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In this paper, an integer linear programming model is proposed for
designing a pharmaceutical logistics network in two phases of disaster
preparedness and response. In the preparedness phase, strategic decisions
including location of central, local, and backup warehouses, capacity
determination, perishable drug inventory management, and fleet allocation
are made. In the response phase, temporary warehouses are activated
considering the probability of route failures, and routing and distribution
are performed dynamically over multiple periods. The proposed model
pursues three objectives: minimizing service time, minimizing facility costs,
and maximizing supply chain reliability. A scenario-based robust
optimization approach is applied to model uncertainties in parameters such
as demand and route statuses. The results show that the model is capable of
fully allocating central warehouse inventory and preventing shortages
under the highest demand scenario. The high allocation of fleet to the
backup warehouse demonstrates the central role of this facility in network
resilience. Sensitivity analysis also indicates that investment in warehouse
fortification not only increases reliability but also significantly reduces drug
purchasing and holding costs. Due to the NP-hard nature of the problem,
the model is solved using GAMS for small-scale problems and the Non-
dominated Sorting Genetic Algorithm (NSGA-II) for large-scale problems.
Comparison of results shows that the metaheuristic algorithm provides
acceptable quality Pareto solutions in dimensions where the exact method
fails to solve. Conducting a real case study with actual data is suggested as
an essential step for future research.
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1. Introduction

Natural disasters and man-made crises cause
extensive human and financial losses annually. In
such situations, one of the most critical components
of disaster management is humanitarian logistics,
particularly the pharmaceutical supply chain, which
is of special complexity due to drug perishability and
direct dependence on human life (Caunhye et al.,
2012; Boonmee et al., 2017).

Despite extensive research in disaster logistics, a
systematic literature review reveals seven gaps in
previous studies: limited network layers, insufficient
attention to warehouse and route reliability, lack of
perishable drug inventory management, rare
simultaneous consideration of preparedness and
response phases, absence of integrated location-
routing-inventory models, lack of multi-period
dynamic routing, and limited use of multiple vehicle
and product types.

In recent years, sustainable supply chain design for
perishable products has been addressed by several
studies (Abbasian et al., 2023; Chan et al., 2020;
Foroozesh et al., 2022; Liu et al., 2021). However, few
studies have simultaneously addressed
backup/temporary warehouse location, reliability
modeling through failure probability, and robust
optimization in pharmaceutical logistics under crisis
conditions. This gap constitutes the main motivation
for the present study.

This paper presents an integrated mathematical
model for a pharmaceutical logistics network in two
phases of preparedness and response. In the
preparedness phase, strategic decisions are made for
locating central, local, and backup warehouses,
capacity determination, perishable drug inventory
management, and fleet allocation. In the response
phase, temporary warehouses are activated
considering route failure probability, with multi-
period dynamic routing under uncertainty. The
model pursues three objectives: minimizing service
time and facility costs, and maximizing supply chain
reliability.

The novelty is threefold: (1) introducing a four-level
warehousing system (central, local, backup,
temporary) for pharmaceutical logistics in disaster
management; (2) incorporating reliability modeling
through failure probability of warehouses and
routes; and (3) employing robust scenario-based
optimization combined with GAMS for small-scale
and NSGA-II for large-scale problems.

The primary objective of this paper is to introduce
and validate a robust optimization framework for
pharmaceutical logistics based on parameters and
scenarios aligned with real-world conditions, drawn
from authentic sources (Mete & Zabinsky, 2010;
Rezaei-Malek et al., 2016a; Rezaei-Malek, et al,,
2016b). This approach enables controlled sensitivity
analysis and rigorous performance comparison
across different problem scales. A real-world case
study is proposed as a direction for future research.

2. Methodology

This research is applied in terms of purpose and
descriptive-survey in terms of data collection. The
research was conducted in three main phases.

2.1. Phase 1: Problem Definition and Assumptions

The studied logistics network includes location,
routing, and distribution of relief items considering
several objectives. This supply chain addresses the
supply of drugs needed at the time of a crisis. The
logistics network consists of five components:
hospitals (demand points), central warehouse
(stores both drug types A and B), local warehouses
(store only drug type B), backup warehouses (closest
local warehouse to each hospital), and temporary
warehouses (activated in scenarios where local and
backup warehouses are damaged). Twenty-one
assumptions  were  considered in = model
development, including discrete solution space, no
partial delivery, heterogeneous fleet, different
warehouse capacities (three levels), multi-product
nature, different failure probabilities for warehouses
and routes, perishable drug inventory management,
and multi-period dynamic routing.

2.2. Phase 2: Mathematical Model

The proposed mathematical model is formulated as a
multi-objective integer linear programming model.
The three objective functions are: (1) minimizing
transportation time between local warehouses and
hospitals, (2) maximizing the reliability of activated
warehouses, and (3) minimizing total supply chain
costs including fixed costs of activating local
warehouses, capacity determination costs, shortage
costs before and after the crisis, holding costs of
surplus drugs, purchase costs, and fixed and variable
fleet costs minus revenue from selling drugs before
expiration. Constraints include allocation and
coverage constraints, inventory and capacity
management constraints, routing and flow
constraints, and multi-period dynamics constraints.
Due to uncertainty in demand, warehouse status,
and route accessibility, a scenario-based robust
optimization approach (Mulvey et al.,, 1995) was
employed. The three objectives are combined into a
single objective using the weighted sum method
with normalization.

2.3. Phase 3: Solution Methods

Due to the NP-hard nature of the problem (Cheng et
al., 2016), two solution approaches are adopted. For
small-scale problems, the model is solved exactly
using GAMS software (CPLEX solver). For large-scale
problems, the Non-dominated Sorting Genetic
Algorithm (NSGA-II) (Deb et al., 2002) is developed
and implemented. To justify the selection of NSGA-IJ,
it was compared with MOPSO and SPEA2; results
showed that NSGA-II offers the best computational
time and stability (Shahrabadi et al., 2024; Wang et
al., 2023). The NSGA-II chromosome consists of four
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parts: matrix A (assignment of local, backup, and
temporary warehouses to hospitals and routing),
matrix B (allocation of vehicles from central
warehouse to local warehouses), matrix C (capacity
level assignment to warehouses), and matrix D
(number of vehicles allocated to each warehouse).
The algorithm parameters were calibrated using the
relative percentage deviation (PRD) criterion, with
optimal crossover probability of 0.9 and mutation
probability of 0.3.

