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Abstract

Risk management is one of the most important phafspsoject management and is
the most recently used by many researchers. lip#psr, a fuzzy based method was
proposed which identifies different kinds of riskgough the project life cycle.
Then, the project risk magnitude can be obtainegdgards to five factors, namely
“severity”, “occurrence”, and “not detection” whidbrm fuzzy FMEA and also two
other factors namely project phase weights and ne&ights. These two factors in
addition to risk priority number (RPN) factors ci@ad to the application of better
risk management. Based on the project risk magajttie appropriate risk response
should be selected. The proposed model covers {haets of risk management
process: 1. Risk identification, 2. Quantitativekrianalysis and 3. Risk response
planning. Finally, this model was applied by a nuos example, and project risk
magnitude was calculated for an assumed compamgriiy the proposed method.
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Introduction

According to the project management body of knogéed
(PMBOK2004) definition, a project is a temporary deavor

undertaken to create a unique product or servioastuction projects
are perceived to have more inherent risks, duéeartvolvement of
many contracting parties such as owners, desigrastractors,

subcontractors, suppliers, etc., in addition to éhenomic, political,

social and cultural conditions, where the projecta be undertaken
(Jomaalet al, 2010).

Fuzzy logic is a very appropriate method for projecsk
assessment and for dealing with uncertainty andiriess in human
decision making. Many approaches have been sugh@steising
fuzzy logic in risk assessment of projects. Zemnal. (2007) applied
fuzzy set theory to evaluate the performance ot ewgl time in
management of construction project’s risk managémand
utilization. Kuchta (2001) applied fuzzy numbers the risk
evaluation of construction projects.

The objective of this research was to use fuzzyuFaiMode and
Effects Analysis (FMEA) concept in project risk assment, to
decrease errors of risk factors in risk managendestsion making.
The proposed method uses AHP and FMEA approachgesent an
accurate framework which considers project lifeleyweights and
risk weights in the risk assessment process. Thathoa calculates
project risk magnitude considering the factorsigk priority number
(RPN) that has not been used in other researchésfactor evaluates
risk by three criteria namely “severity”, “occurm®i, and “not
detection”. However, current researches have nosidered such
precision components of risk assessment in details.

The rest of the paper is organized as follows.i8e@ presents an
overview of the literature project risk managemémtzy theory, AHP
and FMEA. In Section 3, the proposed method andsitps are
presented in details. How the proposed model id osea real world
example is explained in Section 4 by a numericahgxe. Finally, in
Section 5 conclusions are discussed.
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Literature Review

Project risk management

Project risk management is an endeavor to incrigesprobability and
impact of positive events and decrease the prabahihd impact of
events adverse to the project. This approach isceraed with
conducting risk management planning, risk iderdifien, qualitative
risk analysis, quantitative risk analysis, riskp@sse planning, as well
as risk monitoring and control on a project (Elgen® Altamimi,
2011). These phases are described below briefy\B@K| 2004).

Risk management planningis the process of deciding how to
approach and conduct the risk management actifdrea project. Its
tool is planning meeting and analysis.

Risk identification determines which risks might affect the
project, and documents their characteristics. bslst includes
documentation reviews, information gathering tegbes, checklist
analysis, assumption analysis, and diagrammingitqubs.

Qualitative risk analysis includes methods for prioritizing the
identified risks for further action, such as queative risk analysis or
risk response planning. Its tools are risk probidsl and impact
assessment, probability and impact matrix, risk adajuality
assessment, risk categorization and risk urgersgsament.

Quantitative risk analysis is performed on risks that have been
prioritized by the qualitative risk analysis prosess potentially and
substantially impacting the project’s competing deds. Its tools are
data gathering, representation techniques, quawdtaisk analysis
and modeling techniques.

Risk response plannings the process of developing options, and
determining actions to enhance opportunities addae threats to the
project’s objectives. Its tools are strategies fmyative risks or
threats, strategies for positive risks or oppottesj strategy for both
threats and opportunities and contingent respanstegy.

Risk monitoring and controlling is the process of identifying,
analyzing, and planning for newly arising risksepmg track of the
identified risks and those on the watch list, régriag existing risks,



376 (1IMS) Vol. 8, No. 3, July 2015

monitoring trigger conditions for contingency plansionitoring
residual risks, and reviewing the execution of niskponses while
evaluating their effectiveness. Its tools are rislassessment, risk
audits, variance and trend analysis, technical operdince
measurement, reserve analysis and status meeting.

