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ABSTRACT
The fast changing and dynamic global business environment require companies to plan their entire

supply chain from the raw material supplier to the end customer. In this paper, we design an
integrated supply chain including multiple suppliers, multiple factories, multiple distributors,
multiple customers, multiple products, and multiple transportation alternatives. A new multi-
objective mixed-integer nonlinear programming model is proposed to deal with this facility location-
allocation problem. It considers two conflicting objectives simultaneously, and then the problem is
transformed into a multi-objective linear one. The first objective function aims to minimize total
losses of the supply chain including raw material purchasing costs, transportation costs and
establishment costs of factories and distributions. The second objective function is to minimize the
sum deterioration rate of end products and raw materials incurred by transportation alternatives.
Finally, the proposed model is solved as a single-objective, mixed-integer, programming model
applying the Global Criteria Method. We test their model with numerical example and the results
indicate that the proposed model can provide a promising approach to fulfill customer demand and
design an efficient supply chain.
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1. Introduction

Supply chain management (SCM) involves the planning of the entire supply chain from the
raw material supplier to the end customer. Since SCM has become the core of the
organization's management in the 21% century, there is a high interest to exploit the full
potential of SCM in increasing organizational competitiveness. SCM has a tremendous
influence on organizational performance in terms of competing based on price, quality,
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responsiveness, and flexibility in the global market. So, this requires more defined
organizational structures, performance measures. The SCM has made managers and analysts
to shift their focus from simply the manufacturing plant to the entities the plant interacts with.
For example suppliers, warehouses, distribution centers, and customers [1], [2]. Demand
changed over time while the facilities are built once at a given time. Once a new facility is
built, some of the customers will use its services and other customers will patronize an
existing facility. At any given time, customers look for the best facility to meet their objective
such as cost, speed, time, or flexibility. Finding the best locations for the new facilities is the
problem [3].

Cooper presented the calculational aspects of solving certain classes of location-allocation
problems. Exact extremal equations and a heuristic method are presented to decide locations
of warehouses and the allocation of customer demand given the locations and demand of
customers [4]. After that time, this problem has received much attention from other
researchers and it has been considered in a number of various ways. Many facilities
location—allocation problems were studied, such as, the dynamic multi-period location—
allocation problem[5,6]; the continuous site location problem, [7,8,9]; joint facility location—
allocation and production problem[10,11,12], the capacitated facility location—allocation
problem [13,6] and the multi-objective facility location-allocation problem [14,15,16,17].
For a detailed review of the literature on the facility location—allocation problem, readers are
referred to [18,19,20, 21].

Facility location allocation problem in SCM is become popular and practical in real world.
Many articles solved these problems in different manners. There are some of this articles to
illustrate by focus on solving manner and then the practical aspect in continue. Minimizing
production costs, transportation cost, inventory holding and shortage costs solved by a hybrid
approach combining mathematical programming and simulation model. The simulation-based
optimization strategy uses an agent-based system to model the supply chain network [22]. To
determine the best short-term operational planning to meet all customer requests at minimum
total cost in SCM that include multiple factories, distribution centers, retailers and end user
located in many different places. The proposed model solved by MILP-base framework [23].
In supply chain with three levels, model integrates three decisions: the distribution centers
location, flows allocation, and shipment sizes. The proposed model is a nonlinear continuous
formulation, including transportation, fixed, handling and holding costs, which decomposes
into a closed form equation and a linear program when the DC flows are fixed. We thus
develop an iterative heuristic that estimates the DC flows a priori, solves the linear program,
and then improves the DC flow estimations. Proposed model is a simple heuristic that able to
design large supply chains and reveal the benefits of good inventory management [24]. The
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problem of minimizing the expected cost of locating a number of single product facilities and
allocating uncertain customer demand to these facilities was model with tow objective
function. The first one is transportation cost and the second one is the costs of investing in a
facility as well as maintaining and operating it. The problem was formulated as a two-stage
stochastic programming model where both demand and short-run costs may be uncertain at
the investment time and used a solution method based on Lagrangean relaxation [25]. Total
operating cost of an organization is reduced by optimizations various constraints through
generic model validation were considered; that supply chain involve four levels: suppliers,
plants, distribution centers and retailers [26]. Article [19] summarized the types of location
models, mixed-integer programming models, and applications.