3. Results and Discussion

The numerical example consists of one central
warehouse (index 1), 5 potential warehouse locations
(indices 2 to 6), and 3 hospitals (indices 7, 8, and 9).
The number of pre-crisis periods is 4 and the number
of post-crisis periods is 2. One type A drug and one
type B drug are considered, with a maximum shelf
life of 4 periods. The problem is solved under three
different scenarios with occurrence probabilities of
0.36, 0.4, and 0.24.

3.1. Results of Exact Method (GAMS)

Among the 5 potential locations, warehouses 2, 3,
and 4 are activated in the optimal solution. The
allocation of local, backup, and temporary
warehouses to hospitals satisfies the coverage radius
constraints. The three objective function values
across scenarios show that the robust model
maintains stability against demand fluctuations.

3.2. Results of Metaheuristic Method (NSGA-II)

The NSGA-II parameters were first calibrated using
the PRD criterion. The proposed algorithm was
tested on 10 sample problems of varying sizes (small,
medium, and large). Table 1 presents the
computational results comparing GAMS and NSGA-
II.

The results demonstrate that the exact method
extracts Pareto solutions only for small-scale
problems (Problems 1-3). As problem dimensions
increase, the exact method fails to find solutions
within the predetermined time of 20,000 seconds. In
contrast, the NSGA-II algorithm successfully extracts
acceptable quality solutions for medium and large-
scale problems. However, for very large dimensions
(Problem 10 with 40 potential warehouse locations
and 60 hospitals), memory limitations prevent both
methods from solving the problem.

3.3. Sensitivity Analysis

A sensitivity analysis was conducted on the drug
survival rate parameter (the percentage of drugs
remaining usable in warehouses after a disaster)
across five levels: +50%, +25%, base case, -25%, and -
50%. The results show that as warehouse reliability
increases, pre-crisis inventory levels and purchasing
costs decrease significantly. Additionally, the
capacity strategy shifts from three large-capacity
warehouses to four medium-capacity warehouses,
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indicating that higher reliability allows for more
dispersed inventory placement, which reduces
transportation costs and improves geographic
coverage. Notably, drug delivery to hospitals remains
constant across all scenarios, confirming that the
model prioritizes shortage prevention over inventory
reduction.

4. Conclusion

This study presented an integrated mathematical
model for designing a pharmaceutical logistics
network in two phases of disaster preparedness and
response, pursuing three objectives: minimizing
service time and costs, and maximizing reliability. A
scenario-based robust optimization approach was
applied to handle uncertainties. Due to the NP-hard
nature, the model is solved using GAMS for small-
scale and NSGA-II for large-scale problems. The main
findings, implications, and future research directions
are summarized as follows.

4.1. Key Findings

Implementation on a numerical example with 5
potential locations and 3 hospitals showed that
warehouses 2, 3, and 4 were activated as local,
backup, and temporary warehouses, respectively.
Under the highest demand scenario, central
warehouse inventory reached =zero. The total
allocated vehicles are 16, with the backup warehouse
(warehouse 3) receiving the largest share among
local warehouses (6 vehicles). Sensitivity analysis
revealed that a 50% increase in the drug survival rate
reduces pre-crisis inventory by approximately 26%
and shifts the capacity strategy from three large
warehouses to four medium ones.

4.2. Theoretical and Practical Implications

The main theoretical contribution is the introduction
of a four-level warehousing system (central, local,
backup, temporary) combined with reliability
modeling and robust optimization. Practically,
managers can use this framework to determine
optimal warehouse locations, capacity levels, and
fleet allocation, while the sensitivity analysis
demonstrates that investing in warehouse
fortification enhances both reliability and cost
efficiency.

4.3. Limitations and Future Research

Despite comprehensive validation based on real data
from authentic sources, the model has not yet been
calibrated with actual data from a specific disaster-
prone region. Therefore, a real case study, as
suggested by the reviewer, (e.g., for earthquake-
prone provinces such as Kermanshah or East
Azerbaijan, or flood-prone provinces such as
Golestan or Khuzestan) is proposed as an essential
future direction. Other future directions include
developing hybrid metaheuristic algorithms,
designing decomposition methods for very large-
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scale problems, and incorporating sustainability
objectives.
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Table 1. Comparison of exact and metaheuristic methods

Problem Scale GAMS Time (s) GAMS Objective NSGA-II Time (s) NSGA-II Objective
1 Small 285 0.85 150 0.87

2 Small 357 0.76 219 0.79

3 Small 7,864 0.72 1,128 0.75

4 Medium 20,000 0.80 1,988 0.73

5-9 Medium-Large Not solved - 6,842-19,167 Acceptable

10 Very Large Not solved - Not solved -
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Figure 5. Elitism in next generation population selection.
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Table 9. Allocation of local, backup, and temporary warehouses to hospitals
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Table 11. Objective function values under different scenarios
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Table 12. Purchased drug quantities in pre-crisis periods
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Table 13. Number of vehicles allocated to each warehouse
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Figure 6. Warehouse inventory at the end of the post-crisis period under different scenarios.
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Figure 7. Mean effects of crossover and mutation
probabilities.
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Table 14. Sample problems for validating the results of exact and metaheuristic algorithms
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Table 15. Implementation results of exact and metaheuristic algorithms on sample problems

(NSGA-I ¢ ,\SCill 5 by ;) Matlab g b

(333 (h9)) GAMS g Uis

Lo Slay!

