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Abstract

Objective: While the closed-loop supply chain network was created launch, to design,
and exploit the flow of materials between chain centers, supply chains face different risks,
including operational ones and disruption. Each of such risks can lead to irreparable
damage. Therefore, designing or redesigning supply chains to make them resilient against
different risks is one of the most important programs that potentially affect the supply
chain’s performance. The purpose of this research is to design a resilient closed-loop
supply chain network under the operational risks and disruption conditions by the Mulvey
approach in Tehran's food industry companies with multi-products.

Methods: In this research, the problem of the resilient closed-loop supply chain is
considered as a network of nodes (production sites) that are connected by arcs (paths).
The model is formulated as an integer programming, the objective function of which
involves maximizing the number of nodes in estimating demand and minimizing costs
based on a series of scenarios developed by the Mulvey approach.

Results: In the practical phase, first, a closed-loop supply chain consisting of 10
manufacturers, 300 distributors, and two types of products was considered for modeling.
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Then, three more important scenarios with probabilities of 0.3, 0.2, and 0.5 were
developed to present different amounts of customer demand and facilities capacity
depending on the number of disruptions. Solving the problem for the multi-product food
companies, using the LP metric model showed that despite no disruption in the supply
chain, the robust optimal solutions for the first and second objective functions were equal
t0 99.484 and 790.50, respectively. In terms of manufactured products; in the first node,
the amounts of products 1 and 2 did not change for the first and second scenarios but
changed by 1.4 and 2.5 units in the third scenario. In the third node, the amount of
product 1 did not change for the first scenario, but for the second and third scenarios, it
changed by 10.60 and 6.8, respectively. The amount of product 2 did not change for the
first and third scenarios but changed by 7.7 for the second scenario. In the 10th node, the
amounts of products 1 and 2 did not change for the second scenario, but the amount of
product 1 changed by 2.8 and 2.3 for the first and third scenarios. In addition, the amount
of product 2 changed by 10.3 and 2.8 for the first and third scenarios, respectively. In the
other nodes, the amounts of the products did not change. For both of the products in
different nodes, except in nodes 4, 6, 7, and 9, and product 1 in node 8, some problems
had to be fixed.

Conclusion: According to the findings, developing the proposed model reduces
operational risks and disruption as the most important causes of inefficiency in the supply
chain. So, it is necessary to design robust and resilient supply chains in all industries,
especially in the food industry due to its significance.

Keywords: Disruption risk, Operational risk, Resilience closed-loop supply chain, Uncertainty
theory.

Citation: Bahadoran,Maryam; Fadaei Ashkiki, Mehdi; Taleghani, Mohammad &
Homayounfar, Mahdi (2022). Designing a Resilient Closed-Loop Supply Chain Network under
Operational Risk and Disruption Conditions by the Mulvey Approach. Industrial Management
Journal, 14(4), 595-617. (in Persian)

Industrial Management Journal, 2022, VVol. 14, No 4, pp. 595-617 Received: January 09, 2022

Published by University of Tehran, Faculty of Management Received in revised form: October 09, 2022
https://doi.org/10.22059/1MJ.2022.336976.1007909 Accepted: November 20, 2022

Article Type: Research Paper Published online: January 20, 2023

© Authors
BY NC


https://creativecommons.org/licenses/by-nc/4.0/

WS g (Silhos Gl 5 busl g i 39T U i 4> (onoli 0 g2 ) A (2131
Sl dsg, U

Ol 2 50
s abbly oyl ey ¢ oMl 3T oK il ey s mlg ¢ g lulus g Co e 0aS I ¢ aio Cu e 09,5 (6,5 (gor iy
bahadoran@phd.iaurasht.ac.ir

" SaSwil 18 gage

'4_0[)1.:‘) U‘)—" iL:A_J.Z) AL;OBLMJ‘ JI)T o8 by iL:A_J:)) .)_'>|9 xd)]A{L«u} 9 Co il oA aisly xg.u_.p Co e bj)j ‘)lg..\‘.'i_w‘ gJ9f_m.a -3 v 5: &
fadaei@jiaurasht.ac.ir

S s

taleghani@iaurasht.ac.ir :4ebL!, .l pl «udy ¢ oMol 3131 o8y cmusy anly oy lulucs 5 Co e 018D ( ixiuo o pe 09,5 ¢ luiild
Aogiled sige

homayounfar@iaurasht.ac.ir :asbbl, .l pl «udy o oMl 311 ol&isly cmusy dnly oy luluc 5 Ca e 01D ( xino o e 09,5 ¢ )bdbiu]

oS>

k4

Lol sl 0 2ol (sloyzs; jShe s Alge s Sl sl septe 5 (531l (i B L iy il (51l 0265 4 b
295 e Epibolye Ohlud & D5 e o] | S n o digplge IS5 Gllas Sl pel (Sylite (slacSin b el (slao s
yobody 45 el ot sl (slodoliy 1 Sy wolisie sl ply 3 5ysll Can el sbroyss bbb b cnlple
Ll s o8 gl iy il (0l 0205 4 (Sl imgly ol sl ) am 338 e il (el 025 3 ,Shas 1 ol
(Pom Jsmame in llasMe U s bl (i mbio ojes 53 Jlb cbeS ,d 1 (S 5 & ol IS 5 Slles glacSns,

5 el os 55 5 > (5 oIS ey ] 4S5 Al g3 ) T
Joli (o G gy a8l osd (35 Jg0 3 gumo 33 (32y4ebp O g0ty Jdo it Juate (30050 4 (1 pane) b JU 32,k I
Dydien gy S 3,509y b gy s | (g pSy ol o ladia (g3lodineS g Lo 30 35910 )3 lao)S slass (5 S it

LSy (58,5 7155 )5 L 5glols din adls (300l 0055 (b car bt o dae (sjuytalp al p on)sS HABL
ol 0 &l g2 3l 4l g sl )59, b ST 5 Slles
Slles Sy b M T aoslis < sgllo jommogy )l Jio (wlal (ool Jdo 1)l 5 (Slib b aS apd 0 lis baazdly :d,.;d:;,ﬁ

9 LS b.))?,l).g ]) Lol )I J>‘9 A3/¥A¥ ul).wdu J;I}Juo y»gi: )l C,‘f).w cbmuw dLm}J)L.w d"b [RY-3) C) Cz\jya_’x.a qu b).OU) »
o) ials ) la s dsls VAL /DY lide 4 500 (o ]

I A dils (puals 0050 ¢ llas Say (NS Sy apabad pie (5,955 1 051glS

)91;:[_: e aals L)"‘L 0y ) dSu.w @I)]o (\\c'\) SN c)BuyLo.m 9 doxo ;@Lo.ll]o HERYY cuS\.S\w‘ dl.\s ‘pye ‘U])‘)LQ(’ aliw!
Y =020 (F)VY o inio Gy o . s9llo 3,500, b M3 5 Sllas slacSuy )y byl il cov

RAMANAREE Y T FIV 080 . pan F o)lad OF 0390 V¥ ) ¢ inio e
VNV il ol O olKsls e 58l 1yl
VENAYR o pds )b gy als lio g5
VEAN Y sl b OB Yy ©

doi: https://doi.org/10.22059/IMJ.2022.336976.1007909



oa1 OlySod g (SuSuil (108 /ees gl b €07 5gll Ay dills o 00 4K (1,1

AodRo
Slge GEAS (pals 51 JSite o anl ()15 (sladnly g Slojlo (15 (190 g ) SIS ¢l 0000
leMbl g Jlo jael cculond wlgo  weSan 5 gl 4y 9y by Jued b Lo o st o OS5 g5 LIS
a9l ST g byt drgh s g LIS 2l s 039331 (55 2l L Lol i 15 S (g pghosy 1l
sbib g Laglojln i Glae Comty dnwgi LYoV ¢ id 5 Bl a5 ol osisd) 2900
S el 0285 8 (2 5 S b (13 003 5 abie e 42 g5 42 <00 0285 (2
sl a5 03555 e 3 (3l Ao K & el 00 i (ol 855 53 Gyl i slacled
oy (VoV+ 3395 5 pugiln S colinglym) 3 (asjl)s 1 (S8 5 llae (slaculled w3 45
o plajen ol Cap 0255 $S1pe o Slge Sl (sllely 5 aSed LSS Joli i il 30ab 00555
Gl STL3) 298 e o | il daog g g Sloml 48 cul (asmecinsj 5 (sloial (oolaidl Sl
AR S PROIIE