The location-allocation problem of parking facilities in Mobarakeh Steel Company is aim to
find the optimal location for the parking facilities and allocate travels between departments to
each parking facility to optimize the cost and facing the transportation demands of all
departments [27]. A conceptual model, according to rising demand in fuelwood supply chain
over the years because of the price of fuelwood is relative low, comparing to oil or gas was
presented. Due to the sensitive nature of the forest, which is the “production plant” in the
examined supply chain, certain restrictions concerning the production and distribution of
fuelwood should be taken into account. For this purpose a mixed integer linear programming
(MILP) model is considered in modeling uncertainty for fuelwood demand [28].The potential
future use of hydrogen in fuel cell electrical vehicles to face problems such as global
warming, air pollution, energy security and competitiveness was considered by focused on
the design of a hydrogen supply chain.[29]

Nearly 80% of the investigated papers refer to one or two location layers and among these,
about two thirds model location decisions in only one Layer. In addition, in core location
problems it is usually assumed that customers can only be supplied from the nearest layer.
This presumption is not valid in many SCND (supply chain network design) problems, where
it might be feasible to have direct transport from upper layer facilities to customer zones or to
facilities not in the layer instantly below (e.g., due to very big deliveries). These perspectives
were considered in [24, 25, 26, 27, 28, 29, 30, 31, 32].

In this paper, we study the facilities location-allocation problem to design a supply chain
under customer demands and cost parameters. We consider several suppliers, several
factories, and several customer zones with different transportation alternatives (TA). The
supply chain produces three kinds of different products to fulfill customer demand and the
information is given for one period (i.e. planning period). Two contradictory objectives are
considered, simultaneously. The first objective is to minimize the total cost of the supply
chain including, raw material purchasing costs, transportation costs and establishment costs
of factories and distribution centers. This objective determines which factories at which
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capacity level should be opened, which distribution centers should be opened, allocation of
customer demand to the factories and distributors, and the supplier selection and order
allocation problem. The second objective goal tries to minimize the deterioration rate caused
by different transportation alternatives. Using the LP-metric method, these two objectives are
then combined into a single objective and solved. Additionally, to enable the model to deal
with real situations, different transportation alternatives are considered in the whole supply
chain. Results show that the proposed model enables decision makers to design an effective
supply chain and provide them a global view to plan for a whole supply chain.

2. Problem statement

Nowadays transportation is a major problem in a supply chain. That means, is safety and
suitable costs of transportation are very important. We aim to reduce the transportation costs
and have safe transportation by select the best location for factories and distribution centers
between the candidate locations in a supply chain. In the proposed model the locations of
suppliers and customer zones are identified. Raw materials supply in suppliers and end
products produce in factories and transfer to distribution centers or customer zones. The
customers could receive end product in two ways directly from factories both from
distribution centers (see Fig.1).
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Figl. Schematic example supply chain

3. Model description

The proposed multi objective mathematical model can be described as follows:

This model is a single period model because it is decided about factory’s locations and
distribution’s locations according to customer’s location and supplier’s location and
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customer’s demand and they may change in another period but that locations couldn't change.
The model considered for multi products. So this model is Single period and multi products
model. Customer demand should be covered completely. The cost of producing a particular
item in various factories and the cost of raw materials in various suppliers and the price of
end product in various customer zones can be different. Suppliers and customer zones are
located in different geographical areas. Products produced by factories are from raw material
suppliers which are supplied according to the consumption rates. The problem is to determine
the set of distribution centers d and factories f to be opened and the capacity level n of these
factories. Also the quantity of raw materials r provided by supplier s to fulfill requirement of
factory f and quantity of end products m transfer to customers- from factory f or distribution
d- are determined in a way that total cost and deterioration rate of transportation t are
minimized simultaneously. It is worth note that different transportation alternatives are
allowed in the whole supply chain network.

e Indices
f Index for factories (1,2,...,F)

Index for suppliers(Z,2, ...,S)

Index for distributions(7,2,...,D)

Index for customer zones(1,2, ...,C)

Index for raw materials (7,2,...,R)

Index for products(?,2,...,M)

Index for Index for transportation alternative(/,2, ...,T)
n  Index for capacity level of plants(Z,2,...,N)

e Parameters

~ 3 = O O wn

pmc  Selling price of end product m in customer zone ¢

transportation cost of raw material r from supplier s to factory f by

TSsirt using transportation alternative t

transportation cost of end product m from factory f to distribution d by

TDramt using transportation alternative t

transportation cost of end product m from distribution d to customer

TCaemt 20ne ¢ by using transportation alternative t

transportation cost of end product m from factory f to customer zone ¢

TCrom: by using transportation alternative t

CMys  Cost of purchasing raw material r from supplier s
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Establish cost of factory f in capacity level n
Establish cost of distribution d
Customer demand for end product m in Customer zone ¢

Amount of units of raw material r needed per unit of end product m

The maximum amount of the raw material r that the supplier s could
produce

The maximum number of the end product m that the distributor d which
could be distribute

The maximum number of the end product m from factory f to the
customer zone ¢ could send directly

capacity level n for factory f

deterioration rates for raw material r using of transportation alternative t

deterioration rates for end product m using of transportation alternative t
from factory f to customer zone ¢

deterioration rates for end product m using of transportation alternative t
from distribution d to customer zone ¢

deterioration rates for end product m using of transportation alternative t
from factory f to distribution d

available quantities of vehicles t

capacity of each vehicles t

production time of end product m

Space occupied for the transport of raw material r

Space occupied for the transport of end product m
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Decision variables