. . N
3 3 3 3 ) 3 3 3 3 3 ¢
'8 '8 \i/}‘; \qj Re ) W v \\i \L}‘; Re ) 3
i i 9 ] ',!i) 9 9 £} -,!i)
30 5 4 g 30 5 4 2
3 3 3 o) S 3 3 3 By 3
A - = EE e =
=R oD =R S
3 3
9 9
S &S
3 3
hap ] p)
3 3
VO <IAY ALY NYAYYY af/-A VY, AAY YAD «IAO FAAZDOAYOF af/07 \YAPY S5 \
AR </va £Y74,-£4,94y  AV/AQ VENAA Yov QA4 OYYEFAY,YAA  AY/AY VYoo 0¥ S5 Y
VYA AN VV,2-F.v20,- 2 Ad/0D VY000 YAPE <IVY VO,AFAYY YOF  a4/¥F YA SYY S=gS Y
V,9AA <IYY Y4,F-2XPY.YAS AA/RA VY, o <IA YA,FAAN 07,20 AT YO0 YA Logs ¥
7Y - FLIV VAR - ARVENY FANOA - - - - - o N
Y,\0- - ZF,0A0,- ALY D AAIYE £YV,AQY - - - - - g 4
AYOY - A VYV YYOMY - AYIYA YAY.PYF - - - - - S5 \
AL - \WEE-AYYAN A AOIVE Y,- AV -0 - - - - - S A
14,15V - YORASEYEVEAAVRY  £0-£AN0 - - - - = T 3
- - - - - - - - - - S5 Yo

¥ o)Lm.'b/f 0)30/“:’6 JL‘”/LS)"’)'Q'.’ﬂWG“'W



Obaebl bl 0,509, b ol bl o 53 9,10 S 4ol jlgiwl (3L dinty

A4

Joe goulS sl ke bag s uile wllo sus s &lis 5T A8 Jgus
Table 16. Effect of changes in drug survival percentage on key model variables

XA =Y.

+Yo7.

+0+7.

L el o
¥ f ¥ t f Jlad (gl Lol ol
BRRAL YSY 044 V4V, $9A VY $AA 1F0,4- - ol 51 i b Lol 9250
VO, ¥Y £0,A44 £4,£70 £ 5V ¥5EV0 log,ls 4,5 l5ee
oy 5l b 0geaS lutie
\$ \$ \$ \0 \0 oolitsl 890 i Jylusg olss
FAY, Y50 YaANYE YA YE YOV AA- YAAN - Sz 3l o Bylsl (63829
YOV PY YYO,YYA YEY,YOA 1 49,YYY V4.,- 0V oo slaylsl 4 (635 e LSl 51 J5 g o
YVYY,YYY YYY,VYY YVYY,YYY YYY,VYY YVY,VYY Loyl Lo 4y Shigo OY gazes
YYAAYY YV YYY YYVLYYY IV VAR 7Y+ YO Ol 3 ow (eolaiwbl) olle &Y gamxe
q q q A A b, Lol cod b 539 sasls
Gl Lol g S g Jeo p U (F 3 om 9 I byl ez p b O
B s de> Ol el S¥same wo pllo DYsame oy (Rl Lol
Slasi pizmed g (e slo,lil 4 (555 00 L] S om 9 8 byl sos>ge dacin (il
Ol o el ookl )90 adis hlag @b S wzg BB b 4 ol
Slaebl CollE ssgy 45 was e lis Gl ol 007 Gl bl e
Gan e pelisyif b a4 Wlgise bl @ VAVPR L Gl 5L S eo9zse
s galS il &g e Y/ 5g05) b oo 2alS o=l VFOA--
ars B S5 LA 4y (g1 Kously » 30 (O Wl b 1y ol ilais U8 el (2alS
@ b DVsaxe e a5 Cwl G 5 s ks dalal po bagls i uile
Cal oile Cull bagy liws alad 4o ol Lo e 2l Lol 357 s cail]
oS am3 oo oL Eadge ol (>l TYYLVYY) stelin sl lagyls Wy oylimo p il (¥
WgeS ALie salagyl b soletin Joe Dgbse odmlie lag)ls WS> e sl
a1 bl e Lol coul aruilys S 4 ks gl ol e gl
S5l 05maS jop 5l 5 WS aal Ll S Al cpl ass e ralS 1) sase
b Coonl b Solel 56 50 Jbo plis oy o
Sloom ool o¥eame g G 8 ow
Olee el SV gasme woyd Al L il 2 ooz @ls b @llae gl 51 b dgnes (¥
0ol ol 5l e ool Y game Sy gy e plad jo o 5l LS SgeaS NP
o YL b 0 a5 b a4 b oo a5l e (lid Azl el jao
@l ol Jpame (007 () sl Sl lin doy 2 (28,5 Sl 0 b golping
TO PRGN EXP VRGN I WK EA PR A PR 1) G 1) gl goszge cunl aluily eSS
el ail gz BB als (1)),YYY) LS loyss g o 4T WS aulan st
Copde 5 Jae 2l sasplas ol 3 Esoge Gl pedls azlse 05eS bl
el o9yl Sluls alS 5 09290 S90S 3929 1y el o953 5 oYL Coon
shass 1 Jlad gla,Lil olaai jo pdd pus (Y ol g9 ooy o Wlgiee ol 5l 3

Gl oaile Cull zobaws dnn o Jlb oLl

WS Sl ) Cndy

foﬂ-o-i:a/; a)sé/‘f’a JL‘”/G)5°)@5WG‘”W



VY

035 somwl8 9 a5 30

O Sy g JE g Je> anje ralS lp i
2 IRl Cueal geb5e cnl il QLS
ol 1y ol o )Ll (sjlepglia slacslo ;s
Ol 5l B 0geS Glp yho Jlade (Cpizmen a3 e
639750 el 40 Jae S 6LsS g liw plas o

