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2 ANP: Analytical Network Process

® EMEA: Failure Mode and Effects Analysis
* BBN: Bayesian Belief Network



V¥ Jlae /Y ojlasd / sy Jho — ((Bokw (simino Co oo ) sixino (Sl it )d (63 yuly Cu pydo dolidiad oy

Sy oy 485 ©yg0 slapingh 5| S g 3 GiboR g9o9e b e SVl )3 0ud el sl ow)p 44297 L
(e Cul 02k pLl jole (wdine CS S 53 oy yh 9 JB (i laofyn S ()b (dead By podine sl
el S8y wdine SlaSian I Bl e Cunj SlaSan) )y 4 Cunl 00d ploxil (5SBaS dmgdy (slodD
/(3 slacSun) Elgl pleol ules )3 g laidls, jolie (gwdine C805 53 (condyyn 9 5B il glaofyn S 2Lk
b 53 i By (F9)> e /(1S ayle s [gain gy 16y (S5 [ b il | i cudligg | Jaome
3529 §35 )0 adllas cpl Bun ol cunl oatiplodl (1gST) gl (podings 8 3 )3 oy p 9B il 09 Sy
5 35 i glssly (Ll sl ooy S oS Giomie 5 g Cagll Gl 6B hge (e 9 Llgem (WS

el oy

G Sl 2 (65950 (A

o Cawd plagdl g co 55 olaylil o giomw LT ol 63,8 Gl g Slodo sl atwlgd b By 5l 5 opud] sla Lo,
Y ojlosd ol )0 (g )leasl il S Vo VY pobiod VY )0 ¢ Jlio ylgis ay cunl 0300 &) cp 58 g s Camio pd Yloin |« i35 g
i 355 s A b 3 okl XV udly YY o 05 sgihe 465 Sy 5 e 5 Sl o &5 LIRS olse
ook YV )3 991 " oy yosben VOVVY L Usles eoolail uiiion 3b5 55,8 (o) ) 55 WWE 5 S |, 45 £Y gluSes
& a3l ol i 93 g zgme 5 g ol &) Mg (utine g b3 mege latil 3 (giguiis] sl K ¥4NF
55 5 s g Lglass 535 a3 iz o yled Sl 550 S e 285 5 €5 5 i sl ) 3 e i
S it 355 b e Job 3 8 5,3k b Ko o 3l bgas | I8 BB e el 1 sl g0050
J> ko0 b oS 10 )3 el progdle 3 p0d s 30y ol (2B (gl il 3 Cuoglio Sl oy | ol 9500 sl
Silil ]y @b ased 4 dlg balad ] Jlanl & wiyls sgns aludgs dlg bslas alsl cale s (gjyaeby
CBlge o yas 5l By Cumen YL W51 s 4 ol San Ay bobas ol ol (Wang et al., 2019)uas .
SBag bs it FoVF ojlo yd ol ond anli odls &y 4235 sla Jloyd 3ol b yol ol g asbansls oo, sjuolansld
Cawd GAD o) 9 5 Sl (b 48 & cie Aol ol 5 3 ¢ el (Sagwsd L & el 5 3
ol Bl 5 53,95 51 b oSS jd s gl s S5 YWY pelgs s (Wang et al., 2019)us Koo 4a5 Ve oS
b o dgl b bl Wl 3 Y She 4 i &5 3 F) (glksl S e 50 Canydl Sldas s 4 o
(Ni1ashi, 2019)us a5l 03 0 035 9,85 VW JBlis 5 po s yoing 3 3,050 )3 45390 (5,500

< (Ebrahimi et al., 2016) .colons ploslj5 g s dg) bolas Sy o o (6lp a5 BB sla 3 ols sy
ool Lelgs (L €t al., 2019) .13, sloul (¢ 4 (ysdte a1 ) L s dumsieiio il 5 s 155 6l s (g0 Jobo
bs alydad SUs)) lply g, (Azari et al., 2018) sl j1,3 oo g4 155 35900y 6505 (9930 J5 Ay bas claasis
(Fakhravar et al., 2017) .15 slgiin (554 Sl (olidlo glayiol,b g oLad olagXl las Lo gau o5 balg)
3,8 03zl J5 dlg) bglas Ly st (6 0y ool (05 (s (e 40 iS5

ol b 5,8 ool (g0 ypdie I Ay bghs s sl b)) el e ceSus jl(Wang et al., 2018)
PP bglas Sllas Sy o 940525 5 s 065 3 50 g bghas: 5 o ololis rotas s & 358 Slllas oJls
Bl 39> g0 Yo ) )05y (5 0 g9 s g bglad Sy o oy bgy po Slalllas . uslond 55 jate ccslys (g9 )l
bt Sllos ol 245333529 Fgliste Sl ylas Bl )bl Laen (6008 55 9 < gl bl St ooy it (12 355 0
pae Sy pol el 058 )18 3090 b B sl 315390 ks o (5l 5 90 gy et 3 0,138 oo 3G )

> Sichuan Qionglai
® Qingdao

" RMB

8 petrochina

® Harlem



oA gy 9 3 i gbaisly (b sl 05gy 50 o0dS sl Sy b ablie cpr canlie badply gais ol

BaykasogLu )l 55515 (il ¢ ol IS cglad bl yo 8L )5 (slaodls (gl 0594 990 (slaodly 4 bgsye Coalab
S olg ed d ST ialS) 548 slacudgase beaslaadples] Jgazs \’MU Lesibslaas gome 4 Lai (et al. ,2013
268" 58 g o o slas Bl sl losizall ol solel 0,5 6 S sl JolS psbots s b S8 gis g boglas 59
ol @lgn 3l g pSols (gl ool sla o]yl drwgs (gly 2ol 5 Il G oSy oS s g o b gals ]y
Ayl bl o, latie pié ol 5 ode ,imlS (gl 6105 S psbody | glilyy 5 Slgycd e s cd s asle Jghie clagyss,
ool ey Coglgl e ST L aS ool i el (6503 prenad gl s L 6 lo 5 po g o3l jluilgi 05 Y gane
Aol o ol 85 sl (530145 Uy 5 gal Egdgncnles D sl 92900, K00y e Skl Condgarcalus
(Nilashi, 2019)cul sais plosl Ggllae die gt sla > ol 5 o lcalisen clo jad L wid]

8Ly sodly (sl ohag 4 35290 (srodl> 4 bgyje cuslad pie s 4 pol gl ) s baisdgyg plgis 4 gedlya s
Soome i b (6518 clvacgome 4 ki (BaykasoLu et al., 2013)conl 1551, (alls ¢ bl I8 cglias ywlal
Jole Cbesl g iy o3l dnwgs 3 Bdas (651 Ll dydl any (2alS ) 358 slacudgize b caul oad ples]
Pl Sy @lopasls (s ks (8 lllas 18Tl ol b sl s Jelse Coanl b)) )3 catodiz (59 dnmlxe (@l
03 yiuS yoboaS -y 5gdumlbre gla yog, ilaid)S oyl 1) Sy (sla jasls L)l laanasls Sy amlowe o lad 3 ,las
035 o sl S g & ol ilise il gy 5 sl dlades Julos 21,8 Jolis 0,5 a8 03kl 3,90
i9utey (Hag et al., 2017)cul ous osliw] Ban 19 dmlxe (glp 093 a5 Jls jd i3 5 )5 ool 5)50  imd
S Glosly L Slalllas 5l 6yl ol 4Bl dawgs EM g AHP plesl b e 59 9 (a2 (59 58,5 )l o b S5
«»lplo (Chang et al.,2018 <Li et al., 2019)s,l> 5 EM L AHP I S5 oslitnl 4 s (S5 59 b9y
S5 o o2litsl Sy Sblre Cuanl (1 g 2y oAt s g Al sl (S 5 05 U ) (iR S 0!
330 pldl (56 TOPSIS Loy, sl 3

255 on Jon 5 053 |y 55l 90 b bre  obhend Slge (IS jobo 0 oo (g3 G 5 ol yobo 4yt
o3l cqw Laylyd cpl 5l Cal See 23U LSS b g5 amd o pll HLid 5 Loy i Lalps (> 1) laaslyd g
i S o > g e loj 3 dr S o Wl ]y e BIB9S pa (S )0 @lie (pl 9 (acme Cun
3 U] 6555 12 59 (oplplo 2yl (S bl 4 abis pu g auiitane yobo 4 Jeliio 51 (o3l dlaw g sl 51 5,5
ol 5 s2b el s el amlss s 4 Jlg) 9 Jlo ((Sajid 5l ]y ool ol ol Sl 4 glio ol
Slagwls SBLLI g 31 )3 o 48,5 )5 4 sutel Slolidl L] 29 jastiie b 859 b)) Wb g diwn s8ly lassags
0l 3wl slend mluo plo 5 5 § Cd Cmio il @lylad SU5) gl 89y 90 cpl )b Liuliél 4 5l L cunl (8
Gl T Gl Lol o aSubol 1y pb el eyl hey s el Sasy 5556 Jods 3)lge ] ]

0 ropsis: Technique for Order Preference by Similarity to Ideal Situation
Y Fault Tree
2 Event Tree

Y TopsIs

> AHP: Analytic Hierarchy Process
18 EM Entropy Method

" cPI Chemical Process Industry
8 SRFT

Y smp



V¥ Jlae /Y ojlasd / sy Jho — ((Bokw (simino Co oo ) sixino (Sl it )d (63 yuly Cu pydo dolidiad 04

Slans (lgio0 ©p0is 2l 42 45 315 ) 5 puo (5iegdl loyers; SISTL TG ol Ll by (69,8 (slapagg I 5L
5 &35 (gl gox 1l 3Slos s (gl paite SVLI ) s S5 gl bS sy Sd S al B ], 0y S ggfs
a8 g adgl dlge Jols candyyny Slugwl g LolRiaYh 4y ]y (2b)d 5 (Sis (5 (lase 93 o dlg) bglas . Jlis]
N i 0lipSpp B 5 e o0 aSud and o0 iso0 )9S pulye B Bpas 4 1) Vg () 9 S o
Slojle hawgs 45 Casl sioxie @YU ) b 5 dg) bad e Yo vao oo j i g oo < dlg) i Lilo Yeoroen
ool 04 555 ST ad dlge o dlg) b ]

