systems

Article

A Bi-Objective Model for the Multi-Period Inventory-Based
Reverse Logistics Network: A Case Study from an Automobile
Component Distribution Network

Mohammad Khalilzadeh ?, Jurgita Antucheviciene >* and Darko BozZanic¢ 3

Citation: Khalilzadeh, M.;
Antucheviciene, J.; Bozanic, D. A
Bi-Objective Model for the Multi-
Period Inventory-Based Reverse
Logistics Network: A Case Study
from an Automobile Component
Distribution Network. Systems 2024,
12, 299. https://doi.org/10.3390/
systems12080299

Academic Editors: Omid Jadidi,
Fatemeh Firouzi, Wen-Chyuan

Chiang

Received: 29 May 2024
Revised: 5 August 2024
Accepted: 6 August 2024
Published: 12 August 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution  (CC  BY) license
(https://creativecommons.org/license

s/by/4.0/).

1 Industrial Engineering Department, Faculty of Engineering and Natural Sciences, Istinye University,
Sariyer, Istanbul 34396, Turkey; mohammed khalilzadeh@istinye.edu.tr

2 Department of Construction Management and Real Estate, Vilnius Gediminas Technical University,
10223 Vilnius, Lithuania

3 Military Academy, University of Defence in Belgrade, Veljka Lukica Kurjaka 33, 11000 Belgrade, Serbia;

darko.bozanic@va.mod.gov.rs

Correspondence: jurgita.antucheviciene@vilniustech.lt

Abstract: Supply chain management and distribution network design has attracted the attention of
many researchers in recent years. The timely satisfaction of customer demands leads to reducing
costs, improving service levels, and increasing customer satisfaction. For this purpose, in this re-
search, the mathematical programming models for a two-level distribution network including cen-
tral warehouses, regional warehouses, and customers are designed so that several products with
definite demands in multiple periods are distributed from central warehouses to customers. In this
problem, two objective functions are considered. The first objective function seeks to minimize the
costs of establishment, transportation, inventory, and shortage, and the second objective function
attempts to maximize the satisfaction level corresponding with the supply rate of different goods
for numerous customers. The presented models include the basic model, inventory-based model,
multi-period inventory-based model, and multi-period inventory-based reverse logistics model.
The validation and applicability of the proposed models were demonstrated by implementation in
areal case study of the automobile industry. The LINGO software 20.0 was used to solve the models.
The results show that incorporating the inventory management policies into the basic model and
converting from a single-period to a multi-period reverse logistics model will significantly increase
company profitability and customer satisfaction.

Keywords: supply chain management; facility location; inventory management; multi-period
multi-objective optimization; reverse logistic; customer satisfaction

1. Introduction

In the present world, organizations are facing new opportunities and threats, which
result from undergoing constant changes in the intra-organizational, inter-organizational,
and international business environments [1]. The changing environmental conditions are
so influential in the intra-organizational conditions that even small companies are affected
by the fluctuations in the global economy [2]. On the one hand, organizations can create
new opportunities and competitive advantages by properly utilizing various sciences and
technologies that simultaneously progress consistent with the business environment [3].
Appropriately applying scientific theories to practical problems can lead to solving the
new problems of organizations [4]. This is the point under consideration in the current
study. The current research took ISACO company into account as a case study. ISACO, as
the provider of after-sales service company of Iran Khodro Industrial Group, is the largest
car manufacturer in the Middle East, which has an extensive commercial and service
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network to provide proper services to the customers and buyers of Iran Khodro products.
Although this expansion has created a competitive advantage for this company compared
with other domestic and foreign competitors, it has created some threats, too. The threats
that have plagued most of the large companies cause the continuation of the previous
strategies not being able to solve the problems. At the present time, ISACO has only one
central warehouse in Tehran, which supplies the demands of the authorized company
representatives, who are in charge of providing the services directly to the owners of Iran
Khodro automobile products via this central warehouse. Investigating the company’s stra-
tegic index trend in the last few years indicates that some of the indices, including the
market share of spare parts, have declined, and some indices such as the customer satis-
faction level have not increased, and the existing satisfaction level does not guarantee the
continuation of a successful presence in the market. Considering the separation of the
supply and distribution system of parts and spare parts demanded by customers and the
collection system of scrap parts and the existence of merely one central warehouse in Teh-
ran (the central office of ISACO) to supply the increasing demands of customers of Iran
Khodro products and subsequently; the demand increase in the authorized representa-
tives scattered across the country; and considering the highly significant goals as to ex-
panding the market share and increasing customer satisfaction, of the most important ob-
jectives in this company are to define a model to integrate the mentioned dual goals (in-
creasing customer satisfaction and reducing costs) in such a way that it becomes possible
to consider the two activities, i.e., parts distribution and scrap parts collection as a whole.
Meanwhile, regarding the existence of a highly competitive environment in this industry
in recent years and the foreign car manufacturers entering the scene, it is required to make
some arrangements such as the possibility of returning unused parts to the authorized
representatives and the possibility of exchanging unused parts with high-use and re-
quired parts. The significance of this matter made the category of green (reverse) logistics
to be considered in this research so that objectives like increasing sale-accrued profit and
recycling the scrap parts and helping to preserve the environment are considered.

Thus, based on the brief explanations provided, the research subject is designing a
new system for spare parts distribution to authorized representatives across the country
in a way that can simultaneously increase the profitability of the ISACO company and
Iran Khodro Industrial Group as well as customer satisfaction level. In the present study,
several scenarios and methods (assuming non-probabilistic, single- or multi-period data)
have been presented, and the final model has undergone changes and modifications con-
sistent with each scenario.

In the market share section as the company’s strategic index, despite the existence of
a broad network of representatives, which has doubled since 2003 —and currently their
number is more than 750 representatives —the company’s market share has gradually de-
clined. Despite exerting a direct effect on the company’s profitability, this index also has
a meaningful impact on customer satisfaction levels. In the index of customer satisfaction
out of the parts supply since 2008, the company’s measures could not lead to a proper
increase in this index. Analyzing other indices, such as the percentage of unmet orders,
transportation costs, storage costs, faulty parts rate, and operational parameters and the
reports about parts shortage in the representatives, indicated the problems existing in the
company’s distribution system. Under such conditions and considering the entry of new
competitors, it is a must to revise the company’s macro-mission, i.e., the parts distribution
system.

One of the main contributions of the present research is considering the two objec-
tives of increasing customer satisfaction and reducing costs in the proposed mathematical
model. In addition, the two activities of distributing parts and collecting used parts are
taken into account. Moreover, the possibility of returning the unsold parts from the rep-
resentatives and also the possibility of replacing the unsold parts with high-demand auto
parts are considered in the model. In other words, regarding the reverse logistics concept,
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goals such as increasing profit from sales and recycling used parts to help preserve the
environment are included in the presented model.

Therefore, the study aims to guarantee the survival and profitability of the company
because failing to quickly and correctly make decisions will result in threats and irrecov-
erable losses. The present research pursues the goals to present a practical model to
achieve the following:

e  To optimize the transportation system in the ISACO company.

e To cut down transportation costs.

¢ Toincrease customer satisfaction by increasing the supply of customer demands.

e To allow the customers to return unused parts (which are not used by customers due
to seasonal variations or environmental changes and market fluctuations.

e  To collect and dispose or recycle the stock parts.

2. Literature Review
2.1. A Review of the Literature on Distribution Systems in Supply Chain Management

Liou et al. [5] presented a supply chain design model including factories and ware-
houses considering the deterministic demands of customers for different types of prod-
ucts. Their model seeks to make decisions on locating factories and warehouses and de-
termining the amount of each product in each shipment with the aim of minimizing total
costs. Two heuristic methods of Lagrangian relaxation and Simulated Annealing (SA)
have been used to solve the model. The Lagrangian relaxation method is better than the
other methods in terms of computational time and the quality of the solutions for me-
dium- and large-size problems. On the other hand, the SA algorithm gained better solu-
tions for small-size problems with higher computational time. Scott et al. [6] addressed
the problem of locating several new factories with the aim of minimizing costs so that each
factory serves several demand zones. The decision variables include the number of estab-
lished factories and their locations and determining the demand zones so that the zones
do not overlap with each other, and the demands are fully satisfied.

Dweiri et al. [7] first ranked warehouses based on the level of service required by
customers using the AHP method. Then, they developed a mathematical model to max-
imize the customer satisfaction level considering the deterministic demand values and
constraints such as the minimum allowed inventory amount for open warehouses and the
number of warehouses. In addition, it was assumed that the demand of the customers
must be fully met, and the amount of inventory must be fully distributed among the cus-
tomers. In this way, a decision should be made regarding the opening of warehouses and
the inventory level of each one. Mogeni et al. [8] designed a logistics system including
several production centers, warehouses (distribution centers), and customers with uncer-
tain demands with the aim of fulfilling total demands and minimizing logistics costs con-
sidering the required service levels. The model contains constraints related to travel time,
capacity, speed, type, and the number of vehicles.