Sl Bl €685 51 i 5L 950

S S Al g Sy -

Gk slp a2 (£2b, Jae o ragh onl e
Ole STy 5 (Sobel 51 g0 50 5l St oSS
oy oels Gus aw olpis Jaw ol &l
oRlBl g s glranie alS (Gloycwess
pas 4 azgi b oS oo Jo 1) 0028 lebl CulilB
S e e Cnidg g oS L5 pleelil jo Coalad
b ooliinl gl p (g lgtul (giluange 0,
e g oletiy glajlil parass b (Slogihe
bgr ol 5 ndyoled slag)ls G97se oo
295 b Sl 03,5 S0 (Al lis Ll ) Jow
&3 slaghy, b Joe Jo i 3 NP-hard
SIS okl o5 00 nd el SesS sl gl s

s 00l NSGA-TT (g ISl 3 oy 651

Sols slaaist —1-0

o5illy S O L goae Jle o 555 2 S s3lwosly

@ 1y goied)l mlo (liwsle Vg )Ll elaat ol

ells ol pon
el e O w3l iyl amaxs (A
ol wiad Jlad angy sz 0 F 5 ¥ LY la Ll
A 5V ela s o e HLil olgie 4 ¥ ol
aw 0 oleitiy W Glge 4 ¥oojled U
o Ll pleie a Foojled Ll g b jlay
Vg ¥V slagln len S8s0 Ll g A yliwjlay
b camonlis Larass pl 2l acass
Ll 5 gl Cobl b oSed iyl
NIV g e
SV Gl ol 5l o $o9ree (@
s L ke oyt gl s glols

4B gA 53l g9 90 o sl (65 0 Ll (609790

¥ o)Ln.&/f 0,90 NF+O JL.» /6)90,@49W@»W

oS Sl s ) S n ol 45
S8 gl Cudles doys il pss ),.sb S
gy aiile 6,500 Jelge 4y jlis 59,05 oo
el aly coll sloa o g oLl e
o) Aoyl by s 3s AL (A
Y2zl +222+ Syee 4 als
9220; Zlgj o) o &S Sgb iy ya5 323
Vo b ol QB ke ol 4 23
oLl sl (5350 ¥ 5 (lagio) ¥ (Sz55)
Al b j0 N Jsoo i b gillae s
Logls ouile ol aoys als glacdl>
sazmoslis a5 Cenl 4 plyy a5l ool e
(30 ¥ b gl b Ll ol
o woys Ll gl s asl
e ialS A @ el e dag s il
g b L ey bl sseslss &5
Sezy 4 azg b Cul (lawgie) Vo)l
oleiiny Joo 50 890 5 ltiy sla Ll
CelB b llps o ol ez BB LS, ()l
lag s ile wllo 4o)) omlb oluebl
w3 | bagls sasoe a5 Joe (reS
Om el bows et S)n Ll
5 ont ook Cdige 5 iy e (gla, Ll
Loehlie )0 05l Cupde Jup 2l S,
il s 5oy9) pliabl ol 2
» L lag)ls wlgiae Jao (i Lag)lo
b oS Gidy lawgie Cudyb b iy slo, Ll
Gdg g a8l palS Ji g e slaan e
B9 Jol> (6 e 2L
Joe a5 a2 oo plas Conles o ol cfgemme o
Olhd b agalee o ool s)ll 5l solerin
G pme el 19555 5 laglo il @l woys yialil
0 bgyls codlo o iglil b a5 el ol assly
Gl By Jo 5 65K S slaaze da )Ll
Loy o 4 S, Slos b 45 > 40 ey oo
ol @i ol poedle wloge (b i g
@l Joe cplabl il Gl L oS s e
byl bl 4 S ced )b b Ll aw 5l 09>

sla, Ll 5o g)ls isn Sl a5 wed e s Jawgie



Obaebl bl 0,509, b ol bl o 53 9,10 S 4ol jlgiwl (3L dinty

Coogdone s(uL«.u.:)Lo.».: 7o 9 09.0.”.5 u&o Y. L) \-
b alies U §) el alisl>

S paplio -Y-0

el gl Sl Gl 4wzl egn
coee 35 ) Oh)ll (b ez Sl (Brme
o)l Sead (i Slalllas o o5 (S50 5 L
el A5 15 axgi 3)500 Oy 4 ol lyd o
s Jeiml @bl plaebl cobl gildae pgo
(S Ban & Glsie @ ] Gy g o s 5 L)L
Gl s D95 oo Dgue 055> (nl )3 (g 59K,
0990 Cupde b gl » (e lyinl (g5l
Slr ol 297y by Gl 5 pagolid slaglo
W) Canld pae Lyl )0 gl S a5 >k
.Aibbkso

R e SGeGRRg% (ul e el Jae
el 03,5 giledibe (ol S 0,505, b ) oemmn
S5l Slosanas) (Folol 56 o DMl o] jo a5
B 5 (6d97e Capae 5 G Sl (obolSe
@ s 25 5 Sl Sbles Slopoad) 251
Jlil 4 4z g cosl ool 4385 Jla3 )3 4z LS4 & )90
@ Olebl Cobl yp g o 5 Dt 2>
Sy Capde ojg & L) Ghegly ol wdas gl plsie
Oy Sibeise Sesp 4l pleebl coll
Bassiz Juao Jo g gl p (G gl (g5leange
Lolyd )3 § S el Slaptasn 05 5l Sliges 5
Ll Calad poc

o puplio -Y-0

5 (Slowead 38,5 a5 0 b solawl @Bl yali 0
$997 90 (SIS 5 Larass (Mg (10,5 Jlad o3
@ by Sleeal g (g5lwoslel 518) o 51 L3
olye 3l s adi hlog b e 5 (25,00 MBI &8
ooy 48,5 IS 4 log e ol (gjledoe (2STy 58)
Sl laie @ oy lil janass alez 5l Jaw azwgs o
Sl sl cBse il s ohenty Ll e
O D o Jed g el 08 (g pdiSlas]
g )Ll 5l (S 5o ali ©j90 ;0 B o9l oe (S ol

