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ABSTRACT

Today one of the major sources of competitive athganof the companies is the ability
to speed up the supply chain process. This dereahtb a significant development in
enterprise resource planning systems (ERP).

Companies that use ERP systems can gain a competdivantage from the way they
implement the system and then exploit the resultiata. Many companies that have
installed ERP have claimed to be more nimble witthe marketplace than their

competitors. ERP systems offer companies’ autainatesiness processes, common
data, real time information and shared businesstipes throughout the organization.

Despite these significant benefits that ERP sysimangprovide, they are very expensive
and time taking projects. ERP projects often repné the single largest investment in
an information systems (IS) project in the histoad the companies

Companies have spent billions of dollars and usesiemous amounts of man-hours
installing ERP software systems. The ERP softwenedor market has experienced
rapid growth in the late 1990’s. In 1998 there avéive major software vendors

offering ERP solutions to businesses worldwide.PS#&ranked by market share as the
largest vendor of ERP solutions, followed by Thea&e Corp., Peoplesoft, Edwards
and Baan Co.

ERP represents a major investment but the failatesrof these projects are very high.
Three quarters of ERP projects were judged as gasaful by the implementing firms.
90% of ERP implementations end up late or over buddrhus, failure risk of these
kinds of projects is very high.

With proper focus, the risk of an ERP implementatan be mitigated. However, to do



this, risks must be identified at the earliest esa@f the project planning and risk
management activities should be continued througaquoject.

This research is carried out in a global automot@gporation working in partnership
with all the major vehicle manufacturers to desdgml develop an innovative range of
products. The implementer company has decideditiate SAP/R3 software package
as an ERP solution. The aim of this study is émidy the risk factors, evaluate the risk
level and determine the most risky factors whidkefthe success of the project.

Risks are multidimensional and include imprecis¢éad®ue to the nature of risk,
benefiting from the multi-attribute evaluation meds is more reliable. The AHP is
one of the most widely used multi-criteria decisimaking tool. However, it does not
take into account the uncertainty and imprecisea.dét order to overcome this
handicap, in this study Fuzzy Extended Analyticalkrbirchy Process (FEAHP)
approach is proposed to determine the risk leveh@project.

The result of the study shows that the risk leyeéhe SAP/R3 implementation project
is very high. To reduce the level of risk by betwedi from the risk criteria priority
weights, some preventive actions can be taken.s,Tialative importance of risks can

enable the project managers to develop a bettemaagement strategy.
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RESUME

Aujourd’hui une des sources principales d'avantageurrentiel des compagnies est la
capacité d'accélérer le processus de chaine diapprmements. Cette demande a
mené a un développement significatif dans des systade planification de ressource
d'entreprise (ERP).

Les compagnies qui emploient des systemes d'ERRepklgagner un avantage
concurrentiel de la maniére qu'elles mettent ediGgin le systeme et puis exploitent
les données résultantes. Beaucoup de compagniemnginstallé ERP ont prétendu
étre plus agiles dans le marché que leurs condarrdres systemes d'ERP offrent les
processus automatisés des sociétés d'affairedpl@®es communes, l'information en

temps réel et les procédures de gestion partagésstaute I'organisation.

En dépit de ces avantages significatifs que leeByss d'ERP peuvent fournir, ils sont
tres chers et temps prenant des projets. LestprdjeRP représentent souvent le plus
grand investissement simple dans une systemesdtiation (IS) projettent dans les

histoires des compagnies.

Les compagnies ont dépensé des milliards de dadtamnt employé de nombreuses
guantités d'heures-homme installant les systemggidts d'ERP. Le marché de
fournisseur de logiciel d’'ERP a éprouvé la croissanapide vers la fin des années 90.
En 1998 il y avait cing fournisseurs principauxldgiciel offrant des solutions d'ERP
aux entreprises dans le monde entier. SAP edtdbdu marché des solutions d'ERP,
suivi d'Oracle Corp., de Peoplesoft, dEdwardseBadan Co.

ERP représente un investissement important maitalesd'échec de ces projets sont
tres hauts. Trois quarts de projets d'ERP ont égésj comme non réussis par les
sociétés mettant en application. 90% de réalisstitBRP finissent vers le haut de tard



ou plus de budget. Ainsi, le risque d'échec degeeses de projets est tres haut.

Avec le foyer approprié, le risque d'une exécutdERP peut étre atténué. Cependant,
pour faire ceci, des risques doivent étre iderstifiux premieres parties de la
planification de projet et des activités de gesti@s risques devraient étre continuées

dans tout un projet.

Cette recherche est effectuée a une société désulesha moteur globale travaillant
dans l'association avec tous les fabricants prampipde véhicule pour concevoir et
développer une gamme des produits innovatrice.dmpagnie d'applicateur a décidé
de lancer le progiciel SAP/R3 comme solution d'ERE. but de cette étude est
identifier les facteurs de risque et d'évalueriveau de risque du projet.

Les risques sont multidimensionnels et incluentdtemées imprécises. En raison de la
nature du risque, tirant bénéfice du multi attribles méthodes d'évaluation est plus
fiable. L'AHP est un de l'outil le plus largemerdpandu de prise de décision de
multicritére. Cependant, il ne tient pas compte ligcertitude et des données
imprécises. Afin de surmonter cet handicap, datie @proche analytique prolongée
brouillée du processus de hiérarchie d'étude (FEA&H? proposé de déterminer le

niveau de risque du projet.

Le résultat de I'étude prouve que le niveau deiesty projet de I'exécution SAP/R3 est
tres élevé. Pour réduire le niveau du risque eanttibénéfice des critéres de poids
prioritaires de risque, quelques mesures prévetipeuvent étre prises. Ainsi,

I'importance relative des risques peut permettreciiefs de projet de développer une

meilleure stratégie de gestion des risques.

Xiii



OZET

Kurumsal kaynak planlama (ERP) sistemleri ginimuesl@abet gucunu arttirmak
isteyen firmalar tarafindan siklikla tercih edilntettir. ERP, tedarik zincirinin
guvenilirligini ve hizini arttirmasi, maliyetlerde 6nemli dleidzalma sdamasi gibi

nedenler ile son yillarda oldukca talep edilir ofom. Bu talep ERP sistemlerinin

gelismesinde dnemli rol oynamaktadir.

Firmalar rekabet gugclerini arttirmak ve bunun sdaugdan faydalanabilmek igin ERP
sistemlerini tercih etmektedir. ERP sitemleri kmlicilarina glem otomasyonu, ortak
veri kullanimi, gercek zamanli veriye gddilme imkani, verinin firma ici ve gh

paylasim kolaylgi gibi birgok fayda sunmaktadir.

Bahsedilen tum bu faydalara ancalgdsdi ERP kurulum uygulamalari ile gl&abilir.
ERP sistemi kurulumu ve farih bir sekilde hayata gecirilmesi oldukga maliyetli ve
uzun sdreli bir suregtir. Firmalarin tarihlerindedn buyuk bilgi teknolojisi (IT)

yatirimlari genellikle ERP projeleri olmaktadir.

1990’ h yillarda ERP yazilim sektoriinde olduk¢aeinh gelsmeler olmytur. Birgok
firma bu alanda pazardaki yerini altm. Pazardaki en buyik ERP yazilgiketi
SAP’ dir. SAP’ 1 Oracle Corp., Peoplesoft, EdwaeBaan Co. takip etmektedir.

ERP projeleri olduk¢ca buyidk miktarlarda yatirim ediren ve fakat barisizlik
oranlari oldukga yuksek olan projelerdir. ERP @leyjinin yaklgik dortte G¢l bgarisiz
olarak tanimlanngtir. Projelerin yaklgk %901 zaman ve bitce sani ile
sonuclanmaktadir. Bu sonuclar dikkate algmbla ERP uygulama projelerinin

basarisizlik riski oldukga ylksektir.

Bu noktada risk yonetimi projenin il bir sekilde sonuclanabilmesi igin oldukca



onemli bir rol oynamaktadir.Iyi bir risk yonetimi stratejisi ile riskler kontraltina
alinabilir. Bunun i¢in olasi riskler proje glangicinda tanimlanmali ve proje siresince

risk yonetimi aktiviteleri devam etmelidir.

Calisma bircok lider otomobil Ureticisi ile ortalla calsan uluslararasi bir firmada
yaratalmdgtar.  Uygulayici firmada kullanilan MRPII sistemenyne ERP sisteminin
kurulmasi, fabrikanin tim sureclerinin bu sayedédiriimesi ve baarili bir kurulum
projesi ile ERP sisteminin gyaca& faydalardan yararlaniimasi hedeflenmektedir.
Bu sebepler dgrultusunda uygulayici firma SAP firmasi tarafindgatistirilen SAP/R3

ERP ¢6zim yazilimini tercih etgtir.

Hazirlanan cagmanin amaci, riskin tanimlanmasi,gddendiriimesi ve yuksek risk
tastyan faktorlerin belirlenmesi ile riskleri dnleyi¢aaliyetlerin uygulanmasi icin yol

gOsterici bir argtirma ortaya koymaktir.

Risk ¢ok boyutlu bir kavram olarak ele alinmalidiRisk d@asi gergi bir belirsizlik
durumudur. Dolayisiyla risk gerlendirme sureglerinde ¢ok dlgutli ggelendirme
metotlarinin kullanimi daha etkin ve @a sonuglara ullmasini sglayacaktir.
Analitik Hiyerarsi Prosesi (AHP) oldukga sik kullanilan etkin bir¢@lcutli karar
verme tekngidir. Ancak AHP belirsizigi ve kesin olmayan durumlari géz 6ntnde
bulundurmamaktadir. Camada AHP’ nin bu eksikiini ortadan kaldirabilecek bir
yontem olan Bulanik Analitik HiyergrProsesi (FEAHP) kullanilngtir.

Calsmanin sonuglarina gore ele alinan SAP/R3 yazihorulkm projesi oldukca
yuksek seviyede risk icermektedir. Gala sonucunda elde edilen risk kriterletirak
vektorleri hangi risk faktorinin bu projenin olabasarisiziginda daha c¢ok rol
oynayacgini gostermesi acisindan dnemlidir. Bu sayedeepyOpeticileri elde edilen
risk airliklarint deserlendirerek riski azaltmaya yonelik daha etkin gk yonetim
stratejisi gektirebilirler.
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1. INTRODUCTION

Many firms around the world have been implementiEgP (enterprise resource
planning) systems since the 1990’s to have a umiforformation system in their
organizations and to re-engineer their businesfRP BRims to integrate individual
functional systems such as manufacturing, finapoecurement and distribution. The
systems allow companies to replace their existiigrmation systems and also help to
standardize the flow of management. A successiolplemented ERP system has the
advantages of reduced cost, rapid implementatigh &ystem quality and improved
competitiveness. ERP implementation is not ongpfiware installation effort it must

be managed as a program of wide-ranging organizdtchange initiatives.

In the past few years many organizations haveateiti enterprise-wide/ERP projects
using such packages as SAP, Oracle, PeoplesoBaaa SAP and its R/3 solution is
the dominant leader in ERP systems and have almostthird the market share.

SAP/R3 applications are a range of software moduldgey can be used either alone or
combined to form business solutions. ERP projeften represent the single largest
investment in an information system (IS) projecttiie histories of these companies
and, in many cases, the largest single investnmeanhy corporate wide project. ERP
represents a major investment but the failure ratéisese projects are very high. Three
quarters of ERP projects were judged as unsucddsstine implementing firms. 90%

of ERP implementations end up late or over buddetcording to these results we can
say that ERP implementation projects are fraugtit nisk. An ERP project is not just a
software implementation project; rather, it is ajaonahange initiative. With proper

focus, the risk of an ERP implementation can begatiéd. However, to do this, the

risks must be identified and managed.

Managing risk is an integral part of good managenaenl fundamental to achieving
good business and project outcomes. Projects beilldifferent in size, duration,



objectives, complexity and some other dimensioihss not important how different or
unique a project is; every project contains songree of uncertainty and there is no
risk-free project. Risk should be considered atehrliest stages of project planning,
and risk management activities should be continbexlighout a project.

This study mainly focuses on the identification &vdluation phases of the project risk
management process. The possible risks and thamacteristics that may affect the
success of SAP/R3 software package implementatiojegi are identified from early
research studies and experiences of SAP experts.

Risks are multidimensional; they should be evallatégh respect to more than one
criterion to get more reliable results. The Anahilierarchy Process (AHP) is one of
the most widely used multiple criteria decision-ingktools. Once the structuring is
completed, the AHP is surprisingly simple to appahd it can effectively handle both
gualitative and quantitative data.

Risk is essentially uncertainty. Because of itsirgg risk includes imprecise and vague
data. AHP uses crisp data and does not take ctdouat the uncertainty. Fuzzy set
theory is especially powerful when there is an aiability of precise or complete

information. Thus, fuzzy set theory can be a valighporting tool to overcome the

handicaps of AHP in fuzzy environment.

In this research fuzzy extended Analytic HierardAgocess (FEAHP) method is
proposed for risk evaluation of an ERP implemeataproject. Finally an illustrative
real life application is presented for the utilinatof FEAHP in risk evaluation.



2. ENTERPRISE RESOURCE PLANNING

2.1. The Evolution of ERP Systems

The focus of manufacturing systems in the 1960’ss vamn inventory control.

Companies could afford to keep lots of “just-insed inventory on hand to satisfy
customer demand and still stay competitive. Comsetly, techniques of the day
focused on the most efficient way to manage largeimmes of inventory. Most

software packages (usually customized) were degdignehandle inventory based on
traditional inventory concepts.

In the 1970’s, it became increasingly clear thanpanies could no longer afford the
luxury of maintaining large quantities of inventoryThis led to the introduction of
material requirements planning (MRP) systems. M&#esented a huge step forward
in the materials planning process. For the fiistef using a master production
schedule, supported by bill of material files tlntified the specific materials needed
to produce each finished item, a computer coulduged to calculate gross material
requirements. Using accurate inventory record fitte available quantity of on-hand
or scheduled-to-arrive materials could then be useddetermine net material
requirements. This then prompted an activity sashplacing an order, canceling an
existing order, or modifying the timing of existingrders. For the first time in
manufacturing, there was a formal mechanism fopkegpriorities valid in a changing
manufacturing environment. The ability of the plany system to systematically and
efficiently schedule all parts was a tremendougp dteward for productivity and
quality.

Yet, in manufacturing, production priorities andterals planning are only part of the
problem. Capacity planning represents an equdlecigge. In response, techniques for
capacity planning were added to the basic MRP Bystapabilities. Tools were



developed to support the planning of aggregates sael production levels (sales and
operations planning), the development of the symebifild schedule (master production
scheduling), forecasting, sales planning and custowrder promising (demand
management), and high-level resource analysis [r@uy capacity planning).
Scheduling techniques for the factory floor andpdiep scheduling were incorporated
into the MRP systems. When this occurred, usegaibéo consider their systems as
company-wide systems. These developments resintéloe next evolutionary stage
that became known as closed loop MRP.

In the 1980’s, companies began to take advantagehefincreased power and
affordability of available technology and were alite couple the movement of
inventory with the coincident financial activity.Manufacturing resources planning
(MRP II) systems evolved to incorporate the finahaccounting system and the
financial management system along with the manufaag and materials management
systems. This allowed companies to have a momygnated business system that
derived the material and capacity requirements cst®al with a desired operations
plan, allowed input of detailed activities, tramsthall this to a financial statement, and
suggested a course of action to address those tteahsvere not in balance with the
desired plan [1].

By the early 1990’s, continuing improvements inhtezlogy allowed MRP 1l to be
expanded to incorporate all resource planning Hieredntire enterprise. Areas such as
product design, information warehousing, materipglanning, capacity planning,
communication systems, human resources, financkepanect management could now
be included in the plan. Hence, the term, ERP ewé@tsed. And ERP can be used not
only in manufacturing companies, but in any compahgt wants to enhance

competitiveness by most effectively using all gsets, including information.

2.2.Definitions of ERP Systems

The definition of ERP software has been definedrdnyous authors but with not many

differences.



Gable [2] defines ERP system as comprehensive packaftware solutions seek to
integrate the complete range of a business pros@sskfunctions in order to present a
holistic view of the business from a single infotioa and IT architecture.

Slight differently, Rosemann [3] defines it as ausizable, standard application
software which includes integrated business saistifor the core processes (e.g.
production planning and control, warehouse managena&d the main administrative

functions (e.g., accounting, human resource managgraf an enterprise [4].

Heizer and Render [5] define an ERP system as:irtlommation system for identifying
and planning the enterprise-wide resources neeuléake, make, ship and account for

customer orders”.

Another definition is provided by Aladwani [6]: ‘BP system is an integrated set of
programs that provides support for core organipatiactivities such as manufacturing
and logistics, finance and accounting, sales amtetiag, and human resources” [7].

In another recent paper, according to Berchet aaiochi [8], the ERP system could be
defined as follows:

The ERP system is a tool assembling and integratihdata and management skills
which represent the firm’s activity, in a uniquetatzase: from finance to human
resources, going through the elements of the supipdyn that permanently links the

production to purchasing and sales.