Muangpan et al. [9] declared that using information in a systematic way would help
reverse logistics networks for recyclable materials. Brusset and Teller. [10] proposed a
model for inventory control including determining the economic order amount, order
point, and assurance inventory at the same time as locating facilities in the design of the
distribution network with the aim of minimizing costs. The investigated supply chain in-
cluded a production factory and a few warehouses with limited capacity, and each ware-
house had a specific service level. The results showed that the presented model caused a
significant reduction in costs compared to the traditional methods. Ribeiro et al. [11] ex-
amined supply chain management (SCM) from two different viewpoints including pur-
chase and supply as well as transportation and logistics. From the viewpoint of purchase
and supply, the evolution of SCM is defined by the efforts of manufacturers to integrate
activities and partnerships with suppliers for more effective and efficient management of
purchase and supply activities with the short-term goal of reducing production time and
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inventory level and increasing productivity together with the long-term goal of maximiz-
ing customer satisfaction level, market share, and the profit of stakeholders and improv-
ing performance. From the viewpoint of transportation and logistics, wholesalers/retailers
attempt to integrate logistics activities and partner with logistics companies to manage
transportation and distribution activities more effectively with online inventory manage-
ment aiming to reduce transportation costs and demand uncertainty. Heidari et al. [12]
investigated the supply chain network including suppliers, factories, and distribution cen-
ters to set up factories and distribution centers and determine the amount of the produc-
tion and shipment of products with the goal of minimizing costs and environmental ef-
fects, and maximizing positive social impacts. The maximum number of factories and dis-
tribution centers that can be open and the capacity of factories, distribution centers, and
suppliers are predetermined.

2.2. A Review of the Literature on Green Logistics in Supply Chain Management

Eydi et al. [13] investigated a multiple-period multi-echelon closed-loop supply chain
network problem for product collection and shipment to determine an optimum number
of facilities and their locations as well as the transportation modes. Antucheviciene et al.
[14] proposed a model for a sustainable closed-loop supply chain problem aiming to iden-
tify the locations of facilities and optimize the materials” flows under uncertain demands.
Gholamian et al. [15] considered a sustainable multiple-period multi-echelon multi-prod-
uct closed-loop supply chain problem aiming to minimize the total costs, the total waiting
time, and the greenhouse gas emissions. Alinezhad et al. [16] addressed a sustainable
multi-period closed-loop supply chain network problem with uncertain demand and re-
turn rates to maximize the total profits and customer satisfaction level. They solved the
problem with the LP metric and Goal Attainment methods. Pazhani et al. [17] examined a
multi-period closed-loop supply chain problem and exploited an integer relaxation
method to obtain the optimal solutions. Nazari-Ghanbarloo and Ghodratnama [18] scru-
tinized the queuing system of the supply chain network with the aim of minimizing the
total costs and time. Rabe et al. [19] studied a multiple-period capacitated facility location
problem and utilized the Monte Carlo simulation approach for estimating the reliability
levels and costs under random demands. Zarrat Dakhely Parast et al. [20] considered a
sustainable closed-loop supply chain problem aiming to minimize the lost demands and
total costs. Abdolazimi et al. [21] investigated a multi-period closed-loop supply chain
network problem for minimizing the total costs and maximizing the number of on-time
product deliveries together with the products’ quality, and solved the problem with the
LP metric method.

Maliki et al. [22] investigated a multi-period facility location problem for a crisis sit-
uation considering uncertain demand to identify the locations of distribution centers with
the aim of minimizing the costs and CO: emissions. Gupta et al. [23] considered the logis-
tics problem for determining the product order allocation to minimize the total costs.
Bortolini et al. [24] investigated a sustainable supply chain network problem for minimiz-
ing the costs, stock levels, and greenhouse gas emissions. Mogale et al. [25] studied a
multi-period sustainable closed-loop supply chain network problem considering various
supply chain’s complexity. Al-Refaie and Kokash [26] addressed a sustainable reverse lo-
gistics problem under an uncertain environment with the goal of maximizing profit and
positive social impact as well as minimizing CO:z emissions. Meidute-Kavaliauskiene et al.
[27] modeled a multiple-period supply chain network under an uncertain environment
for perishable products considering customer satisfaction, environmental impacts, costs,
and procurement time. Allehashemi et al. [28] considered a closed-loop supply chain net-
work with the goal of minimizing costs, maximizing quality, and minimizing CO: emis-
sions and solved it with the GAMS software 32.1.0. Abdi et al. [29] addressed a multi-
period facility location-allocation problem considering uncertain demand with the goal of
minimizing supply chain costs. Arab Momeni et al. [30] examined a sustainable closed-
loop supply chain problem and solved the problem with the Epsilon Constraint (EC)
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method. Also, Varshney et al. [31] investigated a sustainable closed-loop supply chain net-
work problem under uncertainty using the Pythagorean hesitant fuzzy programming. In
addition, Xia et al. [32] modeled a reverse logistics network problem for end-of-life prod-
ucts under uncertainty and solved it with the NSGA-III algorithm.

3. Materials and Methods

Research scope

The scope of this research is the total requests for parts and spare parts from author-
ized representatives all over the country, which have been studied in different time peri-
ods. In terms of time, the design of the new distribution system is considered differently
according to the type of products and the date of the start of product production in the
Iranian market, and while examining the demand trends in different regions, more atten-
tion has been paid to the data of the recent years.

Data gathering tools

The required data were collected by using the information bank available in the
ISACO company and holding specialized meetings with managers and experts in the de-
velopment of the network of representatives and the field of commerce.

Analytical research model and data analysis method

Considering that the purpose of this research is to provide a practical innovative ap-
proach for the company, the operational research techniques were used to design a mixed
integer linear programming model. Therefore, after designing an applicable model which
is a linear, multi-objective, multi-product, multi-period, and integer model with binary
variables, the model was implemented in the Lingo software 20.0 and then a decision was
made according to the obtained results.

The steps of the research methodology

In this research, the features of the existing system were first identified. Then, by
comparing with the other studied distribution systems, new scenarios were presented
such as creating regional warehouses, increasing the number of central warehouses, and
considering more parameters including inventory control issues in the decisions of re-
gional warehouses.

According to the suggestions and scenarios presented, an appropriate model was
proposed. Since each of the proposed scenarios needs to consider different assumptions
and variables, a unique model was designed for each scenario. In addition, the Lingo soft-
ware was used to obtain the optimal solution for each of the presented models, and finally,
the appropriate suggestions were provided.

It should be noted that in designing a new model, various questions are usually
asked, the purpose of which is to determine the data needed to form a suitable structure.
Some of these questions are as follows:

1. What sites should use intermediate warehouses?

2. What should be the minimum amount of fulfilling the orders of representatives?

3. The selected intermediate warehouses should be fed from which central ware-
houses?

4. From which intermediate warehouses should the demanded goods of the custom-
ers be supplied?

5. What parameters should be considered in choosing the location of intermediate
warehouses and central warehouses?

It is natural that the questions considered in the design of a new distribution system
are more than the aforementioned questions, but these questions are the most basic ques-
tions that are raised as the initial basis of system design.

The steps of the research methodology are presented in Figure 1.
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v

Reviewing the research literature

v ¥
Studying the ISACO distribution company | Analyzing the information obtained from literature
v
Providing the basic model

¥
Collecting the required data

v

Solving the model with the Lingo software and analyzing the results
v

Improving the basic model (considering inventory management)

¥

Collecting the required data

v

Sclving the model with the Lingo software and analvzing the results

v

Improving the second model (considering multiple time periods)

¥

Collecting the required data

v
Sclving the model with the Lingo software and analvzing the results

¥

Improving the multi-period model and achieving the desired model (reverse logistic multi-period model)

¥

Collecting the required data

¥
Sclving the model with the Lingo software and analvzing the results

v

Comparing and checking the results of four presented models
¥

Conclusions and suggestions

Figure 1. The steps of the research methodology.

The structure of the new distribution system is depicted in Figure 2.
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Central warehouses

Regional warehouses Customers

Figure 2. The final structure of the studied distribution system.

Many real-world decision-making problems involve the simultaneous optimization
of multiple objectives that are usually in conflict with each other. In single-objective opti-
mization problems, we seek to find the “best” solution or decision, while in multi-objec-
tive optimization problems, there may be no solution that is optimal in terms of all the
objectives. The proposed model is Mixed Integer Programming (MIP) with two objective
functions. One of these objective functions is for minimizing the costs and the other is for
maximizing the customer satisfaction, and these two objective functions contrast with
each other so that increasing the value of one objective function results in decreasing the
value of another. This problem has been solved through ideal programming and weighted
methods.

Assumptions

A Dbi-level system has been considered for the study system, which includes central
warehouses, regional warehouses, and representatives.

The goods transportation costs are obtained by the multiplication of the transporta-
tion cost per unit of goods by kilometer in the question distance, which is more accurate
compared to fixed values.

