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Extended Abstract

Introduction and objectives: Urban development and the increase in intercity and intracity transportation
have led to a significant rise in transportation costs. This rise in cost increases the final product price and
consequently the product's market price. Additionally, the economic aspect is not the only concern; increased
transportation results in higher CO2 emissions. These issues have driven the design of various transportation
and vehicle routing models, including the vehicle location-routing problem. Facility location is a strategic
decision due to the high costs associated with constructing and locating facilities. On the other hand, routing
decisions depend on location decisions and are considered mid-term and short-term decisions.
In this study, a mathematical model for vehicle location-routing under uncertainty conditions and considering
reliability is developed to simultaneously optimize sustainability objective functions while maintaining
minimum reliability levels. The sustainability objectives in this study include minimizing total costs,
minimizing CO2 emissions, and maximizing job opportunities based on integrated strategic and tactical
decisions. The primary focus of this paper is decision-making for optimal transportation routing, considering
time windows and the reliability of facility location based on their failure rates.

Methods: Given the uncertainty of the mathematical model parameters, various fuzzy and robust possibilistic
programming methods were employed to formulate the model. Four different models were used to manage the
uncertainty of demand parameters and transportation costs, and the results were compared. Additionally, two
methods—an exact solution approach and a meta-heuristic algorithm—were employed to solve the multi-
objective mathematical model. The enhanced epsilon constraint method was used to analyze small-scale
mathematical models and conduct sensitivity analyses, while the NSGA-II algorithm was applied to solve
larger-scale numerical examples. Furthermore, an initial solution based on prioritization was utilized for the
meta-heuristic algorithm.
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Results and discussion: The results indicate that although an increase in uncertainty rates leads to more job
opportunities, it also raises total costs and greenhouse gas emissions. Additionally, the analysis reveals that
the RPP-11l method achieves the highest model robustness cost with the lowest standard deviation. In the
reliability analysis, it was observed that higher facility failure rates result in an increased number of located
production and distribution centers. This, in turn, leads to higher total costs, increased CO2 emissions, and
more job opportunities. By analyzing 15 numerical examples, it was also found that NSGA-I1 is highly efficient
in solving the mathematical model compared to the enhanced epsilon constraint method.

Conclusion: The findings of this research assist managers in making strategic decisions such as facility
location and tactical decisions such as vehicle routing in the context of market uncertainty. Given that the
model incorporates various realistic decisions and assumptions, the mathematical model can be effectively
applied in distribution industries, particularly for pharmaceutical and electronic goods.
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Initial Parameters w, p

For I = 1: number of objective function, do
Calculate the best objective value (f;*)
Calculate the worst objective value (f;” )
End

Evaluation the f; + & C—Z + i—3) Ifi —si = &
2 3

Return the efficient solution
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Tuning the NSGA-II initial parameters (Max it, Pc, Pm, N pop)
Initialize the population
Generate random population;
Evaluate Objectives Values
Assign Rank (level) based on Pareto - sort;
Generate Child Population based mutation and crossover operator
Fori=1toMaxitdo
For each Parent and Child in Population do
Assign Rank (level) based on Pareto - sort;
Generate sets of nondominated solutions;
Determine Crowding distance;
Loop (inside) by adding solutions to next generation starting from the first front until N’
Individuals;
End
Select points on the lower front with high crowding distance;
Create next generation based of mutation and crossover operator
End

NSGA-Il 15 4 ¥ <

Al a2y 5 b e 4 pdaw 93y y3 45 Wl o pdaw 93 Jobs dllie ol 3 ond b Jae .adgl Js of, a,b
aJgl Jioles @l gl ol ous L3I oL o= b Ko Pl 35 NP-Hard Eadge Slodl 3 gl o By b cud)ls
ol 00 ookl Sloj 0y99 5 g Jaamme S (gl ¥ UK b sllas (o5 yh dline S I aliuee



YAY (Qb&aﬁ E) o.:bwd.:) QL.:A.M C,..:L'L; u:ejfjlz BE b C,.:xja.é(.»\; .Jm_‘f& BE) v:v.la..u;.) @l{‘u&»—@l{‘w

Production Center |C| Distribution Center |L| Customer|/|

$ g2 _— ¥

N

TT— @

v

Echelon 2 \ Echelon 1
IC] L] [L] 7]
Node | 1| 2| 3 4| 1| 2| 3 15| 200 B3 R 21 vt | B S 60 [
Priority | 7| S| 4| 2| 6| 1| 3 10 6 8| 4| 5| 1| 32| 9| 7
ayl o oy Ligles F S5

5wy adgl Jooly liS o)y (sl abbo IT] % (ICT 4 2IL1+ [T]) slol & (ono shael 1 culiSole S alina gl Jool,
25 b g el gl Gy
LS50y sl ol Y gia>e @595 Cap 4 dlewg (ol ypane (pizmen 9 @i Se Lbgle (ol Bun ) waw 3. gl e
Dy plul nj el (iso ool adgl o ol
23,5 o Dbl Lol bl oy 5l coglgl o p¥YL L)
e pawasS @i e o 3l Caglyl a Yl 4 ond bl gLl e LY
sl od B! @35 3 pe byl g A Ay cod )l 5l a8 oad OBl bl (gLolis e ggere o5 Sloj b LY
b parasS @i S e & Lol bIE I g Coglgl on YL
Pedise Sy 59y 4 @iy Sl cud )b g Al dhwy cd il jlade
b apadS e ol & 500 4l dpog Wil ol Bl b (Lol ggeome ) yieS A dluwg cud )l S
235 o Sl an Caglgl VL b g8 550 bl oad QLo LG (Lol ggacme I 1S mjg8 3950 cadyls 3]
g S5 bl 4Bl Lials + 4 Lol bl cogsl & Slos b5 B Y clapls
P9 o 4Bl (Lol mjg jS1)e plgis 4 oad Ol @ jg 39150
D)8 o duwle Jol pdaw pd 0dd dbul Jads slacus,d ¢ slaldS 58 Lol jlade s a .
@S 50y sl sl Y gaze @595 e 4 dlowg (b jame eimen 5 Wy 3S1)e b (ol Bun ¥ w3093
Dk pbsl pj el Lise nl gl ol
28 oo dsmilrs S po o Sl lyie 4 @5 3 s o lp Y guae g5 £gee )
b oo il i & 8l ot QLI &5 i She coglyl LY
23,5 o B 35 Sy ol Caglyl VL LY

o> < v v =



YA¥

VP Dl = (FVF o9 — anto Sy pike BRHASE

b parass Mg S1he ol Coglgl VL 4 0l CLEl gl S e
b o Ol Wg 38 e b b g audis g cud b 1 xeS e Ol @9 S SLolE Hlade ggeme 487 Sloj b L0
b parass g 30 @ @ig She om il s Caglyl n pYL
g Gl 5oy 4 15 ST Cud b g s dlwg bl ade .7
b oo eSS pne o] 4,505 s dlwg AL odd OBl x5 3 1he Lol Egeme I yieS adis dluwg cud b ST LY
S5 3oy gl 2V L g5 55 e cail o A i e SO gpuine I oS g5 5 e b ]
20,5 o
Db o JIySS adl aBls (alS e 4 @ ST Cuglgl oS Slj LA LY slapls
Dy go adlis Lol agr SThe lgie 4 ond Ol Wg 381 ) 0
33,5 oo duwliie pgd paw 43 o dul Jid (clacus,d ¢ LS 515 Ll e e ) )
Do o 03ltwl des > U 5 (53,5 goiun dn 9ol (sLad) Dgd (a8 old Cudgie &S g0 )d ( oliS ey jl dsye ya
dou 2l 51 B sl ()5 Jlgte (slaylS5 53 02)s80l 5 2980 03938) Jgl Ban &b a0 VL jlen dtpja G o5 ©j90 (pl 4
LS (5590

q

Sygo 4 b 55 adsl > ol ()0l 13 clapt )¢S dtwgy Cunlo 4 dngi b aS el o adgl o ofy opl )5 asg BB aisS
aw o )0 b ol il olel p dlie pl o ond sl adgl s ol Lol il olad sae bl p Bolad g diwes
D)8 o bodd S (slrodld &y gy (Bolal (clodld ¢pj pandlSKe ol gy ! 51l