Risk management is an essential part of projectagement and
plays such an important role that its applicatimesg beyond the
traditional scope which normally centers on thestartion phase.
For example, it expands to such fields as bid-di@Tignaking,
feasibility studies, marketability studies, perfemee evaluations, and
contingency management by reflecting on the varfagsrs spanning
all phases of the project life cycle. Formal riskrmagement process
(RMP) should be applied at all stages in the ptolée cycle and
should consider several potential aspects suchhastegchnology,
market, financial, operational, organizational, abdsiness. This
ensures selection of the most appropriate risktrtreat strategy
(Aelion et al, 1995; Aloiniet al, 2007).

Risks may arise at different phases of a projéetcycle, and some
of them are probably concerned with more than ohase. Many
researchers have focused on risk management imtiauter project
phase.

Jaafari (2001) proposed a case for a shift toegjyabased project
management, a component of which is real time mamagt of risks,
uncertainties and opportunities using a life cymleject management
approach. Jaffari stated that risk management dhtarim a core
function of this strategy-based project managenagproach, using
life cycle objective functions as the main driveasrisk reduction and
value addition.

Sharratt and Choong (2002) proposed a methodomggdognize
and assess the risks in a project which arise femwironmental
issues. They used a life-cycle framework to idgntlie mass and
energy flows associated with activities throughth# project and
their relevant environmental problems.

Patricket al. (2007) stated the risks relative to different @sasf
the project, which are briefly as follows:
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» Feasibility phase: Most risks at this stage are related to clients
and governmental agencies.

» Design phase: Designers play the most important role in this
phase. They should make every effort to fully understand the
wants and needs of clients.

» Construction phase: Most risks in the construction phase are
likely to rest with contractors and subcontractors.

Xie et al. (2006) explored how to integrate software project
management risk into bidding risk, and made use of life cycle
management theory to study risk avoidance in bidding for software
projects. These researchers analyzed the possible risk response
measures for various risk categories and the corresponding strength of
the measures. In their research, a team consisting of experts and
stakeholders achieved consensus on identifying the risks existing at
the time, evaluating the risk and scoring the risk exposure (RE) of
software projects and the related risk items. When risk avoidance
decision-making occurs in thgh stage, cumulative RE of the risk
factor i is defined as:

RE; = YLy a;RE;; (1)
whereq; denotes the weight of RENd

= 1/(j-1) 2

The integrative risk exposure (IRE) of tttle risk category and IRE
of the project are respectively defined as:

IRE; = ¥ RE; 3

IRE =Y | RE; (4)

IRE was used to decide the risk avoidance strength of risk
categories and the project, respectively. Based on IRE t and IRE,
bid/no-bid policy, risk response measures and corresponding strengths
were taken into account, in order to reduce the bidding risk.

Despite the importance of the response phase in reducing the

likelihood of risk occurrence and/or the magnitude of their negative
impact, this phase has not received attention in project risk research.
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Some studies have been conducted in risk respenedi@vs, DSMC
(1986) reviewed examples of risk handling in weapevelopment
projects, Tsai (1992) interviewed management in pesa
development projects and proposed seven risk-lrapditrategies.
The method proposed in this study uses four regsotssed on
project risk magnitude such as risk preventiork tiansmission, risk
reduction and risk adaption in the risk responseanpuhg phase.
Considering uncertainty and fuzziness, as develap#te structure of
the proposed method, results in a more accuratailefibn of risk
magnitude and subsequently results in choosing e rappropriate
response.

Fuzzy theory

Zadeh (1965) introduced the fuzzy set theory td déh uncertainty
due to imprecision and vagueness. A major coniobudf fuzzy set
theory is its capability of representing vague d&azzy set theory
has been applied to many areas which need to mamagetain and
vague values such as risk management. The usualy fusk
evaluation methods can be divided into two categorl. The rule-
based inference method and 2. The mathematicallaitm method
(Zzhang & Chu, 2011).