The variable defined for the goods transfer from the central warehouse to the regional
warehouse and also from the regional warehouse to the representatives is considered as a
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fraction. For example, half of the demand for the first type of goods may be delivered from
the 3rd regional warehouse to the central warehouse, and the other half may be supplied
from the 4th regional warehouse.

Notation

The sets, indexes, parameters, and decision variables are listed below.

Sets

L: The set of central warehouses, (|L| = Lk € L);

M: The set of regional warehouses, (|[M|= m,j € M);

N: The set of representatives, (|N| = n,i € N);

O: The set of goods, (|0| = o,t € 0);

F: The set of periods, (|F|= f,p € F).

Indexes

K: The central warehouse index;

j: The regional warehouse index;

i: The representative index;

t: The type of goods index;

p: The period index.

Parameters

a,;t: The demand of the ith representative for the tth goods during pth period;

byj¢: The capacity of the jth regional warehouse for the tth goods during the pth pe-
riod;

epke: The capacity of the kth central warehouse for the tth goods during the pth period;

"i: The distance between the ith representative and the jth regional warehouse;

qx: The construction cost of the kth central warehouse;

w;: The construction cost of the jth regional warehouse;

w';: The construction and equipment cost of the recycling site for the jth regional
warehouse;

hy,: The inventory cost per unit of goods in the regional warehouse;

hg: The inventory cost per unit of goods in the central warehouse;

C: The shipping cost per unit of goods per kilometer;

g: The quantity (%) of return for returnable (unused) parts to the regional warehouse;

g’: The percentage of scrap parts that can be delivered to the recycling site;

s’: Higher purchase percentage after returning returnable (unused) parts;

m: The shortage cost per unit of product shortage (back-order cost);

a: The first objective function’s weight coefficient (costs minimization);

spit: The minimum supply quantity of tth goods type per ith representative during pth
period with coefficient 3.

Decision variables

vy: Variable 0 or 1, which is equal to 1 if the Kth central warehouse is constructed,
and otherwise 0;

u;: Variable 0 or 1, which is equal to 1 if the jth regional warehouse is constructed,
and otherwise 0;

Xpije: Demand percentage by the ith representative of the tth goods type delivered
from the jth regional warehouse during pth period;

Ypjke: Demand percentage by the jth regional warehouse of tth product type delivered
from the kth central warehouse during the pth period.

Basic mathematical model

o m n o I m m l
Min Zl = ZZZ C.dijaitxijt + ZZZ C. d’jkbjtyjkt + ZW]u] + Z qxVk
=1 k=1

t=1j=1i=1 t=1 k=1 j=1
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Subject to

t=1t=1 j=1
o n
injtSn.o.uj Forj
t=1i=1
m o
ZZykjtSm.o.vk For k
j=1t=1
o n [
bjt = Z Qi Xt Fori
t=1 i=1t=1
m o o
Z byyyje = €xtVk For k
j=1t=1 t=1
m
injt =>p Fori,t
=
l n
bjtyije = Z Qi Xjig Forj,t
k=1 i=1
m
ijitS:l Fori,t
=1
l
Yijt <1 FOT'j,f
k=1
Xjig = 0 Forj,i,t
ykjtZO FOT'k,j,t
u; € {0,1} For j
v, € {0,1} For k

Q)

2)

©)

(4)

(5)

(6)

?)

(8)

©)
(10)
(11)

(12)

The first objective function is for minimizing the costs of goods transportation, which
includes the transportation of various types of goods between the regional warehouses
and central warehouses (¥,9_; 3k _4 Yty e d'jkb;yjke) and also between the regional ware-
houses and representatives (%.f=; XJt; X=; ¢.d';ja;.x;j ). Besides, the construction costs of
the regional warehouses (¥7L; wju;) and the construction costs of the central warehouses
L, qxvy) have been included in it.

The second objective function of the model is based on the representatives’ satisfac-
tion according to meeting their needs (ﬁ 2i=1 Xi=1 27%1 Xij¢) and its goal is to maximize

the representatives’ satisfaction whose optimal point is the one where the customers’ sat-
isfaction per each item of goods reaches 1.

Based on Constraint 1 of the model, delivering any type of goods from the jth regional
warehouse is allowed if this warehouse has already been constructed.
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Based on Constraint 2, delivering goods from the kth central warehouse is allowed if
this warehouse has already been constructed.

Based on Constraint 3, per each jth regional warehouse, the total amount of output
goods per each type of goods t should be less than the capacity of the warehouse for the
question goods.

Based on Constraint 4, per each kth central warehouse, the total amount of output
goods per each type of goods t should be less than the capacity of the question warehouse.

Based on Constraint 5, per each type of goods t, a minimum level has been defined
for satisfaction level with supply, the condition which should be met in all the equations.

Based on Constraint 6, the sum of the supply has to be higher than the demand quan-
tity.

Based on Constraint 7, the satisfaction of the ith representative per tth type of goods
has to be less than or equal to 1.

Based on Constraint 8, the sum of demands of the jth regional warehouse per tth type
of goods has to be less than or equal to 1.

Finally, the type of decision variables is determined so that the variables x;;;, yjx. are
between 0 and 1 and the variables u;, v, are 0 or 1.

Basic model development according to the real-world situation

The presented basic model paves the ground for implementing the proposed model
and evaluating the intended solutions. As pointed out in the previous sections, building
regional warehouses, increasing the number of central warehouses, and considering the
costs of goods delivery and transportation besides considering customer satisfaction in
the decision makings about transporting goods and locating the regional and central
warehouses can be part of the policies and solutions that the basic model guarantees to
supply. However, in order to make it more realistic and make the conditions closer to the
real model, some new components were added to the model, which are presented in or-
der.

Basic model development considering the inventory policies

Investigating several existing papers and studies, part of which are included in the
literature review section, it has been found that one of the methods to ensure the modeling
accuracy and compatibility with real-world problems is to add different components to
the basic model. One of the significant issues in this discussion is inventory problems
which we have decided to add to the basic model according to the knowledge we have
about the real problem. In the following, the detailed illustration of inventory problems
and the way to apply them in the basic model will be addressed. For this purpose, it is
possible to consider inventory costs, including ordering costs, maintenance costs, and
goods shortages in the basic model. Another matter which requires attention when de-
signing the model is the policies and inventory control systems. In this matter, the order-
ing costs are almost negligible, and the transportation costs have been substantially taken
into account; therefore, the costs considered in the inventory control system include
maintenance costs, shortage costs, transportation costs, and order delivery (which were
already included in the basic model). The ordering system is also a fixed period consid-
ered as proportional to the company’s quarterly (seasonal) ordering period.

Parameters and decision variables

Besides the parameters and variables employed in the basic model, the following pa-
rameters are added to the model regarding the addition of inventory management com-
ponents.

hy,: The inventory cost per unit of goods in regional warehouses;

hg: The inventory cost per unit of goods in central warehouses;

m: The shortage cost per unit of goods shortage.

Mathematical model
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I m
Min Z; = Z Z Z c.dija X + Z Z c.d'jibitYje

=1 j=11i= t=1k=1j=1
m l o n o o 1 m
+ Z hw (Z b]tyjkt Z Z aitxi]t> + Z hs €kt Z b; tyjkt
j=1 k=1t=1 i=1t=1 t=1k=1 j=1
n o m m l
+Z Ty Qe _Zalt(xljt) +ij U; +quvk
i=1t=1 j=1 =1 =1
o n m
Maxz, = | DD D i
t=1i=1 j=1

Subject to the same constraints as the basic model: Constraints (1-12)

The first objective function is for minimizing the costs incurred by goods transporta-
tion, which includes the transportation of various types of goods between the regional
warehouses and central warehouses plus the ones between the regional warehouses and
representatives. The construction costs of the regional warehouses and central ware-
houses have also been included in it. Having completed the model at this stage, the goods
storage costs in the central warehouse and regional warehouse and also the cost of inven-
tory shortage have been indicated as the costs in the first objective function. The second
objective function of this model is like that of the basic model.

Basic model development and conversion from a single-period to a multi-period re-
verse logistics model

With respect to the fact that most of the real-world problems are implemented during
several time periods and some of the demand or supply may be transferred from one pe-
riod to the next period, it is essential to consider this through designing the dynamic
model. Thus, by applying some changes to the basic model and its variables, it becomes
possible to implement the model for multi-period modes.

Sets

P: The set of periods (|P| = p,f € P).

The other sets are held similar to those of the basic mode.

Parameters and variables

The other parameters and variables are the same as the basic model and only the P
index has been added to them as a sign of considering the period.

m n o
MinZ, = ZZZ C. dijApirXpije +ZZZZC d}kbpltyp]kt
p=

t=1 j=11i=1 t=1k=1 j=1p=1
f m Il o n o
+ Z Z hw ( Z b ]typjkt z apitxpijt)
p=1j=1 k=1t=1 i=1t=
f v o m f o n m
+ z z hs epkt z pltyp]kt + z z T apl.t Z apltxpl]t
p=1k=1t=1 j=1 p=1t=1i=1 j=1
m l
j=1 k=1
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Here, the first objective function is for minimizing the costs incurred by goods trans-
portation per period, which includes the transportation of all kinds of goods between the
regional warehouses and central warehouses and between the regional warehouses and
representatives. Moreover, the construction costs of regional warehouses and the con-
struction costs of central warehouses have been included in it. The costs of goods storage
in the central warehouse and regional warehouse per period, as well as the cost of inven-
tory shortage per period, have been indicated as the costs in the objective function.