Y oo \ s

9

:ﬂ LN 9 > 3 > > P > o -~ 3~ < 9- E<] > o’ [N
q - = = < & - < .. . = D N = < =
Y

—‘3’\ \ % Y ¥ 5 I Y q Y 5 \% I A \ ¥ \ Y

0 gy > oy 3 e D]y oy Sie] ot il O S

D505 o Db Jp3 e S5 )3 ) 206 & gy (L3S > (Il 205 S sS hae  sle D JS5
lag dolol cdl 0uis o dd A ) diwaw Bolai dlael adS aS” Sloj U ail 3 ol dgudue ol v g ¥ dde &y dokad (gim das
b oo panass )b S Ll paw o gl dnS sae yp bl E pl 308 e

(sl dai SO s Ses o b o i g Sy Slas NSGA-TT 40,651 o a8y )5 & sl Slos o yiope dlos
25 0 5Nl e (Balai due S ol gl w5 Sl 05 S e Cansy el o) o Jlade o PM zally bl
A3 o Ui paises,S S sl |y sldas O s Slas pbl pundlSe £ S D gdine dbul L > oly «ygo oyl 53

) RUJC
ilaisae [ eed | cXF | CAY | eeA [ o¥Y | Lyp b | XF | cAY [ XY [ oaxy | oxs

Caglyl \ ¥ 5 Y > Y » \ ¥ 5 > ¥ Y

oo 4o 5 i Sloc ppassilSe £ S




YAD (Qb&uﬁ}o:b’v{@) Ol oL u:ejfjlm):bg;_.xké(.l; Lylyh s elaugs @EO&*‘—@EM

Sl e dine (pl g Cawl 00,8 Ty i < XY dae @ reAdas il ples 5 Hlade 45 005 e sdaline £ IS @ 4597 b
Ll 0l a0l

5 aSedo pigeg)S 3l ab 93 cusl 00 asule el malaid )3 o ke &S PC eyl ull y; (slalal 93 oS 5 Slas
0950 ¥ IS 100,50 e )d i ¥ g ) Wij,8 g3 dbul 4 yomie Jos ol g oo buls ¥ g ) Wlg jd dladi 90 o (sl as geore
e e LIS (028 pgigeg)S S sln |y (slabal 93 oS 5 Slee plodl

ARV Y ally
laisas | ed | oxE | oAy [ oA | x| ooxs v ey [ [ v [ oo |-
cogly \ ¥ 5 Y 5 ¥ 5 ¥ Y 5 v \
 ——
‘\/-\uﬁ/“ Y 35,8
lawsus | oen [ ewy [ oar [ ovr | ooy | v v [eve [ ear oA [ e |
cogly \ i Y 5 5 ¥ 5 ¥ 5 \ v Y

ol i g0 oSy JSlas punilSo YV S5

L Cles duwuline s padli

2 SRS By 4 Y Joir 13005 o il LS slade ol W 4 omie alis > )3 00 53 oty I S
ol 04 dzB DD gy £ 090 ludl ) edlawl

) 8 oy )55 duglie slo a3 Lo T o>
dalee iy ya5 s

solunndy gl degamms ,3 slio b slacles sy (NPF?)
bla C)?.I Sl )\_\li»ﬂ5 A3 0 uLW ‘) d.li.wc).m dl).g

S 28 oS & Sl e i A3 1l

D] sh
P S ol ) ol 2 o amxe oLt ke ol (MSIP)
MSI = Z (]:nilxlfkmax _ fkmin)z 25kl 1 &S eddm i Sl (glad > g5l asgeme
i Obee ol e (39 S, dede dwlxe
Cal g5l dsgemme sy Cuslio g4 odims Ll
Ry
oy = et ld — di] SISy ooty aclys (35,5 )18 ljwe oximsplis (SMIF)
(K -1)d dal) (ol )3 298 0 dplone 5 dlal) 5l &S 039 o2 LS
S ; 980 58 dsle s dlal I olgiee |, dy jlade
d =1'=I.n...innj==i<z|fkl _fk]|>' vi NV ] 55 salgs oglas il a8 jlre pl Glje o5
k_=1 1,..,n
MID gl & (S35 i x50l Gl o Slee ol (MIDY)

i i i Aoy dlal, 5l aS > 5 o 28lg o3,L
25:1\/(fk1_fkmm)2 +,_,+(fkl_fkmm)2 + 2y ) ) 9)0s? J0 A0l $)Hh Ak

wily |y asls opl e o oS oS oty oS0l D95 0
K

1. Number of Pareto Front
2. Maximum Spread Index
3. Space Metric Index

4. Minimum ldeal Distance



VP Dl = (FVF o9 — anto Sy pike BRHASE

VA7

adleo

by y25

L]

lolgy sl o dady ol 3 o)y e 3YL ) il
VY] ol 95 digy dsgoome jo

Wil wdl 6ymeS Slubre gloj &S etyyoS)

(CPTY)

adgl sl yially webald cax ggbge Slodl )d ol esliiul sla by, j (Se (255U 9y NSCA-TT s yoSUl 45 L ol )y oalais
oy ke & pliwd 5> Alins o (glad (ggomine )0 bt oSl L Shlil caa el ool il (Sl 18 glaeny oSl
e s 3350 455,515 53 03555 s Ly (53 s s sl 53 Gl g ) 3 e S (5 o
Cawdy o p yiao A;lu.o Cundy g5 bailgy (wlal p od BMB] sy JBlas jlade g a8l pool dayiolyb oS5 3 pusi b (251
Wl o 031y LES A S5 ) o malats dlo yelyb Hlie uiomen g oSl o (glys ol

Y, -V NPF; + MSI; — SMI; — MID; — CPT;
RPDl-= LY* |YL= i i - i i i (‘c‘n)
ol Slislel polod oy 3> Lialejl Jlade pyiae Y g Gislejl yo (clyal 5l osel s sla el wSike ¥,
NSGA-II
Data Means
12 Max it N pop
30
1L e oyt (VIR
28+ / >l O Mae Gl
8 261 // //\. Max it Y AR
E 2 ‘ ‘ ‘ : ‘ ‘ N pop Y \0-
[ 1 2 3 2 3
“g al Pc Pm Pc \ o
g | Pm Y .
SN _—
261
24 \/ /
1 2 3 ' 2 3

NSGA-I jeofyl pulsi 13 SN o Lowgio Jhogai A [S5

1. CPU-Time
2. Mohtashami

w95 BBl o odly Ll .F
bylys cov addun aw Jdo J> lp ol o @l Bolad gode e cov ol Jae Sl g ajps 4 isw opl o
sodly (gilwdds 5 Moy @ linl fad cpl j3 cCanl 00 edliinl NSGA-IT g ouds Cuadi Codgioms (yamml yig) il cushaipas

ol 0 plol Koo ol 53 (0as Jlo & Julod 9 350 asldl j3 g ond aislyyy sl e slayilil ol (g5
A 5> (glaijed (g3 b g ahad it Sjgo 4 JBg e gladlja g L il ) Jae )3 .51 (Wodld (g5lwamd 9 Mg
sloodls (giluansd 5 458 sl T odizme bawgi 0ud @) (ooloidy by jlesdse sladlie b g 4329 5l S sl oad 48,5
P olsely cogas @b g o b 5B sbodls jl g o b aiS oo wal ) 1) ISl cul (bt (bg) [+ ] cunl b oalial (3l