There is a variety of tools that can be used to manicate
identified risks to project stakeholders. Thesdsanclude the risk
list, risk matrix, risk map and RBS (PMI, 2008; RaMichael, 2001,
Macgill & Siu, 2005). Carr and Tah (2001) in thpaper, investigated
a fuzzy approach to construct project risk assessara analysis. In
this paper, a hierarchical risk breakdown struchas been described
to represent a formal model for qualitative rislsessment. In this
part, some basic fuzzy rules concepts which ardicaiype for the
proposed method were reviewed as follows:

A pure fuzzy logic system is formed by a set of tkiad
IF...THEN to perform the tracing of the input univerd 00 R"on to
the output universé [ R. The rth fuzzy rule is presented in the
following way:

R" = if xq is ux, and x, is uy, and x3 is py, theny is uj, (5)
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X=(X,...,%,)JU is input linguistic variable andylVis the
output linguistic variable.

Whereuy, py, iy, andy;, are the membership functions af x;, x3,
and y. Theuj rth rule output can be obtained using minimum
operation as below:

Hrr (X, ¥) = My, A, A iz, (6)

Fuzzy rule outputs can be aggregated by maximummatpe as
below:

Hr(x,y) = Viz1 R"(x,) (1)
Analytical hierarchy process (AHP) and fuzzy AHP

The AHP was developed by Saaty (1980, 1999), aiwl at multiple
criteria decision-making technique based on a w&e comparison
approach. The AHP incorporates judgments on intdagjualitative
criteria alongside tangible quantitative criteriadasolves many
complicated decision-making problems (Badri, 200han & Kumar,
2007; Dagdeviren & Yuksel, 2008; Kahramenal, 2003; Kulaket
al., 2005). The following examples are about the appilon of AHP
in project risk management process, Hastak and ehgR000)
provided a structured approach for evaluating imskcators involved
in an international construction operation. It Bsigned to estimate
the risk level of a specific project in a foreigouaitry. Dikmen and
Birgonul (2006) proposed a methodology for the difiaation of
risks and opportunities associated with internaiogorojects using
AHP, so that the decision-maker may compare thaditteness of
alternative project options. As a result of the artainty existing in
the pair-wise comparison in the AHP method, in maages fuzzy
AHP is used. The following researchers Cheng (199éng (1999)
and Mikhailov (2000) proposed some fuzzy AHP methdad this
study, Mikhailov’s fuzzy prioritization approachpseferred.

Mikhailov proposed a fuzzy programming method (FRiM3$ed on
the geometrical representation of the prioritizawocess.

This method transforms the prioritization problentoi a fuzzy
programming problem that can easily be solved ataadard linear
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program. He defined the measure of intersectiarf m fuzzy lines
based on triangular fuzzy numbers suggested by Zmmann as:

U = max,, [min {(1 - }2—;),(1 —}2—11”),... X (1 - ?Tw),(l —}Z"—T_nw)}] (8)

where the normalization conditigfi—, w; = 1 is satisfied. Therefore,
the formulation of the max-min problem is equivalenthe following
linear program:

max y (9)
Subject to:

+ +
ud + Rjw < d;
pd; —Rjw <d;jj=1,2,..m
Lawi=1,w; 20i=1,2,...,n

where the values of the left and right toleranceapetersd;” and
d]f'represent the admissible interval of approximatesfe&tion of the
crisp equality Rw =0 on the simplex hyperplane. The FPM

transforms the prioritization problem into the Bmerogram (9) that
can easily be solved by the standard simplex method

Failure mode and effects analysis (FMEA) and fuzziFMEA

Risk analysis has considerable added value in facallyalidation to
assess failures, and FMEA is an important riskyamakool which can
be applied for better risk management. In fact, AM& a qualitative
method that mitigates risks during the design ple$ere they occur.
It first emerged from studies done by NASA in 1963.

The results of FMEA enable managers and engineeadgntify the
failure modes and their causes, and then correat tfuring the stages
of design and production. So, it results in anerassk management
decision making (Cheret al, 2008; Ebrahimipouret al, 2010).
Indeed, this method analyzes the potential religdydroblems in the
development cycle of the project, making it eastetake actions to
overcome such issues, enhancing the reliabilityoufh design.
Therefore, it provides basic information for relldp prediction, as
well as product and process design (Ebrahimigba, 2010; Puente
et al, 2002; Sharmat al, 2008).
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Each FMEA included the following items:

a) Failure Mode

b) Failure Cause

c) Failure Effects

d) Detection Methods (Guimaraesal, 2004).