The ERP system is also a tool composed of appleatodules (one per ordinary
analytical function of the firm) able to dialog beten each other according to a
conventional exchange protocol thanks to the unigase and the uniqueness of the
processed data. Then each module receives infematming from the other modules

and sends its own data to the other modules.



2.3.ERP Systems

ERP allows the corporate management of a busiaessaims to integrate individual
functional systems such as manufacturing, finapoesurement and distribution. The
systems allow companies to replace their existiigrmation systems and also help to
standardize the flow of management information hade been regarded as the next
step in the evolution of MRPII. The MRPII modetw@ally forms the basic core of ERP
and uses similar modules, however some ERP systerasntain certain modules that
were not originally used within MRPII such as cotgguaided design (CAD),
distribution resource planning (DRP), tool manageinsystems (TMS), and product

data management (PDM).

ERP uses internet technologies to integrate the fid information from internal
business functions as well as information from comrs and suppliers. The system
uses a relational database management system, nwithént/server network
architecture, to capture valuable management déta.key principle behind the system
involves entering the data from a series of modalaplications only once. Once
stored, the data automatically triggers the upadétall related information within the
system. The systems can support virtually allagfaan organization, across business
units, departmental functions and plants. The ldgweent of an ERP system within a
large manufacturing organization requires the irgegn of working practices and the

information systems.

Companies that use ERP can gain a competitive #alyanfrom the way they
implement the system and then exploit the resultiata. Many companies that have
installed ERP have claimed to be more nimble witthe marketplace than their

competitors with hard-to-change custom made systems

ERP systems offer companies the following threeomiag¢nefits:

e Business processes are integrated and automated,

e Common data and business practices are sharedytiwotthe organization,



¢ Information is generated in real time, timely accesmanagement information [9].

Companies have spent billions of dollars and usemienous amounts of man-hours
installing elaborate ERP software systems. The EBBfware vendor market has
experienced rapid growth in the late 1990’s. 19©&8%here were five major software

vendors offering ERP solutions to businesses wadew

SAP is ranked by market share as the largest vesfd6RP solutions who earned over
$5 billion in revenue. The Oracle Corp. was theose largest with $2.4 billion in
sales. In third place PeopleSoft who earned $1ldrb In fourth place was J.D.
Edwards with $979 million. And finally in fifth pte was the Baan Co. with $743

million in sales [10].

2.4.Systems, Applications and Products (SAP)

In 1972, five former IBM employees -Dietmar Hoppand-Werner Hector, Hasso
Plattner, Klaus Tschira, and Claus Wellenreuthlrunch a company called Systems,
Applications, and Products in data processing imhh&im, Germany. Their aim was
to produce standard software application progrdras ¢ould integrate with each other
to form a business solution. SAP has been dedidatproduce products that improve
the return on information gathered by an orgareratiThe company began its life with
the name ‘Systemanalyse Und Programmentwicklund’esentually became known as
SAP.

SAP'’s first product known as R/2 was built and ptgped for a subsidiary of ICI. The
system they produced was simply known as systemviRich stands for ‘Real-time’
processing. This system was fully integrated aulccbe used on the IBM mainframe.
The R/2 solution was launched in 1979 and was deeel for a computer mainframe
environment, at the time it was perceived as thetrnomprehensive system available

to businesses in the world, and it received graatest from industries in the 1980’s.

By the middle of the decade, SAP founds its fiedes organization outside Germany,



in Austria. The company makes its first appearasicéhe CeBIT computer fair in
Hanover, Germany. Revenues reached DM 100 mi({lisound $52 million), earlier
than expected. SAP saw the future potential ferdélivery of information to the end-
user via the PC, so SAP reinvented and developsdghoduct further by developing a
business solution for the client/server architextemvironment; this became known as
R/3 and was released in 1992. In the 1990's SAR imnR/3 solution became the
dominant ERP solution, and also became one of trtlis biggest software houses.

SAP R/3 applications are a range of software madulkhey can be used either alone or
combined to form business solutions. SAP staté¢ their R/3 applications offer
comprehensive functionality for all standard busgheeeds within an enterprise. SAP
R/3 uses a programming language called advancadesssapplication programming
(ABAP).

SAP R3's 12 application modules are: financial aeting, treasury, controlling,
enterprise controlling, investment management, yctdn planning, materials
management, quality management, project systemahuegsource management, sales

and distribution, and plant maintenance and semviaeagement [9].

Both R/2 and R/3 solutions are truly integratedesuof application software modules
for business process from manufacturing to back®fffunctions such as order
processing. In a typical legacy system environnfenorder taking, many functional

systems linked by interfaces [11]. In an SAP emwmnent, as shown in Figure 2.1, the
need for interfaces eliminated, greatly simplifyiig task of reconciliation and audit.

As the decade draws to a close, SAP Company anaduihe mySAP.com strategy.
mySAP.com links e-commerce solutions to existingPE&pplications, using state-of-
the-art Web technology. By 2005, 12 million usergk each day with SAP solutions.
There are now 100,600 installations worldwide, mtran 1,500 partners, over 25
industry-specific business solutions, and more B800 customers in 120 countries
[12].



Order Inventory o Accounts )
Entry  Management  Biling Receivable ~ Finance
Interface

I

Audit & Reconciliation

Figure 2.1 SAP architecture [11].

2.5.ERP Implementation Projects

25.1. Implementation of ERP

ERP when successfully implemented links all ares @wompany including order
management, manufacturing, human resources, fialsygstems, and distribution with
external suppliers and customers into a tightlegnated system with shared data and
visibility.  Potential benefits include drastic dlees in inventory, breakthrough
reductions in working capital, abundant informatesout customer wants and needs,
along with the ability to view and manage the edtzhenterprise of suppliers, alliances

and customers as an integrated whole.

The term ERP stands for enterprise resource plgnhiwever it is not good enough to
just plan resources required running the enterptissy need to be managed as well.
An organization must assess itself, to see ifriea&ly for ERP. It must determine if it is

ready for the competitive business environmenbday and then strengthen its position
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for tomorrow’s changes. Some of the companies ithatement ERP systems do not

realize the full benefits that the system offercause most organizations are not
organized in the correct fashion to achieve theefiesn Many companies that attempt

to implement ERP systems run into difficulty beaatise organization is not ready for

integration and the various departments withirakehtheir own agendas and objectives
that conflict with each other.

While companies such as Cisco Systems, EastmankiKadd Textronix have reaped
the expected benefits of ERP systems, many busisese discovering that their ERP
implementation is a nightmare. FoxMeyer Drug, eb#fon pharmaceutical company,
recently filed for bankruptcy [9].

Dell Computers spent tens of millions of dollars @m ERP system only to scrap it
because the system was too rigid for their expandiobal operations. ERP
implementations involve, in truth, broad organiaaél transformation processes, with
significant implications to the organization’s mgaaent model, organization

structure, management style and culture, and péatly, to people [9].

ERP software is very adaptable but not very malkeabd companies that wish to use
them correctly have to change their working pradtito fit the software. The key
factor of an ERP implementation is the way in whibl software is configured. The
most important issue to identify before an impletagan is the ‘core’ of the business,
which can be identified by the use of the busimagdel.

One original motive for buying an ERP system waautomate business processes, but
the modern view has shifted to the quick acceagpetb-date and timely management
information. The majority of difficulties experieed by ERP implementations have
been the costly development of additional softwaryehelp ‘bridge’ or retrieve
information from legacy systems. Before ERP mamnege reports can be generated
and distributed to managers, the data has to laectdirst which can be a costly and
inefficient process. In an attempt to improve ttwneliness and accuracy of

management data, many software vendors are makmigusers responsible for
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updating their own information rather than relying information technology (IT)

resources.

ERP software consists of a number of modules th&ttbgether to form a complete
business solution; however the main difficultiepenenced by ERP users have been in
manipulating the data stored within the system.ftwigoe developers have begun to
address the need for additional information tod&me of these tools include the need
for detailed and advanced planning and advanceedsdéihg and customer relationship
management. Abdinnour-Helm et al. [13] discusded dre-implementation attitudes
and organizational readiness for implementing a? Bigstem. Huang and Palvia [14]
analyze the ERP implementation issues in advannddiaveloping countries. Umble
et al. [1] presents the empirical findings on inmpdtation procedures and critical
success factors for ERP. Van Stijn and Wensley §tllress some concerns, methods
and directions for future research on organizationemory and the completeness of
process modeling in ERP systems [9].

Most ERP software vendors supply their custometl am implementation program as
part of an overall solution package. For examp® rovides some of its customers
with accelerated SAP (ASAP). ASAP suggests theptwolo of a ‘big bang’
implementation. This program opts for a quick iempéntation that is specifically
designed for small and medium sized companiesg l&ing’ implementations offer
lower costs and generally use only a few of théwsok’s interfaces, however the risks
are greatly increased, as less time is spent oglal@wient and assessing business needs.

2.5.2. Benefits & Cost of ERP Implementation

An ERP system can be thought of as a business-intdgration mechanism of all

organizational information system (IS). This imagn makes organizations able to
take quick reaction to competitive pressures anck@apportunities, be more flexible

product configurations, achieve reduced inventang maintain tightened supply chain
links.
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ERP benefits can be classified into tangible amdngible. Tangible benefits refer to
inventory reduction, reduction of personnel, insesh productivity, improvements in
order management, more rapid closing of financigtles, reduction in IT and
procurement costs, improvement of cash flow managemncrease of revenue and
profits, reduction in transportation and logistassts, reduction in the need for system
maintenance, and improvement in on time delivenfopmance. Intangibles refer to
the increased visibility of corporate data, new improved business processes,
improved responsiveness to customers, unanticipagstliction in cost, tighter
integration between systems, standardization of peimg platforms, increased
flexibility, global sharing of information, Y2K coptiance, improved business

performance, and improved visibility into supplya@ghmanagement (SCM) process [4].

Despite these significant benefits that ERP sysimangrovide, they are very expensive
even under ideal circumstances. ERP projects ofegmesent the single largest
investment in an information systems (IS) projecthe histories of the companies and,
in many cases, the largest single investment incangorate wide project [16].

The cost of ERP software itself can range from hedsl of thousands of dollars to
several million dollars. This cost can further éscalated when considering hiring
consultants to help in the selection, configuratiand implementation of the system.
According to an IT research firm, Gartner Groupmpanies may spend up to three
times much money on consultants as they do onRie &/stem itself [17]. Other costs
may include the human resources needed to worktia on the implementation

project. Additionally, an organization may needrtstall new hardware to run the ERP
software, and a new database to store the ERP #at@hermore, integrating the ERP
system with other types of applications is usuallgecessity. It is also important that
end-user training and change management costsomsdered in the equation [4].

Standish group is reporting that, according to mes200 ERP cases, the average
purchase price for a single ERP application is $dilBon, with the cost to implement

averaging at $6.4 million [18].
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2.5.3. Success of ERP Implementation Projects

A successful project is one that delivers expecésdlts. These traditionally include a
budget, a schedule, and a scope- “triple constaiot project management. Any
project that meets these measures is, by thisitlefina success. In fact, many project

managers are regarded as successful if they candbf the three [19].

An ERP implementation is considered to be a sucdegsachieves a substantial
proportion of its potential benefits. These bdsefnight include personnel reductions,
a decrease in the cost of information technologttelo inventory control, and an
improvement in order and cash management. Annalterdefinition of implementation
success is that the system achieves the levetwfren investment (ROI) identified in
the project approval phase. Thus, an ERP impleatientshould be evaluated based on
cost of ownership versus quantifiable benefitsingknto account the time required to

implement the system [1].

Recent studies show that many of ERP projects Haited’, in the combination of
budget and/or schedule overruns and/or for not ingeeisers’ requirements. The well
known and now widely quoted Chaos Report by Sténdsoup [18] declared that
software projects are in chaos. Table 2.1 provadeammarized report card on project

outcomes based on the Report.

Table 2.1 Project resolution by type [20].

Project outcome Resolution %
Type 1 Successful 16.2%
Type 2 “Challenged” 52.7%
Type 3 “Impaired” 31.1%

Type 1 projects are those completed on time andinwibudget, with all required
functions and features initially specified. Thehallenged” projects, though completed
and operational, suffered budget overruns and/ogrpm slips, and offered fewer

functions and features than originally specifiedihe “impaired” projects are those
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cancelled or abandoned at some point during theldement cycle. It is anticipated
that many of the IS projects would continue to d#allenged’ or ‘impaired’. The truly
‘successful’ stories from the outset will be relatirare. The problem of systems
impairment is more serious when projects are teatach or abandoned because of

potential damages to organizations [20].

The top three reasons for the failure of IT-relapedjects, as cited by IT managers
surveyed by Information Week, were poor planningpoor management (cited by
77%), change in business goals during the proj@ébs), and lack of business
management support (73%). As a result, most Idtedl projects fall far short of their

potential payback, and 26% are canceled before lepimp. Moreover, in many of the

completed projects, the technology is deployedvaaium and users resist it [1].

Langenwalter [21] claims that the percentage of HRPBlementations that can be
classified as “failures” ranges from 40% to 60%logher. Ptak [22] defines failure as
an implementation that does not achieve the ROmtified in the project approval
phase and finds that failure rates are in the rarig®-90%. Also, King and Burgess
[7], is reporting that three quarters of ERP prtgegere judged as unsuccessful by the

implementing firms.

According to these results it can be said that, BRJcts represent a major investment
but the failure rates of these projects are vegy land ERP implementation projects are
fraught with risk. With proper focus, the risk ah ERP implementation can be
mitigated. However, to do this, risks must be td&d and managed.

As organizations invest substantial resources dfateon software development,

controlling the risks associated with software ectg becomes crucial [23]. Hence,
understanding the nature of the various softwatesrand their relationship with project
performance has become increasingly important gimeeisk management strategy and

plan depends on it.

Developing an efficient and suitable risk managemetrategy depends on
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understanding two basic components; probabilitp@afurrence and impact on project
performance. The probability of occurrence of eacfiware risk is different and its
degree of impact on project cost, schedule anditgualalso different. Hence, these
two software risk components must be taken intosiclemation to develop a good
software risk management strategy and plan. If tog real benefits of the risk
management activity may be lower than the resounsested [24].



3. RISK MANAGEMENT OF ERP PROJECTS

Every action taken in business entails some leYeistk. While it is impossible to

eliminate all risk from any business undertakiregst of all from one so radical as
process change and large-scale business softwagrenmantation, it is possible to
manage risk in a way that allows a business touguits legitimate opportunities

without endangering its survival.

SAP projects, by their nature, are fraught wittk.risAn SAP project is not just a
software implementation project; rather it is a onaghange initiative. With proper
focus, the risks of an SAP implementation can begated. However, to do this, the

risk must be identified and managed.

Risk is any factor that can affect the ability b&étproject to deliver results that are on

time and on budget, and that meet expectations [11]

3.1.Benefits of Project Risk M anagement

Projects, by their nature, are unique and manhe@ihtore interesting ones are complex.
They frequently take place over an extended pesfdome and demand the engagement
of a wide range of resources, including peoplearfoe, facilities, materials and
intellectual property. In most circumstances, @ctg have defined objectives or an
end-state that provides those involved in the ptojath a clear vision and specification

of their goal.

The purpose of project risk management is to mimenthe risks of not achieving the
objectives of the project and the stakeholders waathinterest in it, and to identify and
take advantage of opportunities. In particulask rimanagement assists project

managers in setting priorities, allocating resosireand implementing actions and
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processes that reduce the risk of the project ciuesging its objectives.

Risk management facilitates better business angegiroutcomes. It does this by
providing insight, knowledge and confidence forteetlecision making. In particular,
it supports better decisions about planning andgdegrocesses to prevent or avoid
risks and to capture and exploit the opportunitiestiter contingency planning for
dealing with risks and their impacts, better altawa of resources to risks and
alignment of project budgets to risks, and bettgigions about the best allocation of
risk amongst the parties involved in a project\aisti Together, these lead to increased

certainty and a reduction in overall risk exposure.

Of these benefits, improved outcomes from the capf opportunities and the
reduction in risk exposure provide the main justifions for undertaking risk
management. At the management level, better inggh critical aspect, leading to the
better decisions. Risk management also providésaraework that avoids sudden
surprises and justifies prudent risk reduction antijation measures.

The benefits of risk management are not confinedatge or risky projects. The
process may be formalized in these circumstanagsit Is applicable for all scales of
project and procurement activity. It can be ampk all stages in the project cycle,
from the earliest assessments of strategy to tpelguoperation, maintenance and
disposal of individual items, facilities or assetshas many applications, ranging from
the evaluation of alternative activities for budgand business plans to the management
of cost overruns and delays in projects and program

Risk management will also provide benefits in brestecountability and justification of
decisions, by providing a consistent and robustgse that supports decision-making
[25].
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3.2.Risk M anagement Processes

A risk is a potential problem, a situation thatit imaterializes, will adversely affect the
project. Risks that materialize are no longergiigskey are problems.

