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Robust Mathematical Modeling for a Multi-
objective Location-Routing-Inventory
ProbleminDisasterunderDemandUncertainty

and Facilities Reliability

AliakbarEshghi', Reza Tavakkoli-Moghaddam?, SadollahEbrahimnezhad®, VahidrezaGhezavati*

Abstract
At the time of natural disasters occurrence, prompt respondingand providingrequired items to affected areas is the
most urgent priority. Moreover, given i stochastic nature of the crisis severity and the number of the affected
areas effective planning is a crucial task. In this study, two major steps in the disaster management cycle ,namely prepara-
tion and response phases, are formulated using a multi -objective mathematical model under uncertainty . In the prepara-
tion phase, the optimum location of relief distributions, medical centers and inventories of relief goods to storage items
received from suppliers are determined. Also, in the second step or response phase, the amount of relief goods transported
from supply points to relief distribution centers and from these centers to affected areas as well as the number of injured
people transferred to medical centers and hospitals through ambulances and aerial transportationare determined. More-
over, regarding the problem nature, its key parameters (¢.g.,demand and the number of injured people) are considered to
be uncertain. Furthermore, given that the failureof facilities in both supplier and distributor sections can adverselyaffect
their service provision, this issueisconsidered in the model. To efficiently solve the model, the non-dominated sorting
genetic algorithm II (NSGA -II') and the multi-objective grey wolf optimizer MOGWO) areused. Comparison of the
results obtained from the proposed meta-heuristics with the exact solution method indicates that these algorithms can
provide acceptable solutions in a reasonable amount of computational time.
Keywords: Robust mathematical model, Location-routing-inventory problem,Reliability, Multi-objective meta-
heuristic algorithms, Disaster.
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Initialize the grey wolf population Xi (i = ), 1, ..., n)

Initialize a, A, and C

Calculate the objective values for each search agent

Find the non-dominated solutions and initialized the archive with them

Xa=Select Leader (archive)

Exclude alpha from the archive temporarily to avoid selecting the same leader

Xp=Select Leader (archive)

Exclude beta from the archive temporarily to avoid selecting the same leader

Xo=Select Leader (archive)

Add back alpha and beta to the archive

=)

while(t < Max number of iterations)

for each search agent
Update the position of the current search agent by equations (¥19-(4-)

end for
Update a, A, and C
Calculate the objective values of all search agents
Find the non-dominated solutions
Update the archive with respect to the obtained non-dominated solutions
If the archive is full
Run the grid mechanism to omit one of the current archive members

Add the new solution to the archive 3 %
end if ? ,ﬁ,‘
If any of the new added solutions to the archive is located outside the hypercube 9 ‘%

Update the grids to cover the new solution(s) 5’ 4
end if Eﬂ %
Xo=Select Leader (archive) .1 S
Exclude alpha from the archive temporarily to avoid selecting the same leader :{ :-.
Xp=Select Leader (archive) ) {
Exclude beta from the archive temporarily to avoid selecting the same leader 3 )
Xo=Select Leader (archive) &
Add back alpha and beta to the archive ‘% 3
t=t+) 3

end while y
return archive 3, _{‘J
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