Risk priority number (RPN) is a technique useddoalyzing the
risks associated with potential problems identifttting a FMEA.
RPN in traditional FMEA is used to evaluate riskthsee criteria:

1. Occurrence (O),

2. Severity (S), and

3. Detection (D).

The range of each criterion is scaled from 1 toRPN can be used
to rank the failure modes and is calculated byofeihg equation.

RPN =0 x Sx D. (20)

For greater RPN value, greater considerations aeded. The
occurrence is related to the probability of thduf@ mode. A ‘1’
indicates low probabilities and ‘10’ indicates highobabilities. The
severity is related to the seriousness of the &ffeica failure mode. A
‘1’ indicates a failure does not affect anythingdan ‘10’ indicates a
life threatening failure. The detection is relatéd the power
identifying the occurrence of a potential causa tdilure mode. A ‘1’
indicates certain to be detected and a ‘10’ ineégampossible to
detect (Arabian-Hoseynabaeli al, 2010; Garciat al, 2005; Rheet
al., 2010).

Many researches have described a fuzzy logic bagprbach for
prioritizing failures in a system FMEA. They useédguistic terms to
describe O, S, D, and the risks of failures for rogeing the
shortcomings of the traditional RPN.

Pillay and Wang (2003) proposed a fuzzy rule bagguroach to
avoid the use of traditional RPN. »at al. (2002) presented a fuzzy
logic base method for the FMEA assessment expstesyfor diesel
engine’s gas turbocharger to address the interdigperes among
various failure modes with uncertain and imprecis@®rmation.
Braglia et al. (2003b) proposed a multi-attribute decision-making
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approach called fuzzy TOPSIS approach for FMECAjctvhs a
fuzzy version of the technique TOPSIS.

Ying-Ming et al. (2009) defined the FRPNs and used alpha-level
sets and linear programming models in their contprtefor ranking
purpose.

Proposed methodology

According to PMBOK (2004), the project risk managemprocess
includes the following stages. In this paper, owppsed method
which covers stages 2, 4 and 5, is represented.

Risk management planni

v

Risk identificatior

v

Qualitative risk analys

v

Quantitative risk analys

v

Risk response planni

v

Risk monitoring and contr

Scope of our proposed method

Fig. 1. Project risk management process according@ tPMBOK

The steps of our method are as follows:

Step 1: Determination of the project life cycle phases. féhis no
single best way to define the ideal project lifecley Some
organizations have established policies that staima all projects
with a single life cycle, while others allow theopct management
team to choose the most appropriate life cycle ttug project
(PMBOK 2004).

Step 2: Identification of project risk in the risk breakao
structure framework.

Step 3: Determination of the occurrence numb€r)(of each risk
in the risk breakdown structure for each projdetdiycle’s phases.
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Step 4: Determination of the severity numbe8) of each risk in
the risk breakdown structure for each projectdiele’s phases.

Step 5: Determination of the not detection numbé )( of each
risk in the risk breakdown structure for each prbjéfe cycle’s
phases. Here “not detection” means that the rigksiat discoverable.

Step 6:Calculation of fuzzy RPN using equation 11.

RPN =0xSxD (11)

Step 7: Determination of the weights of théh sub risk (W) of
each risk in the risk breakdown structure by Mikinds AHP
method.

Step 8: Weight Assignment to each project life cycle phasimg
equation 12 which is represented in reference €, 2006).

a;=1/G—-1) (12)

Step 9: Calculation of final RPN of each major risk basea
equation (13).

RPN[ = ZiEIZjE] Wil X RPNL]l X (Xj lel (13)

For L=number of major risk
J=number of project phase
I=number of subrisk

Step 10:Definition of fuzzy membership functions for eatiajor
risk’s final RPN is as very low (VL), low (L), medin (M), high (H)
and very high (VH). Project risk magnitude is aldefined as
negligible (N), minor (Mi), major (Ma) and critica(C). Then
evaluation of each major risk’s final RPN was parfed using these
membership functions.

Step 11:Using the fuzzy theory represented in section@ @efine
fuzzy rules. These rules are presented by expgedgment about the
relation between inputs and output in a form dhién rules.