The second defined objective function is the same as the objective function of the pre-
vious mode, with the difference that it is considered for all the periods.

Subject to
m
Z Xpjie < 1 Forp,it (13)
=1
o n (o]
Z byje = Z ApitXpjit Forp=1,j (14)
t=1 i=1 t=1
n o
bpjt + (bp—1,je — (@p—1,it Xp—l,jit)) = Z ApitXpjit T ap_1,it(1 —Xp_qj;t) ForP > 1,j (15)
i=1 t=1
l o n o
Z Z bpjtypkjt - Z ApixXpjit < Z bpjt For p=1,j (16)
k=1t=1 i=1 t=1
l o n o n
Z Z(bpjtypkjt + b1, jtYp-1kjt) — ZZ(apixxpjit + Ay itXp_1,jit)
k=1t=11i=1 t=11i=1 (17)
o
(@1 = %p1ji) < ) by For p > 1,j
t=1
o n
z Xpijt < N.0.U; Forp,j (18)
t=1i=1
o
Xpije = P Forp,j,t (19)
t=1
m o
z Ypkjt < M. 0.V Forp,k (20)
j=1t=1
m o [
z byjeYpkic < Z epre Forp= 1K @1)
j=1t=1 t=1
m [ o m [ [
Z by itYprjt — €p—_1kt — Z Z by_1,jt Yp—1kit | < Z epre Forp>1K (22)
j=1t=1 t=1 j=1t=1 t=1

m
Z bpitypkjt < epktvk For p, k: t (23)
j=1
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n

Z by jtVpkje = Z ApitXpjit Forp = 1,j,t (24)
k=1 i=1

Xpjit = 0 Forp,j,i,t (25)
Xpije = 0 Forp,k,j,t (26)

Constraint (11)
Constraint (12)

Basic model development considering green logistics policy

The final model is presented as the following by considering the possibility of return-
ing the goods which are returnable (unused) by the representatives and also centralizing
the scrap parts recycling site in the regional warehouses and adding the cost of returning
the scrap parts to the recycling site and the construction costs of this site to the first objec-
tive function.

Parameters and variables

w';: The cost of the construction and equipment of the recycling site for the jth re-
gional warehouse;

g’: The percentage of scrap parts that can be returned back to the recycling site;

g: The quantity (percentage) of returnable (unused) parts to the regional warehouse;

S’: The percentage of higher purchases after turning back the unused parts.

o m n o I m
MinZ; = ZZZZC dijapicXpije (1 + g. s" +ZZZZC d]kbpltypjkt

t=1 j=1i=1p 1k=1j=1p=1

n m f
+ZZZZC L]g apltxput(l‘l'gs)

1i=1p=1

f m
+ Z Z hw bpjtyp]kt Z Z apltxput(l + g-s ))

p=1j=1 k=1t=1 i=1t=
l

f m
DI PRACTEDLTTE
f o n m m l
+ Z Z | epir — Z bpi (xpije +9.5) | + Z(Wj +w'pu; + Z qiVk
p=1t=1i=1 j=1 j=1 k=1
o n

1 m f
Max22=m z Z(xpijt+g.s’)

t=1i=1 j=1p=1

The first objective function is for minimizing the transportation costs of all kinds of
goods between the regional warehouses and central warehouses, the transportation costs
of all kinds of goods between the regional warehouses and representatives, the transpor-
tation costs of all kinds of scrap parts to the recycling site, the construction costs of the
regional warehouses, the construction costs of the central warehouses, the building cost
of a recycling site, the inventory costs in the central warehouse and regional warehouse,
and the cost of inventory shortage in each period which have been indicated as the costs
in the first objective function.

The second objective function of the model is based on the representatives’ satisfac-
tion with meeting their needs, and its goal is to maximize the representatives’ satisfaction,
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and its optimal point is the point where customer satisfaction reaches 1 per item of goods.
This matter has been considered for all the periods and for returnable parts as well.
Subject to

Constraint (13)

n
bpie = D) ayiespjie(1+ 9.5 Forp = 1,j @)
t=1 i=1t=1
l o n
Z byj: + (bp—l,jt = (@p—vit Xp-1jir (1 + 9-51)))
k=1t=1i=1

L

[N

n o , , (28)
= Z apitxpjit(l +9g.s)+ap 1 (1— (xp—ljit(l +g.s")) Forp
=1 t=
1,j

[y

V

[s]

l n o o
Z byt Ypkje — ZZ ApieXpjie(1+ g.5") < Z byjt Forp=1,j (29)
t=1

k=1t=1 i=1t=1

QS

n
Z Z(bpjtyzzkjt + bp_1,jtYp-1kjt)

l
k=1t=1i=1
n

o
- Z Z ApitXpjie + Apit Xp—1,jit) (1 + 9.5 — (ap_;e (1 — xp_q ;e (1 (30)

t=1j=1

o
+g.5")) Sprjt For p > 1,

t=1

Constraint (18)
Constraint (19)
Constraint (20)
Constraint (21)
Constraint (22)

Constraint (23)

l n
Z byt Yprje = Z ApieXpjic(1+ g.5") Forp= 1,j,t (31)
k=1 =1

n o n

0
g. s'. ApitXpjit = Z bpjt - Z ApixXpjit Forp,j (32)
j 1 t=1

]:1 t=

i=1
Constraint (25)
Constraint (26)

Constraint (11)

Constraint (12)
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4. Results

In addition to the basic model, three other models have also been introduced in this
study. Hence, the outputs of the LINGO software are provided separately for each model.

Case Study

Iran Khodro Industrial Group was founded in 1977 as a manufacturing and distrib-
uting company of automobile parts and spare parts. Since its inauguration, the major ac-
tivity of this company for twenty years has been focused on the supply and distribution
of car parts manufactured by Iran Khodro Industrial Group. Like many large companies,
ISACO s aloop of a specific supply chain with given duties. This supply chain is designed
to pursue the goal of manufacturing and supplying cars to the end customers and has
other duties as well. This supply chain network is made up of several interconnected loops
so that automobile parts are primarily supplied by the parts manufacturers and are
handed over to the SAPCO Company. Such parts are assigned to Iran Khodro Industrial
Group by SAPCO, and Iran Khodro Industrial Group assembles the parts and manufac-
tures the intended cars. Following that, ISACO provides after-sales services to customers
through authorized representatives. The significant point in this chain is that Iran Khodro
Industrial Group is the key connecting loop of the chain and other loops obey the policies
of this key loop.

The existing distribution system in ISACO: Currently, this group has only one central
warehouse in Tehran and possesses no other warehouses. This chain operates in a manner
that the required goods are first supplied through domestic and foreign suppliers and
stored in this warehouse and then according to the orders of the authorized representa-
tives across the country, the goods are delivered. In the current system, there is no regional
representative, and the cars are delivered to the representatives after being loaded from
the central warehouse, and the parts required by the representatives are directly delivered
to them.

The reasons behind applying the new system: The issue deserving attention is that
the existing system is outdated and traditional, and at the present time, when the speed
of modern technology service delivery is the distinguishing factor in global competition,
it does not satisfy the current and future demands of the company; thus, it is a must to
develop a befitting solution to get rid of this system’s drawbacks, some of which can be
mentioned as the following:

e  Very high transportation costs induced by long round-trip distances.

e  High costs imposed on the company as a result of vehicle breakdown.

e  Frequent troubles related to timely goods delivery (e.g., the cities located far from
Tehran, the chances are high that the goods do not reach on time).

e  To benefit from the full capacity of cars, it is required that the amount of the ordered
goods reach a certain quantity and then the goods be delivered to the representatives,
which leads to dissatisfaction among the representatives and losing the competitive
market.

e  Thelack of order and prioritization in the current system.

¢  Not considering different scenarios in decision making.

¢  Not being able to return unused or low-use parts by the representatives.

e  Thelack of an integrated system for receiving scrap parts.

e  Not able to implement strategic planning.

Some of the expected merits of the new system are the following;:

e  Reducing the costs resulting from redundant transportation.

e Increasing the representatives’ satisfaction level due to goods' timely delivery and
increasing the power to supply the demanded goods and the possibility of returning
low-use parts to the representative.

e  Systematizing transportation system which curbs other nuisances.

e Increasing the flexibility of the system.
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e  Decreasing the risks such as the sensitive parts becoming faulty during long trans-
portation or the possibility of vehicle breakdowns that impose losses on the com-
pany.

¢  Building regional warehouses and reducing the heavy costs of the central warehouse.

e  Controlling the system better and the potential to constantly improve.