The number of units of products m transported from factory f to distribution d by

using transportation alternative t
The number of units of products m transported from distribution d to customer zone ¢

by using transportation alternative t
The number of units of products m transported from factory f to customer zone c¢ by

using transportation alternative t
The amount of units of raw material r transported from supplier s to factory f by

using transportation alternative t
Number of product m produced in the factory f

{1 if factory f established in capacity level n.
0

else
{1 if distribution d established .
0 else

Mathematical model

MinZ1= iiiiwm.supm +iiiiTsm.SU&m +
f=1

1)

F C M T
MinZ2 = Zzansu sfrt +Zzzzﬂmt'cusf°mt (2)

Subject to:
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i i SUI:)sfrt i me Yrm Vf ! (3)
s=1 t=1 m=1

F T Ve, 4
ZZCUSfcmq +ZZCZDdcmt mc = ( )
f=1t=1 d=1 t=1

X, iicusm +ii DIS e vim ©)

c=1 t=1 d=1 t=1

ZF:iSUPsfrt s str vs’ ' (6)
f=1t=1
ZD:i DISfdmt = det va.m (7)
d=1 t=1

F T M D D T \v ,
333> DIS,, =Y Y CUs,, me @
f=1 t=1 m=1d=1 d=1 t=1

MT.X SNB.S Vi ®

m mf fn*~fn

m=1 n=1
Ex o5, y )
m=1 n=1

N vf (11)

S, <1

; fn

F S R F C M
;;; I:)r SUPsfrt +;;;|mcusfcmt + (12)
C D M F D M Vt
D33 0y CZD e + 2D > 1, DIS <3,
c=1 d=1 m=1 f=1d=1 m=1
>SS CUs,, <H, vt (t3)
m=1 c=1 t=1

F T t cC T (14)
ZZDISfdmt <Zzg CZDdcmt Vm,d
f=1t=1 c=1 t=1

First objective function (Eg. 1) aims to minimize costs of four-level supply chain , These
costs include raw material purchasing cost, raw material transportation cost, end product
transportation cost from factories to customer zones directly, end product transportation cost
from distribution centers to customer zones, and establishment cost of factories and
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distribution centers, from which the total sell is deducted. Second objective function (Eq. 2)
attempts to minimize total deterioration rates of different transportation alternatives.

Constraint 3 checked that the factories just use raw materials that are supplied from supply
chain participants. Constraint 4 is checking to fulfill customer's demand through a distributor
or through a factory. Constraint 5 checked total customer's receive is equal number of
products that factories and distribution centers sent to the customer. Constraint 6 MXs is
maximum amount of raw materials that suppliers can be supplied. Constraint 7 MXg is
maximum number of end products that distribution centers can be distributed.

Constraint 8 ensures, the amount of products distributed by distribution centers is less than
the amount sent from factories to the distribution centers. Constraint 9 Checked Factories do
not produced more than their capacity's time. Constraint 10 considering if factories are
established, that it products at least one product. Constraint 11 is for checking capacity levels
of factories that if it is selected to establish (low or high).

Constraint 12, the amount of space required for end products or raw materials that must be
transferred are not more than the amount of space vehicles capable of carrying them.
Constraint 13, sending products from the factory to the customer directly have limitation in
amounts. We adjusted it to 1000 so in this case study (Hi= 1000). Constraint 14, If g=1 then
Distributors selected and it can send product to customer otherwise g=0.

4. The global solution

Global Criteria Method is a way to solve the problem which aims to minimize the summation
of normalized differences between each objective and the optimal values of them. Problems
with p linear objective function which all of Constraints are linear, presented as follow:

MaxZ =[z,,z,,...,Z,] (15)
st:

g;(x;) <or(>=)b, / i=17,2..m (16)
x;20 j=12..n (17)

Solving this problem requires solving P linear Planning problem that any problem must be
solved with a single objective function. If the optimal solution of each of problems Is shown
with thatt=p,...,1,2 , then the optimal value will be calculated from solving problem as
below:

MinZ = i[%‘(xl)} (18)

t

st:
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g;(x;) <or(==)b i=1/12..m (19)
X; 20 i=12..n 20)

Solving Problem by using Global Criteria Method requires doing following three steps:

Step 1: solving P linear Planning problems, which each of them contains only one objective
function of a problem with P objective function.

Step 2: create a table of optimal value that obtained in Step 1. If there were an optimal value
in obtained optimal values, it is your final answer. Otherwise, go to Step 3.