0B me 3 ody g il b ore g elatel ls B (g gl Ol b (el 0,05 LS o5 o
@olgs 5l (b IMB] glacSun ) 1gd oo (gdvd il dliwd 90 a4 S 05,5 o )3 i S,
Cadld sy o sloplidl ) Lagnl Gl & puia o sadlos 5 (b b wSlo ((2)B pAbn0ie
oloizl slayl g can (oolatil clal 5 A8 o Cibsie yme o (sl |y 155 Lol Bl o (3lisT )
5 oo Lol wsle 131y slayol,l obj o5 5] \/9‘*’“’ & s Slles S pgd diwd )b Jlisa
B 5L s (LS 3 L i IS oo el 03005 2 o (o8 ogllacls 1l o8y e g 25,5 oo 3 i
9 ©Y¥gamme ;5ol5eS s ae 8 chite slajls el ez lass Bl oty g5 ol 05 4128l 0
Sy yme slodsly g Slilos Sy G131 Jdoa 0l 1) Sy Gal38l Jlazs] ((So5055 slasyglys
0232 | B @ 3900 9 Bgeds (25Tl e 65ty U155 L (e 0005 S0 4 e (O3
02555 13 Sl lgie b Ul ol (V¥ )las 5 Logg ccul00) lanaly (g2t a3g8 doS ol (ol
slaioly LS el syl Jalhe p3 omels oywo6i b )3 (sl sl il ons sl ol
O S S g el e 4y g Casl A3yt (el el 0285 (s )S ) l (5908 2B
(W ele i 5 alpdin ((>m0) Cons phocusS

€3 32 b ablio dolyy Ll (el 0,205 (sloaSid gl Jlaite s S SV (sli: (55l ) B
e 513 5 w3 e Ltalial Lo OS] L ablie 5 )b 511, 1S 15 sae Jsb syl s’ oolel 1, J3Lz3

(YRR (i g (6353 0 £15) Sl IMST 51 g ety Ll pd &1 (i 5 &l s L3k Ulgs «spol b

1. Toorajipour, Sohrabpour, Nazarpour, Oghazi & Fischl
2. Piraveenan, Jing, Matous, & Todo

3. Zhang, Tian, Fathollahi-Fard, & Li

4. Dixit, Verma, & Tiwari



ib)wc\i b),b&\i'\cgmo%ﬁ.\n o4y

sl 53 il eyl o STy (gl el Sy clopladl ay Yoamo cynols 0 A5 (5l il
Y ol oole 5 Sles «§ Bgud o0 L 25 oo g Lglfa)‘.kw) O\y‘&dq da M| OJ”‘ 9 Caol biye > M3 |
i . 5 B <. ) . a .. wonl Jer <. 5 B . :

e . . & . f & . S e & o e ‘“ .
Lo 0,0 635l 1o (6 pSomidin pil eopmol 03005 A s lus oty plogl (V- VA & olaS g 5 (59515 el
olsto (y a5 ¢ Jlto (g himd oo L5 395 31 slite (5yslsl da 5] ke 15 aS ciltseo ela bl
d)L...ul dl-‘%;i‘)s Q] 4 oS dgus Lm_,S)w O J.al:u J.;JM; L),\.ol.) 050§ Jf u.gl):& Cow Cuwl ,SM @S S 59

. s Z . 4 <. Z . g ks
pas 42y oCal Coslad pae JyuS sl Sy 503w gpo9e (V0T Ciilnl g 9X93) 3255 (0 Jzge sl SIL
pie g gl clls (58,5 a5 5 bl s o] (giloding g 0 odummy diue b 4] aliue 4 sl
sl sl Wl e Libise (clog s &8 Conlad pie cllo )3 Cpuimed e e 5)ledd B Lale i ) calad
Vg oo dxlgo (oL sl MBI L 0 y00; slacl ‘umb oo s ol b gl o ybles (350 U yg pud
angio |y (6ol slaclud 0gis alssl diej ol 53 awlio dabyy (ST Lae (clo il a5 Slas oS
Dt 29 ey 2 By Sl o oS )13 0285 3,Ses e g i b (IS 28 salg 00
Ly ol 5l ool ela oy doess p3 g 0l gals 1y IS 5 Lol Glal g5 o 0505 5D dguto 4ol S5 1 ookl b
9k 53 9 gl Silodine (Bolal (pmgidelin B9y (VV1) g g Sl (saiee (A y5 )5 JSl

: . . . a . RF S A z . .
Blal silwaie ) (VoOF) 9 9 (m2r9ed 5 (638 (mgiaalipe (VoNA) Jlo )3 79 5 (IS ( (255 caulitio

W0,8 dlpgudiy 1y Culad pae b dpalss (sly
9 03_b A9 u.,L.lA:_ 9 LZbJ)’to‘ g_im;) ﬁlﬁ 2 (.J] d)gjul.’ 9 dluw aals uwesb 0 3120 ) ‘V.Zbl.c.a 4 o u;l 2
Ay Al el 0,0 A8 ol )b wdllas cpl > el ond ol idg Sl de b e e clidiss SIS
ol YL (S )b s g ot (il Jbe oo das (o (63,40l e S5 Oygods dliue 1) .l

. Baghersad & Zobel

. de Oliveira, Marins, Rocha, & Salomon
. Saglam, Cankaya & Sezen

. Ivanov, Sethi, Dolgui, & Sokolov

. Pavlov, Ivanov, Dolgui, & Sokolov

. Dolgui & Ivanov

. Tirkolaee, Mahdavi, Esfahani, & Weber
. Tirkolaee, Goli, & Weber

. Temogin & Weber

O 0 1 N Lt AW N =



0aA OlySod g (SuSuil (108 /ees gl b €07 5gll Ay dills o 00 4K (1,1

A8l ol (63,1 sdlidy 5 @l (JebSsn o0 bk )3 5 cul ol (gilwand

&32 5|.~.~.m:
GBS a5 3y Aty il (el 0295 A8 (Ao 4 (Vo) s g S QBT 2 (el (Lo g0l
bl sl Jae Sl y (g 38 ySlas Bam b o Jiig Jas 5 0psliiodiz g (sla Sable
#,;Jmﬁ;is)%u.,uﬁI)ngjlﬁwdlu?l.\glmoi.wlyﬁggflfé;“;;qfalf)ug
W53)5 sz ) (BL3L

. e . L F .o 1 . e .. 5 - Vo oz - .

GLol g oy 58,5 5 )0 L yglols (el 020 dud (b 4 (VoVY) (Sl 5 (J oo o8 0ls
adllao ooy (slaSil ol50sd w.ab 0 3120 5 A LS)ST%’U 2y S gl b )ul; l.mL'j VoS AV GRSV
‘U] )1 BRerY Lzu).n )i»JS\’ lJ aold 9 WL.’ > u»l.wl)J cljbui d.)l.g(w.uJ L)"‘;b 03150 ) QS\M» RYRCS JJ.o ...\5.))5
b (oleiuting o baogs 005 155 (5l 02005 88 (g bllasil g b (g3lrdans o ST (sl cilie (slangs lins
La sl 1l 53 0108 1 g5 el 0y 005 850d o dmd oo (Ui (il gl b dumlie (L5 (sla S
ool 0,505 4 (g iyl ols jebdy awl picaml (Bun G NS ply 5 Ll fCunl polis  3olas
335 inytebip olol p Jde i lo 5,5 o 518 il Cot gn jebds g 4tuSld (s98 - (55 dbl 45 ol
sl sad ool (S 5 g 6,800 13 (el oSl 5l e 2hS ol ol g conl s Laliske g
S e g S5 aelyd e o )l yidie (canaded g Ghgyd (Sanles STye sla S il oolil a8 sl olis

B 45 1513 dewgs |y Ay dils 0l 0p005 Bodakin Jio Sy (VoV+) T olel 5 2,55 (ool ol <6y
ly Y guame S Ly g Oliead old &l & Dy sleisl Lgl.m).ub O3S ySlas g ania 0,8 8l OT
WS (oo Az

