
M.I.P.I. Vol.15, No 2, August 2021 - (97-104) 

E-ISSN 2541-1233                                                                                                        97 
 

DEVELOPING SUPPLY CHAIN NETWORK WITH  
PIECEWISE LINEAR TRANSPORTATION COST FOR  
A SMALL-AND-MEDIUM ENTERPRISE IN CILEGON 

 
Bobby Kurniawan1, Ade Irman1, Akbar Gunawan1, Ani Umyati1, Evi Febianti1, Nuraida Wahyuni1, 

Putro Ferro Ferdinant1, Ratna Ekawati1, Fellek Getu Tadesse2 
 

1Department of Industrial Engineering, Sultan Ageng Tirtayasa University, Indonesia  
2School of Mechanical and Industrial Engineering, Ethiopian Institute of Technology-Mekelle, Ethiopia 

e-mail:b.kurniawan@untirta.ac.id 
 

ABSTRACT 
 

This study proposed a supply chain network for determining suppliers’ location in 
which the transportation costs are a piecewise linear function. The supply chain 
network consists of a production facility, suppliers, and customers. These types 
of costs are found in the fields of transportation, logistics, and purchasing 
discount. First, the supply chain network is formulated as the mixed-integer non-
linear programming (MINLP) because piecewise linear transportation cost makes 
the model non-linear. Then, the model is transformed into a mixed-integer 
programming (MIP) model using the convex-combination method to overcome 
this nonlinearity. The model was used for solving the problem faced by a small 
and medium enterprise (SME) in Cilegon. The MIP was solved using the CPLEX 
software. Sensitivity analysis was carried to provide the SME with several 
alternatives in handling the suppliers’ location problem. 
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INTRODUCTION 
 

This study aims to determine the problem of 
determining the location of the supplier of a 
Small-and-Medium Enterprise (SME) in the 
Cilegon area. With growing demand, the 
business owner feels the need to increase 
production capacity and open several distribution 
centers. Therefore, it is necessary to determine a 
location that can cover a large market and 
minimal shipping costs. A third party carries out 
the delivery of goods through a contract system. 
In this contract, a discount is applied for the 
number of goods sent. The discount makes SME 
chooses these third parties as business partners. 

The problem is modeled into determining the 
distributor’s location by considering the 
transportation costs of a piecewise linear 
function. Transportation costs in the form of a 
piecewise linear function are widely applied in the 
real world [1], [2]. For example, this function can 
be found in discounts on goods [3], [4]. The more 
the number of goods purchased by the consumer, 
the more significant the price reduction received. 

This study is different from other studies, 
which assume that transportation costs are 
constant [5-12]. Conversely, the transportation 
costs in this study are not constant but a 
piecewise linear function. A piecewise linear 
function is a composite function consisting of 
more than one straight line (line segment). This 
function is linear for a particular domain, but 
overall, this function is not linear. Thus, the 
location determination model becomes non-linear 
[13]. As a result, this study’s problem is more 
complicated than in previous studies [14]. 

Several studies have proposed several ways 
of dealing with nonlinearity. Lagrange 
decomposition is used to determine where a 
single location can cover multiple request 
locations [15]. A greedy adaptive algorithm was 
developed to determine the location of stochastic 
demand [16]. Holmberg proposed an approach 
based on Bender’s decomposition to solve the 
location problem [17]. Other research used a 
dynamic programming approach to tackle the 
nonlinearity of the piecewise linear function [18]. 
A clustering technique was used to solve the 
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warehouse location problem [19]. The branch-
and-cut algorithm is proposed to solve the non-
convex and non-linear model [20], [21]. 

In this study, the convex-combination method 
(CCM) is used to change the non-linear form to 
the linear form [22]. The CCM transforms the non-
linear form into a linear form by reformulating the 
piecewise linear function into an integer 
constraint. After linearization was carried out by 
converting the problem into an integer-
programming model, the CPLEX software was 
used to find the optimal solution. Furthermore, 
sensitivity analysis is used to determine total cost 
changes due to changes in several model 
parameters.  
 
METHODS 
 

Quantitative research methods are used in 
this research. First of all, the problem is 
formulated. In the next section, the general model 
for determining the location (facility location 
problem) is discussed. Furthermore, model 
development is used to solve problems. The 
piecewise linear function is discussed next. 
Finally, this section also discusses the design of 
numerical experiments. 
 