The expected distribution system: Considering several problems due to this old dis-
tribution system, some models have been presented to mitigate costs and build up the
customer satisfaction level. As the first step, it is essential to determine the number of cen-
tral warehouses. Accordingly, the first two locations have been considered as the central
warehouses, which are Tehran and Bandar Abbas. The reason for selecting these two is
that part of the goods used by the representatives are supplied from the Persian Gulf-
based countries, which in the current system are first transported to Bandar Abbas and
then to Tehran and following that, they are distributed from Tehran to other cities accord-
ing to the demands of various cities; while some of the ISACO representatives are neigh-
boring Bandar Abbeas, it is consequently logical to eliminate redundant transportation by
constructing a central warehouse in Bandar Abbas. Moreover, since there are numerous
representatives and suppliers in Tehran and also due to the advantages of Tehran, such as
being the capital and a densely populated city, it seems reasonable to build another central
warehouse in this city. On the other hand, the proposed model aims to construct regional
warehouses. Thus, several cities are considered as candidates for constructing regional
warehouses, and the best locations are selected according to the objective functions.

It should be noted that the selection of candidate cities for intermediate warehouses
is based on certain rules. For this purpose, the number of representatives and the popula-
tions of the desired cities throughout the country are considered. In addition, the repre-
sentatives of each city are accumulated in the center of the province related to that city as
it is unnecessary to pay too much attention to detail because this matter will increase the
dimensions of the problem at hand and make it unsolvable by the Lingo software. Also,
the locations of the intermediate warehouses are selected based on their population and
closeness to the cities with the largest number of representatives; these cities are Isfahan,
Tabriz, Khorram-Abad, Rasht, Shiraz, Kerman, Mashhad, and Sari. Subsequently, con-
cerning the different types of cars manufactured by Iran Khodro Industrial Group, the
products are divided into five groups. Then, all the representatives’ demand for each type
of product is calculated so that we can calculate the total annual demand of all the cities
in each province for each type of goods and consider the result as the total demand of each
province.

With respect to the candidate cities for such warehouses, the capacity of the regional
warehouses is calculated according to the proximity of the neighboring cities. For exam-
ple, to calculate the capacity of a regional warehouse in Mashhad, first, the total demand
for different items is calculated for the cities of Bojnoord (the center of North Khorasan
province), Mashhad (the center of Khorasan Razavi province), and Birjand (the center of
South Khorasan province) and then a quarter of this quantity is added to it as a three-
month safety stock (SS) to reach the desired capacity. This operation is also performed to
calculate the capacity of the central warehouses.

The results of solving the basic model

The basic model is able to evaluate and select suitable places for intermediate and
regional warehouses as well as central warehouses from an expert point of view. This
model, like a framework, is capable of adding different components to increase the accu-
racy of decisions.

It is necessary to simultaneously survey two parameters in order to estimate the
model solution value and provide the final solution based on the values of these two pa-
rameters. These two parameters are the minimum level of supplying the customers’ de-
mand ((3) and the weight of the first objective function («). The following Table 1 displays
the computational results for the different values of these two parameters.
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Regarding the two objective functions conflicting with each other, the first objective
function increase will result in the second objective function decrease. Figure 3 indicates
the conflict of these two objective functions at 3 =0.1

1
0.9
0.8
0.7
0.6
Q05
0.4
0.3
0.2
0.1
0
9.38E+081.10E+091.18E+091.46E+091.98E+092.27E+093.19E+093.64E+094.82E+09
vl
Figure 3. Representation of two objective functions at minimum satisfaction level of 0.1.
Considering that at different levels of minimum customer satisfaction, the above
graph is different, the result will be different. The results of these computations are seen
in Figure 4.
Table 1. Computational results for different values of o and f3.
@
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 Z1 4.82 x 10° 3.50 x 10° 2.19 x 10° 1.90 x10° 1.34x10° 9.49x10% 5.34x108 0.00 x 100 0.00 = 100
Z2 1 0.95 0.8368985 0.8 0.6857143 0.5714286  0.3811921 0 0
01 Z1 4.82 x 10° 3.64 x 10° 3.19 x 10° 2.27 x 107 1.98 x 10° 1.64 x 10° 1.18 x 10° 1.10 x 10° 9.38 x 108
’ Z2 1 0.955 0.9228571 0.8264286 0.775 0.6464286  0.5371429 0.4857143 0.2649475
02 Z1 4.82 x 10° 3.78 x 10° 3.37 x 10° 2.59 x 10° 2.33x10° 1.87 x10° 1.62 x 10° 1.55 x 10° 1.43 x 10°
’ Z2 1 0.96 0.9314286 0.8457143 0.8 0.6857143  0.5885714 0.5428571 0.3942857
03 Z1 4.82 x 10° 4.11 x10° 3.55 x 10° 290x10° 2.68x10° 228x10° 2.06 x 10° 2.00 x 10° 1.90 x 10°
) Z2 1 0.975 0.94 0.865 0.825 0.725 0.64 0.6 0.47
04 Z1 4.82 x 10° 4.21 x10° 3.73 x 10° 3.31 x 10° 3.07 x10° 2.69 x 10° 2.50 x 100 2.44 x 10° 2.36 x 10°
’ z2 1 0.9785714 0.9485714 0.9014286  0.8585714 0.7642857  0.6914286 0.6571429 0.5457143
5 05 Z1 4.82 x 10° 4.31 x10° 3.92 x 10° 3.56x10° 3.36x10° 3.09x10° 2.94x10° 2.88 x 10° 2.81 x10°
f ’ Z2 1 0.9821429 0.9571429 0.9178571  0.8821429 0.8142857  0.7607143 0.7214286 0.6214286
06 Z1 4.82 x 10° 4.41 x10° 4.10 x 10° 3.82 x 107 3.65x10° 3.43 x10° 3.32 x 10° 3.27 x 10° 3.21 x 10°
’ Z2 1 0.9857143 0.9657143 0.9342857  0.9057143 0.8514286  0.8085714 0.7771429 0.6971429
07 Z1 4.82 x 10° 4.51 x10° 4.28 x 10° 4.07x10° 3.94x10° 3.78x10°  3.69 x 10° 3.66 x 10° 3.61 x 10°
’ Z2 1 0.9892857 0.9742857 0.9507143  0.9292857 0.8885714  0.8564286 0.8328571 0.7728571
0.8 Z1 4.82 x 100 4.62 x 10° 4.46 x 10° 4.32 x10° 424 x10° 4.13x10° 4.07 x 10° 4.05 x 100 4.01 x 10°
’ Z2 1 0.9928571 0.9828571 0.9671429  0.9528571 0.9257143  0.9042857 0.8885714 0.8485714
0.9 Z1 4.82 x 10° 4.72 x 10° 4.64 x 10° 4.57 x 10° 453 x10° 4.47 x10° 4.44 x 10° 4.43 x 10° 4.42 x 10°
) Z2 1 0.9964286 0.9914286 0.9832714  0.9764286 0.9628571  0.9521429 0.9442857 0.9242857

Z1 4.82 x10° 4.82 x10° 4.82 x10° 482x10° 4.82x10° 4.82x10° 4.82x10° 4.82 x10° 4.82 x10°
z2 1 1 1 1 1 1 1 1 1
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Figure 4. Total costs versus customer satisfaction for different values of 3.

With respect to the presented explanations, determining the appropriate and optimal
value of the two parameters, i.e.,, a and (3 will be a problem. Therefore, it is required to
provide a mechanism to optimally select these two parameters using heuristic methods.

Figure 5 depicts the values of the two objective functions for different coefficients of
the objective function and verifies that it is necessary to determine the optimal value by a
certain method.

e AL FA=0.1
0.s A FA=0.2
0.8 = ALFA=0.3
07 ALFA=0.4
e ALFA=0.5
05
e A LFA=0 5
™ o5
& e /|| FA=0.7
04 —AIFAZ0.3
J
03 //‘ s L FA=0.9
02 / —ALFA
0.1 #
0
0.00E+00 2,00E+09 4.00E+09 6.00E+09

71

Figure 5. Total costs versus customer satisfaction for different values of a.

A proposed method is to design a new function for determining the values of cus-
tomer dissatisfaction as a percentage, and also the total cost divided by the maximum cost
for the different values of a. Undoubtedly, when this new function has the minimum
value, it gets close to the optimal mode.

Regarding the above cases, it is perceived that the senior management can measure
the weighted coefficient of the first objective function by deciding at what minimum per-
centage they intend to meet the customers’ satisfaction, and based on this, the variables
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and parameters will also be determined. For instance, as a result of selecting = 0.6, the
coefficient of the first objective function (a) is determined as 0.7. Table 2 shows the results
of the calculations and the outputs for the above parameters.

Table 2. Model-extracted results based on a = 0.7 and 3 = 0.6.