All projects have risks, and all risks ultimatelgruled. Some disappear, some develop
into problems that demand attention, and a fewlatscato crises that destroy projects
and careers. The goal of risk management is torenbat risks never fall into the third
category.

Risk management processes are consisting of fooupgr identifying, analyzing,

controlling and mitigating, and avoiding [19]. Erm@ 3.1 shows the risk management
processes.

PROJEET T > [ dentiiatr

Information
{l Identified Risks
Actions Information
Assessment
and Analysis

,ﬂ Project Impacts
Risk Control and
Avoidance Mitigation

Recommended Changes

Figure 3.1 Risk management processes [11].
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3.2.1. Risk Identification

Risk identification determines what might happeat tould affect the objectives of the
project, and how those things might happen.

The risk identification process must be comprehansas risks that have not been

identified can not be assessed, and their emergaineelater time may threaten the

success of the project and cause unpleasant fgpriche process should be structured
using the key elements to examine risk systematjcal each area of the project to be

addressed.

A number of techniques can be used for risk idieatiion, but brainstorming is a
preferred method because of its flexibilty and aafty, when appropriately
structured, of generating a wide and diverse rarigesks.

Information used in the risk identification processy include historical data,
theoretical analysis, empirical data and analysfeymed opinions of the project team
and other experts, and the concerns of stakeholders

The output is a comprehensive list of possiblesrigk the successful outcome of the
project, usually in the form of the risk registavith management responsibilities
allocated to them [11].

3.2.2. Risk Assessment and Analysis

Assessing and analyzing risks means determininig ploéential impact on the project,
as well as their likelihood of happening. The irtpan the project can be in terms of
missed milestones, the need for rework, the neecetonplementation, and the level of

acceptance the project will have after it is corgg11].

Risk assessment is the overall process of riskyaisahnd risk evaluation. Its purpose
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is to develop agreed priorities for the identifrésks.

¢ Risk analysis is the systematic use of availabiermation to determine how often
specified events may occur and the magnitude af tb@sequences.
e Risk evaluation is the process of comparing themaged risk against given risk

criteria to determine the significance of the risk.

The assessment process:

e determines the consequences of each risk, shoalé;

e assesses the likelihood of those consequencesrimggur

e converts the consequence and likelihood ratingantanitial priority for the risk;
and

e develops agreed risk priorities and inherent reslels.

The agreed priorities are used to determine whexegteatest effort should be focused
in treating identified risks. They facilitate sttured action planning and resource
allocation.

This stage of the risk management process genesape®ritized list of risks and a
detailed understanding of their impacts upon thecass of the project should they
occur. The consequence and likelihood ratings taedagreed risk priorities are all
recorded in the risk register [25].

3.2.3. Risk Control and Mitigation

Risk can be controlled through a number of differstrategies and actions. 1t is
important to think through a clear, coherent sgt®r risk control before undertaking
any of the specific actions. Risk control mustcbastantly monitored. A good way to
start is to step back when each project milestemeached and assess the effectiveness
of risk control actions taken during the time ibkoto reach the milestone. Reuvisit
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identifying and assessing the risks that may dotaithe next milestone phase, and
determine if the current risk control strategy aations will serve well during the next
phase, or a new strategy should be developed améct®ons outlined [11].

3.2.4. Risk Avoidance

It is possible to avoid some risks. This is moskhne by being brutally realistic about
the nature and amount of resources it will takeuccessfully complete a project. It is
important that executives and key users defing thgiectations for the project up front
and for the functionality of the system when itinstalled. Then, the project leader
must be completely honest in telling those exeesti@nd key users what kind of costs

and time commitment are necessary to undertakgrtject [11].

3.3.Risk in Implementing ERP Projects

A simple definition of “risk” is a problem that hamt yet happened but which could
cause some loss or threaten the success of ygecpifat did.

Another definition of “risk” is any uncertainty & project plan that you can potentially
control, or at least track. This means that theeenaany risks in a project. The trick is
to identify the most critical risks and control the Overcoming a risk creates
opportunity. Risk is integral to the business #rproject planning process; therefore
risk should not be thought as something differergeparate from management [26].

A number of research studies have investigatedsthee of the relative importance of
various risks in software development projects hade attempted to classify them in
various ways. Much has been written about the esawd IS project failures. Poor
technical methods are only one of the causes aldctuse is relatively minor in
comparison to larger issues such as failures in noamcations and ineffective
leadership [16].



22

Many studies have proven that proper managemesufofare risks affects the success
of software development projects. Software rigksraultifaceted and thus difficult to
measure even though several studies have alreatyco@ducted since 1990’s.

Tchokogué et al. [27] used a case study approaelvit@e the lessons learned from a
successful implementation of an ERP system. Tloegt@d out some strategic, tactic
and operational considerations inherent in an ER#ementation that are prerequisites
to effective organizational transformation requitda system implementation such as
SAP/R3. In his study Yeo [20] represented a walege of possible factors that may
impact information systems success. Sumner [1&htitled the risk factors in
implementing traditional management informationteys (MIS) projects, described the
risk factors associated with enterprise-wide/ER&jguts and identified the risk factors
in ERP projects which are unique to these projectsisuf et al. [9] examined key
dimensions of implementation of ERP systems witlan large manufacturing
organization and identified core issues to confronsuccessful implementation of
enterprise information systems. Umble et al. [@fired 9 critical factors for successful
ERP implementation: clear understanding of strategpals, commitment by top
management, excellent project management, org@mazdtchange management, a
great implementation team, data accuracy, extersteation and training, focused
performance measures, multi-site issues. Thisysalgb identified software selection
steps and implementation procedures critical taa@essful implementation. Han and
Huang [24] conducted an empirical study based dnshitware projects on analyzing
the probability of occurrence and impact of the dimensions: user, requirement,
project complexity, planning &control, team, orgaational environment which
comprising 27 software risks on project performanéé-Mashari et al. [4] presented a
novel taxonomy of the critical success factors IRPE In light of Lyytien and
Hirschheim’s [28] definition of failure, successelIT project were classified in four
groups: correspondence success, process sucdesaction success, and expectation
success. Zhang et al. [29] developed an ERP ingréation success framework by
adapting the lves et al. information systems (I&search model and DelLone and
McLean’s IS success model to identify both 12 caitisuccess factors which were

further classified into four categories: organiaatl environment, user environment,
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system environment, ERP vendor environment and dcess measures. user
satisfaction, individual impact, organizational agp, intended business performance
improvement. In their research Somers and Nel86h dsked US executives to rank
the ERP critical success factors and they prodlkedollowing top 10 factors: top
management support, project team competence, @gartmental cooperation, clear
goals &objectives, project management, interdepamtal communication,
management of expectations, project champion, verslgpport, careful package
selection. Tuysliz and Kahraman [31] identified &inrenvironment &ownership,
relationship management, project management, ressui&planning, personnel
&staffing, technology- and 28 sub risk factors éaluation of the riskiness of an IT
project and they proposed a fuzzy evaluation metlogy for determination of project
risk level. Norris et al. [11] defined SAP projsatisk factors in 6 categories: executive
risks, project management risks, technical riskgaoizational risks, decision making

risks, functional risks.
3.4. Fuzzy Setsand Risk M easurement M ethodology

A number of research studies have investigatedsthee of risk measurement. There
are many qualitative and quantitative risk measergnmethods in the literature. Due

to the nature of risk benefiting from the fuzzyitoa risk evaluation is more reliable.
Fuzzy numbers are used for risk evaluation in wermvays in the literature.

Kuchta [32] puts forward a fuzzy way of measurihg triticality of project activities
and of the whole project. The criticality meassegves as a measure of risk and helps
in making the decision whether to accept or toctejee project. In this approach, the
decision makers expresses what he/she understgrigerly critical,” “a little critical,”

and so forth in the form of a fuzzy number. Acaogdto this approach, the criticality
of the project (CritPr) is obtained by Equation:3.1

N
CritPr=>_ w, .Crit (3.1)

i=1
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N
Where w,=(i=1,2,...,N)are weights such thaai:L N is the number of project

i=1

activities andCrit; is the criticality of the project activity i.

Lee et al. [33] present a new and flexible alganitto evaluate the rate of aggregative
risk in fuzzy circumstances by fuzzy sets theoryirdy any phase of the software
development life cycle. In this algorithm, eacHiudual risk item is ranked using two
fuzzy sets with triangular membership functiongdgr of risk and grade of importance.
Then the rate of each individual risk item is ewddd by multiplication by the centroid
method. According to this algorithm, the finalgaif aggregative risk (New_RIK) in

software development is obtained by Equation 3.2:

> 6w, (h)*R2(h)
New_RIK="t=1 =>" GW,(h) *RZ N (3.2)

Yow(h) M
h=1

3.4.1. Fuzzy Set Theory

The fuzzy set theory is a mathematical theory desigto model the vagueness or
imprecision of human cognitive processes that wiasegered by Zadeh [34]. This
theory is basically a theory of classes with ungHasundaries. What is important to
recognize is that any crisp theory can be fuzzibigdyeneralizing the concept of a set
within that theory to the concept of a fuzzy stizzy set theory and fuzzy logic have
been applied in a great variety of applicationsiciwlare reviewed by several authors.
Fuzzy set theory is an important branch of Openati®esearch, providing tools to
quantify imprecise verbal statements and to chassiftcomes of decision-analytical

experiments.

Fuzzy set theory has been criticized for being @billty theory in disguise; it is easy to
understand now that the two theories are concemidtwo distinct phenomena: with

observations that can be classified in vaguely migsd (imprecise) categories only, and
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with experiments such that the outcomes can besifiess into well-defined (crisp)
categories. In essence, fuzzy set theory is caadewith our probability to categorize
things and to label the categories via naturaluagg [35].

The key idea of fuzzy set theory is that an elentexst a degree of membership in a
fuzzy set. The membership function representgthde of membership of an element
in a set. The membership values of an element batyween 1 and 0. Elements can
belong to a set in a certain degree and elementslsa belong to multiple set. Fuzzy
set allows the partial membership of elements. nJitemn between membership and
non-membership is gradually. Membership functioapsthe variation of value of

linguistic variables into different linguistic cleess. The adaptation of membership
function for a given linguistic variable under avgm situation is done in three ways
[36]:

(a) Experts previous knowledge about the linguigsigable;
(b) Using simple geometric forms having slopesftgular, trapezoidal afunctions)
as per the nature of the variable; and

(c) By trial and error learning process.

3.4.2. Fuzzy Setsand Triangular Fuzzy Numbers

To deal with vagueness of human thought, Zadeh {84f introduced the fuzzy set
theory, which was oriented to the rationality ofcartainty due to imprecision or
vagueness. A major contribution of fuzzy set tlyeisrits capability of representing
vague data. The theory also allows mathematicatatprs and programming to apply
to the fuzzy domain.

A fuzzy set is a class of objects with a continunfrgrades of member -ship. Such a set
is characterized by a membership (characterigtiogtfon, which assigns to each object
a grade of member ship ranging between 0 and thidrset the general terms such as
“large”, “medium”, and “small” each will be used tapture a range of numerical

values. A tilde " will be placed above a symbol if the symbol reganets a fuzzy set.
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A fuzzy number is a special fuzzy set, such that{(x, 14; (x),x R)}where the value

of x lies on the real lin&; i.e.-co<x<oo and x; (X) is a continuous mapping froR1 to

the close interval [0, 1]. If m andu, respectively, denote the smallest possible value,
the most promising value and the largest possigleevthat describe a fuzzy event then
the triangular fuzzy number (TFN) can be denotea @plet(l, m, u) where | <m<u.
Whenl = m= u, it is a non-fuzzy number by convention. The mersbip function can

be defined as:

(x-1)/ (m-1), I< x< m
g (X)=1(u-x)/(u-m), K x | (3.3)
0, otherwis

A TFEN is shown in Figure 3.2.

| <

Figure 3.2 A triangular fuzzy number.

A fuzzy number can be given by its correspondirigdad right representation of each
degree of membership:
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M:(M'(y),Mr(y)j
=(H(m)yum- y ye[ 0}

(3.4)

I(y) andr(y) denote the left side and the right side representaf a fuzzy number,

respectively.

Consider two triangular fuzzy numbers kihd M, M,=(l,m,u,) and M,=(I,,m,,u,).

The operational laws of triangular fuzzy numbess as follows [37]:

1. (1,m,,u)® (1,m,.u,)

=(l#1, m+m,, u, +u, ). (3.5)

2. (1,my,0,)0 (1,,M,.U,)

= (1], m;m,, u,u,). (3.6)

3. (WA O (I,m,,u,)
= (M am Au,), A0, AeR. (3.7)

4. (I,myu)* = (L, 1/m 1/ (3.8)

3.4.3. Multi-Attribute Evaluation Under Fuzziness: Fuzzy AHP

There are many fuzzy AHP methods proposed by varauhors. These methods are
systematic approaches to the alternative seleandnustification problem by using the
concepts of fuzzy set theory and hierarchical stmec analysis. Decision makers
usually find that it is more certain to give intatvjudgments than fixed value
judgments. This is because usually he/she is antblbe explicit about his/her



28

preferences due to the fuzzy nature of the compaupsocess.

The first studies of fuzzy AHP is presented by \Yaarhoven and Pedrycz [38] which
compared fuzzy ratios described by triangular mestbe functions. Buckley [39]
determines fuzzy priorities of comparison ratiososdn membership functions are
trapezoidal. Chang [37] introduces a new apprdaciinandling fuzzy AHP, with the
use of triangular fuzzy numbers for pair wise corgman scale of fuzzy AHP, and the
use of the extent analysis method for the synthexient values of the pair wise

comparisons.

In their research, Tlysuz and Kahraman [31] reveeweimbers of fuzzy AHP

approaches.

Table 3.1 gives a comparison of the fuzzy AHP méshm the literature that have
important differences in their theoretical struesir The comparison includes the

advantages and disadvantages of each method.

Kahraman et al. [40-41], Buyukozkan et al. [42]a@land Kumar [43], and Agsand
Ozdemir [36] used Chang’s [37] fuzzy AHP for vaodecision-making problems in

their researches.

Because of the advantages of Chang’s [37] extealysis on fuzzy AHP are relatively
superior to the others due to the reasons mentionddble 3.1, this method will be
used in project risk evaluation. In the literatufgere is only one publication dealing
with project risk evaluation using fuzzy AHP. Tiysand Kahraman proposed FAHP
for risk evaluation of an information technology'lproject. Mustafa and Al-Bahar
[44] introduced the primary work of using AHP inogect risk evaluation. They apply

AHP in assessing the riskiness of a constructiofept.
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Table 3.1 The comparison of different fuzzy AHP methods [42]

Sources Main Characteristics Advantages(A)/Disathges(D)
Van ¢ Direct extension of Saaty’'se (A)The opinions of multiple decision-makers
Laarhoven AHP method with  can be modeled in the reciprocal matrix.
&Pedrycz triangular fuzzy numbers.
(1983)
e Lootsma’s logarithmic e (D)There is not always a solution to the linear
least square method is used equations.
to derive fuzzy weights
and fuzzy performance
scores.
e (D)The computational requirement is
tremendous, even for a small problem.
¢ (D)It allows only triangular fuzzy numbers to
be used.
Buckley ¢ Direct extension of Saaty’'se (A) It is easy to extend the fuzzy case.
(1985) AHP method with

Boender et o
al.

trapezoidal fuzzy numbers.

Uses the geometric mean
to derive fuzzy weights

and performance scores.

Modifies Van Laarhovene
and Pedrycz’'s method.

(A)It guarantees a unique solution to the
reciprocal comparison matrix.

(D)The  computational
tremendous.

(A)The opinions of multiple decision-makers
can be modeled.

requirement is

(1989)
e Present a more robuse (D)The computational requirement s
approach to the tremendous.
normalization of the local
priorities.
Chang e Synthetical degree values.e (A)The computational requirement is
(1996) relatively low.
e Layer simple sequencing. e (A)lt follows the steps of crisp AHP. It does
not involve additional operations.
e Composite total ¢ (D)It allows only triangular fuzzy numbers to
sequencing. be used.
Cheng e Builds fuzzy standards. e (A)The computational requirement is not
(1996) tremendous.

e Represents performance (D)Entropy is used when probability
scores by membership distribution is known. The method is based on
functions. both probability and possibility measures.

e Uses entropy concepts to
calculate aggregate

weights.
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3.4.4. Extended Fuzzy AHP

In fuzzy extended AHP which was proposed by Ch&YWj {he steps of Saaty's [46]
crisp AHP can be followed. We can summarize thecsteps of this AHP as follows:

Step 1: State the problem.

Step 2: Determine the objectives of the problem.

Step 3: Identify the criteria that influence the decision.

Step 4: Structure the problem in a hierarchy of differdewels constituting goal,

criteria, sub-criteria and alternatives.