YAY (O, es 4 o:b'v;.-g) Ol oL u:ejfjlm Ry C,.:.daé(.l; Lylyh s elaugs &EO&—‘;EM

Vol=dipe 5[V e Al= @y Y WI= G plp iy @ Vb 5 b o (JBg o> slaanjo 5 Lol (56 dlasl 4l b5 s
ol odel Cawts ¥ ot ollae (gao L& Coguac anyd g ol e clayial )b Juolgd il Vo 58,5 a5 5 b asb 0 [0«

b o (el ot bl Cypic 43,5 Jolyd 5k i ¥ Jp i

v Jeolgp san aib o bl cugae an
o = =
dipt Wy Pw dipt Wy Pw

\ [6.v] [V VY] [v.¥] [0 covy] [+.or cvxo] [0 o]
Y [v.4] [yovy] [v.¥] [-yv.-av] [-xo.-v] [-ya.-av]
¥ [a W] [ve.va] [¥.0] [-ov-A] [-veave] [-ov.-A]
¥ [V av] [¥aovaA] [6.5] [+ A rer] [V ver] [-A5h.]
o [y o] [vA.¥0] [5v] [Voor ] [V ve] [Voor reer]
5 [vov] [¥o.0.Y] [v.A] [Voor oreer] [V.or c-av] [Voor orer]
Y [ ] [ox .04] [A.4] ARV [-ar..v] [V o8]
A [aevy] [oa55] [2ey-] [-Ac-ov] [-vecoxv] [-.A5«-0v]
1 [vy vy [s5 vx] [ W] [-.ov..xv] [-v..av] [-ov.-xa]
\ [yv . vo] [vyoa-] [V o] [-yvee] [-yoee] [-ya.-]

¥ o 55 g Al abid i (clayiel)l (s Ll nass g 00 Jloy ol gjl ccloooly (gjluodend basly, 5 oolizal |

Cawl 005 0303 ULM.:

e i sloyiall i Bl xo g 05 Jleyi ol F pi>

(pw av dipt
S Y; i S; Y; i d; Y i -
.V oy - A¥ .Y .Y .Y ¥ ¥ .Y \
SRL oV - Y A SRV -0V SRL <oF - ¥ Y
-y AN - .Y Y -Ad AL <)) -5V ¥
-3 - N¥ - Ay - X Y Voo ¥ AT - A ¥
.- Y Voo .08 Y Voo .- Y Voo o
.55 Y Voo - AT - Ay .55 Y Voo 5
<A - N¥ - Ay - AY Y - AY N AT - A v
-3 AN - -ay L - DA -A) <)) -5V A
- 3A oV - Y - AA RN - ¥ - 3A <oF - ¥ 1
\ ¥ \ Y .Y \ WY \

o905 9 556 sluel gl o o 55 0 A slael slalie lages Joo (slaaiy o o LOE b laspe (6516 dluel (giluansd ) SSL
ol oads o3y lis & S 0 (656 slael Coguiae b oo



\\°~\‘Ju—(?)\h,,;—wqﬁnjwr:e YAA

1600

1600 1600

1400 1400 09 1400

1200 1200 08 1200 F 08

1000 - 1000

1000

count

800

count

800 800

count

500 5 04
600 600 500 04

400

0.1 200

12345678910
Class class 123456780910 0 5 10
class

aipt &V)‘U (’i’w
b o clojiel)l cugbe B cxio g (Stho jlger T S

123456780910 0 5 10 0 0

ol 0393 B Jodo O o 4 S 68 bl (3as Sl (gl (651 ond wlgi glodld (g5 (slaodly (olwands I

(O Y5) S o> slodisin sl oA 4y 5B cloodls lado 0 oot

w* w3 w? w?!
Y Y. (TR YAVY v=1
vaas XY Y.OAF VAFY v=
VAN FAYY YEFA 1.00+ v=3
p* @® ¢’ o
Yoy q...Y 044 YAAY w=1
Vo XY A5 ¥¥va Y.OY0 w=2
VeXe- AV A Y.y w=3
d* d3 d? dt .
t= t= t= t= t= t= t= t= p '
YYSSY oA VDAV \O.VoF \ESEY y.sov O.AVA oxs¥ \ )
YY.AAY YeyvY V5.0A0 \s50v WAy Na.- AND) YEYA Y )
Yooy Y.yav YAAY - \E5Y . V. 5YY .- DAY 0.AAY \ Y
YY.0N4 YV o8 \FAD- YAA5A RRnid NA%ai A5 vavs Y Y
LARLL TYAFF YAAS - \EASE Ve Y0 ey £YA¥F £A¥Y \ Y
YVYA Y1AAY V050 V£AAY AARE YVFEA XYY £¥\0 Y Y
YVYEY YAV YADFA VAYFA VWYY RN VAN Y.YFA \ ¥
YY.FYO YY.VFF VASFA YANOF AN IVAYY VAR IAYYS Y ¥

$579 4 Al claosly .ol oud o0y LiS £ Jads Gy 4 CAIESS @i @b Gwlel 58 8l Jde sbayielyl ple
Al ansly 39>9 LK db:;.)‘}} a oliwd ly d>g0 Lad b Cuwl 845 s e

A0 s U led) o (Sl Jho slopiel)ly Jlade £ gt

e Sl Jade el

~U [a- a-]1 kg cdy, ~U [yeeerav..-]$ fir9c
~U [yw. &-.]kg CPep ~U [»: af-]gr evy,
~U [8+ &--] km da,,m’ ~U [A- aA-] Or ew,,
~U [o- a--]km db,y ~UD-- o] wo.
~U [va xa ] km/h Sy ~U [A- 5+°] wo|
[-25]h [a;, b;] ~U[-rey] ey

~UD 18 T, T o ma



YAQ (Qb&uﬁ}o:b’v{@) Ol oL u:ejfjlm):bg;_.xkéc.l; Lylyh s elaugs @EO&A—@HM

Jade Sebl ke ek
T M A mA’
\. & ~U[v«]$ tht; PCcp, dclp
> n ~U [a- ov-1kg Cy
~U -+ v--] kg Cly

Mo 0 ol (o0e Jlio & Judow 5 4300 & deldl 10 (658 glaodly (gilwand 5 WJgs I s SagS b gdue Jle Julod
NSGA- g o0d Cugii Cudgame yobusl (59, 5l @dad aw Jao Jo (sl il g0 a5 pgd g gl saw 55 (Real 4l aluwg g9
ol 0a 00l L Ve IS5y ool Cawds o5, dgus> &S Cawl 005 oalawl 1