Problem Formulation 
 

The problem discussed in this study is the 
extension of the capacitated facility location 
problem. The formulation of the problem is as 
follows. 

 

 
Figure 1. The proposed supply chain network 

of the SME 
 
 

An SME in Cilegon has one production 
facility. With the increasing demand, the SME 
plans to open several distribution centers (DC) to 
distribute the goods. To open a DC requires a 
fixed investment fee. The goods stored in DC will 
fulfill requests from customers. Third-party 
transportation companies carry out transfers from 
a production facility to DC and shipments from 
DC to customers.  

Based on the contract with the transportation 
company, shipping costs will be discounted 
according to the number of products sent. 
Discounts are categorized into several modes or 
types of discounts directly influenced by the 
number of goods transported. For example, 
suppose a transportation company offers three 
discount modes. The first mode is the 
transportation cost for one unit of product is IDR 
100.00/km for the number of shipments between 
0-10 units. The second mode is the transportation 
fee of IDR 75.00/km for 10-20 units shipments. 
The last mode is the transportation fee, which is 
IDR 50.00/km for more than 20 units. The SME 
conducts research to determine how many 
suppliers will be opened and the number of goods 
sent through these suppliers. Figure 1 illustrates 
the supply chain network that the SME will make. 
 
Mathematical model 
 

The notations used to model the problem 
faced by the SME are as follows. 
Index 

𝑖 : Index of the production facility 

𝑗 : Index of distribution center 

𝑘 : Index of customer 

𝑙 : Index of discount mode 
Parameters 

𝑁 : The number of production facilities 

𝑀 : The number of distribution centers 

𝐾 : The number of customers 

𝐿 : The number of discount modes  

𝑎𝑖𝑗𝑙 : The minimum quantity of products 

sent from production facility 𝑖 to 
distribution center 𝑗 using discount 

mode𝑙 
𝑎𝑖𝑗(𝑙+1) : The maximum quantity of products 

sent from production facility 𝑖 to 
distribution center 𝑗 using discount 

mode𝑙 
𝜆𝑖𝑗𝑙 : The weight of discount mode𝑙 if 

used to deliver products from 

production facility 𝑖 to distribution 
center 𝑗 
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𝑐𝑗𝑘𝑙 : The minimum quantity of products 

sent from distribution center 𝑗 to 
customer 𝑘 using discount mode𝑙 

𝑐𝑗𝑘(𝑙+1) : The maximum quantity of products 

sent from distribution center 𝑗 to 
customer 𝑘 using discount mode𝑙 

𝜇𝑗𝑘𝑙 : The weight of discount mode𝑙 if 
used to deliver products from 

distribution center 𝑗 to customer 𝑘 
𝑢𝑖 : Production capacity of production 

facility 𝑖 
𝑣𝑗 : Storage capacity of distribution 

center 𝑗 
𝑑𝑘 : Demand of customer 𝑘 

𝑔𝑗 : Investment fee to open distribution 
center 𝑗 

𝑓 : Transportation cost function 
Decision variables 

𝑥𝑗 : 1 if distribution center 𝑗 is open, 0 
otherwise 

𝑦𝑖𝑗 : Product flow from production facility 

𝑖 to distribution center 𝑗 
𝑧𝑗𝑘 : Product flow from distribution center 

𝑗 to customer 𝑘 
𝑏𝑖𝑗𝑙 : 1 if products are sent from 

production facility 𝑖 to distribution 
center 𝑗 using discount mode𝑙, 0 
otherwise  

𝑒𝑗𝑘𝑙 : 1 if products are sent from 

distribution center 𝑗 to customer 𝑘 
using discount mode𝑙, 0 otherwise 

 
The supply-chain network for determining the 

distributors' location with piecewise linear 
transportation costs is modeled as mixed integer 
non-linear programming (MINLP) as follows. 

 

𝐦𝐢𝐧   ∑ ∑ 𝒔𝒊𝒋𝒇(𝒚𝒊𝒋)
𝒋=𝑴
𝒋=𝟏

𝒊=𝑵
𝒊=𝟏   

        + ∑ 𝒈𝒋𝒙𝒋
𝒋=𝑴
𝒋=𝟏  

        + ∑ ∑ 𝒕𝒋𝒌𝒇(𝒛𝒋𝒌)𝒌=𝑲
𝒌=𝟏

𝒋=𝑴
𝒋=𝟏  

(1) 

 𝒔. 𝒕.  