Step 3: to obtain the preferable answer, the final value is obtained by solving as the following
model:

| Z7-Z,(x,
MinZ = ‘—*‘(J) (21)
t=1 Zt
st:
g:(x;) <or(>=)h i=72..m (22)
X, 20 j=12..n (23)

5. Solution procedure

Since the proposed model is a multi-objective mixed integer nonlinear programming
(MOMINLP) whose objective functions are completely inconsistent, we used the Global
Criteria Method which is one of the well-known MCDM methods for solving multi-objective
problems with conflicting objectives simultaneously. According to this method, a multi-
objective problem is solved by considering each objective function separately and then a
single objective is reformulated which aims to minimize the summation of normalized
differences between each objective and the optimal values of them. IN the proposed model,
two objective functions are named Z; and Z, each objective function is solved once
separately. We are done the steps of Global Criteria Method that explain it above. Notice this
is used for small problems with limit variables. If it is applied in a problem with so many
variables then we have to use another solution ways like Metaheuristic Methods.

6. Numerical example

This example is four levels supply chain that contains three suppliers, four factories, five
distribution centers, and five costumer zones. The suppliers supplied two row materials and
the factories produce three products that transported by two kinds of vehicles (see figurel).
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All computations were run using the branch and bound algorithm accessed via LINGO64_13
on cpu intel core i3 under windows 7. Tables 1-6 present data of Numerical example.

Table 1- the Costs of purchase and transportation of raw materials, the maximum amount of supply in each
supplier, the deterioration rate of raw materials

The Cost of transportation of raw materials The
= o | v | etr | it
S | @ P Maximum a . rate of raw
s | § e amount of | Transferrin materials
3 % Factory Factory Factory Factory of raw Raw g raw (or)
8 | 3 (F1) (F2) (F3) (F4) material | material | Material an
2= se productio (Pr)
(CMrs) | n (MXq)
T1 T2 Tl T2 Tl T2 T1 T2 T1 T2
1 | 200 | 500 | 350 | 750 | 1700 | 3000 | 1500 | 2500 15 10*108
rl 2 | 150 | 400 | 300 | 700 | 2000 | 3700 | 1000 | 2000 1.7 20*108 0.0005 Oéo 0.1
3 | 380 | 3500 | 500 | 1100 | 800 | 1500 | 2000 | 3500 1.2 70*108
1 100 | 400 | 200 | 600 | 1200 | 2000 | 1000 | 2000 0.85 30*108
2| 2 80 200 | 100 | 500 | 1000 | 1800 | 800 | 1700 0.9 50*108 0.0005 Oéo 0.04
3 | 300 | 2500 | 300 | 900 | 600 | 1000 | 1500 | 3000 0.7 130*108

Table 2- The costs of transportation end product from factory to customer and raw materials needed per unit of
end product

customer zone

o - units of raw materials
g § c1 c2 c3 c4 cs required for products
,-8: ,gi (Urm)
2= @l mlala| o oyla] O (r3)

1 | 1000 | 3000 | 400 | 800 | 500 | 1000 | 900 | 2000 | 200 | 500
ML 2 800 | 2500 | 600 | 1000 | 500 | 950 | 1000 | 2500 | 400 | 800 5 1

3 300 | 700 | 400 | 800 | 450 | 900 | 700 | 1500 | 1500 | 3000

4 | 3000 | 4500 | 1500 | 3000 | 2000 | 3500 | 800 | 1700 | 300 | 700

1 | 1500 | 3500 | 500 | 1000 | 550 | 1100 | 1000 | 2300 | 400 | 700
M2 2 | 1000 | 2800 | 100 | 1200 | 600 | 1000 | 1200 | 2700 | 600 | 1000 0 3

3 400 | 1000 | 600 | 1000 | 500 | 900 | 1000 | 2000 | 1700 | 3200

4 | 3200 | 4700 | 1700 | 3200 | 2300 | 3700 | 1000 | 2000 | 500 | 800

1 800 | 2500 | 200 | 500 | 300 | 700 | 700 | 1500 | 100 | 300
M3 2 500 | 2000 | 500 | 900 | 400 | 800 | 900 | 2000 | 300 | 700 5 0

3 200 | 500 | 300 | 500 | 400 | 700 | 500 | 1000 | 1000 | 2500

4 | 2500 | 4000 | 1000 | 2000 | 1500 | 3000 | 500 | 1500 | 250 | 600
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Table 3- The Price of each product, construction time, and space required for end products

