilisée pour étudier les relations entredifférents facteurs qui contribuent a la
performance (Atkinson et al., 1997 ; Suwignjo et 2000) et permet d’établir une
relation de causalité entre eux. Ce role est inaporpour éviter la surveillance des
processus ou des systémes, car les relations dmlitduentre les facteurs de
performance déterminent le comportement d’un systemd’un processus. Ainsi, il
est possible de corriger les systemes ou les posen dysfonctionnement.

Par ailleurs, la mesure de la performance esséélipour améliorer la performance
des systémes ou des processus (Dixon et al., 198ely et al., 1996; Bond, 1999 ;
Sahraoui, 2009). De plus, le réle de la mesureetfopnance a évolué au cours du
temps : il est passé d’'un rble de surveillance &dlm didactique. Le processus de
comparaison fournit une base a I'apprentissagenetboucle de contréle permet de
comparer le résultat a I'objectif.

2.7 Conclusion

Ce chapitre propose une explicitation des condgptonstante évolution), rbles et
objectifs de la performance. L’'analyse critiqueddumaine de la performance montre
gu’il est clair que cette notion a été largemeritbeément utilisée dans la littérature,
ce qui rend le concept difficile a cerner.

La performance peut étre divisée en deux grandeeerdions: la performance
financiere et la performance non-financiere. Padume entreprise fonctionne bien,
ces deux dimensions doivent étre prises en comateun seul aspect de la
performance n’est plus suffisant pour garantir etour d’information complet
permettant de prendre des décisions et de la pilote
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De plus, le concept de la performance n’est pastifigis évolue avec I'évolution des
pratiques de I'entreprise. Il est donc nécessair@@terminer cette tendance et ses
leviers qui font évoluer le concept de la perforo®an

Par ailleurs, la prise en compte d’'un aspect sappftaire a I'aspect financier a fait
évoluer le concept de performance vers un caraatéfedimensionnel. En outre, la

performance est multi-niveaux et multi parties-prees, ce qui permet la

surveillance, le diagnostic, I'amélioration contifie et I'apprentissage d’un systéme
d’entreprise ou des processus.

Etant donné que ce chapitre a pour objectif d'ex@r les concepts essentiels
utilisés dans le domaine de la performance, le itleaguivant est consacré a
'examen des systémes de mesure de la performdircel’'@entifier leurs points
forts et faibles.
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Chapter 3 Mesure et Gestion de la Performance: Cadres
et Systéemes

Le chapitre précédent a proposé une étude despsnde performance et de leur
évolution au cours du temps. Ce chapitre est co@sata synthése des systemes de
mesure de performance. L'objectif est d’'identifes points forts et les points faibles
de ces systemes afin d’identifier des exigences pooposer, le cas échéant, un
nouveau systéeme de mesure et de gestion de lamparioe. Pour effectuer au mieux
I'état de I'art des systemes de mesure de perfareares derniers ont été divisés en
trois grandes catégories : ceux qui proposent desmrmandations, ceux qui se
focalisent uniquement sur les aspects financierenéih ceux qui proposent des
systémes de mesure intégres.

3.1 Modeles de performance proposant des recommandatien

Cette section présente les modéles de performange pgpposent plusieurs
recommandations pour concevoir un systeme de medergerformance. Ces
modeéles ont été proposés afin de pallier a 'inadéqgn des systémes de mesure de
performance traditionnels.

3.1.1 Performance Criteria System (PCS)
Les quatre recommandations émanant de PCS (Gloheir885) sont les suivantes :

1) Choisir un ensemble de criteres de performanced#énis.

2) Mesurer les criteres choisis.

3) Affecter un standard a chaque critere de performanc

4) Développer une procédure de traitement pour élimaseécarts entre la
performance standard et la performance actuelle.

3.1.2 Performance Measurement for World Class Manufacturng
Les sept recommandations de Maskell (1991) sorgursntes :

1) Utiliser des IP en rapport avec la stratégie detiagprise.

2) Utiliser des IP non financiers, en plus des IPrigiars.

3) Adapter les IP suivant le département de I'entegpri

4) Adapter les IP suivant le contexte.

5) Les IP doit étre simples et faciles a utiliser.

6) Les IP doivent fournir un feedback.

7) Les IP doivent étre utilisés pour de 'améliorat@mmtinue plutét que comme
simples outils de contréle.

3.2Systemes de mesure de performance basés sur les easp
financiers

Cette partie se propose de lister les différenteéthatdes se focalisant
majoritairement sur I'aspect financier.

3.2.1 Activity-Based Costing and Activity-Based Managemehn

Activity-based costing (ABC) est une méthode dévpée par Cooper (1988a,
1988b, 1989a, 1989b) et encouragée par KaplanaieZ¢1988) et Brimson (1991).
La différence fondamentale entre ABC et un systénaditionnel basé sur les codts
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est que, dans le systeme traditionnel, on suppose le produit ou le service
consomme le coQt, alors que dans I'ABC, ce sornadtisités qui consomment toutes
les charges pendant que le produit ou les sendgoasomment toutes les activités
(Bharara and Lee, 1996).

Le consortium nommé Advanced Management-InternatiofCAM-1) définit
I'’Activity-Based Costing comme étant :

“a methodology that measures cost and performari@tivities, resources and cost
objects. Resources are assigned to activities, #ivities are assigned to cost
objects based on the use of consumption of theraeleactivities. Activity-Based
Costing recognizes the causal relationships of dasers to activities”.

Activity-Based Management (Cokins, 2001) est pantey un terme général qui
comprend le management de I'activité, 'ABC aingedes concepts associés avec la
méthode d’organisation et de gestion de produclizste a temps et la théorie des
contraintes.

3.2.2 La théorie des contraintes (TOC)

La théorie des contraintes est une philosophie aeagement total développée par
Goldratt (1990). Elle est réapparue plus tard coraysteme d’amélioration continue
qui se focalise sur les contraintes s’appliquant ptocessus pour améliorer la
performance de ces derniers.

Le processus d’application de la théorie des comés est constitué de cing étapes :

1) Identifier les contraintes du systeme.

2) Décider comment exploiter ces contraintes.

3) Subordonner tous les processus a la décision GpEe.
4) Eliminer des contraintes du systéme.

5) Lorsqu’une contrainte est supprimée, retour apéta.

3.2.3 Les systémes intégrés de mesure et de gestion ddgrenance

Les systemes intégrés de mesure comprennent & lee$oaspects financiers et non-
financiers. lls tiennent donc compte des critéeésdue le codt, la qualité, le délai ou
la flexibilité des processus qu’ils mesurent.

3.3 Exigences des systémes intégrés de mesure de perfance

Etant donné que le besoin pour un systeme intégrénesure de performance est
bien établi dans I'environnement économique flustuactuel (Bititci et al., 2011),
plusieurs auteurs soulignent 'intérét d’avoir wysteme de mesure de performance
car il est I'élément clé pour maintenir un avantagacurrentiel durable (Bititci,
1995). Cependant, ces auteurs oublient souventutaif les exigences essentielles
de ce systeme de mesure de performance. Folanramh® (2005) synthétisent les
recommandations (i.e. les exigences) des systemesedure de performance et les
appellent des briques fondamentales de toute timgiale mesure de performance.
On peut les diviser en deux grandes parties :

* Recommandations pour des Indicateurs de Performance
 Recommandations pour les Systemes de Mesure darfarfce (PMS).
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Neely et al. (1997) ont listé les différents besailes IP de la littérature et les ont
présentés sous forme de recommandations de perfoemdans une liste non-
exhaustive. En fait, un bon IP se résume en un:n®8WART ; c'est-a-dire:
Spécifique, Mesurable, Atteignable, Réaliste et perllement défini (Doran,
1981).

De plus, Folan and Browne (2005) ont fait une sys¢hdes recommandations
proposées par les différents auteurs pour concewoirsystéeme de mesure de
performance. (cf. Tableau 3-1). Ces recommandagoigtobent principalement les
aspects multi dimensionnels, y compris la perforreafinanciére et non-financiére,
les mesures dérivées des objectifs, un rapportlsiemptermes de peu de mesures de
performance ou la transparence du processus derenelsu performance, par
exemple.

Jusqu'a présent, de nombreux systemes de mesurpedermance ont été
développés en prenant en compte une ou plusieammraandations telles que
mentionnées dans le Tableau 3-1. Toutefois, autemtrd eux ne traite toutes les
recommandations.

Dans le cadre de cette thése, nous proposons dmirdéés attributs
(recommandations) nécessaires afin de facilitergéation et la mesure de la
performance. Ces attributs sont :

* Les mesures de performance dérivées des objectifs,

» L’approche basée sur les processus,

» La prise en compte des perspectives des partieammes,

* Le contrble, 'amélioration et I'apprentissage dénsontexte de la
performance,

* La multi dimensionnalité de la performance,

* Les mécanismes d'intégration des mesures,

» L’interaction entre les mesures de performance,

» L’organisation hiérarchique et la performance,

* L’ingénierie du risque,

* Un systéme de décision associé.

Ces attributs représentent des exigences fondaleemaur développer un systeme
de mesure et gestion de performance utile. Dasedton suivante, nous faisons une
analyse critique des systemes de mesure de perfoensair la base de ces attributs.

3.4Revue des systemes intégrés de mesure de performanc

Cette section a pour objectif d’analyser les systerat modeles de mesure de
performance existants sur la base des critéresisi@ii€écédemment.

3.4.1 Strategic Measurement Analysis and Reporting Techque

Le systeme de mesure de performance SMART a é&apipé par Lynch et Cross
(1992). Son architecture (également appelée pyeméa performance) est fondée
sur les relations entre les mesures de performpriesentes a tous les niveaux de
I'entreprise et les lie avec la stratégie. SMARTporte quatre niveaux (cf. Figure
3-2) qui sont dédiés a l'efficacité externe axéelssi clients et a I'efficacité interne
de I'entreprise axée sur les processus employés.
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Au sommet de la pyramide se trouve la vision detteprise qui sert de base a sa
stratégie. La direction assigne ensuite un roleagee unité de travail et leur affecte
des ressources pour les supporter.

Au deuxiéme niveau de la pyramide, la stratégi&rasduit par des objectifs liés au

marché et aux finances. Par ailleurs, les plan$ f&ots de sorte a atteindre ces
objectifs.

Au troisieme niveau, des objectifs opérationnelsit staduits en termes de
satisfaction des clients, flexibilité et productiviCe niveau comble le vide entre les
mesures opérationnelles et financieres.

Enfin, a la base de la pyramide, les mesures deaniprécédent sont représentées
par des critéres opérationnels comme la qualité¢lai, la distribution et le colt. Ce
sont ces criteres de performance qui participedtaécession des objectifs du
sommet de la pyramide et assurent donc la réudsila mise en place de la stratégie
de I'entreprise.

3.4.2 Tableau de bord équilibré (Balanced Scorecards)

Le tableau de bord équilibré (Kaplan et Norton,2,9996, 2000, 2004) est un outil

de gestion qui regroupe la performance d'une erifeEen quatre perspectives :

financiére, des clients, des processus internde etoissance et d’apprentissage (cf.
Figure 3-3). De plus, ce tableau repose sur laonoti'équilibre entre ces quatre

perspectives et est guidé par la vision stratégifgukentreprise.

Comme le modele SMART, l'identification de mesudesperformance commence a
partir de la vision et de la stratégie qui se aéxlt dans ces quatre perspectives. La
perspective financiére indique de quelle fagconaffaires satisfont les attentes des
actionnaires. La perspective des clients déterrdemes quelle mesure I'entreprise
répond aux besoins des clients, alors que la petigpales processus internes évalue
I'efficience des processus pour fournir un senéeex clients afin de réaliser un
profit. Dans cette perspective, le manager identds processus clés afin d’'atteindre
les objectifs clients et financiers. Enfin, la prstive d’apprentissage
organisationnel a pour but de déterminer des afgesttdes mesures de performance
correspondants afin de conduire I'apprentissadg @bissance de I'entreprise.

Chaque objectif et indicateur de performance sélecé dans le tableau de bord est
un élément d’'une chaine de relations de cause é dfterminant I'orientation
stratégique de I'entreprise.

3.4.3 Prisme de la performance

Alors que les autres systemes de mesure de perfoarse focalisent sur la stratégie
de I'entreprise pour obtenir les mesures de pedons, le prisme de la performance
(Neely et al.,, 2002) se focalise sur les partiesngntes afin de déterminer des
objectifs et mesures de performance. Ce prisméieise en cing facettes qui sont
les suivantes (cf. Figure 3-4) :

1) La satisfaction des parties prenantes : qui sanpéeties prenantes ? Quels
sont leur besoins ?

2) La stratégie : quelle est la meilleure stratégiponélant aux besoins et
souhaits des parties prenantes ?
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3) Les processus: quels sont les processus a metteuere afin de réaliser les
objectifs ?

4) La capabilité : quelles sont nos capacités poucutré et développer ces
processus ?

5) La contribution des parties prenantes: que voudlmngs de nos parties
prenantes afin de maintenir et développer nos dasae

Les auteurs de ce prisme mettent en avant leepgmenantes. Il faut donc d’abord
identifier les partie prenantes, leurs attentelBesbins, puis essayer de les réaliser.
Pour cela, des stratégies sont développées, geeguiet de trouver les processus a
mettre en place pour les réaliser. Pour celauil f&finir les capacités nécessaires a
I'exécution et a la conception de ces processuBnHientreprise doit prendre en
compte les contributions de chacune des partiesmptes.

3.4.4 ECOGRAI

ECOGRAI (Bitton, 1990, Merle, 1993, Doumeningts, 98P est une méthode de

conception et d’implantation des systémes de mesdee performance qui peut

évoluer continuellement selon les besoins de kgmise (Ducq and Vallespir, 2005).

Cette méthode définit d’abord I'ensemble des obigpbur une entreprise ou partie
d’'une entreprise. Ensuite, les variables de détismnt déterminées pour chaque
objectif, celui-ci constituant ainsi un indicatele la performance (cf. Figure 3-5).

Cette méthode comprend six phases (cf. Figure @8} les cinq premieres sont
dédiées a la conception du systeme de mesure fitgrpance et la derniére consiste
a la mise en place de ce systeme. De plus, cetteode utilise les outils (grilles et
réseaux) de la méthode GRAI afin de décomposejelib global en objectifs de

niveaux inférieurs et identifie les variables decid@&n et les indicateurs de
performance. Un systéeme de mesure de performaricgéétprmine la performance
d’une partie ou de la totalité de I'entreprise pgyport & un objectif global est ainsi
obtenu.

En résumé, I'approche ECOGRAI permet de définiremsemble d’objectifs pour
chaque niveau hiérarchique d’'une entreprise. Cepentidentification de variables
de décision ainsi que de l'indicateur de perforneaest faite au niveau opérationnel.

3.4.5 Modéele des systémes intégrés de mesure de performan

IPMS (Bititci et al., 1997) est un modéle de réfee des systemes intégrés de
mesure de performance. Ce modéle comprend une dudtigie de révision des
systemes de mesure de performance qui évaluedbustesse et leur intégrité. Il est
utilisé dans le domaine de lindustrie manufacteiePar ailleurs, ce modele
restructure les dimensions de performance en quabiges principaux : entreprise,
unité de travail, processus essentiels et procesasutien (cf. Figure 3-7).

A chaque niveau, le modéle a besoin de :

1). Reconnaitre et comprendre les attentes et lesrisedes parties prenantes.

2). Surveiller la position de I'entreprise par rappoes concurrents et identifier
les besoins du marche.

3). Fixer les objectifs basés sur l'implication et lportance des besoins
nécessaires au développement, ainsi que les adsi@s a programmer dans
le temps.
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4). Définir, communiquer, surveiller and revoir cesattifs via une mesure de la
performance.

IPMS, contrairement au tableau de bord équilibréng en plus en compte toutes les
parties prenantes.

3.4.6 Integrated Performance Measurement Framework (IPMF)

IPMF a été développé par Medori and Steeple (200®)structure de ce cadre se
compose de deux documents distincts mais interdi&pes : le document A
comportant six étapes pour concevoir un systemeelgure de performance et le
document B contenant une liste de mesures desrpamaes.

Les six étapes du document A comprennent (FiguBe:3-

1) Etape 1: Les facteurs de succés de I'entreprise.

2) Etape 2: Une grille des mesures de performance.

3) Etape 3: La sélection des mesures de performance.

4) Etape 4: La révision (« audit » en anglais) desumgssde performance.
5) Etape 5: La mise en ceuvre des mesures de perfagmanc

6) Etape 6: La maintenance périodique de ces mesures.

Le document B liste des mesures de performancasdieres et non-financieres. Ces
mesures sont définies et leur méthode de calculagstée.

Les auteurs affirment que ce cadre est utilisé paiteindre cing objectifs. Le
premier objectif est de faciliter la conception shisteme de mesure de performance
(si une entreprise n'a pas encore de SIP). Le éeiconsiste a réviser le systeme
de mesure de performance (si une entreprise a wtejdystéme de mesure de
performance). Le troisieme est de déceler les atdias de performance obsoletes.
Le quatrieme est d'identifier et de sélectionner iledicateurs de performance non-
financiers qu’on ne peut pas mesurer. Enfin, lgui@me objectif met en place les
indicateurs de performance sélectionnés.

3.4.7 Quantitative Model for Performance Measurement Systm

QMPMS (Suwignjo et al., 2000) est une méthode quiléise les relations entre les
mesures de performance. Elle est constituée destapes suivantes (Figure 3-9) :

1) Identification des facteurs qui affectent la periance.
2) Structuration des facteurs de performance idestifié
3) Quantification de ces facteurs de performance.

Pour déterminer les facteurs qui influencent lafquarance d’'un systéme, le
QMPMS se sert d'outil de cartographie cognitiveétape de structuration peut se
faire a I'aide d’'un diagramme de cause a effetdiagramme de cause a effet trouve
les relations de causalité entre les différenttetas de performance et les différents
niveaux structurels. Enfin, dans la derniere étdjmaitii AHP (Analytical
Hierarchical Process) est employé pour quantiéisifacteurs.

En résumé, QMPMS est une méthode solide pour mesaurperformance d’un
systeme. De plus, elle essaye de simplifier lepadp de performance en diminuant
le nombre de mesures de performance en les agtégean
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3.5 Evaluation des systéemes de mesure de performance

Cette partie a pour objectif de proposer une étlededifférents systemes de mesure
de performance qui ont été présentés dans lesosgectie ce chapitre et de les
comparer par rapport aux attributs qui ont été tiiéas apres avoir fait une revue
bibliographique des approches de mesure de perfmendour rappel, ces attributs
sont synthétisés dans le paragraphe (83.3.1). hkedia 3-2 présente une synthése de
cette évaluation.

Cette analyse permet de conclure gu'aucun dessgstétudiés ne répond a la
totalité des attributs souhaités. Les attributsples négligés sont : I'ingénierie des
risques, I'orientation processus et l'aide a laiglén. La section suivante fournit une
discussion des principaux cadres pour SIP et axpligurs points forts et leurs
points faibles.

3.6 Discussion

Ce chapitre a présenté les principaux cadres déersgs de mesure de performance,
notamment les solutions intégrées. Apres ces diftés comparaisons, force est de
constater que la plupart des systémes de mesyrerfigmance sont bien intégrés et
prennent en compte la multi dimensionnalité de déafggmance. Toutefois, le
probléeme d’interaction entre les critéres de pentorce n’est pas abordé. De plus, la
volonté de mesurer tous les aspects de perfornmmoseele probléme de traiter toutes
les informations de mesure de performance. Il escdmpératif de considérer les
indicateurs de performance critiques, puis de ¢geger de facon a ne pas perdre le
sens originel. Cet aspect de la mesure de la peafuce n'est pas abordé dans les
solutions existantes.

En outre, les systemes de mesure de performanceeocent a prendre en compte
les parties prenantes (on peut ainsi noter le gridemla performance). Cependant,
ces systemes ne proposent pas encore de mécanialnané leurs contributions et
leurs profits.

Quant a la performance des différents niveaux tobques de l'entreprise, cet
aspect est bien établi dans plusieurs systemesderende performance comme dans
SMART par exemple. Mais un mécanisme de décompasides objectifs globaux
en sous-objectifs est toujours manquant dans lpapiwles solutions étudiées. Par
ailleurs, I'ingénierie des risques n’est pas encuffisamment abordée. En outre, le
systéme de mesure de performance est trop rardigeatl systéme de décision,
seuls ECOGRAI et QMPMS proposent cette liaison.

En résumé, apres avoir analysé les systemes derendsuperformance les plus

connus, nous pouvons conclure qu’aucun d’entrereupropose une méthodologie

holistique pour aborder la performance. lls propb$eus des solutions intéressantes
pour résoudre certains des besoins exprimés nsasoiffrent tous de lacunes pour
d’autres besoins.

D’autre part, les systemes de mesure de performaxistants sont développés pour
une entreprise en particulier. Les changements ddendu fonctionnement de
'entreprise ou du marché comme la collaboratiotertontinentale, les réseaux
d’entreprises, la chaine logistique verte ou leblgnme de viabilité des entreprises
ont changé le paysage du domaine de la performaramm a ces problemes, les
systémes existants ne sont plus suffisants. Unstiqnese pose alors : comment
aborder ces nouveaux défis et se préparer auxrgsivBe notre point de vue, la
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solution réside dans les approches basées surdessgus, leur valeur et les risques
associes.

3.7 Mesure de performance basée sur l'activité

Pour diminuer la complexité des systémes dans otrepgise, il est nécessaire de
passer d'un systeme basé sur les fonctions a uénsgsbase sur les processus. Ce
dernier simplifie la vision de I'entreprise ou d’'véseau d’entreprises en offrant une
vue horizontale et non plus verticale et cloisonfe exemple, une entreprise basée
sur les processus équivaut a un ensemble d’astivités activités ont un co(t et elles
créent de la valeur pour les parties prenantess Mai méme temps, une activité
expose l'entreprise a des risques internes et reederEn faisant abstraction des
mesures de performance, on se référe au concegtivitéa et on détermine si
I'activité ajoute de la valeur ou non. Le travaibrmanisation doit éliminer un
maximum d’activités qui n'ajoutent que trop peuvddeur ou qui sont exposées a
des risques jugés trop importants. Ainsi, détermlaeperformance n’est pas plus
complexe. Il suffit de décomposer I'objectif glokead objectifs plus élémentaires qui
sont mesurables et les associer a des activitesefiet) l'activité est elle aussi
décomposable : en considérant la relation de dsusaitre les différentes mesures
de performance et I'activité. Une fois l'activitésaciée a I'objectif, on agrege les
mesures de performance pour prendre une décision.

En outre, le probléme de mesure et de gestion ged@rmance dans les réseaux
d’entreprise peut aussi étre résolu puisque que plexessus traversent les
cloisonnements fonctionnels et hiérarchiques desrtgments au sein d’une ou de
plusieurs entreprises. Par ailleurs, les processnsdécomposables et donc, on peut
les hiérarchiser. De plus, I'activité est modéllsabt simulable. Grace a plusieurs
méthodologies de modélisation de processus, pasgible de modéliser les activités
a différents niveaux d'abstraction. Ensuite, adéid’outils du monde de la
simulation, la performance d'un processus est élmdu a priori, soit des la
conception du systeme, en plus de I'étre a posiesiait lors du pilotage.

Pour conclure, la mesure et la gestion de la pedace basées sur les activités des
processus présentent plusieurs avantages: sioapiifn de la structure des
indicateurs de performance et des problémes quisdmt associés a l'intérieur
comme a I'extérieur de I'entreprise. Comme lesvités créent de la valeur, une fois
identifiées, on peut s’en servir dans les techrigleemodélisation et simulation pour
évaluer la performance avant d’investir ou de prendne décision quant au
processus piloté.

3.8 Conclusion

Ce chapitre a présenté les systémes de mesurefdemnmnce les plus connus. Cette
étude a mis en exergue que ces systémes ne sontapables de mesurer la
performance d’un systéme de facon holistique. diseht donc faire face a plusieurs
problémes liés a la gestion des risques, la pegoom inter-organisationnelle, la
gestion de plusieurs mesures de performance,dékgration et leurs interactions.

Ce chapitre conclut cette étude en offrant une meestiune gestion de performance
basées sur les activités des processus. Les preblétmouveaux défis évoqués par
la littérature peuvent étre résolus dans une certaiesure si 'approche par activités
est utilisée.
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Ainsi, sans avoir a gérer différentes mesures d®meance, il est judicieux de les
agréger et de les présenter sous la forme d’ucatelir global mixte valeur-risque.
Cet indicateur de performance basé sur le cougkuraisque est I'essence de ce
travail de recherche. Le chapitre suivant a pojeaith de le détailler.
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Chapter 4 Mesure et Gestion de Performance : Outils et
Techniques

Le chapitre précédent s’est focalisé sur I'étudBasialyse des systémes de mesure
de performance les plus couramment employés. Agprés montré leurs limites et
I'intérét de baser un systéme de mesure de perfarenaorienté processus
considérant le couple valeur-risque, il est nédesste spécifier, tout d’abord, les
exigences détaillées et de trouver ensuite dets@ititechniques pour aborder ces
exigences. A cet effet, ce chapitre a pour butyaghgtiser des outils et techniques
nécessaires pour aborder les exigences identigeshoisir ceux qui peuvent
satisfaire les exigences facilement et effectivemen

4.1 Détails des besoins et exigences

En faisant la critique des systéemes de mesureaexsset a la lumiére des problémes
contemporains auxquels ont a faire face les ensegrune liste de six exigences a
été établie. Le systéeme de gestion de performanite d

» étre basé sur le concept de la valeur,
» étre baseé sur les processus et leurs activitégreipius sur les fonctions,
» gérer le risque en plus de mesurer la performance,

* avoir un mécanisme qui consolide ou agrége desatelurs de performance
et doit pouvoir déterminer [linteraction entre cemdicateurs de
performance,

e comporter un systéme de décision
e étre précis et peut étre mis en ceuvre facilement.

Pour répondre a ces exigences, les sections seg/alet ce mémoire proposent un
ensemble d’outils et de techniques compatibles.

4.2 Gestion de performance par I'approche de la Valeur

La valeur est ce qui nous intéresse et qui dodt létforce motrice des actions qui se
déroulent et doit déterminer les décisions prigans le contexte de la prise de
décision, les valeurs sont des mesures utilisées éa@luer la conséquence actuelle
ou potentielle d’une action ou d’'une décision dhmcessus actuel ou d’'une de ses
alternatives (Keeney, 1996). Ainsi, avant de dgweds un systeme de mesure de
performance basé sur le concept de la valeurt iné@sessaire de définir de maniére
explicite ce concept.

4.2.1 Concept de Valeur

La valeur est polysémique : la signification deteetotion est donc fortement
déterminée par le contexte comme le dit Bourguigng®005). Ce caractére
contextuel est illustré par le fait que plusieugdidtions sont proposées dans la
littérature. D’aprés Martinez (2003), « La valeuwiside dans la satisfaction et
réalisation des atteintes des objectifs, en mémepsegénére la richesse pour
I'organisatiom. Cependant, cette définition de la valeur esttémiau client et a

I'organisation et ignore la multiplicité des pastigrenantes.
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La norme AFNOR X-50-150 (AFNOR 1991) définit la @af d’'un produit ou d’'un
service comme étant unjugement porté sur le produit par l'utilisateur sla base
de ses attentes ou de ses motivations. Plus spé@al, [la valeur est une] grandeur
qui croit lorsque la satisfaction de I'utilisateaugmente ou que la dépense afférente
au produit diminue». Cette définition formalise le triptyque « cligsroduit-
entreprise » (Ahmed and Yannou, 2003). L'entrepnisdérialise la valeur dans un
produit ou serviceafin desatisfaire le clienten consommant les ressourcé3ette
perspective est largement reconnue dans I'anakyde daleur (ou I'ingénierie de la
valeur). Néanmoins, Yannou (1999) expligue quesaddfinition de la valeur est trés
générique et ne propose pas de guide pour I'évaRarr combler cette déficience,
Yannou lie la valeur aux fonctions (techniques et skrvice) du produit (Cf.
Equation 4-2).

Dans le contexte des sciences de la gestion, éavabkt extension de I'analyse de la
valeur mais ajoute a la définition de la valeur nogon d’objectif et de jugement de
la valeur (Neap and Celik, 1999). Dans cette thasas retiendrons le point de vue
du management par rapport a la valeur parce cuiiipzend I'approche soft thinking
de la valeur : jugement de la valeur et objectifjsctif.

En outre, la littérature se focalise notamment laudéfinition de la valeur mais
explique rarement comment celle-ci est créée et pgau La réponse a la premiére
question n’est pas facile: cela dépend des festexternes et internes. Pour
simplifier, la valeur est créée par des activiteleer coordination mais elle ne peut
étre évaluée gu'au regard des objectifs. Pour mgora la seconde question,
Chazelet et Lhote (2001) préconisent de créer dallaur pour toutes les parties
prenantes. Cependant, toutes les parties prenamtesuvent pas étre considérées au
méme niveau (Chazelet and Lhote, 2001; Garesig@l, 2005). C’est donc a
I'entreprise de décider de I'importance des diffiées parties prenantes.

4.2.1.1 Quantification de la valeur par la modélisation debjectifs

La valeur est rendue explicite pour les partiesn@nées via la satisfaction des
objectifs attendus : il est donc nécessaire dedestifier clairement. Pour cela, un
modeéle des objectifs va permettre de les identiéierde les formaliser dans un
processus métier. Cependant, les méthodologiesaiilisation des processus ne
prennent pas explicitement en compte la modélisates objectifs. En revanche, les
méthodologies pour formaliser des objectifs dandolmaine de la prise de décision
sont cohérentes et bien structurées.

De notre point de vue, les méthodologies dans eesx dlomaines ont pour but

d’évaluer la valeur d’'un systeme ou d’'un processuslié. Les méthodologies de
modélisation de processus approchent la valeura€lisant I'activité alors que les

méthodologies dans le domaine de la prise de déclapprochent en modélisant

des objectifs. Un mariage de ces deux domainestpioac utile pour évaluer la

valeur d’un processus afin de fournir une solutidégrée en termes de performance.
Dans les sections suivantes, nous détaillons urpgroelpe pour modéliser les

objectifs.

4.2.1.2 Modélisation des objectifs : outils et techniques

Dans le cadre de cette thése, les travaux de Kgd®&) sont considérés comme
une référence de la modélisation des objectifrdipose une approche appelée
«value focused thinking qui s’inscrit dans le domaine de l'aide a laseride

décision. Dans ce cadre, un objectif est défini beeney (1994) comme étant un
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état vers lequel on souhaite tendre. Keeney casggainsi les objectifs en deux

ensembles : les objectifs de finalité et les olfgctle moyen. Les premiers

représentent la raison essentielle dans un contextecision alors que la seconde
fait référence aux “actions pour achever la figglit

4.2.1.2.1 Identification des objectifs

L’identification des objectifs est I'étape principapermettant d’évaluer la valeur.
Pour cela, Keeney propose d’identifier tout d’abbothjectif global qui caractérise
la raison qui nécessite la prise de décision (Keeh996, p. 77). D’aprés l'auteur,
I'objectif global est facile a identifier comparéxaobjectifs de finalité et de moyen.
Pour faciliter l'identification des objectifs denélité et de moyen, il propose
d’utiliser divers outils et techniques (cf. Table&d).

Lorsqu’on détermine I'objectif global, on le décomsp en sous-objectifs ou en
objectifs d'un niveau plus bas appelés objectifdimiité. La décomposition de ces
objectifs se fait en se posant la simple questiogue signifie cet objectif ? ». Cette
détermination des objectifs de finalité peut caminainsi jusqu’a ce gu’ils ne soient
plus décomposables. De plus, ces objectifs d'ueaivplus bas représentent des
facettes ou dimensions d’un objectif duquel ils\dsrt.

Contrairement aux objectifs de finalité, I'objectié moyen, qui ne représente pas
une fin en soi mais un moyen d’atteindre un objeatifinalité (Keeney, 1994), est
déterminé a partir d’'un objectif de finalité de plbas niveau et en posant la
question : « comment peut-on l'atteindre ? ». Ljgonse a cette question permet de
trouver les objectifs de moyen.

4.2.1.3 Structuration des objectifs

Les objectifs de finalité sont structurés dans tmeg(Keeney, 1996). Les objectifs

de plus haut niveau font référence a des objettifs généraux. Alors que les
objectifs de niveau bas caractérisent des objeddfsiiveau plus fin. En outre, il

existe un lien de cause a effet entre I'objectiffidalité et de moyen alors que la
relation entre des niveaux attenants a des olyeddiffinalité est abstraite (Keeney,
1996). Par ailleurs, I'objectif de moyen peut éiéea un ou plusieurs objectifs de
finalité. Pour structurer des objectifs de finaléé de moyen, Clemen and Reilly
(2000) font une synthése des techniques sous fdemguestions indiquées dans le
Tableau 4-2. Ces techniques permettent d’orgamesgrectivement les objectifs de
finalité et de moyen en arbre et en réseau.

4.2.1.4 Identification des mesures de performance

La génération des mesures de performance est iefisepour évaluer l'intérét des
différents processus de l'entreprise. Dans le caérdapproche par la valeur, les
mesures de performance peuvent étre dérivées ia gast objectifs de finalité de
plus bas niveau. En effet, les objectifs de figaditix niveaux les plus opérationnels
sont mesurables et quantifiables. Les mesuresrilerpance identifiées sont ensuite
organisées sous forme arborescente.

Pour conclure cette description de la modélisatitas objectifs, le cadre de
I'approche par la valeur a le mérite d’étre uneragipe claire et systématique pour
identifier et structurer des objectifs. Elle est de fait la candidate la plus
intéressante pour réaliser la modélisation desctifjadans ces travaux de these.
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4.3 Systéme de gestion de performance orientés processuOutils
et techniques de modélisation

Hammer (1997) propose l'idée d’'une organisatiorrige sur ses processus qu'il
préconise pour minimiser les activités a faiblecualajoutée ainsi que pour faciliter
I'expansion d’'un systeme. De cette organisationapparu le concept de gestion et
de mesure orientées processus étudié par plus@auesirs (Acar et al., 2010;
Beamon, 1999; Chan and Qi, 2003; Folan and Bro@6@5; Meyer, 2003, Kueng,
2000). Grace a cette nouvelle approche, I'ingémidgs processus peut résoudre la
complexité des silos fonctionnels dans une ensepgt permet également de
focaliser I'attention sur l'activité (Bandara et,&005). A cet effet, la méthodologie
de modélisation des processus est employée poualddion éventuelle des
processus (Vernadat, 1996; Indulska et al. 2009).

4.3.1 Langage de modélisation des processus métier : Peésation

La littérature propose un important panel de lapgade modélisation de processus.
Ces langages modélisent un ou plusieurs aspeatanedes aspects fonctionnels,
comportementaux, organisationnels et informatianri€urtis et al. 1992;Vernadat,
1996). Dans le contexte de la gestion de la pediag®, ces aspects sont nécessaires
pour évaluer la performance du processus.

Dans le cadre de ces travaux de recherche, plgsiangages de modélisation
comme CIMOSA, IDEF3, ARIS EPC, BPMN et les résedaxPétri ont été retenus
afin de les évaluer et de pouvoir sélectionneriagluest compréhensible et permet
de modéliser facilement un processus métier pouergk performance d'une

organisation orientée processus. Les sections r#eivaprésentent brievement les
avantages et les inconvénients de chague méthode.

CIMOSA : Cette méthode (cf. Figure 4-3) repose sur un cd@rehitecture pour la
modélisation et l'intégration d’'une entreprise (E¥P Consortium AMICE, 1991;
Vernadat, 1996). Le cadre (appelé le Cube CIMOS#ini quatre vues différentes :
la vue fonctionnelle, informationnelle, ressource agganisationnelle. La vue
fonctionnelle permet de gérer le modéle de procesau elle permet de réaliser la
décomposition de ces derniers en différents modtééss que Domaines (DM),
Processus Domaine (DP), Processus Métier (BP)yiketl’'Entreprise (EA).

Pour évaluer la performance d’'un processus metiec £IMOSA, la simulation
s'effectue au niveau de la spécification de la eption du cube CIMOSA.
Cependant, CIMOSA n’est pas capable de prendreosmpte les concepts de plus
bas niveau comme les files d’'attente, les unitégpmbeluction ou les ressources
(Galland et al., 2003). Cette approche étant liepité simulation peut étre faite en
utilisant les réseaux de Petri (Ryan and Heave@6RMDe plus, elle ne prend pas en
compte la gestion des risques dans les processus.

IDEF3: IDEF3 est une méthode descriptive permettant dedéfiser le
comportement des processus (Mayer et al. 1993%. fEthdélise les processus en
utilisant le concept d’'unité de comportement (UDG3s UDC sont connectées par
des boites de jonction et des liens. L'unité de mamement modélise l'aspect
fonctionnel d’'un processus, alors qu’une boite aleciion ET, OU, OU Exclusif)
représente les différents connecteurs de flux canpaeexemple, les situations de
séquencement, de parallélisme ou de synchronisagismctivités.
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La Figure 4-5 montre que la méthode est bien adaptdir capturer les aspects
fonctionnels et comportementaux d’'un processus.e@dgnt, elle n’arrive pas a
gérer l'aspect organisationnel. Un avantage notdelecette approche est qu’elle
reste accessible et compréhensible et peut doecodmmuniquée facilement -
méme a des personnes qui ne sont pas des expestiediomaine de la modélisation
de processus. Néanmoins, on peut reprocher a IB&fr&hcapacité a représenter les
risques et les objectifs. Elle peut cependanté&trdue a cet effet.

Event-driven Process Chains (EPC) EPC est une méthode de modélisation de
processus s’inscrivant dans le cadre de l'architectARIS (Scheer, 1992). Un
diagramme EPC comprend principalement des fonctides événements et des
connecteurs logiques (les mémes que ceux prop@seDRF3) (cf. Tableau 4-4).
L'extension de cette méthode propose également alevopr représenter les
délivrables, les unités organisationnelles et lediess.

L’EPC (comme lillustre la Figure 4-6) permet de aétiser I'enchainement des
activités associées aux taches dans le systemen#iments discrets. Cependant, ce
langage ne permet pas de modéliser un changemétat du le contrdle de systemes
discrets (Ryan and Heavey, 2006). De plus, il ng peodéliser ni les risques, ni les
objectifs d’'un processus.

Business Process Modeling Notation (BPMN)BPMN est un langage graphique
récemment développé par (OMG, 2009) permettantgeucer les processus métier.
L'objectif principal de ce langage de modélisatshde fournir une notation facile a
comprendre de tous les utilisateurs. Les quatraesiés de base de sa représentation
graphique sont : les nceuds de graphe, les objdtexddes conteneurs (swimlanes)
et les artefacts (cf. Tableau 4-5). Les pointssfaié BPMN sont : un vocabulaire
visuel riche et adapté aux besoins de conceptiorprdeessus complexes, une
représentation des acteurs des processus ennitifisa pistes et des corridors et un
lien fort avec le format d’échange BPEL. Cependkntjchesse de son vocabulaire
la complique. Par ailleurs, ni les objectifs ni fsgjues ne peuvent étre explicitement
modélisés dans BPMN, qui reste un langage du dender’IT.

Réseaux de Petri (RdP):Ce type de réseaux forme un langage mathématique
permettant de spécifier a la fois formellement etnthniére abstraite un systéme a
évenements discrets (Petri, 1962 ; Murata, 19883. RdP sont trés souvent utilisés
dans le domaine industriel ou ils servent prin@pent a traiter les problemes de
synchronisation d’activités. Les notions graphigsest : lesplaces lesarcs et les
transitions (cf. Figure 4-8) Les places correspondent aux états des activitgés de
processus modélisés, les arcs représentent lesiéwontrole et d’informations et
I'évolution des processus, alors que les transtimprésentent les conditions qui
doivent étre vérifiées pour passer d’un état autreales processus.

Parmi les points forts des réseaux de Petri, nousgns citer : leur rigueur et le fait
gu’ils supportent facilement la simulation des mesus dans un systéme a
évenements discrets (Tuncel and Alpan, 2010). Gigrgnconcevoir un réseau de
Petri est relativement compliqué d’autant plus pgemodéles obtenus deviennent
rapidement complexes. Une autre limite de ce typmddele est gu'il est difficile de
déchiffrer un réseau de Pétri pour un non-expergjui limite son utilisation en tant
gu’élément d’échange et de communication avec iges. fTout comme les autres
langages précédemment étudiés, les réseaux denBdtarmettent pas de modéliser
directement les objectifs et les risques d’'un peuas. Cette limite peut étre résolue
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en ayant recours a certaines extensions commegliada littérature (Tuncel and
Alpan, 2010).

4.3.2 Evaluation des langages de modélisation de processu

Ce paragraphe a pour objectif de comparer lesrdiifé langages de modélisation de
processus décrits dans les sections précédentescomsidérant les concepts

nécessaires a I'évaluation de la performance dhatgssus. La synthése de cette
évaluation est consignée dans la Tableau 4-6.

Cette vue d’ensemble montre que toutes les méthemtgscapables de contribuer &
I'ingénierie du risque mais qu’aucune ne possedeamposant permettant de le
représenter clairement. De méme, les objectifs eevgnt pas étre représentés ou
modélisés explicitement dans la plupart de cesageg de modélisation. Parmi
'ensemble de ces solutions, c’est la méthode IDEEB est retenue comme le
langage de modélisation de processus parce quiil: esmple, facilement
compréhensible de tous et bien connu et maitrisé@hde industriel.

4.41'ingénierie basée sur le risque et I'ingénierie duisque basée
sur les processus

La raison d'étre d’'un processus métier est de cdéeta valeur pour les parties
prenantes concernées. Néanmoins, des évenemeaettains peuvent avoir lieu et
affecter ce processus, ayant par conséquencemgasts sur I'atteinte des objectifs.
Une dégradation de la valeur du processus est agiée. De plus, la création de
valeur d’'un processus et le risque qui lui est @gssont fortement liés a la
performance du processus. Pourtant, ce lien n’apegre été établi. C’est pourquoi,
ces travaux de these s’efforcent de lier ces deuncapts. A cet effet, plusieurs
techniques, utilisées largement dans I'ingéniegeridque sont analysées. Avant
d’effectuer cette analyse, le concept du risqusi @une les processus de l'ingénierie
du risque sont plus précisément détaillés dansdeons suivantes.

4.4.1 Le concept de risque

A l'instar de la performance et de sa mesure,akiste pas de définition unique du
concept de risque. Sienou (2009) confirme cela msistant sur le caractére
polysémique du mot « risque ». Toutefois, il eséli@ssant de constater que toutes
les définitions ont en commun les éléments suivafgsenement, I'incertitude et les
conséquences (Aven, 2010). Aven formalise donctroés éléments sous la forme
d'une fonction mathématiqueé= (E,C,P), ou E représente I'évenement la
conséquence eP la probabilité d'occurrence d& Ces trois éléments sont
considérés par I'auteur comme suffisants pour ¢éraer le risque.

Par ailleurs, le concept de risque comme celui @opnance est un terme utilisé
largement et librement dans la littérature. |lgstrtant quantifiable et mesurable en
utilisant les outils synthétisés dans la littérat{tfSO/IEC 31010:2009). Dans le
cadre de cette theése, c’est la définition 1ISO (IS@de 73 : 2009) qui est retenue.
Selon elle, le risque est décrit comme étaiieffet d’'une incertitude sur des

objectifs». Pour évaluer les différentes techniques deueisqous allons d’abord

définir le processus de management du risque.
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4.4.2 Le processus de gestion des risques

Le processus de gestion des risques est I'apgitatystématique de politiques,
procédures et pratiques de gestion appliquées etwités de : communication, de
concertation, d’établissement du contexte, ainsawqu activités d'identification,
d’analyse, d’évaluation, de traitement, de suraaitk et de revue des risques (ISO
Guide 73 : 2009). La norme ISO divise les procesiugestion des risques en sept
étapes (comme l'illustre la Figure 4-9) :

- ['établissement du contexte,

- Ildentification du risque,

- lanalyse du risque,

- I'évaluation,

- le traitement,

- la communication

- et la concertation et enfin la surveillance egehaue.

La premiére partie du processus de gestion desassg déja été traitée dans la partie
modélisation des processus. Les autres étapedéorites plus en détails dans les
sections suivantes.

4.4.2.1 Appréciation du Risque

Les étapes 2, 3 et 4 du processus décrit précédetmmespectivement :
I'identification du risque, l'analyse et [I'évaluati du risque constituent
'appréciation du risque qui permet de prendre wéeision dans le contexte
d’ingénierie des risques.

L'identification du risque : D’apres la norme ISO 31000:2009, cette étape stmsi
a identifier les facteurs de risque, les évenemilestsiéclenchant, leurs causes ainsi
gue leurs conséquences potentielles.

Pour faciliter I'identification des risques, il esbnseillé de les catégoriser (cf.
Tableau 4-7) soit sur la base de leur nature,ssmita base de leur activité (c'est-a-
dire externe ou interne a l'activité) (Salah, 200Be plus, I'approche par les
objectifs peut étre utilisée pour identifier etsddier les risques (Moeller, 2007).

Par ailleurs, I'approche basée sur I'expériencée dirainstorming peut également
étre employée pour identifier des risques (Roy®002. Ces deux approches sont
secondées par des outils et techniques afin dddasfier de fagon efficace.

L'analyse du risque: Il s’agit de déterminer la nature et le niveaursgue (ISO
31000 : 2009). En outre, I'analyse du risque faumume image des causes et
conséquences et a pour but de décrire le risque amlitativement, soit
guantitativement (Aven, 2008).

Dans l'analyse qualitative du risque, le gestiormadu risque détermine la
description de la probabilité (comme par exemglertain, probable, improbable) et
'impact (comme par exemple : insignifiant, sigaiit, modéré) de chaque risque
identifié (Vose, 2008). Le niveau du risque estu@asdéterminé qualitativement
avec des termes tels que : fort, faible, moyen (onertillustre la Tableau 4-8).

Dans l'analyse quantitative du risque, le modeleridgue est structuré afin de
modéliser la variabilité des parametres du risques $orme d’une loi de probabilité.
Cependant, au lieu d’exprimer la loi entieremehtest commun d’utiliser une
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mesure de tendance centrale, c’est-a-dire I'espéravec la variation comme
I'écart-type ou le quartile (Aven, 2008, p. 24).

L'évaluation du risque : Cette étape propose de comparer le résultat delysm
des risques avec des critéeres afin de détermiderrsique considéré est acceptable /
tolérable (ISO 31000: 2009). A cet effet, on emplaies objectifs, critéres ou
exigences (Aven, 2008, p. 149). Ce processus peetddvisé en trois grandes
phases : sélectionner les critéres, comparerdqaeas et classer les risques.

Apres avoir identifié et apprécié tous les risquasprochaine étape consiste a
développer des stratégies et des mesures pour géserisques. Les stratégies
principales de la gestion des risques sont lesanteg : le refus du risque, son
atténuation, son partage ou la prise de risque ®&SZD01). En revanche, les
mesures de risque se référent & de nombreuses daétrapproches et techniques
employées pour gérer du risque au niveau opératioom tactique (Zsidisin and

Ritchie, 2008).

Afin de guider le processus d’ingénierie du risqiee nombreux outils et techniques
ont été développés. Les sections suivantes détiieetains de ceux-ci.

4.4.2.2 Techniques pour évaluer les risques

Cette partie présente les techniques les plus coueat utilisées dans l'ingénierie
du risque. Toutes ces techniques ont des points ébrfaibles et sont utilisées dans
difféerent domaines. Dans les sections suivantestemniques seront détaillées.

Analyse des modes de défaillance, de leurs effetde leur criticité : L'AMDEC
est un outil permettant d’identifier et d’évalues leffets et la défaillance potentielle
d'un produit ou d’'un procédé (Teoh and Case, 20Dd)s les éléments du risque
sont organisés en colonnes dans un formulaire coliliustre la Tableau 4-9. De
plus, LAMDEC a été adoptée par I'organisme de dgaidisation ISO comme un
outil d’'analyse du risque.

En outre, TAMDEC traditionnel est effectué en fai$ un brainstorming (Teoh and
Case, 2005) au cours duquel les informations ggoar aux risques sont obtenues et
enregistrées dans le formulaire de 'TAMDEC. Touigfaette technique présente
guelques inconvénients : par exemple, des infoonatirécoltées par 'TAMDEC
traditionnel d'un procédé, d'un processus ou d'udpit sont difficilement
réutilisables. Cette difficulté a récemment étéolds grace a son automatisation
proposée par Teoh and Case (2004).

On peut remarquer qURAMDEC ne fait que proposer un bilan systématigies
défaillances importantes dans un systéeme ou presesgu’il faut analyser
quantitativement plus tard. En outre, il obligeggéstionnaire de risque a identifier les
composants critiques d’'un systéme et joue ainsblenimportant dans la fiabilité du
systeme (Aven, 2008; Chen, 2007). Cependant, 'ANBDEest pas trés utile pour
des systéemes ou processus ou un composant indivdduene activité unique ne
déclenche pas de défaillance du systéeme.

Analyse par Arbre de Pannes 1’arbre de pannes ou I'arbre de défaillances Bet u
technique déductive appliquée largement pour iflentt analyser des facteurs qui
peuvent contribuer & un événement indésirable égpaginement sommet (ISO: IEC
31010, 2009). Les facteurs de causalité sont iientpar déduction, organisés de
maniere logique et représentés graphiquement dadsegramme sous forme d'arbre
employant des liens logiques (Contini and Matuz2@11). L'objectif est de
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descendre progressivement jusqu’aux causes finalgatrices d'un événement
sommet, c'est-a-dire jusqu'aux causes élémentaires.

Les éléments constitutifs d'un arbre de défaillancgont: les évenements
indésirables, les évenements de base et les cenngtbgiques (comme le détaille le
Tableau 4-10). De plus, I'arbre de défaillancest ggre utilisé pour l'analyse a la
fois des risques qualitatifs et quantitatifs.

On peut remarquer que I'arbre de défaillances #séupour mesurer « le risque
global » dans un systéme ainsi que les facteurssgee. La technique est simple a
comprendre et a utiliser. De plus, elle oblige éstgpnnaire de risque a comprendre
le systeme et donne donc une idée du systeme ¢Ruaignat and Jovanovic, 2009).
Cependant, I'arbre de défaillances est plutot diéfid’emploi lors de I'étude d’un
systtme ayant plusieurs événements, niveaux et ecteurs logiques
(Amornsawadwatana, 2003). Par ailleurs, elle damme image statique du risque,
cette technique est donc inutile pour un systémantaydes caractéristiques
dynamiques.

Analyse par Arbre d’Evenements : L’analyse par arbre d’évenements est une
technique graphique permettant de représenter degiesces d’évenements
mutuellement exclusifs suivant un évenement imtiat en fonction du
fonctionnement du systeme (IEC/ISO 2009:31010k E#it souvent couplée avec la
méthode du nceud papillon pour étudier les conségsediun évenement initiateur
(Markowski and Kotynia, 2011). Cette technique p&uoe utilisée qualitativement et
guantitativement. Dans le premier cas, elle déwmemies conséquences d'un
évenement initiateur possible et donne ainsi I'imdiun scénario possible. Dans le
cas quantitatif, elle estime la probabilité d’'ureegment de sortie (Mokhtari et al.,
2011).

En quelques mots, I'analyse par les arbres d’évengsrpermet une représentation
graphique des défaillances possibles, identifiéegjumntifices a la suite d'un
évéenement initiateur. De plus, c’est une technique prend en compte la
temporalité, le séqguencement des événements staéfiets domino (Cozzani et al.
2005). Cependant, cette représentation ne propasede mécanisme permettant
d’identifier les événements initiateurs potentieks:, elle se base sur I'’hypothése que
tous les évenements sont déja listés.

Simulation de Monte Carlo: Monte Carlo est une technique statistique qui perme
d’estimer les incertitudes dans un processus otersgs dans une configuration
particulierement complexe ou les techniques amplgt ne peuvent plus s’appliquer
(Mun, 2006; Vose, 2008).

Le modele de simulation Monte Carlo est capablendaier I'aspect temporel avec
facilité comparé a d’autres techniques analytiquesaspect du temps est rarement
abordé. De plus, ce modeéele demande un certain modedonnées d’entrée mais la
sortie de ce modele est riche en informations.

L'inconvénient principal de cette simulation resgetemps de calcul et les efforts
requis pour développer et exécuter la simulationoHtre, il est difficile de vérifier
si le résultat fourni par I'algorithme est fiabl&/#éng and Roush, 2000).

Approche d’analyse du risque de Larson and KusiakCe modeéle d’analyse du
risque est développé par Larson et Kusiak (199@r mmalyser la fiabilité d'un
processus modélisé préalablement en IDEF3. Le ¢gngke représentation a été
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modifié afin de pouvoir prendre en compte la paréitement des risques ainsi que
les mécanismes de prise de décision.

Ainsi, les différents chemins qui peuvent étre paras dans un modéle IDEF3 sont
utilisés pour identifier les différents scenarii éogtionnels d’'un processus. Un
chemin potentiel, not¢,(k = 1,...K), dans un modéle IDEF3 est composé d'un
ensemble d'unités de comportement allant d’'une cgyusqu'a un puits du
processus et reliées par des connecteurs logiddesplus, la probabilité d'un
scenario est déterminée a partir des probabiliggslidergence de chaque jonction
composant le chemin correspondant. L'échec d’urcggsus peut alors provenir
d'une ou plusieurs activités de ces chemins. Letefas de risque sont alors
identifiés et agrégés pour chaque activité de ohadnemin du modele IDEF3. La
somme de tous les risques du chemin incriminé toade risque global.

D’aprés ce modéle, le risque dans un projet ou nmecgssusk déclenché par les
évenements d’'un scenark de probabilité d’occurrenc et avec un impact ou
conséquence not€ peut étre formulé parR = {S,P,C}. Pour calculer le risque
global d’'un projet ou d’'un processus, le modéleh@atatique montré par I'équation
4-7 est employé.

Contrairement aux techniques traditionnelles de agament du risque, la
méthodologie proposée plaarson et Kusiak pour évaluer le risque est unecgbe
nouvelle car elle s’appuie sur les activités ducpssus pour I'évaluer. De plus, elle
oblige I'évaluateur @ modéliser le processus ad@aluer le risque et prépare donc
ce dernier au développement du contexte. En oetr®@me modéle peut aussi étre
utilisé pour évaluer la valeur du processus.

L’inconvénient principal de cette méthodologie dst fait qu'une préparation
approfondie est nécessaire avant de pouvoir évidaaisques. Pour cela, toutes les
activités doivent étre connues d’'avance et doivdrd modélisées. De plus, cette
méthodologie n’a aucun mécanisme intégré pour iiikemies risques.

4.4.2.2.1 Comparaisons des techniques d’appréciation du risau

La Tableau 4-11 synthétise les évaluations desgreéffites techniques de gestion des
risques afin de les classer pour choisir la plusptke aux besoins de cette étude.
Apres avoir critiqué les techniques pour l'ingér@edu risque, c’est I'approche de
Larson et Kusiak qui est retenue car c'est le seodiéle orienté activités et donc
compatible avec les besoins de ces travaux. Pulequedele du risque en question
ne permet ni d’'identifier ni d’évaluer le risqueatjtativement, il est nécessaire de le
compléter par I'analyse des modes de défaillan®d@FEC) qui a été présentée dans
la section 4.4.2.2 .

La section suivante se propose de détailler I'agpgainsi retenue afin d’en montrer
le fonctionnement et le mode de calcul des deuxéhds essentiels que sont
I'évaluation du risque et de sa probabilité d’ocence.

4.4.2.3 Modéle de gestion du risque selon Larson and Kusiak

Dans cette partie, le modéle proposé par Larsonkaisibk (1996) est détaillé. Ce
modele caractérise le risque selon la formuke= {S, P, C} de Kaplan and Garrick

(1981). Selon ce formalisme, la quantification digque exige deux parametres : la
vraisemblance d'un événement ou la probabilité thgue et l'impact de cet

événement sur un ou plusieurs objectifs du prosessu
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4.4.2.3.1 Les scenatrii

Tout d’abord, le modéle du risque définit plusiecineminsp,, (k = 1, ... K) pour un
modeéle de processus, comme le montre la Figure. ¥hZhemin représente une
alternative du processus qui commence a partiudéd de comportement UDCL1 et
finit 2 UDC10. Le nombre de chemipg dans un processus dépend des boites de
jonction sortantes qui leur sont associées. Pourdeessus illustré par la Figure
4-12, les différents chemins possibles sont préasés la Tableau 4-12.

4.4.2.3.11 Calculer la probabilité d’'un scenario

La probabilité d'un scenario est conditionnée pacdurrence du chemim,. La
vraisemblance qu’'un chemin du processus soit prisgweil conduise a une
défaillance dans le processus peut se calculetilesant I'équation 4.9 :

4.4.2.3.1Il Calcul de la probabilité Pr (px)

La probabilité de prendre un chemipn notéep. (py), est calculée en utilisant la
probabilité d’occurrence d’'une boite de jonctiortaate de I'unité de comportement
i (P) (Larson and Kusiak, 1996b). Pour le modéle (¥agure 4-12), la probabilité
d’occurrence UDQ (P;) a la boite de jonction sortante est récapitubéeTable 4-
13).

Les probabilités d’occurrence des différents floxtants des boites de jonction ne
sont pas calculées de la méme facon. La probahildécurrence de la boite de
jonction ET est égale a 1 parce que toutes legsimie comportement apres cette
jonction doivent étre activées. Concernant la baligejonction OU Exclusif, la
somme de toutes les probabilités d’occurrence daéésude comportement en sortie
de la jonction est également égale a un 1 et urckemin peut étre pris. Cependant,
selon Larson and Kusiak (1996b) lorsqu’une boitgodetion OU est rencontrée, la
probabilité P;) n'est pas conditionnée et est donc calculée réiffénent. Si le
nombre d’unités de comportemei) (se connectant a cette jonction est supérieur a
2, il aura 2-1 combinaisons d’unités de comportement. Spitensemble des unités
de comportement liées a la jonctipret soitM le nombre total de combinaisons
possibles. Ainsi, la probabilité d’effectuer uneiténde comportement dans une
combinaisonj, notéep,.(C;), est calculée par la formule de Bayes (Voir Edqumti
4.11).

4.4.2.3.1V Probabilité d’'un échec dans un chemin p(W(px))

La probabilité de défaillance d’'un chenpn (W(px) est supposée étre une mesure
agrégée (Larson and Kusiak, 1996). Initialemenprédbabilité de succes d’'une unité
de comportementR) est estimée. Puis la probabilité d’'un défaut damsheminpy
(W(px)) est calculée en soustrayaitde 1 (cf. Equation 4-13).

La probabilité de succés de i#™ unité de comportement, noté® du modeéle
d’'IDEF3 est présentée dans la Tableau (voir Takl8)4 De méme, les probabilités
gu’'un processus complet écho(p(py) sont calculées pour 'ensemble des autres
chemingpy. La vraisemblance qu’un chemin échoue, nd@éest donc calculée en
multipliant la probabilit¢ d’emprunter un chemif(P.(px)) par la probabilité
d’échec du chemin considérg(¥ (py)) comme indiqué dans la Table 4-14.
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4.4.2.3.V Calculer la conséquence d’'une défaillance dans ugenario

La conséquence (ou l'impact) de la défaillance dalmemin est contextuelle et
dépend du projet ou du processus étudié. Celasgetnaduire en termes de délai qui
peut causer une pénalité financiére ou perdre ntratp ainsi que des clients.

4.4.2.3.VI Le modele de mesure des risques

Apres avoir identifié la vraisemblance d’'un scéoagt les conséquences de ses
défaillances, les risques d’'un processus sont ensaiculés a partir de I'équation
(cf. Equation 4.14).

4.4.3 Priorisation de mesures de performance et leur aggation : outils
et techniques

Apres avoir identifié les outils et techniques pettant d’analyser et d’évaluer les
processus en employant des approches de modéiisattide simulation, I'étape
suivante consiste a déterminer une technique ptamete classer les mesures de
performances puis de les agréger.

Ces mesures obtenues par un modele des objectifa&i@rogéenes et le plus souvent
contradictoires. Elles sont donc difficiles a agnégn une seule dimension. En outre,
en plus de cette hétérogénéité et de la naturerachctoire des mesures de
performances dans le contexte de gestion de lanpeahce, on doit souvent faire
face a plusieurs processus alternatifs pour atteimes objectifs. Cette situation
nécessite d’analyser des décisions multicriteres dé faciliter le travail des

décideurs pour qu’ils agissent de facon cohérantédeiisent leurs réflexions.
4.4.3.1 La décision multi-critere

Le processus de prise de décision dans un contaxteritere consiste a choisir en
premier lieu une solution ou une alternative paumiensemble d’alternatives”},
avech = 0 am, et sur la base d’'un ensemble de criteres derfarpgancéc;}, i =
lan. Ainsi, la tAche du décideur n'est pas seulemenjuder la performance de
chaque alternative ou soluti¢n”} selon les critéres mais également de donner un
poids ou une importance relative a chaque critfinedéarriver a un jugement global.
L’alternative idéale est celle qui est la mieuxsske selon chaque critere de
performance.