  ∑ 𝒚𝒊𝒋
𝒋=𝑴
𝒋=𝟏 ≤ 𝒖𝒊, 𝟏 ≤ 𝒊 ≤ 𝑵 (2) 

  𝒚𝒊𝒋 ≤ 𝒗𝒋𝒙𝒋, 𝟏 ≤ 𝒊 ≤ 𝑵, 𝟏 ≤ 𝒋 ≤ 𝑴 (3) 

  ∑ 𝒛𝒋𝒌
𝒋=𝑴
𝒋=𝟏 = 𝒅𝒌, 𝟏 ≤ 𝒌 ≤ 𝑲 (4) 

  ∑ 𝒛𝒋𝒌
𝒌=𝑲
𝒌=𝟏 ≤ 𝒗𝒋𝒙𝒋, 𝟏 ≤ 𝒋 ≤ 𝑴 (5) 

  ∑ ∑ 𝒚𝒊𝒋
𝒋=𝑴
𝒋=𝟏

𝒊=𝑵
𝒊=𝟏 = ∑ ∑ 𝒛𝒋𝒌

𝒌=𝑲
𝒌=𝟏

𝒋=𝑴
𝒋=𝟏  (6) 

 
Eq. (1) is the objective function that consists of 
three parts. The first term represents the 
transportation expenses for delivering goods 

from distribution centers to consumers. The 
second term is the fixed cost of opening a 
distribution center. Meanwhile, the third term is 
transportation cost for sending products from the 
production facility to distribution centers. In the 
first and second terms, the transportation cost 𝒇 
is a piecewise linear function. Eq. (2) states that 
the flow of products sent from the production 
facility to distribution centers does not exceed its 
capacity. Eq. (3) ensures that the production 
facility’s product flow to the distribution centers 
does not exceed its storage capacity. Eq. (4) 
states that all distribution centers’ flow is the 
same as consumer demand. Eq. (5) guarantees 
no product flow from a distribution center to the 
consumer if it is not opened. Eq. (6) guarantees 
that the total product flow from the production 
facility to the distribution centers equals the total 
product flow from the distribution centers to the 
consumer. 
 
Piecewise Transportation Cost 
 

Transportation cost depends on the number 
of products shipped. The transportation cost 
function is expressed as a piecewise linear 
function, where the function depends on the 
product transported. Let 𝑦𝑖𝑗 be the number of 

products transported from production facility 𝑖 to 

distribution center 𝑗 and 𝑓(𝑦𝑖𝑗) be the 

transportation cost. Figure 2 illustrates the 

transportation costs from production facility 𝑖 to 
distribution center 𝑗 with three discount modes 

(𝐿 =  3). 

 
Figure 2. Piecewise transportation cost from 

production facility 𝑖 to distribution 𝑗 
 

From Figure 2, the transportation cost 
function is linear for each discount mode but not 
linear as a whole. Each discount mode is a 
straight line bounded by the minimum value and 
maximum value. The non-linear transportation 
cost function can be transformed into a linear 
form using the convex-combination method. 
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Suppose 𝑦𝑖𝑗 is in the first discount mode 

(𝑎𝑖𝑗1 ≤ 𝑦𝑖𝑗 ≤ 𝑎𝑖𝑗2), then 𝑦𝑖𝑗 can be expressed as 

𝑦𝑖𝑗 = 𝜆𝑖𝑗1𝑎𝑖𝑗1 + (1 − 𝜆𝑖𝑗1)𝑎𝑖𝑗2, with 0 ≤ 𝜆𝑖𝑗1 ≤ 1. 

However, 𝑦𝑖𝑗 can also be in the second and third 

discount modes, Therefore, 𝑦𝑖𝑗 can be 

generalized to 𝑦𝑖𝑗 = 𝜆𝑖𝑗1𝑎𝑖𝑗1 + (1 − 𝜆𝑖𝑗1)𝑎𝑖𝑗2 +

𝜆𝑖𝑗2𝑎𝑖𝑗2 + (1 − 𝜆𝑖𝑗2)𝑎𝑖𝑗3 + 𝜆𝑖𝑗3𝑎𝑖𝑗3 + (1 −

𝜆𝑖𝑗3) 𝑎𝑖𝑗4, 𝜆𝑖𝑗𝑙 ≤ 1, and at most two adjacent 𝜆𝑖𝑗𝑙 

can be positive. Thus, 𝑦𝑖𝑗 in general can be stated 

as follows. 
 