9 Yl Qleily GRlBl S el s dlox 5l e3asite Sble > 40 STlas Blge &5 5 oo sl dlg) bglas Sl osliial
s bl 0ud gl o555 b ol o]y siile 5 5 Jao sla gy ples 1 (slosiyl3 pobo b cCudgizme (g pglie 5518
Slassly Sl A Ls > (S s €88 5 53 1y il Jais) S S5 b g Lk 3 S5 ldes o
o) il sl ol e 4 1y Jauste G ) L slacawl g delyd 0l Cund e 9 Spe el dlan 5l o)l Al
&y oo YL 50 aSlin Vevir v Dot Culs b o) basnyg0 VA VND Jlu 0aS s o lis dlg) ks dols slaodld
WA a3 40 ¥ g aniS ja VY ol cpl 51 p ity YD ades YV 4 (oolail pudiins Ol £ gooxe Ll 001>
s & ) BB cilisio clocdy; by gl o Cambiee dbtely ialS 5 3Tj8 ool ol Sl (5ol jolaio &
 SUylas dlge 5 aly) b eyl ol gdlg) Las ol (glaodly b il oad byl 5 Jubo 5o o alulis oS
Ay dlge ol a3l 3 Slas «dl ased caml «liass o3 (5395 5l BU o3l Bve @)le Lol cde can
b ased e b paiians job 4 odoie <YL 53 alg) Las @olgs 0op> YA B VD e il g oxb (2955 ool eyBo> b
JSi5 —edb paside |y ()8 bl slaygiS > Ay bad ol pled jlaoys 80 Wb Cudgiis (pizmen o392 lasye
o,Lil o) s llee b badye Jrwy (slogdled b dlg s 315 & b ases cuwl (Mather et al., 2001)aas
4 oy, ol CanSs Scdls b3 o ugpw dg bad 4 a5 6, 0kay & 5 Cusl ) b g3l & G e )
cladld 4 o ases opl o @b jasks el Judod g a0 g e 03 s Slusl glhs g canydb Slles
I 4wl o @l Lased @jlud usl 03,5 Gls |y anb (logys il g aidlsy dlg) b Gllas b Lagye Jrwy
Gigw ol wile Soles 5l b el (g)lis Ay s dgmg pae ( S35 50 ol (8d Glumwli (gylis I ib  Solas
I 50 ol il szl (055 Ao b (65013 (6 Snding 5l (L ©pre slaalilie obre pluo b Jelia plo
S &S Bl s ojlil e s @ Ao 1) cawj bste g o))l ( S5 @b Lad Cles 4 e Llgt e )50
295 g b ol sl Colis 3 5 5 ChundS a5 Gl o3l S 3 1y oy b (S ko bl by e St
Cango et al., 2000) s’y (Yuhua and Weng, 2005 :Dziubinski “ et al., 2006) .4 caliseo clos S,
sbouldlg b Sy bl (Li et al., 2019 «Cai et al., 2018 Muhlbauer, 2004 Han andWeng, 2011
RIS 4 e oS el 35 ot (S35 wile J 35S B el yr (ol blod 4y oy s Sy o3 ) Sl call s
Lawson, Dmytrakh, 2008 Caleyo et al., 2002)ccl sais 41538 (claans > dg) bd o3 vy LB
b jem b jass cuwl (Jlie ,> (Zeng et al., 2007 Shabarchin and Tesfamariam, 2016 2005
g I s (sdes it M Sy el 5 4525 el JSio oy oJ 5 o JES b (i e g el
O g sy Sy aLBSS ) alisee hg,y i (LIANG et al., 2012) col glite (639405 jobo 4 oy Lol
L1y oot 5B ) bslas 4 &l ases el s Jlais] () Sod 5 (J ol 0 ooliul @b ased cJlss 3l
£989 Jlainl o ye cpl lolis )8 wlylas 1 oolaiwl b 0,87 oLyl g Lol slagy 05 (gols a5 s i pd I ooliiul
s pMol 5 paastie (ol B s s 3)S cuS B Cugas 2l ookl b g a5 ol gl als
orhad pas olyen 4 Sy o3 g 4325 oy b Jae b plol (o cilye dluder anl)d 5l edlatl b o)l
4 )lai g (5316 dsgazmo 4y lai | Juo ol sl 03,8 gyl g (51 1y 1y 5 Ay bgas b el el 163,90

20 PHMSA: Pipeline and Hazardous Materials Safety Administration



e gy 9 3 i gbaisly (b sl 05gy 50 o0dS sl Sy b ablie cpr canlie badply gais ol

5,8 o3l e Capalad pis &y Sipy (gly | G S 5l g 3,5 odliil Wodly Copalad pis &y Sy (gl dmles
2935 @By woly SVl 4 pliws (sl saled sl | g b plisl (g5l asgerme S > paastie bl
alas jl odlil b 1y edb ased Lawg dg) bi clyblbke casSl Sy i) 6lo,Susy 5500 S D9 o 0ol
sl (50,5 Blgws 303 3 A 10 g comd Ll (slhne g Canl 03, (GUbpand uae 4Sd o) Sag5 LIS
Hu et ) cosl 48,3 Lo s ) Sy guiite cpins o ()35 Jawme bl yds g (2o e lolsdl ¢ pal b lad o <loladl
e by (g aSed jl oslinal b dlg) s @nlys @liyliS udos g 435 b dbgyye &Ylie oy 1,k 5l (@l 2012
Shlud 4 bgye (ol Jelge oy sl ($393mecllls (GUOEL et al., 2018) 155,85 wyp |y b Lases o)lus
Bajcaret ) g s, cuses o515 25U (Sulaiman et al., 2014) b ,> dg) bokes b S Jolss aiile el yases
Jdos 5 a5 5l oslazul ¢ (Riegertand Akel, 2011) S, Libe 5 sialS » b 2L b (@l., 2015
ol &S Wl S o)L el bl bl (Peng et al., 2016) sgy o 1) ool s jl &S dg) s Sk
) 2 a1y ab mBy sl B xlodges G dgg0 o3 claodls 1 b g disd Lamstie Has s JWd 4 b ollbs
o 0ol dlse (sl 4 olayize b Lol slaoliygy s 515 byl 5yse s mape U ased S clag]
a2l L Comslio gy Eodsr BysiS b dilaie ylo 1> 45 (£3)l50 b Canl 1Kon lodd aBly kgl 390 dllaie
Copo BygiS plo & Cond olite (w3 b S g 4y 2 Ayl b (2)> Ay 5 )l Slles (Jlo lyie
P S o bl dgl balad > o)les cawl LialS 3 one (I8 st YL j0 ad)ls & wled i 1 odlatwl 25 0
@ o550 b Lol slugy oVlen! 5l ks (o o s e plis ol sl a3l dgng bl yle > el ySee 45 s
wlolig,y ol adl Jldle Lo )ls G dgg 4 o3 laodls 4 ST L b jawsee zlsewl boas) bl o3,4] cuwd
(e Sl b &l o Gy S I Gl Slinies (Ko 25 1l Sl b pases cal s Lol
Jackson and ) cul wilite g o Bds Cdlge & o Yoomo &5 iplo 5 s i 5D LAl b &4 Ldolas
ST 1 onlinl b Sy ok 45y b (i sloaSd ) oolizal by Gbyleze Jlois! b b5, (Mosleh, 2018
Sy g8 S5 byl JolS job s |y ey dlos diile Gyte & Lased lolidl sl (Ses g)l3S 650
ol (2b5)) g M Coponl b)) ilonas a5y il (g 50rks slapuiie 4 (Ste Jgl 42,0 53 0y lldl
Slalsdl 5, Shes @ dn g5 b 1y 55 dg) boks el ¢ pd cuwl (Fakhravar et al., 2017) gl 5 .ol cuel s pk
5 bl o elainsl polic Gl Iy )5 oy Sy Al (i a5l iS5 5 onlimal b e > isiel Jilite
3k 455 Je 5l ool b &8 kel lalil g elata] pwlow (a3l o3lital b ) b (g pdy ol gconlin p ol
Rezazadeh et )cé 3 1,8 obj,l 3y90 g 4l plosil qoujgy5 polp 3 gl b s ool s iol38l Gan b g
Ay bt 3 cal (Sae wlons 48,5 1S 4 obawd Sluli Cotel Sy byl sl 85 oS5 b (@l 2018
Sz 5516 Jgaz Sl g b (6l sl g tsins il g 4o plol Jols o 22 (i a3l 423l 2,0 5
e (Bajpai et al. 2007) ;5 4 cis slacsloy; o (Bajpal and Gupta, 2005) slews pluo sl el
>, (Zhang and Reniers, 2016) L (o)l Jho <5 5l odlatnl b sanlp cloo,lS 15 egas d9i awsuis
uanass o (Khakzad et al., 2017) 5,5 baw olienl wlol o 1) 350 Jolge oo oo o ;o a5 oo aSis il b
(Talarico et al., 2015) olews J& 9 Jo> as L (Feng et al., 2017) ol Sluwwl jl cblis 4 ol
Al oo

Opiede polb ddllae)y (i Clied)s oad Bl Sy iz Lolse (plulid 5 (o990 Clodl jgye 4 4295 L
i Jolye 53 g 0ad gl N Jodr b 4 (Seay Jolo¥Y) adgl job 4 Sk b 09 p She S Jalos
A Lnlgd odlatwl yimgt

21 BN: Bayesian Networks
*2 DTBN Discrete-time Bayesian network



V¥ Jlae /Y ojlasd / sy Jho — ((Bokw (simino Co oo ) sixino (Sl it )d (63 yuly Cu pydo dolidiad hS)

2 el g Jame Cun Jlue & Cos Lol 3,505, 4 4L (gl 4 s & lapglojl e Ll Cudbge o9yl
Sl oo Jasre G Pluo 4 4295 (MoOhammad Esmaeil & Fattahzadeh, 2021) col aily gl 059>
.(Ghahremani-Nahr et al., 2019) wxsb csesih > 0B, Cojo g moli 0565 Cudibge 04S yronds

Jgamee cljl 48 wlasl s Glolid 5 .l 039 (BELS)s5 cly pree Gl < ddpod Gluls 5 Gamme &Y gz
Cudge aSly wad o Lials 1) Cuj base (gl o SlSI RS & Jaamo bl g Sluls (Y game I dasee ool
Siloil ey JB sk ]y el 000 aSid plgs oo il cpl b adsu oo d9me lik 3 1) eyl (6,
(Feizollahi et al., 2019) sls, Sl 4 1) (odlaidl zélio 43,5

35 Slodl 950 jl0ad Lol adgl s Sy o)) ojlad Joa>

LQUMJ)B) &mubbl)ﬁf)lbmdbuuﬂdlm&u)