Variable Title Value
Zy 3.32 x 109
Zy 80%
V(1,2) (1,1)
U(1,2,3,4,5,6,7,8) (0,0,0,0,0,1,0,1)

The above table indicates that in the basic model, as a result of selecting 3 = 0.6 and
the coefficient of the first objective function (a) equal to 0.7, the minimum cost is equal to
3.32 x 10? Iranian Tomans, and the maximum customer satisfaction will be equal to 80%
while both central warehouses have been selected for construction, and out of the eight
proposed regional warehouses, only regional warehouses 6 and 8, that is, the cities of Ker-
man and Sari have been chosen for construction.

Basic Model Solution Results along with Inventory Management Policies

Considering the inventory management policies being added to the objective func-
tion, the model solution results are as follows: Given this matter that similar to the basic
model, the two parameters of the minimum satisfaction level and the coefficient of the
first objective function can have different values, it is required to do the computations for
different values of these two parameters. The following Table 3 includes the computa-
tional results of the two objective functions.

Table 3. Basic model computational results along with inventory management policies for different
values of o and 3.

o
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Z1 4.84 x 10° 4.70 x 10° 4.52 x10° 420x10° 3.68x10° 3.54x10° 3.41x10° 3.15 x 107 2.65 x 10°

0 Z2 1 0.9928571 0.9785714 0.9428571  0.8494217 0.8142857  0.7571429 0.5928571 0
01 71 4.84 x 10° 4.72 x 10° 4.55 % 10° 427x10° 3.82x10° 3.70x10°  3.58 x 10° 3.35 x 10° 3.31 x 10°
Z2 1 0.9935714 0.9807143 0.9485714  0.8624167 0.8328571  0.7814286 0.6335714 0.5821429
02 Z1 4.84 x 10° 4.73 x10° 4.58 x 10° 422x10° 4.15x10° 3.87x10° 3.76 x 10° 3.55 x 10? 0.5821429
z2 1 0.9942857 0.9828571 0.9371429  0.9257143 0.8514286  0.8057143 0.6742857 0.6285714
03 71 4.84 x 10° 4.74 x 10° 4.62 x10° 430x10° 4.24x10° 4.14x10° 3.94x10° 3.75 x 10° 3.72 x 10°

) Z2 1 0.995 0.985 0.945 0.935 0.91 0.83 0.715 0.675

71 4.84 x 10° 4.76 x 10° 4.65 x 10° 437x10° 433x10° 4.24x10° 4.14x10° 3.98 x 10° 3.93 x 10°
04 Z2 1 0.9957143 0.9871429 0.9528571  0.9442857 0.9228571 0.88 0.7814286 0.7214286
0 71 4.84 x 10° 4.77 x 10° 4.68 x 10° 445x10° 4.41x10° 4.34x10° 4.26 x 10° 4.12 x 10° 4.11 = 10°
B 5 Y 1 0.9964286 0.9892857 0.9607143  0.9535714 0.9357143 0.9 0.8178571 0.7928571
06 Z1 4.84 x 10° 4.79 x 10° 471 x10° 453x10° 450x10° 4.44x10° 4.37x10° 4.27 x 10° 4.26 x 10°
z2 1 0.9971429 0.9914286 0.9685714  0.9628571 0.9485714 0.92 0.8542857 0.8342857
07 71 4.84 x 10° 4.80 x 10° 4.75 % 10° 4.61x10° 458 x10° 4.54x10° 4.49 x10° 4.41 = 10° 4.40 = 10°
) z2 1 0.9978571 0.9935714 0.9764286  0.9721429 0.9614286 0.94 0.8907143 0.8757143
08 71 4.84 x 10° 4.82 x10° 4.78 x 10° 4.69x10° 4.67x10° 4.64x10° 4.61 x10° 4.56 x 10° 4.55 x 10°
Z2 1 0.9985714 0.9957143 0.9842857  0.981286  0.9742857 0.96 0.9271429 0.9171429
0.9 Z1 4.84 x 10° 4.83 x 10° 4.81 x10° 477x10°  4.76x10° 4.74x10° 4.73 x10° 4.70 x 10° 4.70 x 10°
Y 1 0.9992857 0.9978571 0.9921429  0.9907143 0.9871429 0.98 0.9635714 0.9585714
1 Z1 4.84 x10° 4.84 x 10° 4.84 x 10° 484x10° 4.84x10° 4.84x10° 4.84x10° 4.84 x 10° 4.84 x 10°

z2 1 1 1 1 1 1 1 1 1

Regarding the two objective functions that are opposite to each other, the first objec-
tive function increase will be accompanied by the second objective function decrease.

Given that at different levels of minimum customer satisfaction, Figure 6 has a dif-
ferent shape, and the results also differ, the computational results are given in Figure 7.
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Figure 6. Representation of two objective functions at minimum satisfaction level.
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Figure 7. Total costs versus customer satisfaction in basic model along with inventory management
policies for different values of {3.

Pursuant to the explanations provided so far, determining the suitable and optimal
value of the two parameters 3 and a will be a problem. Therefore, it is required to develop
a mechanism for optimally selecting these two parameters via heuristic methods.

Figure 8 depicts the values of the two objective functions for different coefficients of
the objective functions.
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Figure 8. Total costs versus customer satisfaction in basic model along with inventory management
policies for different values of a.

Using the proposed method in the previous section, we set up a new function to
measure the percentage of customer dissatisfaction and also the total costs divided by the
maximum cost for the different values of «. It is clear that when this new function has the
minimum value, it gets close to the optimal mode. Considering the above graph, it is dis-
covered that the senior management can measure the weighted coefficient of the first ob-
jective function by deciding at what minimum percentage they intend to meet the custom-
ers’ satisfaction, and accordingly, the variables and parameters will also be determined.
For example, as a result of the selection 3 = 0.6, the coefficient of the first objective function
(o) is determined as 0.7. Table 4 shows the computational results and the outputs for the
above parameters.

Table 4. Model results based on ot = 0.7 and 3 = 0.6.

Variable Title Value
Z 3.37 x 109
Z; 92%
V(1,2) 1,1
U(1,2,3,4,5,6,7,8) (0,0,0,0,0,1,0,1)

The above table displays that by adding the inventory management policy to the
basic model, as a result of selecting 3 =0.6 and the coefficient of the first objective function
() as 0.7, the minimum cost is equal to 4.37 x 10° Iranian Tomans, and the maximum
customer satisfaction will be equal to 92% while both central warehouses have been
picked for construction, and out of the eight proposed regional warehouses, only regional
warehouses 6 and 8, i.e., the cities of Kerman and Sari have been chosen to be built.

Basic Model Solution Results along with Multi-Period Policies

To estimate the model’s solution value, it is required to concurrently analyze the two
parameters and present the final solution based on the values of these two. These two
parameters are the minimum level of meeting the customers” demands () and the first
objective function’s weight («). Table 5 displays the computational results for the different
values of these two parameters.
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Table 5. Computational results of multi-period model for different values of & and .

o
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1.65 x 10%° 1.65 x 1010 1.65 x 1010 1.61 x 10%° 1.51 x 10%° 1.48 x 1010 1.37 x 1010 1.34 x 1010 1.21 x 10%°
1 1 1 0.9228571 0.9714286 0.9642857 0.9150749 0.888311 0.7168279
1.65 x 10%° 1.65 x 1010 1.65 x 1010 1.61 x 10%° 1.52 x 10 1.50 x 1010 1.40 x 10%° 1.37 x 10 1.26 x 10
1 1 1 0.9935714 0.9742857 0.9678571 0.9232892 0.8982267 0.7361599
1.65 x 10%° 1.65 x 1010 1.65 x 1010 1.61 x 10%° 1.54 x 10%° 1.52 x 1010 1.43 x 1010 1.40 x 10%° 1.33 x 10%°
1 1 1 0.9942857 0.9771429 09744286 0.9315568 0.9085202 0.8056308
1.65 x 10%° 1.65 x 1010 1.65 x 1010 0.62 x 1010 1.55 x 10 1.53 x 1010 1.46 x 1010 1.43 x 10 1.37 x 10
1 1 1 0.995 0.98 0.975 0.939905 0.919635 0.8278087
1.65 x 1010 1.65 x 1010 1.65 x 1010 0.62 x 1010 1.57 x 1010 1.55 x 1010 1.49 x 1010 1.47 x 1010 1.41 x 10%°
1 1 1 0.9957143 0.9828571 0.9785714 0.9482679 0.9307498 0.8485393
1.65 x 1010 1.65 x 1010 1.65 x 1010 1.63 x 1010 1.58 x 1010 1.57 x 1010 1.52 x 1010 1.50 x 1010 1.45 x 101
1 1 1 0.9664286 0.9857143 0.9821429 0.9566604 0.9418646 0.8732143
1.65 x 10%° 1.65 x 1010 1.65 x 1010 1.63 x 10%° 1.57 x 10%° 1.48 x 1010 1.43 x 101 1.41 x 10%° 1.39 x 10
1 1 1 0.9971429 0.9885714 0.9857143 0.9654133 0.9530132 0.8985714
1.65 x 10%° 1.65 x 1010 1.65 x 1010 1.64 x 10%° 1.61 x 10%° 1.60 x 1010 1.57 x 1010 1.56 x 1010 1.53 x 101
1 1 1 0.9978571 0.9914286 0.9892857 0.9742857 0.964634 0.9238566
1.65 x 10%° 1.65 x 1010 1.65 x 1010 1.64 x 1010 1.62 x 1010 1.62 x 1010 1.61 x 1010 1.59 x 1010 1.57 x 10%°
1 1 1 0.9985714 0.9942857 0.9928571 0.9885714 0.97625 0.9489286
1.65 x 1010 0.2 0.3 0.4 1.64 x 1010 1.64 x 1010 1.63 x 1010 1.63 x 1010 1.62 x 10%°
1 1.65 x 1010 1.65 x 1010 1.61 x 10%° 0.9971429 0.9964286 0.9942857 0.9895536 0.9785714
1.65 x 10%° 1 1 0.9228571 1.65 x 10%° 1.65 x 1010 1.65 x 1010 1.65 x 10 1.65 x 1010
1 1.65 x 1010 1.65 x 1010 1.61 x 100 1 1 1 1 1

Regarding the two objective functions that are contrary to each other, an increase in
the first objective function will lead to a decline in the second objective function. Figure 9
displays the contrast between these two objective functions at 3 =0.1.

