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1. Failure Mode and Effect Analysis (FMEA)
2. Fault Tree/Event Tree (FT/ET)

3. Discrete Event Simulation (DES)

4. System Dynamics (SD)

5. Petri Nets (PN)
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1. Probability table

2. Conditional probability table
3. Marginal probability

4. Adjusted probability

5. Normal likelihood

154


https://dorl.net/dor/20.1001.1.22286977.1398.9.1.7.6
https://ormr.modares.ac.ir/article-28-29402-en.html

[ Downloaded from ormr.modares.ac.ir on 2025-04-23 ]

[ DOR: 20.1001.1.22286977.1398.9.1.7.6 ]

@ S 5 ol e e Sy ot (sl 2l e K 4L
Sy g3 il etasOlis o cd pasds MNazad S s b Sl
dols adwya € Cle Gba e 4 Sl Y Jslae e ol o cl S s

_P(eIY) _P(Ye/pPY)_P{e/P(e _P(le
P  P(®  P(Y)  P(Y) (8) =i

ol wamen A5 4 S S @ adlie b 3 o b Ll p s slaws &S s e
Jde 3 (i Shomy 5 e (i Wy slaaie Ghls Jglee slaame oS Lo
SVl Jali o3Il 5 Sdaes Jals Gl b uls cund ST 51 S o sl

NL

J,alS JJ.A J)U ML.JM.uﬂ )‘ eJ.Ai CM.J)M.JU&‘ ‘C\f”ﬁ"‘“l )‘w.wl ol ealaul g}pf.fa
)‘J.; SO S J:l>='§ )0 08 s GeNle )\)A\rj.: BL U:.AU ej.:?d)' éﬂ,\i&mﬂ) BBN

adlas 3,40 55 Jde by, -5-4
0 033 5208 5 0o Ake slme 53 lalp Jde oL S wiS &S sb0les
I BBN Jie s ol o 0331 ol i)) gl e ol 53 05,8 0 513 s
OB i b g & S by cid b sl alowsey Sl sS Lals plasl 5l g 0
53 05p Ae 5 O3 6308 s 3 Sl plassl pl mlS et gl e L))

el okel 3 g

155


https://dorl.net/dor/20.1001.1.22286977.1398.9.1.7.6
https://ormr.modares.ac.ir/article-28-29402-en.html

[ Downloaded from ormr.modares.ac.ir on 2025-04-23 ]

[ DOR: 20.1001.1.22286977.1398.9.1.7.6 ]

1398 e 1 a)(.o..fug 093 Sl C'L" S ke L;uu:“a}}l @

ol 023 BBN Sy dibo (a3 )| gl 4o 3 s

OB US S b dhows gy i szl 51 ol ol e b5l 5 ommsboel glaslne
O35 3,08
4 5Ll L6 55 53 J-le sl e 3l ealizal & yge
0351 Aok
4 5Ll b o5a, Shal a4 plas
e IS Flee O = KT ERN
" " 5 a3 %
* * Jae s 5 gl slin ks ULy ¥
* * e 53 olxd) Oady Jde S S s *
™ ™ s *
451zl | Je gl (5t yor
* b Sy Je 5 o] glaeslinul Slledar

BBN

§ S e =5

£ 5 s el e sy Conlem A o)Ll e i sl i s oS sbokes
SRR 2 55,0 s ol S e Jdos 5 e Gl e G5
Tl 3 okt 03 55 el Sk 5 555 olem IS 4 a5 L s
w6l Ohles Ol sl (San &S Sy pems o e 5 Lo o 5 0,y o)
b Sl Gl slal oy b SR el S e Ol 35 1y S el o350l e
Sl IS a1y als el o iy Sy (Rash gt & ool 03l DL o
L ol @l iz ol 03l 513 Los 3550 Jlazsl 555, L ol
b S 15 eslinal 3550 035l 55 5L sl gl 5 sm sl laad ks Sl eslizd
A3 65l iy dalg ol an 4 OS5 Olpde ln 1 s3L5 Ll &S ol

Ayl S Kl e oS ol el ooy ( Sany BBN (LSl gl b s hasn ol

156



https://dorl.net/dor/20.1001.1.22286977.1398.9.1.7.6
https://ormr.modares.ac.ir/article-28-29402-en.html

[ Downloaded from ormr.modares.ac.ir on 2025-04-23 ]

[ DOR: 20.1001.1.22286977.1398.9.1.7.6 ]

