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0.712 | 0.955911031 | 0.851903523 | 0.999999987 | 0.216899806 | 3.736714347
0.624 | 0.84355743 | 0.790026044 | 0.999999988 | 0.10844008 | 3.366023543
1 0.88280873 | 0.681974279 | 0.999999979 | 0.071037716 | 3.635820705
MOPSO rlg_)_}i“ olaT s Jbo 5w Sle F g
nos diversity spacing MID time sum 1
0.536585366 | 0.803281581 1 1 1 | 4.339866947
0.56097561 | 0.831111421 0.59187451 | 0.999999987 | 0.916890515 | 3.900852042
0.512195122 | 0.811142571 | 0.775624465 | 0.999999987 | 0.700825257 | 3.799787402
0.524390244 | 0.823824265 | 0.580066071 | 0.999999983 | 0.914245842 | 3.842526405
0.634146341 | 0.879605535 | 0.781971128 | 0.999999992 | 0.495529828 | 3.791252825
1 | 0.588844612 0.64652766 | 0.999999976 | 0.363383113 | 3.598755361
0.829268293 0.97987151 | 0.959641309 | 0.999999992 | 0.591448773 | 4.360229877
0.743902439 1 | 0.599752916 | 0.999999986 | 0.395002363 | 3.738657703
0.731707317 | 0.509313421 | 0.676739004 | 0.999999981 | 0.30704667 | 3.224806392
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npop | max-it pm pc Sum 1 Sum 2 Sum 3 Sum 4 Sum 5 SNRA
1 1 1 1| 4.140397 | 4.297141 422425 | 4.479855 | 4.514565 12.71774
1 2 2 2 | 3.676748 | 3.392382 | 3.722484 | 4.987654 | 3.785659 11.63664
1 3 3 3 | 3.787257 | 3.362425 4.87986 | 3.804002 | 3.716369 11.6536
2 1 2 3 3.66164 | 4.98675 4.98654 | 3.851034 | 3.856566 12.37055
2 2 3 1 | 3.318496 | 3.235637 | 4.54678 | 3.643372 | 3.785139 11.19385
2 3 1 2 | 3.466167 | 3.569786 | 3.858966 | 3.363719 | 3.813865 11.12395
3 1 3 2 | 3.244984 | 3.669262 | 3.396264 | 3.654613 | 3.987891 11.03816
3 2 1 3 | 3.625268 3.1375 3.54378 | 3.383654 | 3.578002 10.72879
3 3 2 1 | 3.385882 | 3.598774 | 3.607877 | 3.371838 | 3.653752 10.92451
NRGA 2558 skl Sty Jle i plin g samn o il # U5k
npop | max-it pm pc Sum 1 Sum 2 Sum 3 Sum 4 Sum 5 SNRA
1 1 1 1 | 3.857141 | 4.293375 3.81522 | 4277941 | 4.436748 12.28251
1 2 2 2 | 3.817238 | 3.599313 | 3.482514 | 3.985576 | 3.734947 11.3917
1 3 3 3 3.72892 | 3.624383 3.05345 | 3.773678 | 3.587909 10.93448
2 1 2 3 | 3.561304 | 3.802006 | 3.506855 | 4.120306 | 3.883649 11.493
2 2 3 1 | 3.583997 | 3.767237 | 3.131567 | 3.901899 | 3.460645 10.9749
2 3 1 2 | 3.631281 3.14027 | 3.128003 | 3.766631 | 3.764395 10.75204
3 1 3 2 | 3.736714 | 3.606527 | 3.395876 | 3.862035 | 3.564994 11.1811
3 2 1 3 | 3.366024 | 3.886189 | 3.143375 | 3.945292 | 3.419429 10.91031
3 3 2 1 | 3.635821 | 3.402576 | 3.772714 | 3.880369 3.41808 11.14317