MSlow B 5l 0aiiS peliancl samdcudS ) 0y9lio Cand

piY sl o aastio ) yslie o (ol Glieoddgues

b Canyy o 55 il LialS Bgeas Jloyuelizgras

Lo )88k jloadiumlss > Clyuss oo Joo copuw g (o)

e Cum SLIIL Gillas oy lpl a0pjlcusliabisy) 4ol

bl jgliedliwy asgaio £ 8] ) SSloys g ol yglie l5es]

S HSE Cuilio oo @l jaady (amastio (g pmidgmes

HSE (13 5)l50 e 55 s o) Blossli o 50 Solony 3,5 )18 0 bl | JSCie

Cans 1S 4.9J§a dt‘*’l) )b()gl...&.o u"“‘b W) Lﬁl)‘?‘ sl Jl&ﬁ L O)sLin L;gt;wl).o.a: [T}

e

(TangandMusa, 2011) ojon sl o e sy &) o g (4led Cuw ol o))
(JharkhariaandShankar,2007) e Co Pl Jo5 3 0lo)5)5g pmeiSiiind
(SharmaandBhat,2014) i y G SIS pliwlyon > ind
(TummalaandSchoenherr,2011) e Canj Sl pogad 3 (oulus] Sloreuad § w2l 0)5litie
(Dubeyetal.,2017 SV 28 sl Oljupas b3 Cunydb (sa dndg
PapadopoulosandGiannakis,2018) e 23 Jlopolics oy 4ol
(TummalaandSchoenherr,2011) S canle b Sagll @b clinos (byme Cowydl  olbiuol yos
(Sodhietal.,2012) ok cpgts HSE (ol 3,59, b o Solow syl ol o
(Roberts,2003) S5l @85 55 5590 a0 3l Cans b mianslSal
(Clift,2003) sy 2525 03bo jey oS )adololge o ylaas 5 (Sau VT lise g 8 luaocS )3 Cins
(Halldorssonetal.,2009) VT opptlody b 3 8 (clb dasieiio &) dagf i
(Duesetal.,2013) S el 3 Jl8 2y90 (Bigel sl 3,505 4 A2yl ans
(Blackburn,2007) sy 9 S5 g b lio dagi 3 jgy Sl G5 3l ol S

Al g el (gl dlo) 8 > Jae ) Pliwo (13505 A8 Cans

Slge (5135 iyl 10 B g ci mlio Jrore Gy Blus ) dcgian dlge Cuwydb ololiss

e (e Cunj (318 b LSl )3l glisl o

dxsgi 5 el (230,158 (sl aBlodl 905 )3 e G ) Jilws &) da g Cinis

B alie b ¢S 0b e Cunj Cundg 3l Cuo b SiSHle g

Sl arog liaes el Pluwe 1> 4259 (B S,

e S Jpol poll a3 Oy bgbgessgjloslel cins

e S Jaol (bl ) Slow Lo gecle Mbl aBgoasds])l )3 56

dSlasuieans ;0 ilidyse Jaore Cuw g g8 sl bl 2guaS

sobmdg2 g0 Bluso s a2 )b psliiady g s S90e8



) gy 9 3 i gbaisly (b sl 05gy 50 o0dS sl Sy b ablie cpr canlie badply gais ol

b (558, Gt Sl 950 jl ol plulid adgl o S

bl i

ol a3 adye)ieg (ls8

e G Pl Jd 4515505 51 VI jad g loj (s SV b

(- 51859 pildalas) (b ol g (g S 3l e i) (rb gDy

SleMbl Jdot 5 4,55 5 laoee Cony Jluwo (655 mronai 310055

cunlio Jaig Joscanslioslaaibly lealy 4w

HSE (elo 5 sl b gillas ko b, clgal, 51 Jorcud s

JBg Je> sl pcalio g iy 4l pSUylas (o VI Jig Jon sl p oul 45],8

HSE (cla 5)lsbiwl b gollas J5g Josdls )| B gislses!

L;ls Joes Consj SYMS
OBy R (ol (g~
Capnadlge Gbly (25 g (&S waliil 350 cloodls 5 b S5 Lbd 4y 5 pdiley oy g9 51 pob Llmgl,

iS5 9 oS B 92 50 s Sl Sl gy g oy o 3 il 0285 e slo Sy ) 5 sl
Gees sraslas Sluda (IS0l (851 Jgl Gise )3 Al (o0 (635 Lged ISk 93 Jald (a5 b a8 e3li]
5 55 i polde glo €8y cllad (S5 5S £93 b canlite Joldd g (Bolaiyd Cpgo 4 5 3 5158 0 LA> b))
JUo Ve JBhe g (o pde) basye (Juass slaad) b (SoFlawl 5 Jolo olpde) lojlo 03] glpe ple 1 condgyn
Cygo 4 Dase (Bues slrdslas (3 00iS cS)lin 03 405 W (&S 5B pod Lisu ;o WSload Gl ()8 adlu
g Sy Copde olojle Sl g byl lpde ple I LSS Clld (oS g g9 b cuslie (F5lad 5 (Bolaid
5ok gl zen celoodls 3l odlitl | carlllas 5 it ol 5 ol S5 bls A5, 8 S ke 300 el porencs
4 oad plolid S Jole TV olass (oo 5 (2B ohla colo g (B3 1,8 o) wliwy 6k
aals 390 Sy Jale Y 51 led 5 008 (g caiBl sl slacslan 5 (2590 Slsl joym 25k J| gl €0
sl 48,5 )15 401 5,90 ¢ 2l (sl 059 sl Sy (sl 0l gl cal 43,5 )15 ol

ord plosl aSumy () SIye (sly ol (Byme (B3 g (5 A by Sl xgl e slo oal cudS b))
slasly & bae oK) cuSy g GVl & pladl s o 90 33 (656 Ay SST ] oolatwl b adllas ol 5 ol
038 plolid Sy sl 5 W Joidio & (5 33 1 (S 5 (bl 5lai 3)90 Sy g el 00l (condg g
& je g FMEA elesl Sy 3l onlizal b cules 5o g %8 s 4y 538 Lge (g 5 Dlgw 3,509y ool
o il 4y dngi bl 005 a8l s dobee VL] 2955 ol 1 00 bolid (gls S gyl Lo )
Sl ey bodly bwog ol Jss ;5 SMART PLS 581 55 Jole o 35w ;5 ol addllas jd ki 560 (o)l
N33 o )l (o Sloelod i Sy Jolge Sl 3)90 1 9 (655 maoad sl JI33 5 5 s 5> SPSS
ol 4358 15 03litl 30 S|

& g Cou -V

oy el (il

s oS 5 Llod ay losls LS5 lope 1y (S 51 55 aios ol ()lel diged doyd Voo a8 By Ui o ol ol
JUo ¥e (YL YO/NA 5 Jlo ¥ B YD 0 YV/ 57 Lo Y0 I a8 (oylo] diges VRO ¢ 3uios o)y oS Sy ol 3l
G ONAYY. ( paass (6585 Juass Syde shly slacl YAIFYY cMuass pdaw oS 5 ki 1 cpiomon 1l e
s9se odnlie Lol 51 4 jsuilan Wlodgs plidyS lams Syte (gyls 35 VST, 5 05y sliy S luaos 5,0

2 SWARA



V¥ Jlae /Y ojlasd / sy Jho — ((Bokw (simino Co oo ) sixino (Sl it )d (63 yuly Cu pydo dolidiad 1y

S5 Juans x> b ald il (gam 45 53 g 0392 bl (wlid)lS (Juuass Sy (gLl GBS S Lo bo )y (o ik
JUo Yo B Y- oo YAEYZ (Lo Ve 5l a8 ()8 bl (glls 5,81 YOIYAL s (6)l8 dslos blod anilais 5 51,8 awass
Slosle olyal plie oy VL o8l YOINAY yizmen blaisly (o)l ddls Jlo Voo oYL 518l YOIYA alie job 4
Conl 55 bls lodgy cowdgyi g 55 s Canto 0395 )3 lojl She ylpde 55 FFINVL g (ot Sl b Jole ko)
3,81 1o )3 FVNAL 5 039 Slojle (b pde sl sl @lyis adS il 3l iso ol 45 eaiS <8 pb ol)8l Lo ]
Hlodgy cordyrty 9 S S Lt g Sy e 0jo 3 oK yde lyie 4 Slojls slacuny pogde i3

S8 A S5 L o) b (o

3 liaabl Sy 5 60 (sl i alolis sl 44 Coles 5 o plos] s st Slime s oluly
Coodl yiovuw lp Gl odd odlatwl (58 & gy 5l sl slapasls Gl g ol plolids sla el Cocal
oolatwl alie (38 dlael 5l B 15 o8 (ilosile sl 50 adllas pl > ] onds ooliiwl 45 s B0 I a3l
ol 00 (65913,5 am 3V 51 Labo b b 4 lis 1 SO o caenl gelym 5 3 o5 el o

IS ghar sl (A (glaygd (L (sl el 23 cpl oS A5 Bas padld m (i (A 350 P93 5 Jol 592 2
Sypo 3 Y Jsiz) Ssd aslio waly 5T 93 35 SVl Shliel uSlis o Canl ol (> L Gl 3550y Ko

S35 g st 3518 g ) 5 430 555 (+1) o o Wil o 5 o 33 e OS]
p9> 9 Jol 19> @l MBI (Y) o)leds Jgao

wnl SMB] pgd 93 axis Jyl )9 o o3l gy e
- JPRVRNRY RS o SERYA\ ¢ -Iva¥ Slow b 51 048 pmebiacl jasicaiS 3 0yglie Lins C1
IR+ JPRVRRY B\ SRV /NG -/ava piY o oloj 3 pmaioglyglive o (ol OljuosdgeS C2
Sopd AV VYA -IAve e Cangj 35 ) GilS gyt Jlogymebiog:aS C3
Sopdy o[eYA <IVYA IVVE Lo,8,88 b jl sdicawlgs > il ypuss Wlod Jos g g () p C4
Sipdy WYY /vy AN - e G Sl L Gollas 039 sy (caiiBealiabisiy asliy C5
Spk VoAV VYA kol yoliadbug digaio 80, K0loy 5 ofygliie Sl C6
Oipdy <\YO Ay <[AYA S HSE Culie Julos il oy panasio (59 pmdgseS C7
ETANATY [AYA VY B 3)lge g s 2 0Bl 2 )8 LSSle 09,5 )8 bl Site cs
HSE
- JORVRY 2V \ AR/ O A lly p(pslie i Cans) ol sl b b opglie (oliwlyen Cans
e Sy glo adlge 0
Spk MY VYA A8 o59x 2l 3 (Jare S Sy g sl Cunydb (b)) C10
Sy VoD AW JAA e Gy Pluo Julow 13 18le 5 ppaniSSins C11
Sl e[e0Y VA -IAsS Byt g oo Ol bl pen )3 Cins C12
Uiy e[V SAAN -/ayyY e Gy Plue (ogas 3 cwlus] Gloseual § Cuwspdb 09l C13
ooy o[ [N < [A¥Y SV 285 Cunlio Sljubad 43 Cowydb (4l a0 Cl4
Sl M A -IARs 520 15 Jlopalis oy 4ol C15
Oipds < INA -IYYA ISy S cunlo b (Sagll > Cliuaos byme b pliwlyon C16
Uopds  eNA -[ary -Ivoy oxd w5 HSE (el 5,500, b o), Soloy oyl bl oo C17
Uhpdy YA <IA¥Y YA SS9l @83 55 3590 Sl5a55 5 Cans y3b s Kol C18
Uhpdy  e/o¥A <IAVY +IYYA O law 5 (SuuVT e g (8 Jilas )3 Cind
(g LS lojoylMoccutsS Jadsholse c19
AR R v NINY /Ay YT opilody 3 50 3 ols dasedio 4 da g Cand C20
sopd [0 /voY -IAYY i el 53 jl6 3590 (Bjgel sl 3,509, 4 a2y C21
IS JRYRRRY AR <[AYY <[AYY ooy 5 35 g Cd mlio dawgs §d 59y sl (£59I9iST 5l Cuw db AL C22