& & . I3 5 .. < A . v o e A 1

sy ol 55,8 ) S Lipga 53, S S8l Bam s b Jao (V+¥+) " ste 5 (saligsl ST
A &S Wbl )Rkl g sy co sl > drwgi b g ol a8 S a5 5 1) SaST g (S]] Slowonad (slaass
S g (S M S @) 3l dlatl 1y (5y9ldgm (6 S jgbots Wl o (slecitiy

155,80l Ay Alls BAn W (el 0,005 K5 K (VoVe) T 5 ol s BT b o, el

oy oo JBlas 4 1) Jaoxocuns; sl il g el 0,005 stz ja lajen jsboar &S

1. Tian, Shi, Shi, Li, & Zhang

2. Nayeri, Paydar, Asadi Gangraj & Emami

3. Accorsi, Baruffaldi, & Manzini

4. Fathollahi Fard, Hajiaghaei Keshteli, Tian & Li



ib)wc\i b)sb&\i’\‘é&;ﬁé&g‘ﬁ.}n 044

SOl 5 5l slaslne (595 515 )3 b Aty il el 00055 85 (21 & (YoTY) ' )Mo 5y

JS Ao 0,8 Jlas e ool Jde Blaal &S aisly g glals po 90 Solal (g5 yaely (gilw Jde 5l edlaal b
% o Gl (slein] Jolge olgicds Jad slacusyd 3,8 iSTis g (655 OB pas o Javrecun; (Sl
Soaleol 5 (6l (58,5 s )3 b it il (3l 0265 A Jhe (Ao 4 (WYRR) a5 53,2 0

o) bl 9 050,8 Olssl pgd g Jol slas il il plgieas 1) Al plio g cleMbl STmil bl asls
Gilien slal 48 0558 ahb iy dils ol 0,00 (sl ddandin sh,a0bp (S 5 S S syl
Syt 9 ool 48,5 5 e Jis Slacas b G5l 5 (o9l 5yl B (S Eige nlS oo 5l sl
ol 0 3lits] glie daste slas iyl g SleMbl ¢ lIEST il )3 (ol 0505 yd (6ol jl ¢ Jde Aangs
03,5 S o plyide g RS @) BAS W gobaw )3 Slles Sy 9 JUBT Cu e g

Ly o Oldlas poyp a4 ) Jodo 50 e Cpod 4 09 digeS M3 1 Jols 156 oo b a8 oo (3N 5 ol
Eoy yd ol idgts phw U ol o aidlyy, LS)SL—’U Ollas Mo by s ddls u~°l’ 020 a8 Syl b

295 (atie e Slllas Jlads M6 il aiye 5 I3t

291U oMo by dans dlls (yrali 025 85 (21yb Bjg 3 bad po Silalllne ) Jgun

a2
4
R
)
v | v | v v v | v | v | v ]|V Vo) el e
Lu'..é ‘LMJ
v | v v v | v | v v 7 R s
(Y'YY) ob'})h;}
-
L XY
Y v Y Y Y v S35 S 9 JNge
(V+vY)
lA>‘ .lJ 3
v v | s Joxosdlp
(VF-+)
P S I.
v v v v v (W 9 (522 R0 E))
(\T’ﬂ‘\)

1. Shabbir et al.
2. Vali-Siar, Roghanian & Jabbarzadeh
3. Mondal & Kumar Roy



Tee OlySod g (SuSuil (108 /ees gl b €07 5gll Ay dills o 00 4K (1,1

a
3
4
G
s il
v . v v v . 9 Al <)Ll
(WWAA) o
o sl o
v v v v v S>> s 9 (2
(YYaA)
e 5 l.Cc Joto
v | v v v | v v 3 3 el s
(VYY) (olodie
5 ol (L5 oSl
v | v v v v | v y | Pedlle ol S
(Y-ve) Js
. ol
v v lv | v v | “‘fw“’“
(Y+)A) ' 0
&F.).loh.i}.b)é‘d)uo
v v v v Syl (S e loning
(Y’\?)bl}i‘n){i
Y h‘l.é.a.o
v v v v v v v 9 SPRS (595 ¢
(\YaY) (25,
Yy _
KI5 g 005,
v v v | v v )90
(Y+)¥)
o e
v v v v v v u‘sysd)f.wi@ )
(Y+Y) puio

E2 pglols diy 4l (ol 0055 8Sh Ayl 1 4 dmd o it Slasios SIS ) g (igte Aallas

o (sl 3, Saay L) sl (ojlwdiings gy 5l ool b g 03,pl zsbas 3 ¢ IS o Capnlad pis Loyl

D)5 3939 srolie ddlllas gy i Alkine Sldgyhe b a8 S g Clidd g la g )3 g ge (slag )lw

g 3 wliig y
S d Jlo e 9 25850 Wgayd dlins (5L Jde cquine s (hyaaly (sile e 3,50 5l Sieok cnl
5 5l g by - o il imgiy gy (VAM) ST e st el bl e A gl s
Ll pli e o JLab sl b 5l (o Ml slacSoly 1 laodls (g yglxes (sl sl (63,l8 i

Ja.i‘)_w 0 co_o.ODr.’; Ao uL.os).o.a 9 Cwl L;ym A JS\»M\J «(83)90 adlao L)"I Cawl 00 odlaiwl u‘).Qe uL.w‘

1. Amin-Tahmasbi, Raheb, & Jafariyeh
2. Hasanzadeh & Zhang
3. Jan Wacker



ib)wc\ib)sb&\i’\cw%ﬁ.\n T

pLosl 5 Sad I3 8leys 53 ingy sibode o wcanl 0nd 485 L5 )3 (ol (il e 4l e cosdad pac
Silwilis o 6ol (il ySTus Ban 93 b Jowaste diz ol 0,005 SG b Lai o 0 &) ko sl a8 )S
sobany S Ll ) e Clgx 9290 dlins Lulyd 4y g L B amd o )08 0 S pranal 4 &S Cunl i
i Gldos ey 97U o (sbocud )l Fo)5 yn (sl g byl Jme BAS e 0 ]l S oM

el Jpaze po 1o e (pimen 5 M5 S g5 lade (e
e 5 3dg o byl 5 W g (0nS) &Sl (b (gpS el L aiy i (slodie (S cnl
59 4 4o b gl Caun i ¢ Jde 3 (canlad pae Lasl b 13 (g plucaw]) IS GllanMe 4 4395 bl Lo po
(sloo,5 tul dlian (ol 0005 8 ) (g (slos ) Sl 005 (g jlodingg Ll 0,5 & (5399 (SLOES
(DS = Y. DS;,Vi = DSy, s DSy (clno, 5 P Jouamo 848 0y (P = X P, Vi =1,2,..,n) P, b P,
& Lolis clao, 5§ (D = XD, Vi=1,2,..,7) Dy Dy (slao,S gP Jsuamo 545 ajsi 1,2, ..., m)

Ak 0)5 4 (£39y9 LW Sl 4 dn g b Jauazes

OB S 0] OB NS 588 Lol oo,
Py DS;

dkmwta)gdjw}!dﬁw sl Y UG

SOl Joo &1 g Ao ol
oy e (b, Jdo guons 3 (iya0lp jl oolil b )] 51 e g 39u5 c0 gu i (o) Cawd 5D Aliano i)
sladsl s ohb ol ddin 9 (gilwdigs Jdo ool Ay 0 b o drwgd lgiwl Jdo S 4y o 5 D945 o0

