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Purpose: The aim of this study was to design a new fuzzy expert system for project portfolio risk
management in ongoing projects of a first mobile holding.
Methodology: To do this; To identify the risks from the Dematel method developed in Excel, to evaluate

and determine the most important risks from the fuzzy FMEA methods in Excel and the AHP method in
Expert Choice software; And to select the optimal risk response, a proposed mathematical model is used
and solved in Gamz software.

Findings: The research findings showed that there are 23 risks in the studied projects, 8 of which were of
high importance and impact. Also, risk prioritization and determination of their impact level was
performed using the integrated AHP-FMEA method. Findings obtained from solving and implementing
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the mathematical model in Gamz software also showed that the proposed model of efficiency and
capability for selecting optimal risk response strategies is established.
Originality/Value: The general findings indicate that the proposed new fuzzy expert system also has the

necessary capability and efficiency to manage the portfolio risk in the study holding.

Keywords: Risk management, Project portfolio, Fuzzy expert system, Multi-Objective Mathematical
Model, Developed dematel method, AHP Method, FEMA Method.
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Figure 1- Flowchart of the proposed newly designed fuzzy expert system.
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Continued Table 2- Descriptions and definitions of the proposed mathematical model.

tesles 03l 10 0 £ 95 pl Slge sl yo dnja

Cot
(| &S el sl W
| ﬁ Sy Gy el Rr
Aq

C

- lbogls Sy 2l g3l el (rela
pla S el s3liml 580 202
&N pla Sy, gl s3] 65550 ol anin  Ca
tSbe; ojlk 5o j oo (Al o9 Pit
t Sl 0y99 ;303 sly aleyw CiSL 2 5
£0)99 55 055 sl SAS3L Ol &5 Bl MARR,
323 F) plr Sy a5 K plw (6,15 Cdlad (gl 00 00 (e CokS 47
plr Sy sy pla Sy Zewls (6556 51 am plw ()5 Codled (gly 00l 00 (edt CodS ar
059y CoiS | Vb o> Cmax
Ol o )5 clld g5,5 5 plw )5 colled plasl oy Glojojl €
425 &) plr S STelw 6,55 Codlad pll (6l 0 035 e (slagg, slaws 57
Sle pla S Gl 554 51 an T plw (IS ol plosl (g1 00ds 035 (e (slajg, Slass  Sar
plr S,
3385 586 gm by Sl S5y plw (6,15 Sodlad codS il Vb w87
0353 Jos2s 50 el y31 (Vb vo Tinax
o353 o925 50 13l Wb u> Tima
Al Say sl pla Sy Gl (62554 51 dms 0003 paedts Seany gl el 136 Car
tle oy90 0 jojsn Job it
ool (5 ko
o Dygeo pl yf 33 5 ) 09l Ll toyes ;0 (6 lTale s (gl 039y ST AT 5yl e it
2l 50 5 Vo0 098 48,5 IS jojgn )0 9 T S 3l sl a gl Bl ST 0k e Far

590 S Sy Co e Sl (295 (65 013 pin SO &l

o Sz o
558 5 0595 s DLl 51 3L LAl sges (1) Bun i el ol Bun U Y o o ol Sk, Joe
J§|..\> 61).; (Y) Sos c.}ti -.\JLQJL;c f"""’;L‘ ‘) @L’;u‘ Qo 05993 4R 6‘).) LmS.w,g) r:l.o.'i C“‘"’L’ LSLQLSP‘);.“”‘
Sl le ause Oile onds sBas b opl jo cwl sadiosliwl Sl glaojgy JS auie jogel
3 B ke (Al g pl dlse mbe wuie Sle rage VInile wuie 4 bgpe pyo ol
ool LS5 s golpinin wob, Jow aslol jo ams e plis 1) ead (5,554 S,y lagul slasil il

1]

xj; X ph; +Zn:iizjar ()

t=1j=1 t=1j=1 k=1
T n 4 n A (Y)
+ sz’t Toj -CHop + ZZCH max zjg,
t=1 j=1 o=1 j=1a=1

S.t:z’t[;l xjt K 1, \4 ] = 1,2, e, n, (V)