1.Minitab
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npop | max-it cl c2 Sum 1 Sum 2 Sum 3 Sum 4 Sum 5 SNRA
1 1 1 1 | 4339867 | 4.712978 | 4.581202 | 4.75412 | 4.581202 13.23024
1 2 2 2 | 3.900852 | 4.373151 | 3.695349 3.9978 | 3.695349 11.84375
1 3 3 3| 3.799787 | 4.67589 4.0145 | 3.976517 4.0145 12.1848
2 1 2 3 | 3.842526 | 4.290371 | 4.047371 | 4.197318 | 4.047371 12.20538
2 2 3 1 | 3.791253 | 3.580897 | 3.887929 | 3.972276 | 3.887929 11.63367
2 3 1 2 | 3.598755 | 4.108163 | 3.95437 | 3.521418 | 3.95437 11.61138
3 1 3 2| 436023 | 4.012356 | 3.972584 | 3.885449 | 3.972584 12.10862
3 2 1 3| 3.738658 | 3.988432 | 4.309724 | 4.027752 | 4.309724 12.16487
3 3 2 1 | 3.224806 | 3.699778 | 3.697431 3.85871 | 3.697431 11.16145

ol s 4 a5 been s S e eyl (satgy sl 03,57 s 1
ol S1HINY 50 e b IS8 5 e CwllS/N ls 50 ‘uv;i,;\u &l

NSGA-IT oz, SIS/N s goi N+ S
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MOPSO 2,5 SIS/N i pa5 VY S
NSGA-IT slapz 5K (sl el sk gy p3bie codaT s SN Sls o 4 4 5
Sl 0l 43\)\ A djv\?' BE) MOPSO )NRGA
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MOPSO ;NRGA NSGA-II v;win Sl el )l aigy yolie A g

algorithm optimal value
npop max-it pm pc
NSGA-II 30 50 0.3 0.7
NRGA 30 50 0.3 0.7
npop max-it Cl C2
MOPSO 30 100 1 2
s bl & b

J.pb@lzjg):ﬁrm}g) aMﬁ\)\éhﬁJ}g\sﬂm&ledqu
ok J-GAMS 25.5.3 )13l ¢ 5 Lo 5 S 8 5lo b s (612 ko cba 0T

5 due 058 Bua S5 gl codd Syl Bl Je O3 s Lz @ a5 LS

o oslizal MODM) "t ir (5,8 wmnal sla s, 311531 p5 b 0T

GAMS 15l p,5 L 5 oud LSS Coldal LP metric iy, 5 eslizal L .ol

d}v\? BE OJAT C;,..w..b Coda GUJ{’.-’U‘-‘}°M oalawl ‘_gl.éf”ﬁ‘)liﬂ\;ﬁhw‘ ol ‘F‘

ik s STl WY S 54

parameters objective value
h i e k objective 1 objective 2 objective 3 | Lp-metric
¥ 4 ¥ 6| 184010000 12 620 0.42

1.Multiple objective decision making
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sl 0 0303 OLES VY g 55 OT 51 Jool> @uﬁx;@)1} P

33,9 s el polie N Jgd

parameters values
;i ~ uniform (150000,350000)
fe ~ uniform (100000,300000)
CUy ~ uniform (5000,8000)
ch; ~ uniform (5000,8000)
ch, ~ uniform (5000,8000)
d; ~ uniform (50,200)
Wy ~ uniform (1000,2000)
tDhik ~ uniform (5,20)
tWiek ~uniform (10,40)
tZq ~uniform (20,50)
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Veoslad alis (gl 55,L Slplsr 4503 NF IS

©olgiin Kl 5 ‘5ur:w§s1 Sl 5 el s LT o 1) sk o
el 5 Ooda .l ok o3linal 1 A0 Olabl b 3 il yls il Osa5T 5
LT &S 538 Labie b Gl amals cpdiz 580Le awlin ¢ uibly JUT

13355 OT o slabian OOV b iz (Sgloue o b mol g2 sl Sl
Sl bl sy pasle =y s 6,83 rii»i” aw jleslaiul 4 ax 5
ol sl Sl el s L3 8 o dwlis N e
Jsli>= ;3 MINITAB 16 5 o b eslial b s el auslie (ol Oge3T