Sipdy oYY <IAYY NNV Sl 5 el (gla alo)y8 > e Cangj Jluws (10505 AB Cand C23




htd gy 9 3 i gbaisly (b sl 05gy 50 o0dS sl Sy b ablie cpr canlie badply gais ol

nl SMB] pgd 93 axii Jyl )9 o o3l gy Sl
Sipdy o[Y <[V <[ayy 28 5@ plio Jae Cunj Plue 53 degion dlgo Cuspdb  olwlids
Age (NS )l c2d
Sipdy e[ <IV¥N <IV¥¥ e (Jae Gy plg8 b byl Cowydb sliwl yon C25
Sipdy o[eVY QN4 «/VA¥ 5 ool (o118 sl aBlodl s 0 lare Cunn Jlue 4 da g Cand
- C26
ooy VY IV /Ay B wlie by 8 )0 e G Camdg | Caspdb SS ke C27
hpdy Y VYA <JAVD & drg Sl ol s 13 4555 5 C28
I JOPRRVATA Ay IYAY  ame o) gl (bl lnaids )3 Ol s o aBgeds ¢ jlwedlel Caxs C29
ooy oYY <JAYY -IvvE wlate G ) Jaol olol 53 Sokaws 5L ygecle Mbl aBgodsadl)l )5 ,505 C30
ooy [eYY <IAYY J[A¥ oliecS 1 3 Jasme G Blue yanastio ol S 55008 C31
Oipdy +NOA NNV AAT lasuiedns 0 jlidyge Jasre o g b slad)lilinl 5uaS C32
Oipdy VVE -IvoY +/AYA ool g go Pluno sy )5 )] jgLiiods ous yisd 39008 C33
Chpd [BA L VAA -IvvY ool Lailyd C34
Oopdy +[eY0 «/YYA [AY el opdan 3 s o) beg (led C35
Sy eleAd AYY <IAFY e Cog Slo s 4318 505 5 YIS jas e (s Y ob C36
Oipdy ooy - IA¥Y SIRYY e sisladnlas) (anb ynlgs g (w9 Sine AP ) (omb gL 37
oopdy [e2A <[AYY NINY SleMbl oo 5 455505 5 (Jasme ) JBluos 5 sona 35 103005 C38
Sind NFE Mg -IVOY eslio By o> uslio coaiblyy lonl, dy sy C39
Ohpdy -[ary -y HSE (o 55kl b gllae conlio by ol 5l Joncud b C40
Gk YA NVFE A s Jooslpcesbiocs ) aipShs s YIS By sl 325 CAL
ooy +[eAA < /va¥ /Ay HSE (la 5,15kl b gillae Jag Jooals,l B gl C42
Sipd +leeY LAYD <[AYA lop e Canyj YS! C43
Dopdy /N N <IVEY SBJase Gy Y C44

Sl e oalplis ol 1Y 5| 7SS GBI sy alad > o 135 paita ¥ Jgir 2 gytie g oluly
Cadld alad |y aoes g 0090 (aBgio 1) Al

b Hlade 5 G5 (ke D9 (o 0dlatul (295 5 (639)9 GlaaSlE Cueal i g (2Bl Caa I bl
de &S ol yedli dajadls bl cds (iliel cas 1 .l odds 0dld iS5 Jodn 0 by a3 ld 4 by polis
ol ¥ g 2y s 03y a8 00,5 o @bly aul 5y90 sl +/Ve 5l i iy alaB

s 5 5 53 ol o) o Jyi>

b lie b o Sile asli gy slas
NN JEN NS VT peslody 3 50 (38 cla duasuiio 4 do g Cands C1
N ARy WY N Ol ool 13 5o 350 (b jgel (o 3,5y 4 dag Chnd C2
Vet AR NRY L2 NV Ve oigy 5 58 5 s o dmwgd )0 joy sl (655165 ) Cun ol ca s C3
<V AT YL AR Sl g ool sl 213yl 8 3 aie Gy Jlse (0505 8 o C4
-[5% JEY JSA JAY G Jijlaw 3 5 5 @ mlio Jeore Gy ) Jiluo 3 degion dlgo Cun ol ool s

Slge

N R e dae oy ls b il s ol (gl yan C6
<IV¥ Y TR A7 R AV 4 dawg g ool (63018 sla ABlodl ols D Jaxe Cans) Blus 4 da g Cins C7
JAY Y AY Y ol alio b 08 15 e Can) Comdy syl SisS o s c8
Na DAr Y ARV & dnwgs S35 el Jluwo )3 40559 (BSKun C9

AN N A e G Jyol obol y1 bt ) Ol pii b abgeds g jlodlel Cins C10




V¥ Jlae /Y ojlasd / sy Jho — ((Bokw (simino Co oo ) sixino (Sl it )d (63 yuly Cu pydo dolidiad 0

bl Jlde (g5 (Sl oSl b e
v DA TRV A AR/ e Cunj Jao!l Goll y) S0k jUis jgele Ml zBgocsddl)l s 1506 Cl1
I L VA A TRV P\ JaliecS yd > Jae G Plae jaastio pwlid IS 35008 C12
-[50 NAA TR SEERYVLY dSlasuioans ;0 ilidjse Jaore Cuw g g8 sl ki) 2guaS C13
+[IV¥ 1) SR ARV /XY ol gz 9o Pluo > ds 2518 ) yslitods ouw yiuwd D008 Cl14
N} JEN N ool by C15
NN JEN LN \ eIl popdans )3 as el bog oylsd C16
IV JJoe oNo ) e G ) Pluo Judd 4518 105 5l YIS jad 5 olej s SV b C17
-IAY BN N (e 96859 yiTe30Ma) ambo pedlgs g (oo 9 Sz 35 ¢ Juw) (mnb cL C18
NG AR SRS I\ ARV A4 SleMbl s 5 4500 g (Jaore Cagj Jlanos 105 a3 1 poddad C19
-ISA JfY -IEA Y canlio Ji5g oo camlio slaaibly benly 4w yiuwd C20
o[5- A Ry A WYL} HSE (oo 55kl b gllae conlio by ol jl Joncud o c21
[EA ¥y EA LAY g Joo sl pemslios iy 4ol p ST las (¢ YIS Jaig Joo gly ool L) C22
NS NAANERYAV HSE (o 5,155kl b sollas Ja5g Jonoly) 3g gislses] C23
JAE BN A s e Cogy Y C24
N3 JYE O IEY NS SB ae G SYMNS C25
-lav AR YN SRR VT sty 3 53 (8 cla duasulio 4 do g Cands C26
-I5Y Y eIEN NS Sl el )3 5L D50 Bjgel (sla 3,gy 4 dogi Chnd C27
Ve AR A AN Ve sy 9 5 g b o dawgd )3 jgy sla (59T 5l ydb ca s C28
Ve AR A AN Ve S5 g el ol 1013 )3 Jaue oy Jluwo (3905 LB Cinss C29
AP 5 s \ SIS o)law 5 5 @ mlio Jaows Cunwj Ple 53 dsgios dlgo Cuwydb glolis 30

Slge
<[y J¥Y LAY A e (Jrsme Cnss plB b ol law o ydb gl yor C31
<[A¥ BN SN \ dawgs g yoli (31,8 (sl aBlodl o5 (5 ace Conn Jluwe 4 d g Cand C32
g ARy A TRV Ve B wlie b 8 )0 et Cu) Candg il sl SS ke g C33
+[A¥Y JEN NS ) ) dawgs Olaos el Jilwe J0 50y (B S, C34
<[y JYY Ay oA e Gy Jgol olol p adiss ;> @l iz logd gods g jlwodle] Cinus C35
<[y DA% SRRV /N SR AR e G ) Jaol (olol 53 S0laws 5L ygecle Ml gBgodsedl)| )5 30 C36
Y. J¥F LNy LN yeliecS yd o Jame G Plao jaastio pwlids IS 39008 C37
[V DAY P2 NV Ve DO lasuioans ;0 il yse e G g g8 st bl 39uaS C38
Y. AT A ATV Ve coobwd g go Piluvo L5 du 518 )y glicads ouw yiasd Dgs0S’ C39
JAE BN A ool Lyl C40
<[5) ARV ARy el ypdans )3 dd el oy ilgs C41
<[y XY LAY v e G Pluo Jd 4518 165 5l YIS jasd 5 olej s oY b C42
Na DAr Y ARV (90859 islednlas) (aub puicnlys g (w9 Sine a3 ¢ Jaw) (mnbosbD C43
[A¥ JEN NN SleMbl los 5 4355 9 (dasre G ) Jluwos oS paonai 351 pod0s5 C44
il (Jele s (2

~Bg,590dsS (y90jl gyl sime praw &Sl 4 drg b iGaios o ysiie (09 Jloy sy g menlg S salsS g0l
Jae lapsie ooled 4l 4 dr g b il oo Jloy 55 (glapite @) 45 w0 S (o0 S (plplo )b Jloy @y