5 DIN (6L o)l Jis sl 53 ol 0023 a8l cpmne 5 0l 53 V3] 58,8 s 55 b el el 0,059

1. Lingo

2. Node

3. Arc

4. Disruption in Node



Ty OlySod g (SuSuil (108 /ees gl b €07 5gll Ay dills o 00 4K (1,1

s gilo it HlSel b ol 005 BL] dline &y’ ccilise slagy o (55,5 i 5 b xilodd iy 5 'DIA
S y)L_m ).)i 3).? )5] 9 \ l_) )_:l)Jl cJ.le )‘).9)) S y)L,w ).)i 3)? )fl cu)‘)JLu .h»b )J.bu&o‘ Py o) y)qu Jf\w
3559 goliue o 0 Jb o MBIl b 50,5 o MBI olas ) Jlaasl (S8 jsbds .l yao b ply il s
gl (oilwaings Jice am dlsyo > el (aad pue Jio el oad blod gyl G 1 i a5 bl ol
s g (ol > M) 8,5 s 13 byl b (el 0,005 slaeSeds (2 (sl s3lle 3,509y (slise 2 b1y
oo olgial 13 3980 Clgz g Jae 3 (lgial ol & 398 0 SIS A5 95 4 Ban U S pl > ]
2 50 dngepe e g)loiwl plplis ouil 4Ll dnge e Clgn ¢ Jdo glacond | Lde )d sl Sew
SNt b gl L Slox plod i Sloz STl 6)lgnl 3 (Jg 95le o0 aieS ]y drge 108 Slagy L
e Lol dgeS .ol 0391 Lol 51 Jatame da Jb cud )b ¢ laine ool 0,555 5 S ooyt sl gt o6
Ol il cgliate walisee (glagsylw jo MBI olasy pas b olad ) )l g9 3STye o JMBT SGl g Cons
JLasl cod )bl oad (i yx5 alad Oygo 4 g il 5 YU e 90 0 Mg cudyls oy demg b Jb jo IS
s ool 0 S pgleols s L 0 oo iy yai e g0 4 g s 9 YL e 99 50 oSy )3 YIS
il glag)liw )3 Joame o jl iy b LAl Hlade 358 oo e LS slao S 4 (63955 sla b
035 Llod b dis il oyoli 0yu505 dSus o]l cas cltae awlil (sl yuito g b yal)b cdals] )3 .ol eglio

Sl 05 4\§|)| 03250 6)9]“.4[3
98 b Sl Mo 309 ool 0 i) A8 (213 S 3o

Las gooxe

Cowl Bo)S don 51 slac goe :N

ol b dad I (glas goomo :E

ool LYK don 3l las goomo :P

ol 300l 5 Lol gloo )3 5 (glasgame Dy . S

g oo g 15,5 il a8 Cunl olao)S dad I slasgemms :FS (1)

g 0 3)lg 18,5 4 oS cuwl oo, den I sldcgas RS (i)

o iie
Fo Oypo (2l 318 23 9 VL plp oS e YL cd B L1565 )P ey (VI ST o gy e Zip

)

1. Disruption in Arc



ib)wc\i b)sb&\i'\cw%ﬁ.\n Y

'c"""1)‘i“":’)9“’0’»|)¢é‘)39\ L’)’])’JWW\/LW)J”LIJL)DJ &95&\1155145@9)@)&3@:}’1]'
ol 1 Jb 59, P Jgamee ol Xijp
i b ool Jlab kLol 5,5 4P Jgeaneo ik gl 91 ol Xy

W ol
1555 3P Jguamo (el Lol

Ay o LS ]y j g1 sl g9y P Jgame (b aoly o & ja by,

Wl 185 (59) 048 3Jgi P Jguaze jlasly yo &5 icip

Amd e Ui |y b 9 YU zolaw 3 91 slaJlb cudils by i, ujj

e oo LS 1) b 9 Vb golaw 12185 (59, P e (sl Ay cud b :rian »Tip

oS B b oy Ve e )b L S1aS culj g1 sla b cud)ls (b 400l 5)lg &ujo ofj

S 55 005 ) Y by b 5168 ol g csloo,S b ol & 05 35 i i
93w 33 (Sino (ool 0 i § Sl (215 S ad i

as goomo

o ko

ol gl Baa 26 > Slgr lgil (g9 1 Ve
Gl pgd Ban 1l )0 Clex (g)lgnl (5915
ol $ g9 jlao > Al al e (KeS yusio 1 Og
w30 Ol 1) Jie (g lgial (g 20

Ao o (LS 1) Jde (06 a2 g0l l5ae 45T Canl (g pito Mips

b il
el $ pylis 131 5,5 (gl ol,s 2bs, Jlezs! DIN
ol § syl 3 1) Jb el ol s, Jlezs] DIA

iy il (305 0005 85 b g dliime (o940 olyen 4 B B @l b 4 4] )

Dol o a3y IS g Sllee (clacSu bl s cou glols



1€ Oy 5 (SUSd (13 e Loyl s G5 ol diamn Al yuolG 8y ; A b

MaxV = Z Z dips - Vkp

PEP KeDyp

Min C = 22(1 - DINLS) (Cip-Wips + gip'zip) + Z (1

DEP ieN (L,J)€E

+ 2 bijp -xijps)

peP
s.t:

Z Xjips T Wips = Z Xijps +dips VpeP,ieN
j€RS (i) j€Fs (i)

- + —_— .
Wips S Tip + (rl-p —rip).zl-p VpeP,ieN

lems Syt (u ui_j)-Yij V(i,j)eE
peP

=

Xijep =1~ L{u.—.—o}(l _yij) VpeP,keDy, (L)) €E

Z l]kpgl L{ 0}(1_Zip) VpeP,keDy,i€eS,
JEFS(i)

Z Xiup <1 VPEP,keDy,ieN\ (S, U k)
JEFS(i)

Z Xijrp — Z X =0 VpeP ,keD, JLeN\ (S, U{k})
JjEFS(i) Jj€RS(i)

Xijkp = Vkp VP €EP ,keD,
ieRS(j)

Z Xijkp = Vkp VpeP,ker
ieRS())

Wips < (1 — DIN;).M VpeP,ieN

injps < (1= DIAy).M V(i) €E
peP

— DIAjs)- (fij- vij

() dal

(v dal,

(1 dal,

(¥ da,

(b e,

(7 dad,

(v da,

(A ),

(A das,

(O e,

(O da,



ib)wc\ib)sb&\i'\cw%ﬁ.\n T+0

Xijps =0 VpeP,(i,j)eE,seS (VY
Wips =0 VpeP,ieN,seS

Vkp =20 VpeP,keD,

xgjkpe{O,l} VpeP,keD,,(i,j)eE

yij €{0,1} V(i,))eE

zip, €{0,1} VpeP,ieN

4SS cowl ladiip giludies F Gun ol alold o e,S sl (0,8 Sl Gl cusl @jle V Baa &b
g Jgame 25y Sy 5505 423 106, L3 el sesole Clelis > Jpoes 251y S, )8 (sloizjo
i S i eale LS el ) 5508 5 6 Al ja gnesd 5 (6)ISS 15 pe bawgi (SIS (el
Ml > Jgmame anly o 6yl A (Sl (6950 gl B g plastinl &g )5 L3I I csls 5 55U
O 948 0 o ol |y Lol (g3lsed gl 1 5 sl Ll |y Lo po cdgioms & Al 39850 ol |y o0iiS AJgs
45 yamo sgorne 6,5 o 5 Jpaes o sl & in 5l 0 LG o 3 s S LG 39005
o5 ol 51 Jpana iy ol ply Jthe o) 05 o] 3 csdgh e 4613 &y ctigdgn 8 ] oy Ll
0,5 o)l 293 B pan a3lsl 4 39 0 )
)b Ly ags A8 (o (el &S (psbos il Su g jho (suite 9 W (Al 4 b F Cudgaee
Sy il o byl Woassls feores sl 0ud Jlasl o) (59, 5 485 & 90 (b gdaw b YL o

Cdybs L ader S o st &S (6 y5bdy (sl G g pruo (g pusio 5 Mgy dlaly 4 gy e O Codgizie eyl

2] &5 SV Wy & (ol g sl el g9y sldlals 95 @l Codgaome & dlally .l 48,55 ©)50
JL 2] g9 Y g & alin g muil il gl gl 69) Yo cd )b L ol oo il So b 2l 1 L
el alsl (b b g9y omb <) b puilgs oo il oo L plp i

YU o Loy o8 w3l 4zsls Sgvg b 48 olKin im 08l o slabuls 5 bl Sy Cudgaes ¥ dkay,
JUsb laise Jsame (uiloy sl 03,266 JU oudly 48,5 )13 )3 sa0 o0 |y ol (ol o o 9 230 axily
ol o Jgmaze by (sl Jb ol g s JUeb Lol o & Jguazme o] o5y sl 03,006 JU ol s s
ey LB (o3lg5 o3 6y g jgo (] 53y D90 AB)S ) A0S

S oss gl Jlb p a8 wsb olaglj g ol ouiiS uel ba T i a8 w8 o )8 SlaJb (oljl 4 A cudgasme

