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Flexible supply chain networks are one of the most influential classes of supply chains in
production and service. In such networks, different delivery modes can significantly increase the
efficiency of the entire chain. In this article, mixed integer programming is used to design four-
stage and multi-product supply chain networks in the pharmaceutical industry. The introduced
model includes three different modes of delivery, which are: normal delivery, direct transportation
and direct delivery. NSGA-11 and MOHPSO algorithms have been used to solve this mathematical
model. The obtained answers show that different optimal answers can be provided by trade-off
between objectives. The comparisons of this algorithm with the NSGA 11 algorithm show the high
efficiency of the proposed algorithm in solving the problem of flexible supply chain network
design. In the end, the case study of supplying the pharmaceutical industry using the MOHPSO
meta-heuristic algorithm shows that the presented set of Pareto solutions can be implemented and
also improve customer satisfaction.

Extended Abstract

1. Purpose

In this study, we consider a multi-product and multi-stage flexible supply chain problem. The investigated chain includes
five levels, which are: suppliers, manufacturing plants, distribution centers, retail areas, and customers, as shown in Figure 1.
Purpose of the optimizing this supply chain are as follows.

« Selection and location of production equipment.

* Determining the amount of flow between production equipment.

* Choosing the best mode of transportation to deliver products to customers.

* Choosing the best transportation strategy to increase customer satisfaction.

* Minimizing the costs of the entire network.

2. Design/methodology/approach

To satisfy the goal of production flexibility, the multi-product feature is added to the mathematical formulation. In addition,
the supply chain network becomes a four-stage network by considering some suppliers; Also, for more flexibility of the supply
chain, the selection of different transportation methods has been considered in two direct and indirect strategies, as well as
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normal delivery modes, direct shipping and direct delivery. Since the problem is NP-hard, we proposed two multi-objective
meta-heuristic algorithms as NSGA-Il and MOHPSO.

3. Findings

In this research, a mathematical model was developed for locating and allocating facilities in a multi-level supply chain. In
this model, the capacity of the factories and the capacity of the supply centers, as well as the cost of production and maintenance,
was a fixed amount. Also, inventory and transportation costs were considered along with this location. The general innovation
of this research is the simultaneous optimization of costs and customer satisfaction in the hierarchical location of the supply
chain, as well as the use of evolutionary multi-objective meta-heuristic algorithms in order to optimize it. The algorithm
presented in this article, which is based on the particle swarm algorithm, sought to find Pareto optimal solutions for the
developed model and finally, it reports a number of insignificant solutions. The obtained answers show that different optimal
answers can be provided by trade-off between objectives. The comparisons of this algorithm with the NSGA 11 algorithm show
the high efficiency of the proposed algorithm in solving problems related to hierarchical positioning in the supply chain. In the
end, the case study of providing mountain bikes using MOHPSO meta-heuristic algorithm shows that the set of presented
Pareto solutions can be implemented and also improve customer satisfaction. As future research for the presented model, it is
suggested to consider the reliability balance and risk factor for the chain as well as the cost of reliability.

4. Research limitations/implications

The main element of the chain is the transport network, which determines the efficiency. This element is used in all stages
of production, from production to delivery of the final product to customers. With the proper design of transportation devices,
the efficiency of the chain can be increased and the delivery time of products can be reduced. The solid transportation problem
(STP) is one of the famous combinatorial optimization problems. In this transportation problem, an additional (sub) constraint
consists of two main constraints (origin, destination, and capacity constraints) of the traditional transportation problem
introduced by [1]. This additional restriction is generally associated with different types of transportation (trucks, planes, trains,
etc.). The purpose of this method is to transport homogeneous products from some origins to some destinations using a suitable
transportation method that minimizes the cost of transportation.

5. Practical implications

By having a flexible supply chain network, which is one of the competitive strategies, it is possible to cover uncertain
situations, high variety of products, responding to changes in demand and timely. One of the ways to achieve productivity and
flexibility at the same time is to use different modes of transportation, another way is to use different modes of delivery such
as normal delivery, direct delivery and direct shipping. One of the main objectives of supply chain management is the strategic
and operational planning of the supply chain and the control of its material flow. To achieve a high level of flexibility, it is
essential to have a strategic supply chain network. One of the most important advantages of using direct transportation and
direct delivery is the elimination of inventory, which reduces supply chain costs. The proposed approach is a strategic decision.

6. Originality/value

As a key innovation in the supply chain, in this research, the supply chain network has been transformed into a four-stage
network by considering some suppliers. Also, for more flexibility of the supply chain, the selection of different transportation
methods has been considered in two direct and indirect strategies, as well as normal delivery modes, direct shipping and direct
delivery. Since the problem is NP-hard, we proposed some classical and adaptive meta-heuristic algorithms to solve the
problem effectively. The parameters of the algorithms are adjusted through a common empirical method.
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