Price of Products (pmc) Demand for Products (Dmc) Space
g Production | required for
= Customer Zones(Cx) Customer Zones(cn) | timeper | Transferring
& product end
3 C1 Cc2 C3 C4 | C5 C1 c2 C3 Cc4 C5 (tm) Products
(Im)
M1 0.7 | 0.65 0.6 | 0.75 | 0.8 | 1000000 | 7000000 | 2000000 | 5000000 | 3000000 40 1
M2 0.5 | 0.57 0.4 | 0.55 | 0.6 | 5000000 | 10000000 | 4000000 | 7000000 | 6000000 10 1
M3 | 0.975 1/0958 | 1.3| 15| 900000 | 5000000 | 1000000 | 10000000 | 4000000 15 1
Table 4 - The transportation costs of products from distribution center (TCqcmt) to customer zones by different
vehicles
- Customer Zones(cn)
é o % transportation alternative (Tn)
5 |58 c1 c2 c3 ca c5
2 5 (TD) (T2) (TD) (T2) (TD) (T2) (TD) (T2) (T1) (T2)
1 2000 4500 1000 3000 900 2500 600 1500 100 500
2 1500 3200 1000 2500 1100 2600 400 1200 500 1000
M1 3 500 1500 700 2000 600 1700 1500 3500 400 1000
4 300 700 500 1500 200 500 800 1500 1500 3500
5 1500 3500 500 1000 800 1500 200 500 1000 3000
1 2500 5000 1200 3500 1100 3000 1000 2000 300 700
2 2000 3000 1000 3000 1500 3000 800 1500 600 1200
M2 3 800 1800 1000 2500 1000 2000 1700 3700 600 1200
4 500 1000 700 2000 300 700 1000 2000 2000 4000
5 2000 4000 700 1500 1000 1800 300 700 1200 3200
1 1500 4000 700 2500 700 2000 500 1000 100 300
2 1000 3000 800 200 1000 2200 300 1000 300 700
M3 3 300 1000 500 1500 400 1200 1000 3000 300 700
4 200 500 300 1200 100 300 500 1000 1000 3000
5 1200 3000 300 800 500 1000 100 400 800 2500
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Table 5 - The costs of transportation end products from the factory to the distribution centers and maximum
amount spread by any distribution centers.

distribution centers (TDsgmt) Maximum
g I distribution distribution distribution distribution distribution amount
= 8 center center center center center spreaded by
g | 3 D1 D2 D3 D4 D5 distribution
3 |3 centers.
~ T1 T2 T1 T2 T1 T2 T1 T2 T1 T2
(MXet)
1 210 | 510 250 620 | 600 | 2010 | 500 | 1510 | 800 | 2030
ML 2 270 | 750 450 | 1010 | 450 | 1400 | 300 | 1010 | 900 | 2400 2000000
3 850 | 3020 650 | 2200 | 1500 | 3600 | 250 | 710 | 500 | 1250
4 310 | 1020 380 810 | 1000 | 2510 | 800 | 3020 | 300 800
1 220 | 520 270 620 | 620 | 2020 | 520 | 1520 | 820 | 2020
2 270 | 770 420 | 1020 | 470 | 1520 | 320 | 1020 | 920 | 2520
M2 1
3 820 | 3020 670 | 2400 | 1500 | 3520 | 300 | 750 | 560 | 1300 0000000
4 320 | 1020 370 850 | 1200 | 2500 | 900 | 3500 | 350 850
1 200 | 500 250 600 | 600 | 2000 | 500 | 1500 | 800 | 2000
2 250 | 750 400 | 1000 | 450 | 1500 | 300 | 1000 | 900 | 2500
M 1
3 3 800 | 3000 650 | 2300 | 1500 | 3500 | 250 | 700 | 500 | 1200 0000000
4 300 | 1000 350 800 | 1000 | 2500 | 800 | 3000 | 300 800
Table 6- deterioration rate
- deterioration rate | deterioration rate | deterioration rate
g From Products Products from Products From
ﬁ Factory To factory to distributor to the
f—% Customer distributor customer
~ (ﬂ mtfc) (Ymtfd) (9 mtdc)
T1 T2 T1 T2 T1 T2
M1 0.05 0.02 0.01 0 0.03 0.01
M2 0.06 0.04 0.05 0.03 0.04 0.02
M3 0.03 0.01 0.01 0 0.02 0

The results shown the proposed model really worked and we can use it for all four level
supply chains. For more considering you can refer to follow tables. Tables 7-10 present data
of Numerical example.

Table 7 shown the amounts of raw materials purchased from each supplier by factories.
These numbers determine by solving the model. So by using the proposed model suppliers
can supply raw materials as much as the factories needed. Therefore suppliers can omit the
inventory or, no need to have inventory and the costs related it. Table 8 shown the amount
end products produce by potential factories that selected to open by solving the model. They
don’t need to inventory too.