@ S 5 ol e e Sy ot (sl 2l e K 4L

53 Sy o sl s ol laasd Sl el b wlie gladde cxtle gl 50
A3l Laej bl

S e S tna g e Sl Ol 1y Ky 035t hala 5 bz oS
SBL Jale Glagn cal S Ol GRask cnl 53 el ey Sy el ol
By e e S Ul s s Jhe are g comlie Jle 5 LS )
ol S BBN Jie (55 ol s Gilaal ulil s Olgi e 1y Liasy ol shool (slaasily
[l odal slsl 534S 3 s el 0 s Sy o skt
el oy Sl b ot Lo (51 b (53l s S by sl -1

53 6T Obs dalss 5 Joles ey 3L S (sl iy onie oolis Il s
Glais, @lp odd a8 ki s glajlas 5 e S amlie & ax g b oy o
Al BBN 15 s obil Jbe o Sowlie Ol a4 g sl lassid s
s Slogshe s 5 ol v 5 S, uad, alexr Sl glal Sy o
OL3 L1y oy 53 Conlad pde sl 5l Ll 55 n roman s das ool ot 1) S
e S S0 1 T e s Shasn 08 oS 4 3,8 s ¥l
Il sy BB BBN Jue ale sy ann ol 6 sla Saisls 5 oy Laily,
CSolie 5 Cou ape Llge b s en e MBSl 4 5 Jl e
35S ey s WSS LS
ol s s ol addlle sy50 SO Bl Ll s e meslael 5 oLl -2
Q:”‘U 0 2 ) s S

3luesly slp anllae 3550 Ol e s dgta () Loy ool Slisloy 2515 el e
S A Ol e gl s ol s bl Srass ol s BBN Sy, oo Js
S Sl Sle sy g8 Gl Olaw Ol 53 5013 s Sl U8 5 005 Sl e &
B3 53 O3l Wlg o &S Jas g5 ooy g ol 03 de 815 il s (VL
e oS 5ls 0L (635 50 anlllae S 5 S eslinal 5o G55 Slae s ile L ol

cebll BE) ul;w‘}u]ﬂwmbl_’:&}.:)\b \) ‘;Q.;\} Ja.:lf:u BE) S8 o.:L«u.: C~:L»B

157


https://dorl.net/dor/20.1001.1.22286977.1398.9.1.7.6
https://ormr.modares.ac.ir/article-28-29402-en.html

[ Downloaded from ormr.modares.ac.ir on 2025-04-23 ]

[ DOR: 20.1001.1.22286977.1398.9.1.7.6 ]

1398 e 1 oylad 9 093 Sl C'L" S ke &L‘u:“‘})i ®

Llp s OBSES 2 Sos cpl poedle S SS O spp 5 oy Bt e
3T S5 Calgss 45 8 S 13 s 3550 alan 5 aslin a3 (5Ll
OB o 0o 62,2008 Jlre 3wl oy sucolo) O (2,208 5 035 ke 4l 5
LSy 350 53 OEASES 12 55 Uap Ake g 51038 S (6L Sl les
s d=els Sy Jlo @ Odn; 6l e 4 ClSHL L 5 At e 5 Eom
Sl O gl s e ol 51 sl ¢ a3 sl 6 i Camds 35 Sz 1y
) 23 20l Ol g & 2015 ol an 0 QEASES 15 5 OIS eenal Ol pde (511 1y 345
25 Ol
5038 i L S, Lidlaly 3 55 aBe 350 gla s sl Ll 5 oo O S e
oy 53 OBASIS 5 pa ol S sdalie Jua Sl eslizul L 1 OF 5l ol s
Ssmgr 53 Ll e Liasn ol 53 edd £l Su, BBN Jio oS W5 S aul andlas 3 50
S sp o) (43 Jole Jie ) e s st By e ey 2 Shes
355 ol oy Sl Sl 6 e o3 e Sl eslizal Lo iy 3 OBASES 2
22 WBLSES 5w Wls e Jbe Sl Jols s Gl ply s S My bSgy il 02
cols 5 S i W Ll ahsa bodd Wl & by 8 oSy, sl
G, 2alS (SsSr 3550 53 3y Al 530 Ll s 3 5 das &1 (52
ol 63 o IS Wl 3 S ST 6 e Slapeanal 5 038 S8 4 b e
o3 slasl Ol bLISI ()l 35 aSl s 05 0 ol e 51 &S (0l 000 ke
Cudbge Jolo op Fage 0y G Sl momo S5 s 5 A1 gl e
Jhe e K05 gl S 3 SRasn nl glassslies S8 il oy S
S5 aS e 3l Dlesd Ol IS L S 15wl O Slayian Sl
HB 0T s 5 oy dalps Jas 53 A8 Jie il il Slajiasn <okl e
Ll b s 5 ekl 53 sy OSeeds 5 Ol S| cilie Loyl 5 55 eslizal