z(t +di ) xje K Tpax,  VJi=12,.,m, (t)
t=1
n
z rlinjt <4 Hitl Vi= 1,2, e, m, t = 1,2, ...,T, (&) E
.:1 { 'I",
D g < M, Vk=12.,5, t=12.,T, () g
j=1
U i £V
Z‘F'O]X]t << ROt’ V 0 = 1,2, ...,Z, t = 1,2, ...,T, (V)
j=1
m S zZ
i=1 k=1 0=1
=12, ..,n, Vvt
n A m
ZZ ﬁ{amaxzjar ZE CH;, +ka1 CHkt+ZCotroJ] @) 3
j=1a=1 i=1 Ex
Xx, <BHy, Vr,jt, i
R R A —fg‘
Z§;V — z (3%2jr) < &Y, Vji=1,..n w -
() =
r=1 r=1a=1 i
=12,...W-—-1, 3
R R A 9D
Zq‘;’ — zz(qar ]ar) &L 6V, Vi=1,..,n, w \) :‘%
(M) A
r=1 r=1a=1 <
=12,.. W-—-1, EQ
R R A -
z S — ZZ(Sar ar) < THmax' Vj=n, (\Y) _%\
r=1 r=1a=1 o
R R A ~
qu - ZZ(qgﬂZjar) 1 Qmax' Vj=n, (\Yl) §
r=1 r=1a=1 3
n 9
j=1
n
22 >0 Vit=12..,T, (1)
j=1
dalol yo
Zior ¥ 2y K1 (ApAQ)EM Vj=1,...n ad=1,.,4 17 (49)
=1,..,R,
Ziar — Zjgy KO0 (Ag,A)) EM Vj=1,..,n ad=1,..,A4 17 ()
=1,..,R,
ar €101}z, €{01} Vvj=1..,n aa=1.,4 ,nf= (OA)

x; €{0,1} Vi=12,..,n t=12.,T. (19)



8

et elio bl g 51y s 00

ey

590 S Sy Co e Sl (295 (65 013 pin SO &l

(F) Cusgaoms ams o0 &) )bSe s sytelin o5k 45 09 o QL &5 w8 oo i lcelbol (V) Cugaos
Slp VL 9> 5 05 (Siyaeln Sloj 0)90 Egere 5l eS eabolilofgn po (oS5 ey S WS (e ol
Ol ) &b 55 4w pled slacusgaze oSl (V) Casgaome B (8) Codgaome .l 039 higos )3 130

3 lgigas rolBilo)98 )3 Waejgn sl 5Lisyge g 90 2 5l Sladl @lie sladi oS S o (Lo (B8) Codguoes
el (F) Sadgazes .35 58 eudigiayaeli slooyss plad ;3 5 () glil sl oy )3 Sl b maniSe
—elw é)l.uo fb-é-’;l-" )‘ g.:L?t_..:‘ 0,90 4O Lmo)5).s 6‘).3 9 UT &‘5.:‘ 5 U.CLAAJ_JA.AAJ[A é’l—hﬂ raLm dSA..S‘So ‘\.\a.’
23 g0 Slomabol (V) Cadgazme .05 003 58 (50,8005 sley 50 plas ;5 5 () elgsl ans (slp o yiams 5o (iile
Elgl don 31l dlge aulve mosSlo 51 il 0,90 10 Wojgy (51 Lo, a0 glail dan 5l sl 0lae aulio plod a5

29559 y18 S Slej slee, 90 sl g

el (sloeyg0 ples sl 039 o Sgms 51 jiaS il 09 8 5w oS ams o (s (A) Cudgaoms
ol auip s olusl b ladnie 1ol Sl o5, JS duip a5 aas o lawbl (1) Cosgame .l
ojg,m pled g1y 059, QT:\?ay)'lj:;.Jg_iMb Fel Gl sl ! (6,55 du o g ol Slge ase ,QYTQ#SLQ
A Sleie) 655 Collad po so5a s 52 50 TS o Ol (V) Cudgicme . Casl (Si)a0l 2 sl ol 5 g
Sl £970 SOl 2 65b Sl ol Dol b 0 el 0 plas end i loj o (Seled
(A cdled 232 ) (6,5 Codled o sy 30 45 WS o oy Gy (1)) Cudgaome o)l 0395 0l ) (g
on Sollabd il gllae 186 Cld (] &gl el 53 5 S keSSl gne b Lk &9

PRV

il eadpled 0ol yeas Slej 0,90 40 Wb (5,5 Ll ()3T L0590 1o 0 a5 e e Lis (1Y) Cudgase
bl 00,5 0l 1) 059 CoiS 0 laibinl Wb (65 Cllad (BT 0Sgy o 0 a5 ams e L (VT) Cudgaze
£ 58S Cenlina 51y ol g sl ol Sl ol 055 K 145 025 e ol oylinedol (1VF) Cdgasme
Cydgazme 2Bl ko s STl Sli 253 (nyieS b gglue b s b (bl g aslo e ctS5L Sl
s g5l sl 0,by0 (VA) B (V8) Codgaoms .0gud sl wilgs w059, £0,90 1o 10 a5 a0 Lis (10)
s )l ea by wiS e pe | Soked 059 ;2 )0 Ay 9Agslas il &5 S e (Lo (V) Cudgacee
el wals 25 b (o) ;oaes bojsn 10 50 Ag 9 Ag, lasFl ! STaSwS o ole (1Y) Casgooms
o ST a8 o ) SosSe L ooy 45 035 0 (ole (VA) Cudgizes s dalgs Cluil gl 51 S s
lamsie (19) Codguze 0Bl ool wl 55 K0 aseie 3l Ko sl sl ol o3l
aelsl o o)l o LAl (6,0l eal (sl miis 4 0)LEI (Y1) Cusgacme 5 wams oo 258 1 039 ;2 sl 6l