Al o a8 ola] ol Sp ge 1508 s 0)5 o lil 4 &Sl JEy K Codgize oyl i b



T OlySod g (SuSuil (108 /ees gl b €07 5gll Ay dills o 00 4K (1,1

s ol 4ol g g b i 55 4 45 (olan,S s n Jb o8 s ol 1y ol b g
e s J51 sy b o 548 S ol 55 5 o oo el s b 5 b 9m9 Y
g s b 155 bl g bl YU s M (slo,S azplis 45 1S Lo o & Cadgdme il 015 (sloslitl
Ve Codgiome bl bl (i 0a S el o 0 b Jgeasee o] & ) sl Wl J ol g0 ol 3
K Sl o5 5 ol il K (S 0,5 &1 P s by s 51 b oo JWb S
Jo—ae gl )l WV cudgioes sl 16,553 00 ag5 P Jguaso e jS0La VY Codgione i8S oy 3959

ol b yuxio 03 g 90 b L VW Cudgime 5 b (g9

Sello 955195 Sl gins! dingt S ol 3y Juko 431!
wln ) Sl San Jlo (glgiwl 13 A pends Clo g Jde 13 (g)lgiwl Jold Lisu 90 4 Baa gl ¢ Jae opl )
b drge o lagylio )3 (392 4290 pé Gl S)lgtel plply eadl 423l d2g0 2 Clga (Jae laciond |l
Sy g <5 (Sisgg adly gl ey g plod oty Sl Sl syl 3 (g il se 42

| Siziey 9 solle 8 oy lgial gjlodie Big> 3 0d pll (gygpe sbagingl el 1 NS el S
Oeed 93 pS0 )l o 1y Cedd pdaw (5o b o 1S maenal (6 Sy lise 457 3, culild win S @l (V420)
gyl degazme )0 dgnge (sbrgy )l 51 G o slaodly Fiod 4 Cud &S dad o Q) 1) SlaCles gy (]
S slcudgione g (ylidle slacudgize feld Codgie £ 93 gy ol 0 Nl oS Cumlus
pAs g Nad b (olicel Hlad cudgiome pl (63955 slaodly &5 did olacodgioe (g sl slacudgisw
g S (Pl Slyite g S Sloite s 93 4 3 lyite DN £yl ol 5 el
(S slapite Iy Aol e sl 58 L gl age e & s olajite (b sla it
5 29 Jalss Cglite b Ay jlde oabd i slajiel)l I lke ya pgBy Cygo 3 & Aius ole e
Mo g Lb o 3io5 & aab d glajially e 4 (St b dige ylade gBly )3 29 oo s SbgSted
Sl § ER™ 5 cual (b (slosiio oy Sy X € R™ gy ol 15 Ygamo 35 (b it sty

il poj JSS el ol bl sl (Silodinge Jde (IS p )3 sl (IS (o e Sl

Min:cTx +dTy (VF dbl,
s.t:

Ax=1Db (Vo dlayl,
Bx+Cy=e (V& dll,
x=20¢y=0 (WY dayl,

1. Mulvey & Ruszczynski



ib)wc\i b)sb&\i'\cw%ﬁ.\n Ty

U Lol ooy L psliae] g el coli o culps a8 cul (658l Cydgasme S [l VO Cydgise

W Cdgise 5,5 o )hd clilizel b cos ol culps o conl IS cudgasme Sl V& Cudgise 3,
sl 2 (e (gilwdiary gy ool Aoy Pluwe o8 200l aily Jlas > canl b piie (1391 Cute I el (gl
colys S €Q a8 g)liw ya coov g o ddgey3 Q ={1,2,3,...,5} & )ysods bagyyliw I (slacgomme b
S oyl 2 g98y Jlaisl S0l & 92 dals ps <o Jloinl b g {ds, Bs, s, e} L plp (Jpu8 lacadgiow
SE€Q Gl s IS oo 1L Ll 3 0,9y pl b sjlodde ¢y sl T pg = 1 &5 ¢ jobay Sl
JAo D9 (pnd S e 0jlil S € Q pa 1) IS slacudgaze )3 jbre (g (SIS lise a5 G LS oy g

2D9b 0 g0yd Sygo b (8l S ryelp Jhe (Sl )l (e gl (giloding

Mino (x,y1, .., Ys) + wp (&1, ..., ) (VA dlayl,
S.t

Ax=b (V& dlay,
Bsx + C;ys + 65 =e; VseQ (Ve dayl,
x20,y,=20,6,=0 Vse (VY dlyl,

gloal Bun o un @l )jle gl 05 o0 a5 3 1) gojliw iz S VIG5 Slgnl (iluaiae 2,50,

L& = cTx+dg Vg polie I S pn 4 ol ol pie 4 & = ¢Tx + dTy .l V¥ dla, 5l ons
g oo e Jdo gl (iloding 4 &5 (ol pe (Bolad (ghajaelp (o) 2 gy ool 2 gdise edlitl
2 Ay Olg o ) Gl ol (Byxe (gilwaige Jbo 0 &g mje 5l pYL Gl yd &S (gyebds il ond S5
2L (81,62, ., 85) can 15 &)l od 3yl (63068 Comslus odly ilizgl 5 ahad e laodly ol
lacodgioe b (ad Culbg b 51 pdm 0 JiS lacudgiowe b o de > jelaieds (] des >
Jace o 03> Sl gi ol cawl odel Canddy S5 Ol gy jliw 51 o 3 48 ol line ol 0 ¢ J S

D dalsd ) O)god gl lien

MaxV = > > > q..d,.V (VY db,

seS peP keD,

_712 qS' Z z dkps'vkp_(z qs'-z Z dkpsr.Vkp]-i-zeéJ

seS peP keD, s'e S peP keD,



A Oy Ko g (Ul (18 [rs Ly s Oyl diang Alls puoli 0y 5 s 1,1

MInC =3 d, 3" (1= DIN,) (G, Wy + G2 ) + (I_DlAis)'{fiij +Zhjp->§jm] s

seS pePieN (i.j)eE

+7zqu [ZZI DIN; (Qp.W.psngip-zp)wL (I_DIAjs){fij-yij+Zhjp"§jpsD

pePieN (i.j)eE

-y %,[22(1— DIN).(Gp W + G2 )+ . (1- DIAJ.S,).[ .y, + ;qu.xjm}}rzej}

seS pePieN (i.j)eE
HOIIPICE/N
seSieN peP
s.t:
Z X s TW s = z Xiips +ips + s VpeP,ieN,seS (V¥ dlayl,
jeRS(i) jeFS(i)
W <1+ (g =1y )z, VpeP,ieN,seS (Y0 aal,
D Xips SU (.,— ..)y.J vV(i,j)eE,seS (¥5 dla,
peP
xi'jkpﬁl—L{u”,:O}(l—y”) vpeP.,keD,,(i,j)eE (VY dbay,
Je;(i)Xiljkpgl L{r.;=0}(1_zip) VpeP.keD,,ieS, (YA dbayl,
> X <1 VpeP.keD,ieN\(S,uik}) (¥4 dlay,
jeFS(i)
2 X~ 2 Xjip =0 VpeP.keD,.i eN\(S, Uik}) (¥ dl,
jeFs() jeRS(i)
Z Xijkp = Vip YPEP ,keDy (Y‘\ :\-‘a-g‘)
i€RS(j)
W, <(1-DIN )M vpeP,ieN,seS (VY dlal,
Xips < (1= DIA )M v(i,j)eE,seS (*Y dlal,
pe

(V¥ b

Z Z kpsvkp_{zq Z Z kpSVkp]-i-gSlZO seS

peP keD s'eS peP keD,

(221 DIN,,).(CyWype + 8 Z,p )+ (I—DIA”S)( i y”+z - ”"SD (Yo dal,

pePieN (i.j)E

Ea] SO w182, )+ T (-0 13, T |

s'eS pePieN (i.j)eE

+02 >0 seS



ib)wc\i b)gb&\i’\‘w%ﬁ.\n T+

X 0 2 0 vpeP.,(i,j)eE.sesS (75 2,
W s 20 VpeP,ieN,seS
Vi, 20 VvpeP.,k eD,
Xi’jkpe{o’l} ‘v’peP,ker,(i,j)eE
Yy € {0,1} V(i,j)e E
Zipe{O,l} vVpeP,i eN
0,02 >0 seS
Mips 2 0 VpeP,ieN,6seS
502,8&%,0&&»%@&