The simplest form used to structure a decisionlprabs a hierarchy consisting of three
levels: the goal of the decision at the top lefadlpwed by a second level consisting of
the criteria by which the alternatives located he third level, will be evaluated (see
Fig.3.3). Hierarchical decomposition of complesteyns appears to be a basic device
used by the human mind to cope with diversity. Organizes the factors affecting the
decision in gradual steps from the general, in upper levels of hierarchy, to the
particular, in the lower levels. The purpose af #tructure is to make it possible to
judge the importance of the elements in a giveellewth respect to some of all of the

elements in the adjacent level above [45].

l GOAL

Criteria 1 Criteria 2 Criteria (n-1) Criteria n

Alternative 1 Alternative m

Figure 3.3 A three level hierarchy.
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Step 5: Compare each element in the corresponding levelcaibrate them on the
numerical scale. This requires n (n-1)/2 compassowvhere n is the number of
elements with the considerations that diagonal etémare equal or (1, 1, 1) in fuzzy

AHP and the other elements will simply be the remials of the earlier comparisons.

If strong importance of element i over element idhahen the pair wise comparison

scale can be represented by the fuzzy nun@jer(l,m,u) and its reciprocal will be

q}lz(llu,llm,lllj. A 3x3 pair wise comparison matrix can be repnes as follows:

a,=(1,1,1) & =0, .m, Y, ) & =05 M5 Y,
3y, =(1/u, ,1/m, ,1/],) a, =(1,1,1) %
8 =W, Um, 111,) &, =(1y, Um, 1) 8 =(L11)

Step 6: Perform calculations to check consistency. Thesmb@ncy in fuzzy AHP is
another important subject that needs to be examinkd literature there are a few
methods for checking consistency.

e The AHP methodology of Saaty [46] provides a cdesisy index to measure any
inconsistency within the judgments in each comparimatrix as well as for the
entire hierarchy. The index can be used to indigdtether or not the targets can be
arranged in an appropriate order of ranking and kowsistent are the pair wise
comparison matrices. In fuzzy AHP for consisteobgcking, the defuzzification
method of triangular fuzzy numbers was employedaiavert the fuzzy comparison
matrices into crisp matrices, which thereafter ased for the investigation of the
consistency similarly in crisp AHP.

A triangular fuzzy number, representedMs(l,m,u), can be defuzzified to a crisp

number as follows [47]:

M i =(4M+H+U)/6 (3.9)
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The consistency index, Cl, and the consistency r&R, for a comparison matrix

can be computed with the use of following equations

Cl= (7;:“:1_*1';') (3.10)
1 o

Where ., is the largest eigen value of the comparison matrig the dimension of

the matrix, and RI (n) is a random index, that aelseon n, as shown in Table 3.2.

If the CI value is found to be sufficiently smahe decision-maker’s judgment may
be consistent enough to give useful weighting ests for various decision making
criteria. If CI/RI< 0.10, the degree of consistency is satisfactdfyCI/Rl > 0.10,
there are inconsistencies. In this case, the AHly not yield meaningful results
unless one re-examines the judgments and changesab necessary to reduce the

inconsistency below 0.10 [45].

Ao CaN be calculated by the following steps [48]:

Assume that A is the defuzzified pair wise comgarisatrix for m objectives.

Divide each entry in column j of A by the sum oétkntries in column j. New
matrix is Aw, in which the sum of the entries inckeacolumn will be 1. This

operation is normalization.
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A A, &,
Zaﬂ 2812 Zam
| (3.1
GO P
_Zail 2812 Zain_

Compute cas the average of the entries in row i of Aw tldithe column vector C.

Where ¢represents the relative degree of importanceeoitthobjective.

a, a, a,
Za11+za12+m+zam
G n n n
Co | | ermereeeeieieee e
C=| ?|= (3.13)
o a, a,, a,
Za11+za12+m+zam
| n n n |
Compute A.C.

&, - | |G X
AC=|: . x| |=] (3.14)

8y v an] LG L%

Calculatermax.(maximum eigen value of the comparison matrxusing the A.C

and C matrices.

_1&ithentryin AC 13 X

- : = (3.15)
n‘= ithentryinC n‘=c

max
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Table 3.2 Average random consistency index (RI) [45].

N 12 3 4 5 6 7 8 9 10

Random Consistency Index(R.I) 0 0 .529 1.11 1.251.35 1.40 1.45 1.49

e Buckley [39] gives the following definition of coistency in terms of fuzzy

numbers:

A fuzzy positive reciprocal comparison matmik= [F”] is consistent if and only if

the following indifference relationships hold:

M OF, =T ijkel,..n, (3.16)

where © is a fuzzy multiplication symbol. Relationshipi8) means that the fuzzy

indifference relationship has a maximum membershalpe of 1.
e Leung and Cao [49] extended Buckley's approach. zz¥urelationships are
transformed into equivalent auxiliary crisp relasbips in the forms of feasible

region of relative weights.

A fuzzy comparison matrix is defined to be congistithin tolerance deviatioh,

if the a-level cut feasible regio is not empty.

sa:{w:(m)L“a S%S(HS)UM, iz j=1,..nw= 0,5 :} (3.17)

where w and ware the weights of the ith and jth elements, resgdygt Here s

represents deviations from the upper botdand the lower bourid,, .
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A practical way to test the fuzzy comparison comesisy within tolerance deviation

d is to solve the following auxiliary linear program

min=B,+p,

s.t.In(18)L,, <In(w))-In(w)+p;; -, <IN(A+5)U,, , i#j1,..,n

B,z Blij’ B, 2 Bzij’ Blij’ BZij >0 (3.18)

where In(w,), B,;, B, B, , B, are decision variables.

If p=0, the fuzzy comparison matrix is consistent wittoterance deviatiord. If
B >0, this means that there are no feasible weigihas,the fuzzy comparison matrix
is not consistent withind. In this case, the decision maker would make the

judgments again.
Step 7: Compute the value of fuzzy synthetic extent.
Let X={x1, X, ..., %} be an object set, and U={u,..., Uy} be a goal set. According to
the method of Chang’s extent analysis, each olgaetken and extent analysis for each

goal, g, is performed, respectively. Therefore, m extemlysis values for each object

can be obtained, with the following signs Chang 37

ML M2, MT, =12, (3.19)

where all theM 'g (=1,2,...,m) are triangular fuzzy numbers (TFNs).

The value of fuzzy synthetic extent with respedti®i th object is defined as

S M, @{izm: M } (3.20)
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Step 8: Calculate the priority vectors of the fuzzy AHP.

Step 8.1: The degree of possibility a¥1, >M , is defined as
V(M, =M 2):sup[ min(uMl (x),uMz(y))} (3.21)
xzy

When a pair (xy) exists such that>y and p, (Xx)=n,, (y)=1, then we have

V(M;>=M,)=1. Since M and M are convex fuzzy numbers;

)71 iffm >m,

V(M, =M, )=hgt (M, AM ,)=pt,, (d), (3.22)

where d is the ordinate of the highest intersecpiomt D betweeny,, andu, (see

Figure 3.4)

VM, =M )

v

Figure 3.4 The intersection between;Mnd M.
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When M = (I3,m,up) and M= (lo,mp,Wp), the ordinate of D is given by:

V(M, >M,)=hgt(M, M ,)

1, mh, > m,
—J0, lif>u, (3.23)
(I-u2) ,  otherwise
[(mz 'uz) '( m, -ll):|

To compare Mand M, we need both the values ¥f(M, =M ,) andV (M, >M,).

Step 8.2: The degree possibility for a convex fuzzy numbebéagreater than k convex

fuzzy numbersM, (i=1,2,...,k) can be defined by

VM =M M ,...M ) =V[(M =M, )and(M = M,)and...and(M= M )

=minV(M >M,), i=1,2,...,k. (3.24)
Assume that;

d'(A)=minV(§=>§), (3.25)
For k=1,2,...,n; k£ i. Then the weight vector is given by

W'=(d'(A),d (A,),....d (A))) (3.26)

Where A, (i=1,2,...,n) are n elements.



38

Step 8.3: Via normalization, the normalized weight vectors are

W=(d(A,)d(A,)....d(A, )] (3.27)

where W is a non fuzzy number.



4. APPLICATION

4.1.Application Company

The implementer company is a global automotive a@jon working in partnership
with all the major vehicle manufacturers to desdgml develop an innovative range of
products.

The business type of the company is import and shlgectrical wire harnesses and
components for motor cars through a number of saféses in Europe. The main
products of the company are connectors and Elatiectronical Distribution
Systems (EEDS).

With affiliate companies across 38 countries andicakforce of almost more than
150,000 employees the company is an internatiorgdrozation confident in all its
markets. In Turkey there are 3 affiliate comparaaes two of them are located in

Bursa.

As mentioned in the previous sections, today, drnghe major sources of competitive
advantage has been the ability to speed up thdysalpgin process. This demand led to
a significant development in ERP systems. Inst#adieveloping IT system in-house,
more and more companies are turning to off-thefdBRP solutions to plan their IT

resources more effectively and manage their leggstems.

In this research the implementer company which idudanya-Bursa has decided to
implement SAP/R3 software package as an ERP soltticdheir existing system for
optimizing their supply chain process and enfotsecompetency in the market. The
company aims to integrate all its business unitsstandardize the flow of management
by using SAP/R3 as an ERP solution.
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Except the cutting area in all production unitsgidbic department, planning
department, industrial engineering department, @mpvarehouses, CSC warehouse,
human resources department will integrated by uSiAB. In cutting area cutting area
optimizer “CAQ” software will be used. Figure 4shows a simple usage layout of
SAP and CAO.

LOGISTIC
ACCOUNTING
- MAINTANENCE
CAO
INDUSTRIAL PRODUCTIONM PLANNING
ENGINEERING
WAREHOUSES HUMAN
RESORCES
CSC WAREHOUSE

Figure 4.1 A Simple usage layout of SAP and CAO.

4.2.Application of FEAHP in Risk Evaluation of an ERP Project

Risks are multidimensional; so they should be eateld with respect to more than one
criterion to get more reliable results. The Anahilierarchy Process (AHP) is one of
the most widely used multiple criteria decision-mngktools. The AHP can effectively

handle both qualitative and quantitative data.

Risk is essentially uncertainty and includes imm®@nd vague data. AHP uses crisp
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data and does not take uncertainty into accountzzy-set theory is a mathematical
theory designed to model the vagueness or impressiohuman judgment. It is

especially powerful when there is an unavailabitifyprecise or complete information.
Fuzzy set theory can be a valid supporting toadtercome the handicaps of AHP in

fuzzy environment.

Because of risk’'s multidimensional and impreciseéure in this research FEAHP
method is proposed in order to determine the rslell of an SAP implementation

project.

4.2.1. |dentification of Main Risk Criteria and Sub Risk Criteria

In this section, for the identification phase oé tbtudy, risk criteria were composed
from early studies and experiences of SAP consislitaAccording to these researches
risk is classified in 6 main groups:

1. Executive Risks:

e Goals & Plan “GP” Risk: When the project goals are not met, the infornmatio
system is considered as a failure. It is certlaa goals and strategic plan should be
specified clearly in advance and that their achiesats should be accurately
measured. If project goals and strategic plamateavell defined in the earliest steps
of the project in other words lack of clear goat&l astrategic plan will affect the
success of the project.

e Business Environment “BE” Risk: Unstable business environment criterion
includesa climate of change in the business and organizatienvironment that
creates instability in the project.

e Ownership “O” Risk: This criterion includes oversight by executives arsibility

of their commitment. Successful implementationgjunee strong leadership
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qualifications, experience, commitment, and pg#ton by top management.
Experience in implementing large scale integratextkpges, including MRP
systems, provides a better understanding of thellecig@s associated with
commercial, off-the shelf software implementatiom previous researches many
authors concluded that commitment from the top mament was one of the most
important critical success factors for implemeiatadti

2. Organizational Risk:

Cooperation “CO” Risk: Lack of cooperation between departments, failarenix
internal and external personnel are some of sulxriterions which can be classified
under cooperation risk criteria. Cooperation aathimunication are very important
criterions for successful implementation. Herésiimportant to integrate external
and internal personnel for the success of the proj&/sing a mix of consultants and
internal staff to work on a project team enablesrimal staff members to “grow” the
necessary technical skills for ERP systems designraplementation.

Staffing “S” Risk: If the implementer company has not got enough eskill
personnel to conduct the implementation project ahe success of the
implementation project depends on only a few kegpjee then the risk level of the
project will increase. Many of the organizations found it difficult to re¢ and

retain good ERP specialists because the markes fatethese people are high.
Management must understand and appreciate theatityti of high-tech worker

turnover, recruitment and retention issues.

Expertise “E” Risk: Information technology (IT) expertise of the firi; a very
important factor which affects the project succeds.there is no adequate IT
expertise of the firm they should brought in thexsdtants they needed in order to
overcome technical and procedural challenges igdesd implementation. At this
point it is important to obtain consultants who apecialists in specific application

modules.
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e Organization’s Culture “OC” Risk: Lack fit of organizational culture and SAP
culture is one important cause of project impleraBoh failures. For a more
successful implementation the dimensions of orgdiomal culture should be
identified to find their relationships with the ifepnentation of ERP systems. ERP
implementation projects will be more successfulairresult oriented, employee

oriented, professional, open and tight controlesysbrganizations.

3. Project Management Risks:

e Scoping & planning “SP” Risk: Important deadlines, milestones, phases of the
project, and requirements should be identifiedhat heginning of the project. A
clear plan will help the organization avoid the dpe creep” which can strain the
ERP budget, project progress, and complicate th@emmentation. Lack of clear
project scope and objectives, unrealistic deadlipegect size, weak definitions of
requirements, and extent of changes in the prajaat be classified in this risk

group.

e Resource “R” Risk: Lack of use of resources, inappropriate resouregtioly
increases the riskiness of the project. At thdiestrstages of the project resource
analysis should be made and if there is no apmtgpniesource exist external
support and preventive actions should be taken.

e Project Implementation Team “PIT” Risk: Inexperienced team members, poor
team relationships, inappropriate balance of te@in&business skills of team
members, lack of team members’ commitment, and tdckn effective leader can
be listed as the major sub risk factors of “projegpblementation team” risk criteria.
Successful implementations require impressive ptdgams so this criterion is one

of the major success factors of an ERP implemamtatioject.

e Change Management “CM” Risk: The change management strategy mobilized the
troops by decentralizing change sessions within thesiness units, where
information can circulate directly between indivads and where modifications in
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roles and structures are addressed and taken actwumt at the lowest level. |If
people are not properly prepared for the immindmnges, then resistance and
chaos will be predictable consequences of the asangreated by the
implementation. Some of the sub risk factors & gnoup can be classified as: lack
of clear change strategy, conflicts between usepsidments about the change
management, resistance for the change manageraektof an effective change
champion and misunderstanding changes in requiresmearrectly. Change
management risks are probably the major risks iEBF implementation project.
Because ERP projects are not only a software imgxeation project but also a

primarily technological challenge which affect wlaa@rganization.

e Training “T” Risk: Training/education is probably the most widely agaized
critical success factors. ERP implementation nesgua critical mass of knowledge
to enable people to solve problems within the fraomk of the system. If the
employees do not understand how a system worky, whi invent their own
processes using those parts of the system thewldeeto manipulate. The full
benefits of ERP cannot be realized until end usees using the new system
properly. To make end user training successfid, ttaining should start early,
preferably well before the implementation begingl gualified consultants should
be used. Executives often dramatically undereséniae level of education and
training necessary to implement an ERP system #isawéhe associated costs. Top
management must be fully committed to spend adeguminey on education and
end user training and incorporate it as part oBR® budget.

Lack of top management commitment to training, poge of qualified consultants,
insufficient training & reskilling (inadequate kntéedlge transfer), lack of
appropriate plan for end-user training &educatiom sub risk factors which can be
evaluated under the training risk criteria.

4. Technical Risks “TR”:

e Technical Expertise “TE” Risk: Lack of appropriate technical personnel who can
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support the implementation process and getting eigadte assistance of SAP

consultants will cause technical risks.

e Software Complexity “SC” Risk: The technological complexity and technical
difficulty of the project can be stated as the sugk criterions of software
complexity risk factor. ERP software packagesrarenew technologies they have
been using since 1990’s. But the necessity of otnigiation and technical
complexity of their modules make them risky.

e Database Inaptitude “DI” Risk: Lack of an integrated technology strategy for
supporting implementation causes further risks bottlenecks in project success.
The different ‘technology’ environments within oneganization created delays in
establishing consistency and coordination in thetf@ims, database management
systems and operating system environments. Teopydbottlenecks can occur
when designers try to implement bridges between HER¥tules and legacy
applications. In our implementer company in cuftiareas another software
program called Cutting Area Optimizer (CAO) will bsed. Integrating these two
CAO and SAP software and using the same database iis\portant point which

will create risk.

Another important sub risk criteria for databasapiitude is manipulation errors of
data from old system to new system. The new sysegmires the retrieval of old
data from the legacy systems that has to be naredhliscreened and stored in a
sensible data format within the new systems dgtasiory. While translating the
old data to new system some manipulation errork aeitur this situation causes

errors in reporting systems.
e Hardware “H” Risk: Failure to meet hardware specifications and thecttin
risks of procedures when there exist a breakdowhearhardware are some sub risk

factors for hardware risk criteria.

e Adaptation Delays “AD”: As the ERP solution package “SAP” has been chogen b
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the implementer company. Certain SAP modules astomized for the company
by the SAP consultants. Shortfalls in these e=lgrrfurnished components and
adaptation delays of SAP modules adaptation wilease the risk level of the

implementation project.