4wl JolS aass caimolis o5 o) jre
LY o) Glog b jo o blis jo .ol Lolss bl
VALY e g V0,V e dga il 4 S slolas
Sl wile (BL 655 50 )Ll 0 A g55 (sg)ls als
o579 shlo gyl aw pa 0 T oojled e
59a>) ol Jlade pyiin 45 5e B g (g9l
Ailoe ¥ g5l 4 bgrye (015 £V

i Bley  ggemeipbgl amaxd (g
Sl oK VE ol byl 4 asl acass
L35 0 sbsl a bgrpe GBL cnl 5l mon oyt
Bws £ LY ojlads e Sl 5 oo ¥
e ol 4 GEb YU apass s il
a5 Oty L Glste a O GRE Y o les
e )bl ol Ojpo o e conl Gliwles
S onge p 1) Lol 4 (0955l Cogias (Lol
B V gV i 4 5 ¥ o Voojleds (oo Sl
Al Lt o adai g

lo doye jal)l gw)piCamwlus Judas (o
as ol plas Gl mhaw gy brgls ails
§ 5 )l goprae aably cal 100 Gl
sanie g was o yals LYF sgas |y ol
2l s BB sk ] 55l 6K g w2
olisal] Sl Gl b imen i e
Cedylb b Ll aw 5l Jaw gl ed b (g5l
A5 oo S gl 28 b L L L 4 S5
SelS sl i o)Ll o g)ls isy KLy oS
el (2Ll Abgy S99 JE g Jo anje
4 b DVgams Glie Sl azg BB 4SS
Sl oile ol g s pled jo baliw e
4030 (g glgl casmslid aS (0=l YYY,VYY)
&L 50 3579 SN auie & Cod 09eeS
Lowl B

(GAMS) 3.3 w2 550110 (5labs dmlio (o
2l 4 ol (F b)) SaeS las 4o L
PNSGATL o2 )58l oS Jl> 55 092 295,k Sls>
Sl e L Q6 ) 5 5 bogte
oS b glaclyz (4l VA,V SY iSTos) calis
i) Sy lews Plawe jo 0l @l Je8 LB

foﬂ-o-i:a/; a)sé/‘f’a JL‘”/G)5°)@5WG‘”W



A

035 somwl8 9 a5 30

0y 5Pl el Rl jslane 4 calple
Sly Bolar gp,aely 5l @ols 48 plS 4y (1l
A oolawl calisee slag liw 4 o e Slosouas 43l
2 e gl gleding 950, 51 SRS G
0oy )‘9......:‘ 6‘14 (Mulvey et al., 1995) y)l...w
Al ookl Bolar slaslayg, 4 cons Sleseas
sl 2 lp & Glaeal 050, l b Billas
Bl gyl T 5148 0l (g96 4 b g oo a8 5
sl ansl gl plo @ Cas o5 Bl ol olias
sloly ol ao”—lﬁ 3 cs“’l’ Sdoo > ((puimed
G b as bld Gos mb (o g5lee o 50 byl Lo
Sad Y s o Slegeal gl 4o Sl
Al
L Jow J> bt (o9 NP-hard JJo 4 a5 b=l
g iyl Szss ol 6l s @3 slais,
slal jo Jaw J> (slp NSGA-IL (g, Kull,s o 6!
p,o3dl aS” ols lis bl s (gilwesly ¢ &1 S5
ovgy &5 Sy ool b Blue jo cul 08 olpai
CahS U s ool o il > 4 o6 380
L 330 sloclsr b ooleidn sl ol Xen 5
Sl gals o albbl lacasgaze 4 azg L
ale) I 5 jlews ol )0 5 NSGA-TT ooy 53l ¢ pazeds
O B (Glwlen £ ostll 6 Fe L aliis
g olg> C‘)"‘L‘“‘
25 oot e Sl olii gl ol slags xSew
]
» Bl o sl ide Gty arwg (O
Seriny JB Bl paiz S5l ol
GolPleces g ool (W) el
ty Altas 4375 () ¢Vl Al | sy o
A L e |y ol (Sioge oS iz 2)
plo e Jae 518,65 50 cdl o (2) (oo
L@J?o‘) C)L"" 9 00l du yoxd o o C?‘E“’
NSRRI UL REIEIESTN]

¥ o)Ln.&/f 0,90 NF+O JL.» /6)90,@49W@»W

alls 392y owe sl lal ple saw 51l los @
S exd 4 S Ll o Slogrhe 03 sew ) Bl
O»))S Sgde g LQB)L) (Godwd sle JM W}.’
el 5 bl e ki Pl slag)ls o)l
ax o Bly slos Al 4 eolpiiy Jow U 0gd oo
OhlScmlew 5 lzu Glpoe lp Giagh ool @S
13,10 s 53,1 oDl 039>
ooliul b 0l co oyl poe ity Lo ()
(e bl ange oS (Jae ool
gled (8,5 Sl o by c8ge 5 letiy
AL sl Al 38 g ool cdlold ¢ ilig
sl igilweglio o (g lASalow (¥
Gl Ll ilepglie jo (g IS ke
B s & (gl Hule @l asys
clasie aSh wes o Gl | ol
23 o 2B 5 ) 5,00 (6 IS 5 % 5
a4 QL?5L§ 6Yb Rmass :olfsb' M Y
Fhb 3 & sesee plas pleriy L
o a5 ala)ll 4wl Sen] 4
D9l Slog axgr ciyls glosiy
So9re 257 N ggrge Capie (F
L Rl g Lasl 4 S5 slagls z9,5)
Sl S Olse @ Wlgioe (36 (9l
Ll ol 5l 8 sl sla,ldl o Jae
Dgld
LS aeo o plid Jaw tplie gusucaglyl (B
Aupp A Cowd OgmeS Al (gablogl
1 Lolis 4 JolS sl 5o s eSS
D,5 et iz slogs w0

oudy | wlidizi g eysgaxe —F-0

€889 Sl Wlgioe At slag lw &Sl 4 429 L
g wol> Sad g liw 2 40 g 0gd Lol S

Grytaliy il Oglae o 5 A5 50 sl il )l
O PPV COWIY SR W) P PR R V) PR VAW



Obaebl bl 0,509, b ol bl o 53 9,10 S 4ol jlgiwl (3L dinty

dnlin pol> 0,505, Ll mls 90,5 oolatul

Syl
‘bu?déau{93L5UbC¥S)L£~o

adsl 5L (bt g A (GWT g0 e
by, anig 5 ol Slosl ey p ()l
aobld toloanly e Sl ool Jdoeigas o
(SRR (e Joe (gl (owlid sy, 100 jrmld

e Pk s bl ot g i

&lw (o)l
Lag e a8l olay aigS e a5 0uS oo oMl Bacy s

o o.\.a"wéé; 6‘4_9)} b . &Lm s

u;‘&)dé

e s @bl Jelse 5l dlaas oty
2 a8 @l plo g prime Gligls (5505 5 e
Sloyad wslasly o )Ken dlin ol CoaS S

el o0

& o

Abbasian, M., Sazvar, Z., & Mohammadisiahroudi,
M. (2023). A hybrid optimization method to
design a sustainable resilient supply chain in a
perishable food industry. Environmental science
and pollution research, 30(3), 6080-6103.
https://doi.org/10.1007/s11356-022-22115-8