Pour guider ce processus de décision, une techriguehoix multicritere est
nécessaire. Pour cela, la partie suivante propesdéthiller plusieurs techniques
permettant d’aborder le probleme de maniére efficac

4.4.3.2 Techniques d’aide a la décision multicritére

Cette partie détaille plusieurs techniques de chmoiticritere pour le probléme
généralisé (Voir Equation 4.15).

Parmi I'ensemble des solutions disponibles, ilpessible de les classer sur la base
des critéres alternatifs finis ou infinis, certitudu incertitude par exemple (cf.
Figure 4-13). D’'apres cette figure, le problemedédait partie du contexte de choix
multicritére parce que le nombre de solutions éf déterminé et limité. De plus, a
ce point-la, le probléme étudié est celui de lditvele, le choix de la technique se
réduit donc a la valeur multi-attribut.
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Parmi ces approches, les plus répandus et ledgpesment utilisées sont I&mple
Multi-Attribute Rating Techniqueasppelée SMART (Von Winterfeldt and Edwards,
1994 ; 2007), 'AHP (Analytical Hierarchy Procesk Saaty (2004), le MACBETH
(Bana e Costa et al., 2003; Bana e Costa and dnsii94) et le cadre de décision
de l'intégrale de Choquet (Grabisch and Labreu@@®89). Dans le cadre de ces
travaux, ce sont ces deux derniéres méthodes quiéten retenues. Elles sont
détaillées et explicitées dans les sections sudgant

4.4.3.2.1 MACBETH

MACBETH, pour Measuring Attractiveness by a Categorical-Based lEation

TecHnique est une technique d’aide a la décision multiziteBana e Costa et
Vansnick 2003; 1997; 1994). Ce modéle a besoirugements qualitatifs de la part
du décideur afin de développer les valeurs qudivés en se basant sur six
catégories d'intensité de préférence comme par pbeem‘trés faible”, “faible”,

“modeére”, “fort”, “tres fort” et “extréme” (voir lalableau 4-16). De plus, la méthode
a pour but d’élaborer la fonction de la valeur eatrs poids compatibles avec la

théorie de la mesure et des préférences (Grabigthabreuche, 2009).

Pour déterminer 'ensemble des fonctions de lawale'est-a-dire, les expressions
de performances élémentaires), Clivillé et al. @00nt identifié les quatre étapes
permettant d’aborder le probleme de prise de d#tidans le contexte de mesure de
la performance (voir Figure 4.14).

Etape 1 : Définition du contexte
Etape 2 : Détermination des expressions de perfurena
Etape 3 : Déterminations des poids
Etape 4 : Agrégation
Ces différentes étapes sont détaillées dans ke deiite mémoire.

Définition du contexte (Etape 1) :Dans le cas de ces travaux de recherche, le
contexte de décision est déja défini par la phasedpente qui a identifié I'ensemble
des mesures de performance ou critéres{c,, c,, ... c, } et plusieurs alternatives de
processuX = {x;,%,,..%}. A partir des mesures de performance et des
alternatives, les scenarii sont développés soudofme : S; = {x],x3,..x}},

S, ={x%,x2,..x2}, S; ={x3,x3,..x3}. De plus, deux situations fictives sont
déterminées et sont utilisées comme point de nméfére assurant ainsi la
commensurabilité entre les différentes mesuresedenmance hétérogenes.

Détermination des expressions de performance (Etap®) : Pour déterminer les
fonctions de valeurs ou expressions de performat@aentaire, MACBETH utilise
une série de questions. Ces questions font évelnaeteux étapes le jugement du
décideur par rapport a une mesure de performanaeune alternative.

Les préférences du décideurLes préférences sont données a chague mesure de
performance, ce qui permet d’acquérir les infororaisous la forme suivante :

- Le scénarig® est préférable au scénasib ce qui signifie queS* > s*1

- Le scénarig® n'est pas préférable au scéndttoet inversement, et donc :
Sk — Skl

- Les scenarib* etS* ne sont pas comparables.
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Etant donné que la valeur est une performa@hdes informations recueillies peuvent
étre exprimées sous la forme :

Sk > Sl o pk > pl

Sk =5t o pk = pt
L'intensité des préférences du décideuAfin d’identifier plus d’'informations a
propos de la situatio$f* en terme d’intensité de préférence, le décidecuaitle des
informations descriptives, dal jusqu’aextréme Ainsi a la qualificatiorNul on fait
correspondre la note O etextrémela note 6 (cf. Tableau 4-16). Dans ce cas, la
situation prend la form&* > S & P¥ > P! =h «, ou h est la valeur numérique

comprise entre 0 et 6 alors qoeest une coefficient nécessaire pour satisfaire la
conditionP*. Ce coefficient reste entre l'intervalié, 1] ou[0, 100].

Le livrable de cette étape est un ensemble d’egmes de performance ou fonctions
de valeur pour chague mesure de performance.

Détermination des poids (Etape 3)

La troisieme étape permet au décideur de déterrtiimgrortance relative de chaque
mesure de performance. Cette étape commence paonkruction deux scenarii
hypothétiques notéS? etS", ou SE représente le meilleur scenario (ou espéré) et
S représente le pire scenario, que I'on souhaitegésitout prix. Les deux scenarii
sont représentés par des vecteurs dexpressiomadeerformance(d,...1,...1)
et(0,...0,...0), correspondant au scenario espéré et redoutéerf@amance agrégée
Pa99-" g'écrit comme indiqué dans I'équation 4.16. Cepandles pondérations;
sont inconnues dans I'équation. Pour simplifietece¢lation, MACBETH propose
de considérer un vecteur d’expression de performauog annule toute I'expression
de performance sauf une composante, comme par éxe@p...,1,0, ....,0). Ce qui
signifie que la performance agrégée se réduﬂjg =w;.

Pour agréger les expressions de performaneepoids sont alors nécessaires. Pour
cela, le décideur a besoin ndexpressions mathématiques. Pour résoudre ce
probleme, MACBETH propose les comparaisons de tgiis deux a deux. Par
conséquent, il en résulte systéemes d’équations similaires a I'équation Ecfuation
4.17).

Agrégation des expressions de performancelne fois que toutes les expressions
de performance et leurs poids respectifs ont &ermdnés, il est maintenant possible
de les agréger par une moyenne pondérée (Voir Bguatl8). ,

4.4.3.2.11 Intégrale de Choquet

Considérons un ensemble fini d’alternatives= {a; a, ...a,} et un ensemble fini de
criteresC = {c; c; ..cp}. A chaque alternative & A est associé un proft? =
(xgl,xgz ...x?n) € 5%, ou tout i€ C, x{ représente le score partiel de I'alternative
sur le critereé dans un intervallg0, 1] ou [0,100].

A patrtir du profil d’'une alternative quelcongugepeut étre calculé un score global
u(C) grace a l'intégrale de ChoquefC) : S* - R qui prend en compte les poids
d’'importance de tous les criteres. Dans ce buastinécessaire de définir un concept
de mesure floue.
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Définition (Mesure floue) : Soit P(C) I'ensemble des parties de(power set),la
mesure floue (ou capacité) Geest une fonction monotone P(C) — [0,1] vérifiant
les conditions suivantesu(@) = 0, u(C) = 1 etu (C) > u(C") siC' c C.

Définition (Intégrale de Choquet): Soit u une capacité ou mesure floue ur

L’intégrale de Choquet d'une fonctighC — [0, 1] par rapport & est donnée par la
formule (cf. Equation 4.19). Pour des raisons dapicité, on utilise le cas
particulier de l'intégrale de Choquet appelée iragde Choquet 2-additive (Voir le
modéle mathématique montré par I'équation 4.20).

4.5 Conclusion

Ce chapitre a présenté et examiné les outils eée&miques permettant de modéliser
des objectifs, des activités et des risques d'magssus pour I'évaluer en termes de
valeur et de risque. De plus, plusieurs technigtiesalyse multicritére ont été
examinées afin de lier I'évaluation du processlasgrise de décision.

Cette chapitre conclut que :

1. La modélisation des objectifs est une exigencentiedie pour la mesure et la
gestion de performance basée sur la valeur parcelleguermet de
déterminer les mesures de performance de facoegmsote.

2. Afin de modéliser les activités qui contribuenttteiadre les objectifs, ce qui
est essentiel pour créer de la valeur, la méth@eF8 est retenue en y
apportant une légere amélioration permettant deésepter les objectifs et le
risque des processus modélisés.

3. Pour modéliser les risques des processus, ce edmedhniques AMDEC et
I'approche de Larson et Kusiak qui sont utiliséesfacon complémentaire.
Le premier outil est ainsi employé pour analysatlitgtivement les risques et
le second est retenu pour effectuer l'analyse duadine dans un
environnement de simulation.

4. Pour développer les fonctions de valeur et de esgimsi que I'indicateur
global du couple (Valeur-Risque), c’est la méthbtieCBETH et I'intégrale
de Choquet 2-additive qui sont utilisées.

Le chapitre suivant développe le systéme de mesude gestion de la performance
proposé et congu lors de ces travaux de théseréBepte ainsi comment ces
traitements sont réalisés en utilisant les concegtasillés dans la premiére partie et
les outils et techniques décrits dans la secondi ke la these.

37



38



Chapter 5 Gestion de la Performance Basée sur le Couple
Valeur-Risque

Contrairement aux SIP, le systeme de gestion gertrmance est un systeme qui
ne guide pas seulement les évaluateurs pour mdsuparformance dans un cadre
bien défini mais mene le processus de mesure latsihte des objectifs. A cet

effet, une gestion de la performance a besoin dg dwdéles : un modéle structurel
et un modéle méthodologique. Le modéle structupaa but de définir et structurer
les concepts de performance alors que le modeleauélbgique vise & déterminer
I'approche étape par étape pour évaluer les prosess

Dans le cadre de cette these, nous allons proposgrsteme de mesure et de gestion
de la performance orienté processus appelé sysiemaesure de performance basé
sur les indicateurs de la valeur et du risque (ki&%@nd Risk based Performance
Management System or VR-PMS » en anglais). Ce mgstéomprend ces deux
modeles. Les sections suivantes détaillent chaewesd deux modeles.

5.1Le modeéle structurel de VR-PMS

Le modele structurel de VR-PMS est élaboré pougirdr et structurer de fagon
cohérente les caractéristigues souhaitées néasgaiur évaluer la performance du
processus. Ces caractéristiques proviennent degptsnd’activité (ou de processus),
d’objectif et de risque. Le triptyque de ces trmascepts est suffisant pour expliquer
la création de la valeur et du risque dans un gsaceafin de I'évaluer. Cependant,
le concept de I'abstraction est nécessaire pouigesgy le mécanisme de création de
la valeur et du risque.

5.1.1 Niveaux d’'Abstraction

Le systeme de gestion de performance proposé deppota fois I'abstraction
horizontale et verticale ainsi que I'abstractionl'dgrégation. Pour décomposer le
systéme de valeur (ou chaine de valeurs) dansaleans intermédiaires des activités
opérationnelles, on utilise I'abstraction verticaldu contraire, I'abstraction
horizontale est employée pour identifier les soosw@ines de processus métier
comme le domaine fonctionnel, informationnel, conipmental et organisationnel.

De la méme maniére, on utilise le concept d’abstmagour raffiner les objectifs
des processus métier. L'objectif global d’'un precssmeétier est décomposé jusqu’a
I'objectif fonctionnel lié a [lactivité opérationie. En plus des objectifs
fonctionnels, les objectifs non-fonctionnels sog@lément décomposés. Par ailleurs,
le risque global du processus est raffiné de la en&gon que les objectifs.

Pour établir une cohérence et une consistance damsdifférents niveaux
d’abstraction des processus métier, des objedtifles risques, une décomposition
synchronisée de ces trois concepts est nécessgaird-igure 5-1).

5.1.2 Les Modeles Elémentaires

Le modéle structurel de VR-PMS modélise les traissvd’'un processus métier a
savoir : la vue des objectifs, la vue des activitieselle du risque a plusieurs niveaux
d’abstraction. Le modéle obtenu, apres mappingedetois modéles de trois vues,
est appelé modele générique conceptuel. Ce modéfeérigue est capable
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d’expliquer la création de la valeur en présenceisgue. Les sections suivantes
expliquent ces trois modeles relatifs aux objectifsx activités et aux risques.

5.1.2.1 Modéle des objectifs

La premiére étape pour développer un modéle comeepte la valeur pour un
processus métier est d'identifier un ensemble @difs0;,i = 1, ... n appropriés au
processus métier et de définir les mesures derpeaficeM;, i = 1, ...,n par rapport

a ces objectifs afin de savoir dans quelle mesaee abjectifs sont atteints. Cela
demande une approche structurée pour guider leegsas de détermination des
objectifs a partir des attentes des parties presaitpermet ensuite de déterminer les
mesures de performance.

Ainsi, les principes du modéle « Value Focused Kihp>» sont appliqués. Ces
principes nous permettent de définir les objectiés finalité et de moyens. Les
objectifs de finalité nous intéressent dans le extet de la décision alors que les
objectifs de moyens permettent d’atteindre lesailigede finalité.

Une fois déterminés, les objectifs de finalité et dhoyens sont structurés
respectivement sous forme d’arbres et de réseascmlesures de performance sont
ensuite dérivées des objectifs de finalité raffigésse trouvent au plus bas niveau
de I'arbre des objectifs. Par ailleurs, I'object# moyen nous permet de déterminer
les activités nécessaires qui ultérieurement alteit les objectifs de finalité ; il
peut donc étre connecté au modeéle d’activité.

5.1.2.2 Modéle d’activité

Apres avoir identifié les objectifs et les mesulegperformance correspondantes via
le modele d'objectifs, I'étape suivante est d’idiéat les activités nécessaires a la
réalisation des objectifs.

Pour modéliser une activité, la méthode IDEFO @et employée en complément a
IDEF3 (cf. Figure 5.2). Cette méthode formalise @tivité en termes d’entrée,
sortie, contrdle et mécanisme. Pour passer derdend la sortie, une entreprise
consomme ses propres ressources. Pour assurecabit et I'efficience de la

transformation, I'activité est soumise au contrdle.

A partir de ce formalisme d’activité, un modéle ééque d'activité peut étre
développé pour le modéle de la valeur. Dans cedast attributs supplémentaires de
I'activité, dans le contexte de performance, safinis. Il s’agit de la qualité, du
co(t et du délai.

Pour appliquer le modele d’activité a la créatiom ld valeur, une activité qui

comporte un certain niveau de qualité (maturitépverabilité, performance etc.) a
un co(t et prend du temps pour finir par donneliwrable. Ce livrable est une valeur
intermédiaire dans la perspective de la valeurt d@rgrandeur est mesurée par
rapport a I'objectif. De plus, l'efficience et Iffacité d’activité sont conditionnées
par des modeéles de codt, de ressources et d'ordoemeent ainsi que par la
politique opératoire qui surveille les processustrdasformation. Cependant cette
valeur intermédiaire est soumise a des évenemecgstains qui peuvent la mettre
en danger. C’est la raison pour laquelle le modélesque a été introduit.

5.1.2.3 Modéle du risque

Une activité est destinée a réaliser un ou plusiebyjectifs, cependant elle s’expose
a plusieurs types de facteurs de risque - exteomefternes a l'activité (Salah,
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2005). Ces facteurs de risque peuvent déclencbecuirence d’'un ou plusieurs
risques qui a leur tour affectent le déroulementaldivité. La Figure 5-4 explique
cette relation entre le facteur de risque, I'évémeinau risque et I'objectif.

Le modéle du risque est donc inclus dans I'approzkistante pour identifier et
évaluer les risques provenant des facteurs deeriddidentification de ces risques se
fait en utilisant I'approche par les objectifs. Lasques identifiés sont évalués
qualitativement dans 'AMDEC en collaboration aviec modéle d’activité. Les
risques clés sont donc incorporés dans le modéepratessus pour évaluer le risque
guantitativement dans I'environnement de la sinmoifat

L’évaluation du risque orientée processus a commavantage le fait que le risque

et la valeur peuvent étre déterminés dans un seiloenement. Pour cette raison,

nous avons choisi le modéle du risque de Lars#tusiak. L’hypothése sous-jacente

d’appréciation du risque basée sur I'activité estige activité s’expose a plusieurs

facteurs de risquBF, (i =1, ....,n) (voir Figure 5-5) et peut donc déclencher un ou
plusieurs événements affectant un ou plusieursctif§eassociés. Ces risques sont
ensuite quantifiés en utilisant un modéle mathéyuoatimplanté dans le modele de la
simulation.

5.1.3 La cartographie de modéles génériques élémentaires

Aprés avoir défini les modéles des objectifs, didigts et de risque pour évaluer le
processus métier, I'étape suivante est la comhinai®e ces modéles en un seul. Le
modeéle obtenu aura les caractéristiques héréditdiees modeles individuels et sera
donc clair et complet. Pour analyser les caradiguiss des modeéles individuels et
du modéle combiné, nous avons fait une analysdamitie (voir Figure 5-6). Cette
analyse des modéles élémentaires nous permet demdidtr les situations
indésirables : déficit, redondance, surcharge e¢saontologiques des constructions
lors des cartographies de ces modeéles élémentaibes obtenir un modéle
conceptuel combiné (Recker, 2011).

Par ailleurs, la combinaison des trois modeles éigaires en un modele conceptuel
combiné nécessite le choix d’'un modele parmi d&suour qu'il comporte toutes
les caractéristiques des modeéles élémentairesusrdpl ses propres caractéristiques.
Pour cela, le modéle d’'activités a été choisi conmoeléle commun puisqu’il aura
toutes les caractéristiques nécessaires du modéleeptuel combiné de
valeur/risque. Ensuite, une analyse ontologique reshée afin de trouver la
complétude et la clarté des modéles élémentairen@et Weber, 2002).

Apres cette analyse, les trois modeles sont liégtahlissant les liens entre eux
comme indiqué dans Figure 5-8. D’apres cette Figarealeur des processus métier
peut étre exprimée en termes d’objectifs (flechetIPalisée par des activités (fleche
2) via la réalisation des objectifs (fleche 3). €eglant, ces activités sont soumises au
risque (fleche 4) qui ultérieurement affecte lalisdédion des objectifs (fleche 5) et
influence donc négativement la création de valééctie 6).

Apres avoir établi la relation entre les modélésgst pratique de développer le
modele conceptuel de la valeur/risque.
5.1.4 La élaboration du modele conceptuel de valeur/riscgl

Le but principal du modéle conceptuel est de détendeux types d’indicateurs :
I'indicateur de valeur et l'indicateur de risqueeCdeux indicateurs sont exprimes
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sous la forme du couple (valeur-risque) et peuwv@né calculés pour chaque
alternative de processus métier dans le contextdédesion. Ce couple fourni un
classement souhaitable ou non-souhaitable d’'ureznalive et donc, propose une
base pour faire un choix parmi les alternativestaxies.

Le modéle conceptuel de la valeur/risque commequé&lidans la section 5-9
représente une unité atomique du modéle en détaida éléments et les concepts
nécessaires a la modélisation de la valeur etstjuei Pour représenter I'objectif et
le risque sur la boite représentant I'activité, ¢efns en haut a droite et en bas a
gauche sont respectivement rognés.

Pour rendre opérationnelle l'idée de la création vdéeur dans les conditions
d’incertitude, on se référe a la Figure 5-9. Ellesire les concepts essentiels pour
créer la valeur ou le risque intermédiaires a ldiesalu modéle. Pour juger si la
valeur/ risque intermédiaire est créée ou dissipades compare aux objectifs et a
I'appétit du risque. Pour obtenir les grandeurséealue le jugement de la valeur en
se référant aux préférences et a I'échelle d'inténies préférences du décideur (cf §
5.3.1). Les préférences et intensités de préféranas permettent de développer la
fonction de la valeur et de risque en employatiéarie de I'utilité.

Pour obtenir la valeur globale du processus métégure 5-10), les valeurs
intermédiaires et de risque sont agrégées viamesiges de fusion de I'information
(Voir Equations 5-4 et 5-5)

5.2 Le Modele Méthodologique

Le modéle méthodologique a pour but de guider @deéér méthodiqguement pour
effectuer I'évaluation du processus métier baséasualeur et risque. La Figure 5-11
indique les différentes phases du cadre méthodplegiChaque phase a ses propres
outils, méthodes et techniques.

5.2.1 Etablissement du contexte (Phase 1)

Cette phase du modéle méthodologique définit leadioend’application et délimite
le probleme & l'étude. Elle comprend lidentificati des parties prenantes, leurs
exigences et responsabilités ainsi que la délimratle I'ingénierie du risque qui
détermine I'appétit, 'acceptabilité ainsi que tegéres du risque.

5.2.2 La modélisation de la performance du processus meéti (Phase 2)

La phase de modélisation de la performance viseégrier les objectifs du contexte
de décision et les risques au modele du proce$xus. faciliter cette phase de
modélisation, nous proposons un cadre appelé grated business process
performance modeling approch ». Ce cadre (voir reigh-12) a été construit
principalement sur le contenu de la recherche den&g (1996), Clemen & Reilly
(2000), Neiger et al. (2006), Sienou (2009), etsharet Kusiak (1996). Le livrable
final de ce cadre est un « objective-oriented aslare business process model »,
qui sert a évaluer le processus métier basé uaidar et le risque. Chaque étape de
ce cadre est expliquée dans les sections suivantes.

5.2.2.1 L'identification et la modélisation des objectifs e finalité

Les objectifs par valeur (en anglais « value-drigbjectives ») sont des déclarations
reflétant I'exigence des parties prenantes cono¢umasystéme ou processus métier.
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Keeney (1996, p. 57) fournit une liste des techesgpour faire apparaitre les
objectifs des parties prenantes. Pour cela, noossaliesoin de déterminer d’abord
I'objectif global du processus métier. D’apres Keeii1996, p. 77), cet objectif de
processus métier estthe breadth of concers.

Une fois identifiés, les objectifs plus spécifiquear rapport a l'objectif global
peuvent étre identifiés en se demandace que signifie cet objectif.>La réponse a
cette question décompose l'objectif global en diffeade plus bas niveau. Ces
derniers sont les facettes d’'un objectif plus géhéCes objectifs de bas niveau
peuvent a leur tour étre décomposeés en objectifsdkté de plus bas niveau encore
jusgu’a ce gu’ils ne soient plus décomposables. fdiedéterminés, on développe
un arbre des objectifs de finalité.

A linverse, nous pouvons regrouper plusieurs diffede finalité au sein d'un

méme objectif s'ils sont les diverses facettesioensions d’'un méme objectif plus
général. Pour cela, nous posons la questi@f. what more general objective is this
an aspect »Cette question nous permet également de valideatlzre des objectifs,

c’est-a-dire de savoir s'ils sont vraiment les abfe de finalité ou non.

5.2.2.2 L'identification et la modélisation des objectifs & moyen

L’objectif de moyen permet de réaliser les objscté finalité et spécifie donc les
actions alternatives. Pour les déterminer, la guesjui va nous guider est :hew
can this be achieved En posant cette question pour chaque objectifrdgite, on
identifie une liste d’objectifs de moyen. Une fditerminés, ils sont structurés en un
réseau d’objectifs (cf. 5.14).

5.2.2.3 Restructuration des objectifs

Apres avoir identifié les objectifs de finalité d& moyen, la premiére structuration
des objectifs peut faire apparaitre des objectfsndyen dans I'arbre des objectifs de
finalité. Il est donc nécessaire de reformuler ddgectifs et de vérifier que les

objectifs de finalité refletent bien les attentess dparties prenantes et leurs
préférences.

A cet effet, on se demande pourquoi c’est import@stte question est aussi appelée
le WITI test, qui sert & séparer les objectifs de finalité diejectifs de moyen et a
révéler les connections entre eux. Si la réponsetta question est que I'objectif est
important, c’est un objectif de finalité. Si la ofse est ce que I'objectif est 1a pour
atteindre un autre objectif, c’est un objectif deyen.

De plus, l'objectif de finalité peut étre différeédcde I'objectif de moyen via
abstraction et casualité. Il existe bien un lienceease a effet entre les objectifs de
moyen et de finalité. Cependant, le lien entredbgectifs de finalité est celui de
I'abstraction, c’est-a-dire que les objectifs des b@iveau sont de dimensions
différentes de I'objectif de haut niveau et sonttuellement exclusifs

En structurant les objectifs de moyen, les conmestéogiques sont utilisés pour
savoir si tous les objectifs de bas niveau doiére satisfaits afin de répondre a
I'objectif de haut niveauHT-logiqug, ou si un ou plusieurs objectifs de niveau bas
sont suffisants pour satisfaire I'objectif de hauteau (OU-logique),ou si I'un ou
l'autre est suffisant pour satisfaire I'objectif daut niveayOU Exclusif-logique).
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5.2.2.4 Les mesures de performance

Les objectifs de finalité de plus bas niveau s@# dbjectifs non-décomposables ou
mesurables. Cette couche des objectifs peut damnifaune base au développement
des mesures de performance ou criteres de perfoamafin de les utiliser pour
évaluer des processus alternatifs. Le résultateti® section est un livrable sous
forme d'un arbre de valeurs ou mesures de perfareagqui est également
compatible avec la méthode MACBETH.

5.2.3 La modélisation des activités (Etape 3)

La modélisation de processus dans les travaux aherehe existants est
I'identification et la modélisation des activitésiigsoutiennent la réalisation des
objectifs de moyens afin de répondre aux objedlfsbaux. Pour identifier ces
activités, la question : What activités are aimed at achieving these objezsi »est
posée pour chaque objectif de moyen. Elle facifigentification des activités
principales par rapport aux objectifs de plus hmwtau dans le réseau des objectifs
de moyens (Neiger et al. 2008). De plus, Kueng awv#ek (1997) proposent
d’identifier une activité pour chaque objectif deyan et si le décideur ne peut pas
dériver une activité a partir de I'objectif de mayd faut le raffiner.

Malgré ces propositions, I'identification des aitég n’est pas abordée et exige donc
une recherche afin de bien formaliser cette apmo&ans tenir compte de la
méthode utilisée pour identifier les activités afle répondre aux objectifs, les
activités doivent étre complétes et avoir une engtune sortie bien définies. Il est
important de mentionner que les activités sont tiiéas pour des objectifs
fonctionnels mais sont évaluées a la fois pour agsctifs fonctionnels et non-
fonctionnels.

Une fois que les activités sont définies, elles smsuite ordonnées en définissant les
dépendances logiques et les contraintes entre dllest effet, la méthode IDEF3
modifiée basée sur le modele conceptuel de la vatedu risque est employée (cf.
5-9). Ce dernier peut modéliser la logique et lpetélance temporelle qui existent
entre les différentes activités de processus nséfér Figure 5-15).

Apres avoir défini et modélisé les activités, iufdier les objectifs au modele
d’activité. Une simple question :What objective is this aimed atest suffisante
pour lier I'activité ou un ensemble d’activités dale modele du processus (voir
Figure 5.16)

5.2.4 La modélisation des risques (Etapes 4a, 4b et 4c)

Pour identifier et évaluer le risque associé awgssus métier, nous proposons, dans
le cadre de cette thése, deux approches : ideiiific du risque par objectifs et
évaluation du risque basé sur le processus.

5.2.4.1 Approche par objectifs pour identifier des risquesEtape 4a)

L'approche par objectifs pour identifier les risquest basée sur I'hypothése que les
facteurs de risque sont des obstacles a l'atteieseobjectifs. Les objectifs sont la
pour identifier les conditions désirables alors tpsefacteurs de risque capturent les
conditions indésirables (Lamsweerde and LetierQ200ne affirmation, sous forme
de question (étape 4a), a savoir ce qui fait olestad’ objectif, est suffisante pour
déterminer I'’évenement du risque.
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De la méme facon que le modéle des objectifsstpig global est identifié en posant
la question par rapport a I'objectif global. Legue de bas niveau représente I'échec
de l'objectif a I'étude (voir Figure 5-17). Contrmament au modéle d’objectifs, les
risques de bas niveau au sein d'objectifs de hiaetan ne sont pas nécessairement
exclusifs I'un de I'autre. Comme notre méthodelestée sur la théorie du flou pour
agréger et non pas sur un modéle additif commet ¢esas dans la cadre de
I'approche par valeurs de Keeney, la non-exclusing nous pose aucun probleme.

Une fois les risques identifiés et structurés darbre de risques, I'étape suivante
est de déterminer les facteurs de risque qui déleteries risques. La question
directive est‘What causes this risk to occur?” En se posant plusieurs fois cette
question pour un risque, on va découvrir les fastale risque. La Figure 5-18
présente I'arbre des risques liés aux facteurssdee. .

L’identification du risque est importante pour dépper le plan de contréle. Si la
source ou le facteur sont connus, le gestionnairesgiue peut mettre en place un
plan d’action pour mitiger les risques.

A la fin, l'arbre de risques et le réseau du risgaat suffisants pour cartographier
tous les risques ainsi que leurs causes. Ceperidantisques ne peuvent pas étre
évalués car il manque l'information contextuellang\, les risques identifiés sont

évalués dans I'environnement du processus ou jsahuisent.

5.2.4.2 L’appréciation de risque basée sur le processus (&te 4b)

Les risques identifiés en utilisant I'approche paijectifs sont évalués via la
techniqgue TAMDEC. Pour cela, les informations atitielles sont obtenues d’aprés
le modéle de processus (Etape 4b) mais il est séicesd’identifier les activités
sujettes au risque ou qui peuvent le causer. Rsudéterminer, nous choisissons de
développer une matrice d’activité-risque. Celléblit un lien entre une activité et
le risque identifié (cf. Tableau 5-2)

Apres avoir déterminé les risques et les actistdslesquelles ils agissent, ils sont
ensuite entrés dans la grille TAMDEC pour les éeal(voir Tableau 5-3). Le risque
critiqgue identifié par TAMDEC est incorporé au n&ld du processus pour I'évaluer
guantitativement.

5.2.4.3 L’intégration de risque au modéle de processus (Epe 4b)

Les risques critiques identifiés sont ensuite ipooés au modéle du processus.
L’incorporation des risques au modele du procegsiug-igure 5-19) signifie que le
risque identifié autour une activité va étre évalotest dire que sa probabilité
d’occurrence et son impact dans I'environnemeradgmulation vont étre calculés).
En résumé, pour intégrer les risques aux processi®r, un modele objective-
oriented risk aware business processus modelété développé. Ce modele est le
livrable final de cette phase de modélisation d@daormance. L'objectif est de
modéliser la performance dans le contexte de psosamétier afin de les évaluer en
termes de valeur et de risque. Ce modéle est prétrea utilisé dans la phase
d’évaluation.

5.2.5 La phase d’évaluation de performance

L’évaluation de la performance peut s’effectueglisant 'approche de simulation
par événements discrets. Pour cela, nous avonsnbé&sm modéle de simulation.
Les étapes principales sont le développement d'odéhe conceptuel, le codage de
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ce modele, 'expérimentation et 'implémentatioroffthson, 2004 ; Ryan et Heavey,
2006 ; Marques, 2010).

Indépendamment de I'approche utilisée, un modél¢ peerequis pour
I'expérimentation de la simulation. Cependant, led&le de la simulation n’est pas
suffisant pour fournir toutes les données nécessair une expérimentation de la
simulation. On a besoin de collecter suffisammeat dbnnées pour effectuer
I'évaluation via la simulation. Cette thése divigxpérimentation de la simulation
en trois grandes étapes (voir Figure 5-20). G@s étapes sont brievement discutées
dans les sections suivantes.

5.2.5.1 La génération des données d’entrée

Il s’agit de la phase de collecte des exigencegsrdcessus métier de I'étude. Elle est
divisée en deux parties : les données fonctiommelldes variables d’entrée (facteurs
ou parametres dans le langage de la simulation).

Dans la premiere partie, le modéle conceptuel effisant pour accumuler des

données fonctionnelles via IDEF3 pour effectuesitaulation. Cependant, dans la
deuxiéme partie, le VR-PMS emploi plusieurs oupitsir les collecter. Shah et al.

(2012) suggerent de diviser les variables en plusieatégories sur la base de leur
nature et domaine d’application dans la simulatidne fois collectées, elles sont

traitées en utilisant 'approche statistique.

5.2.5.2 Le modéle de la simulation et I'expérimentation

Aprés avoir défini un processus métier valide et lgariables d'entrée
correspondantes, le modéle peut étre transforménedele de simulation. Cette
transformation comprend deux étapes : codage delmad entrée des données des
variables d’entrée. Dans VR-PMS, I'étape d’expénitagon concerne la conversion
du modéeleobjectif-oriented risk aware business processusaehed modéle de la
simulation numérique exécutable.

Une fois le modéle de simulation développé, vaditlgérifié, I'étape suivante est la
conception du plan d’expérience. Celui-ci consiateléterminer la durée de la
simulation et le nombre de réplications par exemple

5.2.5.3 La collection des sorties et I'analyse

Le modéle de simulation est ensuite exécuté sedopldn d’expérience. Aprés
chaque simulation, on collecte les paramétres é&t@ts. Dans le contexte de VR-
PMS, ces paramétres d’intérét sont des mesuresréimpance et de risque tels que
prédéfinis dans le modéle d’objectifs.

Les mesures de performance et de risque issuésxgétimentation de la simulation
sont collectées et traitées dans la phase d’'aitie décision car ces mesures ne
peuvent pas étre utilisées directement pour I'aitledécision.

5.3La prise de la décision

Un modéle a moins de valeur intrinseque sauf stilugilisé pour supporter l'aide a la
décision (Robinson, 2004). La décision basée searensur les mesures de
performance et de risque issues de la simulatiamifbpeu de perspectives sur la
performance du processus métier. En réalité cesineesle performance ou risque
ne refletent pas la performance d'un processus maivent a fournir des

informations a moins qu’elles soient comparéesabjectifs ou valeur de but.
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De plus, dans un processus de management de tarparice, plusieurs alternatives
en plus des mesures de performance sont impliqiesutre, ces mesures ne sont
pas de méme nature et sont donc hétérogenes. deagmidécision dans ce contexte
est tres difficile pour un manager. Il est doncasSaire de transformer ces mesures
de performance en une forme commensurable poulitédacieur gestion. Cette
transformation nous donne une mesure élémentairaays appellerons dans cette
thése la fonction de valeur ou risque.

Pour construire ces fonctions de valeur, les métodulticriteres sont employées.
Dans le cadre de nos travaux, hous avons chamséthode MACBETH. Cependant,

nous n’utilisons pas cette méthode pour I'agrégatie fonctions de valeur et risque
en raison de leur modéle additif pour cette pa#ieet effet, I'intégrale de Choquet

est choisie comme outil pour I'agrégation de famctide valeur. Nous discutons des
deux méthodes dans les sections suivantes.

5.3.1 La Méthode MACBETH

Dans le cadre de notre travail, la méthode MACBE&Hété employée pour
modéliser la fonction de valeur et risque. Cettehm#e a seulement besoin du
jugement qualitatif de chaque critere dans diffegeralternatives. Ces jugements
facilitent la décision pour quantifier les attracts relatives a la mesure de
performance a partir d’'un ensemble de mesures derpanceX = {x;, x,, ... x,}
selon les alternatived = { a,, a,, ...q;} et affecte un nombre réel(x) a chaque
critere x; de X en utilisant une échelle verbale {nulle, trés lajldaible, modérée,

forte, trés forte, extréme}.

Pour quantifier les préférences, la méthode MACBESeHbase sur lintensité de
préférencesh de la théorie de multi-attributs. Mais cela, poabtenir la
commensurabilité inter-crittres, MACBETH proposeuxdepoints de référence
commebon et neutreayant respectivement 1 et 0 pour niveau. Ce mEnméférence
permet de cartographier la fonction de valeursgug sur un intervalle 4e,1]. La
quantification est obtenue a partir de I'équatieh. Eette équation nous méne a un
systéme d’équations pour chaque critere.

Résoudre ce systeme d’équations de nous donnadétido de valeur et risque pour
chaque critere;. Une fois les fonctions de valeur et risque détedes, elles sont
agrégées en utilisant I'intégrale de Choquet.

5.3.2 L’Intégrale de Choquet

L’intégrale de Choquet est une méthode complétes mhains le cadre de cette thése
on l'utilise pour agréger les fonctions de valetirrisque issues de MACBETH.
Comme cette méthode est basée sur les conditiomsmeo I'indépendance
préférentielle, l'indépendance faible, indépendamce utilité et l'indépendance
additive mentionnée dans la littérature (Kirkwoddsarin, 1980). En fait, toutes les
mesures de performance sont indépendantes etnfkiexicent pas. Pour pallier a
cette déficience, nous utilisons l'intégrale de @it comme un moyen d’agrégation
(voir Equation 5-13) Cependant dans cette théses atilisons le cas particulier de
k-additive ClI notée 2-additive Cl ou les interant8odes paires de critéres sont
considérées (voir Equation 5-14).
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5.4 Conclusion

Ce chapitre a présenté le management de perfornmzasse sur la valeur/ risque
(VR-PMS). Ce systéme est pourvu de deux modelesctsrel et méthodologique.

Le premier est développé pour intégrer tous lex@ois s'articulant autour de la
performance et détermine les caractéristiquesatdes pour modéliser la valeur et
le risque. Le livrable de cette phase est un modpleelé modeéle conceptuel de
valeur/risque. Il est encore utilisé comme baser péualuer les différentes

alternatives du processus métier au cours de s@pban.

Le modéle méthodologique fournit une approche étzgreétape pour évaluer les
processus métier. Chaque étape de ce modeleussta# par un exemple simple.

Finalement, le chapitre se termine avec la pens@€eMR-PMS est théoriquement
judicieux et prend ses racines dans différents dwesadédies aux disciplines de la
performance comme l'ingénierie de la valeur, latigasdu risque, la gestion de
processus métier et les sciences de décision.
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Conclusion Générale

Le but de cette thése de recherche est de propossisteme de mesure et de gestion
de performance basé sur la valeur et le risquecduple valeur-risque représente
deux des quatre dimensions de performance qui pedeanaliser la performance
globale d’'un systéme/produit/ processus. Cetteetsesfocalise sur les deux aspects
de performance car le codt et le bénéfice ont déalargement étudiés mais la
valeur et le risque ne sont pas abordés dans ure ¢agtgré et surtout dans le
contexte processus. Nous développons donc nos ergsnautour de ces deux
derniers axes de performance mais les mémes Emgpuvent étre appliqués aux
deux autres axes : le colt et le bénéfice.

Développer un systeme basé sur le couple valeguegipour évaluer la performance
simplifie le processus de mesure et de gestioa gerfformance. La valeur reflete les
atteintes des parties-prenantes et a égalementimocke représenter ces atteintes en
un seul indicateur. De plus, elle peut étre @digpour évaluer les conséquences
actuelles ou potentielles des alternatives dansontexte de décision. A cette fin, la
valeur doit prendre en compte la corrélation degatifs des parties prenantes.
Cependant, cette valeur est exposée aux facteuisgiees qui peuvent l'influencer
négativement. Il est donc, impératif d’aborderiggue en paralléle avec la valeur
pour une solution intégrée.

Face a cette situation, cette thése propose uemsgstie mesure et de gestion de
performance basé sur le couple (valeur, risqueg NMR-PMS. Le systéme est
constitué des deux cadres :

1. Cadre conceptuel : Il a pour but d’expliquer lescapts de la performance et de
les intégrer de facon cohérente dans un seul adelre Conceptual value-risk
model ». Ce modéle détaille ensuite la création vddeur en présence
d’incertitudes dans un contexte de processus.

2. Cadre méthodologique : Le cadre méthodologiquelittai®e approche étape par
étape pour guider un évaluateur dans la déterromake la valeur et du risque
dans un processus a partir des attentes et ingegtles parties prenantes. Ainsi,
il compte quatre phases différentes : définitioncdntexte, modélisation de la
performance, évaluation de la performance et ailded&cision. Chaque phase a
ses propres outils, méthodes et techniques.

Pour conclure, le VR-PMS intégre les différentsaapis de mesure et de gestion de
la performance dans un seul cadre pour répondreaestions souleveées dans I'état
de lart. Il intégre les théories (ex. théorie detilité), des pratiques (ex. de
I'ingénierie du risque) et des approches (la madébn et la simulation) dans un
seul cadre pour évaluer la performance de processus

Méme si l'approche proposée a plusieurs avantagis,a également quelques
inconvénients. L'inconvénient majeur est le tempseassaire a I'évaluation de la
performance d’'un processus parce que la méthodeasée sur la simulation pour
cette partie. Cependant, dans certains contexésluation de la performance est
intéressante car les conséquences si on n’évalasif performance pourraient avoir
des effets nuisibles sur la compétitivité a lormgnee d’'une entreprise.

Concernant les perspectives, le travail de recleepetut étre élargi a plusieurs axes.
Pour l'instant, I'approche est validée sur des pssas manufacturiers mais nous
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pouvons I'appliquer a tous les types de systemesjuits, processus ainsi gu’aux
projets. De plus, la technique d’élucidation petre éntégrée pour déterminer
I'apport de chaque mesure ainsi que la coalitiomrdesures de performance dans le
score global. Cela nous permet de déterminer dgectdb et la coalition des
objectifs critiques. Un autre domaine d’investigatiest I'application du couple
(valeur, risque) pour contrbler le systéme, pracessu projet en temps réel. Par
ailleurs, dans le modeéle risque, la relation desabié entre 'événement du risque et
le facteur de risque n’est pas abordée. Ceci estssdire pour trouver quels facteurs
de risque sont importants afin de préparer lesspld® mitigation de risque de
maniere efficace. Enfin, 'approche proposée sdaagi& pour inclure le couple
colt/bénéfice afin de construire un cadre glodaaluation de la performance.
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Chapter 1: Introduction and overview

Chapter 1 Introduction and Overview

erformance management poses daunting challengagaaizations in terms

of meeting multiple stakeholder objectives. Oftemmpanies are able to meet

some objectives but at the expense of others. Heryévis not an easy task
for organizations to meet all the objectives sieudtously. The issue complicates
further when two or more conflicting objectives aeguired to be met at the same
time, e.g improving the quality of the product while redugi cost and delay
objectives. Yet companies are forced to do it dmecampetition in the era of
globalization.

Globalization has a major impact on the evolutiod aompetitiveness of businesses.
It forces them to compete on the international rea®n one hand, it offers them the
opportunity to gain larger market share, but, an akher hand, it poses even more
threats to their existence. The British philosopHerbert Spencer idiom suits well
here when he coined the expressisnrVival of the fittest What it means in this
context is that the organizations that satisfy rtretakeholder expectations will
survive in the market and the rest is doomed tb fai such circumstances, it
becomes mandatory for organizations to identify ahedn strive to meet the
expectations of their stakeholders. However, edakebtolder needs, wishes and
level of satisfaction vary from one another. In thwst general sense, if an
organization performs “better, faster, cheaper safdr”, then the expectations of all
stakeholders can possibly be addressed. Howevsnnédntra is a set of conflicting
objectives where each of them represents a fagarébrmance in its own right with
its own tools and techniques to deal with. The oizmtion role in this entire
conflicting situation is to find a tradeoff amorgetperformance facets for managing
the stakeholders’ expectations and satisfying thigjiectives. But the question arises
whether the organization would be able to makeadeiff among the conflicting
objectives acceptable to all parties? Also, wotlel stakeholders be ready to share
the risks that the project or system is subjectftg@s, then to what extent?

Furthermore, satisfying objectives requires perfomoe measures for the purpose of
evaluation. But, more general objectives are diffico operationalize since they
involve many dimensions of performance. Therefdigther drilling down of
objectives to make them more concrete is compulsbigwever, this pursuit of
holistic and detailed performance measurement le@mdsthe propagation of
performance measures, which in turn makes the peaioce management difficult
due to the high number of indicators to be consider

To overcome this situation, the claim of this doatodissertation is that any
enterprise system should be evaluated from only ficain global dimensions which
are: costs, benefits, value and risks. Costs andfite have been largely studied in
the past and are now widely used in practice. Titesis develops the arguments on
the other two dimensions or (value, risk) pair, the same principles can apply to
the four dimensions (4-tuple).

In view of the above mentioned situations, an ogion will be at a better
competitive position if it has methods, firstlydecompose the overall system value
into manageable chunks in order to facilitate tipgrformance assessments and
secondly, to aggregate them to facilitate the d@cisiaking process.

This chapter serves as an executive summary. ltigigs the major themes of the
dissertation, defines the research problem, owlihe research approach, presents
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the contribution of the thesis and concludes byreanring the key points of the
chapters that make this dissertation.

1.1 Problem definition

The existing literature about the performance gige highlights the importance of
performance measurement and management in organzalt often focuses on the
design of performance measures reflecting organizat objectives, the
accomplishment of which ultimately creates value fioe stakeholders. In this
context, performance measures act as manageménimoich are used as yardsticks
to evaluate the performance with regard to objecéizhievements.

To satisfy objectives, activities are designed amgblemented to support the
achievement of these objectives and in turn deteentine value creation process.
However, this value creation process is subjeairtcertainties in the form of risk

factors, which negatively impact the process objest In such circumstances,
performance and risk measures are employed forrdetieg to what extent the

process objectives have been achieved or sufféded.the role of performance
measurement and management, in the more generd, tisrto:

* Provide useful information in the form of perforncenmeasures indicating
the level of achievement of individual objectives.

» |dentify critical risk factors, the occurrence ohish can impact negatively
the process objectives.

» Identify the success factors or improvement areasnprove the process
value.

» Facilitate the identification and implementationsafiutions for the purpose
of improving the process value.

* Link to decision-making mechanism.

In brief, the performance measurement and manadgemwa is to provide
information for informed decision-making in orderduide the process to objective
achievement.

1.1.1 Current situation

Currently, the performance measurement and manadelierature stresses the
importance of non-financial performance measureaddition to the financial ones
(Ittner and Larcker, 1998; Dossi and Patelli, 20T0jis paradigm shift towards non-
financial performance comes as a result of theagadcy on the part of financial
performance measures as the sole indicators ohaeon performance (Taet al,
2008; Johnson and Kaplan, 1987). The emergencealahted scorecards (Kaplan
and Norton, 1992; 1996; 2000 and 2004) has playegigaificant role in this
paradigm shift whose major contribution to the parfance measurement discipline
is in the expansion of business focus from tradélofinancial performance
measurement to the corporate non-financial measmaEnlt relies on four major
strategic “perspectives” and each one has an megrset of objectives, measures
and initiatives to translate strategy into actions.

Alignment of performance measures with strategyldessn advocated vehemently in
many integrated performance measurement systenmm@h 2006) in addition to
BSC. Folan and Brown (2005) term strategy as dirsgapoint for a performance
measurement system (PMS) and define a step by mmtegess for developing
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performance measures from strategy. However, sartteos (Neelyet d., 2002;
Garenget al, 2005) criticize strategy as the starting pointl gout stakeholders’
expectations to be the driving force for performanteasures derivations for PMS.

In addition to performance measures as descriptbrperformance and their
alignment with organization strategy, the risk ngeraent literature also stresses the
role of managing risk in performance improvementfg, 2006; Tuncel and Alpan,
2010). To this end, the use of a wide range ofrtiegles to manage risk in order to
improve process performance is also advocated (83000:2009). Similarly,
Marqueset al (2011) include risk as one of the dimensionsefgrmance besides
cost, time and quality. However, Sienou (2009) regirisk management process as
the value preservation scheme for a business @oces

Of course, performance measurement and managemgsienms and risk
management techniques play a significant role isif@ss processes management.
They are taught and practiced in industry as wétiwever, they often fall by the
wayside when it comes to performance assessmetiieiroverarching sense. The
reasons behind this failure may be attributed v@1s# reasons among which we can
mention:

* Information handling problems when an organizativies to measure
everything.

* Most PMS do not have a procedural framework to guide process of
performance measurement and management.

* In today's changing business trends, organizatidmaundaries are less
significant. Organizations work within networks loasiness chains but the
PMSs are designed mostly for function-centric orgmiions.

* Most often, they are not linked to decision-makimngchanisms.

1.1.2 Research agenda

In view of the above mentioned challenges, theameteproblem addressed deals
with the issue of performance and risk assessmeriusiness processes in an
overarching sense. In performance measurement ,tdsaisg complete signifies
measuring everything and every aspect of performawbich puts extra burden in
terms of efforts and money on organizations, wiicturn questions the viability of
the performance measurement and management prdagkiing on the literature
review and changing business trends, the reseanshta develop:

A performance measurement and management systemstist decision makers in
the assessment of business processes while relgimgwo global performance
indicators: value and risk. The global performan@nd risk indictors will then be
used to assess and rank several courses of actios. (@lternative business
processes) on the basis of desirability or undekility in the decision-making
context.

The choice of only two indicators, value and riskt(of the four mentioned earlier —
benefits, cost, value and risks), is to facilitatee decision-making process.
Moreover, the value and risk indicators model tkpegtations of business process
stakeholders and the uncertainty surrounding tpe@sations fulfillment.
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1.1.3 Methodology

The purpose of the dissertation is to develop &opmance management system to
help the assessor of business processes to ma@kehstder expectations in an
uncertain and conflicting situation and then topm®e a solution from a set of
candidate solutions that deliver value in congreenith stakeholders’ values. Thus,
this dissertation is the result of a methodologigatk and the proposed method is
developed in the form of value and risk based peréfmce management approach
which, again, could be generalized to a more gemast/benefit/value/risk method.

The study has been carried out in six phases dweetast three and a half years.
Meanwhile, these phases did not exactly roll outh@ chronological order given
below but used to switch phases overtime.

The first phase of the research work aims to ifleatid understand the requirements
needed to develop a performance measurement andgeraent system. In this
phase, extensive literature review with regard tofggmance measurement is
performed. The characteristics of performance @mdis and their design
requirements are identified. Moreover, the existipgrformance measurement
systems are critically studied in order to findittstrengths and weaknesses.

The second phase of the research focuses on ralgsemand assessment in the
context of business processes. Different tools tmathniques for qualitative and
guantitative risk assessment are studied. In axhditio the risk assessment
techniques, the risk factors and types of riskdiectelevant to business processes
are identified and assessed.

The third phase of the research deals with perfoo@aand risk assessments on a
common ground. To this end, the activity concehissen as the federating element
from which to account for and assess both perfoomamd risk of a given project.
This arouses the problem of risk integration irite process models, which is then
solved by employing a process aware approachkonmaagement.

The fourth phase of the research focuses on theelingdand simulation phase.
Herein, modeling and simulation tools and techrsgare studied for their strengths
and weaknesses and analyzed to see whether thegapable to respond to the
problem at hand.

The fifth phase identifies several methods forghepose of value and risk function
development for each individual performance measarehe decision-making

context. The literature review identifies two majdecision-making techniques:
MACBETH and Choquet Integral. The former is useddavelop value and risk

functions employing utility theory while the latter used to aggregate the individual
value and risk functions to form global value ais#t indicators.

The sixth and final phase of the research is tipegmentation and validation phase.
To this end, a case study, regarding the indugtaitdn phase of a manufactured
product is proposed and different simulation sdesaare developed under different
sets of conditions. The results obtained are thealyaed, which confirmed the

validity of the proposed value and risk based parémce management system.

1.2 Contributions of the thesis
This section highlights the contributions and letiibns of the doctoral work.
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1.2.1 Significance of the study

Addressing the issue of value and risk managemeatiusiness process context is a
challenging task since both the value and risk epteare difficult to conceptualize
and operationalize. Furthermore, the overall valiia business process is a balance
of many but conflicting objectives quantified inrrtes of performance measures.
Conceptualization of these objectives to deterriese values is well-thought well-
structured in the decision-making (DM) and the rieguents engineering (RE)
disciplines. However, operationalization of valgeanly possible in the business
process context, which is not addressed in the Dbtigline and not well-
documented in the RE discipline.

This dissertation proposes a methodology wherel® ¢bnceptualization and
operationalization of value for the purpose of dexi making is made possible in a
coherent manner. Since the methodology guidesiskeassessment process and the
performance assessment process on a common Wesiactivity, thus helping the
assessor of the business process to assess iintegrated way.

In addition, the use of utility theory in combirati with performance measurement
in the business process context is the most progisontribution of the current
dissertation. The whole approach right from theiti@gg to the end is integrated in
a seamless manner to provide useful information the purpose of informed
decision making. Moreover, it identifies the suscaseas or factors and the means to
improve these process areas in order to improveoteeall value of the business
process.

Finally, the proposed performance management syfkeifitates the decomposition
of general objectives representing stakeholdergeetations into more concrete
objectives for performance measures elicitatiors assessing them in the business
process models and simulation environment. To mh&edecision making simple,
the method proposes the use of an aggregation agpto consolidate the individual
values and risk functions into global value and nlicators.

1.2.2 Limitations of the study

Although the dissertation proposes a value andb@ded performance management
system for a business process assessment whidtatasiperformance management
and decision making, the method has some limitatiorthe implementation phase.

Because the method relies on simulation approdcnggerformance management, it
takes some time to prepare a simulation experinmrerierms of data collection,
process modeling and process validity. Furtherm@eprocess modeler and
simulation expert is needed to carry out the measant and management process in
addition to the decision maker.

Moreover, eliciting accurate performance measures rdflect corresponding
objectives is a tedious task which is prone toredige to subjectivity on the part of
the assessor. For instance, the maturity of a basiprocess can be measured using
constructed performance measures, but there lisk af losing the sense of process
maturity. Furthermore, it depends on how the assegsws process maturity in that
particular context.
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1.3 Thesis organization

The thesis document is structured around three mpgis comprising six chapters
as illustrated in Figure 1-1. Part 1 critically iews the literature regarding
performance as well as performance measuremengénsystThe deliverable is a
state-of-the-art study on the domain of performameasurement. Part 2 relates to
the review and selection of tools and techniquesdieveloping a value and risk
based performance measurement and management systeriird and final part of
the thesis presents the contribution of the rebeanark and the application of the
proposed performance management system for thegeigi validity.

Chapter 1 i
 [_Introduction 5
— = :

Chapter 2 |
Performance Analysis: Core Concep{s
and Developments

PART| 4 T

Chapter 3 i
Performance Measurement Systems| |
|| Review j
o ~>
Chapter 4

Performance Management Tools and
Techniques: Review and Selection

PART Il |

Chapter 5 |
i| Value/Risk based Performance ;
PART Il 4 i Management System

~ >

Chapter 6
Case Study

Figure 1-1 Thesis structure

Following the introductory chapter of the dissediat Chapter 2 reviews the existing
literature about the performance field and inveddg the relevant trends and the
corresponding performance concepts in a broad eetisp. It touches on the
financial and non-financial aspects of performaad its evolution, which led to the
progressive migration from mono-criterion to mukigriteria, multiple stakeholders
and multi-echelons performance measurement systeaiso discusses the role and
purpose of the performance measurement and manageystems. The chapter
concludes with presenting the emerging trends aaddlevant concepts.

Chapter 3 describes few of the well-known existipgrformance measurement
systems developed in response to the inadequattyeguart of the accounting-based
measurement systems. The chapter discusses thaigtsts and weaknesses with
regard to the contemporary performance issuesynithesizes and evaluates them
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against the identified performance concepts reduice develop a contemporary
performance measurement and management system.

Chapter 4 specifies, on the basis of the literasureey, the requirements for a new
contemporary performance measurement and managesysetm. To this end, the
chapter embarks on the review and selection oktaall techniques appropriate to
meet the specified requirements in the requiremspégification sheet. The main
theme is to choose tools and techniques for tramsfg the expectations of the
stakeholders into quantifiable value indicatorhia backdrop of uncertainty.

To evaluate the performance of any business pramesise basis of global value and
risk indicators, a new performance management systalled Value-Risk based
Performance Measurement and Management System MRS is developed in

Chapter 5 that makes use of the tools and techsidgentified and selected in
Chapter 4. The proposed VR-PMMS seamlessly integrdifferent performance
evaluation concepts and corresponding construats ftiverse domains into a single
framework to meet the requirements of a robustoperdnce management system.

Chapter 6 is dedicated to test the validity antbility of the proposed performance
management system. For this reason, a case stuthe imanufacturing domain is
chosen. The proposed VR-PMMS is then applied torvamufacturing case studies,
which confirm its validity and suitability.

The conclusion presents a synthesis of the resemncks carried out. It identifies
and proposes future research objectives and directin addition, the conclusion
comments on the limitations of the proposed valond &ask based performance
measurement and management system.
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Chapter 2 Performance Analysis: Core Concepts and
Developments

ou can't manage what you can’'t measurk is an old management adage

which remains equally true today. Therefore, measent is fundamental to

management effectiveness. Performance measurerseat the heart of
management for controlling, reporting as well aarméng and improvement.
Performance measures, as fundamental tools ofrpeftce measurement processes,
can articulate organizational purpose and strat&ptentially, they identify key
aspects of organization value chains that diregamizations towards achieving their
strategy and goals. To explicate these objectiveaking use of performance
measurement and management (PMM), organizationsidsHiost explicitly design,
develop and implement performance measurement amhgement systems on
well-defined and elaborated concepts that constitug system.

Hence, this Chapter is dedicated to investigate defthe explicitly the underlying

concepts from the literature which form the bagdi®#®M. The idea is essential in
the sense that the language in the field of PMMvidely but loosely used. In

addition, the word performance is used across gerah bodies of knowledge in the
literature including strategy, operations manageacounting, marketing, finance
and even sociology with more or less the same mgadnit in different perspectives,
thus making the words and the concepts aroundri¢ mmbiguous.

To develop performance measurement and manageysetrs, it is mandatory to
strip away the superfluous terminology and defimplieitly the concepts which

mean different interpretations to different stakdbes in the intra and inter-
organizational settings. Moreover, each performameasure in the PMM system
should be clearly defined so that all stakeholdeénslerstand and interpret the
measure in a similar fashione. apprehend theaison d’étreof the measure the way
it is evaluated and preserved. A poorly definedgrerance measure will create a lot
of misunderstanding by different people and wiladeto unnecessary conflicts
among stakeholders.

In addition to the concepts that need to be defiegglicitly for performance
measurement and management design, there is almed to determine factors
which force organizations to shape their perforreameasurement and management
systems. Identification of such factors or trerglgmperative as these trends are the
driving forces behind the evolution of performamoeasurement and management
discipline and help identify the challenges for timeire shaping of PMM systems.

2.1 Performance literature overview

Performance measurement is an old field of studyitiuas been practiced for over
500 years in commercial organizations. Luca Pafisli introduced the double entry
accounting system to record the transactions ferntlerchants of Venice (Kempf-
Leonard, 2004). However, major developments in fiedd started in the
industrialization era, which continues to the pnesgay. These developments have
contributed new performance concepts that in tornels PMM to adopt the newly
introduced concepts in order to respond to the gingnglobal business trends.
Hence, PMM never stands still but continuously eesl Figure 2-1 shows the
relationships between business trends, performammeepts and performance
measurement systems.
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Figure 2-1: Global business trends and performancmeasurement &management

The next section briefly describes the term perforoe and its major facets in
general before embarking on the synthesis of timéomeance measurement and
management literature.

2.1.1 The word “Performance” in the literature

Performance is a recurrent theme, widely and Ilgoseded in all fields of
management. Although it has become the mantra aénteyears in almost all
organizations, a clear and explicit definition tdl snissing (Franco-Santost al,
2007). Lebas (1995) stateBew people agree on what performance really me#ns:
can mean anything from efficiency, to robustnessrasistance or return on
investment, or plenty of other definitions nevdlyfspecified.

Vernadat (1996) defines performance to be a triptyt organization, competence
and motivation as shown in Figure 2-2.

Organization

Performance
(Quality, Cost,
Time, Flexibility,

Reactivity...)

Competence Motivation

Figure 2-2: Performance triangle (Vernadat, 1996)

In the industrial context, several authors havedtrto equate performance with
effectiveness and efficiency (Neebt al, 2005), effectiveness, efficiency and
relevance (Jacot, 1990) (as illustrated by Figu® 2r effectiveness, efficiency,
effectively and relevance (Bescos, 1995).