5. Decision Making Risks:

Slow Decision Making “SDM” Risk: Long decision cycles and inability to make
crucial decisions are critical risk factors whiclilvincrease the riskiness of the

implementation project.

Poor Decision Making “PDM” Risk: Lack of effective decision making processes
and inadequate use of effective decision makingrigces can take place in this
group of risk criteria.

6. Functional Risks “FR™:

End-Users “EU”: Data accuracy is absolutely required for an E®Btem to
function properly. Because of the integratedure of ERP, if someone enters the
wrong data, the mistake can have a negative domino efffectighout the entire
enterprise. Therefore, educatingers on the importance of data accuraog
correct data entry procedures should be gtapity in an ERP implementation.

ERP systems also require that everyone in the @aa@on must work within the
system, not around it. Employees must be conviticaidthe company is committed
to using the new system, will totally changeoverthie new system, and will not
allow continued use of the old system. If the aigation continues to run parallel
systems, some employees will continue using thesgktems and can generate
resistance to using the new system, largely begaespgle are ill-prepared for using
it effectively. Not entering accurate and compld&ta to the system on time and

resistance to using new system can take placesient-user risk criteria group.
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e Process &System Integrity “PSI” Risk: Modifying the purchased software or re-
engineering existing business processes are tvierelit solutions of process and
system integrity problem.One of the principal reasons why ERP and otherelarg
technologically sophisticated systems fail is thi@fanizations simply underestimate
the extent to which they have to change and reeegimg the existing business
processes in order to accommodate their purch&sther SAP customization or
business process reengineering (BPR) processasi@xkisk so Process &system
integrity criteria can be defined as an importamicess factor.

4.2.2. Construction of AHP Structure

In this study a four leveled hierarchy is proposearder to classify the risk factors.
The objective, which takes place at the top leiefo evaluate the riskiness of an
SAP/R3 implementation project. The second levelk@&is of 6 main risk factors. The
third level consists of 21 sub-risk factors. Amdafly 3 risk levels high, medium and

low located in the fourth level as alternativesgue 4.2 shows the AHP structure.

Evaluation of the failure risk of a SAP implemeitatproject

ER OR PMR TR DMR FR
— Goals&Plai — Cooperation— Scopin( — Technica [— Slow — End-users
&planning Expertise Decision
Busines — Staffing — Resource — Softwar¢ Making
Environmen _ Projec Complexity | pq, Proces
— Expertise [~ |mplementatioi- Databas  — pecision — &System
 Ownership Team Inaptitude Making Integrity
— Culture — Change — Hardware
Mallwégement Adaptatior
— Training — Delays
High Risk Medium Risk Low Risk

Figure 4.2Four leveled AHP structure.
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In conventional AHP/FAHP the alternatives have aaertbounds, but when the risk
levels are categorized as alternatives the bouritieokach level should be identified
clearly.

4.2.3. Risk Level Identification

The significance of a risk can be expressed asnabit@ation of its consequences or
impacts on project objectives, and the likelihoddhmse consequences arising. For
clear and accurate identification of risk levelkélihood” and “consequence” ratings

were used. Table 4.1 shows a matrix defining tipeifccance of various combinations

of likelihood and consequence scales.

Table 4.1Likelihood and consequence scales.

Consequences
Likelihood Insignificant Minor Moderate Major Catastrophic
Almost certain Medium Medium High High High
Likely Low Medium Medium High High
Possible Low Medium Medium Medium High
Unlikely Low Low Medium Medium High
Rare Low Low Low Medium Medium

As mentioned in the previous sections, recent studhow that many of ERP projects
have ‘failed’, in the combination of budget andé&mhedule overruns. According to

these findings top management suggested to rateotieequences in terms of cost and
schedule factor.

Table 4.2 - 4.3 shows the consequence descriptibosst and schedule factors. As
the consequence descriptions, also likelihood gatlescriptions were made by top

management. Table 4.4 shows the likelihood ratings
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Table 4.2Consequence ratings of cost factor.

Rating Cost Factor

Insignificant Budget estimates not exceeded, some transfer oéynon
Minor Project cost estimates exceeded budget b1-5
Moderate Project cost estimates exceeded buddet1b96.

Major Project cost estimates exceeded budget 30%-
CatastrophicProject cost estimates exceeded budget by more3thidn

Table 4.3Consequence ratings of schedule factor

Rating Schedule Factor

Insignificant Negligible impact, slight schedule change compeashy slack time.
Minor Minor slip in project schedule, less thandgys.

Moderate Small slip in project schedule, from 13@odays.

Major Project schedule slip from 1 to 2 months.

CatastrophicLarge project schedule slip, key milestones notexvet.

Table 4.4Likelihood ratings.

Rating Likelihood descriptions

Almost certain Very high possibility of occurrence. Probabilityes 0.8.

Likely High possibility of occurrence. Probabili@y5-0.8.

Possible Possible. Probability 0.1-0.5.

Unlikely Low possibility of occurrence (not impobk). Probability 0.02-0.1.
Rare Very low possibility of occurrence. Probadbpiless than 0.02.

4.2.4. Construction of Matrices and Risk Evaluation

In FEAHP, after developing the hierarchy the secet&p is comparative judgment.
SAP consultants and IT experts of the firm are midwgdr comparisons by using the
triangular fuzzy scale which is given in Table 4.5.

In order to take the imprecision of human qualtassessments into consideration
defined fuzzy numbers are used. Sample questieif@ms to receive the experts’
assessments are given in Appendix A.
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Table 4.5Triangular fuzzy conversion scale.

Linguistic scale Fuzzy scal&uzzy reciprocal scale

Equally important (1,1, 1) (1,1, 1)
Moderately more important  (2/3, 1, 3/2) (2/3, 1, 3/2)
Strongly more important (3/2, 2, 5/2) (215, 112, 2/3)
Very strongly more important5/2, 3, 7/2) (217, 1/3, 2/5)
Absolutely more important (7/2, 4, 9/2) (219, 1/4, 2I7)

The elements on the second level/main risk critarearranged into a matrix and the
judgments about the relative importance of the el@mare made by the experts. As
mentioned in the previous sections the pair wiseparison will be performed in terms

of which of the elements will dominate the oth&omparisons are made by linguistic
judgments. These judgments will then be expresseadiangular fuzzy numbers. The

pair wise comparison matrix for main risk criteisasshown in Table 4.6. The values of
the matrix are the mean values of the decision msaleeferences. Detailed fuzzy

evaluation matrices of each expert are given inefplx B.

Table 4.6 The fuzzy evaluation matrix of criteria with resp& the goal.

ER OR PMR TR DMR FR
ER (1,11 (0.94,1.33,1.83)0.49,0.67,0.94)(0.85,1.17,1.55) (1.55,2.00,2.50)(1.55,2.00,2.50)
OR  (0.57,0.83,1.22)(1,1,1) (0.77,1.00,1.27X0.77,1.00,1.27) (0.94,1.33,1.83)(0.85,1.17,1.55)
PMR (1.22,1.67,2.17)(1.13,1.50,1.89)(1,1,1) (1.22,1.67,2.17)1.22,1.67,2.17)(1.50,2.00,2.50)
TR  (0.85,1.17,1.55)(1.13,1.50,1.89)(0.49,0.67,0.94)(1,1,1) (1.22,1.67,2.17Y0.94,1.33,1.83)
DMR (0.45,0.61,0.85)(0.57,0.83,1.22)(0.49,0.67,0.94) (0.49,0.67,0.94) (1,1,1) (0.94,1.33,1.83)

FR  (0.45,0.61,0.85)(0.85,1.17,1.55)(0.40,0.50,0.66)(0.57,0.83,1.22) (0.57,0.83,1.22) (1,1,1)

Before performing the calculations consistencyh& pair wise comparison matrices
were examined. First triangular fuzzy numbers wsoaverted to crisp numbers by
using Equation (3.9). Then by using EquationsBand (3.11), consistency ratio CR
is calculated. It is found that the degree of c&irsacy is satisfactory for all of the

comparison matrices.
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By using the consistent fuzzy comparison matrixahhs given in Table 4.6 the value
of fuzzy synthetic extent with respect to the ollegaal is calculated by using Equation
(3.20). Calculations are made by Microsoft Exdelizzy synthetic values are obtained

as follows:

S..=(6.38,8.17,10.32) (0.02,0.02,0.(
=(0.12,0.20,0.32

S,r =(4.90,6.33,8.149 (0.02,0.02,0.(
=(0.09,0.15,0.25

Soyr =(7.29,9.51,11.9® (0.02,0.02,0.
=(0.14,0.23,0.37

S, =(5.63,7.34,9.38) (0.02,0.02,0.(
=(0.11,0.18,0.2¢

Sovr =(3.94,5.11,6.78p (0.02,0.02,0.(
=(0.07,0.12,0.21

S =(3.84,4.94,6.5@ (0.02,0.02,0.(
=(0.07,0.12,0.2C

And by using these synthetic values degree of piisgivalues are obtained from
Equation (3.23).

V(SER 2 SOR ):1’ V(SER = SF‘MR )2085! V(SER 2 STR ):1!

V(Sgr 2 Sour )71, V(Sgr 2 S)=1,



V(Syg = Ses)=0.75,

V(SOR = SDMR ) 1

PMR_SER) 1
PMR_SDMR) 1

V(Sir 2 §5)=0.90,
V(Sik 2 Sowr )=1

V(Spur = S5 )=0.55,
V(Spur = S )=0.66,

V(Sir = S2)=0.52,
V(S 2 S )=0.63,

By applying Equation 3.25)" values are obtained:

52

V(Sor = Sy )=0.60,

V(Sor = S1)=1,

V(Sppr = Sor )=1,
Senr = Sr)=1,

V(Sik 2 Sr)=1,
V(Sir 2S¢ )1,

V(Spur = S )=0.80,
DMR_S:R) 1

V(Sig > Sor)=0.77,

V(Ser = Sour )=0.97,

d'(ER) =V(Sk = Sk Sk Sk Sk 2
=min(1,0.85,1, 1,)= O0.€

d'(OR) =V(Sr = $r :Sur »$r Sur R
=min(0.75, 0.60, 0.86, 1)+ 0.

d'(PMR) =V(Syr = $r Sk Sk Br &
=min(1, 1,1, 1, 1)=

d,(TR) :V(SfR 2 %R ’%R ’$MR ’%MR ’§Q
=min(0.90, 1, 0.75, 1, 1)=0.’

V(Sor = Srq )=0.86,

PMR_STR) 1

V(S;y > Spyr )=0.75,

V(Spur = Sur )=0.41,

V(Ser = Sy )=0.37,
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d'(DMR)=V(Syur = Sk Sk Swr Sk
=min(0.55, 0.80, 0.41, 0.66, 1)=0.

d'(FR) =V(Sx = Sz .S Sur S B
=min(0.52, 0.77, 0.37, 0.63, 0.97)=0

Therefore, according to Equation (3.26) the weigittor is given by the minimum

d’ values of each risk criterion:

W'=(0.85, 0.60, 1, 0.75, 0,41, 0.3

Via normalization the normalized weight vector widspect to goalV,; is obtained as:

W,=(0.21, 0.15, 0.26, 0.19, 0.10, 0.D.

Figure 4.3 exhibits the weighting values for maskcriteria.

FR ] 009
ovr | 0,10
TR 0,19

PMR | 0,26

or | 0,15

0,05 0,10 0,15 0,20 0,25 0,30

Figure 4.3Weighting values of main risk criteria.
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After the pair wise comparisons and evaluation ofjivevector with respect to the goal
the same steps are repeated in order to find thghtveectors of each sub-risk criterion.
Thus six comparison matrices are composed and wegghors are evaluated as shown
in Table 4.7 - 4.12.

Table 4.7Evaluation of the sub-risk criterion with respacexecutive risks.

GP BE o) VR
GP 1,1,1) (1.5, 2.00, 2.50) (0.94, 1.33, 1.83) 20.5
BE (0.40, 0.50, 0.66) (1,1,1) (0.49, 0.67, 0.94) 080.
o) (0.57, 0.83, 1.22) (1.22, 1.67, 2.17) (1,1,1) 00.4

Table 4.8Evaluation of the sub-risk criterion with respacbrganizational risks.

(6{0) S E oC Wr
coO (1,1,1) (1.83,2.33,2.83) (1.22,1.67,2.17) .2711.67, 2.17) 0.46
S (0.36,0.44,0.57)  (1,1,1) (0.49, 0.67, 0.94) 6§01.00, 1.50) 0.09
E (0.49,0.67,0.94) (1.22,1.67,2.17) (1,1,1) 2211.67, 2.17) 0.32
ocC (0.49,0.67,0.94)  (0.66,1.00, 1.50)  (0.4970p0694)  (1,1,1) 0.13
Table 4.9Evaluation of the sub-risk criterion with respaeproject management risks.
SP R PIT CM T Wwur
SP (1,1,1) (1.22,1.67,2.17) (1.22,1.67,2.17) (0.66,1.50) (0.94,1.33,1.83) 0.26
R  (0.49,0.67,0.94) (1,1,1) (0.94,1.33,1.83) (0.4M®M.66) (0.57,0.83,1.22) 0.14
PIT (0.49,0.67,0.94) (0.57,0.83,1.22) (1,1,1) (D47,0.94) (0.94,1.33,1.83) 0.15
CM (0.66,1.00,1.50) (1.50,2.00,2.50) (1.22,1.67,2.1(%),1,1) (1.27,1.67,2.17) 0.28
T (0.57,0.83,1.22) (0.94,1.33,1.83) (0.57,0.83)1.2®0.54,0.78,1.13) (1,1,1) 0.17
Table 4.10Evaluation of the sub-risk criterion with respextechnical risks.
TE SC DI H AD W
TE (1,1,1) (1.22,1.67,2.17) (0.94,1.33,1.83) (Q1®B,1.83) (0.94,1.33,1.83) 0.25
SC  (0.49,0.67,0.94) (1,1,1) (0.49,0.67,0.94) (@BB,1.22) (0.54,0.78,1.13) 0.12
DI (0.57,0.83,1.22) (1.22,1.67,2.17) (1,1,1) (12833,2.83) (0.94,1.33,1.83) 0.27
H (0.57,0.83,1.22) (0.94,1.33,1.83) (0.36,0.440.51,1,1) (0.57,0.83,1.22) 0.15

AD  (0.57,0.83,1.22) (1.27,1.67,2.17) (0.57,0.82).2(0.94,1.33,1.83) (1,1,1) 0.21
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Table 4.11Evaluation of the sub-risk criterion with resptrtecision making risks.

SDM PDM Wowr
SDM (1,1,1) (0.82, 1.11, 1.47) 0.42
PDM (1.19, 1.50,1.89) (1,1,1) 0.58

Table 4.12Evaluation of the sub-risk criterion with respezfunctional risks.

EU PSI Wi
EU (11,1 (0.77, 1.00, 1.27) 0.38
PSI  (1.13,1.50,1.89) (1,1,1) 0.62

In this section, as the first step of the evalusjdirstly the relative weights of the main
risk criterion with respect to the goal and thelatree weights of the sub-risk criterion

with respect to the related main risk criteria @valuated.

Finally, the experts assessed the risk level ofrgkocriterion by again making pair
wise comparisons between high risk (HR), medium ¢(MR), and low risk (LR) and
performed similar calculations. Table 4.13 givese summary of combinations of

priority weights of sub-risk criterion.

The weights of risk levels with respect to the eanain risk criteria are given by adding
the weights per risk level multiplied by weights bétcorresponding sub-risk criteria.

Finally the weights of each risk level can be cated by weights per risk level
multiplied by weights of the corresponding mairtenia. Table 4.14 shows the weights
of risk levels with respect to the each main riskeda and overall score of each risk

level.
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Table 4.13Summary of combinations of priority weights.