Table7- Amounts of raw materials purchased from various suppliers
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factories
w
S 3 . F1 F2 F3 F4
2% & 2
g |z T1 T2 T1 T2 T1 T2 Tl T2
R1 9.02 1.14 31.08 1.14 8.3*107 1.17 4.7*107 1.16
1
R2 236.89 1.19 26.94 1.20 8.3*107 1.21 3.1*107 1.21
) R1 1.24 1.14 1.24 1.15 1.25 1.20 1.23 1.16
R2 1.24 1.19 1.23 1.19 1.23 1.20 1.23 1.21
3 R1 1.23 1.22 1.23 1.15 1.20 1.12 1.24 1.18
R2 1.24 1.25 1.23 1.20 1.21 1.17 1.24 1.24
Table 8- Amount production factory
Number of Products in each factor
Products (m) y
F1 F2 F3 F4
M1 3 3 8412508 9587486
M2 80 10 2.50%10° 7000001
M3 11 2.09*10°
Table 9- Amounts of end product which factory sends to each of costumer zones
Products | Customers Fl F2 F3 F4
(m) (s) Tl T2 Tl T2 T1 T2 Tl T2
1
2 141.74
M1 3
4
5
1
2 104.68 | 76.63
M2
3
4
5
1
2
M3 3
4
5
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Table 10- amounts of end product which factory sends to each of distribution centers

Distributor Centers
2| g
S 2 D1 D2 D3 D4 D5
S 8
12
3 = T1 T2 Tl T2 Tl T2 T1 T2 T1 T2
1 1.21 1.78
2 1.25 1.25 0.50
M1
3 1.54 1.48 1.50 6*10° 24.2%10°
4 1.45 1.44 65.9%10° 3*106
1 78.81 1.19
2 1.21 6.94 1.85
M2 3 9.9*10° 5*10° 9.9*10°
*
4 1.15 6.9%1 3.70
1
2 11
M3
3 5.8*10° 5*10° 10*108
4
Table 11- Amounts of products sent from the distribution centers to the customer zones
o o distribution centers
o *
e | S
=1 3 D1 D2 D3 D4 D5
3 é Tl T2 T1 T2 Tl T2 T1 T2 T1 T2
1 1*108
2 5.47 6.5%10° | 0.15 0.15 4.1%10°
M1 3 0.15 0.14 2*10°
4 0.17 5*10°
5 3*10°
1 5*10°
2 9.9%10° | 0.15 0.003 0.02 0.01 0.13 3.57
M2 3 4*10°
4 6*10% | 9.9*10°
5 6*108
1 9*10°
2 5*10°
M3 3 9*10° 11
4 1*107
5 4*10°
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Table 9 shown amounts of end product which factories send to each of costumer zones. in
this table you can see, Despite of the transportation costs from factories to customer zones
directly less than the transportation costs from factories to distribution centers and then
customer zones, the propose model limit it to support distribution centers. Amounts of end
products which factories send to each of distribution centers and amounts of products send
from the distribution centers to the customer zones are shown in tables 10 and 11
respectively.

7. Concluding remarks

Facilities location-allocation decisions have a critical role in the strategic design of supply
chain. Most of supply chain model analyze each level of supply chain separately. In cases
which the relationship between the levels is checked, all components of the problem are
considered as black boxes.

In this paper, the proposed approach is not only about establishing distribution centers and
factories with different capacities at the same level of the supply chain decides, but also,
considered supply chain as an integrated and find the most affordable and safest way to
transport products. The proposed model is a mixed integer non-linear Programming model
for the facilities location-allocation problem in a four-level supply chain. It present the best
result numerical example and same studies on appropriate site selection for factories and
distributors and also choose a safe mode of transportation by the suitable vehicle offers. The
benefits and advantages that can be achieved by using the proposed model are noted as
following:

e Reducing transportation costs

e Reducing deterioration and damage of end products and raw materials

e Establishment of location factories and distribution centers in the suitable places

e Establishment of factories with proper production capacity

e Support of distribution centers with the restrictions sent from factories to customers
directly

o fulfil the customer demands, and ultimately their satisfaction

e selecting proper suppliers and purchasing from selected suppliers

References

[1] Mirzapour Al-e-hashem, S.M.J. and Malekly, H. and Aryanezhad, M.B.(2011). A
multi-objective robust optimization model for multi-product multi-site aggregate



F. Mokhtari karchegani et al./JRIE 4(1-4) (2015) 24-42 40

production planning in a supply chain under uncertainty. International Journal of
Production Economics. Vol. 134, No.1, pp. 28-42.

[2] Gebennini, E. and Gamberini, R. and Manzini, R. (2009). An integrated production—
distribution model for the dynamic location and allocation problem with safety stock
optimization. International Journal of Production Economics. Vol. 122, No.1, pp.
286-304.

[3] Drezner, Z.( 1995). Dynamic facility location: The progressive p-median problem.
International Journal of Location Science. Vol. 3, No. 1, pp. 1-7.

[4] Cooper, L.( 1963). Location-Allocation Problems.Operations Research. Vol. 11, No.
3, pp. 331-343.

[5] Manzini R. and Gebenninib E., (2008). Optimization models for the dynamic facility
location and allocation problem. International Journal of Production Research. Vol.
46, No. 8, pp. 4543-4571.

[6] Torres-Sotoa J. E. and Ustera Halit, (2011). Dynamic-demand capacitated facility
location problems with and without relocation. International Journal of Production
Research.Vol.49, No.13, pp.3979-4005.