64



Chapter 2: Performance Analysis: Core Concepts Badelopments

Objective/Control
// )
o] ~
< /
(§u / N 6\6‘0
sy N Cr
Q N L.
s !/ RN
X | < G

! N
Input ——p| Perform an activity —/3"_> Output
| Ve

7 &
\ //'\Cﬂ\c’
\ -9
\ // Q,&r\\
\ -
N 7
~

Resource

Figure 2-3: Performance triptych of effectivenessfficiency and relevance (Jacot, 1990)

Figure 2-3 shows the relationships between theopmdnce concepts in IDEFO
formalism. Here, effectiveness relates the outputrésult) with the objective of an
activity to indicate “whether the system is doinge tright thing”. Similarly,
efficiency is the ratio of the output with the rasmes consumed in order to measure
“whether the system is doing things right”. In doldi, the relevance concept of
performance reflects the appropriateness of thgctibe with the resources
consumed to determine “whether the resources usgdspond to the objective”.
Finally, “effectivity” as defined by Senechal (2Q00& the balance of objective,
resources and the output produced with regardetdiiality of the organization.

In management terms, performance evaluates thézatah of organizational
objectives. It interchangeably employs differentmte such as “performance
management” (Neely, 1999; Taticchi, 2010); “perfarmoe evaluation or
measurement” (Merchant and Stede, 2007) and “pedgoce appraisal’ (David,
1994) to describe the performance capturing process

In addition to the word performance, similar otlierms have been used in the
literature still referring to the performance copicd=or instance, the word “success”
in the similar conceptual sense as performancebbas used (Cantredral, 2011).
Contrary to performance, which could be either fposior negative, the word
“success” is always a positive concept. It mayezithe present or absent. However,
the use of the word for conceptualization of perfance is very limited.

Value is another loosely used term in the litematalluding to the performance
concept. The value concept originates from “valdiemmney”, first referring to
financial and product exchanges (Andersaral, 2000) but soon having a broader
sense. Especially, the strategy literature deseribe value chain model of Porter
(1998) and terms it source of competitive advantatmvever, the value chain still
focuses on cost aspects and, hence, interpretsotieept of value financially. A
contrast can be drawn between performance and ealperformance refers to some
form of achievement while value alone does not.

In short, performance is an elusive term. Bourgoigif1995) calls it a suitcase
word’ in which everyone places the concept to suit thitting the context to take
care of the definition (Neely, 2002, p. 67), hemeaking the performance concept
contextual (Neely, 2007, pp. 322).
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2.1.2 Different aspects of performance

This section takes apart the concept of performamegeneral and divides it in two
broad aspects: financial and non-financial onesfeen found in the performance
literature (Dossi and Patelli, 2010; Ittner and dker, 1998; Venkatraman and
Ramanujam, 1986). When explaining performance quscé¢he explanation is often
based on performance measures as they are theestatidn of performance or
more precisely the descriptors of different aspetigerformance.

2.1.2.1 Financial aspects of performance

Financial aspects of performance are often condewith the shareholder view of
performance. The earliest concepts of performangestigated are financial ones
and there exists substantial management accouiérature dealing with measuring
it in monetary terms (Horngrenal, 1999; Kaplan, 1984) using financial measures
for instance: income, return on investment (RO1eoonomic value added (EVA).
An early example from the general management titeeathat focuses on financial
measures is the one of Ridgway (1956) focusing uptmrn on investment, while
later Bacidoret al (1997) in theirarticle turn EVA the best finamicmeasure in
terms of its correlation with the shareholder valneasures. The recent publicity
surrounding the EVA measure as an overall meaduwempany performance can be
seen as sign of new emphasis on the financial espéperformance (David, 1999).

Researchers and practitioners have investigatddpth the financial performance of
organization, which has led to the developmentsasitemporary practices such as
activity-based costing (ABC), economic value addrgstomer profitability analysis
(Abdel-Maksoueét al, 2005). Even though the accounting practicesduktp shape
the performance measurement of organizations owanaiderable period of time
and continue to contribute to the performance disw, it has however serious
drawbacks. It falls short of capturing the actuaifprmance of an organization.

Generally, financial performance refers to the fatcash flows which are discounted
to present value (Franklin, 1988). Marshal Maydl0@ comments on the financial
measures and states that future cash flows, byitlefi, cannot be measured. What
is really measuredispast cash flows. Thereforeait be concluded that financial
performance is based on lagging performance meastlite leading performance
measures are the non-financial measures or opeaatimeasures, which are
forerunners of future cash flows (lttner and Lar¢cK€98).

2.1.2.2 Non-financial aspects of performance

In any organization, at the most senior levelsaritial measures are inevitability a
major consideration but at the lowest levels of thganizational hierarchy,
especially at operational and tactical levels, financial or operational performance
measures are commonly used to capture the perfeendihe “relevance debate”
(Johnson and Kaplan, 1987; Johnson, 1992) hasdwrasly changed the landscape
of performance by reorienting the performance gige¢ more towards non-financial
measures for the purpose of overcoming the perdeliritations of financial
measures.

The interest in operational measures can be atdhuo a large extent, to the
performance initiatives such as lean enterprisetipes, just-in-time (JIT) or total
quality management (TQM). The advent of time (Std888) or flexibility (Slack,
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1983) as competitive variables in addition to gyglDeming, 1982) gave an impetus
to the importance of non-financial aspects of penénce.

There is scarcity of research that could estaldislirect link between non-financial
measures usage in the performance improvementatinés and enhanced
performance. lttner and Larcker (1998) has investig the link of customer
satisfaction to high accounting performance andueudg that non-financial
performance measures are prelude or leading peaftzen measures. Empirical
evidences consider the usefulness of non-finangiabsures in the operation
management (Bhimani, 2006). Some studies reporfulmgss of non-financial
performance measures in the manufacturing setf@genhall, 1996; Abernethy and
Lillis, 1995; Symons and Jacobs, 1995). Howevemescstudies contradict the
previous claims and report no association of naaffcial measures with enhanced
performance (Pereea al, 1997). But Chenhall argues that it is importeninote
how performance measurement systems were examimtedisagree with Perera on
the implementation mechanism of performance meag@&i@imani, 2006).

To conclude, non-financial measures of performameewidespread in and across
organizations and, according to Chenhall (1996 mrore widely adapted in
advanced manufacturing settings such as just-ie;tiotal quality management and
flexible manufacturing settings. Moreover, insigiitsm different non-accounting
disciplines have contributed significantly to theonrfinancial aspects of
performance. However, there seems to be a consehnaugnproved performance

2001; Johnson and Kaplan, 1987).

2.2 Performance measurement and management (PMM)

The central theme of performance literature is ggethnce measurement for the
purpose of management. This section of the liteeataview defines and analyzes
the key concepts that constitute performance measmt and management
processes. The clarity of fundamental concepts d@sessary as people often
confuseperformance indicator, performance measuieparformance metrics. Data
or information such asumber of on-time product delivery often mistaken for

performance indicator. Although it provides somi®imation to the management, it
cannot be classified as a performance measure $ecaudoes not provide

information about the efficiency, effectivenesseficacy {.e. performance) of the

process. In addition, performance measurement igused with performance

measurement system. These and some other thenmhé® wilought under discussion
in the next sections.

2.2.1 Performance indicators and definitions

Performance indicators (PIs) are descriptors ofoperance and vital tools for
organizations for the identification of the degtieat an objective has been achieved.
Neely (2005) defines performance to leeretric used to quantify the efficiency of
and/or effectiveness of an actioithis definition, although produced after reviewyi
the literature on performance measurement, has diomtations. For example, it
does not take into account the qualitative aspepiedormance such as innovation
(Rosenberget al, 1992) or customer satisfaction which cannot ieeved from such

a mechanistic and operational viewpoint.
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According to AFGI (which is the French associatainproduction management), a
performance indicator is a quantified data whiclsctibes the effectiveness or
efficiency of the whole or part of the system (realsimulated) with reference to a
norm, plan or objective in the context of compatrategy (AFGI 1992). A similar
definition of the performance indicator has beeoppsed by Fortuin (1988). This
definition contextualizes the performance indicdtot still focuses on the efficiency
and effectiveness elements.

Berrah (2002) takes on the definition proposed B¥sAand elaborates it further by
decomposing it into three distinct facets (cf. Fey@-4):

» Objective Determination: Linking an objective tperformance indicator,
» Performance Evaluation: Compare the measure witie@efined objective,

» Performance Appreciation or Analysis: Analyze parfance in the context
in which the process is carried out.

The first facet defines objectives for the processsystem under consideration.
Performance is then determined with referencedatbarly defined objective(s).

The second facet of the performance indicator coegpautcome with determined
objectives using a performance measure or metdg lz@nce, evaluates performance
of the system understudy. Performance evaluatiooarsied out by transforming
performance metrics into commensurable performaexpressions for ulterior
evaluation and aggregation.

The third facet is for the purpose of performancalysis. It makes possible, on one
hand, to validate the performance measure wheoeake other hand, it analyzes the
performance in the context in which the processrsied out.

In short, Berrah defines a broader role for perémmoe indicator than simply a tool
that quantifies efficiency or effectiveness of aqaess or system. The evaluation
facet relies on systematic mechanisms for captuthey qualitative aspects of
performance while relying on fuzzy theory. Brieftiije performance indicator model
provides both a procedural and structural frameworlevaluate and analyze the
performance.

In order to integrate the concepts of evaluatian gass a judgment on desired
performance) with appreciation (contextualizatiord avalidity of the measure) in

addition to objective in the performance indicatBerrah proposes the following

definition of a performance indicator:

“Performance expression, less or more valid, ddssdiin the way with regard to the
global objective, appreciated with reference to tentext in which the activity,
process or considered system is carried out”.
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o Objective facet
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Evaluation of the performance ¢n
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Context Revision of the objective

Figure 2-4: Performance indicator model (Berrah, 202)

Before winding up the discussion on performanceécatdr, it is necessary to briefly
discuss the difference among performance metrdicator and measure, which are
used interchangeably in the performance literature.

Performance indicator: It “expresses or interprets” a level of performarmut does
not claim to “measure” it. For example, to assesstamer satisfaction, the
performance indicator will give an indication ofvihanuch the customer feels but it
will never “measure” the customer satisfaction t& totality. However, employing
the approach proposed by Berrah (2002), the pedoncm indicator can transform
the qualitative performance into a quantitativelescarhich will indicate the level on
some ordinary scale of [0, 1], where 0 indicatesatsfaction at all while 1 means
complete satisfaction.

Performance measurelt is fundamental to performance indicator andusth not be
used interchangeably. It refers to the descriptain elementary performance
expression which can be measured (quantitatively).

Performance metric: It is a narrower term than performance indicatomeasure. It
refers to quantitative or decimal scale of perfanoea measure. However, in the
performance literature, it is often used intercleimy with performance measure
(Gunasekaraat al, 2001; Hausman, 2004).

Moreover, performance criteria are used in thaditge referring to performance
measures (Parnedit al, 2010). In the context of decision making, theg ased to
evaluate alternative courses of actions and atigegefrom fundamental objectives.
Additionally, attribute is another synonym for pmrhance criteria or performance
measure in the decision sciences (Keeney, 1994).
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2.2.2 Performance measurement

Traditionally, performance measurement is definedha process of quantifying the
effectiveness and efficiency of actions (Neetyal, 2002). In other words, process
measurement is the process of determining how sefide organizations or

individuals have been in attaining their objecti(&vangelidis, 1992) employing

performance indicators/measures.

In modern business management, performance measoreassumes a far more
significant role than quantification of efficiencgnd effectiveness. It provides
important feedback information in the form of perfmnce measure to enable
managers to monitor and improve performance, repegjress, diagnose problems,
enhance motivation and communication (Waggaeteal, 1999). However, it can

play a significant role only if performed in a sstatic and balanced way. For this
purpose, performance measurement frameworks abehsysre developed.

2.2.3 Performance measurement systems (PMS)

Researchers and practitioners have sought to bmo#ue measurement base of
performance measures to provide an integrated fseteasures that establishes a
business model of the organization. This approashldeen developed in France as
so-called “Tableau de bord” (Lebas, 1994) and disse as Balance Scorecards
(Kaplan and Norton, 1996) or performance prism (Meet al, 2002). These
developments have moved performance measurememiafimple diversity of both
financial and non-financial measures to more compglfameworks and systems
based on a balanced suit of measures that explitik these measures to strategy
(Bhimani, 2006).

Globerson (1985) defines a performance measuresystém to be a systematic way
of evaluating the inputs, outputs, transformation @roductivity in manufacturing
or non-manufacturing operations. Bitétial (1997) term it an information system
that can be used to monitor performance, identiéas that need attention, enhance
motivation, improve communication and strengthecoaatability (Neelyet al,
2002). For Neelyet al (2005), PMS is the set of metrics used to qugartiidith
efficiency and effectiveness of actions.

The basic requirements for a successful PMS ardrameworks in addition to other
performance measurement tools such as lists obqmeaince measures (Folan and
Browne, 2005). The two frameworks are:

A structural framework, which specifies a typolodgr performance
measures management, and

* A procedural framework, which proposes a step bp grocess that assists in
developing performance measures from strategy.

The Balanced Scorecards (Kaplan and Norton, 19@®)idge a structural framework
based on four perspectives namely, financial, costp internal business and
learning and growth. An additional procedural framoek (Kaplan and Norton,
1996) was developed to apply balanced scorecardssgstem. The four stages of
the framework are:

» Translating the vision
» Communicating and learning
» Business planning

70



Chapter 2: Performance Analysis: Core Concepts Badelopments

* Feedback and learning

In view of the above discussion, we reformulate dedinition of a performance
measurement system as:

A performance measurement system is a set of wtalcand procedural
frameworks as well as measurement tools, i.e. pednce indicators used to
analyze and assess the qualitative and quantitatbgects of performanc

2.2.4 Performance measurement and management

Further to existing research on performance meawmnt the term “performance
management” is also used. Often the two words sed interchangeably. However,
there exists a conceptual difference between pednce measurement and
management.

Performance management, unlike performance measuatermvolves actions of
planning and controlling performance. This view p&rformance management is
widely supported in the literature (Lebas, 1995pkia and Norton, 1996; Bourre
al., 2003). Bititcet al (1997) draw a clear distinction between perforoean
measurement and management as they call the faoriee an information system
which enables the latter to function effectivelydafficiently. Further to Bitit@t al
(1997), Radnar and Barnes (2007) suggest feedbacitrot in performance
measurement systems to make each of them a manaiggystem.

A performance measurement system, therefore, ¢slletevant information about
different processes at different organizationgbracess hierarchical levels and feeds
it in the organization hierarchy at an appropriatént. Hence, there is a notion of
feedback loop for the purpose of decision makind aontrol in the performance
management process.

Amaratunga and Baldry (2002) define performance agament aghe use of
performance measurement information to effect pasithange in organizational
culture, systems and processes, by helping to greied upon performance goals,
allocating and prioritizing resources, informingmagers to either confirm or change
current policy or performance directions to meetsthgoals, and sharing results of
performance in pursuing these goals.

Lebas’s conceptualization (1995) suggests thatopednce measurement and
performance management follow one another in amir$ spiral (see Figure 2-5).

Time

Performance Performance

management measurement

Figure 2-5: PM&M interrelationship (Lebas, 1995)
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In this spiral management both precedes and follm@asurement and, in doing so,
creates theontextfor measurement as shown in Figure 2-5.

From the concepts described above in relation tasomement and management, it
can be concluded that performance measurement ssibget of performance
management. Moreover, to differentiate the two epte on the basis of planning,
control and feedback, some literature suggestsidgaavdifference line on the basis
of whether they influence performance. HalachmiO&O0has highlighted that
performance measurement alone cannot change paricenHowever, performance
management employing planning and controlling actio the basis of performance
measurement can change performance.

2.3 Evolution of performance measurement literature: Ogrations
management perspective

Performance measurement and the relevant concepé&s stand still. The journey
that started from the accounting domain lostsetewance over the passage of time
due to the changing nature of industrial, busireass social trends. Insights from
non-accounting domains such as operations managemarketing, human resource
management and corporate strategy have broadereedota for performance
management in organizations (Chenhall and Langfehith, 2007). Even though,
these disciplines have considerable impact on theratl performance of the
organization but field of inquiry for current resefawork is operations management.

Operations Management primarily deals with the mgengent of production
processes and is often referred to as productionagement and more recently
world class manufacturing. However, principles qfemtions management are
equally applicable to service organizations. Pemfoice measurement and
management in this discipline have developed ovemaber of phases as follows.

» Pre-1980: Productivity Management and Budgetaryt©obn
» 1980-2000: Integrated Performance Measurement
» 2000- present: Integrated Performance Management

Each of the above periods will be briefly discusgsedhe context of trends, which
ultimately lead to new performance concepts. Tlhisrdture review about the
evolution of the performance measurement and mamage domain is mostly
adapted from literature such as (Neely, 2002; Kebgainard, 2004; Nudurupati
al., 2011; Bititcet al., 2011). The purpose is to identify key themes ttaped
performance measurement and management over tioel pétime.

2.3.1 Productivity management: Pre-1980

The second industrial revolution that started averentury ago can be typified by
labor specialization (Taylor, 1911) and mass prtidac(Ford, 1922). Taylor's
theory of scientific management addresses the @moloif productivity for individual
workers (Kempf-Leonard, 2004, pp. 228). The emergenf multiple plants brings
with it organizational and managerial complexitighich led to the concepts of
divisional and departmental budgets (Chandler, 1977

In the early stages of globalization, demand swg@dsupply and mass production
was the mode of production, the dominant managepemaidigm appeared to be sale
and productivity improvement practices rather tikastomer (Neely, 2002; Suzaki,
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1987) with more focus on financial indicators (Jetym and Kaplan, 1987) such as
cost, productivity and ROI. The performance viewimg this period can better be
captured from Andrew Carnegie’s maxim “Watch thetsand the profits will take
care of themselves”.

During the 60’s and 70’s, some authors and praggtis questioned the veracity of
financial based performance measures and demanoledh fbroader view of
performance measures in the face of new trendsttlo&t place during that period
(Kaplan, 1984). As a result, new aspects, mostly-fiieancial such as flexibility
(Slack, 1983), speed (Stalk, 1988), quality andausr satisfaction (Deming, 1982),
appeared on the performance measurement arenae Tes®lopments turn the
performance measurement field into a multi-dimemsi@ne (Hayes and Abernathy,
1980; Skinner, 1973; Kaplan and Norton, 2000). Tharadigm shift in the
performance measurement arena led to the develdpoh@megrated and balanced
approaches for performance measurement (JohnsoiKauidn, 1987; Kaplan and
Norton, 1992).

2.3.2 1980-2000: Integrated performance measurement

Following the developments that took place in tlevipus phase in addition to
Japan’s economic success, which Hayes and Abern@®80) attributed to the

operational efficiency and effectiveness of Japanesmpanies, accounting-based
performance measurement still pervaded the indusind created widespread
dissatisfaction across industries.

The use of financial criteria for measuring perfanmoe was widely criticized:
historically focused (Dixonet al, 1990); provided little indication of future
performance and encouraged short-termism (Hayes\bachathy, 1980); internally
rather than externally focused, with little regéod competitors or customer (Kaplan
and Norton, 1996); lack strategic focus (Skinn€@69, 1973); and often inhibited
innovation (Richardson and Gordon, 1980). This ghanticism on traditional

performance measures forced academia and praetisicio rethink and overhaul
performance measurement systems because cost$agechs were insufficient for
effective management of business in rapidly chapgamd highly competitive

environments (Bournet al, 2003).

The criticism from academia and dissatisfactiompaictitioners reported during this
period led to the performance measurement crisies&juently, people started to
look for new cost accounting systems and integrggedormance measurement
systems. Activity-Based Costing was developed tlwutaie more accurate cost
absorption (Brimson, 1997). To have a balanced vewthe performance by
including different dimensions especially non-fineh performance measures, the
Balanced Scorecards method was developed (Kaptiarion, 1992, 1996, 2000).
In addition, many other performance measurementes)s especially integrated
performance measurement systems, were developte i80’'s such as ECOGRAI
(Bitton, 1990), SMART (Lynch and Cross, 1992) aratférmance Prism (Neelgt
al., 2002).

2.3.3 2000- Present: Integrated performance management

Following the boom of integrated performance measent frameworks and
systems in the last decade of the™26entury, a fundamental question was
unanswered: How performance measures should betaisadnage the performance
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of organizations (Bournet al, 2000)? This line of thought led to establishing
performance management as a process in which pefame measures are used to
facilitate the management of organization perforoeaflLebas, 1995; Bititet al,
1997; Kennerley and Neely, 2003). Lebas (1995)n@sfiperformance management
as a philosophy which is supported by performaneasaurement. The research work
during this period identified other factors thalluence organizational performance
such as system maturity, decision making based @asuores, organizational
structure, size and culture, management style farritation and communication
(Franco and Bourne, 2003).

In this phase of evolution, researchers focusednamaging the performance of
different processes such as research & develop(®&D) and innovation (Adams

et al, 2006; Chiesa and Frattini, 2007; Chitsal, 2009), supply chain and
collaborative networks (Chan and Qi, 2003; Gangh@arpinetti, 2011; Hernandez-
Espallardet al, 2010; Laurast d., 2011, Clivillé and Berrah, 2011).

A group of researchers has also studied performar@ee®gement from the small and
medium-sized enterprise (SME) perspective. Thewedgthat the performance
measurement frameworks do not take into accountfuhdamental difference of
managerial culture and management systems thdt leetiween large organizations
and SMEs when developing performance measuremet¢rnsg and which cause
dysfunctional performance practices (Garezigad, 2005; Taticchi, 2010).

In brief, the last three decades have witnessediderable development in the field
of performance measurement and management. Isdeetfied before and during
the 80’s were addressed in the form of integraediopmance measurement models
and systems. However, the performance field is @anlyc one because trends in
business force it to evolve continuously. For ins&® contemporary issues of
sustainability and green supply chains, collabeeatietworks particularly in multi-
cultural environments, SMEs and so many other facioe not yet presented in the
form of holistic performance framework and systeiitse future research work will,
therefore, be geared to address these issuesci@itil (2011) state that the
performance-measurement community has three bifjedgas to address in an
integrated manner which are:

» Understanding performance measurement as a sgstahs
» Understanding performance measurement as a leayatgm
* Understanding performance measurement in autopaietivorks.

Table 2-1provides a synthesis of the past and duttends and the corresponding
performance relevant concepts.
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Table 2-1: Development of the PM literature and glbal trends (Bititciet al, 2011)

Performance Measurement

a social syste Where
Development Inter-organizational |ntegrated Next?
of the performance  performance
performance People & teams perspect Management
measurement of PM
field ang Environmental & social
emerging performance PM for innovation
trends Integrated & intellectual
Performance property
Measurement PM in SMEs
Budgetary Control
Productivity PM in public sector &
. Management non-profit
Periods 0 9 organizations _
development § 190C 192( 194  196( 198( 200C 202  Time
i Familiar Novel
Corre,Spondlng Familiar period Extrapolable period Dis_continuity Diosvc?)ntinuity
man’tsystems o nd ?;ngiglsen;nd lmbg gg;ligt;isc perilods .
Deali itl
(Ansoff, 1984) . range planning strategic ur?:;:gictablt‘;v 1
planning :
Slow and Fast, , _
Rate and scal§ncremental Predictabl Jurbulentand  Disruptive and
redictable an
of change . discontinuous |transformational
incremental
IP owned by theKnowledge and
, Infrastructure o
Dominant Infrastructure organization  |network
and IP owned ,
means of owned by the by the supported by theonnections
production organization yme knowledge- owned by net-
organization
worker workers
Unclear mix of
Competitive |all factors Focus and Value Beings unique in
forces dominated by |differentiation |propositions |different ways
costs
Unclear mix of
Nature of all factors Focus and Value Being unique in
Work dominated by |differentiation |propositions |different ways
costs
Organizin
gal 9 Autocracy Bureaucracy | Adhocracy Netocracy
principles
Processes, Individuals an
OrganizationalFew powerful |Organizational|process ownersjautopoietic teams
Power individuals structure and process  |as innovators ang
teams heuristics
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Individuals an

Labour-force | Human autopoietic
Teams assets
People seen as resources seen ) teams as
. and investment .
necessary evil| as assets innovators and
heuristics
Contracts,
Contracts, laws,
. Trust,
Contracts, laws, regulation . .
Regulatory , . relationships
laws and regulation and| industry
System . . and network
regulations industry standards and
standards
standards accepted best
practices
Inter- Inter- Inter/ trans Trans

Organizational
Relationships

organizational
and

organizational
and

organizational
and

organizational,
communities

Adversarial Collaborative | Collaborative | of practice
Disloyal,
Cost- Value- isloyal,
Market Producer conscious conscious picky, curious,
dominance ’ impulse-
customer loyal customer

customer

2.4 Multifaceted performance concepts

Performance excellence in one aspect or dimensies dot guarantee success of an
organization. As pointed out in the preceding sec(82.3), effective performance
management can be obtained by incorporating iteréit dimensions and then
determine the compromise among them as excellemceali dimensions
simultaneously is nearly impossible keeping in vieantemporary managerial
practices and technology (Slatkal, 2007). Moreover, performance requirements
and measures change across the organization Higra®amilarly, performance is
relative and means different things to differeaksholders.

2.4.1 Multiple criteria

Performance measurement and management involvesdimiénsional attributes,
which can be measured in different units. An attiébis a property or quality of
process/system in question. To evaluate the prisyasssm, a criterion is setup for
each attribute. Because of one-to-one correspoedasteveen attribute and criterion,
sometimes an attribute is also referred to asrmiteand used interchangeably in the
multi-criterion decision analysis.

In order to evaluate and analyze the performance pfocess, the most relevant
attributes of the process are identified. By retgvave mean to avoid the
measurement crisis-drowning in data- as referre(Negly, 2002) and to associate a
utility with each attribute, which ultimately formtke value function (elementary
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performance expression). Multiple value functions then aggregated to form the
overall performance of the process as depictedgaré 2-6.

Global
performance

Value
function

i Utility
f PM/attribute

Figure 2-6: Multlple criteria: hierarchical organiz ation

In the operations management domain, performan@suement and management
can be based on five operation performance obgst{®lacket al, 2007), which
ultimately become the criteria for evaluation. Tece in all five performance
objectives is tantamount to superior performaneavéler, it is almost impossible to
excel in all these performance objectives simulbaisey and there exists a trade off
or compromise among them, a concept proposed mn8k{1969). But the extent of
this trade-off is time- and context specific (Neetyal, 2005).

The most important operations performance objestigee quality, speed, cost,
flexibility and dependability. A good compromise @ng these criteria determines
superior performance at the operational level (Neehl, 2005; Slackt al, 2007).

2.4.1.1 Performance measures relating to Quality

Quality is traditionally defined in terms of confoance to specifications. According
to (ISO 9000: 2000), quality is “the degree to whibe set of inherent characteristics
fulfill the requirements”. For Juran and Goldfre003), “Quality is free from
deficiencies”. This definition of quality promptsiglity measures such as the number
of defects produced and the cost of quality. Fdigem (2004) argues that the true
cost of quality is the function of the preventi@ppraisal and failure cost. Crosby
(1980) statement “quality is free” is based on #ssumption that an increase in
prevention costs will be more than offset by a dase in failure costs.

With the emergence of total quality management (JQdality took a broader role
than simply “conformance to specifications” as dibsx by (Powell, 1995). Quality
emphasis shifted from “conformance to specificdtimmvards “customer satisfaction
(Neelyet al, 2005). Motwani (2001) identifies more than 45fpemance measures
of total quality management.

Manufacturing process improvement initiatives, su@s six sigma, lean
manufacturing and statistical process control, hatreduced new ranges of quality
related measures. For example, in the six signtative, the highest quality is to
achieve six sigma capability meantd defects per millionStatistical process
control measures consist of capability indices, Cp, Ca, Cpk, etc. (Cheet al
2003).
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2.4.1.2 Performance measures relating to Time

During the 80’s, quality was a well establisheditgigic weapon in the competitive
battle (Eccles, 1991) followed by time - a new cetitjye advantage (Stalk, 1988).
In addition, it is one of the essential criteriaoplerational performance (Slaekd.,
2007). Due to its importance in the performancenarehe time notion stimulated
academia and practitioners leading to the developraka plethora of techniques
such as just-in-time (JIT), optimized productiosheology (OPT) and throughput
accounting (Galloway and Waldron, 2004). JIT isdsh®n the assumption of a
precise timing between a supplier and a custonyeredl al., 2009). Similarly, the
OPT main objective is to minimize throughput tim&slloway and Waldron (2004)
developed the notion of throughput accounting eyippthe theory of constraints.
The technique is based on the assumption thatghput in operation is constrained
by bottleneck processes.

The most common performance measures related ® am@ manufacturing cycle
time, on-time delivery, time-to- market on new protland so on.

2.4.1.3 Performance measures relating to Cost

Cost-based performance measures have their onigatgounting management. An
accounting-based measure called return on inves$t(R€)) has been developed for
Dupont de Neumour to serve as an indicator of thieiency of their decentralized
business units (Kaplan, 1984). In the industrigicraage and till the beginning of
the globalization era, productivity, a cost-basedfgrmance measure, has been
widely documented. In response to the severe isniti€ on traditional accounting
management, Kaplan and Cooper (1997) developedpproach called activity-
based costing (ABC). The fundamental assumptioretlyidg ABC is that it is
activities, and not products, that cause cost agmcd overcome the problem of
“invisible cost” that exists in traditional accoing systems.

2.4.1.4 Performance measures relating to Flexibility

Flexibility has been widely recognized as a contpetipriority (Slack, 1983, 2005;
Meyeret al 1989; Gerwin, 1993). Bolwijn and Kumpe (1990)wegdhat innovation
without flexibility is impossible because innovationvolves a renewal process,
which is not possible without change. However, osidh over what constitutes
flexibility still occurs (Parker and Wirth, 1999}.is a complex, multi-dimensional
and hard-to-capture concept (Sethi and Sethi, 199@refore, there is no common
definition of flexibility (Nilsson and Nordahl, 199. For us, flexibility is the
capacity of an organization to easily and quickiytsh from one type of production
to another in the manufacturing context.

Gerwin (1993) proposed a conceptual framework gsicted in Figure 2-7 to
understand the relationship between five variabksvironmental uncertainties,
manufacturing strategy and flexibility, methods gredformance measurement. The
management uses strategy reactively or proactitely}cope with uncertainties.
Different manufacturing strategies need differenanofacturing flexibilities. A
variety of methods, including production equipmemioduct design, work
organization, planning and control systems, mdtenanagement and information
technology can be used to attain flexibility. Tléerof performance measurement is
to make sure that existing flexibility supports tteategy. For more discussion on
the conceptual framework (cf. Figure 2-7), the riested reader is referred to the
literature (Gerwin, 1993).
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Figure 2-7: Flexibility conceptual framework (Gerwin, 1993)

Moreover, Gerwin identifies different dimensions @éxibility and proposes
flexibility measures such as mix flexibility, chaewyer flexibility, rerouting
flexibility and so on. He is however of the viewathno well-accepted
conceptualization of the concept exists.

Due to the difficulty of measuring flexibility inhysical units, few authors have
investigated the impact of flexibility on perforn@n.e. on the economic value)
(Chenhall, 1996; Grave al, 2011). The economic value associated with fié#tb
is normally the difference between expected praifib flexibility and without it.

2.4.1.5 More performance measures

In addition to the above mentioned performance ativjes and their relevant
performance measures, other objectives such asndeapity, reactivity and
interoperability also play an important role in déising organizational performance.

2.4.2 Multi-level perspective

Effective performance management cannot be achidwedonly selecting the
appropriate and balanced set of performance aitend well defined objectives but
also classifying the performance measures at gtcatiwctical and operational levels
(Gunasekaraat al, 2001). These levels reflect, according to certaerarchy, the
different planning time horizons having their owmcdion and measurement
requirements (Rushtaat al, 2010).

The multi-level performance activities can be deddnto three broad levels. Each of
the level has its own scope in time and space.€llee®ls are:

» Strategic level, which is concerned with the plagnof activities in order to
achieve the strategic objectives. They determieentture and scope of the
performance measurement by defining what is impértahat to measure
and how to measure and what level of results teeexpsuch as low cost
product).

» Tactical level, where activities are carried outrédine and implement the
plan chosen at strategic level (to respond to lawet,cimplement JIT
production system as an example), and

» Operational level, where operating activities man#lte existing processes
and systems. The main activities at this level thee day-to-day decision
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making, implementation of operational plans and tlatrol of activities
against standards and rules.

To synthesize the multilevel concept of performadeeot (1996) proposes a multi-
level structure for an organization (cf. Figure )28Bach level has its own objective,
criteria and performance levels.

- . Performance Objective and . New Objectives
PEEE [ QUESLIN FE 0 Level Common criteria and criteria
o m = = = = = = = = == = = == - —_— === —— —_—— = == — - 1
1
1 Metapolitic What is the finality of the — Society internal ' Company External :
1 «Why? » company? Performance Performance |
1 1
1 |
1 Strategic What are the objectives for j . . Company |
1 « What? » production system? el i Reliability I
1 1
1 1
1 . : . . 1
Tactical Which functions for : Competitiveness / "

1 - :
| « How? » Production System? S Price -’ GO i ErEEs, :
1 1
1 2 1
! S\Eﬁfg'&?&l Which technical and Bl Biodiait _> Global productivity | !
: e organizational solutions? 4 Y of the factors  |!

: |

Figure 2-8: Levels of industrial performance (Jacot1996)

Operational level measures require accurate dataaasess the results of decisions
of low level managers (Gunasekaganal, 2004). At the operational level,

performance is closely related to internal opegatfficiencies such as input and
output measures.

2.4.3 Multiple stakeholders perspective

“The days when organizations survive and prosperfdgusing on the wants and
needs of one stakeholder-share holder- are longeg@he days when organization
could survive and prosper by focusing on the want$ needs of two stakeholders —
the shareholders and customers- are also numberédnot yet already
passed(Neelyet al, 2002, chap. 1)

The attention towards multi-stakeholders has irsgdasignificantly in the last three
decades. Edward Freeman was the first to defikelstdders as the group of people
who can influence or can be influenced by the aeheent of company’s objective
(Freeman, 1984). It is the responsibility of a camp to look for stakeholders’
expectations and strive to achieve these expenta(idtkinsonet al, 1997). Failure
to address the interests of multiple stakeholdeay ime detrimental to company
performance (Greenley and Foxall, 1997). Thereforeecent years some authors
have incorporated stakeholders’ perspectives inr therformance measurement
approaches (Bosch-Mauchatdl, 2010; Marquest al, 2011; Neely, 2002).

Even though multiple stakeholder perspectives natiggn in PM has begun to adopt
the stakeholder approach, assessment of stakelsatisfaction is simple in SMEs
due to scarcity of resources (Gareegal, 2005). In such scenario, organizations
prioritize stakeholders and take into consideratiomse which contribute or have
more stakes in the process or project.
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2.5Roles and purposes of performance measurement and
management (PMM)

The role of performance measurement is best exgdalny Rose (1995) who states
that “performance measurement is the language of pragyfes the organization. It
indicates where the organization is and where lteading. It functions as a guide to
whether the organization is en route to achievitgggoals. It is also a powerful
behavioral tool, since it communicates to the elygés what is important and what
matters for the achievement of the organizatiowaly

From Rose’s definition of performance measureméengn be concluded that a PMS
has several roles and purposes. A literature sufueiier reveals these roles and
purposes. Simoret al (1954) classified PMSs according to three caiegor
scorecards, problem solving and attention directi®ymilar categories were
addressed by Vandenbosch (1999) but added one oabegory: legitimization
(legitimizing decisions). Similarly, Atkinsoet al (1997) define three roles for
PMSs: coordination, monitoring and diagnosis. Meezp a few authors have also
defined a process improvement role (Bond, 1999r&alet al, 2007) as well as a
learning role (Neely and Najjar, 2006; Davenpord &tarris, 2007) for performance
measurement and management.

After analyzing the different roles of PMM discudsien the literature, we define

monitoring, diagnostic and interactivity, procesgprovement and learning as the
most common roles for performance measurement amgement. It is relevant to
say at this stage that most often the PMM purpast iprovide information for

informed decision-making. The following sectionsaliss briefly each role of the
PMM.

2.5.1 Monitoring and controlling role

Monitoring is defined as a feedback system relyingx cybernetic logic where goals
are set in advance, output is measured and compaitbd goals, feedback is
provided and, if necessary, corrections are madgs(eide, 1978). In a monitoring
context, a performance measurement system providesmation that identifies

(Atkinsonet al, 1997):

» Realized performance levels on objectives

* Opportunities to improve process performance and sieggest what
improvements are required

» Whether existing processes are meeting expectatioterms of how they are
contributing to the objectives

» Whether existing processes are achieving theiopadnce potential

Each role is critical to the organization successabise these roles ensure continual
evaluation and improvement of processes under stundwpddition to monitoring,
control is yet another function performed by PMM eplained in the literature
(Olsen et al, 2007) which says that information obtained frgrarformance
measurement through performance measures are nedadnitoring, controlling,
evaluating and feedback functions in operationsra®e(2002) also supports the idea
and considers performance measures as tools orurmstts for control in
management.
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2.5.2 Diagnostic and interactive role

The diagnostic role of PMM s, in general termsg thetermination of causality
between performance factors and process perform@atenson et al, 1997;
Suwignjeet al, 2000), enabling managers to determine a linkvéenh process
performance and activities at operational, tactcal planning levels. At the tactical
and planning levels, it could be the cause andcceffdationship between objectives
(such as increased customer satisfaction) and gsalsh as profit) or on-time
delivery and customer satisfaction at operationdltactical levels.

The all-time monitoring role of PMM is tedious fonanagers in organizations.
Diagnostic information eliminates the manager bordd constant monitoring

(Simons, 1995). Once a causality model of PMS iflestthe root cause of abnormal
behavior, corrections are made once and for all madagers move on to other
issues.

The use of performance measurement and managermentt@ol for diagnosis is
supported in the literature (Nilsson and Kald, 200Bhey found that Nordic
companies use performance management diagnostaradlyinteractively. The idea
of interactive use besides diagnostic use is algpated by Simon (1995). One
feature of interactive use of PM is that the whotampany is involved in the
development of strategy.

2.5.3 Process improvement role

Performance management encourages continuous ierpent of a process (Dixon
et al., 1990; Neelyet al, 1996; Bond, 1999; Sahraoui, 2009). Accordin@&srah
(2002), performance measure is the core elementootinuous improvement
philosophy. According to the Deming’s Wheel or PD€ykle (Plan, Do, Check and
Act) (Deming, 1982), performance measure examinesffect of changes to see if
the desired result is achieved. The aim is to cbtiee cause not the symptom for the
purpose of eradicating it permanently and so toagoin permanent improvement
(Bond, 1999).

2.5.4 Learning

The ultimate goal of performance measurement shbeldlearning rather than
control (Davenport 2006). Neely and Najjar (2008pa&emphasize the learning role
of performance measurement. It is commonplace ipeacind perception that
performance measures are means to track progresgmicess and make sure that
process is unfolding in the right direction. In esse, this is the fundamental
philosophy of performance measures that undergieas of management control.
Employing performance measures to obtain performamsights and then building
this insight to achieve high performance shouldhgeobjective of any organization.
Comparison forms the basis of learning and corltbops provide the ground for
comparisoni.e. compare outcome (measure) with objective.

2.5.5 Summary of the roles and purposes of PMM

This section summarizes the roles and purposesidbrpnance measurement and
management and presents some new themes whemyst @h important role. An

overview of the literature is summarized and présgim a tabular form. Table 2 is
not exhaustive but includes some of the importaleisrof PMM.

82



Chapter 2: Performance Analysis: Core Concepts Badelopments

Table 2-2: Roles and purposes of PMM

Roles and Purposes

Literature

Monitoring role

Atkinsoret d. (1997), Berrah (2002), Oslet al
(2007)

Diagnostic anc
interactive role

Atkinsonet al (1997), Nilsson and Kald, (200:
Simons (1995)

Proces improvemen
role

Berrah (2002), Deming (1982), Sahraoui (2!

Learning role

Davenport (2006), Neely et NajjarGap

Sustaining

Chiesiet al (2008), Lebas (199

competitive
advantage
Decision making rol

Chiesa et Fratini (2007), Shet al. (2012),Pfeffer
and Sutton (2006)

Chris (1977)

Strategic role

2.1 Conclusion

This Chapter synthesized the notion of performawitth a particular focus on

performance concepts, their evolution as well as thles and purposes of
performance measurement and management systemsyanizations. The main

objective was to highlight the core concepts amtbs in order to use them for the
development of performance measurement and manageystems. Moreover, the
Chapter aimed at determining the application of PMigtems in the business
environment.

The literature review reveals that the performanoacept is widely and loosely
used. In the loose sense, it refers to the effecdss and efficiency of a
system/process. However, performance is a broadecept which cannot be
measured in its totality. Besides, performancédtisnodivided into two main aspects:
financial and non-financial aspects. For an orgaion to perform well, it should
include both aspects of performance in performaneasurement and management
systems because alone financial or non-financiafopeance cannot guarantee
success of an organization.

In addition, the evolution of performance concaptsulting from changing business
trends also comes under discussion in the Chaptetermination of trends is

important as they define new frontiers for PMM sys$ which, in turn,make them
evolve constantly.

Performance is a multi-dimensional, multi-level amdltiple stakeholder concept.
Aggregation of multiple criteria at different orgaational hierarchy levels
contributes to overall performance but is viewedfedently by different

stakeholders. Therefore, it is imperative to coaesi@ll these concepts when
designing a PMM system for an organization or &bolrative network.

At the end, the roles and purposes of performaneasarement and management
systems are presented. PMM systems are used fersdivyurposes in diverse
environments. The applications of PMM in an orgatian range from controlling

and monitoring functions to coordination, diagnostis well continuous process
improvement and organization learning. Performameasurement systems act as

83



Chapter 2: Performance Analysis: Core Concepts Badelopments

information systems and help managers in theivigies of decision-making and
reporting as well as for strategy communication.

Since the current Chapter is aimed at explainiegntiajor concepts and themes used
in the performance literature, the next chaptedeslicated to review the most
popular existing PMM frameworks and systems andhtifie their strengths and
weaknesses.
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Chapter 3 Performance Measurement and Management
(PMM): Frameworks and Systems

Chapter 2 has examined the literature on core pednce concepts and their
developments. Moreover, insufficiency and irrelesarof the traditional
performance concepts in the changing business emagnt came under
discussion and current challenges to the performameasurement and management
discipline were presented. Finally, the literatteeiew also touched on the roles and
purposes of performance measurement and managsystems.

Chapter 3 continues the state-of-the-art review pamformance by reviewing
performance measurement and management framewodksyatems developed so
far. The objective is to identify the strengths awdaknesses of the existing
frameworks and systems and to get some insightshéoipurpose of developing a
new performance management system.

Many reports have been published in the last twd half decades about the
development and application of new performance oreasent systems. Researchers
with diverse backgrounds have developed new pedoo® measurement systems
using different approaches. Some use a corporatenvand strategy (Lynch and
Cross, 1992) as the starting point for developmesthers use stakeholder
requirements (Bitit@gt al, 1997) while yet others focus on performance
improvement (Clivilléet al, 2007). Although the research has produced saanifi
results, the notion of global performance is stk fully clarified in the literature
(Paranjapet al, 2006; Bititcet al, 2011). The evolution of performance as a result
of business and social trends further complicdtesssue.

From a review perspective, the existing framewankd systems can be divided into
three broad categories: performance models whiabpgse recommendations,
financial-based performance measurement systems igedrated performance

measurement systems. The aim of the Chapter iso¢asf more on integrated
performance measurement frameworks and systemsiande, will analyze them in

more details.

3.1 Performance models proposing recommendations

During the “relevance debate”, performance measentrbased solely on financial
criteria received severe criticism. Researcherspadtitioners alike made attempts
to offset the inadequacy of traditional performarmoeasurement systems. The
inadequacy is related to the dimensions of perfoceaimplementation mechanisms
and their adaptation to the new business envirohnidre results of these attempts
partly led to the development of some performaneasurement models proposing
recommendations on how a good performance measoteystem should look like
and what characteristics it should have in ordeegpond to the problems evoked in
the relevance debate. In that respect, performantia systems and performance
measurements for world-class manufacturing framksvare noteworthy and are
discussed in the following subsections.

3.1.1 Performance criteria systems

A performance criteria system (Globerson, 1985%)aa performance measurement
system per se but provides guidelines concerninigimeance criteria for developing
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a performance measurement system. Following are fone recommendations
proposed by Globerson for PM system development:

1) Choosing the preferred set of performance criteria
2) Measuring the chosen performance criteria
3) Assigning standards to the performance criteria

4) Designing a feedback loop to respond to discreganoetween standard and
actual performances

In addition, Globerson gives the guidelines to dg@mong a preferred set of
performance criteria, which has been discusselNaely et al, 1997). Moreover, he
provides three techniques which could be used $&sigaing weight (or relative
importance) to each performance criterion and lygests the use of the Analytical
Hierarchy Process (AHP) technique of Saaty (2084)also provides techniques for
assigning targets for each performance criterion.

3.1.2 Performance measurement for world-class manufacturig

This framework was developed by Maskell (1991).sTi8 not a performance

measurement system in its own right but it is samib a performance criteria system
and it suggests characteristics of a PMS suiteebitd-class manufacturing. Maskell

focuses on developing and measuring different pedoce measures. He identifies
that irrespective of performance measures useevaiuation of performance, which

may vary considerably, they have the following seeemmon characteristics.

1) They are directly related to the manufacturingtstig

2) They use non-financial measures in addition torfai@ measures

3) They vary with locations.g. part of a system, department, etc.)

4) They are contextual

5) They are simple and easy to use

6) They provide feedback

7) They are used for improvement process rather ttsamjple control tool

3.1.3 Performance management system frameworks

To move from performance measurement systems tewsdormance management
systems, Ferreira and Otley (2009) put forwardam@work that provides a broader
view of the performance measurement and contra. fldamework is designed in the
form of 12 questions. The 12-question PMS schernoeti;ned below.

1) What is the vision and mission of the organization?
2) What are the key success factors?

3) What is the organization structure and what implaets it have on the use of
the PMS?

4) What strategies and plans has the organization ted®pWhat are the
processes and activities that it has decided thétbe required for it to
ensure its success?

5) What are the organization’s key performance mea8ure
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6) What level of performance does the organizationtwarachieve for each
level of performance measure?

7) What processes, if any, the organization followsualuate performance?

8) What rewards — financial and/or non-financial - lwihangers and other
employees get by achieving the targets?

9) What specific information flows - feedback and féedvard -, systems and
networks has the organization in place to supperoperation of its PMS?

10)What type of use is given to feedback and feed-dodwinformation flows
and to the various control mechanisms in placeuds predominantly
diagnostic, interactive or a combination of both?

11)How has the PMS altered in the light of the chamlymamics of the
organization and its environment? Have the chamgdaS design or use
been made in a proactive or reactive manner?

12)How strong and coherent are the links between ¢imeponents of the PMS
and the ways in which they are used

In the above 12 questions, the first eight questiame about the functional
issues/questions related to the management of @edsalts) to achieve and the
management of means (determinants) to achieve thede while the remaining 4
issues/questions are related to the contextuaéssatnich guide the way the eight
guestions are addressed (Broadbent and Laughid®)20

3.2 Financial based performance measurement systems

Even though financial based performance measuremsysiems and approaches
were severely criticized due to their limitatiorssmaentioned in the relevance debate,
the accounting domain continues to address theessef traditional PMSs while
solely focusing on the financial aspect. This hemilted into modified performance
measurement systems based on the financial asppetformance such as activity-
based costing (ABC) and theory of constraints (T.OC)

3.2.1 Activity-based costing and activity-based managemén

The Activity-Based Costing (ABC) method was firstveloped by Cooper and
Kaplan (1988) and then promoted by Brimson (199hjs method focuses on the
financial aspectife. cost) of performance and emerged as a resulh @t@mpt to
resolve some of the fundamental inadequacies dititvaal costing systems (Kaplan
and Cooper, 1998). The fundamental difference betwan ABC system and a
traditional costing system is that the latter asssithat product causes costs, whereas
ABC assumes that activity causes costs and the algstts create demand for
activities (Bharara and Lee, 1996).

The consortium for Advanced Management-Internati¢g6&M-1) defines activity-
based costing as follows:

“Activity-Based Costing is a methodology that measucost and performance of

activities, resources and cost objects. Resourgesassigned to activities, then

activities are assigned to cost objects based eruie of consumption of the relevant
activities. Activity-Based Costing recognizes thasal relationships of cost drivers

to activities'.

87



Chapter 3: Performance Measurement and Managen®M): Frameworks and Systems

Figure 3-1 shows the pictorial representation o thasic structure of an ABC
system.

Cost Assignment View

1
1
1
! | Performance
! | measures
1
1

Figure 3-1: Basic structure of activity-based costig (Raffish et al, 1991)

From Figure 3-1lresourcesife. economic elements that are applied in order to
execute organization activities) are traced tovis (.e. work performed within
the organization) employing the resource cost gsiee. factors which cause a
change in the cost of an activity). Activities dnen traced to cost objectse( any
customer, product, service, contract, project beotvork unit for which a separate
cost measurement is desired). Finally, performaneasures are used to measure the
output of an activity.

Activity-Based Management (Cokins, 2001) on theeothand is a broad umbrella
term that includes activity management, activitystcand activity-based product
costing as well as many of the concepts associaitdjust-in-time and theory of
constraints.

3.2.2 Theory of constraints (TOC)

The Theory of Constraints (TOC) is an overall mamagnt philosophy developed
by Goldratt (1990). It later emerged as a procedssmegoing improvement and

geared to help organizations continuously imprdwe gerformance of a process by
focusing on the constraints.

Conceptually the Theory of Constraints (TOC) is duhon the idea that any
organization has identifiable constraints. A caaistrwithin a system, and hence in a
process, is anything that limits the process frochieving higher performance
(Goldratt and Cox, 1992). Management jobs havedémtify these constraints and
manage them so that resources are used most efiffci€éhe Goalis simply to make
money by maximizing a global measure callddoughputwhile minimizing two
other global measures referred tdragentoryandOperating expense3 he theory of
constraints relies on these three global performameasures for assessing an
organization to achieve the goaé( making money).

Global performance measures:The global performance measures of TOC are
defined mathematically as follows:

Net Profit = T — OF
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T
ROI =

Where,
T = Throughputj.e. the rate at which the system generates moneydhrsales

I = Inventory,i.e. all the money that the system invests in purcttagiings that the
system intends to sell

OE = Operating expensd,e. all the money that the system spends in turning
inventory into throughput

ROI = Return-On-Investmentge. net profit divided by investment

NB: The terminology associated with the theory ohstraints (TOC) is different
from traditional accounting terminology but the kayncepts are the same.

Five continuous steps to obtairiThe Goal (Net profit): TOC offers a systematic
and focused process that organizations use to ssfotly pursue on-going
improvement for the purpose of maximiziigroughput The TOC's five steps of
focusing are conducted in the following way:

1) Identify the system constraints

2) Decide how to exploit the system constraints

3) Subordinate everything else to the above decision

4) Eliminatethe system constraints

5) If in the previous step, a constraint has beendmplkso back to step 1

To summarize, the performance measures within tB€ TBpproach are easy to
access and simple to understand. However, TOC isdm being a complete PMS
as it simplifies a reality a little too far (Tange2z004). In addition, it assumes that
there is always a constraint in a system (or psjc@gich is not necessarily true.

3.3Integrated performance measurement and management
systems

Integrated performance measurement and managergstgns are information
systems that incorporate both the financial andfirancial aspects of performance.
They are designed to capture the performance obrganization or extended
enterprise on a multiple criteria basis employirgme established framework.
According to Kaplan and Norton (1996a), focusing iodividual performance
measures such as cost, quality, time and flexybilitll lead to local optimization.
Therefore, performance measures must be treatad integrated manner to support
company’s strategy. Using this concept, a globdingpation can be achieved
instead of a local one. But questions are: How dtaldish the integrated set of
measures? How to implement them in order to betteke use of and what
characteristics an integrated performance measumegsystem should have? These
and many other questions have been dealt in nurserdegrated performance
systems which are discussed in the following sastio
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3.3.1 Requirements of integrated performance measurementand
management systems

The need for an integrated performance measurearahtmanagement system is
well established in today’s dynamic business emwitents (Bititcet al, 2011).
Many authors stress to have a good PMM systemis€nsidered a key element of
sustainable competitive advantage (Bititci, 199%%)wever, often the authors fail to
provide the fundamental requirements of a usefufop@ance measurement and
management system. According to Folan and Brown@05R performance
measurement recommendations are the building blotkdl PM initiatives which
can be grouped into two core areas:

1) Recommendations for performance measures;
2) Recommendations for performance measurement systems

After reviewing extensively the PM literature, Neadt al, (1997) provided the
recommendations for performance measures. Othenm@endations not included in
Neelyet al recommendations include Stalk and Hout (1990) miopose two rules
for performance measures: (1) The measures shaulphisical ite. quantitative)
and (2) they should be taken as close to the cwst@s possible. Furthermore,
Melnyket al (2004) argue that performance measures shouté&ed on an agreed-
upon set of data and a well-documented and welerstdod process that could
transform the data into measures. Given the dadapaocess, independent sources
could arrive at the same metric value. They furttefine three functions for a
performance measure which are: control, commumicatand improvement.
Characteristics of a useful performance measurdoessummarized to have SMART
(i.e.Specific, Measurable,Achievable, Relevant andTemporal) criteria (Doran,
1981).

Furthermore, Folan and Browne (2005) synthesizemecendations proposed by
different authors for the development of performreaneeasurement frameworks and
systems (see Table 3-1). According to their view dhe above
recommendations,actual serviceable advice for #&gd and implementation of
PMM is rare, which in turn has made the processedMeloping a single unifying
system which satisfies all the above issues umstealiThe view is also supported in
the literature by (Meyer, 2003).

Table 3-1: Recommendations for the design and dewgment of performance
measurement frameworks and systems (Folan and Browen2005)

No Recommendations

Should be based upon the strategic role of thgpany

Should be based upon multi-criteria (criticahaties)

Criteria should evaluate group not individual w

Specific goals must be established and revised wie
Measurements should be easy to understand by beisg evaluated

o OB W DN P

Data should be collected, where possible, byethdsose performance is being
evaluated

7 Graphs should be the primary method of reportinfope@anct
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1C
11

12

13

14

15

16
17

18
19
20

21

22
23

24

25

26

27

28

29
30

Data should be available for constant review
Performance should be reviewed daily or we
Supplier should be evaluated upon quality and dgfiperformanc

Emphasis is upon evolving, dynamic, continuogsrovement and learning in
PM system design

The connection between accounting and perforenareasurement should be
cut

PM systems should be mutually supportive and ctergisvith business’
goals, objectives, critical success factors andnamms

Should convey information through as few andiaple set of measures as
possible

PM systems should reveal how effectively custtsnmeeeds and expectation
are satisfied

Focus upon measures that customers ce

Provide measures that allow all members of argéion to understand how
they affect the entire business

System consist of well-defined and measuralitera for the organization
Routine must be established so that measures careasure

Feedback from PM systems should report at numsdevels of the
organization

Feedback from PM systems must be linked crasstifunally to ensure it
supports and not inhibit strategy implementation

Should enable managers to view performance in akaegas simultaneou:

Should provide complementary non-financial penfance measures alongside
financial measures

Should measure the entire product delivery aystem the supplier to the
customer

PM system designed, so that at plant and divisitevall, the evaluation of PI
standards is consistent with the manufacturingativies of the facility

PM system designed, so that at plant and divégilevel, the evaluation of PM
standards is consistent with the manufacturingrenment

PM system designed, so that information on titeeegyic objectives of the firm
are shared at plant and divisional level to proddganizational focus between
them

PM system information on the strategic objectiviethe division must b
shared across functional areas to provide orgaoiztfocus with in plants
and divisions

PM system should be used to challenge stratsgiemptions

PM system should be implemented in such a watyittdoes not induce fear,
politics and subversion
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31 PM systems should be designed so that theytéeibuditing

32 PM system designishould be viewed as a-ordination effort to understar
current metrics in detail, to identify shortcomiraysd to include ongoing
initiatives that affect PM

These recommendations are intended for developirjognance measurement
systems especially for integrated PMSs. The corpeds covered in the
recommendations are: multi dimensionality includifigancial and non-financial
aspects of performance, objective-driven measurgnsanple reporting in terms of
a few number of performance measures, avoiding vitdal performance
measurement and transparency of measurement proc#se name a few.

From the recommendations of Table 3-1, it can becleoled that, firstly, process-
oriented performance measurement is not given hsedfar. Secondly, the
aggregation of performance measures within a PMSinplify the performance
reporting is also ignored. Moreover, the role of MMystems as decision making
tools is also not taken into account.

So far, several integrated frameworks and systelnge hbeen developed for

performance measurement and management. All oé theasneworks and systems
have taken into account one or more of the abovetioreed recommendations.

However, none is capable to address all of themnezendations into a single system.
The reason, according to Nedayal (2002), is that most of the writings on PM are
too superficial to be implemented. Additionallyprdn Table 3-1, actual serviceable
recommendations that can be employed for PM framesvor systems are rare

(Folan and Browne, 2005).

In the current dissertation, based on the liteeateview and our experience we use
some critical attributes.é. recommendations or requirements) that a PMM gyste
should have in order to facilitate the performanceasurement and management
process. Existing frameworks and systems will becafly reviewed against these
attributes. These attributes are:

1) Objective/Strategy driven Whether the system is driven by the
organization strategy or not and the measures digned to the
organization’s strategy.

2) Process oriented: Whether the model or process employs a process
approach or not.

3) Stakeholder’s perspectiveTheperformance measurement system considers
stakeholders needs while evaluating performanceunement.

4) Control, improvement and learning: Whether the performance
measurement system suggests mechanisms to cofetealback loop) and
aid in continuous improvement or not.

5) Multiple performance dimensions: What specific dimensions (criteria) of
performance the system takes into account.

6) Integration mechanism: Whether the performance dimensions are
normalized and integrated or not.

7) Criteria Interaction: Whether the system recognizes criteria interaction
not.
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8) Organization level: Whether the organization hierarchy is addresseubor
while evaluating performance.

9) Risk assessmentWhether risk management is dealt with or not.

10) Decision system:Does the performance measurement system have a
decision system?

3.3.2 Integrated performance measurement systems review

Based on the requirements defined in the previeai®, the existing frameworks
and systems will be critically reviewed. The obijeetis to determine the strengths
and weaknesses of each performance measuremeetoaknand system developed
against already defined attributes. The list of R¥meworks and systems is not
exhaustive. Indeed, there are more than thirty fisedl known methods that have
been developed around the world for the determinadind implementation of either
performance measures or performance systems (Raapbntsoet al, 2010). The
current thesis takes into consideration for revavy those that gained sufficient
popularity in academia and industry.

3.3.2.1 Strategic measurement analysis and reporting techgue

The Strategic_Measurement and Analysis TechniqudAEST), also known as

Performance Pyramid, was developed at Wang labgralaoc., Massachusetts
(Lynch and Cross, 1992). It results from dissatian with traditional performance
measures such as utilization, efficiency, produgtiand other variances used for
financial purpose. The technique was first devedofe implement a just-in-time

approach, which was later extended to define adveonk for:

» Measuring departments and functions on how theganéibuting separately
and together in meeting manufacturing strategisiois

» Linking operations to strategic goals.

» Integrating financial and non-financial informationa way that can be used
by operating managers.

* Focusing all business activities on the future megoents of business, as
dedicated by the customer.

» Changing performance, incentive and rewards sysésnmgcessary.

The efforts led to the development of the SMARTteys A diagrammatical
representation of the SMART technique is depicteBigure 3-2.

At the top level of the pyramid, a vision for thasiness is setup which forms the
basis for corporate strategy. The senior managerttesrt assigns a corporate
portfolio role to each business unit (cash flowgvgtih, innovation, etc.) and allocates
resources to support them.

At the second level, objectives for each business are defined in market and
financial terms. Strategies to reach these goalsvarked out.

At the third level, more tangible operating objeet and priorities are defined in
terms of customer satisfaction, flexibility and guativity.
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The vision

Market Financial

Measure measures measures Objectives
Customer Flexibility Productivity
satisfaction

Quality Delivery Process time Cost

Performance Management Systems

<—— External effectivenesH}(— Internal efﬁciency—)‘

Figure 3-2: SMART pyramid (Lynch and Cross, 1992)

At the fourth level, or foundation level, customsatisfaction, flexibility and
productivity are represented by criteria such aality) delivery, process time and
cost. These criteria or operational measures aekdlys to achieving higher level
results and ensuring successful implementatioh@tbmpany strategy.

3.3.2.2 Balanced scorecards (BSC)

Kaplan and Norton (1992, 1996, 2000, 2004) develoged promoted balanced
scorecards (BSC) at Harvard Business School as asurament framework for
strategic, operational and financial measures. Baéanced scorecard method
proposes that an organization should use a balas®texf performance measures that
will help top managers to take at a glance a cohgrsive view of the their business
from four important perspectives as shown in Figd#&

Financial
o
& o
S/ E e S E
3y 3
w &S S =
To succeed X é@ LS
financially, §
how should we
appear to our
shareholder?”
Internal Business Procesg
Customer .
.&\3‘“ /e S& “To satisfy our §°’ E /e _\\ﬁ
i S igj } /&L /.
“To achieve S/ &/ &S Vision shzreholder ] & L
ourvision how / S/ /& /& - and and customer, <
should we N what business
appear to our Strategy processes, we
customer?” must excel at?