Sub-risk criterion of executive risks

GP BE 0] Risk level's weight
Weight 0.52 0.08 0.40
Risk levels
High Risk 0.74 0.57 0.60 0.67
Medium Risk 0.26 0.43 0.40 0.33
Low Risk 0.00 0.00 0.00 0.00
Sub-risk criterion of organizational risks
Cco S E oC
Weight 0.46 0.09 0.32 0.13 Risk level's weight
Risk levels
High Risk 0.40 0.60 0.37 0.32 0.40
Medium Risk 0.33 0.29 0.45 0.45 0.38
Low Risk 0.27 0.11 0.18 0.23 0.22
Sub-risk criterion of project management risks
SP R PIT CM T
Weight 0.26 0.14 0.15 0.28 0.17 Risk level's weight
Risk levels
High Risk 0.40 0.18 0.42 0.61 0.76 0.49
Medium Risk 0.52 0.37 0.52 0.36 0.24 0.41
Low Risk 0.08 0.45 0.06 0.03 0.00 0.10
Sub-risk criterion of project technical risks
TE SC DI H AD
Weight 0.25 0.12 0.27 0.15 0.21 Risk level's weight
Risk levels
High Risk 0.18 0.36 0.57 0.41 0.40 0.39
Medium Risk 0.69 0.61 0.43 0.46 0.30 0.49
Low Risk 0.13 0.03 0.00 0.13 0.30 0.12
Sub-risk criterion of project decision making risks
SDM PDM
Weight 0.42 0.58 Risk level's weight
Risk levels
High Risk 0.68 0.59 0.63
Medium Risk 0.32 0.41 0.37
Low Risk 0.00 0.00 0.00
Sub-risk criterion of project functional risks
EU PSI
Weight 0.38 0.62 Risk level's weight
Risk levels
High Risk 0.54 0.28 0.38
Medium Risk 0.46 0.58 0.53
Low Risk 0.00 0.14 0.09
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Table 4.14Weights of risk levels and overall score.

Main risk criterion of the goal

ER OR PMR TR DMR FR

Weight 0.21 0.15 0.26 0.19 0.10 0.09Risklevel's weight
Risk levels
High Risk 067 040 049 0.39 063 0.38 0.50
Medium Risk 033 0.38 041 049 0.37 053 0.41
LowRisk 000 0.22 010 0.12 0.00 0.09 0.09

4.2.5. Research Results

By using fuzzy extended AHP, firstly, the relativepiontance of main risk criteria with
respect to the goal and the relative importanceuttrisk criteria with respect to the
related main risk criteria were calculated. Asvwghon Figure 4.3 project management
risks “PMR” carries the highest priority of 26% aitdis followed by with 21%
executive risks “ER”, 19% technical risks “TR”, 158tganizational risks “OR”, 10%

decision making risks “DMR” and 9% functional riskR”.

Goals and plan risks “GP” is identified as the masportant attribute under the
criterion of executive risks. Under the organizaaibrisks criterion cooperation risks
“CQO” carries higher priority weights. Change managetrisks “CM” is the most
important attribute under the project managemesksrcriterion. For technical risks
criterion database inaptitude “DI”, for decision nmakcriterion poor decision making
“‘PDM” and for functional risks criterion process darsystem integrity “PSI” sub

attributes carries the highest priority weights.

After the evaluation of priority weights of risk ldsewith respect to the each sub-risk
criterion, Figure 4.4 and Figure 4.5 are obtained saummary.

In Figure 4.4 it can be seen that training “T”, [goand plan “G&P” and slow decision
making “SDM” sub-risk factors are the most riskiriautes of this project. Preventive
actions for reducing risk should be taken starfiogn these attributes.
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Similarly Figure 4.4, Figure 4.5 shows the priontgights of main risk criteria’s risk
levels. According to these results executive rigl®®” includes the highest risk when it
is compared with the other risk factors.

0,80 .
0,70 .
0,60 .
0,50 .

—e—HR
0,40 8 —s=— MR

0,30 8 —— LR

Priority weights

0,20 :
0,10 .

1 2 3 456 7 8 9101112131415 1617 18 19 2021

Sub-risk criteria

Figure 4.4 Priority weights of each risk level with respezthe sub-risk factors.

0,80 1
0,70 b
0,60 b

0,50 b —e—HR

0,40 b —=— MR

0,30 b —— LR

0,20 b
0,10 b

ER OR PMR TR DMR FR

Priority weights

Main risk criteria

Figure 4.5Priority weights of each risk level with respezthe risk factors.

After the calculations which were recommended ingtevious sections the final risk
levels are obtained. Figure 4.6 represents theénass of the implementation project.
With 50% high, 41% medium and 9% low risk this peobjis a risky project.
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Priority weights

0,60
0,50
0,40
0,30
0,20

0,10

0,50

0,41

0,09

MR

Risk levels

LR

Figure 4.6Final priority weights of risk levels.




5. CONCLUSION

In this research Fuzzy Extended Analytic HierardPgocess approach has been
presented to evaluate the riskiness of an ERP mmgaiéation project. In the approach
triangular fuzzy numbers were used. The aim &f $hudy is to identify the risk factors

and furthermore evaluate the failure risk of an 823Pimplementation project.

Risk evaluation process is very important for ERlementation projects. Because,
recent studies show that more than three quarfersterprise resource planning (ERP)
projects were judged as unsuccessful by the impiénge firms. According to these

results we can say that ERP implementation projetsisky projects. Thus, the risk
evaluation is critically important for the succedshese kinds of projects.

Project risk evaluation should be performed by gisome of the multi-attribute
evaluation methods. Because of the multidimensioature of risks benefiting from
the multi-attribute evaluation methods is moreatd. And also risk is essentially
uncertainty and includes imprecise and vague da@tas requires a method that allows
the use of decision makers’ vague judgments irptiewise comparison of attributes.
The fuzzy AHP method meets this requirement. Tlaeeemany fuzzy AHP methods
developed in the literature. In this study, Chan@7] extent analysis method on fuzzy
AHP is selected and applied to the risk evaluatiban ERP implementation project.

The FEAHP model discussed in this paper is proweoket simple, less time taking and
having less computational expense as compared her axisting decision making
systems. The use of FEAHP does not involve curolegsmathematical operation and
so making it of general use for solving practicalltmattribute decision making
problems. The FEAHP has the ability to capturevidigueness of human thinking style

and effectively solve multi-attribute decision magkiproblems.
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The result of the study shows that the risk ledeahe SAP/R3 implementation project
is very high. To reduce the level of risk by beted from the risk criteria priority
weights, some preventive actions can be taken.s,Tialative importance of risks can
enable the project managers to develop a bettemaagement strategy.

In this study FAHP method is selected and applestiead of conventional crisp AHP
the evaluations can also be made by using AHP. AHiE is one of the most widely
used multi-criteria decision making tool but apation of AHP in risk evaluation will

have some shortcomings.

The AHP does not take into account the uncertairtyis mainly used in nearly crisp
decision applications. But risk is uncertainty, isas not useful using AHP in risk
evaluation. The results obtained from AHP will et accurate as the results obtained
from FAHP.

Furthermore, it is also recognized that human assest on qualitative attributes is
always subjective and thus imprecise. Therefosayentional AHP seems inadequate
to capture decision-maker’s requirements explicitih order to model this kind of

uncertainty in human preference, fuzzy sets coeldnioorporated with the pair wise

comparison as an extension of AHP. The fuzzy Agpr@ach allows a more accurate
description of the decision making process.
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APPENDICES

APPENDIX A: QUESTIONNAIRE

Read the following questions and put check markstlen pair wise comparison
matrices. If an attribute on the left is more impat than the one matching on the
right, put your check mark to the left of the imfamce Equally’ under the importance
level you prefer. If an attribute on the left isdamportant than the one matching on the
right, put your check mark to the right of the imjamce Equally” under the

importance level you prefer.

QUESTIONS
With respect to the overall goal "evaluation of thefailure risk of a SAP project”

How important is executive risk when it is compavath organizational risk?

How important is executive risk when it is compavath project management risk?
How important is executive risk when it is compavath technical risk?

How important is executive risk when it is compavath decision making risk?

How important is executive risk when it is compavath functional risk?

o a0k w N PE

How important is organizational risk when it is quemed with project management

risk?

7. How important is organizational risk when it is quaned with technical risk?

8. How important is organizational risk when it is quamed with decision making
risk?

9. How important is organizational risk when it is quened with functional risk?

10.How important is project management risk when ¢éampared with technical risk?

11.How important is project management risk when itcaanpared with decision
making risk?

12.How important is project management risk when itcanpared with functional

risk?
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13.How important is technical risk when it is compaweth decision making risk?
14.How important is technical risk when it is compawth functional risk?

15.How important is decision making risk when it isvgmared with functional risk?

Table Al. Questionnaire forms used to facilitate compassaimmain and sub-risk factors.

Importance of one main attribute over another

> >
2 n > g % % g el )
S g Q = = I - I = s L1
7 3 § 92 © &z T g§ g 9 §|2
© = = ) o ° S5 ° o ) ==
=] = < 3] = o o o = 3] x|
o < LL| > N = LL| = ) > L | <C
1 ER OR
2 ER PMR
3 ER TR
4 ER DMR
5 ER FR
6 OR PMR
7 OR TR
8 OR DMR
9 OR FR
10| PMR TR
11| PMR DMR
12| PMR FR
13 TR DMR
14 TR FR
15 DMR FR

With respect to the main attribute ‘executive risk¢ER)’

16.How important is goals &plan when it is comparedhwviusiness environment?
17.How important is goals &plan when it is comparedwawnership?
18.How important is business environment when it isypared with ownership?

Table Al. Continued.

Importance of one sub-risk factor over another

Extremely

\Very strongly
O O JAttributes

Extremely
\Very strongly
Strongly
Moderately
Equally
Moderately
Strongly

B K 5|Questions
@ O O|Attri
m 5 HlAttributes




70

With respect to the main attribute ‘organizational risks (OR)’

19.How important is cooperation when it is comparethwtaffing?
20.How important is cooperation when it is comparethweixpertise?
21.How important is cooperation when it is comparethwulture?
22.How important is staffing when it is compared watkpertise?
23.How important is staffing when it is compared wathiture?

24.How important is expertise when it is compared wittiure?

Table Al. Continued.

Importance of one sub-risk factor over another

> >
2 0 = g) % % g) =l )
5 o o IO > ® = £ g| o
zl 2l § 9 © 5 5 & 2 92 &2
S |l 2 8§ £ 2 2 8B £ § &
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1¢ CC <
20 CC E
21 CC C
22 < E
23 < C
24 E C

With respect to the main attribute ‘project managenent risks (PMR)’

25.How important is scoping &planning when it is comgrhwith resources?

26.How important is scoping &planning when it is comgmh with project
implementation team?

27.How important is scoping &planning when it is comgzh with change
management?

28.How important is scoping &planning when it is comgzhwith training?

29.How important is resources when it is compared withject implementation team?

30.How important is resources when it is compared withnge management?

31.How important is resources when it is compared wiiming?

32.How important is project implementation team whemsicompared with change
management?

33.How important is project implementation team wheis compared with training?

34.How important is change management when it is coeap@ith training?
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Table Al. Continued.

Importance of one sub-risk factor over another

= =
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25 SH R
26 SH PIT
27 SH CM
28 SH T
29 R PIT
30 R CM
31 R T
32 PIT] CM
33 PIT] T
34 CM T

With respect to the main attribute ‘technical risks (TR)’

35.How important is technical expertise when it is epamed with software
complexity?

36.How important is technical expertise when it is panmed with database inaptitude?

37.How important is technical expertise when it is panmed with hardware?

38.How important is technical expertise when itosnpared with adaptation delays?

39.How important is software complexity when it is quered with database
inaptitude?

40.How important is software complexity when it is quamed with hardware?

41.How important is software complexity when it is quamed with adaptation delays?

42.How important is database inaptitude when it is garad with hardware?

43.How important is database inaptitude when it is garad with adaptation delays?

44.How important is hardware when it is compared \atlaptation delays?



Table Al. Continued.
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Importance of one sub-risk factor over another

> >
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S g o = = I > o = = ole
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(04 < LLi > ) = L = 0 > )<
35 TE SC
36 TE| DI
37 TE| H
38 TE AD
39 SO DI
40 SO H
41 SG AD
42 DI H
43 DI AD
44 H AD

With respect to the main attribute ‘decision makingrisks (DMR)’

45.How important is slow decision making when it isTquared with poor decision

making?

Table Al. Continued.

Importance of one sub-risk factor over another
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With respect to the main attribute ‘functional risks (FR)’

46.How important is end-users when it is compared withcess &system integrity?

Table Al. Continued.

Importance of one sub-risk factor over another

Extremely

Moderately
Strongly
\Very strongly

\Very strongly
Equally

Strongly
Moderately

Extremely
JJAttributes

& |Questions

E Attributes
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With respect to the sub-attribute ‘Goals &Plan (GP)

47.What degree do you assign when high risk is conagpardéh medium risk?
48.What degree do you assign when high risk is conaparth low risk?
49.What degree do you assign when medium risk is cozapaith low risk?

Table All. Questionnaire forms used to facilitate compariswinsk degrees.

Importance of one risk level over another

> >
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47 HR MR
48 HR LR
49 MR LR

With respect to the sub-attribute ‘Business Enviroment (BE)’

50.What degree do you assign when high risk is conaparth medium risk?
51.What degree do you assignh when high risk is congpaith low risk?
52.What degree do you assigh when medium risk is coedpaith low risk?

Table All. Continued.

Importance of one risk level over another

Extremely
Very strongly
Strongly
Moderately
Equally
Moderately
Strongly
Very strongly
Extremely

I o S|Attributes

& 9 &|Questions
;ZU ;:E ;:E Attributes

With respect to the sub-attribute ‘Ownership (O)’

53.What degree do you assignh when high risk is conaparth medium risk?
54.What degree do you assigh when high risk is congpaith low risk?
55.What degree do you assigh when medium risk is coedpaith low risk?
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Table All. Continued.

Importance of one risk level over another

> >

[@)] [@)]
ol o > ) ) S 2|y
S e @ = = S > S = = o1
= 5 e 7] =) 5 = 5 =) 17 El5
o 2 = > o 3 S 3 o > = 2
= x (] = O = (] X| =
o < [ > [ = i = [ > wl<
53 HR MR
54 HR LR
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With respect to the sub-attribute ‘Cooperation (CO)

56.What degree do you assign when high risk is conaparth medium risk?
57.What degree do you assigh when high risk is congpaith low risk?
58.What degree do you assigh when medium risk is cozdpaith low risk?

Table All. Continued.

Importance of one risk level over another

Moderately
Strongly
Very strongly
Extremely

Very strongly
Equally

Extremely
Strongly
Moderately

o o §Attributes

S 9 DlQuestions
;ZU % % Attributes

With respect to the sub-attribute ‘Staffing (S)’

59.What degree do you assign when high risk is conapaith medium risk?
60. What degree do you assign when high risk is congpaith low risk?
61.What degree do you assign when medium risk is coedpaith low risk?

Table All. Continued.

Importance of one risk level over another
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With respect to the sub-attribute ‘Expertise (E)’

62.What degree do you assign when high risk is congparth medium risk?
63. What degree do you assign when high risk is congpaith low risk?
64.What degree do you assign when medium risk is coedpaith low risk?

Table All. Continued.

Importance of one risk level over another
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With respect to the sub-attribute ‘Culture (C)’

65. What degree do you assign when high risk is contpartgh medium risk?
66. What degree do you assign when high risk is congpaith low risk?
67.What degree do you assign when medium risk is cozdpaith low risk?

Table All. Continued.

Importance of one risk level over another
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With respect to the sub-attribute ‘Scoping &Planning (SP)’

68. What degree do you assign when high risk is congparth medium risk?
69. What degree do you assign when high risk is congpaith low risk?
70.What degree do you assign when medium risk is coedpaith low risk?
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Table All. Continued.

Importance of one risk level over another
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With respect to the sub-attribute ‘Resources (R)’

71.What degree do you assign when high risk is conaparth medium risk?
72.What degree do you assign when high risk is conaparth low risk?
73.What degree do you assign when medium risk is coedpaith low risk?

Table All. Continued.

Importance of one risk level over another
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With respect to the sub-attribute ‘Project Implementation Team (PIT)’

74.What degree do you assign when high risk is congpartgh medium risk?
75.What degree do you assign when high risk is congpaith low risk?
76.What degree do you assign when medium risk is coedpaith low risk?

Table All. Continued.

Importance of one risk level over another
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With respect to the sub-attribute ‘Change Managemen(CM)’

77.What degree do you assign when high risk is congparth medium risk?
78.What degree do you assign when high risk is congpaith low risk?
79.What degree do you assign when medium risk is coedpaith low risk?

Table All. Continued.

Importance of one risk level over another
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With respect to the sub-attribute ‘Training (T)’

80.What degree do you assign when high risk is conaparth medium risk?
81.What degree do you assignh when high risk is congpaith low risk?
82.What degree do you assigh when medium risk is coedpaith low risk?

Table All. Continued.

Importance of one risk level over another

\Very strongly
Extremely

Extremely
\Very strongly
Strongly
Moderately
Equally
Moderately
Strongly

o o 5|Attributes

8 & K|Questions
;% % % Attributes

With respect to the sub-attribute ‘Technical Experise (TE)’

83.What degree do you assignh when high risk is conaparth medium risk?
84.What degree do you assigh when high risk is conapaith low risk?
85.What degree do you assigh when medium risk is coedpaith low risk?
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Table All. Continued.

Importance of one risk level over another
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With respect to the sub-attribute ‘Software Complexty (SC)’

86.What degree do you assign when high risk is conaparth medium risk?
87.What degree do you assign when high risk is congpaith low risk?
88.What degree do you assigh when medium risk is coedpaith low risk?

Table All. Continued.