)L“;-Lw Sde )}Jal.«»}&yLob-\jx.ij ol 3l .Lu\yj 4.5)13&)'}) 4..\) Jde CJ}L&;.ZA

158


https://dorl.net/dor/20.1001.1.22286977.1398.9.1.7.6
https://ormr.modares.ac.ir/article-28-29402-en.html

[ Downloaded from ormr.modares.ac.ir on 2025-04-23 ]

[ DOR: 20.1001.1.22286977.1398.9.1.7.6 ]

@ S 5 ol e e oSy oot sy 2l Jte K ]
Al bl LB ay eliel 3550l 53l abasis sy 53 ol oS S eslind Jos
35

DB o s Ll 5l e (A3l lls s e (gSleesly 6 L0l 4 S
s s L 0T (3luesly 5 (3l il BVs 4 b slyge (5 3 bl (23 8
sl Olis gl 1 33 sl Glacas B alus gl b 285 &S 55 sy
Ll ol oLl LT 5 s aalsl s S
5 5l eslizal -1

Lol Lasls uﬂab o) flyl ans S s Bl S andllae 5y SO
ol oy s sl .8 s b i 5350 Slilllas plal gl sleniy n e
Joe 51 0155 o Ll il oo e 3 als A5 ual o miy 3,8 i 53 ahe 5l sl
35 oo s gl 5 a3 S eslinal 55 el (slae iy K 53 Jags ol
Slgias 52 & i it Ol 4 auss (3,50 B 50 5 epeds CeSa S e -2
Lo ausa JRals G b cilire la g lar s o b dl 5o 018 oo 5 Ol ke ST
S 3Lzl O 51 5 303 anes 53 [, BBN Js ey 5 (Slacyssdome (5,8 00 55 L
il Gl sSB Ol 5 3l sy S eate dior s OGIBBN Je 55 -3
ool e e g e DL IS e S ) kS L e e o 5 Shas
£ OB Glime 05,8 53 ahesa b Jue Ul Gl 085 s 0 IS
b ladie w5 350 4l o 05 S 8 el G oite plol 5 a8l o) 50
258 S8 ole JAe b L oS 5 S

rle 6

[1]]Hofmann E. (2010) "Linking corporate strategy and supply chain
management”, International Journal of Physical Distribution & logistic
Management, 40(4): 256-276.

[2]Bogatgy D., Aver B., Bogatgg M. (2016)"Supply chain risk at
simultaneous robust perturbations', Int. J. Prod. Econ, 181:pp. 68-78.

159


https://dorl.net/dor/20.1001.1.22286977.1398.9.1.7.6
https://ormr.modares.ac.ir/article-28-29402-en.html

[ Downloaded from ormr.modares.ac.ir on 2025-04-23 ]

[ DOR: 20.1001.1.22286977.1398.9.1.7.6 ]

1398 e 1 oylad 9 093 Sl CL"‘ S ke dL‘u:“J}q ®

[3]Vanany I., Zailani S., Pujawan N. (2009) "Supply chain risk management:
Literature review and future research”, 16 Int’l Journal of Information
Systems and Supply Chain Management, January-March, 2(1): 16-33.

[4]Thun J. H., Hoeing D. (2011) "An empirical analysis of supply chain risk
management in the German automotive industry”, Int. J. Production
Economics, 131: 242-249.

[5]Dong Q., Cooper O. (2016) "An orders-of-magnitude AHP supply chain
risk assessment framework", Int. J. Prod. Econ, 182:144-156.

[6] Williams T. (2000)" Systemic project risk management - the way ahead",
International Journal of Risk Assessment and Management, 1: 153-176.

[7]0lson D. L., WuD. D. (2010) "A review of enterprise risk management in
supply chain", Kybernetes, 39 (5): 694-706.

[8]Jia F., Rutherford C. (2010)"Mitigation of supply chain relationa risk
caused by cultural differences between China and the Wed",
International Journal of Logistics Management, 21 (2):251-270.

[9]Giannakis M., Louis M. (2011) "A multi-agent based framework for
supply chain risk management”, Journal of Purchasing & Supply
Management, 17 (1):23-31.