Learning and Growth

To aphleve &/ o
our vision , 5 NS > /8

; /&) &S
how will we &/ &S
sustain our A
ability to
change and
improve?”

Figure 3-3: Balanced scorecards (Kaplan and Nortor2000)
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The concept of the balance scorecards is to aligpocate values with operational
objectives, customer satisfaction, shareholder emland expectations as well as
individual employee’s objectives, competencies aspirations.

Similar to the SMART model, performance measurestification starts from vision
and business strategy, which are then translated tire four perspectives. The
financial perspective measures how well the busimesoing in satisfying the needs
of the stakeholders who are looking for the retaminvestment. The customer
perspective measures how well the business ifysagshe needs of the customers
while the internal process perspective measures dfteiently customer needs are
met and profit is made. In this perspective, thenager identifies the most critical
processes for achieving the customer and finadgdctives. The final perspective
of the Balanced Scorecard method develops objectared measures to drive
learning and growth for the organization.

BSC answers four questions in general: How do wek [ shareholders?.€.
financial perspective); How do customers see us?qustomer perspective); What
must we excel at?.€. internal process perspective); and Can we contmimprove
and create value?.€. innovation and learning perspective). To be cditipe and
survive on the market, there must be a balancedwsstvthe four perspectives.

3.3.2.3 Performance prism

The Performance Prism (Needy al, 2002) was developed at Cranfield School of
Management, United Kingdom. Prism advocates thBMsS should be organized
around five distinct but linked perspectives offpamance.

1) Stakeholder satisfaction: Who are the stakeholaledswhat do they want and
need?

2) Strategies: What are strategies we require to enthg wants and needs of
our stakeholders?

3) Processes: What are the processes we have to place in order to allow
our strategies to be delivered?

4) Capabilities: What are the capabilities we regtoreperate our processes?

5) Stakeholder contribution: What do we want and nigeoh stakeholders to
maintain and develop these capabilities?

Figure 3-4 illustrates the Prism performance measent framework.

* Stakeholder satisfaction

e Strategies

* Processes
» Capabilities

» Stakeholder Contribution

Figure 3-4: Performance prism (Neelyet al., 2002)

95



Chapter 3: Performance Measurement and Managen®M): Frameworks and Systems

The authors of the Performance Prism stress thagealormance measures should
not be derived from strategies because strateggtithe aim to be reached but a tool
to help managers achieve the objectives. They ditatdt is the wants and needs of
the stakeholders that first must be consideredrefbee, organizations should first

identify stakeholders, their needs and expectataons then strive to satisfy them.
For this purpose, strategies are then devised andegses are designed and
implemented in the light of already formulated gges. Capabilities are evaluated
while designing and implementing processes and,tha end, stakeholder

contribution is taken into consideration.

3.3.2.4 ECOGRAI

The ECOGRAI methodology was developed by the GRAbdratory at the
University of Bordeaux, France, for measuring tlegfgrmance of organizations
(Bitton, 1990). It has evolved continuously sinbert according to the evolution of
enterprise performance requirements (Ducq and $aile2005). It defines a set of
global objectives for a particular organization aopart of an organization.€. a
functional department). Then, decision variables @etermined for each of these
functions. Actions are performed and to evaluatéioms against objectives,
performance indicators are defined. This relatignéletween an objective, decision
variables and performance indicators is illustrdigdrigure 3-5.

Objective
Performance Decision
Indicators Variables

Figure 3-5: The ECOGRAI approach (Ducq and Vallespi, 2005)

The ECOGRAI approach uses the GRAI nets and the IGR# to decompose
global objectives into lower level objectives anddentify, for each level, decision
variables and performance indicators. The resultusing the approach is a
performance measurement system which measuresettierrpance of a function
relative to a global objective. Figure 3-6 shows thgical structured approach to
define performance indicators for objectives viaisien variables.

The approach (cf. Figure 3-6) is decomposed ik@bases. The first phase models
the control structurei.é. decision system) and the controlled structiues physical
transformation system). The following three phasescern the identification of
coherent objectives and the decision variablesthtn fourth phase, performance
indicators are identified whereas, the fifth phdssigns the information system to
build the performance indicators. In the last aixthsphase, the performance
indicators are implemented in the enterprise infdiom system.
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v
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Integration of Pl Information System in
Enterprise Information System using Decisipn
Tool

Figure 3-6: Structured approach of ECOGRAI (Ducq ard Vallespir, 2005)

In brief, the ECOGRAI approach enables one to @eéirset of objectives for each
hierarchical level of an organization such as syiat tactical and operational levels.
However, the identification of decisional variablasd performance indicators is
done at the operational level.

3.3.2.5 Integrated performance measurement system model

The Integrated Performance Measurement System (JPM& developed by
(Bititciet al, 1997) at the University of Strathclyde, UK. Thmdel describes the
structure and constituent parts of a robust, imateeghk efficient and effective
performance measurement system. The model hasdinmethodology to assess
robustness and integrity of performance measurensystems used within
manufacturing industries. Figure 3-7 shows the IRN&iel.

At each level of the business, the model requlresotganization to:
» Recognize and understand its stakeholder requiresmen

» Externally monitor its position against competitoend world-class
performance to identify the development needs ®tilisiness

» Set objectives based on implications and critigaditthe development needs
together with appropriate targets and time scales

» Define, report, monitor and review these objectitte®ugh a performance
measure
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Figure 3-7: A Reference model for the integrated PMS Btitci et al, 1997)
3.3.2.6 Integrated performance measurement framework

Medori and Steeple (2000) developed a performanaesummement framework that
contains two separate documents called (1) “DocurAgnivhich is a six stage plan
(cf. Figure 3-8) and (2) “Document B”, which is aesfrum checklist containing
non-financial performance measures segregated lmosipetitive priorities.

! v
l?
Stage 1. Stage 2. Stage 3. : 5
Company >erformance Selection|_y "
success 1easuremen = of . Audrt tation
factors | | grid measures I—

1
1 of measures

Stage 6:Periodic Maintenanct €— v
|

Figure 3-8: Integrated PM framework (Medori and Steeple, 200)

The six stages of Document A include:
» Stage 1: Company Success factors

» Stage 2: Performance Measurement Grid (PMG)
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» Stage 3: Selection of measures using spectrum/listeck
» Stage 4: Audit

» Stage 5: Implementation of measures

» Stage 6: Periodic maintenance

The second document, “Document B”, contains 105nipaion-financial measures,
with full description and methods for calculatioheach measure. These measures
are categorized according to the competitive gréxiof the company. For instance,
quality, identified as a competitive priority, indes performance measures such as
supplier quality, complaints and cost of qualitymiarly, for the competitive
priority such as time, the document B proposeddad-time performance measure.

The framework in Stage 1 defines success factosedan the manufacturing
strategy of the company. In Stage 2, the comparighea the success factors with
the competitive priorities (cost, quality, flexiiyl, future growth, etc.). For instance,
for the competitive priority of quality, the suceefactor identified is: “improve
supplier quality”. Next, the company selects thestrappropriate measures for each
of the competitive priority using the Document Bftek selection of the measures,
the framework proposes to audit the measures ierai determine whether the
selected measures (new measures and in-use mgaasgaelevant in the current
context or not. If yes, they are then implementedStage 5. The dashed line in
Figure 3-8 indicates that if no gap is identifiedStage 4, then this stage is omitted.
Stage 5 of the framework concerns the implememntatiomeasures. The last stage
(Stage 6) is designed to review periodically thenpany’s PMS.

The authors claim that the framework is dedicateddhieve five objectives: firstly,
it can aid in setting up a new performance measen¢rsystem if a company does
not have any; secondly, it has an audit capabitiy examine the existing
measurement system; thirdly, it can aid in idemiyobsolete measures; fourthly, it
can help a company to identify and select core fimamcial measures not being
measured (gap); and fifthly, it identifies the glides to implement any selected
measures.

3.3.2.7 Quantitative model for performance measurement sysim

QMPMS (Suwignjet al, 2000) was developed at the Center for Strategic
Manufacturing, University of Strathclyde, UK. Thgstem models the relationships
between performance measures in quantitative tefimste are three main steps in
QMPMS (cf. Figure 3-9):

» ldentification of factors affecting performance ahdir relationships
» Structuring the factors hierarchically
» Quantifying the effect of factors on performance

To carry out each step, QMPMS relies on tools. Xplae and identify factors, it
uses cognitive maps. For structuring the identifiéctors hierarchically, cause and
effect diagrams are used while a tree diagram ésl us represent the hierarchical
structure of factors. Finally, the Analytical Hiethy Process (AHP) of Saaty is
employed to quantify the relative effects of thetdas.
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Step 1:

Identification of factors affecting
performance and their relationships
Tool: Cognitive maps

Step 2:

Structuring the factors hierarchically
Tools: Cause and effect diagrams an|
structured diagrams

Step 3:

Quantifying the effects of factors on
performance

Tool: Analytical hierarchy process

Figure 3-9: QMPMS model (Suwignjeet al,, 2000)

The QMPMS model has a well-structured approachi¢ntify and prioritize factors

affecting performance of an organization. In additi the model classifies
performance measures and proposes the consolid#ttbe performance measure in
order to reduce the number of performance measunteneports. However, the

aggregation mechanism is not well-defined and isetiaon simple weighted
arithmetic mean aggregation operator.

3.3.3 Performance measurement systems comparison

In this section, performance measurement framewarkssystems reviewed in the
previous sections are synthesized and they areiegdmagainst the already defined
set of attributes (§ 3.3) as shown in Table 3-2.

From the analysis of the performance measuremantgworks and systems, it can
be concluded that none of them respond to all tindates (requirements) identified
in section 3.3. The most neglected attributes | BMSs are: risk assessment,
process orientation and decision-making mechanisms.

The following section discusses in detail the revigf the PMSs and explains the
relative weaknesses and strengths in the curreriorpgance measurement and
management process.
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Table 3-2: Performance measurement systems comparison
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Pgrformance v v v v
Prism
ECOGRAI v v v
IPMS Model Vv 4 4 4 4
IPMF v v
QMPMS v v v v

3.3.4 Discussion

This chapter reviews performance measurement sgstermm their review, it can be
concluded that some architects of PMSs still foous specific dimensions of
performance such as cost, quality, delivery orifigity. However, the majority of
them, after the relevance debate, proposed insgjraerformance systems to
measure and manage performance globally insted aify.

In the integrated approaches, the issue of mut+@ analysis has been taken into
consideration. There appears to be a consensusademia and industry alike that
performance in any organization has multi-facetd, drence, should be measured
using multiple dimensions (or criteria) of performea. However, the issue of criteria
interaction has not yet been dealt with becauserizioften interact either positively

or negatively and affect the global performance. iRstance, in-time delivery may

increase customer satisfaction or high manufaguircle time might have negative

effect on customer satisfaction as well productt.coberefore, it is necessary to
consider multi-dimensional performance but at tlne time investigate the

interaction among the performance criteria to awoid-optimal performance.

Nevertheless, the desire to measure many dimensibperformance employing
multi-criteria techniques has confronted academaiadustry with a new challenge
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- drowning in data- as Neelyet al. (2002) referred to it. The emergence of
information technology has facilitated data colleet because performance
measurement is becoming commonplace practice iry @rganization whether it is
a profit or not-for-profit organization. But, restiically, organizations cannot afford
to measure everything they would like to measukk eren if they could, managers
would not be able to manage all such data. Thexefbis imperative to consider few
critical performance measures and then aggregata th such a way that they do
not lose their significance in the aggregated perémce measure. This aspect of
performance, however, has not been handled tholpughhhe current performance
measurement systems.

Furthermore, the stakeholder’s perspective has beegrated in few performance
measurement systems such as Balanced ScorecardsPenfiokmance Prism.

However, the balanced scorecards view of the sta#leh perspective is limited to

customers and shareholders only. On the other htardPerformance Prism has a
more comprehensive view of different stakeholdezsy (investors, customers,

employees, regulators, etc.). Here, the stakehofpspective is a two-way

approach: stakeholder contributions to organizasiod stakeholder satisfactioine(

in terms of value). Despite this comprehensive vwstakeholder perspective in
Performance Prism, this method proposes neitheuevarade-off among its

stakeholders nor can it judge their contribution.

Concerning performance at different levels of tligaaizational hierarchy, many
PMSs €.g SMART or IPMS) take it into account. However, B8€als with this
aspect of performance only partially. The perforosnhierarchy levels in
organizations refer to the refinement of a globljective into more manageable
objectives and then their aggregation in a bottgns@quence. Though this concept
has been employed in a formulaic manner in theglitee (Clivilléet al., 2007), it has
not been integrated in PMSs.

Moreover, risk management has not yet taken rooistegrated PMSs. Despite the
fact that risk is the sole element affecting orgational performance, but still it is
managed independently of the integrated PM diswplin order to have a clear and
comprehensive picture of organizational performantk should be part of the
integrated PM approach. This will help manager&riow what performance they
expect from a system and how much the system iesexpto risk, and whether the
organization in the presence of the risk(s) caneaehthe expected performance
(objectives) or not.

Similarly, the literature review reveals the migsiimk of PMSs to the decision-
making mechanism. The only PMS equipped with a #&brrdecision-making
mechanism is the ECOGRAI method. The remaining Pfftssur knowledge) have
no built-in decision-making capability.

In brief, after a thorough review and analysisha& thost common PMS frameworks
and methods, we come to the conclusion that nontherh proposes a holistic

approach. They offer solutions in some areas bck [@ower in other domains.

Moreover, the existing PMSs can be applied to teay®or part of a system or more
specifically, they are intra-organizational PMS$ieTchanging nature of business
trends such as collaboration across the contineetsyorking of business entities,
green supply chains, sustainability issues and smynother trends are being
changing the very landscape of the PMSs, hencermmadke existing PM approaches
too restrictive or inadequate. Then the questiasearon how to deal with current
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challenges and to remain prepared for the upcoromgs? The solution lies in
process-based approaches and analysis of prodessesc

3.4 Activity-based performance measurement

The fundamental problem that we are facing todai vagard to PMS is the archaic
conception of an organization and its performare@ainted out by Meyer (2003).
We consider a firm as a black-box where investrflents in, activities happens out
of sight within the box, products or services areated and delivered and then
income statements, balance sheets and market ioalsigdre made and reported.
These aggregated financial measures conceal inmpostaurces of variation and
therefore critical information about the performame obscured.

Moreover, to know more about the performance ofitkernal processes, we dig into
the black-box and break up organization into patdhe departments, business units
and even individuals) and then try to evaluate guieeal performance while ignoring
the causality relationships between different festdhat exist vertically or
horizontally in an organization. The result of thiscemeal performance evaluation
is suboptimal performance instead of a global owhereas an organization
constantly strives to achieve global performance.

To resolve this issue of PM, we must return to mdamental conception of the
organization and what it does. An organization ahmg but a bundle of inter-
connectedictivitiesanddecisions Theseactivitiesincur costas a result of decisions
taken and createalue for the stakeholders but at the same time theyegpesed to
external as well as internasks Therefore, without indulging in complicated madte
of organizations about what an organization doekvalmat measures it requires, we
must resort to the activity concept as a step praxess and determine activities
which add value and those which do not. The orgdina task would then be to
eliminate as much as possible the non-value adaligities and keep or improve
the value-adding activities and safeguard them frisknboth external and internal to
the activity. Finding performance is then a trividue. To this end, it is necessary to
decompose a global objective into sub-objectiveséds of activitiesife. processes)
and measure performance for each of them keepingmind the causality
relationships between different factors that infice performance and finally,
aggregate the performance across the processedaadthe organization hierarchy.

In addition, the issue of performance measuremedt management in extended
organizations can also be resolved because pracesse be extrapolated across
multiple units of organization as well as acrosBedent organizations. Besides,
processes can be decomposed into sub-processe® dnddamental blocks,e.
activities, along the hierarchy of the organizati®herefore, horizontal and vertical
integration is only possible through processes.

The most important aspect of activity-based pertoroe measurement and
management is that activity is a modelable and Ilsitable element. It can easily
capture the real-world complexities and represbkamt in the form of simple and
understandable activity models. The level of comipjeof the activity model is then

proportional to the level of abstraction of thelwwarld. High level of abstraction

means high level of activity model complexity asdherefore a matter of choice.

Therefore, modeling and simulation techniques canetmployed to measure the
performance. There exists a plethora of modelingrigues such as the IDEF suite,
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BPMN, activity networks, etc. that can be used todei activities. The available
modeling techniques can mimic the real-world comitiles of temporality,
hierarchy, etc. Once processes are modeled, theysiarulated in a simulation
environment for the purpose of evaluating them regjagertain performance criteria.
The real issue in performance measurement employindeling and simulation
techniques is to design performance criteria thrat @herent with strategies or
objectives.

To summarize the discussion, activity-based perémce measurement and
management has numerous advantages. It simpligeepdrformance relevant issues
of performance integration within and across orgatons. It is one of the important
sources of value creation. Once properly identjfiegbdeling and simulation can
then be used to measure performance before invettraereal decisions are made.

3.5Conclusion

This Chapter has presented and reviewed the mpstggdPMSs. From the review, it
can be concluded that the existing systems for Bivhot measure performance in a
holistic and integrated manner. Each one has dtrerand weaknesses. When they
are good in one area, they lack power in other dlagna

In addition, many current issues relevant to PMreokyet fully addressed such as
risk management, performance in inter-organizatiosetups, managing with
multiple performance measures, integration of perémce measures, interaction of
performance measures and so on.

Moreover, the changing business trends forces #rognance measurement and
management systems to evolve constantly. The imaditPMSs followed by modern

performance measurement and integrated systemiesgeaelevant in the face of
changing business environments.

The Chapter concludes the discussion by advocatingctivity-based approach for
performance measurement and management. Issueshalidnges evoked in the
literature review can be resolved to a large extsntemploying an activity or
process approach. Activity is one of the sources/adtie creation, which is the
ultimate goal of every organization.

Therefore, without indulging in managing multipleeasures, it is prudent to
aggregate elementary performance measures andptiesm in the form of a global
measure which we call “value measure”. Besidesviicts exposed to both external
and internal risks of different nature. Similargerformance measures, risk factors
can also be aggregated and be presented in theofaarglobal risk measure.

This is the essence of the thesis and this isgagon why we propose a (value-risk)-
based approach as a novel approach for perfornrranoagement, as detailed in the
subsequent Chapters.
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Chapter 4 Performance Measurement and Management
Tools and Techniques: Review and Selection

erformance management is a complex practice. Itoiscerned with the

identification of stakeholders’ expectations aneirthtransformation into

objectives and performance measures, employing these performance
measures to monitor and control progress as waglrggaring back-up action plans
in case of anomalies and so forth. In addition |@gpent of performance measures,
dissemination of these measures across the orgianizend audit of performance
measures add further complexity to the practice.

From the review of the performance measuremenesystit was concluded that
none of them answers to all these complexities.Samak links namely, objective-
driven PM derivations, their non-consolidation feerformance report simplicity,
non-consideration of PMs Interaction, absence sk management are identified in
the previous chapter. Hence, a performance managesystem is required to
manage these complexities in order to bridge tmeentigap to some extent between
requirements and practices concerning performance.

To this end, this chapter is committed to definehstequirements, elaborate a new
performance management system and determine thepagte tools and techniques
to help in fulfilling the identified requirements.

4.1 Requirements specification

After a thorough review of the current performanegasurement systems in the light
of contemporary performance issues, a list of meqoénts isproposed in order to
meet the PM challenges being faced by organizatibing list of requirements for an
ideal PMS is exhaustive, however, the current reteanarrows down the
requirement specifications to the critical few gnegich are described in the
following lines.

The list of requirements for the new performance naggment system
(PMS)includes:

* Value-focused PMS
The PMS should focus on value as a performance ureasstead of many
heterogeneous performance measures which areuttific deal with and often
surpass human cognitive limits when used in degisiaking context. Introduction
of value as a performance measure will signifigandimply performance
management in organizations.

* The PMS should be process-centered and not funotiented
The PMS should be process-centered instead ofitumcéntered. The advantage of
a process-centered PMS is that it could easilyuragioth the horizontal.é. flow of
entities in a business process) and vertical fierarchical orientation) aspects of an
organization. Moreover, it can be extended acragzadments and organizations
likely. It is then compatible with Activity-BasedadSting (ABC), a widely adopted
technique for process assessment.

* The PMS should manage risk in addition to perforoeameasurement
Organizations perform activities to create value $takeholders. However, these
activities are subject to uncertainty that couldadehem from achieving the desired
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objectives. So, the PMS should have integratedgolaes to tackle the uncertainty
residing in and around the process. In additiohrisks cannot be treated or are
almost impossible to eliminate. So, the PMS shdwdde the capability to sort out
risks and prioritize them for treatment as somisriake precedence over others.

 The PMS should have a built-in mechanism to agdee¢fae performance
measures and identify the interactions among tpes®rmance measures
The performance measures affecting performancenate-dimensional. Unless the
aggregation and interaction of these measureseafermed, the overall performance
of the organization cannot be accurately measuree.aggregation mechanism is to
limit performance measures (or reports) so theaiitnot pass the cognitive capability
of human being to interpret and manage all the oreas

* The PMS should have a decision system in place
Although a performance management system has $egls, as it has been pointed
out in section 2.5, the most important role whiblk turrent thesis is intended to
handle is its use for decision-making purpose. &loee, the new PM system should
have built-in decision making mechanisms.

Because performance management is a manager joall ntanagers are familiar or
comfortable with mathematics or complex theoridseréfore, the method should be
kept as simple as possible while not losing orilifina

» The PMS should be accurate and can be easily ingrited
A performance measurement system is an informasigsiem that collects and
provides information about a process or system amagers. Therefore, the tools
employed should collect and provide accurate in&iiom to the extent it claims to
be correct. In addition, the method or tool usedhe performance management
should be easily implemented, demanding less efiesburce and time.

The following sections discuss each of the requarisiin detail.

4.2 Value focused performance management

Value is what we care about. As such, it shouldtH® driving force behind the

actions we perform and the decisions we make. & dicision-making context,

values are principles used for evaluation of actuapotential consequences of an
action or inaction, of decisions and of proposeterabtives (Keeney, 1996).

Therefore, value is, for the most part, the ultenabd to which all the activities and
decisions of organizations are committed.

To develop value-based performance managementnsysteis required to define
the scope of value because the value literatuvass and pervades almost in every
field of study. Consequently, these fields defiaad in some cases measure, and
develop theories of value, but only from the pecsipe of their fields (Martinez,
2003), which in turn renders the concept more anotaig. So, the following section
is dedicated to briefly explain the concept of eahnd to define its limits for the
proposed performance management system.

4.2.1 Concept of value

“Value” is a polysemic term and therefore, like pdilysemic words, the clue to its
meaning is given by the context (Bourguignon, 20@®rspectives on value change
across different fields of study and even changaiwithe same field of study. For
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instance, in economics, value can either be “exgbaralue” or “usage value”. No
matter what perspective it adopts in differentdglof study, the concept always
refers to “value is what we care about”. The undeg ambiguity of the concept can
be attributed to the way it is approached.

Martinez (2003), after a thorough review of defons regarding value, defines
value as: the satisfaction and fulfillment of customer expgons, at the same time,

generating wealth for organizatiohsln other words,_value for an organization is
simply wealthwhile value for customers the satisfaction of their expectations on

fulfillment of their perception.However, the author’s perspective on value is &uohit

to customer and organization and ignores other itapo stakeholders in the value
circle.

In addition to the above definition of value, whidepicts an organizational and
global perspective, value can also be defined fpraguct or a service. AFNOR
standard (AFNOR 1991) defines value in the prodoatext asa judgment made on

product by users on the basis of their expectatiamsl motivations. More

specifically, value increases when customer saigfa increases or the incurred
cost on product decrease$his definition can be mathematically symbolizesl a
(Equation 4-1):

Satisfaction
Cost

In this definition, the presence of a triptych ofistomer-product-company is
formulated:the companymaterializes value into product or a servicén order to
satisfy acustomerby spending its resources (Ahmed and Yannou, 200Bis
perspective on value has been adopted in valueysimalalso called value
engineering). Value analysis perceives value as rfeximization of process
efficiency through the identification and elimirati of waste at the business process
level (Chatterjee, 1998). Lean initiative tools lsues Kaizen and value mapping
tools are used to support this approach (Womacklands, 2003).

Value = 4-1

Continuing the discussion on Equation 4-1, Yann88@) explains that satisfaction
to cost ratio definition of value is very genericdadoes not provide guidance to
evaluate value of a product. To answer the defigieMannou modifies the previous
definition by relating it to the functions of a pect (Equation 4-2).

Valuegiopar = Z I; X valeur;(function i) 4-2
function i
I; X S;;
s Cij
function i
Where,
I; Importance of a function

S;;  Satisfaction of function in scenarig
Cij Cost of function in scenarig

The concept of value in the management discipbneni extension of value in value
analysis, which considers also ambiguous objectaed value judgments in the
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definition of value (Neap and Celik, 1999). Howev8réchet and Desreumaux
(2001) state that in managemethére is no definition of value, but a plurality of
concepts, even plurality of tools or techniquesneasure a given concépt
Nevertheless, one finds various definitions andgesaof value in management
sciences (Ahmed and Yannou, 2003). In finance]utas to creation of wealth for
shareholders. Whereas in the marketing domaingvialuvhat the customer is ready
to pay for. Similarly, in human resource manageméntefers to the skills of
company employees. In design, as mentioned befatage is satisfying customers
by meeting product functions at low cost.

In brief, this is an environment with plurality efsions simply because value is
interpretable in different ways by different fieldé study. This interpretation as
explained earlier can be attributed to the coniexthich value is dealt with. The
current research retains the management view afevhkcause it includes a soft
thinking approach towards value: value judgmentsanbiguous objectives.

Furthermore, research work more often focuses oatwhlue is but very little
attention has been given on how value is createt fan whom it is created?
Therefore, before embarking on evaluating value st ask the questions: for
whom value should be created and how value camdaget?

To reply to the first question, Chazelet and Lh20€(l) envisage three visions:

1. The first school of thought asserts that the comes to create value to pay
the shareholders who took the risk to invest in ¢henpany (Bréchet and
Desreumaux, 2001).

2. The second school of thought advocates the creatfovalue for the
customer and the shareholder alike(Andeestogh., 2004).

3. The third vision urges the creation of value fok sthkeholders (Epstein
2003).

Today’s business environments favor the third sthaothought. However, all
stakeholders cannot be considered at the same (EVelzelet and Lhote, 2001;
Garenget al, 2005). So, it is up to the company to decidecwlstakeholders are
more important.

To answer the second question is not as simpleth#rit is important to understand
internal as well as external factors. It requiresiépth understanding from different
fields around business, strategy, operations anenh emore from customers.
However, for this research, which has a processpeetive, we establish that
activities and their coordination are the sourdestue creation.

The aim of the current research is not to provigew definition of value but to find
how the created value can be reified and measurdbei context of performance
measurement and management. To this end, objectesss to be determined in the
first place in order to explain the values of tteksholders in a given context.

4.2.2 Eliciting value via objectives modeling

“Value”, which is of concern in a given context, nsade explicit to stakeholders
through objectives. However, this requires long hadl thought to determine what
objectives reflect the value of the stakeholdees.this purpose, objectives should be
determined meticulously before proceeding to théueseevaluation. Inadequate
statement of objectives will lead to wrong perfono@ measures and in turn the

110



Chapter 4: PMM Tools and Techniques: Review and Selection

stakeholders’ expectations judgment process wili gé on the wrong foot.
Therefore, it is a must to model objectives witlestific rigor.

An objectives model is therefore used to facilitdite identification and structuring
of objectives in order to measure the level of @enance in any business process.
However, individual modeling methodologies focusrarily on the specific aspects
of process representation and measurement. For peanprocess modeling
methodologies provide a support for value analyssticularly in the Porter’s value
chain paradigm. However, few process modeling nuilugies (except CIMOSA)
model objectives or goals. Although the modelinghodologies assume that goals
or objectives are known to the modeler in advattoese goals or objectives are not
explicitly defined (Kueng and Kawalek, 1997; Neigard Churilov, 2004). Due to
this inadequacy on the part of process modelindhattiogies, it cannot be used to
model objectives of a business process.

Unlike process modeling, objectives modeling inisiean models are carried out
using well-established techniques, explored in fitsenework of “value focused

thinking” developed by Keeney (1996). As opposedtte traditional decision

making models, where the focus is often on altéreatevaluation, the value focused
thinking framework recognizes the need for clead atructured objectives to
approach value.

In brief, we believe that process modeling methogigs approach value through
activity modeling while decision-making approackesthis via objectives modeling.

The former uses an activity model as a supportveduate the value, whereas the
latter employs a decision model incorporating ajectives model for this purpose.

However, the real-world business is not split algngcess and decision modeling
lines and, still, the two approaches continue tokveeparately (Neiger and Churilov,
2003). Therefore, it is necessary to integrate tive domains and hence the
methodologies to provide an overall solution.

Building on the theory of value-focused thinkingeityer(2006) proposed a value-
focused process engineering model that creates kiekween business processes and
business objectives at the operational and stategel as illustrated in Figure 4-1.
The author defends the view that defining objestivathin the process-modeling
context would result in a more effective process éecision modeling tools.

Fundamental
objectives

¢ Constraint

has

Process Objectiveq

: Constraint
[ 1

Start
events

End
events

1

Figure 4-1: Value-focused process engineering (Neiggral,, 2006)
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4.2.1 Objectives modeling: Tools and techniques

Quantitative objectives models are motivated by rileed to translate qualitative
objective statements into quantitative statemenédso( called performance
criteria)which can be used to evaluate the impdcbusiness operations on its
objectives (Neigeat al, 2008). Quantitative objectives modeling can agied out
using methodologies such as value-focused thini#d) (Keeney, 1996), balanced
scorecards (Kaplan and Norton, 2000) and systerardigs (Sterman and Sterman,
2000). Unlike other models, the VFT framework pd®s an explicit and articulated
approach for objectives modeling and links it te tmulti-attribute utility theory.
Therefore, the current research prefers the VFmdmaork as a foundation for
objectives modeling.

Within the VFT framework, an objective ia ‘statement of something that one wants
to strive toward (Keeney, 1994). Keeney categorizes objectives fmnhdamental
and means objectives. The former concern the dratstlie decision-makers (DM)
value in a specific decision context, whereas il refer to the rhethods to
achieve fundamental objectives

In addition, for the VFT framework to align objeas, another useful technique
called Goal Question Metric (GQM) can be used tlifate the identification of
measures from objectives (Basili and Weiss, 19&&jlBet al, 1994). As opposed to
the bottom-upapproach, performance measures (called metritseimpproach) are
found using theop-downapproach. First goals are defined and then questoe
asked. Answers to the questions help in attaingr@ppmance measures for the goal.
The approach is detailed in the literature (Eusgfedd, 2008).

For the current dissertation, the VFT frameworke$ected for objectives modeling
since the framework makes explicit the value thihowdpjectives and then define
performance measures for the purpose of evaluafioa.following sections explain
the objectives modeling approach of the VFT framdwo

4.2.1.1 Identification of objectives

Identifying objectives is the fundamental and calistep towards value evaluation.
It requires significant creativity and hard thingiand therefore it is often helpful to
start discussion with decision-makers and stakesld

The first step in the identification of objectivesthin the VFT framework is to
identify the overall objective that characterizebe" reason for interest in the
decision situatioh(Keeney, 1996, p. 77). Fortunately, it is relativeasy to identify
the essence of the overall fundamental objectiveéhé production context, it could
be “improve delivery time” or “reduce time to markeHowever, fundamental
objectives and means objectives are comparativetyendifficult to identify.
Therefore, the process of objectives determinatiam be supplemented with tools
and techniques.

There are several tools and techniques that cantbedtimulate the identification of
possible objectives. Table 4-1 lists the technigtreg can be employed for the
determination of objectives. For more details, rieder is referred to (Keeney, 1996,
p. 57). In addition, in a multiple-stakeholdersgmerctive, objectives are determined
applying stakeholder analysis techniques such &views, questionnaires and
surveys (Jepsen and Eskerod, 2009; Paetell, 2010) to avoid conflict of interest.
Additionally, causal loop diagrams (Sterman, 2000137) or post-it diagrams in
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combination with qualitative maps (Santetsal, 2002) can foster creative thinking
and can generate possible objectives.

Table 4-1: Techniques for identifying objectives (Keeney, 1996)

. Develop a wish
list

What do you want? What do you value? What shouid
want?

YO

Identify What is a perfect alternative, a terrible altenetsome
alternatives reasonable alternatives? What is good or bad adzmit?
. Considel What is wrong or right with your organization? W

problems and
shortcomings

needs fixing?

. Predict

consequences

What has occurred that was good or bad? What r
occur that you care about?

Identify goals,
constraints and

What are your aspirations? What limitations areg@thon
you?

guidelines
. Consider What is each stakeholder’'s perspective?

different
perspectives

7. Determine What are your ultimate objectives? What are yolues
strategic that are absolutely fundamental?
objectives

8. Determine What objectives do you have for your customersy you
generic employees, your shareholders, yourself? What
objectives environmental, social, economic, or health andtgafe

objectives are important?

Continuing the discussion on the objectives idamifon process, once the overall
fundamental objective is identified, it can be lddl down into lower level
fundamental objectives, which represent the diffeidimensions or aspects of the
higher level objective. For example, for the oviei@hdamental objective “maximize
utility of the product development project”, lowebjectives such as “maximize
utility for sales operations” and “maximize utilifpr R&D” can be identified. To
facilitate the process, Keeney (1996, p. 79) suggd®e use of categories as for the
lower level fundamental objective “maximize utilityr sales operations”, the further
subset of fundamental objectives can be: “maximszées to customers” and
“maximize product superiority over rival productsSimilarly, for the objective
“maximize product superiority over rival productffie different possible aspects can
be: “increase reliability”, “decrease weight” aridc¢rease use time”.

Conversely to fundamental objectives, means ohljestaim to address the issue:
what causes the fundamental objective to be actii@eeney, 1994, p. 34). In the
running example, for the fundamental objective “m@xe product superiority over
rival products”, the means objectives can be: “tgvdight saving mode”, “use
second backup battery”. To drill drown further, @timeans objectives would appear
such as “use backup battery type X" “use backupebatr”.

So, means objectives not only provide a means Isot @eate alternative ways to
achieve the fundamental objectives. Once all objestare identified, they are then
structured in the next step.
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4.2.1.2 Structuring objectives

Fundamental objectives are structured intstract hierarchy(Keeney, 1996, p. 69—
71). The upper level refers to more general objestiwhile the lower levels
represent the characterization of higher-level cbjes and there should be at least
two lower-level objectives connected to one higleeel objective (Keeney, 1996, p.
98). The identification process is iterative. Upafentification of lower level
objectives, the higher level objectives need tadwgsed to avoid redundancy and
make sure that all important aspects of the higgnezl objectives are covered.

The relationship between the adjacent levels ofhtkans objectives is causak(a
lower level objective is a means or causal fada higher-level objective) (Keeney,
1996, p. 78). For example, in the running exanffaeyelop light saving mode” will
cause to “increase reliability” thus causing thedamental objective to be achieved.
Once all means objectives are identified, theythes structured as an objectives
network. Unlike the fundamental objectives hiergrahe means objectives network
does not need a minimum of two lower level objexdigince the latter does not form
the hierarchy.

To organize fundamental and means objectives, Glerard Reilly (2000)
summarize the techniques in Table 4-2.

Table 4-2: Hierarchies and Networks Construction (Clemen and Rigy, 2000)

Fundamental Objectives Means Objectives
To Move: Downward in the hierarchy: Away from fundamental
objectives:
Ask: “What do you mean by that?” “How could you sfe this?”
To Move: Upward in the hierarchy: Toward fundamental
objectives:
Ask: “Of what more general objective “Why is this important?”
is this?”

In situations where multiple stakeholders are imgd| Keeney (1994, p. 34)
suggests that the objectives are first structuoe@éch individual and then integrated
“into a common set of objectives”.

This whole methodology is illustrated with an exdnadopted from (Hurri, 2000,
pp. 31-32) as shown in Figure 4-2.
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Maximize utility of the Overall
product development fundamental
project objective
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Figure 4-2: Objectives hierarchy and objectives network (ldrri, 2000)
4.2.1.1 Eliciting performance measures

The generation of performance criteria is core he évaluation of processes or
alternatives. Often in practice, performance datdor measurement purpose are
defined using a bottom-up approach. However, thpg@ach is generally considered
problematic. Without the inclusion of context orjedives, it is usually unclear
which criterion should be selected and how it camlberpreted (Eusgeddial., 2008,

p. 39). Within the context of VFT, like with otharethodologies, objectives or goals
are defined at conceptual level and cannot be medsdirectly. To make them
operational, a performance criterion has to beneefi

In the VFT framework, the termattribute is used to refer to the criterion. It is
important to note that attributes are derived froine fundamental objectives
hierarchy as opposed to the network objectives,clwhare used to identify
alternatives to achieve the fundamental objectives.

An attributemeasures the degree to which an objective is aethiéKeeney, 1996).
Keeney defined three types of attributes: natuwrahstructed and proxy attributes.
Natural attributes are those that have a commaoergretation to everyone. For
example, if the objective is to “minimize cost”eththe corresponding attribute is
“cost in monetary terms and, hence, is a natutabate. Similarly, the objective
“reduce cycle time” could be measured with anlatitle such as “cycle time in time
units”.

However, if a natural attribute does not existt@eiems to have inappropriate built-
in value judgment as for the objective “maximizealify”, then there are two
possibilities: either use proxy or constructedladtes.

Constructed attributes are developed for a givemeo unlike natural attributes,
which are relevant to numerous contexts. A goodmgta of a constructed attribute
is the scale for severity and detection in the FM&éthod.
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Proxy attributes could be the last resort to opamatize an objective. For example,
the objective “maximize process quality” can be swad with “process yield".
Similarly, the objective “maximize process recov®lity” can be measured with the
proxy attribute “mean-time between failures (MTBF)”

Once all performance criteria are identified, itvgrthwhile to bring some structures
to the list of performance measures. The use ohpls tree, henceforth performance
measure tree or value tree, can be helpful in sirung all the performance measures
(Santoset al, 2002).

To conclude the discussion on the objectives modelt is worth to mention that the
VFT framework provides an explicitly articulateddasystematic approach for the
identification and structuring of objectives andkk them to multi-attribute utility
theory. However, we are not interested on how th& Yfamework can be used for
decision making because the current research refiesther multi-criteria decision
making techniques such as MACBETH and Choquet tatedhe reasons and
details of these techniques are discussed in $ebtié-or the purpose of objectives
modeling, materials are drawn from the VFT framdwdbr the proposed
performance management work and would try to impleinthe technique in a
process modeling context.

4.3 Process-centered performance management systems: Ol®
and techniques for modeling

Michael Hammer, who originated the idea of proasmstered organization
(Hammer, 1997), declares process centering to befitst and foremost shift in
perspective, an Escherian reversal of foregrourtiketkground, in which primary
(tasks) and secondary (processes) exchange plaieasmer’'s idea of process-
centered organization is in contrast to Adams Saiithea of labor specialization
where the focus is on tasks and not on processasuntér advocates the use of a
process-centric approach to minimize non-value ragidictivities while expanding
the boundaries of the system with ease. In additiom process-centered design of
organization, according to Indulskaal (2009), is generally seen as an appropriate
response to the increased economic pressure onizagans.

The idea of process-centered organization bringsh wit process-centered
measurement and management. Numerous authors &elwbeause of a process-
centric approach towards performance managemenrdr(étcal, 2010; Beamon,
1999; Chan and Qi, 2003; Folan and Browne, 2005yev]e2003;Kueng, 2000) for
the simple reason that performance managementaaepses instead of tasks or
functional departmentsi.€. functional silos) deconstructs inherent orgamoret
complexity and lets one to focus solely on acegt(Bandarat al, 2005). However,
the methodology to capture appropriate process laune for evaluation purpose
still needs to be standardized.

The core methodology for process-centered orgdaizais process modeling
(Vernadat, 1996; Indulska al, 2009), an approach to depict and illustratevthg

organizations conduct current or future processegdous levels of abstraction.
Process models, in their most basic form, typicdéyict in a graphical way at least
the activities, events/states and control flow doghat constitute the business
processes(Curtiet al, 1992). In addition, process models may also rjpma@te

information about involved data, organization/ITsearces and potentially other
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artifacts such as external stakeholders and peafiocen metrics (Scheer, 2000). This
idea is supported by Indulsiiaal (2009), who analyzed perceived benefits of the
process models where performance measurement isgatin® main ones.

Due to the growing importance of the process mailugiles, various business
process modeling languages have been developedhwale discussed briefly in the
following section in the context of performance ragement.

4.3.1 Business process modeling languages: Overview

Currently, numerous conceptual business proces®lngdanguages (BPMLs) are
available. To adequately describe a business ppoesmious process relevant
perspectivesg.g functional, behavioral, organizational and infatranal) must be
integrated into a process model (Cusdtsal, 1992; Vernadat, 1996). BPMLs differ
in the extent to which their constructs highlighese process perspectives. These
differences can be attributed largely to the donaaga targeted.

For process-oriented performance management, theriamt process perspectives
are functional, behavioral and organizational ofé® functional perspective refers
to activity modeling which is a must for any sintida-based process evaluation.
The behavioral perspective represents when pradessents are performed (such as
sequencing, temporal relation...) as well as aspetthow they are performed

though feedback loops, iterations, complex decisiaking conditions, entry and

exit criteria and so on. The organizational perspecepresents where and by whom
(i.e. which agents) the process elements are perforivede details about these

perspectives can be found in the literature (Cweti®l1992 and Vernadat, 196,

1999). Furthermore, in business process performareggement, some additional
information is required for the process models sashobjectives modeling, risk

inclusion, etc. in order to provide an overall $wo as far as the performance
management is concerned.

In the current dissertation, a few well-establisi&@MLs have been chosen for
review. The purpose is to select a BPML easily ca@ahensible and capable to
model a business process along with the requirtnmation with little effort for
value and risk assessment.

Furthermore, each BPML language is described usinginess process example of
order processing of manufacturing goods. The opdecessing process starts with
the arrival of an order. The company sales depantriieen checks the inventory to

verify if the required number of goods is availalte supply. Depending on the

inventory level, the order is either rejected, @ted, or modified. In the latter two

scenarios, the order is processed by dispatchiagytiods along with the invoice,

which marks the end of the business process.

4.3.1.1 CIMOSA

CIMOSA is open system reference architecture foterpmise modeling and
integration (ESPRIT Consortium AMICE, 1991; Vernada996). It provides a
modeling framework, also known as the CIMOSA cubee( Figure 4-3), which
structures the reference architecture into a gersend a partial modeling level, each
one supporting different views to develop a paléicenterprise architecture made of
models (Kosanke, 1995). The CIMOSA framework dedfirieur different views,
namely the function, information, resource and oigation views to build these
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models. However, this number of views is not lirtita and can be further expanded
if required (Vernadat, 1996).

Organization View
Resource View
Information View BN
)
Function View ?&""‘:&;\6“?:\\
9 &0
eé\%‘\ 00“
oec:\(\d;e\
LN
. . . X\
Generic Partial Particular e‘\&‘b“ o
Level Level Level & .Q\\°
AW
\“\chﬁ;\oéﬁ:\
Reference Particular
Architecture Architecture

Figure 4-3: CIMOSA cube (Vernadat, 1996)

The function view of CIMOSA deals with process migd&ssential constructs of the

function view are: event, domain, domain processsiriess process, enterprise
activity and functional operation. They are usedhtmlel enterprise functionality and

behavior.

CIMOSA uses a set of constructs to define the gmldnd decompose the enterprise
into manageable modules callddmains (DM). Each domain comprises a set of
core processes calleidmain processes (DRhat represent stand-alone processes of
the enterprise. Adomain processtan be decomposed into lower-level processes,
which are further decomposed into sub-processed, sm on employing the
functional decomposition principle. The root of ttuectional decomposition tree is

a domain process followed by intermediate nodekeddlusiness processes (BP)
down to the leaves which aemterprise activities (EA)This tree structure naturally
defines three types of constructs used to represgatprise functions as follows.

Domain processegthe roots) are triggered by events only whichfum, initiate
sequences of enterprise activities to realize tbsired enterprise behavior. The
process behavior is described in terms of behaules as defined in the reference
architecture.

Business processegintermediate nodes)a term coined by the CIMOSA
architecture, are similar to domain processes éxbap they cannot be triggered by
events but must be called on by a parent structué,their termination conditions
must be defined asnding statusesA process is a partially ordered set of steps,
business processes and/or enterprise activities.

Enterprise activities(the leaves) are elementary steps in a processy @ke the
locus of action and transform inputs into outpdisg resources. They can further be
decomposed into functional operations at the sysdesign level and assigned to
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resources called functional entities. CIMOSA fuactl entities are resources which
can receive, send, process and store informatiosgike, 1999). Figure 4-4 depicts
theorder processing business process model in CMOS

EA-3
s21
Cancel
g Order
Order EA-1 EA-2 522 EA-4 EA-7
Arrival_) Receive —  Check Accept Prepare
Order Inventory Order 51 EA-6 l% Goods
Modify
EA-5 Order
s23 | Request
Maodification EAZ
EA-8 s81
Cancel .
s52 Ord —> Dispatch
raer Order
EA-10
Close
Order
EA-9
—> Send
Invoice | s91

Figure 4-4. CIMOSA process model for the order processingxample

Simulation can be employed to analyze processteatesign specification level of
CIMOSA. However, it lacks the power to support mtoe level concepts such as
gueues, processing units or resource usage (Gatlaald 2003). Moreover,
simulation in CIMOSA is enabled through Petri Nétsnce inheriting the limitations
of this approach (Ryan and Heavey, 2006). It as&d the ability to model risk.

4.3.1.2 Integration Definition 3 method (IDEF3)

IDEF3 is a process capture and description methtlinmthe context of a specific
scenario (Mayeet al 1993). It provides two views: the process-cemtesiew and
the object-centered view. The process-centered vagptures the behavioral aspects
of a system by modeling the process sequence gihtemporal, causal and logical
relationships. The object-centered view modelsaibjand their changing states in a
given process or system.

The process-centered IDEF3 documents events, taetivi decisions and
relationships of a process in so-callédits of behavio(UOBSs), Junction boxesnd
Links as shown in Table 4-3. A UOB captures informati@garding activity,
function or decision in the process. It is depidigda rectangle with a unique label.
Links, represented by arrows, act as glue that @b OBs and junction boxes to
form representations of dynamic processes. Theyuaserl primarily to denote
relationships (such as temporal, logical, causatunal and conventional) among
UOBs in a process. Junction boxes provide a mesharib represent logical
branching and synchronization in the process. Gdlgerthere are three types of
junction boxesAND(&), OR (O) andExclusive ORX).

The AND junction box represents that all preceding adéisitconnected to this
junction box must be carried out. TI&R junction box indicates that at least one
activity of all the anterior activities connected this junction box must be
performed. Finally, theX junction box indicates that only one of all precedi
activities connected to this junction box can bdgrened.
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Table 4-3: IDEF3 process notation

Name Description Symbols
Unit of Represents an activity or a -
Behavior process uos
(UoB) |
Junction Specify logical branching of
boxes UOBs:
(Fan-In and Fan-Out) o & X

- XOR (labeled X)
- OR (labeled O)
- And (labeled &)

Links Represent thprecedeno_ >  precedence Link
relationships (or constraints) or
interactions - —--% Relational Linl

——pp Object Flow Link

Moreover, it is possible to includeeferentandNotesin IDEF3 models. A referent
is used to refer to either a previously defined Y@Btransfer control or to form
references between the processes and object sébenfatreferent can either be a
Call-and-Continue referenbr aCall-and-Wait referent A note allows annotating
additional information to a process.Figure 4-5 shidhe order processing example
modeled in IDEF3 notation.

From Figure 4-5, it is clear that the language ®El\suited to capture relevant
knowledge such as functional and behavioral aspg#cisprocess. However, it fails
to include the organizational aspects of the bssigocess. Furthermore, an IDEF3
model is simple to understand and can be comm@dczdsily to those who even do
not have enough process modeling knowledge. Additlp, risk and objective
modeling cannot be carried out clearly in the laggi
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Figure 4-5: IDEF3 Process model for the order processing ample
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4.3.1.3 ARIS event-driven process chains (EPC)

The Event-driven Process Chain (EPC) is a metheoeldped by Keller, Nuttgens
and Scheer within the framework of ARIS (Architeetdor Information Systems
(1992) to model business processes. The methodédms used in many business
process initiatives such as business process ressrmyig (BPR), enterprise resource
planning (ERP) and workflow management (WFM). Thaesponding tools include
ARIS ToolSet, SAP R/3 and Visio. EPC diagrams dbsgorocesses on the level of
their business logic and are targeted to be corepsshle and used by business
people (Van der Aalst, 1999).

An EPC diagram consists of the following elemesnction, Eventand Logical
connectors (AND, ORand XOR) Extended EPC include®rganizational unit,
Organization roleand Deliverable (see Table 4-4).

Table 4-4: Event-driven process chain (EPC) elements

Element Description Symbol

Functior Function is the basic building block of an

event driven process chain and used to mode
an activity (task, process step).

Function

the function is executed. It may correspond Event
to the post-condition of one function and &act
as a pre-condition of another function.

Event Describes the situations both before and afte

Logical Logical connectors connect functions and
connectors events and exist in three forms: AND, XO : @ @
and OR.

al unit

Organizationi{  Responsible for performance an activity. @

Figure 4-6 models the order processing businessepsoin EPC. Similar to IDEF3,
the language is rich enough to model functional &etiavioral aspects of the
process.

In addition to them, some organizational aspe@sa#so covered. However, it is a bit
complex compared to IDEF3 because every functiosaisdwiched between two
event constructs, which in turn requires more tamd space to model a process.

EPCs can model with precision the flow of actigtithat are associated with the
execution of tasks within a discrete event systelowever, the technique is not
capable to model the state of change or the comtrch discrete event system
(Ryanand and Heavey, 2006). Furthermore, it doeésmaulel either objectives or
risks in a process.
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Figure 4-6: EPC process model for the order processing ample
4.3.1.4 Business process modeling notation (BPMN)

BPMN is a recende factostandard graphical language supported by the ©bjec
Management Group (OMG, 2009) for capturing busimpeesesses, especially at the
level of domain analysis and high level system gtegDijkmanet al, 2008). The
basic idea behind BPMN is to provide a notationt tisa easily readable and
understandable for all business users. The notatiaws on elements from
previously proposed process modeling notationsudioy UML, IDEF, ebXML,
LOVeM, RossetaNet and even event-driven procesmish{®uehlen and Recker,
2008).
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BPMN is made up of a set of graphical elements usetktvelop process diagrams.
The complete BPMN specification defines 50 consgsrypdus attributes, grouped into
four basic categories, namely: flow objects, cotingcobjects, swimlanes and
artifacts as shown in Table 4-5.

Table 4-5: BPMN elements

Category

Construct

Description

Flow
objects

Even

Event is something that happe
during the course of a business
process. Three types of events,
based on when they affect the flo
are:start, intermediateandend(the
figures illustrated respectively).

W,

00

Activity

Activity is a generic term for work
that company performs. The type
of activities areTaskandsub-
processTheSub-process is
distinguished by a small “+” sign i
the bottom center of the shape.

(72

>

Task

Gatewa'

It is used to cctrol the sequence «
flows and determines the decisiof
as well as the forking, merging an
joining of paths.

NS

Connecting
objects

Sequenc
flow

It is used to show the order
which activities will be performed
in a process.

Message
flow

It shows the flow of messag
between two separate process
participants.

Associatiol

It is used to associate data, text .
other artifacts with flow objects.

Swimlane

Poo

A pool represents a participant it
process.

Lane

A lane is a su-partition within a
pool. Lanes are used to organize
activities.

Artifacts

Data objec

It is a mechanisrused to show hoy
data is required or produced by
activities and connected to activit
through associations.

Group

Group is used for documentation
and analysis purposes.

Annotation

Annotation is a mechanism for a
modeler to provide additional text
information for the reader of the
BPMN diagram.

‘,|:Text
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Figure 4-7 shows the order processing example reddelBPMN for the purpose of

illustration.
Cancel
.
Receive Check Accept '®
Order Inventory Order
Request
Modificat
ion
Cancel
Order
Dispatch
Order
Send

Invoice

Figure 4-7: BPMN process model for the order processing arple

Comment: BPMN provides a rich library of modelingnstructs but at the cost of
additional complexity. Muehlen and Recker (2008)raimed, using statistical
techniques, the use of BPMN elements in practiceaserved that most often four
core set constructs, namely task, sequence flant, estent and end event, are used in
practice. The empirical study shows very little lggggion of extended modeling
constructs of BPMN. Concerning notations to repnepeocess stakeholders, BPMN
makes use of pools and swimlanes. However, modelirdpjectives and risks is not
represented.

4.3.1.5 Petri nets

Petri nets (PN) are a formal mathematical moddimguage for specifying discrete

event systems in a formal and abstract way (P&866). Petri nets have both

graphical representation as well as mathematicatldbzation and are used to model
dynamic systems with static structure, which igeepnted by a Petri net, where the
dynamic behavior is captured by tokens moving aces$ of the PN (Peterson, 1981).
They can therefore be used to model business mes¢¥an Der Aalst, 1999).

Petri nets consist of two types of nodelscesandtransitions,connected by directed
arcs An arcruns from aplaceto atransition or vice-versa. In graphical notation,
placesare represented by circlgsansitionsby rectangles andrcs by arrows. To
model the dynamic behavior of the system, a PNainsta discrete number of marks
calledtokensthat reside in places and that move from placeldoe via transitions
following the arrows according to firing rules d¢fettoken game that govern the PN
behavior(Peterson, 1981; Murata, 1989). The stractf a PN remains fixed,
whereas tokens may change their position accotditige firing rules.

A Petri net characterizing the order processingrgta is shown in Figure 4-8. The
process is initiated with the arrival of a tokerpkice P1Receive ordgr As soon as
a token is in place P1, transition T1 fires and tihkeen moves to place P2, which
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represents the execution of ttleeck inventonactivity. The execution time of each
activity is not represented.

After check inventorythe token either moves to P3, P4 or P5 dependinghe
condition of the inventory. In the case the tokeoves to P3 or P7, which are sink
places, the process stops. Otherwise, the tokeiimoes its path until it arrives at the
sink place P11, which terminates the order pronggsiocess.

% P9: Dispatch order

P3: Cancel order goods

P1: Receive P2: Chec
order inventory

P7: Cancel order

Figure 4-8: Petri net process model for the order procesyy example

Comment: It has been shown that Petri nets can ds& Wo support process
simulation (Tuncel and Alpan, 2010) or be a modgltool to support activity
modeling for simulation in CIMOSA (Kosanke, 1999hey are capable of very
accurate modeling to represent a real-world sys(Ryan and Heavey, 2006).
However, modeling real-world systems using Petiisne very tedious and the
resulting networks are very large and complex nmdel addition, it is difficult for
non-expert to understand the logic of the modardfore making it difficult to use
PNs across the organization. Model developers gstem users cannot easily use
this formalism as a communication tool with regeodsystem operational issues. In
addition, OR-nodes (constructs used to split pmbeanches as in IDEF3) cannot be
easily represented in PNs and therefore businesegses are modeled differently as
it is the case in most of BPMLs. Finally, PNs dd doectly model objectives and
risks although they can be extended to model fataimce risk elements as shown by
Tuncel and Alpan (2010).

4.3.2 Evaluation of business process modeling languages

In this section, business process modeling langué@gEMLs) are evaluated against
notation elements and concepts required for pedon®a assessment of a business
process. Each assessment criterion consists af thpee signs (made of “+” or “-*).
The three signs mean that a certain BPML offerpexcific graphical notation to
symbolize a business process performance condept{t’ sign means a positive
match whereas the “-” sign signals the non-fulféimh of a specific performance
concept by BPML). Table 4-6 demonstrates the ptessépresentations of business
process concepts in terms of performance managemBRtMLS.
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Table 4-6: Evaluation of BPMLs

Functional | Behavioral | Organizati- | Risk Objective | Simple/

aspect aspect onal aspect | modeling| modeling | accurate
IDEF3 | +++ | U ++ L&J - -1+ - +++
CIM- ++ + Syn. | - -[+ - +
OSA
EPC +++ | Fn | ++ LG ++ | OU& | -/+ - ++

R

BPMN | +++ |Tsk | +++ | LG | ++ | P -1+ - +
Petri ++ | T |+ Syn. | - -1+ - +
Nets
Legends:
- Does not support the concept
+ Weakly supports the concept

++ Supports the concept
+++  Strongly supports the concept
-[+ Can be extendedé€. can be represented partially)

Abbreviations: U=UOB; L&J=Links and junctions; LGebic gates;
OU&R=0rganizational units and role; P= Pool, SynSynchronization; Tsk=Task;
Fn= Function; Tr.=Transition

Table 4-6 provides an overview of the business gescmodeling languages
(BPMLs) which can be used to model business presefss performance and risk
management. All the BPMLs can be used to integiatebut none of them has a
specific construct for risk modeling. Besides, chje modeling and performance
measure representation are not taken into accouahy of the reviewed BPMLs
except CIMOSA to some extent. However, the IDEF8himéque is simple to
implement, readily understandable by humans anelwiapplied in industry. Based
on these considerations, IDEF3 has been selected asiness process modeling
language in the current research. BPMN could haenlused as well.

4.4 Process-oriented risk management and risk-orientegrocess
management

A business process is a structured, measured saitiwities across time and space,
with a beginning, an end and clearly identified utg and outputs designed and
executed to create value for stakeholdéBmvenport, 1993). However, it may
encounter uncertain and unexpected events whicld arrail the achievement of
process objectives and, consequently, affect tbegss value. Moreover, it could
impact the image of the organization, its futurerkaet potential and long term
competitiveness. Hence, it is mandatory for theanization to identify and assess
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such events through risk management practicesrésepving the value created by
its processes.

Risk management has developed into a mature diseiph management and
decision sciences. However, risk issues are toaditly separated in these disciplines
from operational concerns of the business (Neigat, 2006) and risk is, in these
disciplines, typically characterized as the proligbof occurrence of loss or gain
multiplied by its respective magnitude. In the exttof business processes, risk
representation and analysis is linked directly e tndividual activities within a
process. Nevertheless, a sufficient link is misdetyween business processes and
guantitative risk models (Scott and Vessey, 2002)reover, process modeling
methodologies and risk management remain indep¢ideach other.

As mentioned previously, a process-oriented appreawards holistic performance
management is the only way out of the current perdmce quagmire. Additionally,

performance management without risk managementesningless. Therefore, one
must adapt process-oriented approaches to risk geament in conjunction with

performance measurement for the ease of use wdkng with the two disciplines

in an integrated fashion. For this purpose, effares afoot to incorporate risk into
process models so that process performance caetbarined in an over-arching
sense (Copeet al, 2010; Sienoet al, 2009; Neigest al, 2006). Moreover, the

rationale for adapting process modeling is to emdhk individual stages in the
overall risk management process to be both stredtand readily communicated
(Chapman, 2006, p. 107). However, linking risk mede process models is still in
its infancy.

This section reviews at a glance the risk managemenipline. It covers different
steps of risk management like context definitiask ridentification, analysis and
evaluation and risk treatment. In addition, thelppility, strengths and weaknesses
of the risk management techniques in the procestee®l perspective are discussed.

4.4.1 The concept of risk

Risk is a concern in almost every discipline sushfiaance, management and
decision sciences, physiology, medical sciences smdn. Each discipline has
different definitions and measures of risk (Rothisccand Stiglitz, 1971; Haim, 1977;

Kaplan and Garrick, 1981; Luce, 1980; Sarin and &/ehb993; Jia and Dyer, 1996;
Szeg0d, 2005; Aven, 2010). Therefore, Sienou(20894 risk as a highly polysemic
word, which carries different meanings in differefdmains of application. Some
typical definitions are:

1) The variance of return or the variability of futuralue of a position or portfolio
due to uncertain event in the finance domain (Aetzhal, 1999).

2) Uncertainty concerning loss in the insurance f{H&RIMA, 1994).

3) A possibility of unwanted event whose occurrencell wrigger some
consequences either positive or negative on progdivity in project
management discipline (Gourc, 2006).

4) In engineering context, it is often linked to theected loss (Verma and Verter,
2007).