OAgi Al Cunl 0ad odlistul Buiod aliws Jao o e S l38le I ooleiitin 45an 93 (2L Jue sl
o=l el on b Jo olie mlio b b ye aBly (sbaodly jloolaiwl L a8 ol aidly dnwgs aios ool ]
23 g2olins s 215 295 0 L pazma £55 93 9 25,1 S e 04LS @5 Vo v g S A5 Ve (el 0265
b3 5L gy s sl /D pgus g2sbias 5 /Y pgd syl co /¥ gl syl 5By Jlainl &S sl 005 48,8 1o
sloosly olsl 1 g Cusl Lo B! e 4 g5 b Mg Cadybs g b yide (LB I ilieo (slacuasy
b g ST Glise 9 Y g (Lol 4 bgiyo (slagy )l dilord 48,5 jlai 5 abgyye (5 5 Jla 5 39250
il S )l Jgl Bas @l aloasd adg (853 a9 39290 (S0,b slaodls jlodlatal b Jloy @
2 Sls gl Gig Cunl <10 (59 b iy o il Sy pod Bum b gl 00 Gl /D (i b 55l
Pl Y plpi 55 g P Jgans Sl (39 4290 b b Codgaome | Bl liee /A il pgd 9 ol Bum il
oo, § 0 oui dlou! slaai e i o calisee (slaoygd )3 WY game Slold e cul yau Y 5 ¥ sla Join

sl 0 03l L cglita (sligy i o S

(wly 52 s dlasl) Jgae Lo ylia0 Y Jou

Y Jgpare ) Jgare Ypame ) g | CYpae ) g

A VO Yy A Ve ! Ve A )
a \ Yy [ WY VY 5 Ve A
a \4 Yy 5 A s VO VO Y
A VO Y¥ A Y V¥ WY V¥ ¥
5 a Yo AR AR VO V¥ Ve b
Y VWY \rd 5 A \Ye 5 5 5
VO VY yv A [\ A4 V¥ AR \4
Ve VWY YA A VO YA [\ Y A
VO Y ya a \4 AR V¥ VY a

Y \4 Y. AR VY Ve




3 (108 [ by s €06 gl dianny diils a0l 0 s 5 aSus 51

RUL S

Ve

“\ \\ o\ Yy A4 44 A4 VAPY QAA . \ .
) A ‘A . . . . QA %A . . \
Y “\ s\ . . . . 44 AL . \ \
A ENY o\ . . . . *%A AAA \ . .
4 o\ \\ . . . . <% *AA . \ .
Q “\ o\ . . . . QA E\ \ . \
Y b\ A . . . . AvA s A \ . .
A s\ A % Ab $A Q04 AdA \AA . . \
A 4\ o\ oo\ <Y 44 AA E\N AbA \ \ \
\ o\ “A \% *% \< A4 QAA bhA . \ \

b |

ek |

A000000f mmoaﬂvv
e (657 o

noeb |

ook |

(1=ric e <f€ 6j=r)
T ART v & o

60 L TR 7D H (O wf Fr S v o e { KD o o CoqS omg’

nceb |

noeb |

(1=wic & &€ 6j=x)
a6 AEO e of o

nceb [ |

noeb |

A000000f.m®o.._0v
AR v < s

e 6fca v <D gfePn

e L I W L B S L

3¢ o =30 |vk[)
(sve \ =k
fvKP <€ 6o



€ 5)loud V€ 5)93 £+ ) ¢ imbao Sy e Y

4 8, dag i 3l wad Fy SV guase (ol 0,555 50 IS o amd o Ui SGyte LP Jio guls
Y game polie S8 o iy LialS lna e 5l asly VA/0e e g 03,90 |y Walolis 5| uslg QU/FAY oo
5 Lol flo o s g ep9d 9 Jol slogyliw 53 53 9 Jol ¥ guaze Jlade (Jol 8,57 53 bl oo i o0 M5
2l ooyl (g Jol gsliw 53 gl Jgazee pdlie pow 8)5 53 S (oo s 2213 V/0 9 VY (e ) oo )l
P 9 Jol lagyliw )3 pgd Jguazme S ooy FIA (lise 2 cpgur g2)liw 13 9 V0I5 0 (lise 0 ipgd g0l 5o Ll
2 P93 9 Jol @Y gmame (lie (o35, )3 A (o oS 2y VIV (e 4 pod 92l 13 g dlo e s (9
s VIV (lie g gyl )3 g AV jlade ol oyl ) Jgl Jganme (ljee Lol fslo o 5 (19 p9> g2l
Loo, S ilo g i 8,5 )3 Lol 1S (o 1ol MY pgus )i )3 9 Vo /Y Jgl g2l )3 p9d Jguao (0 $035 o
Josaze g% gV & & 5 od, «glaio oo )5 0 Y guate dod (gly aile o (Bl jund oy OY gams jiolio
ol ord olo alisee (glags i 30 e coles 0 by ol 28y 4 ub aS )1y sgng JMBIA S5 1 gl
2olie 5 glaite (slag liw cnd OV gaze polie Ol pusd puisred (Cuol oids &Iyl Gan U 10lie ¥ Jois jo
POY 50) polaeV Jods o ol jo .l oas a3l 5 50 o Jods o cglaie glao,S ;o M sl

Gan @b polie £ Jgua

va-/o- /A

32 lw dw 4> sudgi OV e dlie Ol puas L0 Jous

¥ g2 b ¥ g2, Y g2yl Jypaze 0,5
Yii . . Jsl Jsl
Y/o- . . £9° Js!
SIN Vo5 . Jsl poes
VIV : ps Py
AZA . ANY Jel oD
AIY . AN pod B
Js! s
Jgazme 93 gle,5 ;> WS Jgae
¥ Jpaze ) Jgaeo 2 ¥ Jpare ) Jgaee of

5 \ | \

\s \ | Y

\ A \ | Y

3 ¥

\ \ Ve \ ) [\




Yy O Sod 9 (SuSudl (188 [onn Jag| pad o5 gl s Allls a0l 0 i ; s 1 5b

Yao/-¥ VE/Y Vgl
¥ir- Y gl
Y %)L.w

1 s il Cnsllas e g 4y Ao oS (sLaodlsy ulos j1 ol clusbs guls Jise cpl
Sglite (ldCunsg g () p 3 (g dlate bl b > wle (ilwairy 03 g jld Jols Cglite slagy )l

o™ P S
Tk 3 N3] g Sllas clacSun,y blyd ot jglol diw ails el 0 o) s ()b & Gudos opl )
die) pd Jlad on S W)y eS8 S g Jaamedins Ollas Mo by b yidie o UGS #5958 () B0LS WS

5 05 02255 S yglenlss (i 903 Lyl 1) bl Goam 93 (5ios o a5 il ol mlio
Cedyb ma o b g slaaije (b cud b maw b g sladi o o5 lagSa b alg asja (¢ jlwaies
el GialS Laey S g b (g9, slogl e dlgas 0ad slml slile (glodysa g ys (slady o (izeen 5 YL
s b a5 8 canl aplie clllas 5058 oS ¢ liios s Llod &y Linghy ol o o3 @) Jas
s o Sly llllae ¢ Jlia (5l)m) dSog: 00,8 bLod (5o g g g gobaw 3 1) M el 05,00
el el o 9, 9 S5l siloaiage 3l oozl bl ay g (Ve i g )30 caygupms oY+ (J 5,3 o lleesd
292 (VoVY) 59y slegS 9 Jlige Buod a8
g5 Az A bl b )0 (09 ey alls Sl Mo b (el 02095 A (690 o 13 ) Lty S
5 Oleif) ol (Hy 3285 1 Gdate 9 (ITAV) dnjdn 5 ol amloab (sl Baios 048" JolS (Jguame
pacs (i ol 53 o B e ol 1y Loy Laid Bl yiiin 53 usbad pas ol 5 o9Me cal (Y+YY) "odljls
Al S5 69l 4 ol 0B L plas 2 aidlS Olidiod .Cuwl oddd awyy b yielly by )5 Caslad
i Mo Ly 51 lidos oy ol sl 039 bl dbon 51 Slojls o (eobatdl o laymacs; sl S
Al el 0y55 8 (b 3 e sl do5 BB (esdse S5 e sl 25l g )l cola
NS eon lgion el 0285 8 (Db 1> (S (Slacs S paonss 2 (tiao (5103)S09) & 425 b (psinad
2905 (g32 (b 0,255 ol (ke )
JSas a5l Ui Sl Gt el slee g eSS (sld > S g ey (slaaile 4 g

L;Ltaj[,,? 059> > Sy Sl Cﬂf}.m oS _\,Jy 019&4.3 Lsil;\‘é @L..o Cuon| O.g.l).gb.g c..\.;)l.) OOy )Bigb’ 9 )|9:..»]