4
10 210 2000
* *
L% *
1500
of J* F 4
o~ § % @ i
8 % x §1000 o
*
8
3& ¥ 500
M
7 0
4 6 8 10 4 6 8 10
Cost <104 Cost %104
2000
2000
1500 e
* * %% * ¥ 0
103 1000 S 3 Fek **** '8 1000
S * )
;‘;K*ilek ** *
500
*  * 10
0 4
7 8 9 10 *10
Co, x 10

dem&@;‘fmoyfwyy)é%.!»ﬁ

Ay Gl ool jLasl e <l cpl po a8 Wdb o Y FAAWLY aSlls sl alia op eSS &S dad o i s
o slalds sl jl5 jLial i op oS cpicred Cuwl 0391 05 YOV byl oid sboul s (slacus y8 dlusi 5 p )5 YEYVY.-Y L
Cuol 0350 £,5 VEVFAVE L pl s pod B mli (gly jlade cpl adl o lasl gy 4y 5005 ¢ (6 i 35150 dlaad aS 00Dy &
&S Jhgo 53 Cuol 5 VEY L ply oid obol Jad slacas )8 slass o YD OVAAVAY L ol clb cpl 0 &Sl b sladi s
slasia s pl 0 g daled 05 WYY L ply i dbol (Jad slacusyd slasy wSlas g a8 )5 a5 > dliwe cloin] s
2 Gl £)5AFALA L ply UBIS laj5 Ll liae o YIS APYYYAY L plp (6)l0SS 5 (amass ¢ ol pme « b Ko JS
Glp S Olgs 0% g oad o gil codgasme bl (glp ) Clga ¥ ((lado cp 5 g opyiae) odel Cawds Ban wolos atels ol
&lp g A ply SM g 0VAYEXY Ll NSGA-I lp MSI e o asls o5 awyp .ol odal cawsy NSGA-I
o oae Jie NSGA-I 15 > yloj (wyp 50 Gl 0 Juols +.0Y s OWYEFNY ply i 4 00 Co ol Cudgizns gl
Co gl Cudgdme yoluwwl 4 Cuud NSGA-IT (sYU LK 5l lis b jad s cpl .l 690 > asl YOI loj e jo 1) Ko oS
2yl oas



VEY U= (1F 65— gt Sy ke 510l

V4.

e dliwe (pl g a8l iolidl oad clast 3STye dliay ¢ Jad slacas,d slaws yilj8l b aSm ey o lis b o s
o Lials slalbdS olajlE L] lise 4 o 0ad @lus] 35100 slaad e Coli b )00 (gom 3l .ol ons JS slad s ol

ol a8 50l381 )l g anasd (ol e JS sladi e

(L WY S sl 485 18 ayp j90 LI Cli gl sla 293 dged e (23l Je sliel (qw)p sl

) 0)9.)

o P
<§1{$!

Q
N

:

£
£

aQ
w

(g}
o
& F ¥, 7 4
. - »
o # L7 ¥
\ [ \
‘e, \ \ \

N

4%

=
\@

:

a
w

a (@)
\U\ 07 7 ( £
%\

N

> oo LS L Glgx (gl (sl Soo8 plo (gaae Jlie 1) anass g (ol e

)

v

N,

— |

<

) i
\
|

Y 4
!

Ty
gl

%
e

a‘% w
“$
—

Ly

&

3}

o
a2t
Vo, b4

ﬁg&
R
)
&y
A"

< sy

L)

«—
o

e ¢
y
i

g
\#

Py

v
V 4
%

1

&

B
ls
2% S

&y

e Jlo (DB oz oly) 1> Janadt s (e ol lSe ) ) IS



Y (O8n 5 03 30a) Oliabl Coblf 03,8 i 55 b Coalibpde sl b 55 el ss (b O g e

Sl gl jsi 3550 @y om J s S Y 0)led A5 S 50 ogil M5 S50 gy (I 4T 3 LIV S s

$looy93 0¥ 5 ) o)ladd i Alwg LY o ¥ mjgi SThe 5 ¥ A5 3 o o SV guane Jdig Joo sl 0ald S ¥ 5 ¥ 0)led 5o
odaline V) S5 )3 ()b jide & SV guamme @595 (gl 4l yanass 4l alusg § @595 0970 (piren (Cuwl 48,5 &y pgd g
O aliste @Y gz jl il Sloj (glooygd )3 g5 g @i S ye 2 lawg 0dd jg SV gaze Jlade Y Jga> )0 39 o0

Cawl 005 030>

LIS s gl 13 045 )57 5 00y igi & Ypuareo Jltdo Y fpis

Y 050 Vo9 Jgae

¥asa YANAN V Jpae Vg S
TOXDY PYAYY Y Jgae Y&ig S
FAAL YAXYY V Jgae ARITB%
£....9 £Y.0AY Y Jyae ¥ g Sy
YA.0MA AR V Jyae Y g 5 e
vafss YRAYY Y Jsae Y g 5 e

el 3 S slvas o 1 el ot YUl mje5 350 0 ) Clea pl > Joame 4565 zud (398 Jodo el 4 a9 L

RPP-11 RPP-1 BPCCP Js o ol Jio Copbas sl o S s gl smon 51 g <ol 0392 + Lyl LIS g

g 5 R g D ot Crbalpis £33 ke ) = 5 5 & = 10 polhe 39 Cab o5 b 55 ol ] el 0 sl yy RPP-II
ol 0as 03y LS A Jado )0 zols 1Ske

inpdoliy cileo clo yioy co  LSby Jdo 3 Slas A o>

J> obej b Cuo b 5 Sle CO2 )il (1Sl ez Sl
BPCCP .. o
¥Ya.¥o AR\ ARNAY AYaya.Aq HOFYAVY i
AARRAAY VoAV.OF INIS\Ard DOAY.YA 5
Fiany VeAVY . INtZR A INSRAAA .Y
FYyay VeALYY A¥AqAVY DEYANY + A
FYV.vs AREAA 2 AOYYY.NA NS\ RS - A
RPP-1 s
YY&XA V+YY.AY AYYAN.00 WWIFSY.FA LA
A R AN ARARARY AFYYY.-Y AWYOYY.YA 5
FAY.YO VWYFA AYA-AAS \YYOSN S0 'S
YYY S5 VYFAY - AVOYSE YA VWOOFAAY A
Y¥V.¥. VVOAFY AYS.AY VWY FY.YY - A
RPP-II Jur
FYYYY ARERW Y MYVEYD Aq-Vd..» RN
FVO.A¥ VY A INARYAn ERVAAARY 5
¥yasv YVIFYA MFYY.+ ) AavIV.LF LA
FYY.YY VIV XA MO+YAD AAAVY.FY A
A\atAR VIYAN - MEYEYD Ve oYOV.D + A

RPP-1I1 s




\\°~\‘Ju-(?)\h,p—wqﬁhjxlr@? VYay

J> obej b o :Sike CO2 jlusl (1S3l 5 anpe Sk

\raAnt V<OV FY AOEEY NY SYOYY - AP LA
YY) SV VeA-DY ASASYXS SOVETAY - .5
yav.a¥ )+ AYAY AM-+OASN FEOO D) -y
YAY.00 AR AN MAVFNS FAYVVAYY <A
Yoo VYYAYD A+YIV.FY Yoo ¥YYANY - A

oan g S ¥ o ) a5 9 4Bl (Rl LS Hlade < Jae > Cumlapae £ 55 GRlEIL &5 aa3 0 (LB A Jgix ol

5 g 0 Dbl S 1 (g pidin i Lol lade il g aSils > JBg oo Jlade ]38l b ol adly il IS claa s
a2 RPP gl Jas )0 aed o L gols .ol 4l yiol38l Jxd slacus,d it g IS olajl8 Lis] ))5ee 4
odnlie RPP (cla Jao oy b ;500 (gow 5l sl BPCCP el jl i 4 55 Lolis (gjlwodyglp (sl omenss > 4 S

Jobs

Caol RPP-I1 5l iy 55 RPP-I 9 RPP-1 ; yis RPP-IT Jso o S slaai s &S 3,5 oo
ol 05 0303 olis VY Js w8 ;.;19? Lgl.mu&lm &9y » Cuzlad dpds &5 u]/w;u

4
1200 9.5 210
9
8.5
8
05
« «
8><105 T T T T T T T
S S B
6F 1
—*%—BPCCP
Al —*—RPP-l | |
RPP-II
—¥— RPP-llI
2_ e N2 R
Ow 1 *\ 1 % 1 % 1 *
05 055 06 065 07 075 08 08 09
a