5) In management domain, risk is a measure of thegmibty and severity of
adverse effects (Aven, 2010).
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6) Generally, risk is equal to the trip{6t, P;, C;), whereS; is thdth scenariop; is
the probability of the scenario, afdis the consequences of tlih scenarioj=
1, 2, 3...N (Kaplan and Garrick, 1981).
The common elements of all these definitions aveng(.e. initiation), uncertainty
and consequences. Uncertainty is usually translatedorobabilities for the purpose
of assessment while consequences are expressexdeiity terms. All these elements
can be formalized as follows in Equation 4-3 pragubby (Aven, 2010):

Risk = f(E, C, P) 4-3

Where,E represents the ever@the consequence of the evéhiand P shows the
probability of the event occurrence. The three terare rather sufficient to
characterize risk.

Additionally, risk has many variants in the risk magement literature such as
uncertainty, vulnerability, threat and hazard. ddfer to the same concept of risk.
Risk and uncertainty have been used interchangebbti representing unexpected
outcome (Raftery, 1993). However, some authors nzakkstinction between risk
and uncertainty because the former has quantifiatttdoutes whereas the latter has
not (Wynne, 1992). While for others, risk is the amare of uncertainty and the
consequences thereof. Similarly, vulnerability (Av&007) is used when one is
concerned about the consequences given that ahleagoccurred. Looking into the
future, the consequences are not known, therefataerability is understood as the
combination of consequences and the associatedtaimtg. However, Aven terms
vulnerability as an aspect of risk.

To conclude, risk is a term widely and loosely usethe literature like performance.
However, it is quantifiable and measurable usingesad tools and techniques that
have been developed so far, See for instance E&RO3L010, 2009). The following
section explains few of the well-known risk assemsimtechniques that can be
applied to assess risk in business processesh&quirpose of this research, we rely
on the ISO Guide 73:2009, which defines risk ase#fiect of uncertainty on
objectives, whereas an effect is a deviation froeneéxpected positive and negative.

4.4.2 Risk management process

A risk management process is a systematic apmitati management policies,
procedures and practices to the activities of comaoating, consulting, establishing
the context and identifying, analyzing evaluatitrgating, monitoring and reviewing
risk (ISO Guide 73: 2009). Its purpose is to safeduprocess value for the
stakeholders of the process. However, this proisessibject to internal as well as
external sources of risks, henceforth called rigktdrs, which lurk within and

outside an activity.

A risk management process forms a logical sequehstages necessary for a robust
approach to the implementation of risk managemeanariy organization for the
preservation of process value in the presenceskffaictors either external or internal
to the activity. These sequences of stages aresalthe same in all standards and
approaches developed so far for risk managemestigea (Chapman, 2006). The
overall risk management process is depicted inrEigeo.
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! I

-~ Establishing the context

> Risk identification

Risk analysis

Monitoring and review

D Risk evaluation

Communication and consultation

Risk treatment

I !

Figure 4-9: Risk management process (1ISO 31000:2009)

The risk standard divides the risk management gieo seven elements including
establishing the context, risk identification, riginhalysis, risk evaluation, risk
treatment, communication and consultation and mani and review.

The following sub-sections explain each of the stexcepestablishing the context,

which has already been covered in the businesegsanodeling section. Context is
about defining external and internal parametetsetoonsidered when managing risk
and setting the scope and risk criteria for th& nsmnagement policy (ISO Guide
73:2009). The remainder of the risk management ga®ds discussed in the
following sub-sections.

4.4.2.1 Risk assessmentprocess

Risk identification, analysis and evaluation ardemed together as the risk
assessment process. The purpose of risk asses@mnentet a stage for decision
making. The following sections briefly discuss eahthe steps involved in risk
assessment.

4.4.2.1.1 Risk identification

Next to establishing the context, comes the prooéssk identification in order to
determine risk profiles or risk register. According ISO 31000:2009, risk
identification comprises identification of risk tacs, events, their causes and their
potential consequences based on historical datgrehcal analysis and expert
opinions.

To facilitate risk identification, it is recommerdieo classify or categorize risk types
and then identify the potential risk factors forckeealassification and stakeholder
needs. Several schemes for classification are lges4 first scheme is based on the
nature of risk such as schedule risk, quality &sk so on. A second scheme can be
based on activityi.e. it could be external or internal to the activiBalah, 2005). In
addition, an objective-driven approach can be useddentify and classify risk
(Moeller, 2007). Table 4-7shows the classificatbdmisks after assimilating the risk
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taxonomy of many authors. The definitions of rigksTable 4-7 have been adapted
from the literature (Browning, 1998).

Table 4-7: Risk classification and definition

Risk Definition References

taxonomy

Schedule Schedule risk refers to the uncertainty in (Salah, 2005

risk ability of a process to achieve its objective | Browninget al,
within a span of time and the consequences| 2003; Larson and
thereof. Kusiak, 1996)

Financial Financial risk refers to the uncertainty of a | (Browninget al,
risk or cost | process to achieve its objective within the | 2003; Larson and
overrun given budget and the consequences thereof| Kusiak, 1996;
Remenyi and
Heafield, 1996;
Leong and Gay,
1993)

Quality risk | Quality risk is the uncertainty in thbility of a | (Caillaucet al,
process to achieve the technical requirementsl999; Leong and
of a product or service, or meet the quality | Gay, 1993)
criteria and the consequences thereof.

External External risk is the uncertainty in the inabil | (Caillaucet al.,
risk of a process to achieve process objective 1999; Larson and
because of uncontrollable external factors andkusiak, 1996;
the consequences thereof. Webb, 1996)

Once the classification of risks is carried oug thext step is their identification,

which can be performed by any of the two approackeserienced-based approach
and brainstorming-based approach (Royer, 2000hdrformer approach, risks are
identified while relying on previous experiences similar circumstances. In the

latter approach, risk identification is realizedaigh discussions and brainstorming
with risk team members and stakeholders. Howevesth bapproaches are

supplemented with risk identification tools and heiques so that risks are
determined effectively.

4.4.2.1.11 Risk analysis

The risk identification process leads to risk as@sly This process of risk analysis is
about to determine the nature and the level or ihadm of risk (ISO 31000: 2009)

where, the magnitude of risk is the combinationrisk consequences and their
likelihood. Additionally, risk analysis develops usal and consequence picture.
However, the causality determination depends onntle¢hod or technique to be
applied and how the results are to be used. Iroispeof the technique used, the
intent is always to describe risk either qualitelyvor quantitatively (Aven, 2008).

In qualitative analysis, the risk assessor is askedissign descriptions to the
probability and impact of each risk from a predetieed set of phrases. In
probability terms, the set of phrases can be: almedain, likely, possible, unlikely
and rare. Similarly, the impact is categorizedmguistic terms such as insignificant,
minor, moderate, major and catastrophic (Vose, R008Be risk level is then
determined using linguistic terms such as low (ipderate (M), high (H) and
extreme (E) (see Table 4-8). Besides that, cortsiiugsk attributes can be defined
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for each element of risk,e. probability and severity as it has been carriatlio
failure mode and effect analysis (FMEA) to analyiz& qualitatively.

Table 4-8: Qualitative risk assessment

Probabity — ___Impact .
Insignificant | Minor Moderate| Major | Sewv
Almost certain M H H
Likely M M H H
Possible L M M H
Unlikely L M M M H
Rare L M M H

In the quantitative approach, the risk model isutired around modeling the
variability (randomness) of the risk parameter, chhresults into a probability
distribution. Instead of expressing the entire phulity distribution of a parameter, it
is common to use a measure of central tendeineyexpectation, together with a
measure of variation such as standard deviatiquantile(Aven, 2008, p. 24).

4.4.2.1.111 Risk evaluation

The risk evaluation process compares the resultsskfanalysis with risk criteria
(i.e. a term of reference against which the signifieamt risk is evaluated) to
determine whether the risk is acceptable or tolerdBO 31000: 2009).

The principal reason of risk evaluation is to assiglecision making. Risk analysis
alone does not provide a sound base for decisidingas it simply presents a risk
picture or description. Therefore, to make risk agament a decision-making tool,
evaluation is mandatory.

To evaluate risk, it is common to use a hierarchgaals, criteria and requirements
(Aven, 2008). The whole process can be dividedtinéofollowing three stages:

A - Select criteria

Similar to performance criteria, risk criteria a@ntextual and can vary from project
to project. It represents the views, usually oftatprs, of how much risk is
acceptable (Zsidisin and Ritchie, 2008, p. 92)business process context, it can be
derived from the process objectives much the samg &as in value focused
performance management (explained in section 4Qjthermore, it should be
identified before risk analysis is carried out (Avend Vinnem, 2005).

B - Compare risks

To determine the significance of risk, the estirdaiek is compared against selected
risk evaluation criteria (Johnson, 2004).The puepiesto see whether the estimated
risk violates the criteria or surpasses the actdjttalimit or not.

C - Rankrisks

Risk ranking is to determine which risk is signdfit. The idea is to rank risks
according to their significance in order to primet risk management strategies and
measures and, subsequently, resources and effortsahaging risk (Mullai, 2009).
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Once all risks are evaluated, it is possible tleedevelop and present a detailed list
of risk management strategies and measures towddathe current level of risks.
The main risk management strategies are: avoideliro@iation, reduction, transfer
and acceptance (USCG, 2001). Risk management negasurcontrast to risk
management strategies, refers to a wide range tfauds, approaches or tools that
are employed for managing risk at a more operationgactical level (Zsidisin and
Ritchie, 2008).

To guide the risk management process, various taots techniques have been
developed. The following section presents somehefwell-known risk assessment
techniques.

4.4.2.2 Risk assessment techniques

This section presents a selection of techniqueshthee been developed to assess
risk in a given context. (Tixiet al, 2002) and (IS@EC31010:2009) present a
detailed review of these techniques. They havengths and weaknesses and are
aimed at different application domains. In the entrsection, well-known risk
assessment techniques are discussed in order dotHa one appropriate to the
process centric management.

4.4.2.2.1 Failure mode and effect analysis

Failure Mode and Effect Analysis (FMEA) is a tosled to identify potential failure
modes of a product or a process as well as thetefté the failure and to assess the
effects of the failures on the product functionalifTeoh and Case, 2004). In
addition, it has been adopted by the Internati@tahdards Organization (ISO) as a
tool for risk analysis.

A general FMEA structure of a manufacturing procissshown in Table 4-9Qwhere
the procedure is carried out as follows: a crossctional team analyses the
product/processdp0lin the table) to identify the failure moddsigh scrap within
the process/or product and a severity rating oisequenceq in the example) is
assigned to each failure mode. It is followed byedwining the potential causes
(Unstable procegs and effects of the identified failure modeDelay in
manufacturing. An occurrence rating —likelihood- is assigne@ach potential cause
while a detection rating in the range of 0 to 1@iimed at assessing the effect of the
cause % and 6 respectively A risk priority number (called RPN) is then aalited
to prioritize risk by multiplying the three parareet such as likelihood (P), severity
(C) and detection (D). This priority number in #seample is assessed as 150.

Table 4-9: Process FMEA example

Process| Failurg Causes Effects P C D RPN
mode

Op 01 High | Unstable Delay in 5 6 6 150
scrap | process| manufacturing

Furthermore, the traditional FMEA method is conédctising brainstorming (Teoh
and Case, 2005) where knowledge is captured amided into FMEA sheets. This
method has some drawbacks as the knowledge callétite way cannot be reused.
However, FMEA has been automated and the issuenoWledge reusability has
been addressed (Teoh and Case, 2004). Additiorthlyre are many variants of
FMEA such as cost-based FMEA (Hassamal, 2010) and failure mode, effects and
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criticality analysis (FMECA). FMECA is an extendaedethod of FMEA to rank
criticality in a failure mode based on severity gmabability of occurrence.

Remarks: FMEA gives a systematic overview of the importiilures in the system
and provide a good basis for more comprehensivatgative analysis. Moreover, it
forces the evaluator to identify the critical systeomponents; hence it plays an
important role in the reliability analysis of thgstem (Aven, 2008; Chen, 2007).
However, FMEA is not suitable for systems or preesswhere a single component
or activity does not cause the failure of the gystmit instead a chain of events or
activities lead to the failure of the system.

4.4.2.2.11 Fault tree analysis

Fault Tree Analysis (FTA) is a widely applied detive technique for identifying
and analyzing factors that can contribute to aifipdaundesired event called the top
event (Contini and Matuzas, 2011; I1SO: IEC 3101009. Causal factors are
deductively identified, organized in a logical maniand represented pictorially in a
tree diagram employing logical gates.

Each analyzed main even is connected to causat\gmits through any of the gates
such as AND-gate, OR-gate or INHIBIT-gate. An ANBtg indicates that all sub-
events occurrences are necessary to trigger the enant while in an OR-gate, only
one sub-event is sufficient to trigger the mainrgvelowever, for INHIBIT-gate the
condition mentioned in the oval shape needs taueih order to initiate the main
event. Table 4-10synthesizes the elements of FTA.

Table 4-10: Fault tree symbols

Name Descriptions Symbols

Top event The undesirable event.

The output event (above) occurs if all
AND-gate input events (below) occur.

The output event (above) occurs if|at
OR-gate least one of the input events (below)
occurs.

INHIBIT-gate true to trigger the main event in addition
to the cause stated in the sub-event.

_ Event at the lowest level in the fault tree
Basic event model.

—
//\
The condition noted in the oval has to|be @ B
O

FTA can be used both for qualitative and quantgatisk analysis. In the qualitative
case, FTA deals with methods for obtaining the malisets: minimal cut sets and
minimal paths. A cut set is a set of basic evahtspccurrence of which ensures that
the top event occurs. A cut set is minimal if iboat be reduced and still ensures the
occurrence of the top event.
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For simple fault trees, the minimal cut sets canlétrmined directly from the fault
tree. In most cases, it would be more convenienis® reliability block diagrams
(Rahmat and Jovanovic, 2009). However, for more glerfault trees, there is a
need of an algorithm. One such well-known compbgesed algorithm is MOCUS
(Purbat al, 2010).

In quantitative analysis, FTA comprises on one htwedevaluation of the probability
of the top event and on the other hand the studlyflolence regarding sensitivity and
the importance of events with regard to top evemios, 2007).

f—

OO

Figure 4-10: Fault tree diagram

Probability of the top event named A (cf. Figur&@); P(A) is:

P(A) = P(B) x P(C)
Whereas”(B) andP(C) are independent events and
P(B)is

P(B) = P(D) + P(E)
AndP(C) is

P(C) = P(F) X P(G)
Hence,P(A) is calculated as (Equation 4-4):

P(A) = P(D) x P(F) X P(G) + P(E) x P(F) x P(G) 4-4

Remarks: Fault tree analysis is used to measure over#l|(flsazard”) in a system
as well as the major risk factors that contribwehe top event. The technique is
easy to understand and simple to use. Moreovardées an assessor to understand
the system and, therefore, provides an insight thi structure of the system
(Rahmat and Jovanovic, 2009). However, FTA is mathiiicult for systems having

a huge number of events, levels and logical gad@so(nsawadwatana, 2003). In
addition, it gives a static picture of the faillsembinations that can cause the top
event. Another major drawback of the technique ishandling of common-mode
failures (Aven, 2008). So, the fault tree analyshnique is not a suitable candidate
for systems with dynamic properties.
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4.4.2.2.1ll Event tree analysis

Event Tree Analysis (ETA) is a graphical techniqised to represent the mutually
exclusive events following an initiating top ev¢f8O/IEC 31010:2009). It is often
coupled with bow-tie diagrams to study the consages of an initiating event
(Markowski and Kotynia, 2011). The technique mayulsed both qualitatively and
guantitatively.

Qualitative analysis in an event tree determines dhentual events of a possible
initiating event and, therefore, provides a pictofethe possible scenario (event
sequences). While in the quantitative analysistebbnique estimates the probability
of an outcome event (Mokhtatial, 2011).

An event tree analysis is carried out by askingialmer of questions whose answer
is either “yes” or “no”. It is common to pose thebch questions in such a way that
the desired answer is either up (yes) or down f{aothe entire branch questions.
This approach will lead to arrange the best scenatione end, and the worst
scenario at the other end (Aven, 2008). The braoestions can be divided into two
main categories:

1. Those related to physical phenomena such as #a&klwut, explosion

2. Those related to the barriers in the system sudinedigihting situations
ETA covers both these categories.
The next step in the analysis is to draw up a apnsece matrix which describes the
consequences arising from each terminating evemgraup of terminating events.
The consequences could be either specified by w@siitnged number, expected value
or by determining a probability distribution (Ave208).

The initiating event has a branching probabilitgd &ammmation of all probabilities at
a particular branch should be equal to 1 as destily Equation 4-5.

P(Event Occur) + P(Event does not occur) = 1 4-5

An event tree starts by selecting an initiatingrevEunctions and systems which are
in place to mitigate risks are then listed in ausege. For each system or function, a
line is drawn to represent their success or failuhdde assigning them conditional
probabilities. The total probability of each bran@tenario) is then calculated by
multiplying the probabilities of the sub-branch thie path. Figure 4-11 represents a
conventional event tree diagram.

P,
P, Sy = P xP,
Initiating o _p 1_p
event — 2= PLX(1—-Pp)
— I
p S3=(1—-Py) X P3x P,
3 P4_
L S, = (1-P)XP; x(1—-P)
1-P 1=k
— I
Ss= (1—-P)x (1—P
1—P3 5 ( 2) ( 3)

Figure 4-11: Sample of conventional event tree diagram (Ferdoesal, 2011)
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Remarks: The event tree analysis displays all possibleufed, identified and
guantified, from an initiating event. In additiahjs a useful technique to account for
timing and sequence of the risk events as wellhasdomino effect of the initial
event (Cozzamit al, 2005). It can be used at any stage of the {itdecof a product
or process. However, the technique fails to pro@deechanism for identification of
initiating event and is, hence, based on the assomghat all initiating events are
already listed. It does not account for delayedsss and recovery events.

4.4.2.2.1V Monte Carlo simulation

Monte Carlo simulation is a statistical techniqeed to evaluate uncertainties in a
process or system particularly in complex settimpere analytical methods fail to

deliver satisfactorily (Mun, 2006; Vose, 2008). ¢ealis to investigate stochastic
permutations of project/process uncertainties arabssign a stochastic value to each
uncertainty in the range of an upper and a lowenddRezaiet al.,2007).

The Monte Carlo simulation procedure is carriedinuhe following way

1. Define a distribution function for each uncertaintyvariable (based on past
history, expert opinion or intuition)
2. Determine a probability distribution for each vaia
3. Assign the variable to random number generatorl satected probability
distributions
4. Draw probable values of the variable for the delsmamber of simulations
for calculations
5. Draw the frequency diagram for obtained utilities
As per illustration, for a two-state component, tiptime and downtime are the two
variables to be determined. Uptime is sampled feorifetime distribution while
downtime from a repair time distribution.Tifrepresents the lifetime of a component,
then the probability distributidi(t) = P(t < T). The system states are computed
while simulating and are logged as time elapsesedtonate the probability of
downtime at a particular point in time, the modesimulated a number of times, say
n times. Fom simulations,P is the average value of realizations where theegyss
down. By increasing the number of simulatiansthe estimation error can be
reduced.

Remarks: With a Monte Carlo simulation model, the temporgpect is more easily
handled compared to the analytical techniques wtiere aspect is not often taken
into account. The Monte Carlo simulation model etleough requires, in general,
detailed input data. On the other hand, the oujom the model is very extensive
and informative.

The main disadvantage of the Monte Carlo simulatiechnique is the time and
effort required to develop and execute the simomatmodel. Moreover, with
complex Monte Carlo simulation models, it is difficto check if the program has
been written correctly and, therefore, if the resale sufficiently reliable(Wang and
Roush, 2000, p. 220).

4.4.2.2.V Larson and Kusiak’s risk assessment approach

Larson and Kusiak(1996) developed an IDEF3-bas#dassessment methodology
for concurrent engineering projects, which was rlateodified to include risk
treatment and decision making mechanisms(kdya, 2007). The authors have
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adapted traditional system reliability and risk emssnent concepts to the IDEF3
modeling technique.

As such, IDEF3 model path sets were used to idetiié operational scenarios in a
process. A path sei;(k =1,...K) in an IDEF3 model is the set of all units of
behavior that define a path from a source to aisirtke process model. To execute a
process, only one path set is taken at a time.dbfitian, the probability of the
scenario is determined by the branching probadslitof the stochastic fan-out
junction boxes in the corresponding path set. Faililo complete a process may
result from individual activities in the path s&herefore, risk factors are identified
and aggregated for each activity in the model. d¥erall risk is the summation of
all risks existing in a path set.

According to this approach, a project rigk resulting from scenario of events
Shaving a probability of occurrence (of evenksith impact or consequence is
defined by Equation 4-6:

R ={S,P,C} 4-6

Equation 4-6 defines the risk as a quantitativesmesmaderived from the likelihood of
the failure event and its consequence. The tecknigmploys the following
mathematical model (Equation 4-7) to calculateaierall risk of a process.€. path
set):

K
R= (PxCy A7
k=1
Where,
R Estimated risk of the whole process

P, Probability that path sétis taken in the process
Cy, Consequences of the failures in pathkset

Remarks: The Larson and Kusiak's risk assessment methodolisgyunlike
traditional risk management techniques, a novetaggh towards risk management
because the risk assessment is activity-basedmBtieodology is well-suited to the
process-based risk management because it drawd proeess modeling concepts
and couples it with risk management disciplineadidition, it forces the evaluator to
model the process before carrying out risk assessraed, therefore, helps to
establish and model the context in advance. Momedlkie same IDEF3 model can
also be used for value evaluation.

The main disadvantage of the approach is that eotigh preparation is needed
before proceeding to the risk assessment. Fopthigose, all the activities should be
known in advance and should be modeled. Furthernibee methodology has no
mechanism to identify risk and therefore need to coepled with other risk

assessment techniques for risk identification.

4.4.3 Comparison of risk assessment techniques

Table 4-11provides an assessment table for sedeatitool or a technique for risk
management in process context. The selection ieritsge based on the requirements
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of the process-oriented PMM system, which meanisalisiness process should be
risk aware and, hence, activity becomes the pofninterest whether it is for
performance assessment or risk assessment in gsteims. Details about these risk
assessment technigues can be found in (ISO IEQ:(32009).

Table 4-11: Synthesis of the comparison of risk assessméathniques

Risk Risk Risk Qualit. Quanti. | Process-| Simple/a
identif. | analysis | evalua- | analysis | analysis | centered | accurate
tion
FMEA SA SA SA SA NA A E/M.Ac.
Fault A A A A A NA M
Tree
Analysis
Event A A NA A A NA M
Tree
Analysis
Monte NA A SA NA SA SA D/Ac.
Carlo
Simula-
tion
IDEF3- | NA SA SA NA SA SA E/Ac.
L&K
Legends:

SA: Strongly applicable; NA: Not applicable; A: Apmable; E, M, D: Easy,
Moderate, Difficult; Ac., M.Ac.: Accurate, Moderdyeaccurate

From the review of the techniques, it is conclutlet only the Larson and Kusiak’s
approach is process-oriented. In addition, MonteldCeechnique can be used to
model and evaluate risk in a business process. WEwehe technique is not
compatible with process-oriented PM systems, wh&im to model risk and
objectives in one process configuration. To malkedksessment of both value and
risk simple, the only technique that can be employethe current scenario is the
Larson and Kusiak's risk assessment approach. Henvéve method has no built-in
mechanism for qualitative risk identification anssessment. Therefore, FMEA is
chosen as a technique for qualitative assessméhe ofsks and Larson and Kusiak’s
method is then employed to assess risk quantitgtivBhe following section
discusses in detail the Larson and Kusiak’s approac

4.4.4 Risk management model according to Larson and Kuska

The Larson and Kusiak’s risk assessment approagf6jlrelies on Kaplan and
Garrick (1981) definition of risk for risk charadtation, which describefin a
process to be the combination of the following paeters:Sis a scenario of a
problem,P is the likelihood of the scenario afids the consequence of the scenario
as formulated in Equation 4-8.

R ={S,P,C} 4-8

Equation 4-8defines risk as a quantitative meabased on two basic parameters:
the likelihood or probability of a risk event arftetconsequence thereof in a given
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scenario. The formulation of the overall risk inyagiven scenario from Equation
4-8is discussed in detail in the following sectiohbBe sections also discuss how the
IDEF3 modeling technique can be adapted to theasslessment process. Moreover,
to illustrate the different steps of the approaahhypothetical process has been
modeled in IDEF3 as shown in Figure 4-12.

o
[

Figure 4-12: IDEF3 model with 10 units of behaviour
4.4.4.1 The scenarios or path sets

As mentioned in the section 4.4.2.2.V , path se¢sused to identify operational
scenarios in a process whereas each scenario @ioteset is determined by
junction boxes (AND, OR and XOR) in the IDEF3 modeb determine path sets in
a given IDEF3 model, Larson and Kusiak propose mmathods. The first method
finds all possible path sets in the IDEF3 modelgbrocess. The second method
relies on a general set of customer requirements iaformation of the IDEF3
elaboration document. The objective is to elimindwe inferable path sets and the
corresponding process scenariag, only specific activities are assessed in the
model, hence, reducing the number of scenarioBuftirer risk assessment.

To illustrate the path set finding on the basighef first method, the IDEF3 model
ofFigure 4-12 is considered. All path sets stastrfrtUOB1 and end at UOB10. The
number of possible path sets and decision seis{@, b, c}) in Figure 4-12 in
between these UOBs depends on junction boxes itDtEE3 model. For a simple
process, it can be calculated manually. However, ldoge processes involving
multiple UOBS, the path set algorithm (Larson angigk, 1996b) can be applied to
identify all possible paths and decision sets. FFagure 4-12, possible path sets and
decision sets are identified and tabulated inT4HI@.

Table 4-12: Path sets for the IDEF3 model
k path set py

1,2,3,4,5,7,8,10
1,2,3,4,6,7,8,10
1,2,3,4,5,6,7,8,1
1,2,3,4,5,7,9,10
1,2,3,4,6,7,9,10
1,2,3,4,5,6,7,9,10

| U1 W DN PF
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4.4.4.2 Calculating the probability of a scenario

The probability of a scenario that results in acpss failurei(e. there is a failure in
the course of the process) is conditional on tleuwence of the corresponding path
sep,. The likelihood that a path sptis taken and has resulted in process failure is
calculated using Equation 4-9 :

P, = P.(pr) X ¥(px)

X 4-9
PNICAES!
k=1
Where,
P, Likelihood of scenario that results in a prociegisire
B-(px) Probability that the path spt is taken
Y(py) Probability of a process failure in a pathset
K Number of all possible path sets

4.4.4.3 Probability of a path set p,

The probability of taking a path spjsuch asP,. (py) is calculated using branching
probabilities of occurrences of UOB(P;) at fan-out junctions (Larson and Kusiak,
1996b). For the IDEF3 model of Figure 4-12, thebatality P; of occurrence of
UOB i through all fan-out junctions is summarized in [Bad-13.

Table 4-13: Probability of occurrence and successful ompletion of UOBs

UOBI probability of occurrenc®; | Probability of completiorR;
1 1 0.9
2 1 0.95
3 1 1

4 1 0.9
5 0.6 0.8
6 0.6 0.9
7 1 0.8t
8 0.t 1

9 0.5 0.9
10 1 0.9

The value ofR; represents the probability of successfully compiet UOB. It is
based on prior experience and performance datattarsdis somewhat subjective
(Larson and Kusiak, 1996a, p. 755).

To determine the probabilities of occurrences feltg &, X or O junction boxes,
the procedure is carried out in the following mamne

At an AND junction, because all the UOBs need topeeformed, therefore the
probability of occurrence of each UOB is equal to 1

At an XOR junction, the summation of all probalwi# of occurrences of the UOBs
is equal to 1 because only one of all the UOBs eoting to this junction box can be

140



Chapter 4: PMM Tools and Techniques: Review and Selection

performed. As an illustration, consider UOB8 and B®Ofrom Figure 4-12. Both
these UOBs perform exclusively. Therefore, probtds of occurrence of UOBS8
(Pg) and UOB9 P,) can be defined as in Equation 4-10:

Pg + Pg = 1 4‘10

If there aren UOBS, then the aggregate probability will be egoadl.

However, at an OR junction box, the probability)(8 unconditional and is
calculated differently (Larson and Kusiak, 1996lf).the number of UOBs
connecting to this junction box (N) is greater ti2athen there are'? combinations
of UOBs. Let us assume that Cj is the set contgibi®Bs in combination j and M is
the total number of all possible combinations tthesprobability of performing only
UOBs in a combination B.(C;),is calculated from Bayes’ formula in Equation4-11.

HVL'EC]' Pl X HvieCj(l - Pl)

—x — 4-11
1 (1 =pP)

Pr(G) =

Where,j =1,2,..,M

In Figure 4-12, ifC, refers to only UOB 5C, refers to only UOB6 an@; refers to
both UOB5 and UOB6 connected by an OR junction libgn the probability of
occurrence between UOB5 and UOB 6 at the OR junatam be calculated as:

0.6 x (1 — 0.6)
P =T axoa ~ 02857
0.6 x (1 — 0.6)
6= T (0ax0a) 287
0.6 X 0.6
Pse =T (0axo0a) - 04286

Hence, the probability of a path 9&tP.(p, ), can be calculated by multiplying the
probabilities of occurrences all along the pathiset

B.(P;) = Py X P, X P3 X P, X Ps X P; X Pg X Py
B.(P;)=1Xx1x1x1x0.2857%x1x0.5x1=0.1428
B.(P,) = P; X P, X P; X P, X Pg X P; X Pg X Py
B.(P,) =1x1x1x1x0.2857x1x0.5x1=0.1428
P.(P3) = Py X Py X Py X Py X Psg X P; X Pg X Py
P.(P;) =1%x1x1x1x04286%x1x0.5x1=0.214

Probabilities of the remaining path sete, B.(P;) withi = 3 to 6 can be calculated
in the same way. The probability of all path sgtswith k = 1 to 6 should be equal
to 1 as shown in Equation 4-12.

6 4-12
Y hwo=1
k=1
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4.4.4.4 Probability of system failure in a path set p

The probability of a system failure in a path gefcalledW(py)) is intended to be an
aggregate measure (Larson and Kusiak, 1996). llpjtitne success probability of
individual UOB i (R) is estimated or assessed. However, determinirgg th
guantitative measure for the reliability of a pat in the concurrent process is
challenging and very little research has been domieis area. Consequently, system
reliability calculation is performed using a sultjee approach (Larson and Kusiak,
1996).

Once all probabilities oR; are known, then the probability of a system failur a
path set pk¥(pk)) is calculated by subtractiiy from 1 as shown in Equation 4-13:

Y(p) =1- 1_[ R; 4-13

Vepg

The success probability of UGER) from the IDEF3 model is shown in Table 4-13.
As an illustration, the probability of a processuie in a path sep, is¥(pk) and is
calculated as follows:

W(P) =1—(0.9x0.95x1x 0.9 X 0.80 X 0.85 x 1 x 0.90)
1—(0.471) = 0.529

Similarly, the probabilities of a process failure (py) are calculated for the rest of
the path setpy,. Hence, the likelihood of a path set that resulta system failuré®

is calculated by multiplying the probabilities ihet path se®, (P.(px)) and the
failure probability of path s& (W (pk)) ) as shown in Table 4-14.

From Table 4-15 the expected likelihood of a scertduat results in a system failure
is equal to 0.555 and the path #has the highest likelihood of a scenario that
results in a system failure at 0.132.

Table 4-14: Scenario probabilities for all path sets

Py, P-(px) Y (@) P-(pi) X Y (pr)

1 0.143 0.529 0.076
2 0.14: 0.47 0.067

3 0.214 0.576 0.123
4 0.143 0.576 0.082
5 0.143 0.523 0.075
6 0.21¢ 0.61¢ 0.13:

Total 1 - 0.555

4.4.4.5 Calculating the consequence of a scenario

The consequence of a path set represents the veegatiact or outcome when the
path set fails to deliver the associated objectilreserms of utility, the consequence
is the utility difference between the outcome draltarget of the scenario.
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Consequences can be of diverse nature dependinigeotype of business process
and the associated process objectives. Typical ecuesices in business
environments could be poor product quality, procdsiay and cost exceeding the
limit. Also, the consequence can be in the forma abnstant or a function of path set
pk. In the former case, it could be a constanhenform of a penalty for not meeting
the specifications of the product or process. Hawein the latter case, it can be a
function of time such as $100 per day for not aglivg the product at the agreed
upon date. Let us assume that a due date is estathlfor the business process of the
IDEF3 model. If the final plan fails to satisfy thoduct requirements, a 15 day
delay may result. Since the probabilities of pa#tssthat fail to successfully
complete have already been calculated, therefereisk of the path sets that results
in a process failure can then be calculated ugiegrisk measurement model that
follows.

4.4 4.6 Risk measurement model

Once the likelihood of the scenario and the consege thereof are determined, the
business process risk is then calculated using tieoué-14:

K
R= E(Pk % C) 4-14
k=1

WhereR models the expected risk magnitude of a businesseps. For the IDEF3
model of shown in Figure 4-12, a path set oversl is the multiplication oP;, with
the impact (15 days in this case). Similarly, tiek for each path set is calculated
and the total risk of the IDEF3 model (cf. Figur&2) is then the summation of risks
occurring in each path set of the model as showiralsle 4-15.

Table 4-15: Calculation of process risk for the IDEF3 mdel of Figure 4-12

k Py Cx Py X Cy,

1 0.076 15 1.135
2 0.067 15 1.009
3 0.12: 15 1.84¢

4 0.082 15 1.236
5 0.075 15 1.122
6 0.132 15 1.986
Total 0.55¢ - 8.337

In brief, the risk assessment methodology basetheiDEF3 model developed by
Larson and Kusiak(1996a; 1996b) provides a usejuhdation to calculate risk
guantitatively in any process-oriented setup.

4.5Performance measure prioritization and aggregation: Tools
and techniques

Having identified the tools and techniques to arelgnd evaluate business processes
and to obtain sets of performance measures onatis bf value-focused objectives
modeling, the next step is to determine which & tYarious techniques used in
decision analysis are the most appropriate to ifger and aggregate the pre-
determined performance measures. This step is tamgorin the sense that
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elementary performance measures obtained from gsoagalysis do not provide
enough insight in the decision-making context. Efane, it is always desirable to
choose the right multiple evaluation criteria tecjue in order to facilitate the
selection of the preferred alternative based ogt afsconflicting criteria. This sort of
problem typically falls in the field of multiple iberia decision analysis.

Decision analysis is crucial to performance managemHowever, the decision
analysis emerged as a discipline separate from peérormance management
discipline. As the latter is multi-dimensional aitdis very likely that the set of
performance measures in a performance managemstgnsywill be made of
heterogeneous performance measures which cannotdoeed easily to a single
dimension. Furthermore, performance measures ¢fégpen to be conflicting. In
addition to the heterogeneity and conflicting natwf performance criteria in a
typical performance management system, one is oftamfronted with several
alternatives to achieve the business process amgectSuch a situation demands
multi-criteria decision analysis in the framewoflkperformance management system
in order to enhance the ability of an assessorctocansistently and reduce his
cognitive load.

4.5.1 Multiple criteria decision making (MCDM)

“The field of multiple criteria decision making cenas the design of mathematical
and computational tools to support the subjectival@ation of a finite number of
decision alternatives under a finite number of parfance criteria by a decision
maket (Lootsma, 1999). So, a typical decision problenidunded on three pillars:
the potential actions (alternatives), the perforoeacriteria and the modeling of one
or several preference systems (Zopounidis, 2010).

Therefore, a decision process in the context of MC®Bould be to define a set of
alternativegx"} whereh = 0 to m and a set of performance critdtig,i = 1 ton.
The assessor’s task then is to judge the perforenaheach alternativgc"} under
performance criteriom; and to determine the relative importance of th&ga to
arrive at a global judgment. The ideal alternaissz¢he one which outranks all the
others under each of the performance criterion. &@r, in MCDM, such alternative
generally does not exist (Ravindran, 2008).

Numerous MCDM techniques have been developed dinee60’s to deal with
multiple criteria problems (Edwardst al, 2007, chap. 2). Their suitability in the
context of PMM needs to be investigated. To thid, endecision problem regarding
performance management is formulated and then varfldCDM techniques are
studied to identify their appropriateness for tkeeision problem in question.

4.5.2 Multiple criteria decision making techniques

In this section, different MCDM techniques are esved for the following
generalized decision problem (Equation 4-15):

V(X) = F(v(xq),v(X3), ..., v(x,)) 4-15

Where,
x € X Represents a performance measure of set
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v(x) Is a utility/value function of a performance measu
V(X) Is an overall utility function for the s&t
F Is an aggregation operator (or aggregation fungtio

So, the decision problem is to find a techniqueab#s of constructing the utility

functions (or value functions) as well as an agatieg operator. Additionally, the

inter-criteria interaction should also be takeroiatcount as it is often the case in
real-world problems. For details about inter-ci#einteractions in the aggregation
mechanism, the interested reader is referred toyi(&izkan and Ruan, 2010;

Narukawa, 2010; Clivillet al, 2007).

4.5.3 Multiple criteria decision-making techniques review

To respond to the decision problem formulated idEpn 4-14, a whole range of
multi-criteria techniques are reviewed and filtemd as shown in Figure 4-13. For
this purpose, several classification criteria sashthe number of alternatives in a
decision problem, the consequences of a decisiah rmany other criteria are

identified. These classification criteria (preciseith arrows in Figure 4-13) help to

narrow down the choice of the MCDM techniques far tlecision problem.

Multiple Criteria Methods

infinite alternatives, not - .
' Finite alternatives, known at advance
known at advance

| |

Multiple Obijective Multiple Criteria
Decision Making Decision Making
Uncertainty| Certainty
Y
Multiple Attribute Utility Multiple Attribute Value
Function Function
Analytical
Hierarchy Process|| SMART MACBETH ez
(AHP) Integral Model

Figure 4-13: Classification of multi-criteria methods

Generally, multi-criteria methods are classifiedtba basis of alternatives into two
broad categories: multi-criteria selection probleand multiple criteria mathematical
programming (also known as multiple-objective decis making or vector
optimization). The former category focuses on g@&lgcthe best or preferred
alternative from a finite set of alternatives, whiare usually known a priori.
Whereas the latter deals with the decision problermen the possible number of
alternatives is high (theoretically infinite) andl alternatives are not known in
advance (Ravindran, 2008, chap. 5). For the detigimblem understudy, the
problem falls into the former category because rlienbers of alternatives for
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business process assessment are finite, whicheeasitentified in the second phase
of the performance management (dealt in sectior2 5.2

Multipleattribute decision making models can furthe divided on the basis of
consequences of the decision or action (AnandaHerdth, 2009). If the assessor
can predict the consequences of an action or decigith certainty, then the

problem is categorized as decision making undeaicgy. Otherwise, the problem
falls into the category of decision making undecentainty. Multi-attribute value

theory model (MAVT) belongs to the former categavhile the latter category

includes Multi-Attribute utility theory models (MAUD (Greco, 2004). This

distinction is arbitrary and was made by Keeney Raidfa(1976) in their pioneering

book on the use of utility theory in decision-makin

Since the effects of performance measures on glpbdbrmance of a business
process is known to the assessor in advance, tmer#ie problem understudy is
related to the category under certaingy multi-attribute value model. Now, we are
left with multiple attribute value function modedsited to the problems of certainty.

The known multi-attribute value function models anelti-attribute value function
models developed by Keeney and Raifa (1976; 1998)lae Simple Multi-Attribute
Rating Techniques (SMART) developed by Von Winteifeand Edwards (2007,
1994), which respectively use non-numerical (bisectmethod) techniques and
direct numerical (direct rating) to build an intetwalue scale (Farquhar and Keller,
1989). However, both these techniques, accordifgatquhar and Keller, require an
assessor to perform extensive cognitive tasks lagr@fiore prove to be substantively
meaningless (Greco, 2004, p. 410).

Additionally, the AHP technique (Saaty, 1990) ister well-known multi-attribute
value model. Due to its simplicity and power, thelFAhas found ready acceptance
by academia and practitioners alike, and has léi3 twidespread use across multiple
domains (Bhushan and Rai, 2004). However, the Aélihot be considered for the
decision problem because of several reasons:

* The AHP method is not consistent with the objedtineodel of the VFT
framework. The former violates the principle ofraiehical composition —
the requirement that the evaluation criteria bepahdent of the alternatives
considered.

* The issue of rank reversal that exists in AHP 3ger, 1990), which is
regarded as inconsistent with rational decisioningakDodgsoret al,

20009).

» Determinations of performance expressions and weigtitation
mechanisms are carried out independently and areftire inconsistent
(Clivillé, 2004).

» Similar to SMART and Keeney and Raifa model, AHRIs0 a pure additive
model and, as a consequence is not appropriatedgroblem in question.

In response to the inefficiencies on the part ef élbove mentioned multi-attribute
value function techniques; MACBETH was developear® e Costat al, 2003;
Bana e Costa and Vansnick, 1994). The main advardbGiyJACBETH over AHP is
its consistency judgment because the latter ldo&scondition of order preservation
which is necessary in decision-making (Bana e Castd Vansnick, 2008).
However, the method relies on the weighted aritiematan, which is not consistent
with the current research requirement. Garbish laadgreuche (2009) recommend
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using MACBETH for value function constructions attten propose to use the
Choquet Integral (Cl) to model the criteria intdi@s, which is missing in all the
other MCDA methods.

To conclude, both MACBETH and CI are used to maa® resolve the problem of
decision making in the context of PMMS.

4.5.4 MACBETH

MACBETH (Measuring Attractiveness by a CategoriBased Evaluation
TecHnique) is an interactive multi-criteria decrsianalysis approach developed in
the mid 1990's by Bana e Costa and Vansnick(20@®71 1994). The method
enables the construction of value functions andyhtsi with the weighted sum in a
meaningful sense of measurement and preferencedbhd&rabisch and Labreuche,
2009).

The strength of MACBETH lies in its structured apgech towards information
solicitation and its transformation into a valuedtion employing principles of the
theory of measurement. The transformation of otdimf@rmation {.e. preference)
into cardinal iie. strength of preference) to build a value funcffimtierval scale) is
carried out to analyze and evaluate different amref actions (options in
MACBETH jargon) (Bana e Costt al, 2003). This way of information handling is
quite natural to decision-makers in contrast taitranal additive value models,
which require rich information concerning the demsmaker preference in order to
produce mathematically significant results (Bar2ostaet al, 2005).

4.5.4.1 MACBETH procedure

To proceed with MACBETH, (Clivilléet al 2007) identify four steps to deal with
decision-making problems in the context of PMM. Taer steps are as follows (cf.
Figure4-14):

Step 1. Context definition

Step 2.  Determination of performance expressions vectors
Step 3.  Weight elicitation

Step 4.  Aggregation

In the following sections, each of these stepx@agned in detail.

4.5.4.1.1 Context definition (Step 1)

Typical to decision-making processes, the MACBETHcedure is used to define a
decision context. In the decision context, setgltdrnatives or courses of actions
(calledoptionsin MACBETH) and criteria to evaluate each alteiveire defined.

For instance, let X be a finite set of alternatithat a decision-maker wants to
evaluate or compare in terms of their relativeaativenessi.e. value or desirability
(Bana e Costa and Vansnick, 1997) on the basismiscriteria or attributes.§.
performance criteria).

Alternative set= { a;,a,, ...a;}
Criterion setC = {c;, ¢y, ... Cp}
Then scenarios for evaluations become:
Sy ={x}x}, .. x}}, S, = {x2,x2,..x2},5; = {x3,x3, ...x3} and so on.
Wherex), represents the partial score of a criteridn a scenario.
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In the framework of the current research, theserrtives and performance
measures (or criteria) are defined in the precedsage of the performance
measurement and management process.

1: Context definition

Step 2: Performance expressik‘ls Step 3: weight determinations

3a: Judgment/Criteria

2a: Judgment/Situations

Suggestions

2b: Expressions of the 3b: WAM weights
elementary performance determination

4: Expression of the Global
Performance

Figure4-14: The MACBETH procedure (Clivilléet al, 2007)

In addition to the set of scenarios, two fictiversarios are introduced. The scenario
“good refers to the ideal scenario, whereas scenarieutral refers to the
unacceptable or neutral one. Both scenarios am aseeference points and ensure
commensurability between heterogeneous performaxessions.

4.5.4.1.11 Determination of performance expressions (Step 2)

The power of MACBETH is that the utility or valuarfctionsu; or v; are determined
simply by means of questions regarding elemen®. dfo determine the value functions,
first some preferential information about elemenftalternative sets for a given criterion

is gathered. The preferential information is of twges: ordinal information (DM’s
preference) and cardinal information (DM’s strength preference) represented on an
interval scale.

Decision maker’s preference (Step 2a)

To obtain the decision maker’s preference about @gnthe two alternatives or options, a
guestion is asked whose formulation uses only tiements i.e. criteria) of seX, similar to
AHP pair-wise comparison, at a time.

Questiong); are asked from decision maker:

Q+: Is one of the two elements more attractive ti@nather? If yes, then
Q,: Which of the two elements is the most attractive?

The information obtained can be in the form of,dagiven criterion:

1. ScenarioS* is attractive compared to scenafib, mathematically this
preference is written & > S?

2. ScenariaS* is not attractive compared to scenaffoand vice versa,e.
Sk=g1

3. ScenarioS* and scenariaS' are not comparable in terms of their
attractiveness.
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In the performance context, the value functibns a performancg. Therefore; the
above information can be rewritten as follows:

Sk > Sl e pk> pt

Sk — Sl PN Pk — Pl
Decision maker’s strength of preference (Step 2b)
To elicit information about the preferences of tleeision maker, the next step is to
transform ordinal informationi.é. simply ranking of options by order of preference
with no degree of preference) into cardinal infotiova or interval scale. In this step,
the decision maker gives more knowledge about theparison between the
considered options. To characterize his level ofngith about alternatives for a
particular criterion, seven semantic categorieslitierence of attractiveneds are
the difference of attractiveness™can take the following seven values as tabulated
in theTable 4-16.

Table 4-16: MACBETH verbal scale
Numerical Value

Description
Null

Very weal
Weak
Moderate
Strong
Very strong
Extreme
The ordinal information or simply value judgment® dransformed into interval
scale relying on the second step of questioninggatore.

Q;: How do you judge the difference of attractivendmtween two elements
x and y?

The answer could take any value from Table 4-17ckvis in the range of 0 to 6 or a
succession of these (in case of disagreement teavailable scale). Here, the
preferential information is numerically represeniegl value functioW;: X — R.

SIS IR LS

For example, the decision maker prefgfs> S & P¥ > Pl= h «, whereh is the
numerical value between 0 and 6 wheteis a coefficient necessary to meet the
condition: P¥ remains in the intervdl0, 1] or [0,100] depending on the choice of
the decision maker.

The results of these steps are a set of commeasetatnentary performance
expressions or value functions for each performaniterion in each alternative.

4.5.4.1.11 Weight elicitation (Step 3)

Like all multi-attribute measurement techniquess MACBETH tool provides a

mechanism for weight determination of criteria. gfaielicitation is used to provide
relative importance to one criterion over anothee m the decision making context.
MACBETH comprises the SWING method (Winterfeldt al, 1986) and the

TRADE-OFF method elements (Keeney and Raiffa, 18&3)eight elicitation.

Weight elicitation for a performance expressioraifMACBETH procedure begins
by constructing two hypothetical scenar®fand SY, whereS? represents the best
scenario, presenting the best performance in #érr, whereass" indicates the

worst scenario having worst performance in all ¢basidered criteria. To represent
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them mathematically, a vector of performance exgoesfor the best scenario would
then be(1,..1,...1)and (0, ...0, ...0), corresponding to best and worst scenario
respectively. The aggregated performance can bele&éd using Equation 4-16:

pagg-h — w ph 4+ wipl ... w,ph 4-16

However,w; is unknown in the equation. To simply solve thsetsgn of equations,
the authors of the MACBETH method propose to carsalvector of performance
expressions which cancels all performance expnesséxcept one which carries a
value of 1,i.e. (0,..,1,0,...,0). It implies that the aggregated performance
expression is simply reduced ﬂd\:g = w;. Here,P}\g is the aggregated performance
from the vector of performancp; carrying value 1 and all other performance
expressiong, = 0 with g = 1 ton and g # i.(Clivilleet al, 2007).

For the aggregation of performance expressions, one needsumbers of weights.
For this, the approach requiras mathematical expressions as it is the case for
solving the system of equations. To approach theblpm, MACBETH suggests a
pair-wise comparison between two characteristioasibns. As a result of this
comparison, we will have systems of equations similar to Equation 4-17:

Pag — Py = ha = w; — w, 4-17
andy,w; =1
Where,
h Strength of preference (can take value from Qto 6

a Coefficient to meet the conditiqrf € [0, 1]
4.5.4.1.1V Aggregation of performance expressions (Step 4)

Once all the elementary performance expressionsidemtified along with their
corresponding weights, it is now possible to mowet@ the aggregation step. In a
decision-making context, aggregation is usually leygd to fuse the degree of
satisfaction of all criteria in any alternative wrder to obtain a value that
corresponds to a global degree of satisfactionuykéwa, 2010).

For any given scenario notes¥, the aggregated value is obtained using Equation
4-18:

SK: wy X pX+ - w; X pX 4 - wy, X pK 4-18

4.5.5 Choquet Integral (Cl)

So far, the thesis has discussed multi-criterishoas which were based on additive
measures. This implies that the measure of a skeéisummation of the measures of
the elements. Thus, no interaction among the elesnweith respect to the measure is
considered. To aggregate the elements of the leetweighted arithmetic mean is
employed as it is the case in almost all MCDM mdthoHowever, in many
decision-making contexts, additive measures cammodel the preference of an
assessor (Grabisch and Labreuche, 2008; Modave Guadbisch, 1998) and,
therefore, fuzzy measures, as named by Sugeno(1889)needed to account for
interaction among elements.
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In the fuzzy measure case, for any pair and x; of set X, we might

haveu({x; x;}) # u({x;}) + u({x;}). The weighted arithmetic mean cannot
aggregate fuzzy measures. So there is a needdtrearaggregation tool to solve the
aggregation problem.

The Chogquet Integral (CI) is the answer to the lenmband is defined with respect to
non-classical measure, often known as fuzzy measumon-additive measure or
capacity (Labreuche and Grabisch, 2003). It wazldged by Choquet (1953) but
later in 1989 it was rediscovered by SchmeidleB@%nd applied to multi-criteria
decision analysis by many researchers (Betrah, 2008; Buyukdézkan and Ruan,
2010; Blyukozkaet al, 2009; Karsak, 2005).

4.5.5.1 Choquet integral based decision making

Consider a finite set of criteri@ = {c, c, ...c,} and a finite set of alternativés=
{a,a, ...a,}. Then, each alternative€ A and criteriorc € C can be associated with
a profilex;’ = (x¢,x¢ ...xZ) wherex{' represents a partial score of criteriom
alternativea on an interval scale of eithf, 1] or[0,100]. The interval scale is just a
guestion of choice on the part of the assessor.iddeeis to represent all the partial
scores on the same interval scale for the purpbsmramensurability (Labreuche
and Grabisch, 2003).

To aggregate the partial scores, the Choquet ialtégised aggregation function will
be defined. As the Choquet integral is defined witbpect to fuzzy measures, thus
fuzzy measure is first defined.

Definition (Fuzzy measure):Let P(C) denote the power set @f then a discrete
fuzzy measure of is a monotonous set function: P(C) - [0, 1] satisfying the
following axioms:

e u(@)=0u(C)=1;
e u(C)>u(C)if C"is a subset of.

In this context, . (C) represents the weight of importance of the seTl@& first
axiom refers to boundary condition while the secomwe to monotonicity.
Monotonicity of the functioru means that the weight of a subset or coalition can
only increase when one introduces a new criteoainé subset or coalition. For each
subset of criterid’ € C, u(C") can then be interpreted as the importance or weigh
of the coalitiort”’.

Definition (Choquet integral): Let u be a fuzzy measure ain The Choquet
Integral of a functiorf: C — [0, 1] with respect tqu is defined by:

Cu(f(xl' "'lf(xn))
= Ll (f (i = fOe-0)) X w(C);

with f(x,) = 0, u(C;) represents the importance of critetja

4-19

Equation 4-19 represents discrete Chofvith respect to the fuzzy measweThe
value (.) in subscripts represents a permutati@raipr such thad < x;) < x;) <
e < X(n) <1.
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However, a decision problem containingcriteria require™ coefficients in[0, 1]

to define the fuzzy measureon every subset, which is a difficult task ashtiges
the decision maker to provide huge information. Tduncept ofk-order fuzzy
measure was therefore proposed to rectify thiscditly (Grabisch, 1997). A-order

fuzzy measure can be represented}é{g(?) coefficients. The 2-additive fuzzy

measure is relatively simple with only quadrationgexity; it requires onlyr + (721)

coefficients to define a fuzzy measure for a probl@volving n criteria. In this
respect, we assume that in the aggregation procksdementary performance
expressions, the interaction exist only between pgdormance expressions at a
time. This proposition of Choquet integral sigrdiintly reduces the computational
and information burden on the part of DM. 2-additi€l can be expressed in the
following form of Equation 4-20 (Mayag, 2010).

n

n
1
Cu(x) = Z Vix; — EZ Iy % — x| 4-20
i=1

i=1

whereC, models vectors of elementary performance expressio value functions,
v; denotes a Shapley index wiili_; v; = 1 that represents importance of criterion
relative to all other criteria ant represents interaction between critedg ¢) ,
ranging in [-1, 1].

4.6 Conclusion

This chapter has presented and reviewed availalolls and techniques to model
objectives, activities and risks of a business @sscso as to assess the process in
terms of value and risk measures. Moreover, MCDéhnéjues have been identified
to link the business process assessment to theiakeenaking context.

The Chapter concludes that:

1. Objectives’ modeling is an essential requirement fealue-focused
performance management system because it providaseafor determining
performance criteria in a top-down fashion as opdoto the traditional
bottom-up approaches. For this purpose, the VRTdrgork is considered.

2. To model business processes for evaluation purgbed DEF3 language is
used because the language is rather comprehenasie o understand and to
communicate. However, a slight modification in thit of behavior
construct is needed because the IDEF3 language rimteprovide special
construct for risk representation. The BPMN languagpuld have been
selected alternatively but because we do not neets mnd swimlanes and
mostly consider the control flow of processes, IBE§ sufficient and well
known in industrial engineering circles.

3. To model risk in a business process, the failuralenand effect analysis
(FMEA) in combination with Larson and Kusiak's riskssessment
methodology is chosen. The former is used to iflensk and assess the risk
qualitatively, whereas the latter is employed todeloand assess risk
guantitatively.
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4. To develop value and global risk measures, mulipiteria decision making
tools are employed in order to develop value funcif each performance
criteria (or performance expressions) and then tireyaggregated. For the
former case, the MACBETH method is recommended evfor the latter
case, the 2-additive Choquet integral has beerechos

To identify the issues in performance disciplinevadl as the tools and techniques to
cope with these issues, the next chapter discumsgsproposes a value and risk
based performance management system. Tools andidees such as objectives
modeling tools, IDEF3 process modeling languageERML_arson and Kusiak’s risk
assessment framework, MACBETH method and Choqueggial are used to
develop a process-centered value and risk baséatp@nce management system.
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A Value-Risk Based Performance
Management System
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Chapter 5 Value-Risk Based Performance Management
System

he main contribution of this thesis works is theedepment of a value and

risk based process-oriented performance managemsysiem (named VR-

PMS) for the purpose of decision making. A valug r@sk based approach to
performance management using business process impdeind simulation
methodologies offers an effective performance mamagt system as it covers many
of the deficiencies highlighted in the performameeasurement literature review.
The most promising contribution of the VR-PMS iprtavide a conceptual value and
risk model and a methodological framework. The farimtends to combine value
and risk concepts into one model, whereas the rlagigides the performance
assessment of a business process.

This chapter therefore presents the main contrdoutiof the dissertation and
describes the proposed VR-PMS in view of the requénts identified in the
literature review. Due to the multidimensional natwf the performance concepts,
the VR-PMS draws contents from different fields stddy including value
management, requirements engineering, business epsocmanagement, risk
management, simulation and decision sciences atejyriamte them in a coherent
manner to answer the performance problem in questio

Value and Risk based performance measurement and magement
system (VR-PMS)

A performance management system, unlike a perfacmameasurement system, is a
system that not only guides a performance asséssoeasure the performance of a
system through a well-defined framework, but alstps him to guide the process of
measurement towards objectives achievement. To #nd, a performance
management system requires two frameworks: a stalcframework to provide a
conceptual model by incorporating the main conceptsind “performance”, and a
methodological framework to guide the process ofgpgmance management.

The proposed VR-PMS comprises both a structurabamethodological framework.
The former one integrates and models the relevenibpmance concepts of a process
employing a conceptual value-risk model. The lattee lays down a step by step
approach towards value and risk quantification dbusiness process right from
stakeholder expectations.

5.1 The VR-PMS structural framework

According to Hammer (1997) a business process igroup of tasks that together
create a value to a customér..] its purpose is to offer each customer the right
product or service with a high degree of performanmeasured against cost,
longevity, service and qualityJacobsonret al, 1995). Thus, while they lack the
visibility in process modeling languages, processasures and objectives are
available in process theory (List and Korherr, 20 milar to objectives, risk is
often quoted in the context of business processegdrepresentation is missing in
business process modeling languages.

The primary purpose for modeling a business proeess relevant information of
objectives and risks is to make the process modeiptete. A process model is
considered as complete when all the desirable ptiepewithin the business process
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model in order to assess it in terms of value askdare capitalized. The objective,
activity and risk triangle within an objective-anied risk aware process model
provides these desirable properties to this endaveer, a conceptual model is still
required to integrate these desirable properties éoherent way in order to explain
the value creation and preservation of a businesseps. To make the value creation
and preservation explicit, the abstraction conégptsed in the proposed structural
framework.

5.1.1 Abstraction levels

The proposed performance management system supparitzontal and vertical
aggregation abstractions. To decompose a valuemsy&tr value chains) into interim
values of the operational activities, vertical afstion is used. It refines the process
by decomposing it into sub-processes and, ultimdtelactivities (see Figure 5-1).
Horizontal abstraction, on the other hand, idesdifsubdomains of a process to be
modeled such as functional, informational, behali@nd organizational. In this
context of value and risk based performance assegsall these views are relevant
to quantify value and risk.

Similarly, the abstraction levels are also defifi@dthe business process objectives.
At the top-level is the overall fundamental objeetof a business process, which is
then refined to the functional objectives assodiatéth an operational activity. In
addition to functional objectives, non-functionalectives are also refined at various
levels of abstraction. For instance, the delay abje of a process is a non-
functional objective, which is decomposed and amgigo activities at various levels
of abstraction

Likewise, a business process risk can be definddfatent abstraction levels. At the
highest level is the business process risk (qu&edrisk in Figure 5-1), which
represents the negation of the overall fundamentigctive of the business process.
The decompositions of the top-level risk providevay to address its multiple
dimensions and form a risk hierarchy similar to thgectives hierarchy. The more
risk is decomposed, the better it can supportmakagement of a process.

To establish consistency in abstraction levels gir@cess and the corresponding
objectives and risks, a synchronized decompositbrall the three concepts is
required as shown in Figure 5-1.

& Business BP ri
Q risk
BP objective % Process (BP)
(=]
2
<} N
=}
Sub- : Sub-
Processes Sub-Process J —3* Sub-Process 3 Processe
Objectiv . ris

uonoensqy

V

Eunctional Activity Activity | Activity Eunctional
objectiv 21 22 2n risks

Figure 5-1: Overview of abstraction levels
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Figure 5-1shows a top-down decomposition mechamfiusiness processes and
the corresponding objectives and risks in a symiheal manner. Conversely, going
bottom-up is the aggregation abstraction mechartisene, the multiple elements of
the lower levels of abstraction can be groupedrapdesented by a single artifact. In
the context of VR-PMS, the aggregation abstractisnprimarily used in the
informational sub-domain where lower level objeetivand risks are combined to
create global value and risk indicators for a bessnprocess.

5.1.2 Generic candidate models

The structural framework of the VR-PMS models thvesmvs of a business process
related to objectives, activities and risks at masi abstraction levels. The resulting
models are called generic candidate models sineg #re candidates to the
combined conceptual value-risk model. The mappirthese three candidate models
into the conceptual value-risk model provides theirenment that facilitates the

understanding of the value creation and presemvatfoa business process under
study.

5.1.2.1 Objectives model

The first step in building a conceptual value mottel a business process is to
identify a set of objectived; (i = 1,...n), appropriate for the process considered,
and to define performance measuvgq i = 1, ...,n) in order to measure the degree
to which these objectives are met. For this reaaatructured approach to guide the
process is required. The objectives model, theeef@rovides this structured
approach and provides guidelines to elicit objexsifrom stakeholder values usually
expressed in the form of qualitative objective estants. The identified objectives
are refined from higher level to lower level iniararchical structure so that they can
be expressed explicitly.