Bai, X. (2016). Two-stage multiobjective
optimization for emergency supplies allocation
problem under integrated uncertainty.
Mathematical Problems in Engineering, 2016, 1-
13. https://doi.org/10.1155/2016 /2823835

Baskaya, S., Ertem, M. A., & Duran, S. (2017). Pre-
positioning of relief items in humanitarian
logistics considering lateral transhipment
opportunities. Socio-Economic Planning Sciences,
57, 50-60.
https://doi.org/10.1016 /j.seps.2016.09.001

Boonmee, C., Arimura, M., & Asada, T. (2017).
Facility location optimization model for

emergency humanitarian logistics.
International journal of disaster risk reduction, 24,
485-498.

https://doi.org/10.1016/i.ijdrr.2017.01.017

kel w1 2Blg (6990 axlle
H8ly osls ulul p solpiiy Jow zol>
laosls b jeia j95de Juo pine wlie
00 0ol 530 ol ailaie Sy 5l ke
e ol ) oS 85 jshilen e
sloosls L (69,50 axlllae ploil caingad oLl
il Glapkol o Jle oy il
LB obmbdl boelisles aile
(Ot b plndS aiile 522 o lag i
sl Slidos slp 55900 Sz Ol @
5o (@) :Blaal g slal i 51 Jow (g S
Sl g ol gg 9 5l e 85 S
5o BLol () fan ol doos g5
Wle (e
(@ 291> Slowsy 5 ()5 Lal (5lo JBlos
Sl @ g e Slae 85 L o
Ll (o) (2,5 Glaal LS o alflas Gas

s ol Gl

)l5 L 6‘4?¢9g 9 g5]L° Lglﬁ’;‘-.‘:)ju\?u UQ)S

S o]
olad Jae o Bl g)l5m (58 S 50
2 S e Joo Jiawe Sjgo 4 la Ll
o= MY JéLu u&Al Q‘ygs" o..\.,_;‘ o .
o oles o e sl
Db Gl Al (6 payBlasil B 5,5 aslal

oo )

(ot Joe oile eyl gilebg
Jlssl 5 he ooy wile Loyl Sy
A b b Jsb 5o b 5
la ol ples Slsioe ool o ailonss aid §
4230 5 6, a3 )l WP Cd wile
oo gley 4 atuly D90 4 3 1) S9eeS

KLY
Sle S oSy, 5l eslal
Slokesi ol oicenld pae giludow
sl e gl leane 0%,
Olyse el Cladss jo .cwl ouls colassl

6B el p siile 6,50 slas Sy,

\

¥

(f

™

*

foﬂ-o-i:a/; a)sé/‘f’a JL‘”/G)5°)@5WG‘”W


https://doi.org/10.1007/s11356-022-22115-8
https://doi.org/10.1155/2016/2823835
https://doi.org/10.1016/j.seps.2016.09.001
https://doi.org/10.1016/j.ijdrr.2017.01.017

m

035 somwl8 9 a5 30

time, health services, and hygiene items for
sustainable development goals. Annals of
Operations  Research,  351(3),  2191-2232.
https://doi.org/10.1007/s10479-025-06747-w

Hasanzadeh, H., & Bashiri, M. (2016). An efficient
network for disaster management: Model and
solution. Applied Mathematical Modelling, 40(5-
6), 3688-3702.
https://doi.org/10.1016 /j.apm.2015.09.113

Hoang, S., Tran, C. C., Pham, V. T., & Tran, V. T.
(2026). Multi-objective Optimization of the
7075 Aluminum Alloy Milling Process: A
Comparative Study of MOPSO, NSGA-II, SPEA2,
and MOACO. International Journal of Mechanical
Engineering and Robotics Research, 15(2), 211-221.
https://doi.org/10.18178 /ijmerr.15.2.211-221

Klibi, W., Ichoua, S., & Martel, A. (2018).
Prepositioning emergency supplies to support
disaster relief: a case study using stochastic
programming. INFOR: Information Systems and

Operational Research, 56(1), 50-81
https://doi.org/10.1080/03155986.2017.133504
5

Liu, A, Zhu, Q. Xu, L, Lu, Q., & Fan, Y. (2021).
Sustainable supply chain management for
perishable products in emerging markets: An
integrated location-inventory-routing model.
Transportation Research Part E: Logistics and
Transportation Review, 150, 102319.
https://doi.org/10.1016 /j.tre.2021.102319

Lobato, F. S., and Valder Steffen Jr. . (2017). Multi-
objective optimization problems: concepts and self-
adaptive parameters with mathematical and
engineering applications. Springer.
https://doi.org/10.1007/978-3-319-58565-9

Lu, C.-C., Ying, K.-C., & Chen, H.-]. (2016). Real-
time relief distribution in the aftermath of
disasters—A  rolling  horizon  approach.
Transportation Research Part E: Logistics and
Transportation Review, 93, 1-20.
https://doi.org/10.1016/j.tre.2016.05.002

Manopiniwes, W., & Irohara, T. (2017). Stochastic
optimisation model for integrated decisions on
relief supply chains: preparedness for disaster
response. International Journal of Production

Research, 55(4), 979-996.
https://doi.org/10.1080/00207543.2016.121134
0

Mete, H. O., & Zabinsky, Z. B. (2010). Stochastic
optimization of medical supply location and
distribution in  disaster = management.
International journal of production economics,
126(1), 76-84.
https://doi.org/10.1016 /j.ijpe.2009.10.004

Mohammadi, R., Ghomi, S. F., & Jolai, F. (2016).
Prepositioning emergency earthquake response
supplies: A new multi-objective particle swarm
optimization algorithm. Applied Mathematical
Modelling, 40(9-10), 5183-5199.
https://doi.org/10.1016/j.apm.2015.10.022