L oz sloSlo (o) g0 Susbabpde E5 Sl VY S

S5 53 Al o LOlE gl pi oy iz 17 5 B0 ol (g ety § iy oo s gt 2 JIS 550 cslo ol S 5
S35 cup Hlase Lil8l b aS e e il a8 )F Oyen Judod .l 0l plosl yel)l 93 pl (59 p Camwlues Sl VF g VY
88 (o ol Jo g 4l Gl ales ygeo S (sloalysa dolE (gjlud gl pis dey 2 i rizran g ()Ml Bun 15

il 035l 1y bt Lol oles b



Y4y (Q‘)K&k E) o)‘)rﬁb) QL._».‘?‘ C,._.LB u:ﬁjfjk; BE L) C,..:xlaéf.lﬁ Jm_‘l..& BE) u’:e.la.w‘g) ‘j\iu&n—‘j\iw

4
1250 9.2 X0
3
K
1200 9
12} N
Q )
S 1150 g 88
1100 86t
1050 8.4
10 20 30 40 10 20 30 40
¢ ¢
6
3 x 10 T T T T T
—%— RPP-| W
—%— RPP-II
2r RPP-III
3
[e]
O
1F
O; 1L
10 15 20 25 30 35 40
¢
DS o (sl 3sSien 53y 0 5oli] St o iy s I S
4
1250 g 10
1200 ’
8.8
2] o~ k
Qo
8 1150 L 8 — 1
/*/ 8.6
1100
1050 8.4
10 20 30 40 10 20 30 40
n n
8 x10°
T T T
6 - -
- —%— RPP-|
B4l —%—RPP-Il |
o RPP-III
2 . -
¥ ¥
0 ‘ ‘ ‘ ‘ |
10 15 20 25 30 35 40

n
L o slo 3 Slo 69y o oy por disjo Slpdi )Y S5

Bun @y polie Olpsd (wyp 4% Jodo )3 pgd 9 Jol iaw 3 0ud ()b Jao 3 pliebl el (185 L > 4 dn g b
Gl 0ais i3l BPCCP Jas j3 cMgus (o135 Olpass ) 4 dlis



V¥ Jle = (NP o) 50— (e Oy e Sileir V4¥
Caoyd (ko il 5:Ske Aip (ke She s &5 oo b (pSke sl (pSSke ase (:SSle Fle b2y

S Co; 5 239 S Co; S g

VeYVYY INSARWAY DOFYAVY \RAANAS INEARWAY HOSYAVY

AR\ ANAS Avaya.Ad HOFYAVY AT AR\ ANAS INSARYSY DOSYAVY +\ A

\WWAFS0 MAYAYS SYVOAYY +Y 7 WY S0 MAYAYS SYVOAYY +Y./

YYAV.AD AYFAAY FSAYYYAA Y7 WY S0 MAYAYS SYVOAYY +Ye

YWIAY - INa A AT IZNATANS +¥.7 VWHIANY INAYLNE YASYYEYO +¥ 7

Sl cudgaze @8 (gl g adly yials o Glisl S50 liabl cubls (ol 3 7y il L &S dad o lis A Jods s

@ dad o lisl SYL ania L L g asl )38l eads clisl gl K6 dlas ¢ b ye— ol K0 dliis I pdaw o yluabsl ol
ol 0dls o glacus B dlaw yiron 9C02 il ol 38l a4y yoeie Mg disty G0 )d yuss &S g5k
ol b g Mg c8leSy yob 4 dolar ools Ve olpitn calisie (ola Jue bawgi ool vty (sl s ol el b5yl sl

o) sy ] o Cands ol IS jlme Clysul g pSilie g duwline digy ke I Gl ool ¢ 6 S paenad (gl ko Hlade cpily &5

MinZ = freqY* + CreX* + OR®

s.t.:

aX* + R > dyoq
bX* < sY*

R*>0

(¥%)

Cawdy g e 1 bl zal 1 Sleo 0ads @31yl 054 j0 Bolai slaodly Wgi g (S paounal (slb puxio Hlade il &5 cob
cloodls Joda ol 5 sl oas o3y (Lis Ve Jodn 55 cilisee cla Jhe p3 aSid p Jooxio sladi e S e aseS ) g oel

Al o Bolar glaodly WSl Cands > alad

oo Glaab] Codls yo o L)/ glo Juo 3, Slac ) ol

RPP-111 RPP-11 RPP-1 BPCCP BB S
£00-¥.AY SYFR YA SYYRD.FY SEYYENY \
£AFE. Y SAFYE NN £5459.Y4 £00) - SY v
SEFANY SAAD+.00 SYVYS XS SESVY.NS ¥
SOVE- V¥ SOFIANY SY-YEXY SIS i
SYYEY.YS PAVAR SYSEV.VY SYVEV.XD )
£10+0.Y)
SYFAY.-Y SFYD) S0 SOITV.FY SOAFAN + 5
SOYVEYA £AOY) £0 £AA-1 48 SYOVYYS Y
SEAFY.NE £5.ALYD SFVYA.-Y SYEYASY A
SYYSF XA SEYVEAN £0-VFX0 aVH-YXY q
SYe ¥ oA £0+99AY £AY )08 SYOSE XY ).
SEOYAXQ £5.YOXN SEVEVSA SYSVV.AA £10-0.Y) eSlbe
AYA- VY A%+ QA YY.- ¥4 YEFY.) - - Jixe Gl

ol slme Gl a8 Jls 13 009 b Jie 1500 51 gL PRR_IT Jao o S sladi i jlade oS aad o lid Ve Jods ol
Sl B Jde (300 5l eSS yog,



Y40 (O, es 4 o:l)v{@) Ol oL u:ejfjlm BEY" C,.:.daéf.l; Lylyh s elaugs ‘;EQKA—&QM

S Cosladpas JymS glagsbyy 48 o cilise Gluglie Gise cpl )3 il CasbaBpie J 1S slagby) WS (oe)p e
W peie ypolie 13> 4S5 ol oy o3sd (] 5 (sl 00D 4315y W 0805 Sy g RPP-II RPP-1I [RPP-I BPCCP

O] U9y b (93h) Jae 5 0 ag (Bolal Cjgo 4 )b Ve dlies (gloodly ¢ galad it gl S8 g alies (S mrenal
ool Cawds Gun @l e cualapae S (cla by, gl 0 cushdpae F5 (15,8 b g wlal opl g ocowl odd > Cudgdxe

Cusbidpte S (cla gy b oolpii g jlodo] Cunds (sloclps duplio sy ) o>

st o b (Sl Co2 jluxl ke IS 4w :Ske Jae
VoYV AYATUAL DOSYAVE BPCCP
VAYYAY AFFAY.00 WAESTFA RPP-1
AARAWAN AYYEYD A9-Yd.«« RPP-I1
VOY.FY ADEEY.YY FYOFY+ SA RPP-11
VFONY Vag-Y.xs SRCAL (b2l (sologity

Jo 4 dlies J5 slaaiyia (ke i o g (2 Je 3 (Bolar slaodls sboml b & aad e LB VY g gl

5 039t A3 s 4 505 (s ol YU s LS (sla sy & S ) une Gyl 45,5 030 o S35 BPCCP

3 04 bl Jxd glacus,d uzmen ¢ IS slajlE Lil jlade 4 55,5 o odalie Bolal claedly g S BB e
il o BPCCP i I yiaS