The explicited objectives on the lower side of thieerarchical structure are
guantifiable and, hence, performance measures afmed for each of these
objectives. The defined performance measures fdrenbasis for assessment of
alternative processes when VR-PMS is used as asideeupport system.
Otherwise, they provide useful information aboué throcess performance. The
lower level objectives are then aggregated throwagh aggregation operator,
ultimately leading to the global process perfornganc

To operationalize the achievement of the fundanterjgctives, means-objectives
are developed. The means-objectives are structuredd mean-ends network and
suggest methods to address the fundamental olgsctiurthermore, as opposed to
the value focused thinking framework, the currdrjeotives model also incorporates
the temporal logic in the means-ends network. Whik modification, the means-
ends network is provided witKOR and OR logic operators in addition to tA&ID
operator while decomposing the objectives (van Balst et al, 2003; Neiger and
Churilov, 2004).

Since means-objectives are aimed at determining abtvities that support
objectives realization, they are therefore linkedhie activity model.

5.1.2.2 Activity model

Having identified the objectives and the correspoggerformance measures using
the objectives model, the next step is to identifg activities, which are used to
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support the objective realization. The identifiedivaties of a business process are
essential sources of value creation and riskthahig they are central concept to the
process-centric performance management system.

To model an activity, the IDEFO method (seeFigure?)5is commonly
used.ltdescribes an activity in terms of: inputsntools, outputs and mechanisms
(i.e. resources). To transform anput into anoutput an organization consumes
various resources. However, to ensure the effentis® and efficiency of this
transformation, it is subject tontrolsfor monitoring and control

Control

Input—>{ Activity ———> Output

Mechanism

Figure 5-2: IDEFO activity diagram

From the IDEFO formulation of an activity, a gewmemctivity model can be
developed for a value model. To this end, additigemeric attributes of an activity
in the context of performance assessment namedy, tbme and quality, are defined.
The cost of the activity model represents the fa@naspects of performance,
whereas the time and quality attributes refer éortbn-financial aspects.

Furthermore, the quality of an activity is relevatd the inherent product
characteristics (Etienne, 2007, pp. 76), becausditglof the activity €.g. process

variations) naturally affects the technical perfamoe of the product from a
manufacturing perspective. In addition to the técdnperformance, reliability,

efficiency, availability and security are the oth#&imensions of process quality
(Heidaret al, 2011).

To operationalize the activity model for value ¢rem, activities carrying several

degrees of quality (for instance: maturity, recaddity, performance) consume cost
and time and produce several deliverable. Thisrdedble is the interim value in the
value perspective whose magnitude is measured mefgrence to the associated
objectives. Additionally, the effectiveness andadincy of the activity to produce

the interim value is subject to cost, resource sefteduling models as well as the
operating policies, which govern the transformatmocess of the activity model.

Figure 5-3 shows the operational activity modelalue assessment purpose.

Operating Allocation
policies  Models

Input(s—>| Activity  |———>Output (s)

Objective i
Cost, Contain
Time Quality

Figure 5-3: Activity model in a performance perspective
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By determining the activity model, which is respbie for objective realization,
which in turn creates the business process valgenaric risk model for the purpose
of value preservation is also introduced.

5.1.2.3 Risk model

As mentioned in the previous section, an actitydésigned to achieve objectives,
either functional or non-functional ones. Howewgrcertainties reside “internal” and
“external” to the activity in the form of risk famts (Salah, 2005), which may trigger
the occurrence of any undesirable events. In chseaurrence of risk events, the
activity progress towards objective attainment loaraffected. Figure 5-4 shows how
the risk factors influence business process objesti They are linked to the
objectives via risk events.

. 1*... 1*.. . 1* 1*... o
Risk factor Risk event Obijective

Causes Influences

Figure 5-4: Risk factors and objective relationships

The risk model is, therefore, included in the cotr@proach to assess the impact of
risk events originating from the risk factors om titefined objectives. Moreover, a
risk event may have been triggered by one or maslky factors and it is often
difficult to identify which risk event is triggereoly which risk factors. However, an
objective-driven approach is used to identify thateptial risk events and the
corresponding risk factors, which are assesseditgtizgly with the help of the
activity model in the framework of the failure moaled effect analysis (FMEA). The
qualitative risk assessment using FMEA enables tongrioritize risks for further
assessment in quantitative terms in the processlaiion environment.

The advantage of process-based assessment ovesksas that both the value and
risk assessment are carried out in the same bgsmmesess model. In addition, risk
may not happen because of a single undesirabldg bu¢may have been the result
of a chain of events that leads to failure of thsiless process (or system). In such
situations, the simulation technique is the righpraach to quantitatively assess risk
during process design of the risk aware businessegs model. To this end, Larson
and Kusiak risk assessment approach (1996) isaetesince it is activity-based and
can be carried out in the same context, used focgss value assessment. This
approach parameterizes risk using Kaplan and Gafti®81) definition of risk, as
expressed by Equation 5-1:

R=(SP,0C) 5-1
Where R, S, P and C represent risk, risk scenario, likelihood and couosace,

respectively.

The underlying assumption for activity-based riskessment is that each activity in
a process is exposed to risk fact®s (i =1,....,n) and thus can trigger one to
many risk events, which in turn can affect the iatteent of business process
objectives (as illustrated in Figure 5-5).
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Monitor/ Control
Risk Factors

Input—> Activity Output
/]\ Objectives
Mechanism

Figure 5-5: Activity exposure to risk factors

To quantify the business process risk of the saatar@e, the likelihood of all risk
events multiplied by their corresponding conseqasr{isame effect) on an individual
activity are first combined and then aggregateda#ding the business process.
Equation 5-2 calculates the magnitude of risk onnaividual activity in a business
process.

Ri= > (B xC) 5-2

j=1

WhereR; is the risk magnitude of an activityP;; is the probability of a risk eveit

of the activityi while ijbj is the consequence (in terms of cost, time oritiiaie

scale) of a risk eventin the activityi. The overall risk magnitude in a business
process path, made of activities can then be described as:

R(p) = Z R; 5-3

V i€pgk

WhereR(py) = Risk magnitude in a particular business propeasa py.

Quantification of all risks of diverse natures obasiness process into one single
global risk is then carried out. This requires ggragation procedure which involves
value judgments and is dealt in the framework efdkcision-making phase (8§ 5.3).

5.1.3 Mapping of generic candidate models

Having defined the objectives, the activity modet dhe risk model for a business
process performance assessment, the next stepnmpoall these models into a
combined model. The resulting conceptual value-nskdel should have the
hereditary properties of the individual models iler to becompleteand clear.
Ontological completenesss achieved when the combined model possesses a
maximum of desirable hereditary properties of thedidate model<larity refers to

the minimum overlap in the representation of thmesaoncept by the combined
model (Wand and Weber, 2002). However, Wand andéNatgue that four types of
undesirable situations due to lack of isomorphism arise while mapping candidate
models (Recker, 2011) as shown in Figure 5-6.

1 Property deficit: An ontological construct exists that has no maggom any
modeling construct (a 1:0 mapping).

2 Property redundancy: Two or more modeling constructs map to a single
modeling construct (a 1: m mapping).
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3 Property overload: A single modeling constructs maps to two or moceleling
constructs (an m: 1 mapping).

4 Property excess or overlap:A modeling construct does not map onto any
ontological construct (a 0:1 mapping).

Candidate Models Combined Models
Properties Properties

(1:0)
Deficit

(oo 1)
over\oad

1:0
Excess

‘ Intrinsic property
O O Hereditary property

Figure 5-6: Mapping of candidate models on combined model domain

Figure 5-6 depicts the four mapping shortcomings. the left are the intrinsic
properties (in black) of candidate models while, tbe right, are the hereditary
properties. A combined model can be formed fromdmate models if there exist
(Neigeet al, 2008, pp. 118):

* A common element (requirement 1).

* There exists a representation mechanism for tl@menht in the candidate
models (requirement 2).

In the current configuration, the activity is thkeraent common to all the three
candidate models (objectives, activity and risk eief Indeed, an activity is core to
at least one objective and subject to risk factBws.the activity model is chosen as
the primary model which will host all the desirapl@perties of the combined value-
risk conceptual model. Additionally, in the processtric PMS, the activity model
is the core concept and can easily accommodatediteane properties of the
candidate models with slight modification.

To see whether the hereditary properties in thebioad model i(e. conceptual
value-risk model) are complete and clear after nmapghe three candidate models
which are: objectives model, activity model and nsodel, their desirable properties
are examined in the combined model in the valuershdoerspectives.

5.1.3.1 Properties deficit

From the view point of value analysis in a busin@sgess, the activity model based
on the IDEF3 method lacks the ability to analyze pinocess and provides a decision
support. Although it analyzes the process qualigdyi quantitative analysis can be
carried out only when linked with a decision modetl a simulation tool. Moreover,
the activity model cannot model objectives exglcdnd therefore is not a suitable
candidate model for objective-oriented process rinagle

163



Chapter 5: Value-Risk based Performance Managemeergy

The objectives model, on the other hand, is goanligin to represent objectives,
differentiate between fundamental and means-obgstiand define levels of
abstraction. Additionally, the objectives model lasvell-established link with the
MCDM methods. However, it has no well-establishieét with business processes.
Fortunately, the objectives model can be connetethe activity model through
means-ends objectives.

Similar to objectives, risk cannot be modeled exhji in the activity model. The
latter has no defined construct to accommodaterlat. satisfy the condition of
“‘common element” for any two candidate models tabmbined, activity elements
can be used. Risk acts on activities or residegrimal’ or “external” to the activity.
Therefore, activity on one hand is the fundameel@&inent of the activity model and
on the other hand is related to risk managemettteiprocess perspective. As for the
representation of risk within the activity modehet activity construct can be
modified for the purpose.

5.1.3.2 Properties redundancy and overload

In the mapping process, none of the candidate madekbdundant and therefore all
the three models need to be included as candidatlsin order to contribute the
desirable properties to the combined model. Sajnéancy is not a major concern in
mapping these models. Similarly, no property of thedidate models overloads in
the combined model,e. no two hereditary properties of the candidate nwodee
represented by a single property or constructencttmbined model.

5.1.3.3 Properties overlap

Overlap of properties in all the three candidatedei® is possible since all of them
are aimed at maximizing the value (implicitly) ofbausiness casd.€. an order
processing). However, the approach to maximize evadti the business case is
different in each of the candidate model. The dbjes model focuses on objectives
achievement while relying on decision theories tipalarly multi-attribute utility
theory in order to maximize the value of a businpsxess, but less efficient in
identifying the activities required to achieve thehithough means objectives of the
objectives model clearly refers to activities irder to achieve the fundamental
objectives, it fails to provide a mechanism to depirocess activities in a way that
account for their sequence, coordination, orgaimmatresources required to carry
out the process, inputs and outputs.

The activity model, on the other hand, providestladl essential elements such as
functional (activities), behavioral (temporal armbical) as well as informational
aspectsneeded to assess the value of a businessgqrdt can model objectives:
functional and non-functional ones. So, objectiveperty of the two models
overlap, however the property is not redundant bseat lacks visibility in activity
model and modeled implicitly. Therefore, objectiw®perty is a candidate property
for the combined model.

Also, in the activity-based risk assessment, thle model shares the same business
process view with the activity model. The lattealgues a process for value and the
former analyzes the business process to deternmkeand preserves the value
created by these activities. So, activity propeitself is shared (which is
synonymous to the concept of overlapping) betwéenactivity model and the risk
model in the risk analysis of the process perspecti
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Therefore, the property overlap provides a foumaato link the different models
into a combined coherent model. However, the delsiraroperties inherited from
the candidate models and which allude to the sameepty should be made explicit
in the combined model.

The summary of the mapping, also called ontologacgllysis is provided in Figure
5-7

Risk Model

Activity model « Classification and
properties Risk modeling identification
(activity representatio of risk factors and risk evenjs

« Causality Relationship

, time, cost, quality, SRisk factors
Critical activities

rules &criteria models) SRisk event (S, P, C)
—>Causality relationshif

Objective
modeling

Objectives, abstraction
Graphical representation
Relationship between objectives

Objectives
Model

* Fundamental & Means
Objectives

« identification and

structuring,

abstraction

Figure 5-7: Integration of candidate models

The ontological analysis highlights the desirablopprties of the combined
conceptual value-risk model. These properties drentused to define the
requirements for linking them in a combined andereht way.

5.1.3.4 Linking candidate models

Having identified the desirable and hereditary prtips for a combined model, it is
time to link them with one another to form a cortoepvalue-risk model. Figure 5-8
shows the relationships of candidate models anit #ssociations with the value

model.

Value
N
0
® 7.
% ¢
a &
g
N (o)
%
- - ‘L
Activity %,
2
Risk 6: obstructs Objectives

Figure 5-8: Tetrahedral relationships of value, risks, activitiesand -objectives

Referring to Figure 5-8, the value of a businesk@ss or any activity-based entity
can be expressed in terms of objectives (arrovemdl)realized by activities (arrows
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2) via objective realization (arrows 3). Howevdre tactivities are subject to risk
(arrow 4), which ultimately affect the objectivdaabment (arrow 5) and negatively
influence the value creation process (arrows 6).

To conceptualize the ideas, activities are definedthe atomic units of work in
elementary form (van Der Aalst al, 2003) linked through constructs (control flow
logics) to make up a process and are intended ppost and realize process
objectives. Similarly, the objectives in their ekemtary form are atomic units of
intention (Neigeet al, 2008) combined through constructs (logical catinaes) and
are intended to express a process value. Therefbréhe lowest abstract level,
activities (or functions) can be linked to intemiso Therefore, the activity model and
the objectives model can be linked through functod intention relationships. For
example, each unit of work €. function) has at least one intentiom (functional or
non-functional one) quantified via a performanceamee.

Similarly, risk can be linked to the activity modeither through a unification

approach or an integration approach (Sienou, 2086jvever, for the purpose of

simplicity, it is sufficient to assume that riskesws triggered by risk factors act on
activities, which in turn obstruct the realizatiohobjectives and, hence, affect the
value creation process.

5.1.4 Conceptual value-risk model construction

By identifying and establishing the links betweére thereditary properties of the
objectives, the risk model and the activity modéhia the combined model, it is

now convenient to construct a conceptual value-ngldel. The conceptual value-
risk model provides sufficient conditions to eladier the value creation mechanism
of a business process in the presence of riskriacto

The primary purpose of the conceptual value-riskdehois to determine two
indicators, referred to as value and risk indicatdihese indicators are expressed in
the form of pair of numbers (value, risk) that dam calculated for each of the
alternative business processes in a decision doritkis pair of numbers provides a
ranking of desirability or undesirability of eacliteanative (business processes,
thereby providing the basis for making a choice agnthe alternatives). Moreover,
the conceptual value-risk model determines theract®ons (dependency and
correlation) among various elementary performangeessions (or value functions)
derived from performance measures and reports wheliey influence each other
positively, negatively or neutrally.

The proposed conceptual value-risk model is showrFigure 5-9.This Figure
represents an atomic unit of the conceptual vakle-model detailing the
fundamental elements and concepts required to vahe risk modeling in the
process perspective. To represent objectives askk ron the activity model
(requirement 2, see 85.1.3 ), the upper right ancf sides of the activity construct
are clipped to model risks and objectives, respelsti
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Figure 5-9: Complete conceptual value-riskmodel

To operationalize the idea of value creation ares@rvation in any given process,
Figure 5-9 is proposed. An activity with a certdiegree of quality consumes cost
and time to produce deliverables, the quality oficlvh(in the broader sense) is
controlled by the allocation models (which can ABC cost model, resource model
or scheduling model) and operating policies as aglthe quality of the resources
used and the provided input. This deliverable (denm value) in the context of
manufacturing can be a change in the morphologwrofunfinished or finished
workpieceor information creation from inspectiorniates.

To judge whether the interim value,callged or interim risk, noted,is created or
dissipated can be obtained by comparing the delbler(or interim value or risk)
with the assigned objectives (functional and namcfional ones). The magnitude of
the interim value created by the activity can bgeased through value judgments
(cardinal and ordinal information values), whiche asolicited from the process
assessors (or experts) in a systematic manner gshamlseveral questions more
detailed in the section 5.3.1 . In a decision cantfiese questions lead to determine
the preferences and strengths of preferences ofdkessor regarding the interim
value in several alternative courses of actionsiclvtare then transformed into
elementary performance expressions (value fundti@mploying the theory of
preferences (or utility theory).

To obtain the overall value of a business procEggife 5-10), the interim valuesand
interim risks obtained in the form of value andkrignctions are then aggregated as
shown in Equations 5-4 and 5-5.

{R1;} {R2j} /{an}

Activities Activity 1 Activity 2 Activity n

@, N\oa @, N\os @ No

Deliverables Interim value/risk 1 (+,-)Interim value/risk 2 (+,-)  Interim value/risk n (+,-)

Figure 5-10: Value creation process in the presence of risks
Global Value = F(uq yy, .., tn) 5-4
Global Risk = R(ry,13, ..., 1) 5-5

Where,F represents the aggregation function which is datexd thanks to the
Choquet Integral in VR-PMS.
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5.2 The methodological framework

In the previous sections, the conceptual value-msklel is developed which has its
roots in the fundamentals of value creation andsgmeation in process-centric
environments. From now on, it is convenient to ddtrce the methodological

framework which guides the assessor in a stepdyy sianner to carry out value and
risk-based assessment of a business process.

The generic methodological framework shown in Fegd-1lincludes methods
relying on tools and techniques dedicated to dffiephases of the framework. The
phases 1, 2 and 3 of the framework constitute drffopnance measurement process.
The 4" phase of the framework links the performance memsent process to
decision-making mechanisms. The different phasethefframework roll out in a
sequential order.

1: Establish Context
v

2: Performance Modeling Phase

2a: Objectives Model
(Modified VFT Framework)

v 3
2c¢: Risk Model
2b: Process Model ;
(IDEF3 technique) [©) (FMEA, L&K Risk
| approach)
|
7

2d: Goal Oriented Risk-Aware Process Model

v

3: Performance Assessment Phase

3a: Simulation Coding| | 3b: Parameterization
I [
v

3c: Simulation of Goal Oriented Risk Aware
Process Model
(Discret event Simulation Software)

v

4: Decision-Making Process

Decision-making
(MCDM Techniques)

Value-Risk
Indicator

Figure 5-11: The Methodological framework of VR-PMS

Each phase of the methodological framework is ttan the subsequent sections.
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5.2.1 Establish the context (Phase 1)

The first phase of the method deals with the idieation of the application domain,
which can be manufacturing, supply-chain proces§mgistic processes or any
administrative processes. Although the applicatomain is known in advance in
any performance measurement and management cotte)xcope of the study, the
stakeholders involved in the business process; éxpiectations and responsibilities
and the risk management scope need to be definpididy.

To identify the stakeholders of a business prockshell et al, (1997) suggest
three attributes which are generalized here tosinbas process:

1. The stakeholder'powerto influence the business process
2. Thelegitimacyof the stakeholder relationship to the busineesgss
3. Theurgencyof the stakeholder claim on the business process

Moreover, Matty, in his doctoral (2010, chap. 49neects these attributes to the
value creation process. Matty posits that stakedrdihitimacy strongly influences
value identification, power strongly influences value positioning andggency
strongly influences value execution.

By identifying the stakeholders and their imporet@sed on Mitchell’s attributes,
the next step is to determine stakeholder expecstiand responsibilities. In
addition, stakeholder risk appetite, tolerance @askl criteria are also determined in
this phase of the framework.

Once the problem is scoped out, an artifact is gnegh which contains a list of
attributes as shown inTable 5-1.

Table 5-1 : Establish the context phase deliverakde
» Establish a Context

* Domain of interest

» Stakeholders involved

» Stakeholder expectations
* Roles and responsibilities
* Risk management scope
* Risk acceptance

* Risk criteria

* Risk appetite

5.2.2 Business process performance modeling (Phase 2)

This phase of the methodological framework is comee with integrating the
objectives and risks in the framework of the bustnprocess model. The modeling
of objectives with process models has been detaildite literature (Anderssenal,
2005; Kavakli, 2002; Kueng and Kawalek, 1997; Neiged Churilov, 2004;
Shahzad and Zdravkovic, 2009). Similarly, risk gregion in process models has
been recently studied in the literature (Satligl, 2007; Sienou, 2009; Copt al,
2010). However, the integration of objectives aisét m business process models is
still in its infancy and requires attention of thesiness process management and risk
management communities.

169



Chapter 5: Value-Risk based Performance Managemeergy

To develop an objective-oriented risk aware busimgscess model for the purpose
of performance assessment in terms of value arq tiiss research work relies
mostly on the research accomplishments of Keen@96)l Clemené& Reilly (2000),
Neigeet al, (2006), Sienou (2009) and Larson and Kusiak §129new framework

is proposed to model the objective-oriented riska@abusiness process.Figure 5-12
explains the major steps involved in the propossa@ach.

Risk Model Step 4a Fundamental
Objectives

> What are the downsides of the critical objectives? o
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What objective is this aimed at?
Process model Step 3 Means
Objectives
What activities are aimed at this?

Figure 5-12: Integrated business process performaeamodelling approach (Integrated
BPPM)

The approach determines value-driven performancasures elicitation using the
objectives model (steps 1 and 2), facilitates #gtivefinition to realize the
objectives model (step 2), models the identifietiviies (step 3), identifies risk via
an objectives-driven approach (step 4a) and assgssditatively the identified risks
with regard to the risk management scope (stepmtt)e process perspective (step
4Db). The final deliverable of the approach is ajecdiive-oriented risk aware process
model, which serves as the basis for value andbasled assessment of business
processes. Each of these steps is explained foltbe/ing sections.

5.2.2.1 Identify and model fundamental objectives (Step 1)

Value-driven objectives are qualitative statementsflecting stakeholder
expectations. Their identification begins with sthklder values about a business
process. For this purpose, Keeney (1996) providiest af techniques that can help
to stimulate the identification of possible objee8. However, the process is iterative
and demands creativity and hard thinking.
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The objectives modeling process beings with thentifleation of the overall
fundamental objective of a business process. Inilrels of Keeney (1996, p. 77), it
defines the breadth of concetnFor instance, in a supply chain context, a highe
level fundamental objective can be “To satisfy oostr demand”.

Once identified, the more specific objectives wiglgard to the overall fundamental
objective can be identified using a guiding quessach asWhat do you mean by
that? The answer to the question specifies lower levééalves such as “on-time
delivery”, “minimum cost” and “high quality” of thelelivered products. Each
identified objective can be further refined. Fostance, the objective “high quality”
means “reliability of the business process”, “confance to specification” and so
on. Similarly, the reliability of the process medmsaturity of the process” and
“recoverability of the process”. This process coundés until the fundamental
objectives in question become clear to quantify aruerformance measure can be
constructed for each lower level objective. They tlien structured into a hierarchy

as shown in Figure 5-13.

Satisfy customer

demand
On-time High quality Minimum

delivery/\ cost

Conformance to S
specification Reliability

N

Maturity Recoverability

Figure 5-13: Fundamental objectives hierarchy

From Figure 5-13 it can be seen that the lowerllebgectives in the hierarchy are
the facets or dimensions of higher level objectiaed each one of them can be more
or less important in a given case study.

Similarly, the analysis can move upward in the otiyes hierarchy starting at one of
the lower level objectives and ask the quest@hwhat more general objective this
sub-objective is an aspecEdr instance, “of what more general objective adibess
process maturity is an aspect?” The answer to thestgpn would be “business
process reliability” and repeating the same quastiith respect to the reliability
objective would lead us to the fundamental object¥ “high quality” and finally to
the “satisfy customer demand”.

5.2.2.2 Identify and model means-objectives (Step 2)

Means objectives are the means to achieve the fuewi@l objectives and specify
actions or alternative courses of actions to reafie fundamental objectives. The
guiding question ofHow can this be achievefacilitates the identification of means-
objectives. For instance, as illustrated inFigwki5the answer of the question “how
to achieve minimum manufacturing time”, is for Bste: “optimize operations

sequencing”, “maximize throughput”, “minimize bettlecks in the process”. Once a
sound list of means objectives for the fundameatsds is identified, they are then
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structured in the objectives network (one is giwerFigure 5-14). The first layer
immediately after the “on-time delivery” objectiveonsists of fundamental
objectives.

On-time
delivery

Minimize order ~ Minimize mig. Minimize Minimize
processing time time handling time  logistic time

T\

Optimize operation Improve Reduce
sequencing throughput bottlenecks

S~

Reduce scrap ~ Improve line
balancing

Figure 5-14: Means-objectives networks
Note: An arrow in the means-objectives network nseamfluences”.
5.2.2.3 Restructuring objectives (Step l1and Step 2)

Having identified the objectives, it is not highiplikely that the initial structuring of
objectives contains both fundamental and meansctgs. So, it is highly
recommended to reformulate the objectives and nsake that the fundamental
objectives hierarchy includes and reflects theedtalder expectations and directions
of preference. Although, the objectives identifiedolve subjective judgment on the
meaning of objectives, however, the subjective amdtextual elements cannot be
avoided in the value-focused thinking. Techniquashsas the Delphi methods can
also be used to reduce the effects of subjectidgments (Recket al, 2009).

To this end, the guiding question &hy is this importantis asked. Thisquestion ,
also calledWITI test, serves two purposes: (1) to separate fundamebjattives
from means objectives and (2) to reveal connectibos example, if the answer to
the question is “this objective is important be@aitsaccomplishes objective X",
then this is a means-objective; otherwise, it ie ttandidate for a fundamental
objective. The assessor can repeat the WITI tesh&objective X. By continuing to
ask why this objective is important, the assessmret out the link from one means
objective to the next until he arrives at an ohbyecivhere the answer to the WITI
test is “This objective is important. This is thesential reason why | care about”. In
this case, the assessor has identified a fundamebijective (Clemen and Reilly,
2000; Keeney, 1996).

To illustrate how the WITI test works, it is apmli¢o one of the objectives in the
running example such as “reduce scrap”. The objecis important because it
contributes to “improve throughput”. Why the “thghput” is important is because it
reduces manufacturing cycle time and cost. Why @smportant, the answer is:
“because we care about it in this decision contekt’'means that the cost is a
fundamental objective. Once all objectives - fundatal and means - are
determined, they are structured in hierarchiesrataorks, respectively.
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Moreover, the fundamental objectives can be disisiged from means-objectives
through abstraction and causality relationshipse Téwer level objectives in the
hierarchy are part of the higher level objectivexd aare mutually exclusive.
However, in the means-objectives network, the i@tahips between adjacent levels
are causal (Keeney, 1996, pp. 78). Similarly, mealjectives are structured in a
network form. It means that each network objectiias a many-to-many
relationship. While structuring objectives in awetk hierarchy, logical connectors
are used to make clear whether all the lower lefagctives need to be met to satisfy
the upper level objectiveAND-logic), or one or more of the lower level objectives
can satisfy the upper level objectif@R-logic),or either of the lower level objective
is sufficient to fulfill the upper level objectiXOR-logic).

Finally, when objectives are structured, it is tirne test all the fundamental
objectives against the nine properties defined bgri€y (1996). An important step is
to remove redundancy or double counting of objestiv

5.2.2.4 Performance measures (PMs)

At the lowest tier of the fundamental objectivesrhichy are the objectives that are
measurable andserve as a basis for the identdicafi performance measures (PMs).
The importance of the PMs is to use them as tawlshie evaluation and assessment
purpose.

To develop PMs for the running example, each ofdhpectives of the hierarchy
(synthesized inFigure 5-13) is consulted. For imsta “Recoverability” can be
measured using the performance measure “Mean-teheekn failures or MTBF".

Similarly, the maturity of the business process dam measured using the
performance measure such as “Number of errors peEdun a business process”.
Likewise, for the objective “Conformance to specs’, performance measure
“Process yield” can be employed.

Most often, the performance assessment may inwlwede range of performance
measures and it is necessary to bring some steudinrthe list of derived
performance measures. The use of a performanceuneeiase or value tree can help
in structuring these performance measures. Theevade format is also compatible
with the MACBETH approach, which is used to deterenvalue and risk functions
for each performance measure.

5.2.2.5 Business process modeling (Step 3)

Process modeling, in the current dissertationhésidentification and representation
of activities that support the realization of meabgectives to ultimately lead to the
attainment of the overall fundamental objective. i@lentify such activities, the
guiding question: What activities are aimed at achieving these ohijezs$’is asked
for each objective in the means-ends network. Tklps the assessor to identify the
major activities with respect to the top level mneabjective (Neigeaat al, 2008).

In addition, Kueng and Kawalek (1997) suggest degi\at least one activity for

each means-objective. If the assessor is not abderive an activity from a means-
objective, then the objective has to be furthemesf. In addition to the means-
objectives as sources of activity identificatioygfig and Kawalek (1996) determine
other sources namely, measurement of objectiveeaeiment (inspection relevant
activities) and input delivery (process triggerirgtivities). However, activity

identification has not been paid enough attentiod &herefore requires further
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research to formalize the approach. Irrespectivahef method used to identify
activities to respond to the objectives, they neelde complete and will have well-
defined inputs and outputs. It is relevant to nantihat activities are determined
only for functional objectives and evaluated agaibsth functional and non-
functional objectives.

Once the activities are defined, they are thennged by defining the logical
dependencies and constraints between them. Temitisthe IDEF3 method with a
modified UOB (unit of behavior) construct based tbe activity construct of our
conceptual value-risk model (see Figure 5-9) iduséhich can easily model the
logical and temporal dependencies existing withm lhusiness process activities (cf.

Figure 5-15).
l y

Unfinished__ s Activity |—> Activity —>{ Activity |_>F|n|shed

part /]\ /]\ /I\

Resource
Figure 5-15: Modified IDEF3-based process model

By defining and modeling activities, it is time telate objectives to the activity
model. The initial means-objectives network hasady been developed and refined,
which can be used as a point of reference for oetémg functional objectives
within the IDEF3 process model. To link them to #tivities within the process,
the question asked i%Vhat objective is this aimed?aiThe answer to the question
helps to identify the activity or the set of adiies for a particular objective. This
practice also helps to identify the critical adi®$ in the process model, which is
needed in the risk modeling phase. For examplethén context of satisfying a
customer demand, an activity “Turn featiirés identified as a process step whose
objectives Q;) are to realize the feature with “x m#R” dimension (see Figure
5-16).

Turning conditions

Blank part —>| Turn feature Part turned

Turning machin o:

Figure 5-16: Step of an objective-oriented procesnodel

So, 0; represents the functional objectivassociated with the activity “Turn
featurei”. Other non-functional objectives relevant to timad cost can also be
associated to the activity.

5.2.3 Risk modeling (Steps 4a, 4b and 4c)

In the process perspective, risk stems from themainty regarding the ability of the
process to deliver “the value proposition’— and ¢o@sequences thereof. The value
proposition refers to the implicit or explicit prise a company makes to its
stakeholders to deliver a particular combinationvafues (Martinez, 2003). So,

174



Chapter 5: Value-Risk based Performance ManagemetgrSys

business process risks should be modeled to acéoutite uncertainties and their
consequences on the “value proposition”.

To this end, the VR-PMS risk management process &king into account the risk
appetites, tolerances and criteria (Step 4c), mep@ two-pronged approach to risk
assessment, which is detailed in the followingisast

5.2.3.1 Objective-driven approach to risk identification (Step 4a)

The general approach to risk identification stamti$h objectives identification

(Narasimhan and Talluri, 2009; COSO, 2007). Relyangthis theory, an objective-
driven approach to risk identification is proposedthe current dissertation. The
main idea behind this approach is that risk factars obstacles to objectives
attainment or, in other words, objectives (or gpalapture desirable conditions,
whereas risk factors (=obstacles) capture the uradds conditions (Lamsweerde
and Letier, 2000). An assertion in the form of &sjion (step 4ahat obstructs the

objectives attainment is sufficient to identify tleéevant risk events.

For instance, in the running example, the glolsK @vent of the business process is
its failure to deliver the value proposition, idissatisfaction of the customer. The
lower level risks are then identified by an assertihat reflects the downside of the
objective in question. For instance, what are tberdides of the cost, quality and
time objectives? The answer can be cost overrufpnpeance risk and schedule risk,
respectively. Once fundamental risks as dimenswdribe global risk are identified,
a simple question of the VFT framewo®hat do you mean by théats sufficient to
drill down lower level risks. For instance, what flau mean by the schedule risk?
The schedule risk means the delay in the orderessiog, manufacturing and
logistic processes. Each of the lower level risgresents a different facet of the
higher level schedule risk. The process of questpis repeated for each of the
fundamental risks understudy. Once sufficient riake determined, they are then
organized in a hierarchical structure as showrigaie 5-17.

Dissatisfaction
of customer

/N

Schedule risk Performance risk Cost overrun

T

Order procesing Manfuacturing Logistic risk
delay delay

/N

Quality failures Disruptions Time estimation error

Figure 5-17: Objective-driven risk identification

Furthermore, the higher level risk is defined bg et of lower level risks directly
under it in the risk hierarchy, but not necessarmlytually exclusive as it is the case
in the VFT framework. For instance, the risk evestgch as quality failures,
disruptions and time estimation errors under ttghéi level risk of manufacturing
delay are mutually exclusive risk events. Howetee, cost overrun, schedule risk or
performance risk are depend in nature because eharane affects risk in another.
This makes no problem in the VR-PMS because therlases a non-additive model
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(as explained 5.3.2 ) for the purpose of aggregats opposed to the VFT
framework, which employs additive models (based axioms of preferential
independence).

Additionally, the VR-PMS risk hierarchy can havskrevents shared among various
facets of the global risk event. For instance,guality failures dimension can be the
lower level risk under the schedule risk facetduthe same time it is also the lower
level abstraction of the performance risk. Howeveey are not the same risk in the
risk hierarchy. The quality risk as a dimensionfémret) of the schedule risk refers to
the delays incurred in the case quality failureppesm. For example, a part non-
conformance to specification may lead to eitherrggjection or rework of the part,
which in turn may trigger a schedule delay. Thenefdhe impact of this quality
failure can have different implications for techaliperformance risk and schedule
risk. In the realm of the schedule risk, only tinepact relevant to delay will be
considered while the impact on the technical perforce is dealt in the dimension
“high quality”. In brief, the probability parametef the risk is shared but the impact
or consequence will be different and therefore @eynot considered the same risk.

Once all risks are identified and structured inrikk hierarchy, the next step should
be to determine the sources of risks or risk factaich trigger these risk events.
For instance, the risk factors for the risk eveuality failures can be identified by
asking a simple questiofWhat causes this risk to occur?’By asking the same
guestion over and over for a particular risk eweilitexplore the risk factors. For the
risk event quality failures the sources can origintom the complexity of the
product, process or novelty of the process, theatpeof the machine, the machine
itself and so on. The principle of 6M’s (man, mawhi method, material,
measurement and milieu) or Ishikawa diagram cam falsilitate the identification of
risk factors for a given risk event. Figure 5-18wh the risk events and their
corresponding risk factors.

Manufacturing

delay
Quiality failures Time estimation error Disruption
Unskilled Improper Product/ Process Process Resource
operator ~ Mmachine/tool novelty complexity unavailability

Figure 5-18: Risk factors for the manufacturing dehy

The identification of risk factors is required tevelop control action plans for risk
treatment. If sources of risks are known, thensk rmanager can deploy a risk
treatment policy to reduce the likelihood of thekrevent.

Furthermore, a causality link exists among riskdex In addition to the causality

relation, there exist 1-to-many relationships amosk factors as well as risk events
on the lower level of the risk hierarchy and riskctbrs. Risk factors may cause (=
are means to) risk events occurrence whose unagrtégs modeled using the

probability of the risk event. The identified rifdctors are then structured in the risk
networks as shown in Figure 5-18.
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The risk hierarchy and risk networks are sufficiemtmap all the relevant risks and
their causes. However, the identified risks withitthiisk factors cannot be assessed
because they lack the contextual information. Fas purpose, they are further
investigated in the business process environmeatewtney may happen.

5.2.3.2 Activity-based approach to risk assessment (Step %b

The identified risk events of the risk hierarchye amssessed using the FMEA
technique. For this reason, the required contextiarmation is obtained from the
process model. Because the process model conté#fitgent information regarding
the execution of the activities, and the environitirereof, they are therefore
consulted when analyzing a particular risk (Step #or instance, without knowing
the type of machine/tool and operator to be empldgemachine a critical feature of
a part, it is difficult to know whether the riskent may be triggered or not and,
hence, risk assessment cannot be performed.

To identify the activities subject to risk of thewler tier of the risk hierarchy, a
simple guiding question dWhat activities are accountable to the risk evenis
asked. The answer to the question is a matrix, ks risk events to the activities
of the business process as shown in Table 5-2.

Table 5-2: Links between risk events and activities

Activities \Risk| R1 R2 R3 R4 R5 R6
events

Al X X

A2 X

A3 X X X X
A4 X

A5 X X X

For instance, if R1 represents the quality riskradchanical part “Featuré non-
compliance to specifications”, then A4 is identifias the relevant activity which is
accountable to realize featureSimilarly, R5 represents the risk event “Time
estimation error”, which may be applied to all aitiiés or those activities whose
duration is quiet uncertain (subject to variatioi$)e same procedure is repeated for
all the risk events, which ultimately leads to ttientification of activities for each
risk event identified in the risk hierarchy struetu

Once all risks and associated activities are deteh) they are then populated in the
process FMEA table as shown inTable 5-3. The rigkameters such as the
probability of occurrence (P), consequence (C) elé as probability of detection (D)
are then determined using contextual informationt@ioed in the process model.
From the risk parameters, the magnitude of riskeinms of RPN is calculated
gualitatively and is ranked on the basis of thatiaality to the process success.
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Table 5-3: Excerpt of the FMEA table for schedule isk

Process | Failure |Causes (Risk factors) Effects [P |C |D |RPN
mode

- Unavailable information

Duration | wrong information i
Activity i |estimation J _ _ tjggdertﬁ?r']g 5|7 |6 |210
error - Incomplete information
- Wrong belief

The critical risks identified in the FMEA table ateen incorporated in the business
process models for quantitative assessment.

5.2.3.3 Risk integration in the process model (Step 4b)

The integration of risk in the process model toldai risk aware business process
model is aimed at assessing the critical riskhefRMEA table quantitatively in the
simulation environment. All the risks identifieddaanalyzed in the FMEA exercise
can be included in the process model for furtherestigation. However, it is
practically insignificant. Only high profile riskshould be selected and assessed in
the process model. Figure 5-19depicts a risk ayareess model.

Specification <
R R,, Cl‘ap
Vop o |
Unfinished

part —>1 Activity i |—>| Activity i Inspecti(h% X Ok

T o 1

' i Inspectio
Resources

Figure 5-19: Objective-oriented risk aware processnodel

S

The risks incorporated into the process model ban be assessed quantitatively in a
simulation experiment. For this purpose, first Ibf @sks of the same nature that act
on an individual activity (UOB) are evaluated amdegrated using the Choquet
Integral to account for the dependencies that @xidifferent risk events causing the
same failure effect. For instance, consider acaitactivity i that is subject to a
risk R;. The analysis assumes that a risk event occurshendsks on the individual
activity will be modeled using Equation 5-6:

Risk of the activity i = P;; (C?j + Cf; +Cj 5-6

Where,

P;; Probability or likelihood of a risk everjton activityi

Cf’j, Cij) ij Impact on quality, cost and time objectives, resipely

Therefore, the global risk for an activitglue to risk event is given by Equation 5-7:
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J
R = Z d;;(Py % Cy) S-7
=1

Where,
d;j The importance of riskon individual activityi
Cij The impact of risk on individual activityi

And the global risk of the process p&jhis given by Equation 5-8:

R(px) = Z R;

V i€pgk 5'8
=Y iep Lj=1 dij (B X Cy)

And probabilityP,. (P, )of the path set (or scenario) is such that:

K
Y hEo=1 59
k=1

So, the expected risk of the prod@sede of K path sets is:

J
E(Rp) = ZK:Pr(Pk) Z Zdi,-(Pi]- x Cjj) 5-10
k=1

Viepk j=1

Equation 5-10 calculates the expected risk of thelevprocess.

By the integration of critical risks in the objeatoriented business process model,
an objective-oriented risk aware business procesteiis developed. The developed
objective-oriented risk aware model is the finalidgable of this phase. The
purpose of the model is to collect sufficient imf@tion to assess the process
performance in terms of value and risk indicatdis.this end, the developed model
is transformed into an executable model via a satmr technique.

5.2.4 Performance assessment phase (Phase 3)

In the process-centered PMS, discrete event simnlaeems to be an appropriate
method since it offers a great potential in analgzprocesses (Bosilj-Vukst al.,
2007). Its major application is to predict and gmalprocess performances without
the process being actually implemented. For thasaoa, it has proven to be a well-
established decision making tool among processipoaers.

In discrete simulation approaches, the constru@mhuse of a simulation model is a
multi-stage and iterative process. Robinson (280#)marizes the main stages of the
process namely, conceptual modeling, model codiagperimentations and
implementation. Furthermore, a 40-20-40 rule isidely quoted rule in simulation
literature (Ryan and Heavey, 2006), where 40 %heftime and effort is dedicated to
requirements gathering, 20% to model translatiod 48 % to experimentation.
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Marqués (2010) divides the simulation process atistraction, implementation and
analysis.

Irrespective of the approach used, a model is aqueisite to conduct simulation
experiments. However, the process model aloneadeiquate to provide a complete
model for simulation experimentations. Simulati@riables (parameters/factors and
instructions) in addition to the process model m@eded, which makes the process
model executable. To analyze the business processelnthrough simulation
experiments, we divide the simulation process thtee stages as shown in Figure
5-20.

The following sections explain the three stagethefsimulation process.
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5.2.4.1 Input data generation

The input data generation step is concerned wéhrelquirements gathering phase of
the process simulation model under study and iglelivinto two broad categories,
which are:

* Functional data generation, which represents thwitses of the business
process.

* Input variables or factors (in simulation parlance)

Functional data generation refers to the conceptealeling stage of the Robinson’s
framework (2004). It involves the real world abstran of processes as well as their
inputs, outputs and the associated objectiveshiBoeind, the VR-PMS relies on the
global approach for objective-oriented risk awanm@cpss modeling (cf. Figure 5-12).
This approach provides step by step guidelinesotieat functional data including
risk and objective information, models them graphjycusing the IDEF3 process
modeling language. Once built, the conceptual masi¢hen validated to see how
realistic the modeling assumptions are (Altiok and Melan28q)7).

Regarding the input variables, the VR-PMS emplogyndevices to collect them,
depending on the type of input variables such &inpinary or contextual data,
parameters and validation data (Pidd, 2009). Tkeé&minary data €.g.the layout of

machines, process routing and capabilities in tlaufacturing context) can be
easily collected as they are usually known. Coripgrithe parameters (such as
duration of activities, machine breakdowns, pantival patterns, etc.) of the
simulation, they can be collected using recordestohy, expert opinions or
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guesswork. Shakt al (2012) suggests dividing the input variables io&tegories
based on their nature and application area inithelation experiment.

Furthermore, the input data to the simulation expents in probabilistic
configurations require data analysis so that t@iob&a good fit to the data. For this
purpose, goodness-of-fit tests are used. The midsiywised goodness-of-fit tests in
the simulation experiments achi-square tesandKolmogorov-Smirnovest (Altiok
and Melamed, 2007).

5.2.4.2 Simulation model and experimentation

By defining a valid process model and the corredpaninput variables, the model
can now be translated into a simulation model. Ttaaslation involves two major
activities in the context of discrete event simiolait

* Model coding.
* Input variable (or parameters) feeding.

The model coding refers to the translation of cpteal model into a computer

model, whereas the input variable feeding is tlwernporation of the parameters and
the preliminary data into the simulation model. Aidahally, the parameters for

performance measures or criteria are also fedtir@csimulation model. In the VR-

PMS, the experimentation stage involves the transftion of objective-oriented

risk aware business process model into an exeeutalphputer simulation model.

Furthermore, it is advised to verify the simulationodel in the course of
development. The verification assessesdheectnesof the formal representation
of the simulation model by inspecting computer sydest runs and performing
consistency checks on their statistics. The varapsroaches used to validate and
verify the model are discussed in details in ttexditure (Sargent, 2010).

Once the simulation model is built, verified andidated, the next step is the design
of experiments. This involves the determinatiorenfgth of simulation, the number
of runs (also called replications) and the manreanitialization (.e. warm period).
(Banks, 1998) proposes details about experimentatiquirements.

5.2.4.3 Output data collection and analysis

Once the simulation model is ready to be experiggnit is then run according to
the design of experiments. At the end of the situtaexperiments, parameters of
interesti.e. performance and risk measures defined alreadyeimbjectives model of

VR-PMS, are collected and analyzed.

Simulation results are the sample history of a fmed process from which various
statistics are computed. These statistics are atsnof various parameters of
interest (in the current thesis, mainly performaneeasures). Therefore, statistical
procedures are then employed to compute confiderteevals for the performance
measures.

The performance measures obtained from simulattperements are then fed to the
decision-making methods to compute elementary padace expressions (value
functions) for each performance measure.
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5.3The decision-making process (Phase 4)

A model has little intrinsic value unless it is ds& support decision-making
(Robinson, 2004). Decision-making solely based erigpmance measures that issue
out of the simulation experiments provides litthsight about the performance of a
business process. In reality, these performancesunes do not reflect the
performance of the business process and serve &s im®rmation about the
different dimensions of performance unless theycampared with some objective
or target values.

Furthermore, in a typical performance managememtgss, multiple alternatives in

addition to numerous performance measures areviedolA Skandia IC report (Tan

et al, 2008) uses 112 performance metrics to measueeafieas of focus including

financial, customer, process, renewal and developrag well as human resources.
Moreover, performance measures are heterogeneousiatore due to the

multidimensionality of the performance concept &nd often hard for the assessor
of a business process to reach a logical conclugidarther treatment is required to
transform the performance measures into performaxpeessions in the light of

value judgments of stakeholders. These performaegpressions to their

corresponding performance measures are, in retiigyvalue functions.

To construct these value functions, multiple ciedecision-making methods are
employed. In the current dissertation, the MACBETdthod is chosen as a tool for
value functions construction. The advantage of NMECBETH method over other

MCDM methods for the construction of value functors its systematic and
straightforward process of simple questioning titeinformation regarding the

performance measures (or criteria) and their ingmae in that particular context.
The resulting value functions are dimensionlessa@mmensurable in nature, which
facilitates the decision-making process.

To further facilitate the decision-making proceg#formation fusion theory is

recalled to aggregate these value functions forpihose of developing global
value and risk measures. To this end, Choquet raltegnd more particularly the 2-
additive Choquet Integral is used. Choquet Integgadn expressive mathematical
technique used to respond to the inadequacy oftieeldinodels used in multi-

attribute theory for decision making process. Cldategral, since it is based on
fuzzy measures, ignores the marginal probabilityd dakes into account the
interaction that exists between different perforoeameasures.

5.3.1 The MACBETH method

In the proposed approach, the conceptual valuennisttel employs the MACBETH
method to model value and risk functions. The methequires only qualitative
judgments about differences of values to help #sssor in quantifying the relative
attractiveness of performance measures from & sef{x,, x,, ...x,} over a set of
alternativesA = { ay, a,, ... ;} and assigning a real numhex) to each criterion;
of X.

To developr(x) for each performance measure, the MACBETH metlooiders a
set of process alternativels with at least two elements. As the MACBETH is an
interactive decision-making method, an assessas gskstions and compares the
relative attractiveness of the process alternatwéth regard to a criterion;.
Depending on the choice of the decision probleng #ssessor can rank the
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alternatives directly or through pairwise companisoTo retrieve relative
attractiveness of two alternative processes, teesasr has to provide a qualitative
judgment (or preference) on the attractivenessvofdlternatives employing a verbal
scale which is more detailed in section 4.5.4.1.11

To quantify preferences, the MACBETH procedureelbn strength of preferences
of the multi-attribute utility theory. But beforérength of preference elicitation, for
the purpose of inter-criteria commensurability MAEBH proposes two common
reference points such as “good” and “neutral” wpgrformance values 1 and O,
respectively. This enables one to map value akduisctions on the intervg0,1].

The next step consists in describing the preferentarionx; in the alternativer; to

a, with a strength of preferencke, where h can take any value ranging from O to 6
(0 and 6 correspond to null and extreme strengtpreference, respectively), then
the value functiow’ for the criteriony; in alternativex; andx, can be calculated by
Equation 5-11:

vk—vl=ha 5-11

Wherea is a coefficient to meet the conditiefi € [0,1]. Therefore, the strength of
preference for each criterion for a set of procaksrnatives gives a system of
equations. Solving this system of equations pravidalue functions for each
criterion x;. Once the value and risk functions for the respecperformance
measure and risk measure are determined, theyhareaggregated independently
with the help of Choquet integral to form value aistt indicators.

5.3.2 Choquet integral

Choquet Integral (Cl) is a MCDM method in its owght. However, in the current
dissertation, it is only used to aggregate theevalnd risk functions computed using
the MACBETH method. The choice of MACBETH for valaed risk functions
determination is the power of MACBETH to elicit @arfmation from the assessor in a
very simple and straightforward questioning procedu Nevertheless, the
MACBETH aggregation mechanism is based on fourepegice conditions such as
preferential independence, weak-difference indepeoe, utility independence and
additive independence mentioned in the literatifiekvood and Sarin, 1980). In
simple words, all criteria are independent of onether and do not influence each
other, which is not the case in real life. To oeene this deficiency, the Choquet
Integral is used as an aggregation operator andandCDM method in totality.
Choquet Integral is used to solve the followingragation problem:

V(X) = F(v(xy) + v(xy) ... v(x,)) 5-12

Where,

c € X An attribute or performance measure ofXset
v(x) A value or risk function

V(X) Global value function

F Aggregation operator (Cl)
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Sincev(x) or simplyx; are known from the MACBETH procedure, the follogin
equation (Equation 5-13) is then used to aggregjatbe value functions:

VOO = ) (FGxi = f ) X (G 513
i=1

Equation 5-13 represents the discrete Ck afith respect to the fuzzy measuyre
The value () in subscripts represents a permutadjgerator such thad < x;) <
X(Z) <. < X(n) <1.

However, in the current dissertation, a particlldnoquet Integral is used: the 2-
additive Cl where pairwise interactions among ddt@re considered. This type of
Cl can be defined by Equation 5-14 as:

n

n
1
Cu(X) = Z ViXj — EZ Ii]-|xi — X]| 5-14
i=1

i=1

Where C, models vectors of value and risk functioms,denotes a Shapley index
(with i, v; = 1) that represents importance of criteriorrelative to all other
criteria andj; represents interaction between critediacf), ranging in [-1,1].

To calculate the Shapley indices as well as interaction criterig; in order to
aggregate the value and risk functions employingaiiqn 5-14, this approach needs
systems of equations havingandl;; as variables. To this end, a set of equations can
be used. These equations are based on the prsapl®ACBETH for weight
determination where MACBETH proposes to considenedictive situations for
each value or risk function. In such fictive siioas, the alternatives satisfy one or
two value or risk functions simultaneously. A prefece ranking of these situations
along with the strength of preference will giveyatem of equations whose solution
determines the Cl parameters.

The fictive situations where only orie = 1 and all others are equal to zero, the
aggregated performance is as follows (Clivillé &sdrah, 2007):

. 1
Fog =vi = EZ I 5-15
1

The aggregated performance of the situations whieee; =0 and all other equals to
one will be as follows in Equation 5-16:

n
. 1
P&g = 1 —7; _EZ Il] 5'16
j=1
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In situations where only two value or risk funcsoare equal t®; = 1 andP; =1
and all other are equal to zero will be as folleaw&quation 5-17 (Gurbuz, 2010):

. 1
P;'ézvi‘l‘vj—z(z Ly + Z L) 5-17

KER; KER;

5.4Value-Risk graph as a decision-making tool

The decision-making process will be more convenidnizones of aversion,
acceptability and desirability are determined bimthvalue and risk for a business
process, similar to the ALARP principle in the riskanagement. For this purpose, a
two dimensional graph is proposed and valuend riskR respectively in the range
of [0, 1] on the x-axis and y-axis, are defined.

To define value on the x-axis, the value rangeivéddd in three ranges: value
aversion /indifference, value tolerance/acceptainlé value desirability. The value
indifference refers to the range of value whicma@ significant and the company
avoids pursuing the process. The value toleranceacmeptable range remains
between the upper bound of value indifference| tini point where the value starts
becoming desirable. In this range, the company puaigue the process. Beyond the
acceptable range is the desirable range. Thesesang drawn on the x-axis line as
shown in Figure 5-21.
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Value indifferent Acceptable Value desirable

Figure 5-21: Value ranges

In a similar way, the y-axis is divided into thnemges: risk appetite, risk tolerance
and risk intolerance. The risk appetite refershe tisk which an organization is
willing to accept in pursuit of business procesgectives. The risk tolerance
specifies the maximum risk the organization isinglto take in pursuit of business
process objectives and the risk intolerance alludethe risk level which is not
acceptable in any respect. The ranges have beamshd-igure 5-22.
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Figure 5-22: Risk ranges

To determine value and risk ranges quantitativiig, approach developed in the
current dissertation proposes to take each perfocenand risk measure and define a
target limit for each of them as well as the degpoéeariation. For example, the
target limit for the process cost measure is 12susnd is acceptable, to the upper
bound is set to 16 units and we wish to bring tveer bound (LB) to 10 units. This
gives a range of 10 to 16 units for process costsoe that needs to be normalized
in the range of [0, 1] using whatever value elitita technique (numerical
estimation such as direct rating, or indifferencetimd like: bisection method, or
semantic judgments). Because the VR-PMS employM€BETH method, which
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is based on indifference method to elicit valueerdéfiore we choose the semantic
judgment technique to elicit value and risk funeidor normalization purpose. The
advantage of using the semantic judgment is treasime upper and lower bounds
defined for each measure in this part will be usdwn eliciting value and risk
functions for performance measures that issue bainaulation experiments. Since
these bounds on cost measure are 16 and 10 andctmesspond to 0 and 1,
respectively on the normalized scale. Now, let ssume a target value of 12 units
for the cost measure. Using the MACBETH methodakues function for the target
value of 12 is then obtained which will be in beéned and 1.

By the same token, value is evaluated as well ak functions for all the
performance and risk measures for a given prod@ssbtain a global or synthetized
measure for the value functions as well as theftisktions, they are aggregated by
Choquet Integral. The aggregation measures obtadetdrmine the minimum
acceptable value and maximum acceptable risk Bopthcess or project in question.

In addition to the minimum acceptable value and imarn acceptable risk for a
process, we propose to develop a value to riskectovmodel the acceptability of a
process if the value progresses with regard to Irskeality, organizations may take
risk beyond the risk appetite in pursuit of valueation for their stakeholders. For
this purpose, we need to define a value/risk rdtad will be restricted in between
minimum acceptable value and a point of risk beyahéch an organization cannot
afford to pursue its objectives.

The aim of the value/risk ratio is to determine tipper bound for the acceptability
of a process in pursuit of objectives fulfilmeiihe value to risk ratio signifies how
much risk an organization is ready to take if takue of the process progresses along
with risk. However, its determination is still sebjive and depends on the
company’s attitude towards pursuing its objectip@gue creation) and risk taking.
The final value risk graph takes the shape as showigure 5-23.

Value/risk ratio

\

Risky adventure

ASIY

Feasable

amadde PUEISI0}  goyuessiolul
sy ASid

Highly desirable

0 |ndifferent value  Acceptable Desirable value 1

Figure 5-23: Value-risk graph
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5.5Conclusion

This chapter has presented the value-risk basefdrpemce management system
(VR-PMS). The system is equipped with two framevgor structural one and a
methodological one.

The former one is developed to integrate all thecepts around “performance” in a
value and risk view and to determine the desirghtgperties for value and risk
modeling. The deliverable of the framework is acaptual value-risk model. This
model is then used as the foundation for evaluatiifigrent process alternatives,
which rank them for their desirability and undeliligy.

The methodological framework, on the other handyides step by step guidelines
to assess business process performance. Each miaske methodological
framework is illustrated with simple examples taifitate the understanding of the
VR-PMS system.

Finally, the chapter concludes with the belief tet VR-PMS is theoretically sound
and has its roots in different domains dedicatedh® performance field such as
value engineering, risk management, process marexgeand decision sciences.
However, the application of VR-PMS to a real casel is required to check its
validity. For this reason, the next chapter is dat#id to carry out a practical case so
that the validity of the approach is demonstrated.
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Chapter 6 Case Study

his chapter presents the application of the propo3&R-PMS. For this

purpose, a case study has been developed thatfoamsthe industrialization

phase of a simple mechanical product. The purpasdoi validate the
performance management system capability as a idacisiaking tool in the
selection of the most appropriate process plan he tmposed scenario. Two
manufacturing scenarios are treated to demonstthé&t, although the approach is
generic in its principles, its operational expermgtion depends on the objective of
the system or process to be evaluated.

6.1 Description of the company and the reference produc

The company is a small hypothetical manufacturioggany that manufactures and
assembles mechanical systems on make-to-order (M3a@3js. It has a design
department, a process planning department, a piodyglanning department and a
manufacturing facility. Currently, the company airtes develop a performance
management system that could enable it to assesspéinformance of their
manufacturing processes. The main objective ofttirapany is to use the PMS for
the purpose of decision making when respondingeaincertain customer demands.
For this reason, the company has identified theuf@turing domain as a focal
point of interest in its supply chain network. Femmore, the company works
closely with its customers to identify and realilzeir needs and requirements.

For the purpose of illustration, the company coasidoroduction of a mechanical
locator as a reference product which is displayedrigure 6-1. The mechanical
locator is a work holding device that is placegimodular fixture in order to locate
a work piece during machining. Details about thierence product, its parts and
parts drawings are described in 0
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Figure 6-1:Mechanical locator configurations: free(left) and loaded (right)

Moreover, simulation relevant data used in thigsiitation are based on estimates.
The purpose is to validate the proposed VR-PMShedontext of manufacturing
processes
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6.1.1 Case Study description

The case study reviews the performance assessrhém enanufacturing phase of
the mechanical locator using the proposed VR-PM$. proceed with the
performance assessment of manufacturing procedsts anechanical locator in
terms of value and risk, the case study takes #ehanical locator specifications as
input to the assessment process. These specifisa@we then translated into
candidate manufacturing processes and manufactprimcess plans. Additionally,
the contractual requirements of the product retiimain addition to its functional
requirements are fixed as objectives and conssraifhthe identified manufacturing
processes. To determine whether the objectivesdMoeiimet or not, risk assessment
is carried out in parallel to performance assessnagl, finally, the different
manufacturing process plans are assessed fonvtlae creation and risk exposure.

For the purpose of performance assessment, the M&-Rill primarily take into
account the product specifications, the objectivesk factors and simulation
parameters as inputs, VR-PMS as mechanism (methatwill result into a value-
risk pair as the deliverable (Figure 6-2).

VR-PMS

Objectives-

A 4
s Pr.o'duc; Oriented MPP
pecification L
————> Model Objectives- W VR-PMS
Oriented MPP
— > Objectives-Oriented
Ol jeC[IYES/ Al Risk Aware MPP
constraints / VR-PMS
A Model Objectives- v VR-PMS
Oriented Risk
et Performance,
T:O uction Aware MPP Risk Measures
esources b Factors >l Al Assess Objective-

. Oriented Risk 1/
Simulation .
Parameters Aware PP Value-Risk
> Construct Value, Pair

28 Risk Functions —»

Pref./Strength

f Pref A4

Simulator
Figure 6-2: Performance evaluationusing VR-PMS

The deliverables of the VR-PMS are the global iathes: value and risk. The value-
risk pair for each manufacturing process plan &nthsed as a decision making tool
to determine its desirability or acceptability imetimposed scenario. To this end,
production scenarios are developed in order totkesvalidity of the proposed VR-
PMS in the context.

6.1.2 Production scenarios

To validate the VR-PMS for value and risk assessroémanufacturing processes
under different sets of demands, different produrctscenarios are developed. No
company operates under one fixed production sceresithe uncertainty in the
competitive market is a well-known phenomenon. Egwmduction scenario
characterizes a unique manufacturing environmetit 8 own stimulusi(e. order
arrival), objectives, requirements (functional ambn-functional ones) and
constraints as well as manufacturing processes.