Importance of one risk level over another

\Very strongly
Extremely

\Very strongly
o o S5|Attributes

Extremely
Strongly
Moderately
Equally
Moderately
Strongly

8 9 K|Questions
5 I Z|attributes

With respect to the sub-attribute ‘Database Inaptiide (DI)’

89.What degree do you assign when high risk is conaparth medium risk?
90.What degree do you assignh when high risk is congpaith low risk?
91.What degree do you assigh when medium risk is coedpaith low risk?

Table All. Continued.

Importance of one risk level over another

> >
(@)] (@)]
ol o > S 5 5 S
[O] (O] hut > = = ) = Q] O
2 5 £ 3 S o > o =) @ gls
7 2 o - = o < o c - o|la
=) = < () = o o o = () x| £
o < UJ > N = Lo ] ) > wl<
89 HR! MR
90 HR! LR
91 MR LR




79

With respect to the sub-attribute ‘Hardware (H)’

92.What degree do you assignh when high risk is conaparth medium risk?
93.What degree do you assigh when high risk is congpaith low risk?
94.What degree do you assigh when medium risk is cozdpaith low risk?

Table All. Continued.

Importance of one risk level over another

\Very strongly
Strongly
Moderately
Equally
Moderately
Strongly
\Very strongly
Extremely

o o 5|Attributes

Extremely

&8 8|Questions

;% % % Attributes

©
=

With respect to the sub-attribute ‘Adaptation Delays (AD)’

95.What degree do you assign when high risk is conapaith medium risk?
96.What degree do you assigh when high risk is congpaith low risk?
97.What degree do you assigh when medium risk is coedpaith low risk?

Table All. Continued.

Importance of one risk level over another

Moderately
Strongly
\Very strongly
Extremely

T o 5[Attributes

\Very strongly
Equally

Extremely
Strongly
Moderately

9 & K|Questions
5 I Z|attributes

With respect to the sub-attribute ‘Slow Decision M&ing (SDM)’

98.What degree do you assignh when high risk is conaparth medium risk?
99. What degree do you assign when high risk is conapaith low risk?
100. What degree do you assign when medium risk is cosdpaith low risk?
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Table All. Continued.

Importance of one risk level over another
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With respect to the sub-attribute ‘Poor Decision M&ing (PDM)’

101. What degree do you assign when high risk is contpaith medium risk?
102. What degree do you assign when high risk is contpaith low risk?
103. What degree do you assign when medium risk is cosdpaith low risk?

Table All. Continued.

Importance of one risk level over another

\Very strongly
Extremely

Moderately
Strongly
T o F|Attributes

Strongly
Moderately

\Very strongly
Equally

Questions
Extremely

=
o
N
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o
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;ZU ;IU ;IU Attributes
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With respect to the sub-attribute ‘End-Users (EU)’

104. What degree do you assign when high risk is contpaith medium risk?
105. What degree do you assign when high risk is contpaith low risk?
106. What degree do you assign when medium risk is cosdpaith low risk?

Table All. Continued.

Importance of one risk level over another
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With respect to the sub-attribute ‘Process & Systenintegrity (PSI)’

107. What degree do you assign when high risk is contpaith medium risk?
108. What degree do you assign when high risk is contpaith low risk?
109. What degree do you assign when medium risk is cosdpaith low risk?

Table All. Continued.

Importance of one risk level over another

Questions
Extremely
\Very strongly
Strongly
Moderately
Equally
Moderately
Strongly
\Very strongly
Extremely
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Expert evaluations.
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Table B.1Pair wise comparisons of main risk criterion.
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OR

PMR

TR

DMR

FR

ER
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0,66
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1,50

1,50

0,40
0,40

0,66

0,50
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1,00

0,66
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0,40
0,66

1,50

0,50
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0,66
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2,50
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1,50
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2,00

3,00
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3,50

0,66
1,50
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1,00
2,00

3,00

1,50
2,50

3,50

0,94

1,33

1,83

0,49

0,67

0,94

0,85

1,17

1,55

1,55

2,00
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1,55

2,00

2,50

OR

0,40
0,66

0,66
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0,66
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0,40
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FR
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0,66

0,40
0,66

0,66

0,50
1,00

1,00

0,66
1,50

1,50

0,66
0,40

0,66

1,00
0,50

1,00

1,50
0,66

1,50

1,00

1,00

1,00

0,45

0,61

0,85

0,85

1,17

1,55

0,40

0,50

0,66

0,57

0,83

1,22

0,57

0,83

1,22

1,00

1,00

1,00

CR:

0.099
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Table B.2Pair wise comparisons of executive risks’ sub-cisteria.

GP BE 0]
GP 100 100 100 150 200 250 0,66 100 1,50
1,50 2,00 250 0,66 1,00 1,50
1,50 2,00 250 1,50 2,00 2,50
100 100 1,00 150 200 250 094 133 1,83

BE 040 050 066 100 1,00 1,00 0,66 1,00 1,50
0,40 0,50 0,66 0,40 0,50 0,66
0,40 0,50 0,66 0,40 0,50 0,66
040 05C 066 100 100 1,00 0,49 0,67 0,94

0] 066 100 150 066 1,00 150 1,00 1,00 1,00
0,66 100 150 150 2,00 2,50
040 050 066 150 200 250
057 083 122 122 167 2,17 1,00 1,00 1,00
CR :0.089

Table B.3Pair wise comparisons of organizational risks’-sgk criteria.

CO S E oC

co 10 1,0 12,0 25 30 35 0,66 1,0 1,5 1,5 2,00 2,50
1,5C 2,0 25 15 20 25 0,66 1,00 1,5
1.9 200 25 15 200 250 1,5 200 2,5

1,0 1,0 10 1,8 23 28 12: 16 2,17 12. 167 21

S 0,2¢ 0,3 0,4 1,0 1,0 1,0 0,4C O5C O6€ 0,66 1,0 1,5C
0,4C 0,5C 0,6¢ 0,6¢ 1,0 1,5C¢ 0,66 1,0C 1,5C
0,4C 0,5C 0,6¢ 0,4C 0,5C 0,6¢ 0,66 1,00 1,5(

0,3¢ 04 05 10 10C 10 04¢ 06 09 0,6¢ 1,00 1,50

E 0,6¢ 1,0 15 1,5 20C 25 1,0 1,0 1,0 1,5 2,00 2,5C
0,4C 0,5C 0,6¢ 0,66 1,0C 1,5C 0,6¢ 1,0C 1,5C
0,4C 0,5C 0,66 1,5C( 2,00 2,5( 1,5C 200 2,50

0,4¢ 067" 09 12 167 2,17 10 10 1,0 12 1,61 2,1i

oc 04C o05C o06¢ 0,66 1,0 1,5¢ 0,4 05 0O6€ 1,0 1,00 1,0C
o,6¢ 1,0 1,5¢ 0,66 1,0 1,5 0,6¢ 1,0C 1,5C
0,4 0 0,6¢ 066 1,00 15 04 0,5 O0,6¢

0,4 06 09 06¢ 10 15 04¢ 06° 09 100 1,00 1,00

CR :0.076
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Table B.4Pair wise comparisons of project management rislis*risk criteria.

SP R PIT CM T
SP 1,0 1,0 1,0 06€ 1,00 1,5 15 20 25 06 100 150 06 1,00 1,5
15 2,00 25 1,5 2,00 25 066 1,00 1,5 0,66 1,00 1,5
1,5( 2,0 2,55( 066 1,00 1,5C 0,66 1,00 1,5 1,5( 2,00 2,5(
1,0 1,00 1,00 1,2: 167 217 12; 16° 217 06¢ 100 15 0,9 13 1,8¢
R 066 1,0 15 1,0 1,0C 1,00 1,5 2,00 25 04 05C 06€¢ 04 05( 0,6¢
0,4C 05( 0,6€ 0,66 1,0 1,5 04C 05( 066 0,66 1,00 1,5
0,4C 0,5( 0,6€ 0,66 1,0 1,5 0,4C 05( 0,66 0,66 1,00 1,5
04¢ 06. 09 1,0 1,0 1,0 09 1,3 18 0,4 05 06t 05 08 1,2z
PIT 04( 05 06€ 04 05 06€¢ 1,0 1,0 1,0 04 05 06€¢ 1,5 2,00 2,5C
0,4C 05( 0,66 0,66 1,00 1,5 0,4C 05C 066 0,66 1,00 1,5
0,66 1,0 1% 0,66 1,00 1,5 0,66 1,0 1,5C 0,66 1,0 1,5
04¢ 06. 09 05 08 12; 1,00 1,00 1,0 0,4¢ 06 09 09 13 1,8t
CM 066 1,0 1,5 15 2,00 25 150 20 25 1,00 1,00 100 0,66 1,00 1,5
0,66 1,00 1,5¢ 1,5 2,00 25 1,5 2,00 2,5C 0,6€ 1,0 1,5
0,66 1,0 1,5C 1,5 2,00 2,5 0,66 1,0 1,5 2,5C 3,00 3,5
0,6¢ 1,0 1,5 15( 2,0 25 12: 16° 217 1,00 1,0 100 120 167 217
T 0,66 1,00 1,5C 1,5 2,0 25 04 05 06¢ 06€¢ 1,00 1,5 1,00 1,0 1,0
0,66 1,0 1,5 066 1,00 1,5 066 1,00 1,5 0,66 1,00 1,5
0,4C 05( 0,66 066 1,00 15 066 1,00 150 02¢ 0,37 0,4
05 08 12 09 1,3 18 05 08 12: 05 07¢ 1,1 1,00 1,00 1,0
CR :0.064
Table B.5Pair wise comparisons of technical risks’ sub-dsteria.
TE sc DI H AD
TE 100 1,00 1,0 15 20 25 15C 200 25 15 200 25 0,66 1,00 1,5
15 2,00 25 066 1,0 1,5¢ 066 1,00 1,5 0,66 1,00 1,5
0,66 1,0 1,5 0,66 1,00 1,5 0,66 1,00 1,5C 1,5 2,00 2,5(
1,0 1,00 100 12: 16° 217 09 13 18 09 13% 18 09 13 1.8t
SC 04( 05 06€ 1,0C 1,0 1,0 04 05 06¢ 066 1,00 150 02¢ 03¢ 0,4
0,4C 05( 0,6€ 0,66 1,00 1,5 0,4C 05( 0,66 0,66 1,00 1,5
0,66 1,0 1,5 0,4C 05C 066 0,66 1,00 1,5 0,66 1,00 1,5
04¢ 06. 09 1,00 1,0 1,0C 04¢ 06: 09 05 08 12 05 07¢ 1,1¢
DI 04( 05( 06€ 15 2,00 25 1,00 1p0 1,0 25 3,00 350 0,6€¢ 1,00 1,5
0,66 1,00 1,5C 0,66 1,0 1,5 15 2,00 2,5C 0,66 1,00 1,50
0,66 1,00 1,5C 1,5 2,0 2,5 1,5C 2,00 2,5C 1,5 2,00 2,5(
05° 08 12: 12: 16 217 1,0 1,00 1,00 1,8 23: 28 09 13 18t
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H 04C 05C 06€¢ o06€ 1,0 15 02¢ 03 04C 1,0 1,0 1,0¢ 0,4C 0,5 0,6¢
0.6¢ 1,0 1,5 15C 2,00 25C 04 05C 0,6¢ 0,6¢€ 1,00 1,5C
06¢ 1p0 15C o06€ 1,0 15 0,4 0,5C 0,6¢ 0,66 1,00 1,5C
05 08 12: 09 13 18 03¢ 04 05 10 10 1,0 05 08 1,22

AD 06€¢ 1,0 15 25C 3,00 35 066 1,0 15 15 20C 25 1,0C 1,00 1,0C
06¢ 1,0 15 o06€ 1,0 15 066 1,0 15 0,66 1,00 1,50
0,4C o5C o6€ O6€ 1,0 15C 04 05C 06€ 066 1,00 1,50
05 08 12: 12, 16. 21 05 08 12: 09 13% 18 100 1,0 1,0C

CR :0.082

Table B.6Pair wise comparisons of decision making risk&-8ek criteria.

SDM PDM
SDM 1,00 1,00 1,00 0,66 1,00 1,50
0,29 0,33 0,40
1,50 2,00 2,50
1,00 1,00 1,00 0,82 1,11 1,47
PDM 0,66 1,00 1,50 1,00 1,00 1,00
2,50 3,00 3,50
0,40 0,50 0,66
1,19 1,50 1,89 1,00 1,00 1,00

Table B.7Pair wise comparisons of functional risks’ sullcigsiteria.

EU PSI
EU 1,00 1,00 1,00 0,40 0,50 0,66
0,40 0,50 0,66
1,50 2,00 2,50
1,00 1,00 1,00 0,77 1,00 1,27
PSI 1,50 2,00 2,50 1,00 1,00 1,00
1,50 2,00 2,50
0,40 0,50 0,66
1,13 1,50 1,89 1,00 1,00 1,00
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Table B.8Pair wise comparison of risk levels with respedtite sub-risk criterion of

executive risk.

risk level pair wise comparisons of goals &plan (GP

HR MR LR
HR 1,00 1,00 1,00 2,50 3,00 3,50 3,50 4,00 4,50
1,50 2,00 2,50 2,50 3,00 3,50
0,66 1,00 1,50 3,50 4,00 4,50
1,00 1,00 1,00 1,55 2,00 2,50 3,17 3,67 4,17
MR 0,29 0,33 0,40 1,00 1,00 1,00 2,50 3,00 3,50
0,40 0,50 0,66 2,50 3,00 3,50
0,66 1,00 1,50 2,50 3,00 3,50
0,45 0,61 0,85 1,00 1,00 1,00 2,50 3,00 3,50
LR 0,22 0,25 0,29 0,29 0,33 0,40 1,00 1,00 1,00
0,29 0,33 0,40 0,29 0,33 0,40
0,22 0,25 0,29 0,29 0,33 0,40
0,24 0,28 0,33 0,29 0,33 0,40 1,00 1,00 1,00
CR : 0.096
risk level pair wise comparisons of business envinment (BE)
HR MR LR
HR 1,00 1,00 1,00 1,50 2,00 2,50 2,50 3,00 3,50
0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 2,50 3,00 3,50
1,00 1,00 1,00 0,94 1,33 1,83 2,17 2,67 3,17
MR 0,40 0,50 0,66 1,00 1,00 1,00 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 2,50 3,00 3,50
0,57 0,83 1,22 1,00 1,00 1,00 1,83 2,33 2,83
LR 0,29 0,33 0,40 0,40 0,50 0,66 1,00 1,00 1,00
0,40 0,50 0,66 0,40 0,50 0,66
0,29 0,33 0,40 0,29 0,33 0,40
0,33 0,39 0,49 0,36 0,44 0,57 1,00 1,00 1,00
CR :0.075
risk level pair wise comparisons of ownership (O)
HR MR LR
HR 1,00 1,00 1,00 0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
1,50 2,00 2,50 2,50 3,00 3,50
1,00 1,00 1,00 0,94 1,33 1,83 1,83 2,33 2,83
MR 0,66 1,00 1,50 1,00 1,00 1,00 0,66 1,00 1,50
0,66 1,00 1,50 1,50 2,00 2,50
0,40 0,50 0,66 1,50 2,00 2,50
0,57 0,83 1,22 1,00 1,00 1,00 1,22 1,67 2,17
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LR 0,40 0,50 0,66 0,66 1,00 1,50 1,00 1,00 1,00
0,40 0,50 0,66 0,40 0,50 0,66
0,29 0,33 0,40 0,40 0,50 0,66
0,36 0,44 0,57 0,49 0,67 0,94 1,00 1,00 1,00
CR :0.07

Table B.9Pair wise comparison of risk levels with respedtite sub-risk criterion of
organizational risk.

risk level pair wise comparisons of cooperation (CD

HR MR LR
HR 1,00 1,00 1,00 0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 0,66 1,00 1,50
1,00 1,00 1,00 0,66 1,00 1,50 1,22 1,67 2,17
MR 0,66 1,00 1,50 1,00 1,00 1,00 0,66 1,00 1,50
0,66 1,00 1,50 @,6 1,00 1,50
0,66 1,00 1,50 @,6 1,00 1,50
0,66 1,00 1,50 1,00 1,00 1,00 0,66 1,00 1,50
LR 0,40 0,50 0,66 0,66 1,00 1,50 1,00 1,00 1,00
0,40 0,50 0,66 0,66 1,00 1,50
0,66 1,00 1,50 0,66 1,00 1,50
0,49 0,67 0,94 0,66 1,00 1,50 1,00 1,00 1,00
CR : 0.099
risk level pair wise comparisons of staffing (S)
HR MR LR
HR 1,00 1,00 1,00 1,50 2,00 2,50 1,50 2,00 2,50
1,50 2,00 2,50 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
1,00 1,00 1,00 1,22 1,67 2,17 1,50 2,00 2,50
MR 0,40 0,50 0,66 1,00 1,00 1,00 0,66 1,00 1,50
0,40 0,50 0,66 a,5 2,00 2,50
0,66 1,00 1,50 @,6 1,00 1,50
0,49 0,67 0,94 1,00 1,00 1,00 0,94 1,33 1,83
LR 0,40 0,50 0,66 0,66 1,00 1,50 1,00 1,00 1,00
0,40 0,50 0,66 0,40 0,50 0,66
0,40 0,50 0,66 0,66 1,00 1,50
0,40 0,50 0,66 0,57 0,83 1,22 1,00 1,00 1,00
CR :0.091
risk level pair wise comparisons of expertise (E)
HR MR LR
HR 1,00 1,00 1,00 0,66 1,00 1,50 0,66 1,00 1,50
0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 0,66 1,00 1,50