A3l WV g g (Bolal ooloiey gy ool 1 (o Jlze 1) J15S5 po 5o oel sy B @l e (5o

(Hlal (lpidy sy bt Jlo o S slaclys o Sle )T gt

lid o Sk Coz Ll pSilee S e oSke e Jla
BaAR VSEVD.0A FFF-AFY )
VAASFY ASYRY.¥) OYAYY.YY \
V-V5.00 VEYOF SV OYDAY ¥ ¥
V-£YAY VYYSDXA DOYAY.S- ¥
W)+ 0.0 AYVAV.0) OYVIEFA 5
V-FASA YAWVY.-0 72NN 5
VoY.a Ya-SA¥- DOYAYAY v
VeryyY VAYS\ SV BYYYDA- A
VeTYAY VAYAYYY SY\V- X5 A
VYYD AYFAY.VE Y- Y.YS Ve
V- FONY Vas.v.ys SRR Sl

ey YA FYY Fryvva. Sana Gl

b calizee slaple o dae Jie V0 > @ S8 plo j0 (30e Jlho & awyp 5l o+ 5385530 ol 43 (gdae s le Sl
LSLQO”L» V¥ J9J~> 9 )5)).: LSLQ)JL.» » 4:94» gphmo o)‘.)a‘ VY Js» Cawl 005 du>1.))) Codgdono u}l.u»)‘ L)’Jﬁ) 9 NSGA-II

w3 oo LIS > 9y 93 sl edas Jle 2 )3 [ LK g



VP Dl = (FVF o9 — anto Sy pike BRHASE

Sy slople )0 digad filuo o501 Y ol

V47

T 4] 4 |P] |1] |L] IC] a5 Ao
v ¥ ¥ Y ¥ ¥ ¥ )
Y ¥ ¥ Y b o Y
Y [ b Y I} I \4 Y
¥ 5 5 ¥ 5 5 ¥
¥ 5 4 ¥ 5 5 VY [
¥ Y Y ¥ A A A\ 5
¥ A A I} Ve Ve YA Y
[ Ve Ve I WY WY Yy A
[ Ve Ve I VY VY Yo a
5 WY VY 5 VO VO Y. Ve
s WY VY 5. Y. Y. Yo W
4 VO A 5 Yy Yy ¥ VY
4 VO A \4 YA YA Yo WY
A YA A \4 Yo Yo (Al V¥
A YA A A ¥ ¥ £0 Vo
wilizeo gode (clo Jlio yo duglio slo j2ils )Y Jod>
olb g Cudgaste (yolus NSGA-II alte
CPT MID SM MSI NPF CPT MID SM MSI NPF diged
OYAXA FYAY.YA CANY FEYYY.OY YA AARR YOV P YYAAAY - ¥A )
INtS 24 FyaAay - ¥y \ARNAARN [\ FY.-A Yays.yo A AR ¥¥ A\
\YYO.- ¥ FYYANS -OF FANYYY £y OV.YY YY¥ASY B FYaar.yy ¥y Y
- - - - - FARA ¥ARLAY . ¥5 SIVAY¥- o ¥
- - - - - AY.Y¥ YYav.\y BT SYSAY NS [\ b
- - - - - ARAARY FY-A.YA <Y FAVOANY OA 5
- - - - - \YY.OF FIMFY +.0) FAVYN.00 141 \4
- - - - - A\I\EA ¥yyy.aa Al FO-AOYY ¥y A
- - - - - \WYasa YEAY.OA 5y YYD« ¥ a
- - - - - Y.0.\Y FYYA.+N - FAVYAAD OA Ve
- - - - - Y¥.NF ¥A+¥.AY ERAR YAy ¥A !
- - - - - YYAYY YE¥Y.Y A FYMYAY oy WY
- - - - - YEY.YY Yaov.sy P Y¥AYYAA £\ W
- - - - - ¥YY.YY YY¥A.-0 sV YIA-Y.YO oy V¥
- - - - - DeFNN YFOY.VY +.OA SYNY XY ¥¥ A\

o 4 ¥ oojled (oae sla Jle o 4 o8 ol Cogdl Cudgdote yeluwsl 500,50 sdalie calie (dae sla ke > b
Oskemnl 515 06sS" loj e ;3 NSGA-I &S 5ya0 53 0l o (6305 paoual (g yuxito dlasd [isl58] s & goud90 opl bl ool
s NSGA-I &5 s o ylis b owy o) oGl oy yidin (55,508 L LS slacles 51 6yt slasd a0l Cu gl Cudgione
ool QLB sl 4 65 wgllas Slas b asls o3 Consd 4 Lol il (65 gl 2L SM asls



yay (O, es 4 o:b’v{@) Ol oL u:ejfjlm): L C,.:xja.;(.l; Lylyh s elaugs @EO&*‘—@EM

Wdloiudy 9 (5 15 428 0
Oligebl Sl g (6)lhly & dagi b Cuslabpie Lalpd 3 (rdawgd (ol e 2b e dline S > 5 ilo e @ dlie ol )
25 )3 4l sy ol e s 51 (ansgy o B35 o] 4y orie SV guamo i g JBg da> gsdge Cupanl b wSlyy
Gl 3,5 o0 3501 oz ysbo 4y (539250 9 Al iy (o 5 9 @5 STe OIS Slagena o 3 &S 25 aib S
bl )Ll Glise (ilodines (JS sbrab o (silodieS” (gl cov (gylhl Bun b aw Juo tpl dige Sloseual 4 (ol
g L& > Cushdpae 9 @iy 9 Wy e (23 Owimen A5 4B )l )3 o bl (i slacus b (giludinin 5 SIS
e (330 sl Jlie LS g 420 gl 3,5 ALl atlus @y (2l Juo (ol sla S plgis @ 58 JBig e (slaais o
il i pilS (gl S L Cpizmed b oo BRI S (sladiz s ol dbnl (b glacas b slas il L o ol ol
e Gl Glomen S slaa s (S slajls

ORIl a i Al cpl g @Bl Ll b yide Lol e cCushlpie £ (Rl L &S ded e LS (piozen o)
Flye s Gial3dl aoxie (o) Joo 3 LG Jhade ialjdl sl o 5o GOS (ajl5 JLasl Glise 9 JiigJes (sloaiy o
20,5 oolatwl 35 calisee yhgy dw I Jde (g5kulginl (gl S e dlul 1y (0L (Jad slacus,d &S 03 )5 o 38 e g MgS
1 b 523 (g9 jl sl BPCCP b 5l juiy 4S5 Ll (giledygl s (sl and Sl 4 IS (slodiyzo RPP (sla Jas
sizyn sl RPP-II§1 iy 55 RPP-I 5 RPP-1 j) s RPP-HI Jsa 5 JS sladinm &5 33,5 oo onlie RPP (sla e
el 015 o) RPP-11 4 RPP-1 (sl 5l 128 sdg) el 5o slano céloal Lol ol 0391 59 RPP-HI Jio o IS (slaizsn

5,35 I NSGA-I &8 15,5 oanlia 55 NSGA- 5 o gl Capdgione cpsham] dlas 1 cilizeo o (sl ySagy oy b
0a3ld > (ogllas S (Byy cpl & (Jb p3 sl Jlyg8 0 o plej (ST 9 (B8 cpytie LK (lacle Ay p> 2V
sl sy hS Lili8l cas was S5 sl oSl eolaiul ST cladss lais 4 g cpl il 0,55 cunS K jie dlold
8 pdpld SV gz (35 )l 53 5 pbytde & SV gaze ©jgF D o plus (B)5 5 )3 (pizren 33 S (o el S
Silodde plojan cutloy o b o) 5l 50 gt (w0l Jao dlie cnl 5o il ST Slidos (ol lasleity Sl Wl
28)5 5l 5> Gl Slaios plyis 4 er |y Gogte nl (lsie o Cusl o

5 el s ool ot €l ol 5 3l 0,8 b o KoS B dlie ol )55 5 s @)l ol cgBlo oyl
Srbo sals plgis 4 (iagh cpl )3 (Bl g el gl ol (938 L plejle )pS b g dlie cpl (sl sl
s (Bl yo)led digSaud B hin g g Gl 0dg) aastio g

&be

1. Afandizadeh, S., Ahmadinejad, M., Abdoli, S., Blgdeli, H. (2024). Solving the Hub Location-Routing Problem for
National Postal Network with an Integrative Approach. Journal of Transportation Research, 21(2), 1-18. (In Persian).