Sl o 45‘)| \O 9 14

diversity ;tas 51, MOPSO s NRGA o, 5831 i sls Jos (s 5 N F sl

Source DF SS MS F P
Factor 1| 8.66E+12 8.66E 2.98 0.04
+12
Error 58| 1.69 E+14 291E
+12
Total 591 1.77 E+14
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spacing L !, MOPSO ;NRGA vsujiﬂ ool o s 2 N0 Jgd

Source DF SS MS F P
Factor 1 0.1001 0.1001 221 0.014
Error 58 2.6223 0.0452
Total 59 2.7224

Sl e sl o Ls 51 eSS a gl o ol Cwds p-value Sliis a a5 L
d 2 e (5l P-VALUC e NOS el 555505 Jdowi 1) s U155 o0
O Solsliae Codlist| 487 ol ol ouzasOLEs 5 ol ok + 00 31 2i ‘.;wisl
s NSAGA-II-NRGA r;wﬁs\ o dIVETSity Lasls 53 5,0 35 LOT
ﬂ),ﬁs\ lie 53 53,100 352 5 (5,lslime (M| NSGA-II-MOPSO
3503 5 4 5 ylsliae LoDl 5 Sl o +400 51 28 yldie NRGA-MOPSO
3575 Jskiae 33 NRGA-MOPSO 5y, Sl 51 55 8pacing esLs 5
Sy ur;i)j_is\ o olsliae Ozt stime s MID gla s ls gl a0

FYIRY
sl 03Liul DOXPLOL s 503 51 ot @11 Jute (6l v;wis\ e Sl S
o olsliae CodusI spacing s diversity jeslo g5 sl bl Julos s .ol
Sde 4z pa diversity jasls )05 5 2 s NRGA-MOPSO (slay S
35b oo Ol ez 5K DOXPLOL 15 4o 55 Ly el g ABL wxils (g i
S ldie 45, SPACING asla s . Lib adls (g mie Seibyls 5 oSl 457
SLasls o g o g b ol ke 2087 il 5 o S0s s 53 el g 5L
sispacing s diversity gls esls gl 5 V8 510 S 5 ol - boxplot

555 gn 03lizel TOPSO 0 5 81



Yva 83 e b O Als (g s i (€55 asly e S il

Boxplot of diversity

8000000 A

7000000 -

6000000 -

5000000 -

4000000 -

Data

3000000 -
2000000 ]

1000000 -

NRGA MOPSO

0

diversity Lz boxplot ,is si N0 S

Boxplot of spacing

1.5

1.4+

1.3

1.2

1.1+

1.0- - —

0.9+

Data

0.8 |

0.7 4

NRGA MOPSO

spacing ;L. boxplot ,is sei N8 S



A Sl B )bl cpadin Jlu— xS e Sladllas YA«

ol 5G]
Ly La eyl Cawla O 5 o codd 1,1 ds i Jubo )5 b el )b Sldie 53 ok b
Jloss sl A 0L e Lol Hldde zalyy .5 gad sdalive OLS HlURe iS4 Sl
Sllie a5 V4 A Y e s e 4 S i ys oK o yled alius 53 Conlis
OL& 15 0L e GLols jul)ly jd 4o S Ol 5 idi gy e jo s il 55
Wb e Lol e 21331 L 3 s o odaline JS5 3 687 shilen a0

b
“p mb
400000000 306371496
'3 252305109 276512644 293461713
2 300000000
ig\.) 200000000
5} 100000000
3 0
130 180 230 280
0L pe Lol Kils

@;a;}-uctjoq,:.méuu:ﬁg.wﬁ



YA 83 e b O Als (g s i (€55 asly e S il

] 17 16.21
3 1543 .0
> 16 1485 oo
¥ 15 1405 .0
2 1 o
)
D 13
2 130 180 230 280
0L e slolis (Kl
thJMcU)GE}iﬂduwﬁLf’\Ap
S mb
900
3 L 65 04
3 800 o
; """"" ... 698.25
v 70 o 630.5
¥ T °
1) 600
500
130 180 230 280
Ol e Lol pSKile