In this case study, two production scenarios haenlronsidered. Before developing
these scenarios, key factors of the product valmewksions such as cost, time and
technical performance are determined. Next, fohdaxy factor, 2 to 4 projections
are defined. In the case of technical performafi@product, the projections defined
are: high-quality (HQ) and low quality (LQ). The H@vel, in this case study, is
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defined in terms of tolerances of the product/gadtures that guarantee proper
assembly or adequate product service operationLThdevel, on the other hand,

provides acceptable tolerance values, yet wittzab& risk of failure and must not

be exceeded. The HQ and LQ productdefinitions atailéd in the Appendix B .

In the following sections, production scenariosntl 2 are each described in detail.
Since the scenario 2 unrolls in the same businessomment as the scenario 1,
therefore, the parts of the scenario 2 are outlinethore detail, which are either
different or additional to the aspects taking placscenario 1.

6.1.2.1 Case study: Production scenario 1

The company understudy has a medium sized manufagtand assembly facility
which runs on make-to-order basis and, hence, st developed a well-defined
coordination mechanism with its suppliers. The canys manufacturing and
process planning departments assess thoroughlyoedehon value and risk basis.

The scenario 1 assumes that the company receivesdan of 1000 mechanical
locators. The client needs them in a period of weeks. Therefore, a lead-time of 2
weeks (10 working days) is fixed between the compamd the client. Due to the
short lead-time, the client compromises to somerextn the technical performance
of the product and, therefore, orders for low-gyalLQ) mechanical locators. The
price (P units) of the product has already beeeejiand has been kept at normal
rate. After finalizing the terms and conditionsg ttontract is prepared and awarded
to the company.

It is assumed that the company has at its dispssticient resources at the
manufacturing facility, so it does not outsource finoject. Most of the product parts
are manufactured with its production equipment pktlee parts which need special
skill or equipment or can be purchased at chea&s @t the market.

In this scenario, the hypotheses are:

* For the required order of 1000 mechanical locatalisfaw materials are
provided in time by the suppliers. From the alreatbveloped Bill of
Material for the mechanical locator, the companyaing to manufacture
three components of the locator: axle, body andvdaife springs and bolts
are purchased from local suppliers.

* The required purchased parts are delivered in time.

Furthermore, the operating policy in the assemblgpsis straightforward. If two
components due to maximum or least material cantt{iMMC & LCM) do not fit
together at first place, they are not scrappedrimd with another component up to 3
times in that particular lot until the part fitdenassembly, otherwise it is scraped.

In the case of non-delivery at agreed upon leaéstithe company can ask for due
date tolerance, already defined in the contracth# due date passes, then the
company is subject to penalty cost of 2 per unitetitardy up to 5 days. Failing to
provide the product in that period of time will tep cancellation of the product with
a backlog cost of 10000 units for 1000 mechanieaisp

6.1.2.2 Case study: Production scenario 2

In the scenario 2, the company has the same opesatpolicies, resources and
manufacturing environment as described in the prooln scenario 1. Moreover, the
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coordination mechanism with its suppliers is mamgd. However, this time the
company receives an order of 200 mechanical losaths opposed to the first
scenario, the client requires the product techrpealormance to be of high-quality.
Besides, the client allows sufficient time for tielivery of the mechanical locators
and, therefore, lead-time is not a critical objeetiof the order. Similar to the
scenario 1, the cost of the product is maintained.

So, the most critical objective of the order is tdehnical performance of the product
as required by the customer. For this reason, ¢ingpany has put in place a strict
quality control and quality assurance practicesadidition, preference is given to
machines demonstrating high process capabilityhsd tework or scrap could be
reduced. In the case the product does not meeethered specifications; it is either
reworked or scraped. The decision to rework a igatidken if the part is still in the

tolerance limit, otherwise it is scrapped. Moreowhe part fitting practice due to

maximum or minimum material conditions is kept wp5t parts in each lot of the

assembly shop.

If the company fails to deliver the mechanical locato the customer with the
desired functional requirements, then the compangubject to penalty cost as
agreed upon in the contract.

By describing the two production scenarios ford¢hee study, the proposed VR-PMS
is then applied to each of the scenario understiidg.production scenario 1 will be

explained in more detail,while the scenario 2 Wil more briefly described due to

the similarity of the approach.

6.2 Application of VR-PMS to the first scenario

Having identified the scenarios, the methodologicainework of the VR-PMS (see

Figure 5-12) is then applied to assess their padioces on the basis of the
conceptual value-risk model (cf. Figure 5-9). Thetimodological framework begins
with context establishment for the scenario, whials just been, for the most part,
defined in the supplier-customer agreement hereeab&dditionally, the roles and

responsibilities to deal with the scenario are sspg to have been assigned.

Furthermore, the value creation objects in a gisegnario are different to different
stakeholders. For instance, performance is relesaptocess owner and customer,
compliance to quality manager and customer whiletgand security as well as the
operating conditions to operators. For that reasiom,expectations and the values
thereof of the stakeholders vary in the scenanothe current case study, for the
purpose of simplicity, the safety and security aspef the value delivery system in
the multiple stakeholder perspective are omitted @@ approach focuses only on
the three important stakeholders: the company,eting@loyees and the customer.
Figure 6-3 reminds the methodological frameworkéaapplied.
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2: Performance Modeling Phase
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Figure 6-3: Global approach of the methodologicalrimework

6.2.1 Objective modeling (Phase 2a)

Before determining the objectives of each stakedro{dustomer, manufacturer and
employee) in the given scenario, an overall funda&aieobjective (henceforth,
global objective) is defined. Because the productszenario 1 deals with the
customer order satisfaction, therefore “Customeepsatisfaction” is chosen as the
global objective for the business process undeystlide more refined objectives of
the global one arethen obtained by employingtheatlwes model of the VR-PMS.

6.2.1.1 Fundamental objectives

A little thought can bring forward the fundamentabjectives for the order
satisfaction business process, focused on the metouing processes as the order
processing is a routine process. The customer aragsfaction means low price,
high quality and on-time delivery to the customgudted C in the Figure 6-3), low
cost and customer satisfaction to the manufact(ivérin the Figure 6-3) and
satisfactory working conditions to the operatorsirf{fBhe Figure 6-3). Each of the
fundamental objectives is then more refined udiggdbjectives model principles (8.
5.2.2 in Chapter 5) and a list of lower level olijgs is determined.

By defining the fundamental objectives, the nexpsis to combine and structure
them in the hierarchy. Figure 6-3 shows an excefpghe fundamental objectives
hierarchy. The complete objectives hierarchy i€giin Appendix D
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Customer Order
Satisfaction

1: minimum cost 2: high quality 3: Lead-time (C) 4: Employee jot
(CM) ﬂ(CM)\ m satisfaction (E)
2.1 2.2: 2.3 3.3: min. order  3.3: min. 3.3: min.
compliance  responsiveness reliability processing  production transportation
2.1.1: ) 231 233 3.3.1:min. 3.3.2:min. 3.3.3: min. 3.3.4: mir
comp.f; to 2.2.2: comp. maturity recoverability  OPeration machine routing time wait time

tarage fato target time setup tim

Figure 6-3: Fundamental objectives hierarchy

Furthermore, the meanings of many of the objectasesobvious. However, some
explanationsareappropriate. The employee job aatish, in the current scenario,
refers to the satisfactory working conditions imte of workload and affiliation of
the employees, particularly the operators on thepsHoor of the company.
Moreover, the compliance objective can be drilledvd into individual featureg;
compliance to specifications. Furthermore, resp@mass as a dimension of high
quality specifies flexibility and availability ofhe business process. Because the
current scenario considers one product and oneroest this aspect of high quality
becomes less relevant.

By identifying the fundamental objectives for theesario 1, it is convenient now to
define the performance measures. Figure 6-4 deplots value tree for the
fundamental objectives detailedin Figure 6-3.

Business Abstraction Performance

Process Value measures
Min. Cost
Cost of quality
Mfg. cost
High
Quality
— Process yield
Response time
Min. Time
Cycle time
Rework time
Employee
satisfaction
Average length
of service
Affiliation

Figure 6-4: Performance measures tree (value tree)
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While Figure 6-4 links the business process valuigis performance measures via
the fundamental objectives, it does not describe rtechanism on how these
performance measures contribute to the procese valuoperationalize the process
value creation, means objectives are determinedchwhink the performance
measures to the activity model which, in turn, jieg the environment necessary to
explain the value creation mechanism.

6.2.1.2 Means objectives

To define means objectives, each objective on tieet tiers of the fundamental
objectives hierarchy is put to “How can we achié®é test. For instance, to achieve
the“minimize operation time; several means objectives can be deduced such as:

* Optimize operations sequencing
» Improve throughput

* Minimize scrap rate

* Reduce bottlenecks

* Reduce operation time

The current case study is not aimed at improvirgggtocesses so that to improve
their value creation capability. The purpose hese tdo assess the current
manufacturing processes of the mechanical locatdrchoose the one which suits
better the imposed scenario in terms of value &kd In other words, it focuses on
the “as-is” process model assessment rather thanttbe” process model. In the
case ofto-be process model, the proposed methodology suggestset@ach of the
means-objectives as alternative course of actionsnprove the overall business
process value.

To assess the value and risk of the productiongsses, alternative process plans are
generated using the approach proposed by SormaKlaghnevis (2003) as shown
in the Figure 6-5. These alternative process pkmmsthen assessed against the
performance measures derived from the objectivedeino

Features, Generate Process
Instances
v

Check process
capability

Accept process for
the feature

\
Specify machine
and tool constraints|

Create new feeature

Delete process . .
. with unsatisfied
instance l Process

attributes instance

) New feature

195



Chapter 6: Case study

Figure 6-5: Algorithm for process selection (Sormaand Khoshnevis 2003)

6.2.2 Generation of alternatives process plans (Phase 2b)

To generate alternative process plans for a mechlarpart/product, various

approaches have been proposed in the literatuee f(gedetail (Etienne, 2007)).

However, the current case relies on the Sormazkdmodhnevis approach, which is
modeled inFigure 6-5, to identify and sequencevaies (process candidates) for the
realization of the mechanical locator.

To illustrate the approach, only the axle part Fsgare 6-6) of the mechanical
locator is considered here. Process plan alteesmtior the other parts of the
mechanical locator are described in the Appendix A.
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Figure 6-6: Axle part geometry and tolerances

As shown in Figure 6-6, the axle part consists edtdres F1 to F8. Before

proceeding to identify the process candidates &mhedeature of the axle using the
algorithm as depicted in Figure 6-5, the featurecpdence relations is established
while keeping in view the technological, geomefrias well as economic

constraints.

6.2.2.1 Feature precedence network

To determine the sequence of features to be mathime a given part of the
mechanical locator, a precedence relationship anfesigres is developed as shown
in Figure 6-7. From the Figure, the operationsféatures F1, F3 and F7 can take
precedence. Feature F1 can be followed by F2 andHe%ever, F5 cannot be
machined before F1 because of geometrical conrafimilarly, due to the
economic considerations, F1 should precede F2. dioisess continues until all the
features of the axle part are considered. Oncefghrires precedence network is
complete, the process moves on to the selectimandidate processes for the part
features.

—N
a @
OO, N
® G
Figure 6-7: Feature precedence network
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6.2.2.2 Candidate process selection and network generation

In this section, features are enlisted and therréheired manufacturing processes
are selected for each individual feature (as pregdsTable 6-1). In the current
context, the differences in process candidateddatures are only represented by
selecting different resources (i.e. machines). feck the capacity and availability of
machines (potential process candidates) for theimed) manufacturing processes, a
resource model is consulted. The model ensureavagability and capacity of the
process candidates for the individual features.

Table 6-1: Axle features and corresponding processandidates

Machines (and manufacturing operation candidates)

Features Manufacturing M1 M2 M3 M4 (

processes
F1 Turning X X
F1 Finishing X
F2 Taper turning X X
F3 Turning X X
F3’ Finishing X X
F4 Turning X X
F4’ Finishing X X
F5 Facing X X X
F6 Facing x x x
F7 Parting X x X
F8 Parting X x
F8' Facing X X x

After identifying the potential operation candidafer each feature of the analyzed
part, several process plan networks are generatesldering the feature precedence
network displayed inFigure 6-7. The procedure stbdm stock (S) and considers
only features that can be machined at the firsyestaf the features precedence
network (F1, F3 and F7 in the current example)c®se candidates for these features
are clustered through layers of process plan né&tar Figure 6-8). For instance,
M1, M2 and M3 are the candidate machines (and h#@meenanufacturing process
options) to machine fully or partially the consieéifeatures of the first stage. In the
following stage, new features are selected alort wie unused feature from the
previous stage (if any). For instance, M3 machimy feature F7 while the F1 and
F3 are non-machined features from the previousdtagthis particular process plan.
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Therefore, in the next stage features F1, F2, E3&nare the considered features for
machining. This procedure is repeated until all teatures from the precedence
network are used and the network from start S th mode E includes all the part
features.

Once the process plans network is generated, g8esss can carry out qualitative
assessment in order to choose the alternativeséleat more appropriate in meeting
the objectives and, therefore, reduce the modalimg computational task of the
assessor. Figure 6-8 shows an extract of the pggatan network for the axle part.

MUFLF3F7) L — | MUF2FS
J/ \x\
/ TP M2/F2,F5

s M2/FLF2, F3,F5

Figure 6-8: Processes network for the part axle

6.2.3 Activity modeling (Phase 2b)

Having determined the alternatives process pldmesnéext step is to transform these
plans into conceptual process plan models whichestwvo purposes in the current
case study: information collection (functional datech as activities) prior to
simulation and provides a context for risk assestme

To develop such a conceptual process plan modemtidified IDEF3 model is used
as shown in Figure 6-9.

Machine Tumn F1, Face F7& Tumn F1'& Change o Face F8' &
Setup >_’ F2, & F3>—’ F5 > F3' >" Part F8>" Setup >_’ e F4>—’ fie F4>_. F6 >
% % % t 3 + % £ % 4
M2 Operator CTl CT2 CT3 CT4 Operator CT3 CT3 (ap]
| | | | | | | | |
Specification © Specification @

Figure 6-9: Manufacturing process plan for the axlepart

To model objectives into the process model, itufficient to associate functional
objectives with each activity in the process plamdel. For instance, in Figure 6-6,
two objectives in the form of concentricity requirents (specification® and?) for
the features F1 and F4 of the axle part have lamtified. So, these objectives are
assigned to the corresponding responsible acsviigch as “Turn F1” and “Turn
F4 of the manufacturing process plan model (d¢fufe 6-9). Concerning the non-
functional objectives such as time and cost, theyusually determined in a global
way for the whole process via estimation or a satiah experiment.
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Once all the manufacturing process plans are mddéle next step consists in
carryout risk analysis of the manufacturing proess#t is worth mentioning that the

informal risk analysis starts with the inceptiontbe candidate process selection.
Only those process candidates are selected foiven dieature if it can satisfy

requirements to some extent of that feature (cfufe 6-5). However, a more

thorough risk assessment is still needed to gétar picture of the risks involved in

the processes.

6.2.4 Risk modeling (Phase 2c)

To carry out risk assessment of the process pMRsPMS proposes a two steps
approach: objective-driven risk identification aativity based risk analysis.

6.2.4.1 Objective-driven approach to risk identification

To determine risks employing the objective-driv@pmach, a risk hierarchy similar
to the fundamental objectives hierarchy is devalopehe approach starts by first
defining a global risk such as “failure to satishe customer order” for a given
manufacturing process plan. The lower level risks the inverse mirrors of the
fundamental objectives hierarchy such as schedsle gorresponds to on-time
delivery objective, cost overrun cost objectived aerformance risk corresponds to
high quality.

In the current scenario, the “on-time delivery'th® critical objective, so it requires
further analysis. For this reason, the scheduleisigefined further using modified
risk model of the VR-PMS. The question “What ddasean?” brings forward lower
level schedule risks dimensions such as order psig delay, manufacturing delay
and delivery delay as shown in Figure 6-10.

Failure to satisfy
customer order

/‘\

Cost Overrun Schedule risk Performance risk
Order processing Manufacturing Delivery or
delay delay logistic risk
Operation time Quality Disruptions
estimation error failures \
Stochasticity Process Process Product Resource
of the process novelty complexity novelty unavailability

Figure 6-10: Schedule risk hierarchy

Since the focus is more on the manufacturing psessthe order processing and
logistic delays are excluded from further invediga The manufacturing delay is
further refined to operation time estimation erquality failures and disruptions in
the process execution. Because the risk model depamthe likelihood and impact
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of a risk event for modeling purpose, it is impattao figure out these two
parameters.

To calculate the impact of a risk event on a scledund other fundamental
objectives, the contract agreement is consultedoAthe delay, the impact function
y = f(x) is calculated asy = a.e?*, where a and b are the coefficients ani$ the
dependent variable indicating the range which edsdbe due date. Similarly, the
cost impact function is calculated assuminga quedfanction (i.e. per unit cost
overrunx has an impact?). As for the quality failure impact, FMEA technigu
severity scale is used.

For the probability of a risk event, it can be det@ed only putting the risk into the
context. For this purpose, the activity model (psxplan model) is referred to, since
risk analysis is meaningless without looking intee tenvironment in which it
executes and the process plan model provides dnadxt.

6.2.4.2 Process-based approach to risk analysis

To analyze the identified risks in the context obgess plan models, they are first
related to the activities influenced by these risksr this purpose, the activity/risk
matrix is developed as shown in Table 6-2. The Godumn of the matrix enlists all

the activities (machining operations) of the pracetan, whereas the first row is
populated with all the identified risks.

Table 6-2: Activity/risk matrix

Risks Failure to adjust Axel / body | Duration
in the modular assembly failure estimation error
Activities fixture
Turn F4_B X X
Turn (F6, F6’)_C X X
Part F8_A

Table 6-2 illustrates that the risk event “Failtweadjust in the modular fixture” can

originate if the operation “Turn F4-B” of the Bogyocess plan is not carried out per
specification requirement. Additionally, this opoa is assumed to have uncertain
time duration and hence is subject to two risk &veHowever, the operation “Part
F8 A” of the axle process plan confronts no riskaimy respect. Similarly, all the

activities of the process plan are linked to thentdied risks.

Once a link between the activities and the riskesisblished, it is now convenient to
analyze the risks in the process environment. Sirtbe activity execution
environment i(e. operating conditions, operator or machine and)télknown
through the process plan model, it is thereforsarable to estimate the likelihood
and detection parameters for risk analysis in FMBBle. For instance, if a critical
objective is assigned to an error-prone activitgnt the risk event is more likely to
occur as compared to an error-free and robustictilhe risks are then assessed
qualitatively in the process FMEA Table. Table 6Hbws an excerpt of the process
FMEA for the schedule risks. The complete FMEA Eaiblgiven in Appendix B .
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Table 6-3: Extract of process FMEA table (focusingon the schedule risk)

Fundamental  Process Failure  Causes Effects P C D RPN
risk mode (Risk
factors)

Schedule risk Operation Failure to Improper Manufacturing 5 7 6 210

Turn F4_B  adjust in dimensions delay
modular /tolerances
fixture

By putting the risks into the process context, ik parameters, and consequently
the RPN for each risk event, are determined usiag=MEA technique as illustrated
inTable 6-3. On the basis of the observations madbée FMEA table, high RPN
risks are then integrated into the process modrlgjdiantitative assessmentin the
simulation step.

6.2.4.3 Risk integration into the process model

Having identified and assessed the risks usingHbjectives model, activity models
and FMEA techniqgue, the next step aims to proceedtld integration of high profile
risks into the process plan model.

In the running example, a functional objective sasltoncentricity of the feature F3
with respect to the plan A of the axle part (cfgle 6-6) is a critical assembly
requirement (specificatio) whose probability of failure to meet the specifions

is determined in the simulation model. For thispmse, machine M1 (2-axis CNC
lathe), whoseC, value is estimatedabol67, is used to realize the F3. The
likelihood of the failure is the frequency of tharpwhen it exceeds the tolerance
limit specified and have an effect on the final easbly and hence on delay.
Similarly, the quality risks such as MMC or LMC &med in the FMEA table have
an impact in terms of delay, cost and operatiomafgpmance of the product. So,
MMC and LMC both are included in the process plandel as quality risks.
Furthermore, the duration estimation error assessmbich can negatively impact
the schedule can be calculated quantitatively énffoliowing way:

» Evaluate the risk of each activity and represergirtidurations with
probability distribution.

» Combine these probability distributions using deterevent simulation to
derive the probability of the final date occurring.

» If the cycle time exceeds the due date limit (nafidate occurring), then it is
considered a risk event whose impact is a funatiaihe duration beyond the
due date.

In short, all the critical risks are integratedoirihe process plan model for further
assessment.

Figure 6-11 shows an excerpt of the risk awaren®ss process.
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Figure 6-11: Extract of a risk aware process plan mdel
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6.2.4.4 Objective-oriented risk aware business process mobe

The final deliverable of the integrate BPPM apptodcf. Figure 5-12) is an
objective-oriented risk aware process plan moddie Pprocess plan model is
enriched with information regarding objectives,iatt execution conditions, risks,
risk factors and risk appetite and so on. Thisrimfation is sufficient to characterize
the desirable properties required to value and asdessment of the process plans.
Figure 6-12 shows an extract of the objective-dgdnrisk aware process plan
model.
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Figure 6-12: Objective-oriented risk aware procesglan model

The final conceptual process plan model is thenméx@d in the simulation
environment in order to evaluate the value andafske manufacturing processes of
the mechanical locator.

6.2.5 Simulation of the objective-oriented risk aware praess plans
(Phase 3)

The pre-requisite to a simulation experiment is ogerational simulation model

requiring both functional data (i.e. activities)dasimulation parameters. Having
already defined the functional data and some inédional data (risks, performance
measures) through an integrated business proceBwrpance modeling (BPPM)

approach, the next step is to simulate the prodessperformance assessment
purpose. However, the simulation parameters ard¢oybe determined to make the
model operational. The following section describies input data collection for the
simulation experiment.

6.2.5.1 Input data generation

The functional data of the simulation model hagadly been collected through the
process plan models. The data about the manufagtuscility layout is also
integrated in the simulation model. However, theapeeters regarding simulation
experiments are collected and tabulated in Takla®Table 6-6.
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Parameters in Table 6-4 are required to initialiwesimulation run (replication). The
part arrival law is assumed to be exponential ¢cBiEXPO” in Table 6-4) in nature

since this distribution is a suitable choice fordeling inter-event times in random
arrivals besides the Poisson distribution. Furtteeenreplications are designed to
reduce variance in the simulation output. In additithe warm-up period are aimed
at removing the bias that exists in the initial ditions. There is no rule of thumb to
calculate the warm-up period for a simulation expent. The good practice is to
simulate the model and observe the random numloergafiance and truncate the
interval where significant variance can be founthim initial time period.

Table 6-4: Run parameters for simulation model

Parameter Types Categories| Value

Part Arrival law NA EXPO()

Parts/Arrival Batches Number of units/arrivals
Replications NA 10

Replication length 1000 products
Warm-up period X time units

Process Trigger NA Customer order

To facilitate the process plan data collection {@ble 6-5), a process plan is divided
into different categories such as value addingviiets (operations), non-value
adding activities (such as machine and tool sefupsjlity control related activities
(inspection) and resource specifie(capability of machines, machine speed factor).
The machine speed factor is an important paranettre estimation of operation
time, which is calculated through the Equation 6-1:

Machine i speed
Work Cell standard speed

6-1

Machine Speed Factor =

To estimate the operation times, the triangulatrifistion (.e.TRIA ()in Table 6-5)

is chosen because its input parameters (the minjntiikenmaximum and the most
likely) are straightforward and easy to model & #xpense of a little loss in the
precision. Other durations can be modeled eithendularly or normally. In
addition, we assume that the capability indi¢€s) for the machines used to realize
the parts are in the range bto 1.67.Table 6-5shows the process plan relevant data
for the simulation experiments.
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Table 6-5: Process plan parameters for simulation odel

Parameter Types Categories Value
Operations Operation times TRIA()
Inspection Inspection type Manual
Inspection time NORM()
# of inspections 1 to many
Setup Setup time NORM()
# of setups 1 to many
Machine Specific Capability of machines Cp = 1to 1.67
Machine speed factomsf) | 0<msf <1

Moreover, the scenario specific data (given inTab#) can be obtained from the
contract agreement between the supplier and théoroes. This sort of data
represents the process goals, objectives and aoristr

Table 6-6: Scenario parameters for simulation model

Parameter Types Categories Value
Order quantity NA D units
Objectives /constraints Product cost| P $

Quality level Satisfaction index

Lead-time T minutes

6.2.5.1.1 Evaluation methods

Once all parameters are determined and fed intgithalation model, the next step
is to select performance measures/criteria to agtkesperformance of the simulation
model against these performance measures. Therparice measures have already
been derived from the objectives, however, the wtalon method needs to be
developed. For the current case study, the caionlamethod for each performance
measure is developed and presented in Appendik&@ the sake of simplicity, the
current case study considers only the following feerformance measures:

* Manufacturing cycle time(;)

* Manufacturing total costt)

* Process yield@)

» Employee/operator satisfactiofi, |

204



Chapter 6: Case study

Furthermore, for the purpose of risk assessmerthenprocess plan models, the
following risk measures representing the downsafdble lead-time, cost and quality
objectives have been selected.

» Schedule riskKg;)
« Costoverruni,)
« Performance riskRj)

Moreover, the assessor defines the minimum perfocmand maximum risk levels
with respect to each performance and risk meagespectively. The minimum
performance levels for each of the performance oreaare obtained from Table
6-6. Concerning the maximum risk level for eachtlod risk measure, the risk
management scope is consulted. The maximum leveiskfan organization can
support depends on its culture and capacity to geita risk inherent in its business
activities. Table 6-7 enlists the upper and loweurxs as well as the target values
for the performance and risk measures.

Table 6-7: Performance and risk levels

Upper Bound 22 16 100 100 4 5 1
Target level 18 12 95 75 2 3 0.5
Lower Bound 16 10 85 60 1 1 0.2

The performance and risk measures are then tramstbmto normalized scale in the
range of [0, 1] by employing MACBETH method for ¢ler options of upper bound,
target level and lower bound. The target level @spnts the minimum acceptable
performance measure or maximum acceptable risk uneds the scenario. The

minimum performance value function and maximum figikction (or expression)

are then obtained and presented in Table 6-8.

Table 6-8: Minimum performance and maximum risk ac@ptable expressions

G C; Cs Ca Ry R, Rs

Expressions 0.5 0.6 0.67 0.43 0.65 0.14 0.43

From these expressions, the global minimum valud giobal maximum risk
indicators are developed. For this purpose, thehemaatical model of 2-additive
Choquet integral (Equation 5-14) is employed. Theofthis integral,i.e. the
expressions both for risk and value have been djreéatermined via MACBETH,;
however the Choquet Integral parameters (Shaptgxiand interaction parameters)
need to be calculated. To this end, the critegacaidered and the assessor provides
the strength of preference both for the criteripairs and individual criterion in the
ordering as depicted belowe. ordinal preference modeling).

C1&C5 >3 C,&C, >3 C,&C5 >* C,&C, >3 C3&C, >2 C,&C, >2 ¢, >3
C, >%2C3 >*C,>*"0"

6-2
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Using Equations 5-15 and 5-17, the ordinal prefeeemodeling is then transformed
into systems of equations whose solution determihegarameters of the integral.
These parameters as well as the minimum acceptalble and risk functions are
then put into Equation 5-14 and the following sesofer the production scenario 1
are calculated:

- Global minimum valuel}) =0.52
- Global maximum risk®) = 0.36

These global minimum value and global maximum frsticators will be used to
decide on the alternatives process plans. By defitihese values, the next step of
the approach consists in performing the simulatimdel experimentations.

6.2.5.2 Simulation experiments

With the definition of operational simulation mosleor simulable process plan
alternatives), and performance and risk measurewedlsas their minimum and
maximum acceptable levels, the process plans aveready to be simulated in the
simulation environment for the purpose of perforoemassessment. To this end, a
discrete-event simulation software Rockwell Arer8\b has been used.

The simulation models are simulated in Arena. Asaited in the Table 6-4,

10independent replications (or simulation runs) @eied out for 1000 mechanical
locators. In each replication, the process planehadloaded with the input data as
given in the Table 6-4. To avoid correlation betwgmrallel replications, different
random number seeds are useg. (initialize data in the beginning of each
replication). At the end of each replication, ols¢ions about the performance
measures and risk measures are collected whichtreme analyzed at 95 %
confidence interval in the output analyzer of Arepéware.

6.2.5.3 Simulation results analysis

For the production scenariol, 3manufacturing pregaelans for each part of the
mechanical locator and one assembly process plarsiatulated. To verify the
significance of the simulation results, pairedstteetween the different scenarios for
95% confidence interval inside the output analy#ehrena software are performed.
The output of the simulation experiments afteristiaal analysis is tabulated in
Table 6-9.

Table 6-9: Simulation results for process plan mode (Production scenario 1)

C, c, Cs Cs R, R, R,
PP1 | 183 142 098 090  0.00574 53  0.145
PP2 | 196 1214 097 0.93 0.08 095  0.132
PP3 | 236 119  0.87 0.67 6.31 008  0.244

The performance measures issued out of the siranlatiperiments can then be used
as input to the value and risk function construcpbase of the VR-PMS.

6.2.5.4 Value and risk functions
To develop performance expressions or value andfusctions, the MACBETH
method is used. For this purpose, the assessargees the alternative process plans
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for each criterion on the basis of his preferer(@esn left to right) and strength of
preferences as shown in the following Equation.6-3

C, = Good >! PP1>2 PP2 >* Neutral >' PP3

C, = Good >? PP3 >! PP2 >? PP1 >! Neutral

C; = Good > PP1 >' PP2 >? PP3 >3 Neutral

C, = Good >° PP3 >* PP1 > PP2 > Neutral

6-3

From this preferential information, value and rfgkctions (by assigning a number
to a consequence i.e. performance measure in a giwenario) are determined via
the M-MACBETH software while employing Equation %:-1The output of the
MACBETH method is then presented in Table 6-10.

Table 6-10: Value and risk functions for productionscenario 1

Gy Ca Cs Cy R, R, R,
PP1 0.9 0.6 0.89 0.33 0.1 1.0 0.22
PP2 0.6 0.5 0.78 0.17 0.2 0.29 0.11
PP3 -0.2 0.2 0.44 1.0 1.0 0.14 0.44

By identifying the value and risk functions usirige tMACBETH method, it is now
convenient to aggregate them using 2-additive Céaboegral mathematical model
(Equation 5-14) to obtain global scores. global value and risk indicators. The
required Shapley index; and interaction parametéyfor the 2-additive integral
have already been identified in section 6.2.5.hd are presented in Table 6-11.
Using these parameters in Equation 5-14, the \ahaerisk functions are aggregated
and then tabulated in Table 6-11.

Table 6-11: Value and risk indicators for production scenario 1

cCL C2 C3 cC4 P, |RL R2 R3 | R,
PPL | 06 09 089 033 |056| 1.0 022 01 |0.36
PP2 | 05 06 078 017 | 0.39| 029 0.11 02 |0.18
PP3 | 02 —02 044 10 | 012 | 1.0 0.14 044 | 0.42
v, | 033 024 028 0.3 047 018 034

I, I3 I14 I3 I 0.052

0.049 0.131 0.049 0.098 Li; 0.052
K Ly, Iz, I,50.10

0.016 0.081
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The global value and risk indicators obtained ayrdleetized in Table 6-11 are then
compared with the global minimum acceptable valdg = 0.52)and global
maximum risk £ = 0.36). The only process plan that falls into the acabiity
zone is the process plan 1 (PP1) widh,; = 0.52 and R,,; = 0.36). The
remaining two process planse.PP2 and PP3, do not lie in the acceptability zone
and hence dropped from the selection list.

6.3 Application of VR-PMS to the second scenario

The production scenario 2 is carried out with thene manufacturing facility as
production scenario 1. However, in production sden2, the customer satisfaction
is more oriented towards the quality of the prodinztn on-time delivery of the
customer order.

Because of change of focus on performance objec{ivem time to quality) in the
current scenario with regard to the first one, peeformance measures may remain
the same but they do reflect the same degree fesdion and hence, contribute
differently to the global value of the productiorogesses. In addition, the approach
towards value creation would require different amtoof rigor to pursue the
objectives fulfillment {.e. high quality level mechanical locator in additiam the
cost and schedule objectives) and need modificafiorthe execution of production
processes. For example, the production scenanousés more on quality dimension
than the time aspect.. For this purpose, the coynfiest defined the requirements
specifications for the high quality mechanical kncaand then implements several
additional activities related to the quality asswe and quality control of the
product. These activities definitely increase thstof production and cycle time but
reduce the chance of supplying defective producthe customer. In addition to the
modification in process plans, the preference nmindedn the part of the assessor of
the process changes and give more weight to thitygdemension over schedule
when making value judgmentse( in the determination of Shapely and interaction
parameters).

Similarly, with the change of focus on performaraigectives, the perspective on
business process risk also changes. The scenari@ibes rise to risk events caused
by different risk factors. For example, in the emtrscenario most risks have impact
in terms of failure to conformity instead of marmttizring delay as is the case of the
first scenario. The detailed qualitative risk assgnt of production scenario 2, is
more particularly detailed in the quality orientfedEA proposed in Appendix B

6.3.1.1.1 Evaluation methods

To assess the process plans, the global minimureptadde value and global
maximum risk is determined similar to the firstisago but with different upper and
lower bounds with respect to each performance sRdmeasure as presented in

Table 6-12
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Table 6-12: Minimum and maximum acceptable measures

G | G| G Ca | Ri| R Rs

Upper bound 24 18 100 100| 4 5 1
Target level 20 14 80 75 2 2 0.3
Lower bound 18 12 75 60 1 1 0.2

The minimum acceptable value and maximum acceptaisle functions are
calculated via MACBETH method and presented in @&bl.3.

Table 6-13: Minimum acceptable and maximum acceptdb risk expressions

C1 Gz Cs Cy Ry R, R3

Expressions 0.33 0.4 0.43 0.48 0.57 0.67 0.55

To determine the Shapley indexand interaction parametdys, the assessor is first
asked to provide the preferences modelling for meagsin pair as well as individual
ones which are as follows:

C3&C; >3 C3&C, >3 C,&C; > C3&C, >3 C,&C, >2 C,&C, >2 €3 >3
C, >2C, >*Cy>*"0"

The preference modelling is then transformed ingstesns of equations using
Equations 5-15 and 5-16, whose solution provideShapley indices and interaction
criteria as presented in Table 6-16. These paramate then put into the Equation
5-14 to obtain the global minimum acceptable vand global maximum risk value
for the production scenario 2:

- Global minimum acceptable value levél39
- Global maximum acceptable risk leveD59

Having modified the process plans by adding extrality control related activities,
allocating machines having less variation as wall identifying and assessing
quality-oriented risks qualitatively employing FME#echnique, the objectives-
oriented risk aware simulation model is developmdiie production scenario 2. The
model is then simulated similar to the first scéman the same manufacturing
facility but with different operating conditions aprescribed by processes
requirements. The results of the simulation expenits are obtained and tabulated in
Table 6-14.

Table 6-14: Simulation results for process plan maals (Production Scenario 2)

Gy &) Cs C3 R, R, R;
PP1 20.5 16.6 0.87 0.94 0.715 5.57 3.96
pPP2 20.4 13.8 0.90 0.91 0.28 2.46 4.12
PP3 22.4 12.4 0.78 0.74 3.6 0.415 3.94
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To obtain the value and risk functions, the progdass are ranked on the basis of
desirability along with strength of preferencesdach criterion as follow:

C, = Good > PP2 >? pP1 >* PP3 >! Neutral

C, = Good >? PP3 > PP2 >? PP1 >! Neutral
C; = Good >! PP2 > PP1 >? PP3 >3 Neutral
C, = Good >° PP3 >* PP2 > PP1 >! Neutral

By the same token, information is provided on akives for each risk measure.
This ordinal preference modelling is then transfedninto value and risk functions
in m-MACBETH software by employing the principle d&quation 5-11. The

resulting value and risk functions are then pogaan Table 6-15

Table 6-15: Value and Risk Functions for ProductiorScenario 2

Gy &) C3 Cy R, R, R3
PP1 0.63 0.1 0.5 0.14 0.12 0.98 0.66
PP2 0.83 0.5 0.6 0.20 0.38 0.57 0.78
PP3 0.18 0.7 0.11 1.0 0.88 0.14 0.56

The 2-additive Choquet integral model of Equatiddbis then used to aggregate the
value and risk functions. The Shapley index aneérattion for the mathematical
model have been already developed in the globaliimar and global minimum
calculation. The resulting aggregated indicators #en tabulated in Table 6-16
besides their value and risk functions as welhas tShapley indices and interaction
parameters.

Table 6-16: Value and risk indicators for the scenao 2

c1 2 3 c4 Py | Rl R2  R3 | Ry
PPL | 01 063 05 014 |0.45| 098 066 0.12 | 0.53
PP2 | 05 083 06 020 |0.31|057 078 038 |0.59
PP3 | 07 018 011 1.0 |0.16 | 0.14 056 0.88 | 0.56
v, | 026 024 030 018 034 0.18 048

Ly Ly Iy I3 I, 0.090

0211 0211 0117 02 Ly 013

124- 134

1,50.090
0.159 0.158

By comparing the global value and risk indicatorshwhe minimum acceptable
value and maximum risk for the given context, weehthe PP1 which meet the
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minimum performance requirements. As for the PR2 RR3, although they fall in
risk acceptability zone but fall in the value ifdience range and therefore cannot be
implemented.

6.4 Discussion

To test the validity and applicability of the prgea VR-PMS, a case study with two
production scenarios have been conducted. Theagartduct the two scenarios was
to explain the generality of the proposed method.

In the production scenario 1, the purpose is terd@he how the VR-PMS could
produce the desirable results (value-risk pair)the time-oriented performance
management context if the assessor confronts reultibernatives. This is how the
production scenario 1 takes into consideration“thretime delivery” as the most
important fundamental objective compared to otheredsions of performance and
carrying a Shapley indexy) of 0.33 (cf. Table 6-11). The Shapley indices for other
dimensions: cost, quality and employee satisfactaor:0.24, 0.28 and 0.13,
respectively. Moreover, the dependencies amongahieus performance measures
are given in Table 6-11. The most notable inteoacis /,; that exists between lead-
time and quality measures. This interaction motwtsinfluence of the quality over
the lead-time of the processes.

Similarly, the schedule risk in the global riskiicator carries more importance with
a Shapley index df.47, followed by 0.34 and 0.18 for cost overrun andligy risk
respectively. Concerning the criteria mutual infloes, the noteworthy interaction
exists between cost and quality measuliesl; = 0.10). It means that quality
failures contribute 10% more cost to the final pradcost. In short, the production
scenario 1 confirms the conceptual and operatieaadation of the VR-PMS.

The production scenario 2, on the other hand, fetusn the quality-oriented
performance management of the same manufacturingegses. The quality
dimension with a Shapley index 0f3 carries more weight in the current scenario
because of the customer interest in high qualibgpets. In addition to the customer
satisfaction in quality aspect of the manufactunprgcess, the company take into
consideration the satisfaction of its employees= 0.18), particularly of the shop
floor operators. However, employee satisfactionthasdeast Shapley index value of
all the performance criteria. In brief, the prodaoet scenario 2 validates the
applicability of the VR-PMS in the quality-orienteperformance management
context.

To conclude, both production scenarios 1 & 2 supih@ conceptual and operational
validity as well as the generality of the VR-PMSheTapproach of the VR-PMS
towards value and risk assessment of any busimesegs is the same however, the
elements of assessment changes according to std&ehobjectives. In the current
two scenarios, although the performance measuitesi@rused for evaluation of the
production processes are the same, they do nettefle same degree of satisfaction
for the stakeholders due to change of focus onirtigortance of the objectives.
Nevertheless, the risk measures derived in prooluctcenario 2 are different than
the ones derived in production scenario 1 (see AgipeB ). They may belong to the
same categories of risks as production scenariagt thie risk parameters are not the
same in both the scenarios.
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In short, the proposed method is capable to evalaay business process/system. It
is generic in nature and can be applied to a wadge of processes whether they are
manufacturing, services or administrative procesbBles reason of its generality is its
foundation on the concepts of value creation asklwihich are common to all types
of processes. A process, in general, is designedthgeve certain objectives in the
uncertain environment. The VR-PMS capture this ti@tship of process with
objectives and risk and model them for assessmedt udtimately for decision-
making purpose. A change in either element of thmyth will influence the final
(value-risk pair) of a decision context in question

6.5 Conclusion

This chapter has presented a case study to tesfatitity and applicability of the
proposed VR-PMS. For this purpose, two productioenarios have been modeled
and simulated. The simulation output (performanue @sk measures of interest) is
then transformed into value and risk functions gsimulti-criteria decision-making
techniques.

The value and risk functions model the prefererases strengths of preferences of
stakeholders concerning the performance and risksares in different alternative
courses of actions. These individual value and fisictions, once calculated, are
then consolidated to form a global value measurpresenting the overall

performance in a given scenario and a global riglasuare indicating the overall
process risk.

The results of the case study validate the VR-PM8ngth as a performance
management system for decision making purpose.oAtth improvement of the
business process is not part of the case stuadgnitbe used for the improvement
purpose while relying on the different courses dians derived using the means-
objectives network. The network identifies the arehimprovement and the success
factors to improve the value creation of a busimessess.

Finally, the proposed method is generic in natue fallows the same steps towards
value and risk assessment of a process but thediieome in terms of value and
risk indicator depend on the triptych of objectivastivities and risk factors.
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Conclusion and Perspectives

The work reported in this doctoral dissertation hmaeposed and described a
performance measurement and management framewsdd kan the (value, risk)

pair, both in methodological and theoretical teamd instrumented with quantitative
analysis methods and tools.

From a broader perspective and due to the curiegibéss environment, we come to
the conclusion that an enterprise system performaan be evaluated mostly from
four global performance dimensions: costs, benefitgdue and risks as shown in
Figure 1. in our view, the four dimensions are isight to describe the performance
management discipline. Theost dimension of the framework refers to the global
price of a system, product or process (in monetaiys). In most cases, it remains
the most prevailing or final decision-making criter. The Benefits qualitatively
evaluate the strengths or advantages of the sygisduct or process. Théalue
dimension, however, models quantitatively the “stadder” satisfaction as an
aggregation of indicators with regard to the systpmduct or process. Finally, the
Risk dimension of the global performance managemenndveork determines
qualitatively and quantitatively the overall risksaciated with the system, product or
process. This also applies to projects.

| Value I I Risk |

Figure 1: Global performance management framework

Because the cost and benefits dimensions have laggaly studied in the past and
are now widely used in practice, they have not bédereloped in the dissertation.
However, the value and risk dimensions, althougtielyi studied separately, were
not elaborated so far in an integrated way in ormnéwork, particularly in a
process-centric perspective.

Therefore, the aim of this research was to ho&flficdevelop the value and risk
dimensions of performance in the process contettwiould then be integrated with
the cost and benefits dimensions to form a globatfgpmance management
framework for process-centric systems or orgaronati This is the reason why this
dissertation is limited to value and risk dimensicand proposes a performance
management system which is mainly based on theevaha risk pair. This pair is
then used as a decision-making tool and provideking of desirability or
undesirability of the alternatives (in this caseanufacturing processes) in any
performance context.

Considering the value and risk dimensions of perorce holistically in the form of

a value-risk pair is aimed to simplify the performa measurement and management
process. There are several reasons that justifyaheept of using the value-risk pair
for decision-making purpose. For example:
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The performance measurement process of an enteigysem involves a large
number of performance data to deal with multiplmetisions of performance.
The difficulty lies not in collecting the performea relevant data but in their
transformation into useful performance measurespantbrmance indicators for
the purpose of informed decision making. In thisecatudy “useful” means to
have performance measures/indicators that truliecefthe objectives of the
enterprise system.

The needto collect and develop as many performareasures as possible may
lead to another performance crisis: the performanoeasures/criteria
management crisis. Dealing with many performancasuees may exceed the
cognitive limits of the performance assessors tmay result in a loss of
performance relevant information. The problem aamher be aggravated when
dealing with heterogeneous performance measuress Materogeneity of
performance measures originates because of diffefiemensionality/facets of
enterprise performance as well as measuring thiormpgance in a piecemeal
fashion.

The piecemeal performance measurement practiceehafpecause of the focus
of the performance measurement process. Orgamzaliave different measures
for different aspects, departments or workgroups ewren for individuals. When
these measures are combined or aggregated to gafamance insight about
the system, often they loss relevance which mageauboptimal or distorted
performance measurement of the system.

For the purpose of performance measures aggregamiost often practitioners
and academia propose to consolidate these measturget an aggregated
performance measure. The point they miss in theseoof this consolidation is
the interaction or influencing factors that exishang these performance
measures. In real-world problems, all the meastnigsxia often influence each
other either positively or negatively. Simple cdigation of performance
measures using the weighted arithmetic mean camdleading.

Last, but not least, is the missing link of perfarme measurement and
management practices with the risk managementipeaocbn a common ground.
Organizations often conduct risk assessment preseasd devise strategies
according to the risk management policies to dati the system risk factors.
However, these risk management practices are oétated out independently of
the performance measurement and management pgbticemploying diverse
approaches.

In view of the above contemporary issues in the alanof performance and risk
management, the current dissertation was gearaddress them. For this purpose,
the following list of requirement specificationscatie corresponding methods, tools
and techniques to assist in modeling these regemésrare identified:

The performance measurement process should be-fealused rather than a
simple process of collecting a bunch of performanweasures, which lacks
strategic alignment. Since values reflect the etgtems of stakeholders in a
given performance context, they therefore represt@ actual system
performance. Furthermore, by employing value afopmance indicator has the
vocation to combine all the objective assessmenitsd single indicator. To this
end, an objectives model based on the VFT framewaskbeen identified as an
appropriate technique to elicit and model the valaed expectations of the
stakeholders for ulterior performance assessment.
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e To avoid the piecemeal performance measurement @ecbnstruct the
organizational boundaries, a process-centered apbrofor performance
measurement and management is selected as thieleswifdion. A process is the
source of value creation. Furthermore, it has ngamizational limits and
therefore can be extended across departments aahipations in the intra-
organizational and inter-organizational configura$i, respectively. It therefore
can be used to measure the overall performanceaiisof individuals or
individual sections (functional departments or oigations). The IDEF3 method
is employed for the purpose of modeling the proegssmder study.

e To get a holistic performance picture and avoidédogtimal performance
assessment, risk factors and risks need to be déwhndl addition to value
assessment in the process context. This requicesnaon basis to account for
value and risk of a system. For this reason, thsetiation relies on the process
FMEA technique for the qualitative assessment anthe Larson and Kusiak’s
risk assessment approach to deal with the riskhia process environment
gualitatively.

e To have a global value and risk indicator, consdl@h of different
heterogeneous measures need to be carried out. idgwihe consolidation
should be based on methods and techniques thaint@kaccount the interaction
or influencing phenomena of different performanceasures. The MACBETH
method has been selected to model the preferemcksteengths of preferences
in order to develop normalized value and risk fior@d. To integrate them
together, the Choquet Integral has been used bedawsn model the inter-
criteria interactions, as opposed to the weightébraetic mean.

* Finally, the proposed performance measurement reysteould be simple to
implement and accurate.

By identifying the requirement specifications ahé torresponding methods, tools
and techniques to address the contemporary perfm@nameasurement and
management issues, the current dissertation prefosalue-risk based performance
management system (VR-PMS). The VR-PMS is madewaf frameworks: a
conceptual framework, called conceptual value-nskdel, and methodological
framework to guide the process of performance nreasent and management.

The conceptual value-risk model integrates theativjes, activity and risk models of
any business process and defines their relatiosshihh each other. We believe that
the triptych made of the three candidate modelsufficient to describe the value
creation mechanism of any business process in #o&dpop of uncertainty. By
choosing the activity model as the primary modehast all the desirable properties
of the remaining two candidate models, the latterthen mapped onto the activity
model to explain the value creation process inpiteeess context. The valuation of
performance measures are then carried through \allgments in the MCDM
context. The same principles are applied to riskasnees for constructing risk
functions.

The methodological framework, on the other handjdds the whole process of
performance management into the following four plsas

Context development,
Performance modeling,
Performance assessment, and
Value-risk based decision-making.
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The context development (Phase 2) prepares therpghce management context
by scoping the performance management problem at.hahe performance
modeling (Phase 2) is aimed at modeling the ohjestithe processes proposed to
realize these objectives as well as the risks émiting the processes to obstruct the
objectives realization. An integrated BPPM modehin the performance modeling
phase is proposed to guide the process of devejogin objectives-oriented risk
aware business process model. The model is surdfi¢@ formalize the business
process performance in the presence of risk enénating from risk factors.

The performance assessment (Phase 3) is aimedessasy the conceptual model:
objectives-oriented risk aware business processeindthe assessment process is
carried out in the simulation environment. For thispose, the conceptual model is
transformed into a computer-based simulation maael the relevant information
(input variables) are defined and fed into the $ation model and assessed against
the performance measures, which are derived froendbjectives model of the
conceptual value-risk model. The quantitative penfnce measures obtained from
this phase are then used as input to the decisaking phase.

Finally, the decision-making (Phase 4) is desighedransform the quantitative
performance measures into value and risk functeomd ultimately into value-risk
performance indicators. The value and risk funciare expressed via multi-
attribute utility theory. For this purpose, MACBETHethod is used. The value and
risk functions obtained from MACBETH method arertteggregated through the 2-
additive Choquet Integral to compute the globaildatbrs.

To conclude, the VR-PMS framework connects theedgifit fundamental concepts
about performance measurement and management toesaddhe different
contemporary issues evoked in the literature revielve proposed method provides
a useful contribution to the performance measurémed management discipline. It
combines theories (such as utility theory, perfaroga measurement theory),
practices (risk management practices) and apprsa@nedeling and simulation
approaches) into one framework and uses them fdorpeance measurement and
management of business processes.

Although the proposed method has obviously someitsneit still has some
limitations. One limitation is about the time takEm performance evaluation of a
range of business processes. The proposed appralicbugh it ranks business
process alternatives for their desirability or widwility, is time-consuming
because it uses a simulation approach. Howeverehefits in system design may
be worth the time devoted to the performance asss#sbecause the consequences
of not assessing the business processes can beneteal for the enterprise
productivity and competitiveness on the long term.

Concerning the perspectives, the research work lmanto extend in several
directions. First, a generalization of the methadh e made for the performance
assessment of any kind of system, product, pramgssoject. The approach has been
developed and illustrated in the context of manuiidétg processes. We think it is
generic and that it can be extended to any tygearfesses and systems.

The proposed method can be extended to includédatian technique to determine
the contribution of partial scores as well as $qiastial scores in order to enlighten
the decision maker about the decision being made.ifdsights of “how” and “why”

of global value obtained through aggregation mesihammakes the decision more
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clear and helps to justify the decision. The ansaé¢he “Why” question can then be
guantitatively expressed in terms of the relatiiduence of a particular criterion on
the global score.

The application case study concerns the engineptiage of a mechanical part, and
especially the industrialization phase, where sdvelternative manufacturing
processes can be evaluated and compared and fon winmulation is required. The
approach described and illustrated in this doctisdertation can be extended to the
product or system design phase.

Another promising field of investigations is theeusf the value-risk pair in the on-
line control of a system, process or project. lnléewould be interesting in system
or project control to constantly have a measureghef global expected value and
exposure to risk of this system or project. If adue is too low or the risk gets too
high, then control decisions must be taken to redisk or increase value.

Another interesting area that remains to expland,that could only be presented but
not developed in the dissertation, is the extensfahe framework to the concept of
tolerable level of risk and tolerance on value. iHgfixed a maximum level of risk
and a minimum of acceptable value, there couldtbatgons in which we can accept
a little lower value than the minimum level fixddhe risk is really low (and if cost
is still profitable). Conversely, to which extenchagh value but with a significant
risk can be accepted? In addition, determiningghmsimum and maximum levels
of risk or value as well as tolerances on theselé¢ewould also be interesting
guestions to investigate.

Furthermore, the objectives-driven approach to rddntification can further be
exploited to determine the causality relationshepateen risk factors and risk events
to make the risk model complete. At the moment,pifsposed method assumed that
risk events are triggered by the risk factors. Heve a quantitative causality is
missing between risk events and risk factors. Tterd@ne the relationship between
risk events and risk factors in the objective-dnivisk model, a Bayesian network is
the potential candidate to model this relationshipis relationship, in quantitative
terms, is important because it will assure costatife risk mitigation. By
identifying the risk factors that contribute mocethe global risk, they can then be
reduced according to the risk treatment policies.

Finally, the proposed method will be extended tolude the cost and benefits
dimensions in order to make it a complete globaifqgumance management
framework (as illustrated in Figure 1: global pemi@nce management framework
and challenge methods such as the Balanced Scdsatathod.

217



218



References

References

Abdel-Maksoud, A., Dugdale, D., Luther, R., 2005mNmancial performance
measurement in manufacturing companies. The Briistounting Review
37, 261-297.

Abernethy, M.A., Lillis, A.M., 1995. The impact ahanufacturing flexibility on
management control system design. Accounting, Gzgdaons and Society
20, 241-258.

Acar, Y., Kadipasaoglu, S., Schipperijn, P., 20A@ecision support framework for
global supply chain modeling: an assessment oiitipact of demand, supply
and lead-time uncertainties on performance. Intevnal Journal of
Production Research 48, 3245-3268.

Adams, R., Bessant, J., Phelps, R., 2006. Innavatianagement measurement: A
review. International Journal of Management Revi8wg1—-47.

AFGI, 1992. Evaluer pour évoluer, les indicateues gkrformance au service du
pilotage. Association Frangaise de Gestion IndeiriParis, France.

Ahmed, W.B., Yannou, B., 2003. Polysemy of valuesconflict of interests: A
multi-disciplinary  analysis. International Journalof Value-Based
Management 16, 153-179.

Altiok, T., Melamed, B., 2007.Simulation Modelingnd Analysis with
ARENA.Academic Press.

Amaratunga, D., Baldry, D., 2002. Moving from perfmnce measurement to
performance management. Facilities 20, 217-223.

Ananda, J., Herath, G., 2009. A critical review rofilti-criteria decision making
methods with  special reference to forest managemestd
planning.Ecological Economics 68, 2535-2548.

Anderson, J.C., Thomson, J.B., Wynstra, F., 200@nkining value and price to
make purchase decisions in business markets. &tiemal Journal of
Research in Marketing 17, 307-329.

Andersson, B., Bider, I., Johannesson, P., Perj&ns,2005. Towards a formal
definition of goal-oriented business process pasterBusiness Process
Management Journal 11, 650-662.

Artzner, P., Delbaen, F., Eber, J., Heath, D., 1998herent Measures of Risk.
Mathematical Finance 9, 203-228.

Atkinson, A.A., Waterhouse, J.H., Wells, R.B., 199V stakeholder approach to
strategic performance measurement. Sloan Managdresmgw 38, 25—-38.

Aven, T., Vinnem, J.E., 2005.0n the use of riskeptance criteria in the offshore oll
and gas industry. Reliability Engineering & Syst8afety 90, 15-24.

Aven, T., 2007.A unified framework for risk and merability analysis covering both
safety and security.Relibility Engineering & Syst&afety 92, 745—-754.

Aven, T., 2008. Risk analysis: assessing uncentairiieyond expected values and
probabilities. Wiley& Sons, New-York.

Aven, T., 2010.0n how to define, understand andcriles risk. Reliability
Engineering & System Safety 95, 623—631.

Bacidore, J.M., Boquist, J.A., Milbourn, T.T., TleakA.V., 1997. The search for the
best financial performance measure. Financial Astalyournal 53, 11-20.

Bana e Costa, C.A., Vansnick, J.-C., 2008. A ailtianalysis of the eigenvalue
method used to derive priorities in AHP. Europeanrdal of Operational
Research 187, 1422-1428.

219



References

Bana e Costa, C., Corte, J.M., Vansnick, J.C., 2006 the Mathematical
Foundation of MACBETH. Multiple Criteria Decisionnalysis: State of the
Art Surveys 409-437.

Bana e Costa, C.A., de Corte, J.M., Vansnick, 2003. Macbheth. Working Paper
03.56, London School of Economics.

Bana e Costa, C.A., Vansnick, J.-C., 1994. MACBET¥H An interactive path
towards the construction of cardinal value fundioninternational
Transactions in Operational Research 1, 489-500.

Bandara, W., Gable, G.G., Rosemann, M., 2005. Fa@nd measures of business
process modelling: model building through a muétiphse study. European
Journal of Information Systems 14, 347-360.

Banks, J. (Ed.), 1998. Handbook of Simulation: €igles, Methodology, Advances,
Applications, and Practice, 1st ed. Wiley-Interacie, New-York.

Basili, V.R., Weiss, D.M., 1984. A methodology faollecting valid software
engineering data. Software Engineering, IEEE Tretisas on 728-738.

Basili, V., Caldiera, G., Rombach, H., 1994. Goalle®ion Metric Approach
Paradigm. John Wiley & Sons, Encyclopedia of Sofeanangineering

Berrah, L., 2002. Lindicateur de performance: Gapts et applications. Editions
Cépadues, Toulouse.

Bescos, P.L., 1995. Controle de gestion et manageiditions Montchrestien.

Bharara, A., Lee, C.-Y., 1996.Implementation ofaativity-based costing system in
a small manufacturing company. International Jouro& Production
Research 34, 1109-1130.

Bhimani, A., 2006. Contemporary Issues in Managem&ocounting. Oxford
University Press, USA.

Bititci, U.S., 1995. Modelling of performance meesmment systems in
manufacturing enterprises. International Journ@roiduction Economics 42,
137-147.

Bititci, U.S., Ackermann, F., Ates, A., Davies, Garengo, P., Gibb, S., MacBryde,
J., Mackay, D., Maguire, C., Van Der Meer, R., o$he2011. Managerial
processes: business process that sustain perfoematernational Journal of
Operations & Production Management 31, 851-891.

Bititci, U.S., Carrie, A.S., McDeuvitt, L., 1997. tegrated performance measurement
systems: a development guide. International JoumwfalOperations &
Production Management 17, 522-534.

Bititci, U., Garengo, P., Dorfler, V., Nudurupat$S., 2011. Performance
Measurement: Challenges for Tomorrow. Internationddurnal of
Management Reviews.

Bitton, M., 1990. ECOGRAI: Méthode de conceptiord&mnplantation de systemes
de mesure de performances pour organisations hieled.Ph.D.
dissertation, University of Bordeaux 1.

Bolwijn, P.T., Kumpe, T., 1990.Manufacturing in th&990s—Productivity,
flexibility and innovation. Long Range Planning 29, 44-57.

Bond, T.C., 1999. The role of performance measunémm continuous
improvement. International Journal of Operation®&duction Management
19, 1318-1334.

Bosch-Mauchand, M., Siadat, A., Perry, N., Bernad,2010. VCS: value chains
simulator, a tool for value analysis of manufactgrenterprise processes (a

220



References

value-based decision support tool). Journal oflligent Manufacturing 1—
14.

Bosilj-Vuksic, V., Ceric, V., Hlupic, V., 2007. Gdria for the evaluation of business
process simulation tools. Interdisciplinary Journalf Information,
Knowledge, and Management 2, 73—-88.

Bourguignon A, 2005. Management accounting andevaleation: the profit and
loss of reification. Critical Perspectives on Acoting 16, 353—-389.

Bourguignon, A., 1995. «Peut-on définir la perfonoe?». Revue francaise de
comptabilité 269, 61-66.

Bourne, M., Franco, M., Wilkes, J., 2003. Corporatperformance
management.Measuring Business Excellence 7, 15-21.

Bourne, M., Mills, J., Wilcox, M., Neely, A., Plait K., 2000. Designing,
implementing and updating performance measurenysiterss. International
Journal of Operations & Production Management 3d,-771.

Brimson, J.A., 1997. Activity Accounting: An Actiy-Based Costing Approach, 1st
ed. Wiley& Sons, New-York.

Bréchet, J.P., Desreumaux, A., 2001. Le théeme delkur en sciences de gestion:
représentations et paradoxes. Revue Sciences tierG2k7-245.

Brinkkemper, S., Lyytinen, K., Welke, R.J., 1996etiod Engineering: Principles of
Method Construction and Tool SupporProceedings of the IFIP TC8,
WG8.1/8.2 Working Conference on Method Enginee@feg28 August 1996,
Atlanta, USA. Springer.

Broadbent, J., Laughlin, R., 2009. Performance mament systems: A conceptual
model. Management Accounting Research 20, 283-295.

Browning, T.R., 1998. Modeling and analyzing casthedule, and performance in
complex system. Massachusetts Institute of TeclygyolBhD thesis.

BlUyukdzkan, G. above]n, Ruan, D., 2010. Choquetgral based aggregation
approach to software development risk assessmefdarmation Sciences
180, 441-451.

Cantner, U., Joel, K., Schmidt, T., 2011. The daffeaf knowledge management on
innovative success — An empirical analysis of Gerfirans. Research Policy
40, 1453-1462.