1. Vali-Siar, Roghanian & Jabbarzadeh



ib)wc\i b),b&\i’\cgmo%ﬁ.\n Yy

9 0l 030255 2 oyl 1 oy Sl 59 slad oo (8,5 5 53 (i 85)l3)55 2 (slofag Canenl ] (5t

sl i3l g abe by Jae )3 ks pe (claadlhe :8)5 ai 13 g (5)luk 5 gyslol S

Lalgiind 9 (5 o a2
f3 b iS5 b Jelse e it o Oglise (oS (520 53 (el 01055 (9,5 518 4 405 L
SN gz (0l 052255 gl 59y llllas da M|l 0o (sl gl & a2 L g ol Sliles (slacSi,
Ay il 20 0,255 (63l e glite (S, sl AL dmgs Jaomacun ) b slate | ppalud
2 M35 Glas o) bylpd o6 At dils (0l 0,00 dnogs 4 (il ol Lol sl 03 Slaiity
le gy (9= sgme gl 3500 b (65l Gljil Cae oo § (BUIS i (EALS A slans
1)) Laag s Lials g lols ojlwedyglp ialibl cas @in 93 (chyaebp Jo o Oygods a5 cul a3y
ol » Jld plie mlio c8,b S0) (9090 dalllas ads glaosld o SleMbl 5l o cpl )0 .Cuwl onds
Jie 4 s e i oo jo5 gl 0 I (gjlwosly Skl Jos )3 2k e g a8 eolinl (ol o0
509,5 02)5l s 1) Lol anly AVFA (:Sike ooy (JHST g Shlos clocSiny) (85 55 0 Lo oLk
gy il sl pae U dpales can idgh cpl 5o sl ooy ialS |y ladi o 5l asly YA/ 0Sile jsboay
e Bt gliad it o (656 laie sl clite sl by K00 4 o 45" b ool gl (gilodinge
15l glle gy yr e ysome sl (513,50, K03l e ST Sladog 3 o) (5 gllas b
sl o5 Jaa abab > dinge e 148 5,8 ookl (Y43 e o 5 Jlagtow «B1j21) gl 3,S05) b,
S (o 02litl aaty o (gjlodizeS Ca (ypne

15l oSl (50 Al pILBl 03 9e) pigalnd UL (el 0265 (ol )3 29250 sl 51 (S
Fhe 5 alie 505 b 3l plgice gim llllas 1 ol s il 25108 b agzlse pas com (55 slood gl 8
28" o3lisol (ol JUil Canlw | tao e B 5 o yiiie GLOE (el cgr

ditg plojon JSbe 3aios palie Glaal Liges g iy Sallls aile uels 0005 claeSis (b 3
S iy bl SialS Jie plaaiie olg e ST Sldllas )3 daaiyia (sloateS 2 )5 cal iy g o
glsl Slando ez 5 0,8 aslyl oa i ol cligsie b e Byl ca |y synie (o)l g Jpame cuiSl
) 98 aalllae SLiios Ms 1l o 8y Jlo (slacSiany 59,5 Blod b o &) (35 Jaa )3 Sy
2 9 el 5505 Ly 545 oyl )3 00 blod Gldgyhe Cod (el 0055 (il Jhe ol 53 23l i po
Sl J3e ¢l drsg 5 su (eold 555 emlie 5 (5l lan] s Mo abex ) ¢ypols 055 83 (S

djlwse PSP Sl S8 menlie 4 gy polaw 53 1) dlitse

1. Aghezzaf, Sitompul & Najid
2. Flexibility

3. Green Supply Chain

4. Sustainable Developement



aAF: Oy 5 (SUSd (13 e Loyl s G5 ol diamn Al yuolG 8y ; A b

&b
i 3 L dolas (el 0yi505 (gjlwdnid o itne (65 lwdings ((MWAA) oygimme 5y lals falline LSl

sy9lis g ol My Ao 0985 5553 5 Jole o iine (il e 2008 els JOS] oyib, S
XVAD-YVA- ($IVF (LSl Lo

u*“l—’ 0,555 33 e (§5lmwdingy Jio S S 9 a1 (WWAY) d yams (o 00 5le cccaly 050 o awlagds yel
ol Coloid 09 (38, Sy a3 Ly asee G j Mo il S g 35w inli8l Bua Ly diuwy ails

.\C\C_ YV ‘(\")\() ‘LJ‘/’(;ZQ"’)«J)K/J (.:YL.LA_C)J M'.Jym

8y50 dalllan 1)lul Aty ddls umb 0,050 a8 by alfiis obade (VWAR) deso (e g (v (83> 4o £l
IV XY (V)Y cldas g ol o pito Mol o dlxo b Cxio

29I G55 el 005 b sl sl Jlazs] (glal o 9 Jao 1) (VF++) ks 55 5 Jole 3] £ e tygunn
NoXF5E (ENY (L teics e ot 135Sy 6o 9 4055 JMES) 5288 s o

08,3 5 o L e diag ddls ‘_y.nl.» 000505 S (b (WVAY) joxn ¢ 0]y 5 dol> (5575 (5556 {gdpptezte o ylao
SA - 00

pie Cundg 3 il opels 0yim0 4 bl (il e (WAA) e colilej 5 (soge ol pas Uy damo o b
SOY=EVN (N (it g o ., Sall5 el 63Ul 51 oolil b ol Jo g capalad

2 53l oo el 005 s (g jlumtiate Jico S L(VF+ +) Lo ccsmga 5 Lidpode ¢ JLoz el 5l 3
F¥O— VY (VDY inio Sy o oo mlio

A¥= 5V (M + o irio Co pido dolint (Causlad pas byl il 13 o (slopsonas b

2 Gl pae b dgalge )3 gyl 5l (655,150 bty adl> u~°b 0355 (il e (WWAQ) Lo (S35 9 yguaie ¢ hoge
Y=V D (V)WY (i Gy o o 88 CutS 5 CaeS

References

Accorsi, R. & Baruffaldi, G. & Manzini, R. (2020). A closed-loop packaging network design
model to foster infinitely reusable and recyclable containers in food industry. Sustainable
Production Consump, 24: 48 — 61.

Aghaie, A. & Hajian-Heidary, M. (2019). Simulation-based optimization of a stochastic supply
chain considering supplier disruption: Agent-based modeling and reinforcement learning.
International Journal of Science & Technology, Scientia Iranica, 26 (6), 3780 — 3795.
(in Persian)



ib)wc‘ib)sa&\i"cw%ﬁ.\n Vo

Aghezzaf, E. H. & Sitompul, C. & Najid, N.M. (2010). Models for robust tactical planning in
multi-stage production systems with uncertain demands. Computers & Operations
Research, 37 (5): 880 - 889.

Alem Tabriz, A. & Pishvaee, M.S. & Mohammadi, A.S. (2018). Designing Green Closed-loop
Supply Chain Network with Financial Decisions under Uncertainty. Industrial
Management Journal, 10 (1), 61 - 84. (in Persian)

Amin-Tahmasbi, H. &, Raheb, M. & Jafariyeh, S. (2018). A Green Optimization Model in the
Closed-Loop Supply Chain with the Aim of Increasing Profit and Reducing
Environmental Problems, with Regard to Product Guaranty Period. Journal of Operations
Research and Its Applications, 58 (3), 27 - 44. (in Persian)

Baghersad, M. & Zobel, C.W. (2021). Assessing the extended impacts of supply chain
disruptions on firms: An empirical study. International Journal of Production Economics,
231, Art. No. 107862.

de Oliveira, U.R. & Marins, F.A.S. & Rocha, H. M. & Salomon, V.A.P. (2017). The ISO 31000
standard in supply chain risk management. J. Cleaner Prod, 151: 616 — 633.