¥ o)Ln..'b/f 0,90 NF+O JL» /6)96,@9&@,«»@»4&@

Bozorgi-Amiri, A., & Khorsi, M. (2016). A dynamic
multi-objective location-routing model for
relief logistic planning under uncertainty on
demand, travel time, and cost parameters. The
International Journal of Advanced Manufacturing
Technology, 85, 1633-1648.
https://doi.org/10.1007/s00170-015-7923-3

Caunhye, A. M., Nie, X., & Pokharel, S. (2012).
Optimization models in emergency logistics: A
literature review. Socio-economic planning
sciences, 46(1), 4-13.
https://doi.org/10.1016 /j.seps.2011.04.004

Chan, F. T., Wang, Z., Goswami, A., Singhania, A., &
Tiwari, M. K. (2020). Multi-objective particle
swarm  optimisation based integrated
production inventory routing planning for
efficient perishable food logistics operations.
International Journal of Production Research,
58(17), 5155-5174.
https://doi.org/10.1080/00207543.2019.170120
9

Cheng, C., Qi, M., Wang, X., & Zhang, Y. (2016).
Multi-period inventory routing problem under
carbon emission regulations. International
journal of production economics, 182, 263-275.
https://doi.org/10.1016/j.ijpe.2016.09.001

Deb, K. (2011). Multi-objective optimisation using
evolutionary algorithms: an introduction. In
Multi-objective  evolutionary optimisation for
product design and manufacturing (pp. 3-34).
Springer London. https://doi.org/10.1007/978-
0-85729-652-8_1

Deb, K., Pratap, A., Agarwal, S., & Meyarivan, T.
(2002). A fast and elitist multiobjective genetic
algorithm: NSGA-II IEEE transactions on
evolutionary  computatio, 30(2), 182-197.
https://doi.org/10.1109/4235.996017

Ducatti, A. P. S., Doneda, L. R. Z. D. C,, Lima, I. A. d.
S., Cazane, A. L., Bertazzo, T. R., & Brito Junior,
I. d. (2026). Games for humanitarian logistics
and disaster management: a systematic review.
Journal of Humanitarian Logistics and Supply
Chain Management, 16(1), 89-117.
https://doi.org/10.1108 /JHLSCM-03-2025-
0042

Foroozesh, N., Karimi, B., & Mousavi, S. (2022).
Green-resilient supply chain network design
for perishable products considering route risk
and horizontal collaboration under robust
interval-valued type-2 fuzzy uncertainty: A
case study in food industry. Journal of
environmental —management, 307, 114470.
https://doi.org/10.1016/j.jenvman.2022.114470

Gen, M., Runwei Cheng, & Lin, a. L. (2008). Network
models and optimization: Multiobjective genetic
algorithm  approach.  Springer  London.
https://doi.org/10.1007/978-1-84800-181-7

Ghaebi Panah, M., Khanchehzarrin, S., Boyer, O., &
Mahdavi-Amiri, N. (2025). A resilient model for
humanitarian relief logistics: integrating relief



https://doi.org/10.1007/s00170-015-7923-3
https://doi.org/10.1016/j.seps.2011.04.004
https://doi.org/10.1080/00207543.2019.1701209
https://doi.org/10.1080/00207543.2019.1701209
https://doi.org/10.1016/j.ijpe.2016.09.001
https://doi.org/10.1007/978-0-85729-652-8_1
https://doi.org/10.1007/978-0-85729-652-8_1
https://doi.org/10.1109/4235.996017
https://doi.org/10.1108/JHLSCM-03-2025-0042
https://doi.org/10.1108/JHLSCM-03-2025-0042
https://doi.org/10.1016/j.jenvman.2022.114470
https://doi.org/10.1007/978-1-84800-181-7
https://doi.org/10.1007/s10479-025-06747-w
https://doi.org/10.1016/j.apm.2015.09.113
https://doi.org/10.18178/ijmerr.15.2.211-221
https://doi.org/10.1080/03155986.2017.1335045
https://doi.org/10.1080/03155986.2017.1335045
https://doi.org/10.1016/j.tre.2021.102319
https://doi.org/10.1007/978-3-319-58565-9
https://doi.org/10.1016/j.tre.2016.05.002
https://doi.org/10.1080/00207543.2016.1211340
https://doi.org/10.1080/00207543.2016.1211340
https://doi.org/10.1016/j.ijpe.2009.10.004
https://doi.org/10.1016/j.apm.2015.10.022

Obaebl calil 0,509, b gl bl pd 53 9510 S 4l Hlgiwl (65 Lwdinty

Yy

Tofighi, S., Torabi, S. A., & Mansouri, S. A. (2016).
Humanitarian logistics network design under
mixed uncertainty. European journal of
operational  research,  250(1),  239-250.
https://doi.org/10.1016 /j.€jor.2015.08.059

Toregas, C., Swain, R., ReVelle, C., & Bergman, L.
(1971). The location of emergency service
facilities. Operations research, 19(6), 1363-1373.
https://doi.org/10.1287/opre.19.6.1363

Wang, F., Ge, X,, Li, Y., Zheng, J., & Zheng, W.
(2023). Optimising the distribution of multi-
cycle emergency supplies after a disaster.
Sustainability, 15(2), 902.
https://doi.org/10.3390/su15020902

Zhang, F., Liy, Y., Yun, H., Cao, C., & Liu, X. (2025a).
Pre-and post-disaster allocation strategies of
relief items in the presence of resilience.
Systems, 13(8), 704.
https://doi.org/10.3390/systems13080704

Zhang, L., Yuan, N., Wang, J., & Li, J. (2025b).
Research  on  location-inventory-routing
optimization of emergency logistics based on
multiple  reliability under uncertainty.
Computers & Industrial Engineering, 200,
110826.
https://doi.org/10.1016 /j.cie.2024.110826

Zhu, X., Yao, K., Li, T., Guo, A., & Gao, X. (2025).
Joint  reserve-dispatch  optimization for
emergency supplies: a dual-penalty NSGA-II
approach  under fuzzy  transportation
uncertainty.  Systems Science &  Control
Engineering, 13(1), 2567883.
https://doi.org/10.1080/21642583.2025.25678
83

