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Extended Abstract

Introduction and objectives: Urban development and the increase in extra-urban and intra-urban
transportation have led to a sharp increase in the costs related to transportation, this increase in cost leads to
an increase in the cost price of the final products and as a result to an increase in the price of the product. Also,
the economic dimension is not the only consideration, and the increase in transportation leads to an increase
in CO2 emissions. This issue has led to the design of different models of transportation and vehicle routing,
which can be referred to the problem of vehicle location-routing. The issue of locating facilities is a strategic
decision because the cost of building and locating facilities is very high. On the other hand, routing decisions
are based on location decisions and it is considered a mid-term and short-term decision. In this paper, by
developing a mathematical model of vehicle location-routing under conditions of uncertainty and considering
reliability, an attempt has been made to simultaneously optimize stability objective functions while
maintaining minimum reliability. The sustainability objectives in this paper include minimizing the costs of
the entire problem, minimizing the amount of CO2 emissions, and maximizing employment opportunities
based on integrated strategic and tactical decisions. The most important issue addressed in this article is
decision making regarding the optimal routing of transportation, taking into account the time window and the
reliability of locating the facilities based on their failure rate.
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Methods: Due to the indeterminacy of the parameters of the mathematical model, various types of fuzzy and
robust programming methods have been used in formulating the model. Therefore, 4 different models to
control the uncertainty of demand parameters and transportation costs have been used and the results of the
model have been compared. Also, two exact methods and meta-heuristic algorithm have been used to solve
the multi-objective mathematical model. For the analysis of the mathematical model in small size as well as
the sensitivity analysis of the model, the enhanced limit epsilon method has been used, and to solve the
numerical examples in large sizes, the NSGA-II algorithm has been used. Also, in this article, an initial solution
based on prioritization is used for meta-heuristic algorithm.

Results and discussion: The results of the analysis show that although the increase in the uncertainty rate has
led to an increase in job opportunities, it has also increased the total costs and the amount of greenhouse gas
emissions. Also, the studies show that the RPP-111 method has obtained the highest model stability cost with
the lowest standard deviation. In the reliability analysis, it was observed that the higher the facility failure rate,
the higher the number of located production centers and distribution centers. This has led to an increase in total
costs, an increase in CO2 emissions, and an increase in the number of job opportunities. By analyzing 15
numerical examples, it was also observed that NSGA-II has a high efficiency in solving the mathematical
model compared to the augmented constraint epsilon.

Conclusion: The results obtained in this research help managers in making strategic decisions such as facility
location and tactical decisions such as vehicle routing so that they can make appropriate decisions in the market
uncertainty. Due to the fact that in this model, different decisions and assumptions close to the real world are
taken into account, the mathematical model can be used in broadcasting industries, especially pharmaceutical
and electronic goods.

Keywords: Location-Routing; Two-Echelon Routing; Uncertainty; Robust Posibilistic; Meta-Heuristic
Algorithm; Reliability.
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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; + & (i—j + i—z) Ifi—s; =g

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
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