Chapman, R.J., 2006. Simple Tools and Techniques Haterprise Risk
Management.Wiley& Sons, New-York.

Chan, F.T.S., Qi, H.J., 2003. An innovative perfanbe measurement method for
supply chain management. Supply Chain Management:lrkernational
Journal 8, 209-223.

Chandler, A.D., 1977. The visible hand: The manageevolution in American
business. BelknapPress.

Chazelet, M., Lhote, F., 2001. Repéres pour un maikendi sur la valeur. Revue
Francaise de Gestion Industrielle 21-34.

Caillaud, E., Gourc, D., Garcia, L.A., Crossland, RicMahon, C., 1999. A
Framework for a Knowledge-Based System for Risk &fgment in
Concurrent Engineering.Concurrent Engineering 7,-2267.

Chenhall, R.H., 1997. Reliance on manufacturingfqperance measures , total
quality management and organizational performanddanagement
Accounting Research 187 — 206

Chenhall, R.H., 1996. Strategies of manufacturingxibility, manufacturing
performance measures and organizational performamece empirical
investigation. Integrated Manufacturing System25/32.

221



References

Chenhall, R.H., Langfield-Smith, K., 2007.Multipleerspectives of performance
measures. European Management Journal 25, 266—-282.

Chiesa, V., Frattini, F., 2007.Exploring the diffaces in performance measurement
between research and development: evidence from udtipha case
study.R&D Management 37, 283-301.

Chiesa, V., Frattini, F., Lazzarotti, V., Manzifj,, 2009. Performance measurement
in R&D: exploring the interplay between measuremaeuibjectives,
dimensions of performance and contextual facto&D RManagement 39,
487-519.

Choquet, G., 1954. Theory of capacities.AnnaleBlastitut Fourier 5, 131-295.

Chris, A., 1977. Organizational learning and manag® information systems.
Accounting, Organizations and Society 2, 113-123.

Clemen, R.T., Reilly, T., 2000.Making Hard Decisowith DecisionTools, 1st ed.
Duxbury/Thomson Learning.

Clivillé, V., Berrah, L. 2011. Overall performanogeasurement in a supply chain:
towards a supplier-prime manufacturer based mabmirnal of Intelligent
Manufacturing.

Clivillé, V., Berrah, B. Mauris, G. 2007.Quantitegi expression and aggregation of
performance measurements based on the MACBETH -gnikiia
method.International Journal of Production Econ@iig5, 171-189.

Cokins,G., 2001. Activity-Based Costing Managemeldhn Wiley & Sons Inc.,
New-York

Contini, S., Matuzas, V., 2011.Analysis of largailfatrees based on functional
decomposition. Reliability Engineering & System &afo6, 383—-390.

Cooper, R., Kaplan, R.S., 1988. Measure costs :rigtetke the right decisions.
Harvard Business Review 66, 96—103.

Cooper, R., 1997. Activity-Based Costing: Introdost Harvard Business School
Press.

Cope, E.W., Kuster, J.M., Etzweiler, D., DelerisAL, Ray, B., 2010. Incorporating
risk into business process models.IBM J. Res. &Bdy4:1-4:13.

Cozzani, V., Gubinelli, G., Antonioni, G., Spadom,., Zanelli, S., 2005. The
assessment of risk caused by domino effect in gatiné area risk analysis.
Journal of Hazardous Materials 127, 14-30.

Croshy, P.B., 1980. Quality Is Free: The Art of MekQuality Certain. Mentor.

Curtis, B., Kellner, M.1., Over, J., 1992. Processdeling. Commun. ACM 35, 75—
90.

Davenport, T.H., 1993. Process innovation: reergging work through information
technology. Harvard Business Press.

Davenport, T.H., Harris, J.G., 2007. Competing omlgics: the new science of
winning. Harvard Business Press.

David, O., 1994. Management control in contemporarganizations: towards a
wider framework. Management Accounting Resear@89-299.

David, O., 1999. Performance management: a frameWwmr management control
systems research. Management Accounting Reseay@636382.

Deming, W. E. 1982. Quality, Productivity and Conijpee Position.Massachusetts
Institute Technology, Cambridge, MA.

Dijkman, R.M., Dumas, M., Ouyang, C., 2008. Senwntind analysis of business
process models in BPMN. Information and Softwarehf®logy 50, 1281—
1294,

222



References

Dixon, J.R., Nanni, A.J., Vollmann, T.E., 1990. Thew performance challenge:
Measuring operations for world-class competitionowD Jones-lrwin
Homewood, lllinois.

Doran, G.T., 1981. There’s a SMART way to write mgement's goals and
objectives. Management Review 70, 35-36.

Dossi, A., Patelli, L., 2010. You learn from whaiumeasure: Financial and non-
financial performance measures in multinational pames. Long Range
Planning 43, 498-526.

Ducq, Y., Vallespir, B., 2005. Definition and aggation of a performance
measurement system in three aeronautical workshsjpg) the ECOGRAI
method. Production Planning & Control 16, 163-177.

Eccles, R.G., 1991. The performance measurementifesm Harvard Business
Review 69, 131-137.

Edwards, W., Miles, R.F., Von Winterfeldt, D., 20@¥dvances in decision analysis:
from foundations to applications. Cambridge Unied:

Epstein, M. J., 2003. Measuring and Managing Perémice in the 21st Century, The
Performance  Prism.Available at http://www.som.cranfield.ac.uk/som
[cbp/prism%20800k%20-chapter%201.pdf

ESPRIT Consortium AMICE (Eds.), 1991. CIMOSA: O@eystem Architecture for
CIM, 2nd, revised and extended edition, Springerade Berlin.

Etienne, A., 2007. Intégration Produit/Process lear concepts d’activités et de
caractéristiques clés-Application a [I'optimisatiode ['allocation des
tolérances géométriques.Ecoled’Artset Métiers FPadh Ph.D. thesis

Eusgeld, I., Freiling, F.C., Reussner, R., 2008pddelability Metrics: Advanced
Lectures. Springer-Verlag, Berlin.

Evangelidis, K., 1992. Performance measured pedoo®a gained. The Treasurer 2,
45-70.

Farquhar, P.H., Keller, L.R., 1989. Preference ngity measurement. Annals of
Operations Research 19, 205-217.

Feigenbaum, A.V., 2004. Total Quality Control, éth McGraw-Hill Professional.

Felix T.S. Chan, 2003. An innovative performanceasurement method for supply
chain management.

Ferdous, R., Khan, F., Sadiq, R., Amyotte, P., 8feiB., 2011.Analyzing system
safety and risks under uncertainty using a bowdisgram: An innovative
approach.Process Safety and Environmental Protet@dl016/j.psep.
2011.08.010

Ferreira, A., Otley, D., 2009. The design and u$ep@formance management
systems: An extended framework for analysis. Mamagg Accounting
Research 20, 263-282.

Folan, P., Browne, J., 2005. A review of perform@anoeasurement: Towards
performance management. Computers in Industry G&;-&30.

Ford, H., 1922. My life and work. Garden City, N¥oubleday, Page and Company

Fortuin, L., 1988. Performance indicators — Why, enh and how? European
Journal of Operational Research 34, 1-9.

Franco, M., Bourne, M., 2003.Factors that play & rm “managing through
measures”. Management Decision 41, 698-710.

Franco-Santos, M., Kennerley, M., Micheli, P., Ni@t, V., Mason, S., Marr, B.,
Gray, D., Neely, A., 2007. Towards a definitionafusiness performance
measurement system. International Journal of Ojpesat& Production
Management 27, 784-801.

223



References

Franklin M., F., 1988.Accounting data and the ecenicoperformance of firms.
Journal of Accounting and Public Policy 7, 253-260.

Freeman, R.E., 1984. Strategic Management: A StaéehApproach. Harpercollins
College Div.

Galland, S., Grimaud, F., Beaune, P., Campagne, 2803.MAMA-S: An
introduction to a methodological approach for tivautation of distributed
industrial systems. International Journal of PrdiduncEconomics 85, 11-31.

Galloway, D. and Waldron, D., 2004. Throughput actog: the need for a new
language for manufacturing, Management Accounftiayember, pp. 34-35.

Ganga, G.M.D., Carpinetti, L.C.R., 2011. A fuzzyi approach to supply chain
performance management. International Journal ofldrition Economics
134, 177-187.

Garengo, P., Biazzo, S., Bititci, U.S., 2005.Perfance measurement systems in
SMEs: A review for a research agenda. Internatidnalnal of Management
Reviews 7, 25-47.

Gerwin, D., 1993. Manufacturing Flexibility: A Stesic Perspective. Management
Science 39, 395-410.

Globerson, S., 1985.Issues in developing a perfooaeacriteria system for an
organization. International Journal of Producti@s®arch 23, 639-646.
Goldratt, E., 1990. What is this thing called theof constraints and how should it

be implemented? North River Press, Great Barringibh.

Goldratt, E.M., Cox, J., Whitford, D., 1992. Theafjoa process of ongoing
improvement. North River Press, Great Barringtod. M

Goodwin, P., Wright, G., 2004. Decision analysis feanagement judgment.John
Wiley& Sons, New-York.

Gourc, D., 2006. Vers un modele général du risque @ pilotage et la conduite des
activités de biens et de services. Habilitationiriger les recherches.Ecole
des Mines d’Albi-Carmaux, France.

Grabisch, M., 1997.k-order additive discrete fureyasures and their representation.
Fuzzy Sets and Systems 92, 167-189.

Grabisch, M., Labreuche, C., 2009. A decade of iegjbn of the Choquet and
Sugeno integrals in multi-criteria decision aid. nafs of Operations
Research 175, 247-286.

Grawe, S.J., Daugherty, P.J., Roath, A.S., 201bwKexdge synthesis and innovative
logistics processes: Enhancing operational fleybiland performance.
Journal of Business Logistics 32, 69-80.

Greco, S. (Ed.), 2004. Multiple Criteria Decisiondlysis: State of the Art Surveys,
1st ed. Springer-Verlag, Berlin.

Greenley, G.E., Foxall, G.R., 1997. Multiple stasdeler orientation in UK
companies and the implications for company perforcea Journal of
Management Studies 34, 259-284.

Gunasekaran, A., Patel, C., McGaughey, R.E., 280#amework for supply chain
performance measurement. International JournalrotliRtion Economics
87, 333-347.

Gunasekaran, A., Patel, C., Tirtiroglu, E., 200&rf@mance measures and metrics
in a supply chain environment. International Journ& Operations &
Production Management 21, 71-87.

Gurbuz, T., 2010. Multiple Criteria Human PerforroarEvaluation Using Choquet
Integral. International Journal of Computationdklhigence Systems 3, 290.

224



References

Halachmi, A., 2005. Performance measurement is amlg way of managing
performance. International Journal of Productivignd Performance
Management 54, 502-516.

Hammer, M., 1997. Beyond Reengineering: How the®ss-Centered Organization
is Changing Our Work and Our Lives, 1st ed. HarpsiBess.

Hausman, W.H., 2003. Supply chain performance o®ttn: Harrison, T.P., Lee,
H.L., and Neale, J.J, eds. The practice of suppbirc management: where
theory and practice converge. Boston: Kluwer Acaddpablishing, 61-73.

Hayes, R.H., Abernathy, W.J., 1980. Managing oury W@ economic decline.
Harvard Business Review, 58.

Heidari, F., Loucopoulos, P., Kedad, Z., 2011. Aa@y-oriented business process
meta-model, in: Barjis, J., Eldabi, T., Gupta, Ad¢.), Enterprise and
Organizational Modeling and Simulation. Springerdg Berlin
Heidelberg,, pp. 85-99.

Hernandez-Espallardo, M., Rodriguez-Orejuela, Anchez-Pérez, M., 2010.Inter-
organizational governance, learning and performaimcesupply chains.
Supply Chain Management: An International JourdallD1-114.

Hofstede, G., 1978. The Poverty of Management @btinilosophy. The Academy
of Management Review 3, 450-461.

Horngren, C.T., Foster, G., Datar, S.M., 1999. CAstounting: A Managerial
Emphasis, 10th ed. Prentice Hall, Englewood-CI¥3,

Hurri, J., 2000. Using decision tools in decidingstem product requirements:
Literature review and a behaviourallymotivated tighight tool. Helsinki
University of Technology, PhD thesis.

IFRIMA, 1994. International Risk Management Lexicdmternational Federation of
Risk and Insurance Management Associations.

Indulska, M., Green, P., Recker, J., Rosemann, 2009. Business process
modeling: Perceived benefits, The 28th Internatio@onference on
Conceptual Modeling, Gramado, Brazil. Pp. 458-471.

Ittner, C.D., Larcker, D.F., 1998. Are non-finariameasures leading indicators of
financial performance? An analysis of customer s§attion. Journal of
Accounting Research 36, 1-35.

lyer, A., Seshadri, S., Vasher, R., 2009.Toyota pBupgChain Management: A
Strategic Approach to Toyota’s Renowned SystemedsMcGraw-Hill.

Jacobson, 1., Ericsson, M., Jacobson, A., 1995.0Dbgct Advantage: Business
Process Reengineering with Object Technology. Aaidid/esley, Reading,
MA.

Jacot, 1996. La Performance économique en enteepritgermés Sciences
Publications, Paris.

Jacot, J.H., 1990. A propos de I'évaluation écompmides systemes intégrés de
production. ECOSIP France. Gestion industriellemretsure économique,
Editions Economica, Paris.

Jepsen, A.L., Eskerod, P., 2009. Stakeholder aisdlyprojects: Challenges in using
current guidelines in the real world. Internationddurnal of Project
Management 27, 335-343.

Johnson, B.B., 2004. Varying risk comparison eletsieaffects on public reactions.
Risk Analysis 24, 103-114.

Johnson, H.T., Kaplan, R.S., 1987. Relevance Tadst: rise and fall of management
accounting. Harvard Business School Press.

Johnson, T.H., Johnson, T.H., 1992. RelevancemedaFree Press.

225



References

Juran, M.J., Godfrey, A.B., 2003. Juran’s Qualitsgnidbook, 5th ed.McGraw-Hill,
USA.

Kaplan, R.S., 1984. The Evolution of Management cAetting. The Accounting
Review 59, 390-418.

Kaplan, R.S., Cooper, R., 1998. Cost & effect: gsimegrated cost systems to drive
profitability and performance. Harvard BusinesssBre

Kaplan, R.S., Norton, D.P., 1992. The balanced ex@d-measures that drive
performance.Harvard Business Review 70.

Kaplan, R.S., Norton, D.P., 1996a. Using the baddnscorecard as a strategic
management system. Harvard Business Review 74575-8

Kaplan, R.S., Norton, D.P., 1996b. The Balancedr&mrd: Translating Strategy
into Action. Harvard Business School Press.

Kaplan, R.S., Norton, D.P., 2005. The Balanced &wmnd: Measures That Drive
Performance. Harvard Business Review.83, 172-180.

Kaplan, R.S., Norton, D.P., 2004. Strategy mapsweding intangible assets into
tangible outcomes. Harvard Business Press.

Kaplan, S., Garrick, B.J., 1981. On The Quanti@mtivefinition of Risk. Risk
Analysis 1, 11-27.

Karsak, E.E., 2005. Choquet Integral-Based Decisiflaking Approach for Robot
Selection, in: Khosla, R., Howlett, R.J., Jain, L(Eds.), Knowledge-Based
Intelligent Information and Engineering Systemstiigger Berlin Heidelberg,
pp. 635-641.

Kavakli, E., 2002. Goal-Oriented Requirements Eegimg: A Unifying
Framework. Requirements Engineering 6, 237-251.

Kayis, B., Arndt, G., Zhou, M.S. Amornsawadwata2807. A Risk mitigation
methodology for new product and process desigromcarrent engineering
projects. CIRP Annals - Manufacturing Technology B&7—-170.

Keeney, R.L., Raiffa, H., 1976. Decision analysisthwmultiple conflicting
objectives.Wiley& Sons, New York.

Keeney, R.L., 1994. Creativity in decision makinghwalue-focused thinking.Sloan
Management Review 35, 33—-33.

Keeney, R.L., 1996. Value-Focused Thinking: A PatiCreative Decision-making,
New ed. Harvard University Press.

Keller, G., Nlttgens, M., Scheer, A.W., 1992. Setisahe prozessmodellierung auf
der grundlage “ereignisgesteuerter prozesskettek)'(eVeroffentlichungen
des Instituts fur Wirtschaftsinformatik 89.

Kempf-Leonard, K., 2004.Encyclopedia of Social Meaasnent, Three-Volume Set,
1st ed. Academic Press.

Kennerley, M., Neely, A., 2003.Measuring performana a changing business
environment. International Journal of Operation®&duction Management
23, 213-229.

Kirkwood, C.W., Sarin, R.K., 1980. Preference Cdindss for Multiattribute Value
Functions. Operations Research 28, 225-232.

Kosanke, K., Zelm, M., 1999.CIMOSA modelling proses. Computers in Industry
40, 141-153.

Kueng, P., 2000. Process performance measuremeténsya tool to support
process-based organizations. Total Quality Managéi 67—-85.

Kueng, P., Kawalek, P., 1997. Goal-based businesseps models: creation and
evaluation. Business Process Management Jourta&-38.

226



References

Van Lamsweerde, A., Letier, E., 2000. Handling abls in goal-oriented
requirements engineering.Software Engineering, |IEE&nsactions on 26,
978-1005.

Larson, N., Kusiak, A., 1996. Managing design psses: A risk assessment
approach. IEEE Transactions on Systems, Man, aruer@gtics- Part A:
Systems and Humans 26, 749-759.

Lauras, M., Lamothe, J., Pingaud, H., 2011. A bessnprocess oriented method to
design supply chain performance measurement systatamational Journal
of Business Performance Management 12, 354 — 376.

Lebas, M., 1994.Managerial accounting in Francer@ee of past tradition and
current practice. European Accounting Review 3-418B.

Lebas, M., 1995.Performance measurement and pefmen management.
International Journal of Production Economics 435.

Lee, J., Lee, D., Kang, S., 2007. Advances in Wat Mdetwork Technologies, and
Information Management, in: Lecture Notes in Compuicience. Springer
Berlin / Heidelberg, pp. 384—-395.

Leitch, M., 2010. ISO 31000: 2009—The New Interoadil Standard on Risk
Management. Risk Analysis 30, 887-892.

Limnios, N., 2007. Fault trees. John Wiley & SaNsw-York.

List, B., Korherr, B., 2006. An evaluation of coptgal business process modelling
languages, in: Proceedings of the 2006 ACM Symposion Applied
Computing. pp. 1532-1539.

Lootsma, F.A., 1999. Multi-Criteria Decision Analysvia Ratio and Difference
Judgement, 1st ed. Springer-Verlag, Berlin.

Lynch, R.L, Cross, K.F., 1992. The SMART way tdfide and sustain success.
National Productivity Review 8, pp. 23-33

Markowski, A.S., Kotynia, A., 2011. “Bow-tie” modein layer of protection
analysis. ProcessSafety and Environmental Prote88p 205—-213.

Marqués, G., 2010. Management des risques poudel'a la gestion de la
collaboration au sein d’'une chaine logistique: approche par simulation,
University of Tolouse, Ph.D.Thesis,

Marques, G., Gourc, D., Lauras, M., 2011. Multteria performance analysis for
decision making in project management. Internatial@rnal of Project
Management 29, 1057-1069.

Martinez, V., 2003. Understanding value creatidre value matrix and the value
cube. University of Strathclyde, Glasgow, Ph.D.Thes

Maskell, B.H., 1991. Performance Measurement forl/Glass Manufacturing: A
Model for American Companies, 1st ed. Productifitgss.

Matty, D.M., 2010. Stakeholder Salience Influence Bureaucratic Program
Enterprise Value Creation. Cambridge MA, Massactisisénstitute of
Technology.Ph.D. Thesis.

Mayag, B., Grabisch, M., Labreuche, C., 2011. Arabgerization of the 2-additive
Choquet integral through cardinal information. Ru&ets and Systems 184,
84-105.

Mayer, R.J., Menzel, C., Painter, M., deWitte, Blinn, T., Benjamin, P.,
1993.IDEF3 process description capture method tafaght-Patterson
AFB, Ohio, AL/HRGA.

Medori, D., Steeple, D., 2000. A framework for dudj and enhancing performance
measurement systems. International Journal of @ipasa & Production
Management 20, 520-533.

227



References

Melnyk, S.A., Stewart, D.M., Swink, M., 2004. Mesi and performance
measurement in operations management: dealing th#ghmetrics maze.
Journal of Operations Management 22, 209-218.

Merchant, P.K., Stede, P.W.V. der, 2007.Managem&nuntrol Systems:
Performance Measurement, Evaluation and Incenti2es, ed. Financial
Times/ Prentice Hall.

Meyer, A., Nakane, J., Miller, J.G., Ferdows, K98%. Flexibility: The next
competitive battle the manufacturing futures sun@frategic Management
Journal 10, 135-144.

Meyer, M.W., 2003. Rethinking Performance MeasummBeyond the Balanced
Scorecard. Cambridge University Press.

Mike, K., Andy, N., 2003. Measuring performance & changing business
environment.

Mitchell, R.K., Agle, B.R., Wood, D.J., 1997. Towlae Theory of Stakeholder
Identification and Salience: Defining the PrincipieWho and What Really
Counts. The Academy of Management Review 22, 853—-88

Moeller, R., 2007. COSO Enterprise Risk Managemélnderstanding the New
Integrated ERM Framework, 1st ed. Wiley& Sons, Néovk.

Mokhtari, K., Ren, J., Roberts, C., Wang, J., 204fdplication of a generic bow-tie
based risk analysis framework on risk managemeseafports and offshore
terminals. Journal of Hazardous Materials 192, 45—

Montmain, J., Mauris, G., Akharraz, A., 2005. Etdation and decisional risk in a
multi-criteria decision based on a Choquet integggregation—a cybernetic
framework. Journal of Multi-Criteria Decision Analg 13, 239-258.

Motwani, J., 2001. Critical factors and performameeasures of TQM. The TQM
Magazine 13, 292-300.

Muehlen, M. zur, Recker, J., 2008.How Much LangulsgEénough? Theoretical and
Practical Use of the Business Process Modeling tibotain: Bellahsene, Z.,
Léonard, M. (Eds.), Advanced Information SystemgiE®ering. Springer
Berlin Heidelberg, Berlin, Heidelberg, pp. 465-479.

Mullai, A., 2009. Risk Management System — A Corgap Model, in: Zsidisin,
G.A., Ritchie, B. (Eds.), Supply Chain Risk. SpendJS, Boston, MA, pp.
83-101.

Mun, J., 2006. Modeling Risk: Applying Monte Car®mulation, Real Options
Analysis, Forecasting, and Optimization Techniquéasley& Sons, New-
York.

Murata, T., 1989, Petri nets: Properties, analgsi applications. Proc. of the IEEE.
77 (4), 541-580.

Narasimhan, R., Talluri, S., 2009. Perspectivessilhmanagement in supply chains.
Journal of Operations Management 27, 114-118.

Narukawa, Y., 2010. Modeling Decisions: Informatiésion and Aggregation
Operators. Springer-Verlag, Berlin.

Neap, H.S., Celik, T., 1999. Value of a productéinition. International Journal of
Value-Based Management 12, 181-191.

Neely, A. 2002.Business Performance Measurementb@dge University Press.

Neely, A., Adam, C:,Kennerley, M., 2002. The Pemfance Prism: The ScoreCard
for Measuring and Managing Business Success.FTtiPedrall, London

228



References

Neely, A., 1999. The performance measurement réeoluwhy now and what
next?International Journal of Operations & ProduttvManagement, Vol. 19
Iss: 2, pp.205 - 228

Neely, A., 2007. Business Performance Measuremémifying Theory and
Integrating Practice, 2nd Revised ed. Cambridge/éfaity Press.

Neely, A., Al Najjar, M., 2006.Management learningt management control: the
true role of performance management? California &d@ment Review 48,
101-114.

Neely, A., Bourne, M., Mills, J., Platts, K., Riddsa, H., 2002. Strategy and
Performance: Getting the Measure of Your Busin€ssnbridge University
Press.

Neely, A., Gregory, M., Platts, K., 2005. Perforrm@measurement system design: a
literature review and research agenda. Interndtidmarnal of Operations &
Production Management 25, 1228-1263.

Neely, A., Mills, J., Platts, K., Gregory, M., Ratds, H., 1996. Performance
measurement system design: Should process basechapes be adopted?
International Journal of Production Economics 46423-431.

Neely, A., Richards, H., Mills, J., Platts, K., Boa, M., 1997.Designing
performance measures: a structured approach. #tiemal Journal of
Operations & Production Management 17, 1131-1152.

Neiger, D., Churilov, L., 2003. Goal-Oriented Degquosition of Event-Driven
Process Chains with Value Focused Thinking. ACI&@edings.

Neiger, D., Churilov, L., 2004. Goal-Oriented Buess Process Modeling with EPCs
and Value-Focused Thinking, in: Desel, J., Perri&ci, Weske, M. (Eds.),
Business Process Management. Springer Berlin Hmdgl, pp. 98-115.

Neiger, D., Churilov, L., Flitman, A., 2008. Vallcused Business Process
Engineering: a Systems Approach: with ApplicatidasHuman Resource
Management. Springer-Verlag, Berlin.

Neiger, D., Churilov, L., Muehlen, M., others, 20Q6tegrating risks in business
process models with value focused process engimeefroceedings of the
14th European Conference on Information Systemgd8w, Goteborg.

Nilsson, C.H., Nordahl, H., 1995. Making manufastgrflexibility operational—part
1: A framework. Integrated Manufacturing SystemS-6 1.

Nilsson, F., Kald, M., 2002. Recent Advances inféterance Management: The
Nordic Case. European Management Journal 20, 236-24

Nudurupati, S.S., Bititci, U.S., Kumar, V., Chan,TFS., 2011. State of the art
literature review on performance measurement. Coenpu& Industrial
Engineering 60, 279-290.

Olsen, E.O., Zhou, H., Lee, D.M.S., Ng, Y.-E., Chog.C., Padunchwit, P., 2007.
Performance measurement system and relationshipgpetiformance results:
A case analysis of a continuous improvement appraac PMS design.
International Journal of Productivity and Performaianagement 56, 559—
582.

Paranjape, B., Rossiter, M., Pantano, V., 2006ioFReance measurement systems:
Successes, failures and future—a review. MeasuBuginess Excellence 10,
4-14.

Parker, R.P., Wirth, A., 1999. Manufacturing flektly: Measures and relationships.
European Journal of Operational Research 118, 4204

Parnell, G.S., Driscoll, P.J., Henderson, D.L., 20Decision Making in Systems
Engineering and Management.John Wiley and Sons; Xenk.

229



References

Perera, S., Harrison, G., Poole, M., 1997. Custdomrsed manufacturing strategy
and the use of operations-based non-financial peegoce measures: A
research note. Accounting, Organizations and Sp2it557-572.

Peterson, J.L., 1981. Petri Net Theory and the Muogleof Systems.Prentice-Hall,
Inc., Englewood Clifffs, NJ.

Petri, C.A., 1966. Communication with automata: Wok 1 Supplement 1. DTIC
Document.

Pfeffer, J., Sutton, R.l., 2006.Evidence-based mament.Harvard Business Review
84, 62.

Pidd, M., 2009. Tools for Thinking: Modelling in Magement Science, 3rd ed. John
Wiley & Sons, New-York.

Porter, M.E., 1998. Competitive advantage: creatamgd sustaining superior
performance: with a new introduction. Free Press.

Powell, T.C., 1995. Total quality management as metitive advantage: A review
and empirical study. Strategic Management Jouréal3—-37.

Purba, J.H., Lu, J., Ruan, D., Zhang, G., 2010. ybridl Approach for Fault Tree
Analysis Combining Probabilistic Method with Fuzikumbers, Springer-
Verlap, Berlin, pp. 194-201.

Radnor, Z.J., Barnes, D., 2007. Historical analg$iperformance measurement and
management in operations management. Internatlmahal of Productivity
and Performance Management 56, 384—396.

Rahmat, M.K., Jovanovic, S., 2009. Reliability miuig of uninterruptible power
supply systems using fault tree analysis methodofgan Transactions on
Electrical Power 19, 258-273.

Ravelomanantsoa, M., Ducq, Y., Vallespir, B., 20itegration of Requirements for
Performance Indicator System Definition and Implatagon Methods, in:
Vallespir, B., Alix, T. (Eds.), Advances in Prodiact Management Systems.
New Challenges, New Approaches. Springer Berlirdelberg, pp. 530-537.

Ravindran, A.R., 2008. Operations research metlogiesd, CRC Press.

Recker, J., 2011. Evaluations of Process Modelingantnars: Ontological,
Qualitative and Quantitative Analyses Using the ragke of BPMN.
Springer-Verlag, Berlin.

Recker, J., Rosemann, M., Indulska, M., Green, 2009. Business process
modeling-a comparative analysis.Journal of the Aisdimn for Information
Systems 10, 1.

Rezaie, K., Amalnik, M.S., Gereie, A., Ostadi, Bhakhseniaee, M., 2007. Using
extended Monte Carlo simulation method for the wwpment of risk
management: Consideration of relationships betwewertainties. Applied
Mathematics and Computation 190, 1492-1501.

Remenyi, D., Heafield, A., 1996. Business processngineering: some aspects of
how to evaluate and manage the risk exposure. niaiienal Journal of
Project Management 14, 349-357.

Richardson, P.R., Gordon, J.R.M., 1980. Measurirgjalt manufacturing
performance.Sloan Management Review 21.

Ridgway, V.F., 1956. Dysfunctional Consequence®®@fformance Measurements.
Administrative Science Quarterly 1, 240-247.

Robinson, S., 2004. Simulation: The Practice of Blddevelopment and Use, 1st
ed. Wiley.& Sons, New-York.

Rose, K.H., 1995. A performance measurement m&led)ity Progress, 28(2): 63—
66.

230



References

Rosemann, M., Recker, J., Green, P.F., Indulska,2®0D9.Using ontology for the
representational analysis of process modelling riegles. International
Journal of Business Process Integration and Manage#) 251-265.

Rosenberg, N., Landau, R., Mowery, D.C., 1992. Tetdgy and the wealth of
nations.Stanford University Press. Stanford, CA.

Royer, P., 2000. From My Experience - Risk Managamdhe Undiscovered
Dimension of Project Management. Project ManagerQesairterly.31, 6.

Rushton, A., Croucher, P., Baker, P., 2010. The ddank of Logistics and
Distribution Management, Fourth ed. Kogan Page.

Ryan, J., Heavey, C., 2006. Process modeling foulsition. Computers in Industry
57, 437-450.

Saaty, T., 2004. Fundamentals of the analytic netypoocess — Dependence and
feedback in decision-making with a single netwodkurnal of Systems
Science and Systems Engineering 13, 129-157.

Saaty, T.L., 1990. How to make a decision: theyditahierarchy process. European
Journal of Operational Research 48, 9-26.

Sadiq, S., Governatori, G., Namiri, K., 2007. Maodgl control objectives for
business process compliance, in: Proceedings of Sihe International
Conference on Business Process Management. ppl@4.9—

Sahraoui, S.A. 2009. Vers un systeme d’aide a ¢dsitd pour I'optimisation de la
mise en oeuvre de démarches d’amélioration de f@np@ance industrielle.
University of Savoie, Ph.D. Thesis.

Sahraoui, S., Berrah, L., Montmain, J., others,7208chniques d’optimisation et
modele d’agrégation pour [I'outillage d'une démarcligamélioration
industrielle. 7e Congrés international de génieustdel (GI 2007), Trois
Rivieres, Québec, Canada.

Salah E., E., 2005. On the fallacy of averagesdjept risk management. European
Journal of Operational Research 165, 307-313.

Santos, S.P., Belton, V., Howick, S., 2002.Addinglue to performance
measurement by using system dynamics and multieritenalysis.
International Journal of Operations & Production nfdgement 22, 1246—
1272.

Sargent, R.G., 2010. Verification and validation simulation models, in:
Proceedings of the 2010 Winter Simulation ConfegeBaltimore, Maryland,
USA. pp. 166-183.

Scheer, A.-W., 2000. ARIS: Business Process Modelgrd ed. Springer-Verlag,
Berlin.

Scott, J.E., Vessey, |, 2002. Managing risks intemgmise systems
implementations.Commun. ACM 45, 74-81.

Senechal, 2004. Automatique et Informatique destéByss Industriels et
Humains.Habilitation & diriger les recherches, @ndity of Valenciennes
and du Hainaut Cambresis.

Sethi, A., Sethi, S., 1990. Flexibility in manufadhg: A survey. International
Journal of Flexible Manufacturing Systems 2.

Shahzad, K., Zdravkovic, J., 2009. A goal-oriengggroach for business process
improvement using process warehouse data.The &raci Enterprise
Modeling, pp 84-98.

Sienou, A., 2009. Proposition d’'un cadre méthodgleg pour le management
intégré des risques et des processus d’entrepris@tdity of Toulouse,
Ph.D. Thesis.

231



References

Sienou, A., Lamine, E., Pingaud, H., Karduck, A00Q2. Aspects of the BPRIM
Language for Risk Driven Process Engineering, ikekdman, R., Herrero,
P., Dillon, T. (Eds.), On the Move to Meaningfultdmet Systems: OTM
2009 Workshops. Springer Berlin Heidelberg, pp.-83.

Simon, H.A., 1954. Centralization vs. decentrai@atin organizing the controller's
department: A research study and report. ContsdilprFoundation.

Simons, R., 1995. Control in an age of empowermBuosiness Credit-New York-
97, 25-25.

Skinner, W., 1969.Manufacturing—missing link in porate strategy. Harvard
Business Review 47, 136-145.

Skinner, W., 1973.The decline, fall, and renewatnainufacturing plants.Division of
Research, Graduate School of Business Administraiiarvard University.

Slack, N., 1983.Flexibility as a manufacturing abjee. International Journal of
Operations & Production Management 3, 4-13.

Slack, N., 2005.The changing nature of operatitsHility. International Journal of
Operations & Production Management 25, 1201-1210.

Slack, N., Chambers, S., Johnston, R., 2007.Opastlanagement, 5th ed. Trans-
Atlantic Publications, Inc.

Sormaz, D.N., Khoshnevis, B., 2003. Generation ltdraative process plans in
integrated manufacturing systems. Journal of ligeit Manufacturing 14,
509-526.

Stalk, G., 1988. Time -The Next Source of Competithdvantage.Harvard Business
Review 66(4), pp.41-51.

Stalk, G., Jr, Hout, T.M., 1990. How time-based ageament measures performance.
Strategy & Leadership 18, 26—29.

Sterman, J., Sterman, J.D., 2000. Business Dynan8gstems Thinking and
Modeling for a Complex World. McGraw-Hill/lrwin.

Stern, J.M., Shiely, J.S., Ross, |., 2001. The ESMallenge: Implementing Value
Added Change in an Organization, 1st ed. Wiley&sSdtew-York.

Suwignjo, P., Bititci, U.., Carrie, A.., 2000. Quaative models for performance
measurement system. International Journal of PramudEconomics 64,
231-241.

Suzaki, K., 1987. New Manufacturing Challenge: Teghes for Continuous
Improvement. Free Press.

Symons, R.T., Jacobs, R.A., 1995. A Total Qualitandgemenbased Incentive
System Supporting Total Quality Management Impletaigon. Production
and Operations Management 4, 228-241.

Tan, H.P., Plowman, D., Hancock, P., 2008. Thewnglresearch on intellectual
capital.Journal of Intellectual Capital 9, 585—608.

Tan, W.A., Shen, W., Xu, L., Zhou, B., Li, L., 2008 business process intelligence
system for enterprise process performance manade®@gstems, Man, and
Cybernetics, Part C: Applications and Reviews, |IEEBnsactions on 38,
745-756.

Tangen, S., 2004.Evaluation and revision of perboroe measurement
systems.Royal Institute of Technology, Sweden, PhBsis.

Taticchi, P., 2010. Business Performance Measurerard Management: New
Contexts, Themes and Challenges. Springer-VerladirB

Taylor, F.W., 1911. The Principles of Scientific Magyement.1st World Library.

232



References

Teoh, P.C., Case, K., 2005. An evaluation of failtmodes and effects analysis
generation method for conceptual design. Internatidournal of Computer
Integrated Manufacturing 18, 279-293.

Teoh, P.C., Case, K., 2004. Failure modes and teffatalysis through knowledge
modelling.Journal of Materials Processing Technplb§3-154, 253—-260.

Tixier, J.G., Dusserre, O. Salvi, D. Gaston, 2082&view of 62 risk analysis
methodologies of industrial plants. Journal of LBssvention in the Process
Industries 15, 291-303.

Tuncel, G., Alpan, G., 2010. Risk assessment andagement for supply chain
networks: A case study. Computers in Industry GD-259.

Vandenbosch, B., 1999. An empirical analysis ofdlsociation between the use of
executive support systems and perceived organimdtioompetitiveness.
Accounting, Organizations and Society 24, 77-92.

Van Der Aalst, W.M.P., TerHofstede, A.H.M., Kiepaszki, B., Barros, A.P., 2003.
Workflow patterns.Distributed and parallel datalsaté, 5-51.

Van Der Aalst, W.M.P., 1999. Formalization and fieation of event-driven process
chains. Information and Software Technology 41, -&3D.

Venkatraman, N., Ramanujam, V., 1986. MeasuremeBsiness Performance in
Strategy Research: A Comparison of Approaches. HRoademy of
Management Review 11, 801-814.

Vernadat, F.B., 1996. Enterprise Modeling and Ira&gn: Principles and
Applications. Chapman & Hall, London.

Vernadat, F., 1999. Techniques de Modélisation atrefarise: Applications aux
Processus Opérationnels. Economica, Paris.

Vose, D., 2008. Risk Analysis: A Quantitative Gui@ed ed. Wiley& Sons, New-
York.

Waggoner, D.B., Neely, A.D., P. Kennerley, M., 199% forces that shape
organisational performance measurement systems: ilA@rdisciplinary
review. International Journal of Production Econosr0-61, 53—60.

Wand, Y., Weber, R., 2002. Research commentaryorimdtion systems and
conceptual modeling-a research agenda. Informadigstems Research 13,
363-376.

Wang, J.X., Roush, M.L., 2000. What Every Engin8éould Know About Risk
Engineering and Management, 1st ed. CRC Press.

Webb, A., 1996. Managing innovative projects.Cemrgagarning.

Yu, E., 2011. Modeling strategic relationships farocess reengineering.Social
Modeling for Requirements Engineering 11.

Zopounidis, C., 2010. Handbook of Multicriteria Aysis.Springer-Verlag, Berlin.

Zelm, M., Vernadat, F.B., Kosanke, K., 1995. TheMOISA business modelling
process. Computers in Industry 27, 123-142.

Zsidisin, G.A., Ritchie, B., 2008. Supply Chain Ri&\ Handbook of Assessment,
Management, and Performance, 1st ed. Springer-y,aerlin.

233



234



Appendix A: Mechanical Locator

Appendices

Appendix A The mechanical locator
1 Description of the Product

A mechanical locator is a work holding device timintended to be placed on a
machining machine in a modular fixture for holdingork-pieces. The one

consideredis made of five component parts: axlelybe@ap, bolt and spring (as
drawn inFigure A-1). The top of the cap is constdeas one of the three small
supports contributing to the planned support ofwioek-piece to be machined. The
tapered portion of the axle allows the work-piegebé centered through a conical
hole. The axial mobility of the axis compensateastii@ dimensional variations of the
hole in the casting. Figure A-1shows two configlamad: a free-state configuration
and a loaded-state one. The proposed detailedrddsiges three main parts called:
axle, body and cap.

Free State Loaded workpiece
clamp:ed

Mechancial
locator

\
A

Work piece

N~

//////////////////A

)
[V

N2

X

V.

Bod % % %

e IH |

2
\ pring %/d%

Fixture elements :

Figure A-1: Mechanical locator: Product in context(to the left), product sans context
(to the right) in free and loaded situation

2 Process plans for axle, body and cap

First of all, features for component parts are fidied and indexed. The
Fingexindicates a feature on a part whilgqg (index prime) represents the newly
generated feature after the unfulfilled featurgiekor more precisely, the feature
needs further operations to be fully machined. Exyiph the principle ofSormaz and
Khoshnevis(2003), a number of process plans haee mentified and expressed.
Out of them, only three process plans for each comapt part are selected and
modeled. The selection of these process plansuftindr evaluation can be carried
out either on the basis of availability of machimesimply selecting processes that
can better satisfy objective functions (such asimmumn time and cost, minimum
risk). If machines are not available, those nodesh® process plan network are
simply excluded.

Figure A-2 to Figure A-4 show the process plan ni®der the axle, body and cap,
respectively
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Appendix B Risk Assessment of Production Scenarios

In the production scenario 1, a customer ordersOl1@@chanical locators (see
86.1.2.1 ). Because the customer needs the reqpmetlcts in a short period of
time, therefore the lead time objective becomesta objective in this scenario.
To avoid any dissatisfaction on the part of thetmmer, the company carries out a
risk assessment of the manufacturing processestigthassessment of the processes
mainly focuses on the identification of the actest which adversely affect the
objective of lead-time. Therefore, a scheduled biag&ed process FMEA is developed
with a main focus on the delay oriented failure eo(see Table B-1).

In the production scenario 2, the customer ord®® rRechanical locators of high
quality and allows sufficient time for the order be delivered (see 86.1.2.2 ).
Therefore, the lead-time objective is no more thiécal objective in the current
scenario. Instead, the quality is.

As quality of the product is the critical dimensionscenario 2, therefore the risk
assessment of manufacturing process plans is daoué with a focus on critical
activities/operations. Critical activities are tbees which are aimed at realizing
features with tight tolerances.

On the other hand, in the production scenario &,dhstomer orders high quality
mechanical locators while compromising to some rexte the other dimensions of
performance, i.e. cost and time.

For determining the quality levels of the mechahiceator, two levels are defined:
high-quality and low quality. A high quality produkas a satisfaction index (q) of
100%. With this value, there is no problem of pradiwnctionality. However, the
product cost will increase. On the other hand, logwality products have
specifications for each product functionality treae acceptable but beyond this
value, the risk of malfunctioning (not meeting thumctional requirement and not
possible to assemble) is high and g = 0.

For example, the geometrical tolerances for thehaeical locator are determined as
expressed in Figure B-1:

[ lood/a]e]

“cs G uclals] | & lrse[als]
|2 e
/ T
A — — - ==t
i — 8

Figure B-1: Geometrical toleranceof the mechanicdbcator

FromTable B-1, the following specifications shoblel respected to satisfy one of the
functionality of the product, as required by thetomer.
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X t7c + t5e

Xmax = Xavg. + varlatlon.z =c5+e5+ — < 55.02
X t7c + the

Xmin = Xavg. — variation.z =c5+e5— ——— > 5498

Similarly, other specifications have been determinand are analyzed in
FMEAproposed in Table B-2. The degree of satisfectdf the customer is then
proportional to the degree of satisfaction of eaxhical specification of the
mechanical locator. Furthermore, the requirememthé FMEA table are grouped

into S, P and D referring to serviceability, pasiing and design requirements,
respectively of the mechanical locator.
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Table B-1: FMEA Table for schedule risks

Appendix B Risk Assessment of Production Scenarii

Fundame ntal Pote ntial Failure Potential
- Risk Levels |Process Function Effects of SEV [Potential Causedq PROB | DET| RPN
Risk Mode .
Failure
. Body adjustment ififailure to adjust in .
;Fu;?tlrl)%gf)feature A the modular fixturgdthe modular L\i/leall;ufacturlng 7 5 5 175
P . (service. Req fixture y
Turning of features |Axle fitting into the|Axle/cap Manufacturing 7 5 5 175
F1, F3' (part axle) |cap (position. Reglxssembly failure [delay
Quality failures ] o i
v Turning of features |Cap/Body fitting Failure to
F6, F6' (part cap) |[(position. Req.) assemble 7 5 280
' P P P - Rea Cap/Bod
Axle dia (D3_A)
Body/Assembling [fitting into Body dig|Parts non Manufacturing 8 a 294
process (D2_B) (Design |assemblable delay
req.)
Schedule Risk Unavailable
Estimation Operation i, i = {10; Duration Uncertain lead ::2:22::2: Hren
40; 70, ...} of the N/A ) . . 5 150
Error rocess plan estimation error |time Incomplete
P P information Wrond
belief
Machine Mi Insufficient
Operation i, i = { 20, N/A breakdown Manufacturing 5 maintenance of 105
30, 70, ...} bottleneck in delay machines
Disruptions machine imbalance in the
P highly smooth
Manufact.urlng tgxtyre to reduce Operator absent Manufacturing 3 absenteeism 90
Process i friction between delay
parts

Table B-2: FMEA tablefor performance risks

241



Appendix B Risk Assessment of Production Scenarii

Fundamental Risk Levels Proce.ss. Requirement Potential Failure Po.tential Effects of SEV Potential Causes PROB  DDET PN
risk Description Mode Failure
Parting /Facing |Tolerance interval 0.04 of |Poor length of the Malfunctioning of the 8 Improper assembly 5 5 200
F2 (Cap), Facing|Plan Aw.r.t Plan B(req. |parts mechanical locator tolerance allocation,
F7 (Body) S1) wrong machine set up
Tapering Coaxiality with tolerance |Cone of the Axle does |Unable to hold the work |3 Improper assembly 4 4 48
operation (F2, of @ 0.04mm (req. S9) not locate (center) the|piece rightly tolerance allocation,
Axle) work piece
Turning of dia | Tolerance interval @ |Failure to fit body into |Unable to hold the object |3 Machine tool not 5 4 60
_ (F4, Body) 0.08mm (req. S4) modular fixture tightly properly set to angle
Non-conformity spindle vibration
Facing Perpendicularity with Tl = |Mal Contact of
operation (F5, |0.05w.r.t Plan A (req. S11) [mechanical locator
Body) assembly
Perfor'mance Facing/finish. |Matting requirement, TI= |Improper matting of |Play/clearance in
Risk (F5, F5', Cap) |0.05 (req. P2) Cap end with axle assembly
shoulder
Assembly D3_Axle >=D2_B, T=? Diameter are not Assembly failure 5 4 6 120
process equal
D1 A>=D1C D3 or D1 are not equal |Assembly failure
Inspection N/A Type 1 error (falsely Warranty claims, Client |6 Human error, sampling |4 6 144
process rejected non defective complaints etc. method inefficient
parts)
Type 1 error (falsely
Humman Error rejected non defective
parts)
N/A Type Il error (falsely Warranty claims, Client |8 Human error, sampling|5 5 200

acceptance)

complaints etc.

method inefficient
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Appendix C  Performance Evaluation Methods

Table C-1: Performance evaluation method

Performance measures

Calculation Method

Process cost

— i
Cm - Z Cactivity

N
i=1

Cost of quality

Z(Appraisal cost) + (prevention cost) + (internal failure cost)

+ (external failure cost)

Prevention cost

N
Ci
quality prevention activities
i=1

Appraisal cost

N
§ i
Cinspection
i=1

Internal failure
cost

Z scrap + rework cost

Manufacturing time

N
— § i
Tm - tactivity
i=1

— VN i i i i i
- i:l(tprocessing + tsetup + thandling + tload—unload + tidling)

Process yield

(1-Scrap parts/Total parts)

Employee satisfaction

Length of time an employeekwin terms of workload)

Similarly, to identify risk in the processes, tr@aulation methods to calculate the
risks quantitatively are also determined.

Table C-2: Risks evaluation

Cost Risk

Re(PP0) = )" Pi(Ci > UB) + C(x) Re(PPY)
i=1

Schedule Risk

n
= Z P;(C; > duedate) * C(x)

=1

Quality Risk

n
Ry(PPy) = Z,_l P;(Q; # Specification) x C
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Appendix D: Fundamental Objectives Hierarchy
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Appendix: ARENA Simulation

Appendix E ARENA Simulation
1 Simulation constructs: Arena Modules

Modules are the flow charts and data objects teéihe a process to be simulated.
The frequently used modules (flow charts only) lre tcurrent dissertation case
studies are shown in Table E-1.

Table E-1: Frequently used flow chart modules in poduction scenarios 1 & 2

Modules | Description Constructs
Create Used to create entities. o \

Process Same as process model, used to seizeleaskbreesources as
well as delay entities as needed.

Process

Decide Used as a decision point in a simulation ehodecision is
either based on probability or variable condition.

Batch Used to combine entities either temporanilpermanently.

Separate | Used to separate a batched entity intoritgtituent parts. H D Vliﬂ
-

0 Bueac

Assign Used to manipulate attributes or variablesrye time an ﬁ rosin ‘l
entity passes through. S

Record Used to record tallies or counters thatbeansed to average ¢ |
statistics at the end of the simulation.

Delay Used to delay entities during logic flow. ooy
Hold Used to hold an entity in a queue until a gt condition is
met. Hold
The match module brings together a specified nurober —
Match " e g : J—
entities waiting in different queues. Typical useur case ] g
for assembly of axle, body and cap in assembly.shop e

The station module defines a station (or a setabfoms)

Station . . ) ;
corresponding to a physical or logical location wehe o swmion b
processing occurs, as, for instance thecells1,2dfithe job
shop.

Route Transfer an entity to a specified stationthe case of the

Route

locating product,this route box sends axle part the
assembly shop.
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Appendix: ARENA Simulation

In addition to the flow chart modules, the date oied is used to feed the input data
such as input variables, expressions, resources daeation of activity and costs to
the simulation models to make them operational.

2 ARENA model logic: Simulation model building

This section briefly describes the computer-bas@dulation model for the
mechanical locator process plans. The logic of dimulation model is shown in
Figure E-1. For the purpose of simplicity, only thedy process plan (process plan
3) is explained as well as few selected parts efatsembly process plan. The axle
and cap parts of the locator have almost similgiclas the one used in the body
process plan. The whole logic of the simulation bardivided into four categories:
part arrival logic, work cells logic, assembly shiogic and simulation exit logic.
Each one of them is briefly described in the follogvsections.
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e Duedate

Wait for
arrival time

Manufacture part

Send to Assembly Shop

Define attributes Routed to Ass. shop

Define Sequence Part index

(Parts Routing) Part type e J

i ssign A .
L Part l:’|mt-llre e Arrival Time Nop| Walt fgr
h e Part Specs. . arrival time
IRoute blank parts
to work cells Axle Yes

Setup machine/tool

Drill F3.F1

Part type
Cap . P

-Body'

w Scrap-bo

OK

Drill F8X4

f

80%

i e i Thread F8'x4
Pie  Arrival Time Time=System NoP| Wait for
PR, time arrival time

20%

@ Scrap)o

OK

Manufacture part

Send to 80%

Assembly Shop

Route to Assembly
Shop

Change setup

—Tum F4, F6

Send to assembly

shop

Figure E-1: Simulation logic
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Part Arrival Logic: The simulation model starts with the arrival of iees$ at
exponential rate in batch format viaeate moduleof the Arena (the first one
displayed in Figure E-1)The global objectives (such as due date, uppendacost,
specifications for the quality level of the entmeechanical locator) are associated
with each arriving entity in the simulation modeingsAssign modulésixth element
in Figure E-4). Next, a part index is defined tstdbute the coming entities using
the discrete distribution function, i.e. DISC (ad8cally, the part index is designed to
assign, on one hand, the coming entity to one efttlank part of the mechanical
locator and, on the other hand, to allow us toxndéo the separt sequenceso that
proper sequence will be associated with the arevaity (or blank part). To define
the part sequence, the sequence data module fromdtrenced transfer panel of
Arena is used. This module assigns a sequencechopeat of the locator according
to the relevant process plan (cf. Figure E-2) mheorto control the flow of the part in
the system. For instance, the part A (in the cdsthe locator: part axle) moves
through Cell 1 (containing machines M1 and M2) amdl €@ (assembly shop in the
current case study) where it becomes part of tlsenally and then leaves the
simulation system. The same procedure is repeatdtié¢ two other parts.

Name Steps
1 b |Part AProcessPlan  3rows
2 |PatBProcess Plan 3 rows [T r
3 Part CProcessPlan  3rows Station Hame Step Name Hext Step | Assignments|
Double-click here to add a new r |1 Cell1 Part A Step 1 [0 rows |
2 Cell 4 Part A Step 4 Orows
3 Exit system Part A Step 5 Orows

Figure E-2: Part sequencing logic

Next, a resource set for each work cell is defirfent. instance, a machine set for
work cell 3 as shown in Figure E-3 is composed etthmachines (milling, grinding
and 2-axis CNC lathe machines). These machines, ékecution time and cost are
then associated to the respective activities asined)by the conceptual process plan
model.

OCess

Name Type Members
Cell 1 Machines Resource 2 rows

=

Cell 2Machines  Resource 2 rows

N

W
hd

Cell 3 Machines Resource Eﬁ‘
Ertity Types Entity Type Members E |
Part Pictures Entity Picture | m—
Operator Set Resource T iling Machine  w

FS

(4]

(=]

—

Assembler Set Resource 2 Grinding Machine
Assembler Resource s 2 Axis CNC Lathe

=]

Figure E-3: Definition of resource sets

By defining the required attributes for the incomengities, the system is now ready
to send the entities or blank parts to their reBpecwork cells. This task is
accomplished using the Station and Route modulefepigted in Figure E-4. The
former module tells Arena the actual location of &mgity while the latter transfer
the entity to the location as assigned in the secpielate module.

249



Appendix: ARENA Simulation

Manfuachuring Process Plan 3 Simulation

Part Arrival Logic

\

— || Onrrekase
sty
&

Entities A’n’ual\ —_ Assign
— || SonsSequeic:

Figure E-4: Part arrival logic
Work Cells Logic: The work cell logic is simple to understand becaitige the
transformation of a conceptual process plan intoomputer-based process plan
model. However, the part arrival to the work celjuiges a bit extra logic. At the
assign modul€on the top of the Figure E-5), the arrival timetloé entity is marked
with attribute ArrTime but hold in theHold module until the conditions (the
availability of resource sets) become true. Adddilty, part specifications are
defined using attributes and variables for ulteggaluation of the part (mainly for
the assembly condition inspection).

The remaining portion of the simulation model is thoshe translation of the
conceptual process plan along with the input dalavant to the process plan
(seeTable 6-4 to Table 6-6). At this stage, theaaly defined resources and time
durations are associated to each step (operattoviifgcof the process plan. The cost
allocation to the activity is based on either pse/busy per hour and idle per hour
basis employing the resource data module.

To see whether an activity has realized its astatiabjective, it is checked in the
Decide modul®f the ArenaTo this end, it needs to be defined already inAbsign
modulefor the corresponding part as shown in Figure E-5.
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Delete

[ ok ]| coce | Hep

Figure E-5: Variable assignment and decision-makingpgic

Assembly shop logidn the assembly shop, all the parts manufacturethéir
respective work cells are brought and assembledthi®purpose, thenatch module

is employed to first synchronise the arrival of thenufactured parts and then branch
out to record modulesso that data such as functional specificationsndividual
parts are recorded for assemblability purpose inftflewing steps. TheDecide
modulesthen use this data to check whether the partbeassembled and meet the

required quality levels or not. Figure E-6 show® @i theDecide moduleslong
with its pop-up windows in the assembly shop.

#& Decide_Assembl = _

Name:

21|
Type:
LI IN-way by Conditionj

:

¥ 5 dd.
Expression, Perp_B_Surf& > 90.02 || Perp_B_Surf& < 89.98
Expression, Perp_A_with_B > 90.02 || Perp_A_with_B < 83.98

Expression, TVALUE(Check D1_4) > TVALUE(Check dia_C) Il TVALU L’
<End of list>

0K | Cacel | Hep

Figure E-6: Quality control in assembly shop

In addition, the parts which cannot be assembledchecked with other parts in the
batch from three to five times, exceeding beyoreb¢htrials, the part is scrapped.
For this purpose, the part is assigned the atgiRdtry in the assign module to

251



Appendix: ARENA Simulation

identify that particular part each time it passeough part fitting practice. The
decide module then checks the conditibattribute (Retry)>5 scrap it.

The component parts once found assemblable arbdsh{permanent) in thigatch
moduleof the assembly shop. The outgoing entity or regregive entity can be
either of the grouped entities. Also, a new represe entity can be defined. In all
cases, the outgoing entity replaces the membetisedbatch by taking into account
their attributes relevant to cost and time. Theraspntative entity then leaves the
assembly shop and enters into the exit logic oSthmulation logic.

Exit Logic: The exit logic is simple since it refers to displosf an entity from the
system. A simpladispose modulérom the Basic Procesgemplate is sufficient to
this end. However, it is mandatory to define sorogid in order to get some
measures of interest before disposing the entitybthe system.

For this purpose, theecord modulds mostly used to get cycle time, cost consumed
by the departing entity just to name a few. Thesmmed data are then used in the
statistic data moduléo provide expressions so that performance measiiiaterest
are developed and assessed.

By defining the logic for the simulation model inet previous sections, replication
parameters such as number of replications, warrpard, replication length and

the simulation terminating condition can then béndel. In our case, the terminating
condition is based on the number of parts thatdele system (i.e. customer order
guantity).

Once the conceptual model is translated into a coenfpased simulation model
employing the logic shortly discussed in the prasisections, it is ready to be
experimented in the simulation environment.
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METHODE D’EVALUATION DE PERFORMANCE DE SYSTEMES
INDUSTRIELS BASEE SUR L’INDICATEURS VALEUR-RISQUE

RESUME: La mesure et la gestion de la performance posent probléme aux entreprises en
termes d’atteinte des objectifs des multi parties prenantes. L’évaluation de ces objectifs et
ainsi de la performance est essentielle pour plusieurs raisons : le contrdle et la surveillance,
le diagnostic, 'amélioration, I'apprentissage et la prise de la décision de processus ou
systéme d’entreprise. Les mesures de performance étant les descripteurs de la performance
jouent un réle important dans cette évaluation. Cependant, la multi-dimensionnalité de la
mesure de performance, linterdépendance entre elles et la recherche pour mesurer
plusieurs dimensions de la performance compliquent le processus de mesure de
performance. De plus, lincertitude en ce qui concerne l'atteinte des objectifs atours du
processus métiers ou systéme d’entreprise y ajoute encore de la complexité. Pour aborder
cette situation, un systtme de mesure de performance basé sur lindicateur du couple
(valeur-risque) (appelé VR-PMS) orienté processus a été proposé. L'objectif est de
transformer les atteintes et inquiétude des parties prenantes en un indicateur de la
performance et un de risque respectivement pour prendre une décision en connaissance de
cause. A cet effet, un modéle conceptuel de valeur/risque est proposé : il vise a intégrer les
concepts associé aux objectifs, activités et risque dans un seul cadre et conceptualise 'idée
de la gestion de performance basée sur la valeur et risque. En outre, un modéle
méthodologique est élaboré et divise les processus de mesure de performance en trois
étapes : la modélisation de performance, évaluation et prise de décision. Chaque phase du
modeéle est dotée d’outils et méthodes pour I'analyse quantitative. Le livrable de VR-PMS est
un classement de solutions (c’est-a-dire alternatives de processus métier) évaluée vis-a-vis
l'indicateur développé a partir de valeur et risque.

Mots clés: Gestion de la performance, gestion de la valeur, ingénierie du risque,
modélisation de processus, simulation a événements discrets, prise de décision

VALUE-RISK BASED PERFORMANCE EVALUATION OF INDUSTRI AL
SYSTEMS

ABSTRACT:. Performance measurement and management (PMM) poses daunting
challenges to organizations in terms of meeting multiple stakeholder objectives. Evaluation
of these objectives, and hence performance is essential for many reasons such as
monitoring and control, diagnosis, improvement, learning and decision-making of processes
or enterprise systems. Performance measures as descriptors of performance are the key
tools in this evaluation process. However, the multidimensionality of performance, the inter-
dependencies among performance measures and the pursuit to manage many dimensions
of performance complicate the PMM process. Furthermore, the uncertainty in terms of
objectives satisfaction surrounding the business processes or enterprise systems adds
further complexity. To deal with these issues, a process-centered value-risk based
performance management system (VR-PMS) is proposed in the current research work. The
purpose is to transform the expectations and fears of stakeholders into value and risk
indicators respectively for informed decision making. For this purpose, a conceptual value-
risk model is developed aimed at integrating consistently the concepts relevant to objectives,
activities and risks in one framework and conceptualizing the idea of value and risk based
performance management. In addition, a methodological framework is developed that
divides the PMM process into three phases: performance modeling, assessment and
decision-making. Each phase of the framework is instrumented with quantitative analysis
methods and tools. The deliverable of the VR-PMS is a set of ranked solutions (i.e.
alternative business processes) evaluated against the developed value and risk indicators.

Keywords : Performance management, value management, risk management,
process modeling, objectives modeling, discrete event simulation, decision-making
support.
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