[10]Sabio N., Gadadla M., Guille n-Gosd'lbez G., Jime'nez L. (2010)
"Strategic planning with risk control of hydrogen supply chains for
vehicle use under uncertainty in operating costs: A case study of Spain”,
International Journal of Hydrogen Energy, 35 (13): 6836-6852.

[11]Seenz E. (2017) "The impact of risk management on the frequency of
supply chain disruptions. A configurational approach”, International
Journal of Operations & Production Management, pp 246-258, 37 (5).

oy 3,80y Sy e U s 0 (1396) L e sla b 0 s [12]

S i s LS Sledbl g5t s SOl g phioilanl aile (53 L el

pole Lo hasn les S, W S —0kdS aib 2 slaes,slp iy
34-45 11 ( eloz

Gl =i 3lade (1395) J Cdll ol (3158 oS b g smsT [13]

63-39:(41)14 « o cu ke Slallan (ands u Cmis el 6 ) SaSKn

o ) Sy ke 3 Sl (5t (1394).0 doey LU ol (gite] a2 14]

$ e pske e (hles eler s )8 5 oalie l ol

160


https://dorl.net/dor/20.1001.1.22286977.1398.9.1.7.6
https://ormr.modares.ac.ir/article-28-29402-en.html

[ Downloaded from ormr.modares.ac.ir on 2025-04-23 ]

[ DOR: 20.1001.1.22286977.1398.9.1.7.6 ]

@ S 5 ol e e Sy ot (sl 2l e K 4L

o (1392) 5 stas o 3LTssss Slams wp LTS et - 5 305 [19]
dlale £S5 (55,50 adllan 8y 5 Slos 5 b s il L 1T
169-159 :(24) 8 . nio o ke

0g8 5508w (1390) o ol plo, w3 SIS5)l ez i s e [16]
allle 3530) (el oy Sy bolse ol S watls dr (S e
(21) 8 oy e lallle (Lo gre 5 S S Glasly S| (5555 o5
.130-107

[17] Fan H., Li G., Sun H. Cheng T.C.E. (2017) "An information processing
perspective on supply chain risk management: Antecedents,
mechanism, and consequences’, International Journal of Production
Economics,185:63-75

[18] Sreedevi R., Saranga H. (2017)"Uncertainty and supply chain risk: The
moderating role of supply chain flexibility in risk mitigation",
International Journal of Production Economics,193: 332-342.

[19] Bradley R.B. (2015) "An improved method for managing catastrophic
supply chain disruptions', Business Horizons, 57(4):483-495.

[20] Boyson S. (2014) "Cyber supply chain risk management:
Revolutionizing the strategic control of criticad 1T systems',
Technovation, 34(7): 342-353.

[21] Dekker H.C., Sakaguchi J., Takaharu K.(2013) "Beyond the Contract:
Managing risk in supply chain reations', Management Accounting
Research, 24(2): 122-1309.

[22] Trkman P., McCormack K. (2012)"Supply chain risk in turbulent
environments- A conceptual model for managing supply chain network
risk", Int. Production Economics, 119(2): 247-258.

[23] Geum Y., Seol H., Lee S., Park Y.(2009)"Application of fault tree
analysis to the service process. service tree analysis approach”, Journal
of Service Management, 20 (4): 433-454.

[24] Melnyk S.A., Rodrigues, A., Ragatz G.L (2008)"Using simulation to
investigate supply chain disruptions', in Zsidisin, G.A. and Ritchie, B.
(Eds.), Supply chain risk: A handbook of assessment, management,
and performance, New Y ork, pp. 103-122.

[25] FahimniaB., Tang C., Davarzani H., Joseph Sarkis (2015) "Quantitative
models for managing supply chain risks. A review", In European
Journal of Operational Research, 247(1): 1-15.

161


https://dorl.net/dor/20.1001.1.22286977.1398.9.1.7.6
https://ormr.modares.ac.ir/article-28-29402-en.html

[ Downloaded from ormr.modares.ac.ir on 2025-04-23 ]

[ DOR: 20.1001.1.22286977.1398.9.1.7.6 ]

1398 e 1 oylad 9 093 Sl CL"‘ S ke dL‘u:“J}q ®

[26] AngerhferB. J., Angelides M.C. (2010)"System dynamics modelling in
supply chain management: research review", The 2010 Winter
Simulation Conference, |EEE, Orando, pp. 342-351.