Step 12: Determination of the project risk magnitude.
Defuzzification of this result can be calculateddmyation (14).

DF = (XL, Yiur(x, ) / Ei_; e (x, %)) (14)
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Step 13:Proposing the appropriate response for risk.

We have defined four responses as fuzzy sets winech shown in
below.

« Risk adaption (RA) : (0, 100, 300)

* Risk reduction (RR) : (100, 300, 400, 600)

* Risk transmission (RT) : (400, 600, 700, 900)
« Risk prevention (RP) : (700, 900, 1000)

Identification of project risk in the Determination of the project life
risk breakdown structure cycle phases (Step 2)
framework (Step 1)

v v

Determinati [on
of severty number
(g) for each risk
in each phase of
project life cycle
(Step 4)

Determination of
occurrence
number @) for
each risk in each
phase of project
life cycle (Step 3)

Determination of
not detection
number §) for
each risk in each
phase of project
life cycle (Step 5)

Calculation of fuzzy RPN (Step6)

Determination of the weights (v » . )
of each risk by Mikhailov's AHP Weight assignment to each
method (Step 7) project life cycle phase (Xiet

A

al., 2006) (Step 8)

\ 4

Calculation of final RPN for
risks in top level of risk
breakdown structure (Step 9)

v

Evaluation of calculated RPN in previoug
step by defined membership functions

(Step 10)
Determination of
fuzzy rules for
\ 4 magnitude

Determination of the project asse_ssrtn(_enlz of

risk magnitude project s

(Step 12) (Step1l)

Proposing the appropriate risk
respons¢(Step13)

Fig. 2. Steps of the proposed method
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10 30 40 60 70 90 100
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Fig. 3. project risk response

So based on the situation of the project risk ntagei the
appropriate response will be selected.

Numerical Example

In this section, the information of a constructicompany “A” was
considered, in order to apply the proposed modelabyumerical
example. For this purpose, an expert team congisfifiour managers
of the company and the authors of this paper weganized.

The linguistic variables used in this paper ars@néed in Table 1.

Table 1. Linguistic Triangular Fuzzy Scale

Linguistic scale Triangular Fuzzy numbers
Very low(VH) (1,2,3)
Low(L) (2,4,6)
Medium(M) (4,6,8)
High(H) (6,8,9)
Very high(VH) (8,9,10)

Steps 1 and 2The phases of project life cycle, risks and ssksi
to be used in the model are determined by the expam. Figure 4
shows the risk breakdown structure.

| |

Developmen | | Program constrair |

I

—| Resourc
1 Contrac

Management proce | Program interfaces

| Product |
I

Requirements Development process

Desigr Development syste

Code & unit

INNNI

Integration tes Management meth:

Engineering specialties _| Work environmer

Fig. 4. Risk breakdown structure
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The project life cycle phases are presented inelabl

Table 2. Project life cycle phases
Project phases
Initiation
Planning
Execution
Monitoring & control
Closure

aa b~ WNBE

Steps 3, 4, 5:Assignment of “severity”, “occurrence”, and “not
detection” to each risk during project life cycke in Table 3. The
linguistic variables described in Table 1 are usewck.

Table 3. severity, occurrence and not detection Ag;mment of each risk

Project phase

A . . Monitorin
Initiation Planning Execution 9

Closure
& control

Risk items

0O s bo s Db o s Db O s b O s D

Product engineering

Requirements L L H L L HMMIUL HMHVHVHVL
Design VL VHVH M VL VHVH M H H H M VH VH VL
Code & unittest L L VH VL VL VH M VH H VH M
Integrationtest VL L VH VH L VHVH M VH VH VH
Engineering
- M H H L H HVH M VHVH L
specialties
Develoment
environment
Development proces®/L L VH VH M HH H M VHVH H
Development systemL H VH H M H HVH M H VH L
H

Management processm M H H L HVH L VHVH VL VHVH L
Management methodsv H VH H HVH H M L VH VH VL
Work environment H VL M H L H H H M VH H L VH M L

—

Program constraints

Resources M M M MMMMH MVH VH M VH VH
Contract M H H H H VH VH H VH VH
Program interfaces M MM L MM M H L VHVHH

T
- I

Step6: calculated RPN according to equation 11 are shown
Table 4.
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Table 4. calculated RPN for each risk