[7] Bhaskaran, S. and Turnquist, M.A., (1990). Multiobjective transportation
considerations in multiple facility location. Transportation Research Part A:
General.Vol. 24, No. 2, pp.139-148.

[8] Rosing, K.E., (1992). An optimal method for solving the (generalized) multi-Weber
problem. European Journal of Operational. VVol. 58, No. 3, pp. 414-426.

[9] Jiang, J.-L., Yuan, X.M., (2008). A heuristic algorithm for constrained multi-source
Weber problem — The variational inequality approach. European Journal of
Operational Research.Vol. 187, No. 2, pp. 357-370.

[10] Dogan, K. and Goetschalckx, M., (1999). A primal decomposition method for
the integrated design of multi-period production—distribution systems. I1E
Transactions. Vol.31, No. 11, pp. 1027-1036.

[11] Jayaraman, V. and Pirkul, H., (2001). Planning and coordination of production
and distribution facilities for multiple commodities. European Journal of Operational
Research.Vol. 133, No.2, pp. 394-408.

[12] Kanyalkar A.P. and Adil G.K., (2005). An integrated aggregate and detailed
planning in a multisite production environment using linear programming.
International Journal of Production Research.Vol. 43, No.20, pp. 4431-4454.

[13] Amiri, A., (2006). Designing a distribution network in a supply chain system:
Formulation and efficient solution procedure. European Journal of Operational
Research. Vol.171, No.2, pp. 567-576.

[14] Chen, C.-W. and Sha, D.Y., (2005). Heuristic approach for solving the multi-
objective facility layout problem. International Journal of Production Research. Vol.
43, No.21, pp. 4493-4507.

[15] Singh S.P. and Singh V.K., (2011). Three-level AHP-based heuristic approach
for a multi objective facility layout problem. International Journal of Production
Research.Vol. 49, No.4, pp. 1105-1125.

[16] Navidi H., Bashiri M. and Messi M., (2011). A heuristic approach on the
facility layout problem based on game theory. International Journal of Production
Research. Vol. 50, No. 6, pp. 1512-1527.


http://www.sciencedirect.com/science/article/pii/096683499500003Z?np=y
http://www.sciencedirect.com/science/journal/09668349
http://www.sciencedirect.com/science/journal/09668349/3/1
http://or.journal.informs.org/search?author1=Leon+Cooper&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/journal/01912607
http://www.sciencedirect.com/science/journal/01912607
http://www.sciencedirect.com/science/journal/01912607/24/2
http://www.sciencedirect.com/science/journal/03772217/58/3
http://www.sciencedirect.com/science/journal/03772217
http://www.sciencedirect.com/science/journal/03772217
http://www.sciencedirect.com/science/journal/03772217/187/2
http://link.springer.com/journal/10756
http://link.springer.com/journal/10756
http://link.springer.com/journal/10756/31/11/page/1
http://www.tandfonline.com/loi/tprs20?open=50#vol_50
http://www.tandfonline.com/toc/tprs20/50/6

41

A Multi-Objective Model for Location-Allocation Problem in a Supply Chain

[17] Jolai F., Tavakkoli-Moghaddam R. and Taghipour M., (2011). A multi-
objective particle swarm optimisation algorithm for unequal sized dynamic facility
layout problem with pickup.drop-off locations. International Journal of Production
Research. Vol. 50, No. 15, pp. 4279-4293.

[18] Drezner, Z. and Hamacher, H.W., (2002). Facility Location: Applications and
Theory. 1st edition, Springer, New York, pp. 329-369.

[19] Klose, A. and Drexl, A., (2005). Facility location models for distribution
system design. European Journal of Operational Research. VVol. 162, No.1, pp. 4-29.

[20] Melo M.T., Nickel S. and Saldanha-da-Gama F., (2009). Facility location and
supply chain management — A review. European Journal of Operational Research.
Vol.196, No.2, pp. 401-412.

[21] Farahani R.Z., SteadieSeifi M. and Asgari N., (2010). Multiple criteria facility
location problems: A survey. Applied Mathematical Modelling. VVol. 34, No.7, pp.
1689-1709.

[22] Nikolopoulou A. and G. lerapetritou M., (2012). Hybrid simulation based
optimization approach for supply chain management. Computers & Chemical
Engineering. VVol. 47, Mo. 20, pp. 183-193.

[23] Coccolaa ML.E. and Zamarripab M. and Méndeza C.A. and Espu™nab A.,
(2013). Toward integrated production and distribution management in multi-echelon
supply chains. Computers & Chemical Engineering. VVol.57, No. 15, pp. 78-94.

[24] Tancrez J.S. and Lange J.C and Semal P., (2012). A location-inventory
model for large three-level supply chains. Transportation Research Part E: Logistics
and Transportation Review. Vol. 48, No. 2, pp. 485-502.