24 Kolmogorov-Smirnov test



) gy 9 3 i gbaisly (b sl 05gy 50 o0dS sl Sy b ablie cpr canlie badply gais ol

Lol 05

J3o bl oy o oS50 bl 5 Elia)S Gl 5] tmgdy cnl > oS olal Jao (3903l (sl s Soiluil Jao 905
o1 odlitul (5So3ll Jao alyy cigesl iyt e 151y g 5 1Sen g (igel 5l gl o eolitsl (6,5 o3l
loyze #log)S Gl cplpl @l o+ IAVA (S3ka) /Y 51 5YL 2lig)S Wl jolie 4l 4l 4 a2 L ol
g 1l S,

a3k o (IME (53] - 51 5L Sy sl eitia o po bl oKl & 5 b {285 — gl P) 5o L
s J13)95 3 <8 po (bl a5 5l J9d BB g cuslio Cundg Sy sl psite 4l C5 e ol

ol slesnlis cloyite buwg Slmghy ol sloyste omd Olie xSolll & & asls ol Sen s
JB Jlace Jolas 5 3,5 0 8 o 390 00 gltal Guilly bugte pasls Lawgt il e (&Yl laadlsa)
S el [Ren gy cnlple ctdlicor /B 4 Soop plie o ST oSl 4 4295 b il oe <0 1S 2oy sl S5
il Job BB s> > (fingl (sl e

Lo Jo gl (3

o 3 ik Jo Jelss anl a5 s bojle oy dlyly cono §l olis VAS YL pualie 1 17 g lalins Slus]
NGI INWESUI VA RN PN B

Lt g 39)00 )18 4 (5l SYlas (giloJro gyl Lo it 5 6 pSeiluil sy (35 ae (gl slme (2 (R2 Jlno
S b ISy it RZ Jlido il @ g b 28 o 5595 yuiie o 2 igygp seiie o &8 2 (6,80 ]
(FIVYY) Oliaasiomel 53 slojolie (s, ((+/50A) Loj3)lS  a oyglie (sl Sauny (+/VIY) &l opoliie (sla
0j5> » oyslhie 5lacSiy 5 (/YY) oygliio ) L2 ls Lo (glbSay (+/51A) loculu drugs (gloyslite (cloSu,
baagio 3 5> R2 alog 4 Joo o)l l il S Gy ulpls cddlie amgio Lo 25 53 (+IVAY) (S
Al g

S b in Dloe pasube ) Jao Guphe €008 5 A5 By (VAVD) )35 (sl b jlae o0l Q2 Jlne
wils 1y Jho sliogy sboojle & bgye (sl adld catn cobl 1l s Jod BB )ldle (5o (Ailn b
Q2 o aSl 4y a2g b i )> (998 5 basgio chomd b Cobll 5l QL5 i 4y /Y0 5 +/ND o/ -Y olie il
g Cunl )0y 0 2Vl e )8 5l )L Jhe (Sl oo cnlplis i VO Sl SV ditasly e ooleS (s
A o8 L6 2> 5

e I il bl (o

o line (pl Lauwgi & (ne (s el )5l SYles sla s JS (250 & bgyye slas ol i B3l (255 Jlne
aled S 56 1y IS s (bl cpieen LS Jde (il s g a5 ojlal Gis il e o Sl
iogsy Jho > GOF Judo sl o 658 5 bawgio s IS il 5l (S s 4 +/¥D 5 /¥0 o) polio

bl 2 s 4 2l

GOF = \/communahty x R2
ibge VU5 /YLl (295 g (609)9 )9 g Sy Jalse (lp iy 4 GOF jluie Sl 4 29 L

ol U5 1B 5 Jle 33 3 Jn IS b3l s S lgise ool
Wlgw 5l oslisl b Sleg (slacinsy (3 cugll (5

2 Average Variance Extracted
2 T.values
?" Goodness Of Fit



V¥ Jlae /Y ojlasd / sy Jho — ((Bokw (simino Co oo ) sixino (Sl it )d (63 yuly Cu pydo dolidiad 1y

ol ¥ Jgd gy 4 bl Jolye &5 88 o0 58 g 45, 4

ord (6)bye g plulid slo Sy 2l (g dmmlme () o)led Jgi>

Sy 9] Kj wj Qi

C1 Y Ve SJEMAYISY
C10  -/AY  VAY L [OVEVOR /YYDAV-Y
C6  -/YAY A/YAY L /YAAFND  /AYVeYY.
C16  /MS VA SNOAYYS [ oYYESe
C4  INA NASA o[ SAYVSY o [SYAAYY
C7  -IYa8 VA8 -[.EVASY  L[.VASOYY
C23  <IASY  VASY o [aYOYYA [N
C11l /A VAL [YEY [ SN0FY
C8 /A5 NASSE o[ VAAY o[- ¥YAAY
C18 /MY VASE  o[eeYAOY .[e.VVEAF
C12  </ASA NAYA o[ee¥eAD fe-.20VF
C17  </AYA NAYA  [eAVEY ofee VYA
(0% V/BNRY/N o SRR V/N o SERYPRRY ALUNNRY PR AN S
C29  /MA NMAA fee ¥Ee feeN08Y
C32  /MA NMAA [ee AV e AD]
CA4 - A5 NAS e[eeNey feellESY
C30  </AYS  NAYS  efeeeidh feeeevOY
C28  <JAYY  VAYY  efeeei ¥R feeiNYD
C37  IAYY  VAYY  efeeeNS feenen V¥
C24  IAYA  NAYA  efeeees q feenes £
C39  -/AfS NAYS feeens O oferens Yy
C15  </AYE  VAYE  efeeeen Yoofeeees Y
C34  <IAYA NAYA  efeveen Y efeveens Y
C40  +JAYA VAYA  ofeeees Y feeeens -

WJol 45y ;0 /¥ 159 b ) Sland o lasisS pueliancl jpomicni )d 0)glie Sy b Cl.w plxl bl 4 axg b
L8 S )8 pow ady )0 YFD (59 bojan sl (lame Cun @lyyie b CB g yled canydl Lyl Saw, L C10

Lge (dgo o9y wolel p b 4035 (cais 43, (5

ad)y lhge (Jge )09, 5l oolinl b aladie Vo cowdigyn g 5 g cil mluo da Sy oab 48, 4 a9 b (5w (ol

ol 033,52l O Jodo zyb 4 b ondg i ()15l yge (Fge b9y (wlel 2 g) ol j 8l e (ol






JolS (033,509, wlolpla 45 (60 45 1(8) o)l Jgao

b 4, re 45 43,
e e &y s <l

STl sonby i \ Y Y Y
Lyl (cousigyiy \- q 4 \-
Ol coudbg yiy \ N Y \
Oledol oy g A A \ \
Syl couiig 5 4 \ 1 i
A oy s q - I\ 1
byl (gondy v o v o
&P oyl v ¥ A ¥
plol Jia oy pt ¥ v ¥ v
Ot (sob o 4 Ve A

o9 p9d 45) 0 9 (seedy iy (ny Sy g Ol erdoyh ok abpdy Oygo o bl 4 d2g L gy cal 5l
13 )18 Sl (ondo iy pgw 4 ) g ardly 1,8 plol iy
Sy Cagll s 45, (2
Caglgl sae jldaoggp (Ahb p fhe Sy 0ad (gabas) ABYV: elge 5l Sy o Sy (lie e S Ay ol
sl s 15 VF )b 5l delidany By 5l oad (oygl gen slmodls wlul p jelaio opl (cly Canl o odlitnl Kuun,
el gieds s dus ) oyiliols s g ot dpwlne il G05 § plulid Cublh pgdy Jlais] (slaysS S
Jolge (o a3, a pladl s yo pl ) ol Cowd 4y Sany Coglgl dhael 4y colie b b )3 )15 oslil 390 Saany ooyl
el 0l &)l cwlie (5318 sla)lSal, g 03505 Sy 5o

Sy Calgl ) ojlod Jgi

Caglgl dae Jole &8
St Sy
YV/o¥ C1
yv/o C10
ARVARY C6
YV/00 C16
Y¥/¥a C4
ARVZVN Cc7
\RYAvd C23
¥y/aa Cl1
D+/5¥ C8
YY/VY C18
AA7AR! C12
AAVAZ4 C17
ARVAZN Cl4
YY/A0 C29
VAR C32
Y$IA C44

YYIVE C30




V¥ 5o 1 VY o)los [ it Jlo = (ol (imbio Cu e ) imtio sl pius 13 (69 paly Co e doliliad o1

VA/FY C28
WIS C37
\o/o¥F C24

b C32 1 fols Sy Jolge a5 290 00 nlitio & Joio 5o Sy Caglyl slael (gl odol Cawd @y polio 4 a5
Sl 2,5)1,8, blo)l IS b B8 (28 lasuiio awg 1 5l 250 (laome Canj g (28 (slod il 25108
Gy Bluo Jdos > pole 5)75 aiSs cins b C1L 5 HSE (8 5050 oy car 2o oS0l b (26
1o Sy g gl s 4 (5l Sy gl 5 VAR 5 Bo/5F DAY i &y Sy gl ol b n
Gaslio Sl 15 Canpdb i 4209 b C14 Sy Lole o ol (658 ks B (izmen 5 0351 )35 5
Sl e s Sy Jolse plo Cans 4 1y Cuglsl op e Y o /YA Sy coglgl jlade b SU0YI 285

e Sy & Gy 31l (b

oo ¥ 45 15,5 i 1 5 — gy Jloi] Ky e (slin 51 Sy b ol ol 0 ol b
L CB plgd cuydl o)) Sy b CLO ¢ lS0layd o) oS ppolianc jiaoscatS )3 0 pglite Sy b CL 2y
oy 3 5 onle b (Sogl g3 iz e ol lidyen b CL6 5 afs shiols asne Cans S
— &by Jloil Sy G sle | ol @ls Gl b gy asldl )3 )l 515 Sy ol ol 4 Cond Vb S
Caglgl slael ol (gily Coglyl 3 (pizman 5 039 Y Sy Cumdg gl saom0 Sy Jolge ol 55 alulid B
P ol @l @ ag LI .ulasys 18 Vb coglgl b Sy Ve g 03) )3 Sy Jole )loz opl 48 et S
OBl sloygd S jgisle plol g Sty 4 Gl splil Jlosl ©jgo > catly bl (g e (i 4w o
225 puua ST Gloj slaojly )3 ol el 5 LIS Sloj slmojl )3 S Lais

cla ) Kaly )50 > Ll @lilas 331 5 Caio (B ps 5l 48 ¥V L panss daslas Sluls )55 0 5l oslil b oplplo
2l s g Uy Rl IRl quatend] JWST g5l 0300 cplinl) S 4 gl sl syl sl oot
IS 2 5l (B8 b polad] glaslas o cwl 85 (Ll 005 o &l Y Jodo 2y 4 (ool b,y
1) {C16 4 C6 C10 L1 Ky Jole ¥ 5 p2 390 53 1y (ooloiin ,al, ¥ Jolas s Canlgd 3 58505 anlas