2. Akbay, M.A., Kalayci, C.B., Blum, C. (2023, March). Application of Adapt-CMSA to the Two-Echelon Electric
Vehicle Routing Problem with Simultaneous Pickup and Deliveries. Evolutionary Computation in Combinatorial
Optimization: 23rd European Conference, 16-33. Springer Nature Switzerland.

3. Alamatsaz, K., Ahmadi, A., Mirzapour Al-e-hashem, S.M.J. (2022). A multiobjective model for the green capacitated
location-routing problem considering drivers’ satisfaction and timel. window with uncertain demand. Environmental
Science and Pollution Research, 29(4), 5052-5071.

4. Anderluh, A, Nolz, P.C., Hemmelmayr, V.C., Crainic, T.G. (2021). Multi-objective optimization of a two-echelon
vehicle routing problem with vehicle synchronization and ‘grey zone’customers arising in urban logistics. European
Journal of Operational Research, 289(3), 940-958.



\\°~\‘Ju—(?)\h,,;—wqﬁnjwr:e YAA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Bayegan, B., Mehrabian, A., Yousefi Nejad Attari, M., Jafar Doosti dylami, M. (2024). The Mathematical Model for
Location-Routing Problem of Relief Logistics Considering the Types of People Under Conditions of Uncertainty.
Scientific Journal of Supply Chain Management, 26(1), 55-66. (In Persian).

Brandao, J. (2018). Iterated local search algorithm with ejection chains for the open vehicle routing problem with time
windows. Computers & Industrial Engineering, 120, 146-159.

Cao, J.X., Wang, X., Gao, J. (2021). A two-echelon location-routing problem for biomass logistics systems.
Biosystems Engineering, 202, 106-118.

Chen, X., Jiu, Y., Hu, D. (2024). Two-Echelon Location—Routing Problem of Perishable Products Based on the
Integrated Mode of In-Store Pick-Up and Delivery. Transportation Research Record, 03611981231218008.

Crainic, T.G., Perboli, G., Mancini, S., Tadei, R. (2010). Two-echelon vehicle routing problem: a satellite location
analysis. Procedia-Social and Behavioral Sciences, 2(3), 5944-5955.

Deb, K., Pratap, A., Agarwal, S., Meyarivan, T.A.M.T. (2002). A fast and elitist multiobjective genetic algorithm:
NSGA-II. IEEE transactions on evolutionary computation, 6(2), 182-197.

Do C. Martins, L., Hirsch, P., Juan, A.A. (2021). Agile optimization of a two-echelon vehicle routing problem with
pickup and delivery. International Transactions in Operational Research, 28(1), 201-221.

Du, J., Wang, X., Ma, B., Zhou, F. (2023). Two-echelon joint delivery capacitated vehicle routing problem considering
carbon emissions of online shopping. International Journal of Shipping and Transport Logistics, 16(3-4), 372-398.
Dumez, D., Tilk, C., Irnich, S., Lehuédé, F., Olkis, K., Péton, O. (2023). A matheuristic for a 2-echelon vehicle routing
problem with capacitated satellites and reverse flows. European Journal of Operational Research, 305(1), 64-84.
Eslaminia, A., Azimi, P. (2020). Solving the Electric Vehicle Routing Problem Considering the Vehicle Volume
Limitation Using a Simulated Annealing Algorithm. Journal of Industrial Management Perspective, 9(4), 165-188.
(In Persian).

Eslamipoor, R. (2024). A new heuristic approach for a multi-depot three-level location-routing-inventory problem.
International Journal of Management Concepts and Philosophy, 17(3), 322-339.

Faiz, T.l., Vogiatzis, C. (2022). A Robust Optimization Framework for Two-Echelon Vehicle and UAV Routing for
Post-Disaster Humanitarian Logistics Operations. arXiv preprint arXiv:2207.11879.

Fallahtafti, A., Ardjmand, E., Young li, W.A., Weckman, G.R. (2021). A multi-objective two-echelon location-routing
problem for cash logistics: A metaheuristic approach. Applied Soft Computing, 111, 107685.

Farahbakhsh, A., Behnamian, J. (2020). Solving the CVRP with Reduction to Knapsack Problem and Greedy
Clustering Heuristic Method. Journal of Industrial Management Perspective, 9(4), 89-106.

Ferdowsi, A., Valikhan-Anaraki, M., Mousavi, S.F., Farzin, S., Mirjalili, S. (2021). Developing a model for multi-
objective optimization of open channels and labyrinth weirs: Theory and application in Isfahan Irrigation Networks.
Flow Measurement and Instrumentation, 80, 101971.

Firouzi, H., Rezaeian, J., Rashidi Komijan, A., Movahedi, M.M. (2023). Sustainable Supply Chain Location-Routing
of Online Stores. Journal of Strategic Management in Industrial Systems, 63(18), 98-120. (In Persian).
Ghahremani-Nahr, J., Ghaderi, A., Kian, R. (2023). A food bank network design examining food nutritional value and
freshness: A multi objective robust fuzzy model. Expert Systems with Applications, 215, 119272.

Ghahremani-Nahr, J., Nozari, H., Rahmaty, M., Zeraati Foukolaei, P., Sherejsharifi, A. (2023). Development of a
Novel Fuzzy Hierarchical Location-Routing Optimization Model Considering Reliability. Logistics, 7(3), 64.
Ghorbani, S., Afshar-Nadjafi, B. (2021). Modeling and Solving the Cross-Docking Centers Location and Vehicle
Scheduling Problem in a Multi-Product Supply Chain with Discrete Pick-up and Delivery. Journal of Industrial
Management Perspective, 11(2), 41-66. (In Persian).

Golden, B.L., Assad, A.A., Wasil, E.A. (2002). Routing vehicles in the real world: applications in the solid waste,
beverage, food, dairy, and newspaper industries. The vehicle routing problem. 245-286. Society for Industrial and
Applied Mathematics.

Hajghani, M., Forghani, M.A., Heidari, A., Khalilzadeh, M., Kebriyaii, O. (2023). A two-echelon location routing
problem considering sustainability and hybrid open and closed routes under uncertainty. Heliyon, 9(3), 214-221.
Heidari, A., Imani, D.M., Khalilzadeh, M., Sarbazvatan, M. (2023). Green two-echelon closed and open location-
routing problem: application of NSGA-II and MOGWO metaheuristic approaches. Environment, Development and
Sustainability, 25(9), 9163-9199.

Hemmelmayr, V.C., Cordeau, J.F., Crainic, T.G. (2012). An adaptive large neighborhood search heuristic for two-
echelon vehicle routing problems arising in city logistics. Computers & operations research, 39(12), 3215-3228.
Huang, H., Yang, S., Li, X., Hao, Z. (2021). An Embedded Hamiltonian Graph-Guided Heuristic Algorithm for Two-
Echelon Vehicle Routing Problem. IEEE Transactions on Cybernetics, 52(7), 5695-5707.

Javid, Y. (2021). A bi-objective mathematical model to determine risk-based inspection programs. Process Safety and
Environmental Protection, 146, 893-904.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47,

48.

49,

50.

51.

52.

53.

54.

(O, 4 o:b’v{@) Ol oL u:ejfjlm Ry C,.:.daé(.l; Lyl s 5 obass L0 b e

Jayarathna, D.G.N.D., Lanel, G.H.J., Juman, Z.A.M.S. (2021). Survey on ten years of multi-depot vehicle routing
problems: mathematical models, solution methods and real-life applications. Sustainable Development Research, 3(1),
36-54.