Dixit, V. & Verma, P. & Tiwari, M.K. (2020). Assessment of pre and post-disaster supply chain
resilience based on network structural parameters with CVaR as a risk measure.
International Journal of Production Economics, 227, Doi: 10.1016/j.ijpe. 107655.

Dolgui, A. & Ivanov, D. (2020). Ripple effect and supply chain disruption management: new
trends and research directions. Int. J. Prod. Res, 59 (1): 102 — 109.

Fathollahi-Fard, A.M. & Hajiaghaei-Keshteli, M. & Tian, G, & Li, Z. (2020). An adaptive
Lagrangian relaxation-based algorithm for a coordinated water supply and wastewater
collection network design problem. Information Science, 512: 1335 — 1359.

Ghorbanpour, A. & Jamali, Gh.R. & Mousavi, M. (2021). A Green-resilient Supply Chain
Network Optimization Model in Cement Industries. Industrial Management Journal, 13
(2), 222 - 245. (in Persian)

Hassanzadeh, A.S. & Zhang, G. A. (2013). Multiobjective Facility Location Model for Closed-
loop Supply Chain Network under Uncertain Demand and Return. Applied Mathematical
Modelling, 37 (6): 4165 — 4176.

Ivanov, D. & Sethi, S. & Dolgui, A. & Sokolov, B. (2018). A survey on control theory
applications to operational systems, supply chain management, and industry 4.0. Annu.
Rev. Control, 46: 134 — 147.

Mondal, A. & Kumar Roy, S. (2021). Multi-objective sustainable opened- and closed-loop
supply chain under mixed uncertainty during COVID-19 pandemic situation. Computers
& Industrial Engineering, 159: 107 453.

Mulvey, J.M. & Ruszczynski, A. (1995). A new scenario decomposition method for large-scale
stochastic optimization. Operations research, 43 (3), 477 - 490.

Nayeri, S. & Paydar, M.M. & Asadi-Gangraj, E. & Emami, S. (2020). Multi-objective fuzzy
robust optimization approach to sustainable closed-loop supply chain network design.
Computers & Industrial Engineering, 148, 106716.



"l Oy 5 (SUSd (13 e Loyl s G5 ol diamn Al yuolG 8y ; A b

Pavlov, D. & Ivanov, A. & Dolgui, B. & Sokolov, B. (2018). Hybrid fuzzy probabilistic
approach to supply chain resilience. |EEE Transactions on Engineering Management, 65
(2): 303 -315.

Piraveenan, M. & Jing, H. & Matous, P. & Todo, Y. (2020). Topology of international supply
chain networks: A case study using factset revere datasets. IEEE Access, 8: 154540 —
154559.

Ramezani, M. & Bashiri, M. & Tavakkoli-Moghaddam, R. (2012). A Robust Design for a
Closedloop Supply Chain Network under an Uncertain Environment. The International
Journal of Advanced Manufacturing Technology, 66 (5-8), 825 - 843.

Sabouhi, F. & Pishvaee, M.S. & Jabalameli, M.S. (2018). Resilient supply chain design under
operational and disruption risks considering quantity discount: A case study of
pharmaceutical supply chain. Computers & Industrial Engineering, 126, 657 — 672.

Safar, M.M. & Shakuri-Ganjavi, H. & Razmi, J. (2014). Designing a green closed loop supply
chain by considering operational risks under uncertainty and solving with NSGA 11
algorithm. Industrial Engineering Specialized Journal, 49 (1): 55 — 68. (in Persian)

Saglam, Y.C. & Cankaya, S.Y. & Sezen, B. (2020). Proactive risk mitigation strategies and
supply chain risk management performance: An empirical analysis for manufacturing
firms in Turkey. Journal of Manufacturing Technology Management, 32 (6), 1224 - 1244,

Shabbir, M.S., Mahmood, A., Setiawan, R., Nasirin, C., Rusdiyanto, R., Gazali, G., Arshad,
M.A., Khan, S. & Batool, F. (2021). Closed-loop supply chain network design with
sustainability and resiliency criteria. Environmental Science and Pollution Research, Doi:
10.1007/s11356-021-12980-0.

Sibevei, A. & Azar, A. & Zandieh, M. (2021). Developing a Two-stage Robust Stochastic
Model for Designing a Resilient Blood Supply Chain Considering Earthquake
Disturbances and Infectious Diseases. Industrial Management Journal, 13 (4), 664 - 703.
(in Persian)

Talaei, M. & Farhang-Moghaddam, B. & Pishvaee, M.S. & Bozorgi-Amiri, A. & Gholamnejad,
S. (2016). A robust fuzzy optimization model for carbon-efficient closed-loop supply
chain network design problem: a numerical illustration in electronics industry. Journal of
Cleaner Production, 113: 662 - 673.

Temogin, B.Z. & Weber, G.W. (2014). Optimal control of stochastic hybrid system with jumps:
a numerical approximation. J. Comput. Appl. Math, 259: 443 - 451.

Tian, Y. & Shi, Y. & Shi, X. & Li, M. & Zhang, M. (2021). Research on Supply Chain Network
Resilience Considering the Exit and Reselection of Enterprises. IEEE ACCESS, Digital
Object Identifier, DOI:10.1109/ACCESS.2021.3090332.

Tirkolace, E.B. & Goli, A. & Weber, G.W. (2019). Multi-objective Aggregate Production
Planning Model Considering Overtime and Outsourcing Options under Fuzzy Seasonal
Demand. Advances in Manufacturing Il. Springer, Cham, 81 -96.

Tirkolaee, E.B. & Mahdavi, 1. & Esfahani, M.M.S. & Weber, G.W. (2020). A robust green-
allocation-inventory problem to design an urban waste management system under
uncertainty. Waste Manag, 102: 340 - 350.



ib)wc\i b)sb&\i'\c‘;&w&gﬁ.\n Ty

Toorajipour, R. & Sohrabpour, V. & Nazarpour, A. & d Oghazi, P. & Fischl, M. (2021).
Artificial intelligence in supply chain management: A systematic literature review.
Journal of Business Research, 122: 502 — 517.

Vali-Siar, M.M. & Roghanian, E. & Jabbarzadeh, A. (2022). Resilient mixed open and closed-
loop supply chain network design under operational and disruption risks considering
competition: A case study. Computers & Industrial Engineering, 172: Part A, October
2022, 108513.

Wacker, J.G. (1998). A definition of theory: research guidelines for different theory-building
research methods in operations management. Journal of Operations Management, 16:
361 —385.

Zahedi, A. & Salehi-Amiri, A. & Hajiaghaei-Keshteli, M. & Diabat, A. (2021). Designing a
closed-loop supply chain network considering multi-task sales agencies and multi-mode
transportation. Soft Computing, Doi: 10.1007/s00500-021-05607-6.

Zamanian, A. & Nasrollahi, M. & Fathi, M. R. (2019). Mathematical Modeling of Sustainable
Supply Chain Networks under Uncertainty and Solving It Using Metaheuristic
Algorithms. Industrial Management Journal, 11 (4), 621 — 652. (in Persian)

Zare-Mehrjerdi, Y. & Shafiee, M. (2020). Multiple-Sourcing in Sustainable Closed-loop Supply
Chain Network Design: Tire Industry Case Study. International Journal of Supply and
Operations Management, 7 (3), 202 — 221. (in Persian)

Zare-Mehrjerdi, Y. & Shafiee, M. (2021). A resilient and sustainable closed-loop supply chain
using multiple sourcing and information sharing strategies. Journal of Cleaner
Production, 289, 125 - 141.

Zereshki, N. & Momeni, M. (2020). Modeling of Closed-Loop Supply Chains by Utilizing
Scenario-Based Approaches in Facing Uncertainty in Quality and Quantity of Returns.
Industrial Management Journal, 13 (1), 105 - 130. (in Persian)

Zhang, C. & Tian, G. & Fathollahi-Fard, A.M. & Li, Z. (2020). Interval-valued intuitionistic
uncertain linguistic cloud Petri net and its application in risk assessment for subway fire
accident. |EEE Trans Autom ci Eng, Doi: 10.1109/TASE.3014907.