Moreno, A., Alem, D., & Ferreira, D. (2016).
Heuristic approaches for the multiperiod
location-transportation problem with reuse of
vehicles in emergency logistics. Computers &
Operations Research, 69, 79-96.
https://doi.org/10.1016 /j.cor.2015.12.002

Mulvey, J. M., Vanderbei, R. ]., & Zenios, S. A. (1995).
Robust optimization of large-scale systems.
Operations research, 43(2), 264-281.
https://doi.org/10.1287/opre.43.2.264

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.
https://doi.org/10.1016 /j.fss.2012.04.010

Pradhananga, R., Mutlu, F., Pokharel, S., Holguin-
Veras, J., & Seth, D. (2016). An integrated
resource allocation and distribution model for
pre-disaster planning. Computers & Industrial
Engineering, 91, 229-238.
https://doi.org/10.1016 /j.cie.2015.11.010

Rahimi, I., Gandomi, A. H., Nikoo, M. R., & Chen, F.
(2023). A comparative study on evolutionary
multi-objective algorithms for next release
problem. Applied Soft Computing, 144, 110472.
https://doi.org/10.1016 /j.as0¢.2023.110472

Rekabi, S., Sazvar, Z., & Goodarzian, F. (2023). A
machine learning model with linear and
quadratic regression for designing
pharmaceutical supply chains with soft time
windows and perishable products. Decision
Analytics Journal, 9, 100325.
https://doi.org/10.1016 /j.dajour.2023.100325

Rezaei-Malek, M., Tavakkoli-Moghaddam, R,
Cheikhrouhou, N., & Taheri-Moghaddam, A.
(2016a). An approximation approach to a
trade-off among efficiency, efficacy, and
balance for relief pre-positioning in disaster
management. Transportation Research Part E:
Logistics and Transportation Review, 93, 485-
509. https://doi.org/10.1016 /j.tre.2016.07.003

Rezaei-Malek, M., Tavakkoli-Moghaddam, R,
Zahiri, B., & Bozorgi-Amiri, A. (2016b). An
interactive approach for designing a robust
disaster relief logistics network with perishable
commodities. Computers &  industrial
engineering, 94, 201-215.
https://doi.org/10.1016 /j.cie.2016.01.014

Rivera-Royero, D., Galindo, G., & Yie-Pinedo, R.
(2016). A dynamic model for disaster response
considering prioritized demand points. Socio-
economic  planning  sciences, 55, 59-75.
https://doi.org/10.1016 /j.seps.2016.07.001

Shahrabadi, F., Kia, H., Heidari, A., & Khalilzadeh,
M. (2024). A Fuzzy Bi-objective Mathematical
Model for Perishable Medical Goods Supply
Chain Network Considering Crisis Situations :
An Empirical Study. Health Services Insights, 17,
11786329241288772.
https://doi.org/10.1177/11786329241288772

£ 0slod I8 0595 11VFe8 JLs /(6390 e 9 priommens osckied


https://doi.org/10.1016/j.cor.2015.12.002
https://doi.org/10.1287/opre.43.2.264
https://doi.org/10.1016/j.fss.2012.04.010
https://doi.org/10.1016/j.cie.2015.11.010
https://doi.org/10.1016/j.asoc.2023.110472
https://doi.org/10.1016/j.dajour.2023.100325
https://doi.org/10.1016/j.tre.2016.07.003
https://doi.org/10.1016/j.cie.2016.01.014
https://doi.org/10.1016/j.seps.2016.07.001
https://doi.org/10.1177/11786329241288772
https://doi.org/10.1016/j.ejor.2015.08.059
https://doi.org/10.1287/opre.19.6.1363
https://doi.org/10.3390/su15020902
https://doi.org/10.3390/systems13080704
https://doi.org/10.1016/j.cie.2024.110826
https://doi.org/10.1080/21642583.2025.2567883
https://doi.org/10.1080/21642583.2025.2567883

	1- مقدمه
	2- مبانی نظری پژوهش
	1-2- لجستیک بحران
	2-2- مکان‌یابی تسهیلات در لجستیک امداد
	3-2- مسیریابی و توزیع در لجستیک امداد
	4-2- مدل‌های دو فازی (آمادگی و واکنش)
	5-2- شکاف‌های تحقیقاتی
	6-2- جمع‌بندی و جایگاه پژوهش حاضر

	3- روش پژوهش
	1-3- تعریف مسئله
	2-3- مدل ریاضی پیشنهادی
	1-2-3- نمادهای مورد نیاز
	2-2-3- توابع هدف و محدودیت‌ها
	3-3- روش حل
	1-3-3- بهینه‌سازی استوار مبتنی بر سناریو
	2-3-3- تبدیل مدل چندهدفه به تک‌هدفه
	4-3- الگوریتم ژنتیک با مرتب‌سازی نامغلوب
	1-4-3- مقداردهي اوليه
	2-4-3- کروموزوم
	3-4-3- ارزيابي کروموزوم
	4-4-3- مرتب‌سازي سريع نامغلوب‌ها
	5-4-3- فاصله ازدحامی
	6-4-3- استراتژي انتخاب
	7-4-3- عملگر تقاطع
	8-4-3- عملگر جهش
	9-4-3- انتخاب افراد برتر به تعداد جمعیت اولیه
	10-4-3- شرط توقف الگوریتم
	11-4-3- مقایسه با سایر الگوریتم‌های فراابتکاری

	4- یافته‌های پژوهش
	1-4- مثال عددی و اعتبارسنجی مدل
	2-4- نتایج روش دقیق (نرم‌افزار گمز)
	3-4- تنظیم پارامترهای الگوریتم NSGA-II
	4-4- مقایسه روش دقیق و الگوریتم فراابتکاری
	5-4- آنالیز حساسیت
	5- بحث و نتیجهگیری
	1-5- یافته‌های کلیدی
	2-5- مفاهیم نظری
	3-5- مفاهیم عملی
	4-5- محدودیت‌ها و تحقیقات آینده

	مشارکت‌های نویسندگان
	تعارض منافع
	قدردانی
	مراجع