Wigd_a b 5 il Laasdly

B850 BBy S Ol U (ol S o0 b 5l 4 9 (2L, Joe (BRE) (55 a3 0 @b (9, b s
e 2l @b Se s sl yed (531 slael jl a8 conlontsalll s sl b Calad pae gy (sl (692, b 5
5 Jloy cdl>  adl s tJels mel)l jo sl San Sl aw 2ol ol Lauled oo ooliiiwl Coalad e 28,
aS om0 dlyl adad jlade SO Lol alasls i gillae (50,5 (5l b e 10,08 o s o ] cdle s sy

! Fuzzy Rank Function



Oyl o s) 5 5l low o gy b dnalie 1o (1) cnl il (ol slons oalad pae STl o ]
el 00l (5318 4 0 2ol adasls dolae ;o el Syl ol 5l ool jogasas g ools (e Slg>

R(.) = !
(J) 4 2

R:F(R)° R E
@0m). 2. (. n)_a. a (Y+) J)}

w8l 6T ¥
)-J e\Ve

059y ,lez Saade (pl )0 160,90 dslllan lgicas gl ol o Ssals Y 5! o..x.oU.Q.ca.; slogwyp Sollao
Oleeds sadlass g0 Soads 5l 5,5 s @ axgi U Jgl 059, dw £3u850 ol )0 0,10 5929 D 9 C /B /A
a5 ol olulid 059, dw ol jo aliee Sy, YY slaws by feanl sadoslinl gadod ol (69,90 axlllas
U"‘ BN w.]Lx.‘) L J?"“M o)...:} ul.wLM.u)l55 u.a.’ﬁLﬂ.A 10)5)" u‘).sd.o /..\.w)| u‘).s..\.o )|).a.’ R )‘ LQQT @L»LM.: 6‘).3
31 OBrS o 5l oddi Byme slaSiay; JLye 5 (plold aAlope ;o ol @85 000 (s (lear Spala
dobdiw 5l 51 Gz ol 5L g0 slaosls 6)9%*? Sl e L0l colaiwl oaools drwgl s by,
O slows slp b, g3l Jow 9 AHP g, (FMEA sl s, 5l 55 anlol jo ol colaswl aisl 3o

ol 008l 250 e BT dslol jo ol 458,50 0 35 Guios Llaal

FYV_F Y 1anan o f o)LoJl) /\ 0,99 IGLAoLQ-C duéxﬁl)jd)jlsi Co e

0ul08ld drugd Jiosd (o9 3l eslauwl b oM‘;’LwLu.» I T TS WO L 4

ol asdllans ;50 Saale sl (B 5 9 3o Slosl () Goybo 5 Sea) VY oloal £ 5o ol o
Sl 5 olubis ol sl a5 (S S (6)slaer Caz g Wad el delitny SO y0 a5
Jgaz 0 .l odal H950e g, (sloasdl sanlsl jo .ol solaswl salionls dewgs Jrosd g, 5l /0 slaSs,

ol 000l o0 olwolids lacSus ) dc goza Y

ulf).&} L:.wy 4—\]9‘ OMKSJLM:L«M Lngm_iw.:) -Y J5A>
Table 3- Risks initially identified by experts.
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Figure 3- Graph of the position of identified risks.
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Table 5- Findings of ranking analysis with AHP for significant risks.
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Figure 4- Graph of weights obtained from AHP method for significant risks.
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Table 6- RPN final values of risks.
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For Risk i: If RPN <125 Then Result is Ok
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For Risk 1: If RPN RI1 =7.55560<125 Then Result is Ok
For Risk 2: If RPN R2=9.37130<125 Then Result is Ok
For Risk 3: If RPN R3=50.2653<125 Then Result is Ok
For Risk 4: If RPN R4=19.4073<125 Then Result is Ok
For Risk 5: If RPN R5=49.1969<125 Then Result is Ok
For Risk 6: If RPN R6=0.94730<125 Then Result is Ok
For Risk 7: If RPN R7=1.75780<125 Then Result is Ok
For Risk 8: If RPN R8=0.20380<125 Then Result is Ok
For Risk 9: If RPN R9=2.52150<125 Then Result is Ok
ForRisk 10: If RPN RI10=1.60380<125 Then Result is Ok
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Table 7- Output related to variable xjt.
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