Aol
Sy 4 Gl (6,18 sloylSaly 5 ol ol (V) o)lod Jgao
gl la Sl gl o3l Sy IS
g plo j1 il Jlsl )
o i35 2SO J ol 01115 (ppolias il g2t 12,3 05l Sy L C1
oo oiigel sloyed (IS iy aby =Y o
. ohals Slogcdybojl
Coods
I5L asllao 12y 4ol bedled drwgs =) ol
Ok 9N » S % bd = u*’|95 CM;)JU u%l?.})l M) L C10
alojw (535 090 ialS  -Y oials
o> shigel slooyd (5l p 53 aly Y o oo sl laoe Cunj o)y |, CB
oials
Jol,d il &5, ) -
o s )BL:W’JCJ““’ P lizs L Sl Q—éﬁCJ]’..E"‘."ué)"‘C‘“’))ULﬁulML"ClG
0j5> ;0 (oijeel sooyed (oS y gy aly Y i
oaals W cunle

b gl plo gl b duglie g cou (s
sl ool (AL arsel 3,555, bl s 4 Ghagy cnl 0 08 plosl lamacns olgs 290 9,50, b yslie
91355 (oS slaodly L 9 S clmodls lal Wmosls (g y9l5,5 JIg5 5> saisly (¢ ytn caonl 4l pogMe 4 S



oy S 4wy Jgpazme lp LW (o (g (585 5185 50 b e il oo (0l 0085 (21

B e Sy olold a5 15,5 edlatwl cuS 513 ke 51 a8 Jiaeh sl oblinl o 5l S dls e > S0
lolp S d e )3 .c8,5 )15 edlatul 590 dlsyo cpl jdla o3l (6y9] xem Il cp kol lgie 4 Gres anlae b
Sl b s B loinsge (silpesg 4 o (53913,5 Jan Alolidlods 315]) a6 o
Cipyns S (lodly (305 m Wt gldl a4 b Sy ololis oS cd) i Sleibla ool Jdssg (6y9l3,5 50
3t ol caldl (sl ooldl Gt a5 5jge (gla duwslie ples g LS 3yl Lidgh A S SKaS abb S Sluogad
@y el Slyie cod wlaily o)lil S yide porde b gadge S 4 Suingl odsde 4 45 0ld lSl sy S
55 ezl (5 0dpaeb) 2lg) o Ca W5 glsl 5 Lol Sy pordo FF ggammo 50 1B )S )15 oo olsis
9 039 Egiie bodld mlbio 3,5 oolil b9, Cllasil g e 3)lge Judoo oddxio mbie 5l bodls (gyg] rer S5 aw

oy 1 5 48,518 (il 350 o sloai])d g lgimo 5 oud duome b Byl b 4l (pizmen ul 038
58 el o isS dlyo (glaaily oluly (claolitsy oS Albye ,5 il 0 oo cilarte SIS nasily g laolgiiy
2 dolgs 5 5l g 2 eslitl lgimenly s 5 2lsime gy adl ] sl e alyy 355l solaie 4
i)l & @b iy STl ool bt Ceond 3 S asule (ewd Yz b Ly 405 2 (9 b ye (e
oyt b S 15 13 390 S 5 (S5 5 ol (sladS olas Al g ol 45 b 4zl 0 gl Sl slmaS
P owaaztie j| )Y L] ) oad (2l dslidupjydlate (ol (slp b eliteduly g 53lly (b9 Sl lge (2lg) el
e ¥ J93 JB jlade ol sladysS plos & 03 (et lgizee (alg) (adld sl jl (a5 €85 )18 055> ]

W08 S
5 51 (Sike polie Jid 5 SleMbl (3 (Suimd gy (BLd Camar oS5 5 5l Gy dmodls (o)lel ciogi 1
2 ebalp3 )5 &l g dralxe (glulid bl g g8y Jlosnl (3,Shos cslarjn (Sloj) Sl ad sbyjasls Joho
wlie g (ololid Cubls = g8y Jlol Sty puple S Gl — g8y Jloinl Stany pupile (o8 Jlod Cuon
Jolgs ool Cusd 4y gl 4y g b (e (sloodh ()bl v (sla sy 5 C8)S 8 dnslone 350 (S gyl
2B Sy Jolge (ol b ol (s 23,5 s canslie (558 sl pial g 008 Lol Sy Coglgl ()l
syl 5 S (loj slaojl) slaasly > Gl Lais (el cculiie (6313, (sla Sl 5 Loyl <y 5 (s 5 IS
ol yoye b 1l bl cpl g 03,8 walyp el shb (sl 039y bld & LT (Slej (slaojb) slasly 1 o),
Sy Jelge lp adgl lapite (st 5 (2L Ghlaialo 5 (B3 b Gres anlae Ol ()15 0 5 (29290
O 3 b 2120 ()l 3,90 )sS1h 5 belse ol colidiny @i ook Sl bl )3 .28, )15 sl 350 5 Sl
sl wdin 5:ke jlojle algy b 5 oy (el 8,8 15 anl 5y Sy ole Yo slaw Lyles g ond gzl
3 g 4msle 3590 EligsS ST oy 35 Ll aub e g o odlital IS 8 Loy Jelge 31 o o & 0nd )
— &85 Jlinl) Sy pule ol &3l (Lt Sy Jalgs Sl 5 425 1 Jols sl (izmen (285 1,8
Sy 2o 3 Vo nS Sy Camdy b (b sl ojon 5 S50 Sy &5 Cun Jolse 5l aops Ve [ coas
2oy Ve s (ololid cbls —ggdy Jloinl) Sy (sl Jooo (izren aillpe Vb Sy 203 Ve g bagie
3 Sy Cuglel dlael duwlbro 3 amd o s YU Cundg b dopd Ve g buwgio Caxdg b |y A Cunny Suagy Jolse

A5 ol
Caglyl 5 (lolid bl — g9y Jloinl Sty (u plo ¢ 0l — 989 Jloin] Sy ile J Jolbs ol 4 colis b
ot Sy b Cl 1Sy Jole Sk b Laskbe Sy oyl shel Lolol p Sy Jelse okt
sl (e G Oy jha b €8 (oplgh syl b)) Sansy b CLO lSGleyid ol 0aiiS pprabiaclsposicaiS )



VEF e /Y olad / i Jlo — (oo (inbo Cpppte ) Sinbio o s 13 (53,20l e alilidd oA
Vb Sy Cundg ) Guyle 93y 13 )8 cunle b (Sogll ads Slinad (Syxe canydl oliwlyen L CL6 4 059
4 gusly lac il oplply Wilad )5 518 YU Coglgl b Sy Vel (padls poll (g4 03) 53 imen 5 0392
o sl yo ol clisyl g LI loj (slaojly > QLIS bais (slily 15 ST 598 Sy Jole F 3590 50 cunlite S
b 33,5 @) g s Canio ks colo ) 45 aw) BB b awss anlas cluds o))5, ) eolizal L 45T
Adlior A Jodo 8 4 Andas @l 0jo ol 53 0 sl e plu 4 ol
9o Sl b Sy Jolge Jow bl s (A) ojlod Jo
9oy Sl Sy Jole
03920 sl lae Cunsj oo |, CE
Ol a2l Sy, C10

S canle b (Sogll 285 liaos Byme cowydl  oliwlyen L C16
HSSlowd ol 008 ppaliascl B caiS ) 0y9lie Sy b CL

Tang and Tomlin, 2008

Blackburn, 2007

S e (S
5 5 9 cd Catio 3 (b ge slb Sy L dblie cbodjnl) cpne lolid 5 m Ban (Gaiod ol
Sl g cato phlaslo 6 0 L Gree glaaslas jl (185 SeS 5 (B8 )bl eslital b & Al oo coudy iy
Sy Jole FF 1 a8 ol ol 5l (S il b bl (5,8 5 55 VY L dsliduny oSS prizeod 5 o8l
oy5bie S b Cl Sy bole (625 porancd (sl 3)S0g) 32 (e 9 28 )8 a0l 390 Sy Vo w0t lli
el 008 4B LS condig iy (5 Sy Qb)) owdor 9 48) (VL lSland bl 0aiS (palialjuascatS )
opgliacuiS B 5SS 4 ohy ey mdbie njogpl b, boale opel e
Cato 3 phb b s5gy 3,Skes paw i) I 5 S saanlyp M Solagcd bl 608 ebasl g B CaiS )
S b 5 bayeiS plo 1 il 5 (6590555 39)9 05> )0 (sl Slolul .y ol olyen & 1) euddigyn g 5 s
ohigel 03 1> (gt (530 Al 5 (SIS Alop 5 cdnngi g 35 0j 0 gl SLEl g (ghy) ey il colo
2 2ygliee wald ) (Sl clamn )3 L [5PesS Gans ) Jols Sy BT tals 5 S8 Sl ¢ gl g9
Sgbiee Sty wize] il 3 oS e Ot CblB g 5SSl o dspge ulyd & Colie b B saasl bl
Ceod (JyiS ol ansg 5 "alop (53,5 0)90 (el ik adlas 5 530 sl 0je> ) setus glaclled
ol 2Lt ST buls o e cbelisl g JlL Sldllas ojgs )3 03,558 Cans 3939 33,5 ol " Jgame odd plo
L osenils slao)lSan Dbl b g mlio 0 wlil )l glassly dawgi laad aS odged sl (eolaidl wlyblwe o
3o ol ) 0355l 53 (S 3,Shes o5 5 Sy (18IS IS ctile s (3005 5 Ao il oSS slacS 3
5 o ble amss 5 jete JyuS b Sy " ixio slules g Jlo el " a0 i pliEl K03 (g
Sl qoomdyrly 9 55l Caxivo glaasaed g OUSUe I (S oitmen 33)5 Sea) (B 4 e lojl (sl o
o > (paasd g ages clapislen IS " s SLlEl &S cosl Caio ] @SB (oges I SE 5 slaz2]
5 atog s San" 5 "By Sl celes” By Slils (I Mg S lae s Jlizid
Al 4l ojg> nl 3 e slaSiun) Bl i b g (il 5 gl 13L Slee M Sy @Ml g s 0g b 55>
Codgizme | dbdoliunyy eSS 5 anlas plonl g Ll () (YL Sl oy 4l lpde 4 oo g ptuondilos
ol 039y aiod (s lS (gl
Zbo-¢
Abedini, M., & Karimipour, M. (2009). Examining the challenges and obstacles of
implementing risk management in research projects of an electronic company. Second
Excellence Conference.