[oject phase o
Initiation Planning Execution '\gogc')tr?trrlglg Closure
Risk items

Product

engineering

Requirements (24,128,324) (24,128,324) (32,144,384) (144,38%,6484,162,300)
Design (64,162,300) (32,108,240) (192,432,72(1}44,384,648) (64,162,300)

Code & unit test (32,144,360)  (8,36,90)  (192,432,720) (0,0,0) (96,288,540)
Integration test (16,72,180) (0,0,0)  (128,324,60qP56,486,800)(128,324,600)
Engineerng g 195432y (0,00)  (72,256,486) (96,288,540) (328,600)
specialties
Development
environment
Development
process
Development
system
Management
process
Management
methods
Work
environment
Program
constraints
Resources  (64,216,512) (64,216,512) (96,288,576) (256,486,8(884,648,900)
Contract (144,384,648)(216,512,729)  (0,0,0) (384,648,900)128,324,600)

Program
e faces (0,0,0)  (64,216,512) (32,144,384) (48,192,432) (B88,900)

(16,72,180) (0,000 (192,288 576)44,384,648)(384,648,900)
(96,288,540)  (0,0,0)  (144,384,64§)92,432,720) (96,288,540)
(96,288,576) (72,256,486) (96,288,540) (64,162,3q2P8,324,600)
(192,432,720) (0,0,0)  (288,576,810)(48,192,432) (64,162,300)

(36,128,243) (72,256,486) (144,384,64896,288,540) (64,216,480)

Step 7:In this step we determine the importance of riskgyhts in
bottom levels of RBS by using mikhailov’s fuzzy Ahifrethod.
Table 5. Risk item weight

Risk item weighted
Product engineering

Requirements 0.08
Design 0.1
Code & unit test 0.04
Integration test 0.05
Engineering specialties 0.05
Development environment

Development process 0.05
Development system 0.11
Management process 0.19
Management methods 0.1
Work environment 0.09
Program constraints

Resources 0.12
Contract 0.01

Program interfaces 0.01
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Steps 8 & 9:calculation of final RPN according to equation 13ss
below.

Table 6. Final RPN for each risk

[oject phase o
Initiation Planning  Execution '\gogc')tr?trrlglg Closure
Risk items

) 1 1 I 1

2 3 4 5
Product
engineering
Requirements  (1.9,10.2,25.9) (1.0,5.1,13.0) (0.9,3.8,10.2) (2RA13.0) (1.0,2.6,4.8)
Design (6.4,16.2,30.0) (1.6,5.4,12.0) (6.4,14.4,24.(8.6,9.6,16.2) (1.3,3.2,6.0)

Code & unittest (1.3,5.8,14.4) (0.2,0.7,1.8) (2.6,5.8,9.6) (0.0m®W (0.8,2.3,4.3)
Integration test (0.8,3.6,9.0) (0.0,0.0,0.0) (2.1,5.4,10.0) (3.2B10) (1.3,3.2,6.0)
Engineering
specialties
Development
environment
Development

(24,9.6216) (0.0,0000) (1.24.381) (1L.28% (1.3,3.26.0)

(0.8,3.6,9.0)  (0.0,0.0,0.0) (3.24.896) (1888 (3.8,6.59.0)

process

Development ;631 7504) (0.0,0.000) (5.3,14.1,23(8)3,11.9,19.8) (2.1,6.3,11.9)
system

mizggsmem (18.2,54.7,109.4)(6.8,24.3,46.2)(6.1,18.2,34.2) (3.0,7.7,14.3) (4.9,12.3,22.8)
Management

othore (19.2,43.2,72.0) (0.0,0.0,0.0) (9.6,19.2,27.00.2,4.8,10.8) (1.3,3.2,6.0)
Work

emironment | (G2115219) (32115219%.311519.4) (226512.2)  (1.23.9,86)
Program

constraints

Resources (7.7,25.9,61.4) (3.8,13.0,30.78.8,11.5,23.0)(7.7,14.6,24.0)(9.2,15.6,21.6)
Contract (14,3865  (1.1263.6) (0.0,0.000) (LOA® (0.3,0.6.1.2)
Program

oratos (000000) (031126 (0.1,0513) (0.LDBH, (0.8,1.3.1.8)