1,00 1,00 1,00 0,66 1,00 1,50 0,94 1,33 1,83
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MR 0,66 1,00 1,50 1,00 1,00 1,00 1,50 2,00 2,50
0,66 1,00 1,50 a,5 2,00 2,50
0,66 1,00 1,50 a,5 2,00 2,50
0,66 1,00 1,50 1,00 1,00 1,00 1,50 2,00 2,50
LR 0,66 1,00 1,50 0,40 0,50 0,66 1,00 1,00 1,00
0,40 0,50 0,66 0,40 0,50 0,66
0,66 1,00 1,50 0,40 0,50 0,66
0,57 0,83 1,22 0,40 0,50 0,66 1,00 1,00 1,00
CR :0.084
risk level pair wise comparisons of organization'sulture (OC)
HR MR LR
HR 1,00 1,00 1,00 0,66 1,00 1,50 0,66 1,00 1,50
0,66 1,00 1,50 0,66 1,00 1,50
0,66 1,00 1,50 0,66 1,00 1,50
1,00 1,00 1,00 0,66 1,00 1,50 0,66 1,00 1,50
MR 0,66 1,00 1,50 1,00 1,00 1,00 1,50 2,00 2,50
0,66 1,00 1,50 a,5 2,00 2,50
0,66 1,00 1,50 a,5 2,00 2,50
0,66 1,00 1,50 1,00 1,00 1,00 1,50 2,00 2,50
LR 0,66 1,00 1,50 0,40 0,50 0,66 1,00 1,00 1,00
0,66 1,00 1,50 0,40 0,50 0,66
0,66 1,00 1,50 0,40 0,50 0,66
0,66 1,00 1,50 0,40 0,50 0,66 1,00 1,00 1,00
CR : 0.086

Table B.10Pair wise comparison of risk levels with respedie sub-risk criterion of
project management risk.

risk level pair wise comparisons of scoping &planmg (SP)

HR MR LR
HR 1,0C 1,0C 1,0C 0,6¢ 1,0C 1,5C 1,5C 2,0C 2,5C
0,6€ 1,0C 1,5C 1,5C 2,0C 2,5C
0,4C 0,5C 0,6¢€ 0,6¢€ 1,0C 1,5C
1,0( 1,0( 1,0C 0,57 0,8% 1,22 1,22 1,67 2,17
MR 0,6¢ 1,0C 1,5C 1,0C 1,0C 1,0C 1,5C 2,0C 2,5C
0,6¢ 1,0C 1,5C 1,5C 2,0C 2,5C
1,5C 2,0C 2,5C 1,5C 2,00 2,5C
0,9¢ 1,3¢ 1,88 1,0( 1,0( 1,0C 1,5( 2,0( 2,5C
LR 0,4C 0,5C 0,6¢ 0,4C 0,5C 0,6¢ 1,0C 1,00 1,0C
0,4C 0,5C 0,6¢€ 0,4C 0,5C 0,6¢
0,6¢€ 1,0C 1,5C 0,4C 0,5C 0,6¢€
0,4¢ 0,67 0,94 0,4( 0,5( 0,6€ 1,0( 1,0( 1,0C

CR:0.091
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risk level pair wise comparisons of resources (R)

HR MR LR
HR 1,0C 1,0C 1,0C 0,6€ 1,0C 1,5C 0,4C 050 0,6€
0,6€ 1,0C 1,5C 0,4C 0,5C 0,6€
0,4C 0,5C 0,6€ 0,4C 0,5C 0,6€
1,0C 1,0( 1,0C 0,57 0,8t 1,22 0,4( 0,5( 0,6€
MR 0,6€ 1,0C 1,5C 1,0C 1,0C 1,0C 0,6€ 1,0C 1,5C
0,6€ 1,0C 1,5C 0,6€ 1,00 1,5C
1,5C 2,0C 2,5C 0,6€ 1,0C 1,5C
0,9/ 1,3t 1,88 1,0( 1,0( 1,0C 0,6¢ 1,0( 1,5C
LR 1,5C 2,0C 2,5C 0,6€ 1,0C 1,5C 1,0C 1,0C 1,0C
1,5C 2,0C 2,5C 0,6€ 1,0C 1,5C
1,5C 2,0C 2,5C 0,6€ 100 1,5C
1,5C 2,0( 2,5C 0,6¢ 1,0( 1,5C 1,0( 1,0( 1,0C
CR :0.084
risk level pair wise comparisons of project implerantation team (PIT)
HR MR LR
HR 1,0C 1,0C 1,0C 0,6€ 1,0C 1,5C 1,5C 2,0C 2,5C
0,6€ 1,0C 1,5C 1,5C 2,0C 2,5C
0,6€ 1,0C 1,5C 0,6€ 1,0C 1,5C
1,0C 1,0( 1,0C 0,6¢€ 1,0( 1,5C 1,22 1,67 2,17
MR 0,6€ 1,0C 1,5C 1,0C 1,0C 1,0C 2,5C 3,0C 3,5C
0,6€ 1,0C 1,5C 1,5C 2,0C 2,5C
0,6€ 1,0C 1,5C 1,5C 2,0C 2,5C
0,6¢€ 1,0( 1,5C 1,0C 1,0( 1,0C 1,8: 2,3¢ 2,8%
LR 0,4C 0,5C 0,6¢€ 0,2¢ 0,3¢ 0,4C 1,0C 1,0C 1,0C
0,4C 0,5C 0,6€ 0,4C 0,5C 0,6€
0,6€ 1,0C 1,5C 0,4C 0,5C 0,6€
0,4¢ 0,67 0,94 0,3¢ 0,44 0,57 1,0( 1,0( 1,0C
CR:0.09
risk level pair wise comparisons of change managemt (CM)
HR MR LR
HR 1,0C 1,0C 1,0C 0,6€ 1,0C 1,5C 1,5C 2,0C 2,5C
1,5C 2,0C 2,5C 1,5C 2,0C 2,5C
1,5C 2,0C 2,5C 1,5C 2,0C 2,5C
1,0( 1,0( 1,0C 1,22 1,67 2,17 1,5( 2,0( 2,5C
MR 0,6€ 1,0C 1,5C 1,0C 1,0C 1,0C 1,5C 2,0C 2,5C
0,4C 0,5C 0,6€ 1,5C 2,0C 2,5C
0,4C 0,5C 0,6€ 0,6€ 1,0C 1,5C
0,4¢ 0,67 0,94 1,0C 1,0( 1,0C 1,22 1,67 2,17
LR 0,4C 0,5C 0,6€ 0,4C 0,5C 066 1,0C 1,0C 1,0C
0,4C 0,5C 0,6€ 0,4C 0,5C 0,6€
0,4C 0,5C 0,6€ 0,6€ 1,0C 1,5C
0,4( 0,5( 0,6€ 0,4¢ 0,67 0,94 1,0( 1,0( 1,0C
CR : 0.098
risk level pair wise comparisons of training (T)
HR MR LR
HR 1,0C 1,0C 1,0C 1,5C 2,0C 2,5C 2,5C 3,0C 3,5
1,5C 2,0C 2,5C 1,5C 2,0C 2,5C
1,5C 2,0C 2,5C 1,5C 2,0C 2,5C
1,0( 1,0( 1,0C 1,5C 2,0( 2,5C 1,8: 2,3¢ 2,8¢
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MR 0,4C 0,5(C 0,6¢ 1,0C 1,0C 1,0C 1,5C 2,0C 2,5C
0,4C 0,5C 0,6¢ 1,5C 2,0C 2,5C
0,4C 0,5(C 0,6¢€ 0,6¢€ 1,0C 1,5C
0,4( 0,5( 0,6€ 1,0( 1,0( 1,0C 1,22 1,67 2,17

LR 0,2¢ 0,3t 0,4C 0,4C 0,5C 0,6¢€ 1,0C 1,0C 1,0C
0,4C 0,5C 0,6¢ 0,4C 0,5C 0,6¢
0,4C 0,5(C 0,6¢€ 0,6€ 1,0C 1,5C
0,3¢ 0,4¢ 0,57 0,4¢ 0,67 0,94 1,0( 1,0( 1,0C

CR :0.073

Table B.11Pair wise comparison of risk levels with respedie sub-risk criterion of
technical risk.

risk level pair wise comparisons of technical expdise (TE)

HR MR LR
HR 1,00 1,00 1,00 0,66 1,00 1,50 0,66 1,00 1,50
0,40 0,50 0,66 0,66 1,00 1,50
0,29 0,33 0,40 0,66 1,00 1,50
1,00 1,00 1,00 0,45 0,61 0,85 0,66 1,00 1,50
MR 0,66 1,00 1,50 1,00 1,00 1,00 1,50 2,00 2,50
1,50 2,00 2,50 1,50 2,00 2,50
2,50 3,00 3,50 1,50 2,00 2,50
1,55 2,00 2,50 1,00 1,00 1,00 1,50 2,00 2,50
LR 0,66 1,00 1,50 0,40 0,50 0,66 1,00 1,00 1,00
0,66 1,00 1,50 0,40 0,50 0,66
0,66 1,00 1,50 0,40 0,50 0,66
0,66 1,00 1,50 0,40 0,50 0,66 1,00 1,00 1,00
CR:0.091
risk level pair wise comparisons of software compkity (SC)
HR MR LR
HR 1,00 1,00 1,00 0,40 0,50 0,66 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
0,40 0,50 0,66 0,66 1,00 1,50
1,00 1,00 1,00 0,49 0,67 0,94 1,22 1,67 2,17
MR 1,50 2,00 2,50 1,00 1,00 1,00 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
1,50 2,00 2,50 1,50 2,00 2,50
1,22 1,67 2,17 1,00 1,00 1,00 1,50 2,00 2,50
LR 0,40 0,50 0,66 0,40 0,50 0,66 1,00 1,00 1,00
0,40 0,50 0,66 0,40 0,50 0,66
0,66 1,00 1,50 0,40 0,50 0,66
0,49 0,67 0,94 0,40 0,50 0,66 1,00 1,00 1,00

CR :0.098
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risk level pair wise comparisons of database inajitide (DI)

HR MR LR
HR 1,00 1,00 1,00 1,50 2,00 2,50 2,50 3,00 3,50
0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
1,00 1,00 1,00 0,94 1,33 1,83 1,83 2,33 2,83
MR 0,40 0,50 0,66 1,00 1,00 1,00 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
0,57 0,83 1,22 1,00 1,00 1,00 1,50 2,00 2,50
LR 0,29 0,33 0,40 0,40 0,50 0,66 1,00 1,00 1,00
0,40 0,50 0,66 0,40 0,50 0,66
0,40 0,50 0,66 0,40 0,50 0,66
0,36 0,44 0,57 0,40 0,50 0,66 1,00 1,00 1,00
CR:0.061
risk level pair wise comparisons of hardware (H)
HR MR LR
HR 1,00 1,00 1,00 0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 0,66 1,00 1,50
1,00 1,00 1,00 0,66 1,00 1,50 1,22 1,67 2,17
MR 0,66 1,00 1,50 1,00 1,00 1,00 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 1,00 1,00 1,00 1,50 2,00 2,50
LR 0,40 0,50 0,66 0,40 0,50 0,66 1,00 1,00 1,00
0,40 0,50 0,66 0,40 0,50 0,66
0,66 1,00 1,50 0,40 0,50 0,66
0,49 0,67 0,94 0,40 0,50 0,66 1,00 1,00 1,00
CR:0.073
risk level pair wise comparisons of adaptation dalys (AD)
HR MR LR
HR 1,00 1,00 1,00 1,50 2,00 2,50 1,50 2,00 2,50
0,66 1,00 1,50 0,66 1,00 1,50
0,66 1,00 1,50 0,66 1,00 1,50
1,00 1,00 1,00 0,94 1,33 1,83 0,94 1,33 1,83
MR 0,40 0,50 0,66 1,00 1,00 1,00 0,66 1,00 1,50
0,66 1,00 1,50 0,66 1,00 1,50
0,66 1,00 1,50 0,66 1,00 1,50

0,57 0,83 1,22 1,00 1,00 1,00 0,66 1,00 1,50
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LR 0,40 0,50 0,66 0,66 1,00 1,50 1,00 1,00 1,00
0,66 1,00 1,50 0,66 1,00 1,50
0,66 1,00 1,50 0,66 1,00 1,50
0,57 0,83 1,22 0,66 1,00 1,50 1,00 1,00 1,00
CR :0.099

Table B.12Pair wise comparison of risk levels with respedie sub-risk criterion of
decision making risk.

risk level pair wise comparisons of slow decision aking (SDM)

HR MR LR
HR 1,00 1,00 1,00 2,50 3,00 3,50 3,50 4,00 4,50
1,50 2,00 2,50 2,50 3,00 3,50
0,66 1,00 1,50 2,50 3,00 3,50
1,00 1,00 1,00 1,55 2,00 2,50 2,83 3,33 3,83
MR 0,29 0,33 0,40 1,00 1,00 1,00 2,50 3,00 3,50
0,40 0,50 0,66 2,50 3,00 3,50
0,66 1,00 1,50 2,50 3,00 3,50
0,45 0,61 0,85 1,00 1,00 1,00 2,50 3,00 3,50
LR 0,22 0,25 0,29 0,29 0,33 0,40 1,00 1,00 1,00
0,29 0,33 0,40 0,29 0,33 0,40
0,29 0,33 0,40 0,29 0,33 0,40
0,27 0,30 0,36 0,29 0,33 0,40 1,00 1,00 1,00
CR:0.10
risk level pair wise comparisons of poor decisiomaking (PDM)
HR MR LR
HR 1,00 1,00 1,00 1,50 2,00 2,50 2,50 3,00 3,50
1,50 2,00 2,50 2,50 3,00 3,50
0,66 1,00 1,50 1,50 2,00 2,50
1,00 1,00 1,00 1,22 1,67 2,17 2,17 2,67 3,17
MR 0,40 0,50 0,66 1,00 1,00 1,00 1,50 2,00 2,50
0,40 0,50 0,66 2,50 3,00 3,50
0,66 1,00 1,50 2,50 3,00 3,50
0,49 0,67 0,94 1,00 1,00 1,00 2,17 2,67 3,17
LR 0,29 0,33 0,40 0,40 0,50 0,66 1,00 1,00 1,00
0,29 0,33 0,40 0,29 0,33 0,40
0,40 0,50 0,66 0,29 0,33 0,40
0,33 0,39 0,49 0,33 0,39 0,49 1,00 1,00 1,00

CR:0.10
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Table B.13Pair wise comparison of risk levels with respedite sub-risk criterion of

functional risk.

risk level pair wise comparisons of end-users (EU)

HR MR LR
HR 1,00 1,00 1,00 1,50 2,00 2,50 2,50 3,00 3,50
0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
1,00 1,00 1,00 0,94 1,33 1,83 1,83 2,33 2,83
MR 0,40 0,50 0,66 1,00 1,00 1,00 1,50 2,00 2,50
0,66 1,00 1,50 1,50 2,00 2,50
0,66 1,00 1,50 2,50 3,00 3,50
0,57 0,83 1,22 1,00 1,00 1,00 1,83 2,33 2,83
LR 0,29 0,33 0,40 0,40 0,50 0,66 1,00 1,00 1,00
0,40 0,50 0,66 0,40 0,50 0,66
0,40 0,50 0,66 0,29 0,33 0,40
0,36 0,44 0,57 0,36 0,44 0,57 1,00 1,00 1,00
CR :0.074
risk level pair wise comparisons of process &systeintegrity (PSI)
HR MR LR
HR 1,00 1,00 1,00 0,66 1,00 1,50 1,50 2,00 2,50
0,40 0,50 0,66 0,66 1,00 1,50
0,40 0,50 0,66 0,66 1,00 1,50
1,00 1,00 1,00 0,49 0,67 0,94 0,94 1,33 1,83
MR 0,66 1,00 1,50 1,00 1,00 1,00 2,50 3,00 3,50
1,50 2,00 2,50 1,50 2,00 2,50
1,50 2,00 2,50 1,50 2,00 2,50
1,22 1,67 2,17 1,00 1,00 1,00 1,55 2,00 2,50
LR 0,40 0,50 0,66 0,29 0,33 0,40 1,00 1,00 1,00
0,66 1,00 1,50 0,40 0,50 0,66
0,66 1,00 1,50 0,40 0,50 0,66
0,57 0,83 1,22 0,45 0,61 0,85 1,00 1,00 1,00

CR:0.10
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