ﬁﬁgﬂcu,ogpéumﬁg.mﬁ

& S oS
— 835 g oS Alis (gl o by abs dim Je &S Il g opl o
Slesliinl U s A a1y oede s jlgr el 0 ) ai €5 53 b s

c,.@?.af,@w,ﬂg,y@ua,\ﬁkw&;{uﬁéuﬂ,,@&;;w



A Sl B )bl cpadin Jlu— xS e Sladllas YAY

byg,duwﬂ@u)u\ﬁ\ﬁ)lplvasg,d.u@w)w
o Lo el s (LSl 3 slagmy 5831 5l oslizal Uy o gl 015 0L
W35 13 et 5 g 3 se (A la3T Al ¥ (sl il 5 Lkd (B o ST
23858 18 ket 5 ot 35 e des e 5lne ey 0 1| éuﬁ);j‘ﬁ
3333505 & = 2L MOPSO =, , Qi spacing s diversity asLs
NRGA ; NSGA-II v:u}i&& 33 Sl eslzul time s MID mos gls esLs
SLoli (Sl eyl 655 Sl LT S5 Cnlg 53 35,5 e slgiy
)gumf,guh%Agﬂcu,gﬁlplam;owsaf%ﬂagw
@Jé_wu\:q:-4._.1Qﬁl{[)‘juﬂau\.&‘\jb‘ddﬁW}J'J}.E#Q.Jﬁﬂﬁ;bdﬁcu
Jie 53 1) (Kol s folws U Jmame diz s 510555 dir Sl oJie 05
yﬁjﬁst}OQMJW\L;LAGSCJB)Jbdww.;ﬂawg’
J Loy 2555 Sl eslinal 3 as (55l Jios (53 5r g0 o 53 35S

25 8 iy ST Slslgiig 6l 015 o ) 8IS slagz, S



YAY 83 e b O Als (g s i (€55 asly e S il

@L'.e

Almeder, C., Preusser, M., &Hartl, R. F. (2009). Simulation and optimization of

supply chains: alternative or complementary approaches?. OR
spectrum, 31(1), 95-119.

Asl-Najafi, J., Zahiri, B., Bozorgi-Amiri, A., Taheri-Moghaddam, A.,
(2015). A dynamic closed-loop location-inventory problem under
disruption risk. Comput.Indust. Eng. 90, 414—428.

Blanquero, R., Carrizosa, E. and Boglarka, G., (2015). Maximal
covering location problems on networks with regional demand. Omega.

Coello, C. C., & Lechuga, M. S. (2002). MOPSO: A proposal for
multiple objective particle swarm optimization. In Evolutionary
Computation, 2002. CEC'02. Proceedings of the 2002 Congress on (Vol.
2, pp. 1051-1056). IEEE.

Davari, S., Zarandi, M.H.F. and Turksen, I.B., (2013). A greedy
variable neighborhood search heuristic for the maximal covering

location problem with fuzzy coverage radii. Knowledge-Based Systems,
41, pp.68-76.

Deb, K., Agrawal, S., Pratap, A., & Meyarivan, T. (2000, September).
A fast elitist non-dominated sorting genetic algorithm for multi-objective
optimization: NSGA-II. In International Conference on Parallel Problem
Solving From Nature (pp. 849-858). Springer Berlin Heidelberg.

Gaur, S., & Ravindran, A. R. (2006). A bi-criteria model for the
inventory aggregation problem under risk pooling. Computers &
industrial engineering, 51(3), 482-501.

Ghaffari-Nasab N., Ahari S. G., Ghazanfari M., (2013), A hybrid
simulated annealing based heuristic for solving the location-routing
problem with fuzzy demands. Scientia Iranica20(3), 919-930.

Guerrero, W.J., Prodhon, C., Velasco, N. and Amaya, C.A., (2013).
Hybrid heuristic for the inventory location-routing problem with

deterministic demand. International Journal of Production Economics,
146(1), pp.359-370.



A le OF o)led coadin Jl— g Sy s Sladlls YAY

Huang S. H., (2015), Solving the multi-compartment capacitated
location routing problem with pickup—delivery routes and stochastic
demands. Computers & Industrial Engineering 87, 104-113.

Karaoglan 1., Altiparmak F., Kara 1., Dengiz, B., (2011), A branch
and cut algorithm for the location-routing problem with simultaneous

pickup and delivery. European Journal of Operational Research211(2),
318-332.