Table 6 shows the RPN for each sub risk separdteiyng project
life cycle and Table 7 is final RPN for major risks

Table 7. final RPN for major risks

Major risk Final RPN
Product engineering (45.18, 131.88, 262.65)
Development environment (117.33, 316.31, 577.17)
Program constraints (37.31, 92.54, 181.10)

Step 10:as mentioned in step 10 in part 2, membership &bm
risk’s final RPN are as below. In this step, thiersection between the
major risk’s final RPN and their membership funot@re obtained as
shown in Figure 5.
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A Product engineering
0.488
0.411
15C 25 35C 45  55C 65 75  85C 100

Development environment

0.7906
0629 NN\
Q44373
0301 77T
VA AN / \ AN )
35C 45( 55( 65( 75C 85(

0.753
100¢

15C 25C

Program constraints

15C 25( 35 45 55 65 75 85

=

100¢

Fig. 5. membership of major risk’s final RPN

These are the results of this intersection:
Development environment risk: ((VL, 0.4437), (L, (), 0.6295),

(H, 0.0753)).
Program constraint: ((VL, 1), (L, 0.1649)).

Product engineering: ((VL, 1), (L, 0.4881)).
Step 11:. as each major risk’s final RPN have five linguisti

variables, so the total number of rules is
5x5x5=12% 80 rules were defined in this case. There are two

examples of our rules as below:
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R'= if “development environment risk” is Low (L), “pgram
constraint” is Very low (VL), and “Product engine®y” is Very low
(VL), then project risk magnitude is Negligible (N)

R’= if “development environment risk” is Medium (Myprogram
constraint” is Very low (VL), and “Product engine®” is Very low
(VL), then project risk magnitude is Minor (Mi).

Step 12: In this step, the values in Table 8 were calcdlate
according to equations 6 and 7 and the resultsepfH0.

Table 8. Fuzzy logic results
Product engineering

development program VL(1) L(0.4881)
environment risk constraint )

VL(1) N(0.4437)  Mi(0.4437)
VL(0.4437) L(0.1649) N(0.1649)  Mi(0.1649)

LW VL(1) N(1) Mi(0.4881)
L(0.1649)  Mi(0.1649) Mi(0.1649)

VL(1) Mi(0.6295)  Mi(0.4881)
M(0.6295) L(0.1649)  Mi(0.1649)  Mi(0.1649)
H(0.0753) VL(1) Mi(0.0753) Ma(0.0753)

L(0.1649) Ma(0.0753) Ma(0.0753)

For example in order to calculate the second ruldchv is
highlighted in the Table, we have:
Ugz = uM(development environment risk)
A uVL(program constraint)
A uVL(product engineering) = min(0.6295,1,1)
= (0.6295, uMi(project risk magnitude))
After obtaining Table 8, the project risk magnituma be resulted
by equation 7
project risk magnitude :
((1, 4N (project risk magnitude)), (0.6298Mi  répect risk magnitude)

(0.0753uMa (project risk magnitude)))
Then we should defuzzify the above result by equaté.

defuzzification of the Project risk magude :
_100x 1+ 400< 0.629% 700 0'075=3237.28
1+0.6295+ 0.0753
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The project risk magnitude is 237.28; this is shown the
membership function below. According to figure I fproject risk is
between negligible with 31.36% and minor with 6864

A

0.686
0.313

N
>

100 300 400 600 700 900 1000

Fig. 6. Project risk magnitude membership function

Step 13: according to the project risk magnitude, as 68.64%
minor, therefore risk reduction was expected agsaese.

Conclusion

In this paper, a model is presented which coversetiphases of the
risk management process namely, 1. Risk identiinat 2.
Quantitative risk analysis and 3. Risk responsermptay. Then, fuzzy
FMEA, project life cycle weights and risk weights fdetermination
of each major risk magnitude were aggregated. Tiogegqt risk
magnitude was obtained by fuzzy logic, and findlg appropriate
risk response was chosen. The proposed model walgedpy a
numerical example and results show that considettiege factors
altogether in project assessment, leads to moneraecresults. The
quantitative models which exist to measure projeskts, have not
considered both fuzzy logic and FMEA concepts toget In this
study, the integration of quantitative risk assemsimmethod and
fuzzy logic yielded an accurate method which presi@ solution for
the weakness of previous methods.
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