[27] Qazi A. Dickson A. Quigley J. Gaudenzi B.(2018) "Supply chain risk
network management: A Bayesian belief network and expected utility
based approach for managing supply chain risks',International Journal

of Production Economics,196: 24-42.

[28] Sodhi M.S., Tang C.S. (2012) Managing supply chain risk, Springer,
London.

[29] Weber P., Medina-Oliva G., Simon C., lung B. (2012) "Overview on
bayesian networks applications for dependability, risk anaysis and
maintenance areas',Engineering Applications of Artificial Intelligence,

25: 671-682.

[30] McNaught K., Chan A. (2011) "Bayesian networks in manufacturing",
Journal of Manufacturing Technology Management, Emerald Group
Publishing Limited, 22(6): 734-747.

[31] Wan C., Yan X., Zhang D. (2019) "An advanced fuzzy Bayesian-based
FMEA  approach for assessng maritime supply chan
risks', Transportation Research Part E: Logistics and Transportation

Review, 125: 222-240,1SSN 1366-5545.

[32] Punyamurthula S., Badurdeen F. (2018) "Assessing production line risk
using Bayesian belief networks and system dynamics, procedia
manufacturing”, 26: 76-86, | SSN 2351-9789.

[33] Qazi A., Quigley J, Dickson A., Ekici S.O., (2017) "Exploring
dependency based probabilistic supply chain risk measures for
prioritising interdependent risks and strategies', Eur. J. Oper, Res,
259: 189-204.

[34] Lockamy A. (2012) "An evauation of network risksin supply chains’,
International Journal of Contemporary Business Sudies, 3: 6-23.

[35] Deeris L., Erhun F. (2011) "Quantitative risk assessment in supply
chains. A case studybases on engineering risk analysis concepts’, in
Uzsoy, R. (Ed.), Planning production and inventories in the extended
enterprise, Springer, London, 2: 105-131.

[36] Ravi K., Singh S. (2011)"Risk rediction forp production of an
enterprise”,

International Journal of Computer Applications Technology and Research, 2
(3): 237-244.

[37]Uhart M., Bourguignon L., Maire P., Ducher M. (2012) "Bayesian
networks asdecision-making tools to help pharmacists evauate and

162


https://dorl.net/dor/20.1001.1.22286977.1398.9.1.7.6
https://ormr.modares.ac.ir/article-28-29402-en.html

[ Downloaded from ormr.modares.ac.ir on 2025-04-23 ]

[ DOR: 20.1001.1.22286977.1398.9.1.7.6 ]

@ S 5 ol e e Sy ot (sl 2l e K 4L

optimise hospital drug supply chain", European Journal of Hospital
Pharmacy: Science and Practice, British Medical Journal Publishing
Group, 19 (6): 519-524.

[38]Yuan C., Cheng F., Dao H., Ettl M., Lin G., Sourirgan K. (2012)"A
Bayesian framework for supply chain risk management using business
process standards’, in Kouvelis, P., Dong, L., Boyabatli, O. and Li, R.
(Eds.),Handbook of Integrated risk Management in Global Supply
Chains, John Wiley & Sons, Hoboken,pp. 537-564.

[39] Azar A., Mostafaee Dolatabad. KH. (2019)"A method for modelling
operational risk with fuzzy cognitive maps and Bayesian belief
networks', Expert Systems with Applications, 115: 607-617, ISSN
0957-4174.

[40] Fernandez E., Sdomone E., Chiotti O. (2012) "A mode driven
development approach based on a reference model for predicting
disruptive events in a supply process’, Computers in Industry, 63 (5):
482-499.

[41]Ponnambalam L., Wenbin L., Yin X.F., Wang Z., GohR. S.M. (2013)
"Decision trees to model the impact of disruption and recovery in
supply chain networks', International Conference on Industrid
Engineering and Engineering Management, |EEE Press, Bangkok, p.
61.

[42] Sargent R.G. (2005) "Verification and validation of simulation models”,
The 2005 Winter Simulation Conference, |IEEE, Orando, pp. 130-
143.42

[43] Borenstein D. (1998) "Towards a practica method to validate decision
support systems", Decision Support Systems, 23 (3): 227-239.

[44] Pitchforth J., Mengersen K. (2013): "A proposed validation framework
for expertelicited Bayesian Networks', Expert Systems with
Applications, 40(1):162-167.

163


https://dorl.net/dor/20.1001.1.22286977.1398.9.1.7.6
https://ormr.modares.ac.ir/article-28-29402-en.html
http://www.tcpdf.org