Abrahamsen, E., & Aven, T. (2012). Why risk acceptance criteria need to be defined by the
authorities and not the industry? Reliability Engineering & System Safety, 105, 47—



Ch S 4wy Jgpazme lp LW (o (g (585 5185 50 b e il oo (0l 0085 (21

50. https://doi.org/10.1016/j.ress.2011.11.004

Agi, M. A. N., & Nishant, R. (2016). Understanding effective factors in implementing green
supply chain management practices: An interpretative organizational model
analysis. Journal of Environmental Management, 188, 351-
363. https://doi.org/10.1016/j.jenvman.2016.11.081

Al-Odeh, M., & Smallwood, J. (2012). Sustainable supply chain management: Literature
review, trends, and framework. IJCEM International Journal of Computational
Engineering & Management, 15(1), 22-30.

Amaeshi, K. M., Osuji, O. K., & Nnodim, P. (2008). Corporate social responsibility in supply
chains of global brands: A boundaryless responsibility? Journal of Business Ethics,
81(1), 223-234. https://doi.org/10.1007/s10551-007-9490-5

Amerion, A., & Karamali, M. (2009). Risk management in hospital. Educational Quarterly
Journal of the School of Public Health, Bagiyatallah University of Medical Sciences,
9(32), 9-15.

Aven, T. (2011). On different types of uncertainties in the context of the precautionary
principle. Risk  Analysis,  31(10),  1515-1525. https://doi.org/10.1111/].1539-
6924.2011.01612

Aven, T. (2012). The risk concept-historical and recent development trends. Reliability
Engineering & System Safety, 99, 33—44. https://doi.org/10.1016/j.ress.2011.11.006

Aven, T. (2015). On the allegations that small risks are treated out of proportion to their
importance. Reliability ~ Engineering &  System  Safety, 140, 116—
121. https://doi.org/10.1016/j.ress.2015.04.001

Barry, J. (2004). Supply chain risk in an uncertain global supply chain
environment. International Journal of Physical Distribution & Logistics Management,
34(7), 695-697. https://doi.org/10.1108/09600030410567469

Bastas, A., & Liyanage, K. (2018). Integrated quality and supply chain management business
diagnostics for organizational sustainability improvement. Sustainable Production and
Consumption, 17, 11-30. https://doi.org/10.1016/j.spc.2018.09.001

Beamon, B. M. (1999). Measuring supply chain performance. International Journal of
Operations & Production Management, 19(3/4), 275~
292. https://doi.org/10.1108/01443579910249714

Berry, D., Towill, D. R., & Wadsley, N. (1994). Supply chain management in the electronics
product industry. International Journal of Physical Distribution & Logistics
Management, 24(10), 20-32. https://doi.org/10.1108/09600039410074773

Bhutta, K., & Hug, F. (1999). Benchmarking - Best practices: An integrated
approach. Benchmarking: An International Journal, 6(3), 254—
268. https://doi.org/10.1108/14635779910289261

Buylkozkan, G., & Berkol, C. (2011). Designing a sustainable supply chain using an
integrated analytic network process and goal programming approach in quality
function  deployment. Expert  Systems  with  Applications, 38, 13731-
13748. https://doi.org/10.1016/j.eswa.2011.04.171

Blyukodzkan, G., & Cifci, G. (2011). A novel fuzzy multi-criteria decision framework for
sustainable supplier selection with incomplete information. Computers in Industry, 62,
164-174. https://doi.org/10.1016/j.compind.2010.10.009

Carter, C. R., & Jennings, M. M. (2004). The role of purchasing in corporate social
responsibility: A structural equation analysis. Journal of Business Logistics, 25(1),
145-186.

Carter, C., & Rogers, D. (2008). A framework of sustainable supply chain management:
Moving toward a new theory. International Journal of Physical Distribution &
Logistics Management, 38(5), 360-387. https://doi.org/10.1108/09600030810882816



https://doi.org/10.1016/j.ress.2011.11.004
https://doi.org/10.1016/j.jenvman.2016.11.081
https://doi.org/10.1007/s10551-007-9490-5
https://doi.org/10.1111/j.1539-6924.2011.01612
https://doi.org/10.1111/j.1539-6924.2011.01612
https://doi.org/10.1016/j.ress.2011.11.006
https://doi.org/10.1016/j.ress.2015.04.001
https://doi.org/10.1108/09600030410567469
https://doi.org/10.1016/j.spc.2018.09.001
https://doi.org/10.1108/01443579910249714
https://doi.org/10.1108/09600039410074773
https://doi.org/10.1108/14635779910289261
https://doi.org/10.1016/j.eswa.2011.04.171
https://doi.org/10.1016/j.compind.2010.10.009
https://doi.org/10.1108/09600030810882816

V¥ e /Y ojlasd [ iy Jlo — (oo (simivo Co e ) Sirino (Sl i 1D (60,1l o o dolilad .
Carter, C. R., & Jennings, M. M. (2002). Social responsibility and supply chain
relationship. Transportation Research Part E: Logistics and Transportation Review,

38(1), 37-52. https://doi.org/10.1016/S1366-5545(01)00008-4

Carter, R., & Easton, P. L. (2011). Sustainable supply chain management: Evaluation and
future directions. International Journal of Physical Distribution & Logistics
Management, 41(1), 46-62. https://doi.org/10.1108/09600031111101420

Cetin Kaya, B., Cuthbertson, R., Ewer, G., Klaas-Wissing, T., Piotrowicz, W., & Tyssen, C.
(2011). Sustainable supply chain management: Practical ideas for moving towards
best practice. Springer.

Chan, F. T. S., & Qi, H. J. (2003). An innovative performance measurement method for
supply chain management. Supply Chain Management: An International Journal,
8(3/4), 209-223. https://doi.org/10.1108/13598540310484618

Chen, I. J., & Paulraj, A. (2004). Understanding supply chain management: Critical research
and a theoretical framework. International Journal of Production Research, 42(1),
131-163. https://doi.org/10.1080/00207540310001602865

Chapman-Stephan Wards, C. (2005). Project risk management: Processes, techniques, and
insights (2nd ed.).

Chiu, Y. J., Chen, H. C., Tzeng, G. H., & Shyu, J. Z. (2006). Marketing strategy based on
customer behavior for the LCD-TV. International Journal of Management and
Decision Making, 7(2), 143-165. https://doi.org/10.1504/1JMDM.2006.009140

Christopher, M., Mena, C., Khan, O., & Yurt, O. (2011). Approaches to managing global
sourcing risk. Supply Chain Management: An International Journal, 16(2), 67—
81. https://doi.org/10.1108/13598541111115338

Corbett, C. J. (2007). Extending the horizons: Environmental excellence as key to improving
operations. Manufacturing & Service Operations Management, 8(1), 5-
22. https://doi.org/10.1287/msom.1060.0095

Dakov, I., & Novkov, S. (2008). Sustainable supply chain management: Scope, activities, and
interrelation with other concepts. In Proceedings of the 5th International Scientific
Conference Business and Management 2008.

Elkins, D. (n.d.). Managing manufacturing & supply chain risks in global automotive
operations [PowerPoint slides]. http://mgt.ncsu.edu/pdfs/centers-
initiatives/SCRM/Mar-2011-PP.pdf

Fallah Shams, M., & Rashno, M. (2009). Risk in sukuk and its insuring. In Proceedings of the
19th Islamic Banking Conference, Tehran: Higher Institute of Banking of Iran.

Farhadian Arani, A. (2016). Designing a supply chain risk management system (case study:
automotive industry) (Unpublished doctoral dissertation). University of Mazandaran.

Fattahi, F., Shahandeh Nookabadi, A., & Kadivar, M. (2009). Food supply chain performance
assessment: A case study of the meat industry. In Seventh International Conference on
Industrial Engineering, Isfahan University of Technology.

Feizabadi, J., & Jafarnejad, A. (2005). Presenting a conceptual framework for supply chain
performance evaluation with emphasis on integration. Management Knowledge, 68,
118-193.

Fotohi Bafghi, Z., & Abuei, M. H. (2013). A review of supply chain performance
measurement models and presenting a continuous evaluation framework. Supply
Chain Management Quarterly, 40, 30-39.

Ghazanfari, M., & Riazi, A. (2001). Supply chain management. Tadbir Journal, 17, 51-63.

Hadizadeh, M. (2014). Sustainability assessment in the supply chain of the dairy products
industry in Mazandaran province. Faculty of Management and Accounting, Allameh
Tabatabaei University.

Maknoun, R. (2007). Sustainable research and development. Rahyaft Quarterly, 13, 5.

Moghimi, M. R., & Ramezan, M. (2011). Industrial management. Tehran: Management
Research Journal, 88-71.

Moghimi, S. M. (2001). Organization and management: A research approach. Second ed.



https://doi.org/10.1016/S1366-5545(01)00008-4
https://doi.org/10.1108/09600031111101420
https://doi.org/10.1108/13598540310484618
https://doi.org/10.1080/00207540310001602865
https://doi.org/10.1504/IJMDM.2006.009140
https://doi.org/10.1108/13598541111115338
https://doi.org/10.1287/msom.1060.0095
http://mgt.ncsu.edu/pdfs/centers-initiatives/SCRM/Mar-2011-PP.pdf
http://mgt.ncsu.edu/pdfs/centers-initiatives/SCRM/Mar-2011-PP.pdf

1 S 4wy Jgpazme lp LW (o (g (585 5185 50 b e il oo (0l 0085 (21

Tehran: Termeh Publications.

Mohammadi, S. (2016). A multi-objective optimization model for a sustainable supply chain
in the gas industry considering uncertainty conditions. Faculty of Industrial and
Systems Engineering, Tarbiat Modares University.

Mortezapour, A. (2013). Information and information systems required for supply chain
management: A case study of supply chain research in education and training. Faculty
of Industrial Engineering, Iran University of Science and Technology, 112-142.

Motwalian, S. S., Tabesh, M., & Roozbahani, A. (2011). Sustainability assessment of urban
water supply and distribution systems: Evaluation method and sustainability criteria.
In Fourth Iranian Water Resources Management Conference, Tehran.

Naderi, E., & Seif Naraghi, M. (2001). Research methods and how to evaluate them in the
humanities with emphasis on educational sciences. Badr Research Office.