[25] Schiitz P.and Stougie L.and Tomasgard A., (2008). Stochastic facility location
with general long-run costs and convex short-run costs. Computers and Operations
Research. Vol. 35, No.9, pp. 2988 — 3000.

[26] Sowmya Danalakshmi C. and Mohan Kumar G. and Gopalan M., (2012).
Minimisation of the total operating cost by using supply chain optimisation model
(COSCOM). International Journal of Logistics Economics and Globalisation. Vol. 4,
No. 1, pp. 76-98.

[27] Zeinal Hamadani A. and Abouei Ardakan M. and Rezvan T. and
Honarmandian M., (2013). Location-allocation problem for intra-transportation
system in a big company by using meta-heuristic algorithm. Socio-Economic
Planning Sciences. Vol 47, No.4, pp. 309-317.

[28] Avrabatzis G. and Petridi K. and Galatsidas S. and loannou K., (2013). A
demand scenario based fuelwood supply chain: A conceptual model. Renewable and
Sustainable Energy Reviews. Vol. 25, pp. 687-697.

[29] De-Leon Almaraz S. and Azzaro-Pantel C. and Montastruc L. and Pibouleau
L. and Baez Senties O., (2013). Assessment of mono and multi-objective
optimization to design a hydrogen supply chain. International Journal of Hydrogen
Energy. Vol. 38, No. 33, pp. 14121-14145.


http://www.tandfonline.com/loi/tprs20?open=50#vol_50
http://www.tandfonline.com/toc/tprs20/50/15
http://www.sciencedirect.com/science/journal/00981354
http://www.sciencedirect.com/science/journal/00981354
http://www.sciencedirect.com/science/journal/00981354
http://www.sciencedirect.com/science/journal/13665545
http://www.sciencedirect.com/science/journal/13665545
http://www.sciencedirect.com/science/journal/13665545/48/2
http://inderscience.metapress.com/content/y202k21381148408/
http://inderscience.metapress.com/content/y202k21381148408/
http://inderscience.metapress.com/content/120795/?p=4c3ea997156845679b4b205cf81f277d&pi=0
http://inderscience.metapress.com/content/m45h737kh110/?p=4c3ea997156845679b4b205cf81f277d&pi=0
http://inderscience.metapress.com/content/m45h737kh110/?p=4c3ea997156845679b4b205cf81f277d&pi=0
http://www.sciencedirect.com/science/article/pii/S136403211300333X
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/journal/13640321
http://www.sciencedirect.com/science/article/pii/S0360319913018065
http://www.sciencedirect.com/science/journal/03603199
http://www.sciencedirect.com/science/journal/03603199
http://www.sciencedirect.com/science/journal/03603199/38/33

F. Mokhtari karchegani et al./JRIE 4(1-4) (2015) 24-42 42

[30] Ambrosino D. and Scutella M.G., (2005). Distribution network design: New
problems and related models. European Journal of Operational Research. Vol. 165,
No.3, pp. 610-624.

[31] Barros A.l. and Dekker R. Scholten V. (1998). A two-level network for
recycling sand: A case study. European Journal of Operational Research. Vol. 110,
No.2, pp.199-214.

[32] Canel C. and Khumawala B.M. and Law J. and Loh A., (2001). An algorithm
for the capacitated, multi-commodity multi-period facility location problem.
Computers and Operations Research. An algorithm for the capacitated, multi-
commodity multi-period facility location problem, Vol. 28, No.5, pp. 411-427.

[33] Cordeau J.F. and Pasin F. and Solomon M.M., (2006). An integrated model
for logistics network design. Annals of Operations Research. Vol. 144, No.1, pp. 59—
82.

[34] Eskigun E. and Uzsoy R. and Preckel P.V. and Beaujon G. and Krishnan S.
and Tew J.D., (2005). Outbound supply chain network design with mode selection,
lead times and capacitated vehicle distribution centers. European Journal of
Operational Research. Vol. 165, No.1, pp.182—-206.

[35] Gunnarsson H. and Rnngvist M. and Lundgren J.T., (2004). Supply chain
modelling of forest fuel. European Journal of Operational Research. VVol.158, No.1,
pp.103-123.

[36] Lee D.-H. and Dong M., (2008). A heuristic approach to logistics network
design for endof- lease computer products recovery. Transportation Research Part E:
Logistics and Transportation Review. VVol.44, No.3, pp. 455-474.

[37] Melo M.T. and Nickel S. and Saldanha-da-Gama F., (2006). Dynamic multi-
commodity capacitated facility location: A mathematical modeling framework for
strategic supply chain planning. Computers and Operations Research. Vol.33, No.1,
pp.181-208.

[38] Vila D. and Martel A. and Beauregard R., (2006). Designing logistics
networks in divergent process industries: A methodology and its application to the
lumber industry. International Journal of Production Economics. Vol.102, No.2, pp.
358-378