1.2

0.8

0.4

0.2

1.25E+10 1.32E+10 1.37E+10 1.43E+10 1.44E+10 1.47E+10 1.47E+10 1.47E+10 147E+10
71

Figure 9. Representation of the two objective functions in the multi-period model at the minimum
satisfaction level of 0.1.

With respect to this point that the above figure has a different shape at different levels
of minimum customer satisfaction, Figure 10 depicts the computational results.
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Figure 10. Total costs versus customer satisfaction in the multi-period model per the different values

of B.

In accordance with the explanations given until now, calculating the appropriate and
optimal value of the two parameters a and p will be a problem. Thus, it is imperative to
devise a mechanism in order to optimally select these two parameters by heuristic meth-
ods.

Figure 11 displays the two objective functions” values for different coefficients of the
objective function. The proposed method for measuring the optimal values of the objective
functions aims to develop a new function showing customer dissatisfaction as a percent-
age and the total costs divided by the maximum costs for the different values of a. It is
clear that when this new function has the minimum level, it has reached its optimal model.
Considering the above graph, it is perceived that the senior management can measure the
weighted coefficient of the first objective function by deciding at what minimum percent-
age they intend to meet the customers’ satisfaction, and accordingly, the other variables
and parameters will be determined, too. For example, as a result of selecting 3 = 0.6, the
coefficient of the first objective function («) is measured as 0.7. Table 6 displays the com-
putational results and the outputs for the abovementioned parameters.

Table 6. Multi-period model results based on a = 0.7 and 3 = 0.6.

Variable Title Value
Z; 1.42 x 1010
Zy 94%
V(1,2) (1,1)

U(1,2,3,4,5,6,7,8) (1,0,1,1,0,1,0,1)
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Figure 11. Total costs versus customer satisfaction in multi-period model per different values of a.
Table 6 indicates that through adding the inventory management policy to the previ-
ous model, as a result of selecting 3 = 0.6 and the coefficient of the first objective function
(o) as 0.7, the minimum cost is equal to 1.42E+10 Iranian Tomans, and the maximum cus-
tomer satisfaction will equal 94% while both central warehouses have been selected for
construction, and out of the eight proposed regional warehouses, only the regional ware-
houses 1, 3, 4, 6, and 8, i.e., the cities of Isfahan, Khorram-Abad, Rasht, Kerman, and Sari
have been selected for construction, respectively.
Basic Model Solution Results along with Green Logistics (Eco-logistics) Policies
To calculate the model’s solution value, it is necessary to simultaneously analyze the
two parameters and present the final solution based on the values of these two. These two
parameters are the minimum level of meeting the customers’ demands ((3) and the first
objective function’s weight (a). Table 7 shows the computational results for the different
values of these two parameters.
Table 7. Computational results for green logistics model for different values of a and 3.
o
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 Z1 1.65x 101 1.65 x 10 1.65 x 1010 1.61x101° 1.51x100 1.48x10%° 1.37 =101 1.34 x 1010 1.21 x 1010
72 1 1 1 0.9228571  0.9714286 0.9642857  0.9150749 0.888311 0.7168279
01 Z1 1.65x 101  1.65 x 101 1.65 x 1010 1.61x1010 1.52x10 1.50x10%° 1.40x 101 1.37 x 1010 1.26 x 1010
) z2 1 1 1 0.9935714  0.9742857 0.9678571  0.9232892 0.8982267 0.7361599
02 Z1 1.65x 101  1.65 x 101 1.65 x 1010 1.61x1010 1.54x100 1.52x10%° 1.43x 101 1.40 x 1010 1.33 x 1010
) Z2 1 1 1 0.9942857  0.9771429 0.9744286  0.9315568 0.9085202 0.8056308
03 Z1 1.65x 101 1.65 x 1010 1.65 x 1010 0.62x 100  1.55x10% 1.53x101 1.46 x 1010 1.43 x 1010 1.37 x 1010
) z2 1 1 1 0.995 0.98 0.975 0.939905 0.919635 0.8278087
5 04 Z1 1.65x 101 1.65 x 101 1.65 x 1010 0.62x 100 157 x10 1.55x101 1.49 x 1010 1.47 x 1010 1.41 x 1010
[ ) Z2 1 1 1 0.9957143  0.9828571 0.9785714  0.9482679 0.9307498 0.8485393
05 Z1 1.65x 101 1.65 x 101 1.65 x 1010 1.63x 1010 1.58 x 1010 1.57 x 10  1.52 x 1010 1.50 x 1010 1.45 x 1010
) z2 1 1 1 0.9664286  0.9857143 0.9821429  0.9566604 0.9418646 0.8732143
06 Z1 1.65x 101 1.65 x 101 1.65 x 1010 1.63x 1010 157 x100 1.48 x10%° 1.43 x 1010 1.41 x 1010 1.39 x 1010
) z2 1 1 1 0.9971429  0.9885714 0.9857143  0.9654133 0.9530132 0.8985714
07 Z1 1.65x 101  1.65 x 101 1.65 x 1010 1.64x 1010  1.61x100 1.60x10%° 1.57 x 1010 1.56 x 1010 1.53 x 1010
) 72 1 1 1 0.9978571  0.9914286 0.9892857  0.9742857 0.964634 0.9238566
08 Z1 1.65x 101 1.65 x 101 1.65 x 1010 1.64x 1010  1.62x100 1.62x10%° 1.61 =101 1.59 x 1010 1.57 x 1010
) z2 1 1 1 0.9985714  0.9942857 0.9928571  0.9885714 0.97625 0.9489286
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0.9 Z1 1.65 x 1010 1.65 x 1010 1.65 x 1010 1.65x 100  1.64 x 100 1.64 x 1010  1.63 x 1010 1.63 x 1010 1.62 x 1010
’ 72 1 1 1 1 0.9971429 0.9964286  0.9942857 0.9895536 0.9785714
1 71 1.65 x 1010 1.65 x 1010 1.65 x 1010 1.65 x 100  1.65x 1010 1.65x 10 1.65 x 1010 1.65 x 1010 1.65 x 1010
Z2 1 1 1 1 1 1 1 1 1

Considering that the two objective functions are in conflict with each other, the in-
crease in the first objective function will result in a decrease in the second objective func-

tion.

Considering that at different levels of minimum customer satisfaction, Figure 12 has
a different shape, the computational results are given in Figure 13.

12
1
0.8
o o086
04
0.2
0
1.26E+10 1.37E+10 1.40E+10 1.50E+10 1.52E+10 1.61E+10 1.65E+10 1.65E+10 1.65E+10
—_—71
Figure 12. Representation of two objective functions in green logistics model at minimum satisfac-
tion level of 0.1.
1 =
m— BETA=0.1
03 e BET A=0.2
0.8 e BET A=0.3
0.7 BETA=0.4
e BET A=0.5
0.6
m— BETA=0.6
~ 05
™ —BETA=0.7
o4 — BETA=0.8
03 — BETA=0.5
0.2 m—BETA=1
0.1
0
1.25E+10 1.35E+10 1.45E+10 1.55E+10 1.65E+10
71

Figure 13. Total costs versus customer satisfaction in green logistics model for different values of (3.
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As the explanations given until now indicate, determining the appropriate and opti-
mal value of the two parameters a and {3 will be a problem. Therefore, it is required to
develop a mechanism in order to optimally select these two parameters by heuristic meth-
ods.

Figure 14 displays the values of the two objective functions for the different coeffi-
cients of the objective function. The proposed method for measuring the optimal values
of the objective functions targets developing a new function which depicts customer dis-
satisfaction as a percentage and the total costs divided by the maximum costs for the dif-
ferent values of a. There is no doubt that when this new function has the minimum level,
it has reached its optimal model. Considering the above graph, it is concluded that the
senior management can measure the weighted coefficient of the first objective function
when they decide at what minimum percentage they aim to meet the customers’ satisfac-
tion, and based on this, the other variables and parameters will be determined, too. For
instance, as a result of selecting 3 = 0.6, the coefficient of the first objective function («) is
measured as 0.7. Table 8 shows the computational results and the outputs for the above-
stated parameters.