Rajat, B., & Sharma, M. K. (2007). Performance measurement of supply chain management:
A balanced scorecard approach. Computers & Industrial Engineering, 53, 43—
62. https://doi.org/10.1016/j.cie.2007.04.001

Rao, R. V., & Padmanabhan, K. K. (2007). Rapid prototyping process selection using graph
theory and matrix approach. Journal of Materials Processing Technology, 194(1-3),
81-88.

Rebitzer, G., Ekvall, T., Frischknecht, R., Hunkeler, D., Norris, G., Rydberg, T., et al. (2004).
Life cycle assessment: Framework, goal and scope definition, inventory analysis, and
applications. Environmental International, 30, 701-720.

Sajjad, A., G. Eweje, & D. Tappin. (2015). Sustainable supply chain management: Motivators
and  barriers. Business  Strategy and the  Environment, 24(7), 643-
655. https://doi.org/10.1002/bse.1898

Seuring, S., & Muller, M. (2008). From a literature review to a conceptual framework for
sustainable supply chain management. Journal of Cleaner Production, 16, 1699—
1710. https://doi.org/10.1016/j.jclepro.2008.04.020

Shrivastava, P. (1995). Ecocentric management for a risk society. Academy of Management
Review, 20(1), 118-137.

Shuping, L., Siuging, L., Chocat, B., & Barraud, S. (2006). Requirements of sustainable
management of urban water systems. Environmental Informatics Archive (4), 116

Shygith, K., llangkumaran, M., & Kumanan, S. (2008). Multi-criteria decision-making
approach to evaluate optimum maintenance strategy in textile industry. Journal of
Quality in Maintenance Engineering, 14(4), 375-386.

Simpson, D., Power, D., & Samson, D. (2007). Greening the automotive supply chain: A
relationship perspective. International Journal of Operations & Production
Management, 27(1), 28-48. https://doi.org/10.1108/01443570710714529

Smith, B. G. (2008). Developing sustainable food supply chains. The Royal Society, 849-
861. https://doi.org/10.1098/rsth.2007.2187

Spekman, R. E. (2004). Risky business: Expanding the discussion of risk and the extended
enterprise. International Journal of Physical Distribution & Logistics Management,
34(4), 414-433.

Srivastava, S. K. (2007). Green supply-chain management: A state-of-the-art review. *
International Journal of Management Reviews, 9*(1), 53-80.

Srvulaki, E., & Davis, M. (2010). Aligning product with supply chain processes and
strategy. The International Journal of Logistics Management, 21(1), 127-151.
Stadtler, H., & Dudek, G. (2005). Negotiation-based collaborative planning between supply

chain partners. European Journal of Operational Research, 163(3), 668—687.

Stonebraker, P. W., & Liao, J. (2006). Supply chain integration: Exploring product and

environmental contingencies. Supply Chain Management: An International Journal,



https://doi.org/10.1016/j.cie.2007.04.001
https://doi.org/10.1002/bse.1898
https://doi.org/10.1016/j.jclepro.2008.04.020
https://doi.org/10.1108/01443570710714529
https://doi.org/10.1098/rstb.2007.2187

V¥ e /Y o)led [ iy Jlo — (i (sixio o pde ) sixio gl s 53 (93y8]) o e aslilad ay
11(1), 34-43.

Tamura, M., Nagata, H., & Akazawa, K. (2002). Extraction and systems analysis of factors
that prevent safety and security by structural models. In 41st SICE Annual Conference,
Osaka, Japan.

Teuteberg, F., & Wittstruck, D. (2010). A systematic review of sustainable supply chain
management research. Accounting and Information Systems. University of Osnabriick.

Trkman, P., & McCormack, K. (2009). Supply chain risk in turbulent environments—A
conceptual model for managing supply chain network risk. International Journal of
Production Economics, 119(2), 247-258.

Tsai, W. H.,, & Chou, W. C. (2009). Selecting management systems for sustainable
development in SMEs: A novel hybrid model based on DEMATEL, ANP, and
ZOGP. Expert Systems with Applications, 36(2), 1444
1458. https://doi.org/10.1016/j.eswa.2007.11.058

Tseng, M., Wu, K., Hu, J., & Wang, C. H. (2018). Decision-making model for sustainable
supply chain finance under uncertainties. International Journal of Production
Economics. https://doi.org/10.1016/j.ijpe.2018.08.024

United Nations. (1948). Universal Declaration of Human Rights. Geneva: United Nations.

United Nations. (1966a). International Covenant on Civil and Political Rights. New York:
United Nations.

United Nations. (1966b). International Covenant on Economic, Social and Cultural Rights.
New York: United Nations.

UN. (1966). International Covenant on Economic, Social and Cultural Rights. United

Nations.

UNDP. (2011). Sustainability and equity: A better future for all (Human Development Report
2011). United Nations Development Programme.

Uysal, F. (2012). An integrated model for sustainable performance measurement in supply
chain. *Procedia -  Social and  Behavioral  Sciences, 62*,  689-
694. https://doi.org/10.1016/j.sbspro.2012.09.117

Vafaeenezhad, T., Tavakkoli-Moghaddam, R., & Cheikhrouhou, N. (2019). Multi-objective
mathematical modeling for sustainable supply chain management in the paper
industry. Computers & Industrial Engineering, 135, 1062—
1075. https://doi.org/10.1016/j.cie.2019.05.027

Wang, L., Chua, J., & Wu, J. (2007). Selection of optimum maintenance strategies based on a
fuzzy analytic hierarchy process. International Journal of Production Economics,
107(1), 151-163. https://doi.org/10.1016/j.ijpe.2006.08.005

WCED. (1987). Our common future. World Commission on Environment and Development.

Xu, L., Mathiyazhagan, K., Govindan, K., Hag, A. N., Ramachandran, N. V., & Ashokkumar,
A. (2013). Multiple comparative studies of green supply chain management: Pressures
analysis. Resources, Conservation and Recycling, 78, 26—
35. https://doi.org/10.1016/].resconrec.2013.05.003

Yakovleva, N. (2007). Measuring the sustainability of the food supply chain: A case study of
the UK. Journal of Environmental Policy & Planning, 9(1), 75—
100. https://doi.org/10.1080/15239080701255005

Yakovleva, N., Sarkis, J., & Sloan, T. (2011). Sustainable benchmarking of supply chains:
The case of the food industry. International Journal of Production Research, 50(5),
1297-1317. https://doi.org/10.1080/00207543.2011.571926

Qureshi, M. N., & Zaman, N. (2015). Sustainability in supply chain management: An
overview. IUP Journal of Supply Chain Management, 12(1), 24—46.

Zailani, S., Jeyaraman, K., Vengadasan, G., & Premkumar, R. (2012). Sustainable supply
chain management (SSCM) in Malaysia: A survey. International Journal of
Production Economics, 140(1), 330-340. https://doi.org/10.1016/j.ijpe.2012.02.008



https://doi.org/10.1016/j.eswa.2007.11.058
https://doi.org/10.1016/j.ijpe.2018.08.024
https://doi.org/10.1016/j.sbspro.2012.09.117
https://doi.org/10.1016/j.cie.2019.05.027
https://doi.org/10.1016/j.ijpe.2006.08.005
https://doi.org/10.1016/j.resconrec.2013.05.003
https://doi.org/10.1080/15239080701255005
https://doi.org/10.1080/00207543.2011.571926
https://doi.org/10.1016/j.ijpe.2012.02.008

s S 4wy Jgpazme lp LW (o (g (585 5185 50 b e il oo (0l 0085 (21

Zhang, Z. H. (2011). Designing sustainable supply chain networks [Master’s thesis,
Concordia University].

Zhu, Q., Sarkis, J., & Geng, Y. (2005). Green supply chain management in China: Pressures,
practices and performance. International Journal of Operations & Production
Management, 25(5), 449-468. https://doi.org/10.1108/01443570510593148



https://doi.org/10.1108/01443570510593148

V¥ e /Y ojlasd [ iy Jlo — (oo (simivo Co e ) Sirino (Sl i 1D (60,1l o o dolilad ¢

Prioritizing Appropriate Strategies to Deal with Key Risks in Oil, Gas and
Petrochemical Unit Design Projects

Behrouz Liravinia
PhD Student, Industrial Management Department, South Tehran Branch, Islamic Azad
University, Tehran, Iran
Mahmoud Modiri (Corresponding Author)
Associate Professor, Industrial Management Department, South Tehran Branch, Islamic Azad
University, Tehran, Iran
E-mail: info.madvl@gmail.com
Kiamars Fathi
Assistant Professor, Industrial Management Department, South Tehran Branch, Islamic Azad
University, Tehran, Iran
Abdolrahim Rahimi
Assistant Professor, Cultural Affairs Planning Management Department, South Tehran Branch,
Islamic Azad University, Tehran, Iran

Abstract

Effective risk management is a fundamental factor in enhancing design quality, increasingly
emphasized due to global economic instability and technological advancements. Simultaneously,
developed designs tend to become more vulnerable, exposing organizations to elevated risks.
Achieving sustainability has been recognized as an effective strategy for addressing contemporary
global challenges. In the oil, gas, and petrochemical industries, this issue holds particular significance
due to the sector’s critical and high-risk nature, especially in Iran, given the substantial environmental
impacts associated with these industries. However, recent research has paid insufficient attention to
the processes of identifying and assessing design risks. Therefore, the primary goal of this study is to
identify and prioritize appropriate strategies for managing design risks within Iran’s oil, gas, and
petrochemical sectors. This research is of a descriptive-survey nature, employing both qualitative and
guantitative techniques for data collection and analysis. Based on a comprehensive literature review,
44 risk factors affecting design were initially identified, which were subsequently refined to 20 key
factors through expert opinions gathered in two sequential stages. The validity of the questionnaire
was confirmed at both stages, and a Cronbach’s alpha coefficient above 0.7 indicated the reliability of
the measurement instrument. For data analysis, techniques such as Risk Priority Numbers (RPN),
Delphi method, SWARA, Fuzzy Multi-Criteria Decision-Making (MCDM), and risk matrix analysis
were employed. The findings indicated that four risk factors—namely, “weak consultation in returning
equipment to the supplier by the contractor,” “incorrect assessment of environmental laws and
regulations during project execution,” “selection of subcontractors and consultants contracted by the
primary consultant,” and “misalignment between the introduction of pollution control equipment and
the nature of the work”—are of higher priority compared to other risks in design projects within Iran’s
oil, gas, and petrochemical industries. It is recommended that industry stakeholders undertake serious
and continuous measures to improve process knowledge, particularly in line with current
environmental standards, as a means of mitigating these key risks.

Keywords: Strategy, Risk, Design Projects, Fuzzy Decision-Making, Oil, Gas And Petrochemicals In
Iran.



