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EXTENDED ABSTRACT

Introduction

The main issue in this research is the optimization of the 4-level supply chain network,
which includes suppliers, manufacturers, distributors, and retailers. Raw materials are sent
from suppliers to manufacturing factories (producers); in factories, each product is
produced with a specific combination of raw materials, and products from manufacturers
are sent to distribution centers (distributors) and from there to retailers. The market is
divided into several different areas, and the market demand is met through people going to
retailers. It is assumed that the demand is random and follows the probability distribution
function. Therefore, the simulation technique is used to estimate costs, which include
transportation costs, lost sales costs, and other costs.

The general purpose of this research was to model and develop a multi-level, multi-
product, multi-period supply chain network model with conflicting goals such as cost
minimization, delivery time minimization, and system reliability maximization. The
assumption of randomness of demand was based on the optimization technique and
simulation. The general structure of the research was as follows: first, the theoretical
foundations and background of the research were examined. Then, the methodology of the
research was presented. The presented model was then validated and the parameters of the
research model were subjected to validation and sensitivity analysis.

Methodology

This research was practical in terms of purpose and results and based on operational
research and a multi-objective model in terms of nature and implementation. In terms of
cross-sectional time and its variables, it is quantitative and random with probability
distribution. Considering the random demand and following the gamma distribution
function, to estimate the mathematical relationship related to the first objective (cost
minimization), the optimization approach based on simulation was used in this research.

Results and discussion

To solve the model presented in this research, a four-level supply chain of Iran's steel
industry including two suppliers, three producers, two distribution centers, and three
retailers (sales centers) that meet the demand of three areas of customers was used. In the
research model, a type of product that is produced from a type of raw material and a single-
cycle supply chain was considered. The definite parameters of the model were randomly
selected from the uniform intervals of Table (1) based on the choice of the researcher.
Furthermore, Table (2) and Figure 2 show the dimensions of the investigated problem. In
the examined supply chain, the raw materials required for the first factory are supplied from
the first supplier, and the raw materials for the second factory are supplied from the second
supplier. The first and second factories deliver their products to the first wholesaler, and
the second wholesaler receives the products of the third factory. The first retailer receives
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products from the first wholesaler to meet the demand of the customers of the first area,
and the second and third retailers also receive the products from the second wholesaler to
meet the demand of the second and third areas.

Table 1 Parameter values.

Parame
Parameter Parameter Para Paramete
P Parameter . ter
distribution distribution meter co r
distribution
U(550,750) sh costyy, U@3,7) d2jype U(8,27) Clijmpe
U2,4) Amp U(3,8) d3pe U(30,55) C2jip;
U(1100,1250) Caplim, U(1,5) A4y U(6,14) C3ppe
U(400,850) Cap; Gamma(220,25) Dgpe U(8,18) Chyape
U(350,750) ProdCapj,, U(0.6,0.85) rSs; U(4,12) in costlj,,
U(600,950) cap3y; U(0.6,0.85) rm; U(7,14) in cost2yy,
U(150,300) cap4,, U(0.6,0.85) Wy U(9,20) in cost3,,
U(0.6,0.85) rr U(5,12) A1mpe

According to the described model and considering the numerical example, this model was
solved in Lingo software using the epsilon limit method and the Pareto solutions obtained
for it as described in Table (2).

Table 2 The results of running the model for the numerical example.

answer Cost Time Route Total answer Cost Time | Route Total
number reliability | reliability number reliability reliability
) 336145 252 0.9625 0.6815 1 349215 198 0.9023 0.6357

A 374261 245 0.9712 0.6754 v 362547 150 0.9521 0.6697

Y 345231 198 0.9321 0.6451 A 335821 | 263 0.9352 0.6214

£ 366210 239 0.9451 0.6612 q 347982 | 274 0.9723 0.6712

0 360123 211 0.9687 0.6421 AN 337982 | 239 0.9412 0.6032
Conclusion

The model presented in this research can optimize the multi-level supply chain of multiple
products under the conditions of random demand and possible distribution, and it is
possible to consider several conflicting goals at the same time and improve the reliability of
the entire chain.

In this research, it was assumed that the demand for the product was random and the
demand distribution function followed a random distribution function, and based on this,
the approach of designing experiments to estimate the mathematical relationship of the cost
objective function (where the demand is based on this objective function was effective) was
used. The model developed in this article belongs to the category of NP-HARD problems in
the multi-product and multi-period mode, and accordingly, the time to solve it increases
exponentially with the increase in the dimensions of the problem. Therefore, it is suggested
to use meta-engineering algorithms as a method to solve the developed model.
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