—ALFA=0.1
— e ALFA=0.2
.ALFA=0.3

ALFA=0.4

e ALFA=0.5

e ALFA=0.6

—ALFA=0.7

—ALFA=0.8

—ALFA=0.9

| F A

1.20E+10 1.30E+10 140E+10 1.50E+410 1.60E+10 1.70E+10

71

Figure 14. Total costs versus customer satisfaction in green logistics model for different values of «.

Table 8. The green logistics model’s results based on a = 0.7 and 3 = 0.6.

Variable Title Value
z 1.43 x 1010
Zy 96%
V(1,2) (1L1)
U(1,2,3,4,5,6,7,8) (1,0,1,1,0,1,0,1)

The above table indicates that through adding the inventory management policy to
the previous multi-period model, as a result of selecting 3 = 0.6 and the coefficient of the
first objective function (c) as 0.7, the minimum cost is equal to 1.43E+ 10 Iranian Tomans,
and the maximum customer satisfaction will equal 96% while both central warehouses
have been chosen for construction, and among the eight suggested regional warehouses,
only the regional warehouses 1, 3, 4, 6, and 8, i.e., the cities of Isfahan, Khorram-Abad,
Rasht, Kerman, and Sari have been picked for construction, respectively.

Framework for Comparing Models” Outcomes
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One of the measures taken in this study was defining and determining the criteria
used to measure the performance of different models. According to this and after review-
ing similar studies on the performance evaluation criteria, the following indexes have
been identified as the measurement criteria. Table 9 includes the summary of the results
from analyzing the indices.

Table 9. Summary of the criteria evaluated in 4 models at optimal levels of o and f.

. . . Multi-Period Basic
Basic Model with  Viulti-Period Basic =00 1 ith

iteri iteri Model with
Cri erlt')n Criterion Basic Model Inventory odel Wi Inventory Manage-
Illustration Components Inventory
Management ment and Green
Management . ..
Logistics
Overall
Satisfaction of 85% 92% 94% 96%
Customers
Total Costs 3.32 x 10° 4.37 x 10° 1.42 x 1010 1.43 x 1010

Pursuant to the results in Table 9 and also to the defined performance evaluation
criteria, it is possible to assess the efficiency of the proposed models compared to each
other and also in comparison with the condition before the presentation and implementa-
tion of the model. Accordingly, we get to compare the criteria separately.

One of the fundamental defined performance criteria is related to customer satisfac-
tion. Figure 15 compares the conditions before and after implementing these four models.

100%

S0%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Figure 15. Comparing the customer satisfaction index before and after implementing the models.

As can be seen, the implementation of the mentioned models tangibly promotes cus-
tomer satisfaction compared to that before implementing the model. The implementation
of the final model has resulted in a 45% increase in customer satisfaction compared to that
before the model implementation, a 20% increase compared to the basic model, and a 2.5%
increase in the multi-period model’s ratio, which overall has meaningfully improved cus-
tomer satisfaction.

Another criterion under consideration is the costs of the proposed models. Figure 16
addresses this problem.
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Figure 16. Comparing the total cost index before and after implementing the model.

As observed in the above figure, the final model implementation only leads to a 0.7%
cost increase compared to the multi-period model. Moreover, the tangible cost increase in
the single-period model with inventory management policy compared to the multi-period
model with inventory is because of considering four time periods in the multi-period
model while not considering the construction costs that occur only in one period; the costs
in the multi-period model, i.e., four-period model are only 2.7 times more than those of
the single-period model with inventory management policy, which means the improve-
ment of the model considering the index of costs.

5. Discussion and Conclusions

The proposed basic model is able to evaluate and select the proper locations for con-
structing the regional and central warehouses based on experts’ opinions. This model has
the potential to add different components to increase the accuracy of decisions. The correct
determination of the parameter values made the obtained results be in line with the expert
predictions. In other words, the correct determination of the parameters has been effective
in the correctness of the outputs. The coverage of all the geographical areas and estimation
of the construction cost, maintenance cost, and shortage cost of goods are among the im-
portant features of the proposed model. Considering the two objective functions of cost
minimization and customer satisfaction maximization concurrently in the proposed
model resulted in a suitable interaction between these two objective functions. Employing
the weighted method to solve the problem by the two objective functions also provided a
more accurate and reliable solution. The contribution suggested for selecting the proper
option out of the various model outputs in the interaction between the two parameters as
a and B created an appropriate benchmark for optimal decisions. Numerical studies on
the other outputs extracted from the interaction between these two parameters also veri-
fied the appropriateness of the method.

This multi-product model can assist corporate managers with adopting different pol-
icies based on the variety of available products and tracing the results of these policies.
Modifying the basic model and adding the concept of inventory management to the basic
model significantly increased the customer satisfaction level. This improvement becomes
more clear when it is recognized that this modification is of an investment nature and does
not require to establish facilities and warehouses, and can be easily implemented in real
conditions and in a case study. The cost incurred for executing the inventory management
policies versus its revenue is favorable and remarkable, and guarantees its implementa-
tion. In this respect, it is required to state that adding inventory management in location
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decisions is the combination of two strategic and tactical problems in which developing
the study period has made it possible to combine these two types of decisions. Modifying
the model and adding the potential for inventory management does not exert any tangible
effect on the transportation costs from the regional warehouse to the customer, but it in-
creases the transportation costs from the central warehouse to the regional warehouse, the
point which indicates the stability of the customer’s behavior and the favorable effect in-
duced by the model modification in the inventory (stock) replenishment of the regional
warehouses. On the other hand, a higher potential for inventory management relative to
the basic model has boosted the customer satisfaction level according to the separation of
the different types of goods and accordingly, it exerts a positive effect. Promoting the
power for making decisions and presenting a multi-period model compared with the basic
model and the modified one taking the ability for inventory management into account led
to increased customer satisfaction with the system. Finally, considering the concept of
green logistics and the possibility of returning waste and unused parts simultaneously
increased the customer satisfaction level and reduced costs compared to the other models.

At first glance, it seems that adopting this approach meaningfully increased the costs
of the system, but in fact, it is not true, and regarding the implementation of four time
periods, the aforementioned costs should be considered as a quarter of the mentioned
figure. Therefore, paving the ground for multi-period capability reduces system costs. Im-
plementing the multi-period model resulted in an appropriate increase in customer satis-
faction through the separation of the product group and led to 100% satisfaction in the
three product groups. The implementation of the multi-period model increased customer
satisfaction in different warehouses. The implementation of the multi-period model sim-
ultaneously had an effect on the costs and their reduction, and the revenue increase re-
sulted in higher profitability for the company.

Suggestions intended to increase the company’s profitability and customer satisfac-
tion level:

Pursuant to the tips and conclusions introduced in the previous section, the following
suggestions are presented as the output of the current project investigations:

¢  Employing a multi-period model along with the power of inventory management so
that it leads to reduced costs and increased revenue.

e  With respect to the variety of available products, the number of product groups
should be increased and included in the proposed model.

e  Reducing the time of ordering periods to better use the multi-period model, supply-
ing faster and more up-to-date customer demands in the year, and removing the bar-
riers of the inventory cost increase through modeling and making decisions at the
tactical and operational level.

e  Raising the number of customers and applying the proposed model to the actual
number of customers. It is worth mentioning that in this model, they were integrated
into the provincial centers to facilitate the modeling of customer demand.

e  Constructing regional warehouses in the locations suggested by the model outputs
considering the construction cost and setting up and storing the goods in these ware-
houses.

¢  Launching the central warehouse number 2 when its effectiveness gets approved in
all the models to properly benefit from it.

e  Regularly controlling the proposed performance evaluation indices considering the
possibility of changing the supply or demand pattern and making suitable decisions
accordingly.

Suggestions for further studies:

As mentioned in the previous sections, the presented basic model is equipped with
improvement potential and adds more components to it. Considering the knowledge
about the case study environment and the thorough literature review in this research, the
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following cases are introduced as suggestions and areas for future studies and research
cases:

e Investigating the demand pattern in various time periods and the possibility of pre-
senting a supplementary model for the probability mode of demand.

e Investigating the profit from waste recycling.

e Investigating the benefits of the brand’s mental image in terms of compliance with
environmental issues.

e  Considering production issues in the supply chain and distribution system.

¢ Including the demand of the different classes of customers in the distribution system
and locating facilities; accordingly, in other words, assessing the effect of marketing
decisions on the strategic macro-decisions of facility location.

e  Considering other location benchmarks.

e  Determining the order supply deadline for all sorts of goods orders and program-
ming to supply them within the deadline and its effect on facility location problems.

e  Considering other objective functions like social aspects, employment rates, and en-
vironmental impacts according to the priorities of managers and decision-makers.
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