Karasakal, O., &Karasakal, E. K. (2004). A maximal covering
location model in the presence of partial coverage. Computers &
Operations Research, 31(9), 1515-1526.

Kaya, O., Urek, B., (2016). A mixed integer nonlinear programming
model and heuristic solutions for location, inventory and pricing
decisions in a closed loopsupply chain. Comput. Oper. Res. 65, 93—103.

Kumar, R.S., Kondapaneni, K., Dixit, V., Goswami, A., Thakur, L.,
Tiwari, M., (2015 ). Multi-objective modeling of production and pollution
routing problem withtime window: a self-learning particle swarm
optimization approach. Comput. Indust. Eng.

Lee, B. K., Kang, K. H., & Lee, Y. H. (2008). Decomposition heuristic
to minimize total cost in a multi-level supply chain network. Computers
& Industrial Engineering, 54(4), 945-959.

Liao, S. H., Hsieh, C. L., & Lai, P. J. (2011). An evolutionary
approach for multi-objective optimization of the integrated location—
inventory distribution network problem in vendor-managed inventory.
Expert Systems with Applications, 38(6), 6768-6776.

Liu S. C, Lee S. B., (2003), A two-phase heuristic method for the
multi-depot location routing problem taking inventory control decisions

into  consideration. The International Journal of Advanced
Manufacturing Technology22(11-12), 941-950.

Ma Z., Dai Y.,(2010), Stochastic dynamic location-routing-inventory
problem in two-echelon multi-product distribution systems. Logistics for
Sustained Economic Development, pp. 2562-2568.

Rajagopalan H. K., Saydam C., Xiao J., (2008), A multiperiod set
covering location model for dynamic redeployment of ambulances.
Computers & Operations Research35(3), 814-826.



Sarkar, B., & Majumder, A. (2013). A study on three different
dimensional facility location problems. Economic Modelling, 30, 879-
887.

Simchi-Levi, D., Kaminsky, P., Simchi-Levi E. (2000). Designing and
Managing the Supply Chain Concepts, Strategies and Case Studies.
McGraw-Hill, Boston.

Syarif, A., Yun, Y., & Gen, M. (2002). Study on multi-stage logistic
chain network: a spanning tree-based genetic algorithm approach.
Computers & Industrial Engineering, 43(1), 299-314.

Tancrez, J. S., Lange, J. C., &Semal, P. (2012). A location-inventory
model for large three-level supply chains. Transportation Research Part
E: Logistics and Transportation Review, 48(2), 485-502.

Tavakkoli-Moghaddam R., Makui A., Mazloomi Z., (2010), A new
integrated mathematical model for a bi-objective multi-depot location-

routing problem solved by a multi-objective scatter search algorithm.
Journal of Manufacturing Systems29(2), 111-119..

Teo CP., Shu J., (2004), Warehouse-retailer network design
problems. Operations Research 52, 396—408.

Vidovi¢, M., Ratkovi¢, B., Bjeli¢, N., &Popovi¢, D. (2016). A two-
echelon location-routing model for designing recycling logistics

networks with profit: MILP and heuristic approach. Expert Systems with
Applications, 51, 34-48.

Wang, K. J., Makond, B., & Liu, S. Y. (2011). Location and allocation
decisions in a two-echelon supply chain with stochastic demand—A

genetic-algorithm based solution. Expert Systems with Applications,
38(5), 6125-6131.

Zachariadis, E. E., Tarantilis, C. D., &Kiranoudis, C. T. (2009). An
integrated local search method for inventory and routing decisions.
Expert Systems with Applications, 36(7), 10239-102438.

Zhalechian, M.,  Tavakkoli-Moghaddam, R.,  Zahiri, B.,
&Mohammadi, M. (2016). Sustainable design of a closed-loop location-
routing-inventory supply chain network under mixed uncertainty.

Transportation Research Part E: Logistics and Transportation Review,
89, 182-214.



A le OF o)led coadin Jl— g Sy s Sladlls YA?

Zhao J., Verter V., (2014), A bi-objective model for the used oil
location-routing problem. Computers & Operations Research62, 157-
168.