Khodashenas, M., Najafi, S.E., Kazemipoor, H., Sobhani, M. (2023). Providing an integrated multi-depot vehicle
routing problem model with simultaneous pickup and delivery and package layout under uncertainty with fuzzy-robust
box optimization method. Decision Making: Applications in Management and Engineering, 6(2), 372-403.

Li, F., Golden, B., Wasil, E. (2007). The open vehicle routing problem: Algorithms, large-scale test problems, and
computational results. Computers & operations research, 34(10), 2918-2930.

Li, H., Li, S. (2020). Two-echelon location routing problem with multi-fuzzy and pick-delivery model and algorithm.
Cyber Security Intelligence and Analytics. 600-610. Springer International Publishing.

Li, J., Xu, M., Sun, P. (2022). Two-echelon capacitated vehicle routing problem with grouping constraints and
simultaneous pickup and delivery. Transportation Research Part B: Methodological, 162, 261-291.

Lin, K., Musa, S.N., Lee, H.Y., Yap, H.J. (2024). Sustainable location-routing problem for medical waste management
using electric vehicles. Sustainable Cities and Society, 105598.

Liu, R., Jiang, S. (2022). A variable neighborhood search algorithm with constraint relaxation for the two-echelon
vehicle routing problem with simultaneous delivery and pickup demands. Soft Computing, 26(17), 8879-8896.
Marques, G., Sadykov, R., Dupas, R., Deschamps, J. C. (2022). A branch-cut-and-price approach for the single-trip
and multi-trip two-echelon vehicle routing problem with time windows. Transportation Science, 56(6), 1598-1617.
Mavrotas, G., Florios, K. (2013). An improved version of the augmented g-constraint method (AUGMECON2) for
finding the exact pareto set in multi-objective integer programming problems. Applied Mathematics and Computation,
219(18), 9652-9669.

Mohamed, 1.B., Klibi, W., Sadykov, R., Sen, H., Vanderbeck, F. (2023). The two-echelon stochastic multi-period
capacitated location-routing problem. European Journal of Operational Research, 306(2), 645-667.

Mohtashami, A. (2014). A novel meta-heuristic-based method for deriving priorities from fuzzy pairwise comparison
judgments. Applied Soft Computing, 23, 530-545.

Moonsri, K., Sethanan, K., Worasan, K., Nitisiri, K. (2021). A Hybrid and Self-Adaptive Differential Evolution
Algorithm for the Multi-Depot Vehicle Routing Problem in Egg Distribution. Applied Sciences, 12(1), 35.
Mousazadeh, M., Torabi, S.A., Zahiri, B. (2015). A robust possibilistic programming approach for pharmaceutical
supply chain network design. Computers & Chemical Engineering, 82, 115-128.

Moshrefi, M. (2023). Location Problem-Routing a vehicle with a specified fuel capacity based on a tough time window
and customer satisfaction. Engineering Management and Soft Computing, 9(1), 19-35. (In Persian).

Nasseri S H, Ghaffari-far F. (2023). A Multi-Objective Mathematical Model for Vehicle Location-Routing Problem
with Flexible Fuzzy Constraints. Journal of Operational Research and Its Applications, 20(2), 149-169. (In Persian).
Nozari, H., Tavakkoli-Moghaddam, R., Gharemani-Nahr, J. (2022). A neutrosophic fuzzy programming method to
solve a multi-depot vehicle routing model under uncertainty during the covid-19 pandemic. International Journal of
Engineering, 35(2), 360-371.

Ouhader, H., & El Kyal, M. (2023). Collaborative location routing problem for sustainable supply chain design with
profit sharing. Environmental Science and Pollution Research, 30(39), 90099-90120.

Perwira Redi, A.A.N., Sekaringtyas, N.N., Astiana, H.B., Liperda, R.l., Asih, A.M.S., Sopha, B.M. (2023). Two
Echelon Vehicle Routing Problem for Disaster Mapping Process Using Cooperated Vehicles Assignment. Smart and
Sustainable Supply Chain and Logistics—Challenges, Methods and Best Practices, 2, 233-242. Cham: Springer
International Publishing.

Pichka, K., Bajgiran, A.H., Petering, M.E., Jang, J., Yue, X. (2018). The two echelon open location routing problem:
Mathematical model and hybrid heuristic. Computers & Industrial Engineering, 121, 97-112.

Pishvaee, M.S., Razmi, J., Torabi, S.A. (2012). Robust possibilistic programming for socially responsible supply chain
network design: A new approach. Fuzzy sets and systems, 206, 1-20.

Privé, J., Renaud, J., Boctor, F., Laporte, G. (2006). Solving a vehicle-routing problem arising in soft-drink
distribution. Journal of the Operational Research Society, 57(9), 1045-1052.

Raff, S. (1983). Routing and scheduling of vehicles and crews: The state of the art. Computers & Operations Research,
10(2), 63-211.

Seifbarghy, M., Esmaeili, M. (2023). Revised solution technique for a bi-level location-inventory-routing problem
under uncertainty of demand and perishability of products. Applied Soft Computing, 133, 109899.

Sluijk, N., Florio, A.M., Kinable, J., Dellaert, N., Van Woensel, T. (2023). A chance-constrained two-echelon vehicle
routing problem with stochastic demands. Transportation Science, 57(1), 252-272.

Spada, M., Bierlaire, M., Liebling, T.M. (2005). Decision-aiding methodology for the school bus routing and
scheduling problem. Transportation Science, 39(4), 477-490.



\\°~\‘Ju—(f)\h,,;—wqﬁnwlﬁe Yoo

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Stodola, P. (2020). Hybrid ant colony optimization algorithm applied to the multi-depot vehicle routing problem.
Natural Computing, 19(2), 463-475.

Sundaram, S., Koutsopoulos, H. N., Ben-Akiva, M., Antoniou, C., Balakrishna, R. (2011). Simulation-based dynamic
traffic assignment for short-term planning applications. Simulation Modelling Practice and Theory, 19(1), 450-462.
Sutrisno, H., Yang, C.L. (2023). A two-echelon location routing problem with mobile satellites for last-mile delivery:
mathematical formulation and clustering-based heuristic method. Annals of Operations Research, 323(1-2), 203-228.
Temiz, S., Kazang, H. C., Soysal, M., & Cimen, M. (2025). A probabilistic bi-objective model for a humanitarian
location-routing problem under uncertain demand and road closure. International Transactions in Operational
Research, 32(2), 590-625.

Wang, Y., Li, Q., Guan, X., Xu, M., Liu, Y., Wang, H. (2021). Two-echelon collaborative multi-depot multi-period
vehicle routing problem. Expert Systems with Applications, 167, 114201.

Wang, Y., Wang, X., Wei, Y., Sun, Y., Fan, J., Wang, H. (2023). Two-echelon multi-depot multi-period location-
routing problem with pickup and delivery. Computers & Industrial Engineering, 109385.

Yan, X., Huang, H., Hao, Z., Wang, J. (2019). A graph-based fuzzy evolutionary algorithm for solving two-echelon
vehicle routing problems. IEEE Transactions on Evolutionary Computation, 24(1), 129-141.

Zabihian-Bisheh, A., Vandchali, H. R., Kayvanfar, V., Werner, F. (2024). A sustainable multi-objective model for the
hazardous waste location-routing problem: A real case study. Sustainable Operations and Computers, 5, 1-14.
Zarandi, R. Z., Motlag-Kashani, A. S., Sheikhalishahi, M. (2024). A two-echelon sustainable multi-route location
routing problem for biomass supply chain network design considering disruption. Computers & Chemical
Engineering, 187, 108744.

Zeinodin Zadeh, S., Amiri, M., Olfat, L., Pishvaee, M. S. (2023). Modelling a routing-location-inventory problem in
the sustainable poultry and livestock medicine supply chain under uncertainty, considering discount. Research in
Production and Operations Management, 14(1), 39-64. (In Persian).