 ∑ 𝜆𝑖𝑗𝑙𝑎𝑖𝑗𝑙
𝑙=𝐿+1
𝑙=1 = 𝑦𝑖𝑗 , 1 ≤ 𝑖 ≤ 𝑁, 1 ≤ 𝑗 ≤

𝑀 

(7) 

 ∑ 𝜆𝑖𝑗𝑙
𝑙=𝐿+1
𝑙=1 = 1, 1 ≤ 𝑖 ≤ 𝑁, 1 ≤ 𝑗 ≤ 𝑀 (8) 

 𝜆𝑖𝑗𝑙 ≤ 𝑏𝑖𝑗(𝑙−1) + 𝑏𝑖𝑗𝑙 , 1 ≤ 𝑖 ≤ 𝑁, 1 ≤ 𝑗 ≤

𝑀, 1 ≤ 𝑙 ≤ 𝐿 + 1 

(9) 

 ∑ 𝑏𝑖𝑗𝑙
𝑙=𝐿
𝑙=1 = 1, 1 ≤ 𝑖 ≤ 𝑁, 1 ≤ 𝑗 ≤ 𝑀 (10) 

 

In the same way, 𝑓(𝑦𝑖𝑗) can be expressed as 

the convex combination of discount modes as 
follows. 

 ∑ 𝜆𝑖𝑗𝑙𝑓(𝑎𝑖𝑗𝑙)
𝑙=𝐿+1
𝑙=1 = 𝑓(𝑦𝑖𝑗), 1 ≤ 𝑖 ≤

𝑁, 1 ≤ 𝑗 ≤ 𝑀 

(11) 

 
For the number of products and 

transportation costs from supplier 𝑗 to customer 

𝑘, the number of products shipped 𝑧𝑗𝑘 and the 

transportation costs 𝑓(𝑧𝑗𝑘) is carried out in the 

same way. Thus, the variables 𝑧𝑗𝑘 and 𝑓(𝑧𝑗𝑘) are 

stated as follows. 
 

 ∑ 𝜇𝑗𝑘𝑙𝑐𝑗𝑘𝑙
𝑙=𝐿+1
𝑙=1 = 𝑧𝑗𝑘, 1 ≤ 𝑗 ≤ 𝑀, 1 ≤

𝑘 ≤ 𝐾 

(12) 

 ∑ 𝜇𝑗𝑘𝑙
𝑙=𝐿+1
𝑙=1 = 1, 1 ≤ 𝑗 ≤ 𝑀, 1 ≤ 𝑘 ≤ 𝐾 (13) 

 𝜇𝑗𝑘𝑙 ≤ 𝑒𝑗𝑘(𝑙−1) + 𝑒𝑗𝑘𝑙 , 1 ≤ 𝑗 ≤ 𝑀, 1 ≤

𝑘 ≤ 𝐾, 1 ≤ 𝑙 ≤ 𝐿 + 1 

(14) 

 ∑ 𝑒𝑗𝑘𝑙
𝑙=𝐿
𝑙=1 = 1, 1 ≤ 𝑗 ≤ 𝑀, 1 ≤ 𝑘 ≤ 𝐾 (15) 

 ∑ 𝜇𝑗𝑘𝑙𝑓(𝑐𝑗𝑘𝑙)
𝑙=𝐿+1
𝑙=1 = 𝑓(𝑧𝑗𝑘), 1 ≤ 𝑗 ≤

𝑀, 1 ≤ 𝑘 ≤ 𝐾 

(16) 

 

In the next step, we substitute 𝑦𝑖𝑗 in Eqs. (1)-

(6) with Eq. (7), 𝑧𝑗𝑘 with Eq. (12), 𝑓(𝑦𝑖𝑗) with Eq. 

(11), 𝑓(𝑧𝑗𝑘) with Eq. (16) and augmented Eqs. 

(8)-(10) and (12)-(15) to the model. As a result, 
the supply chain model becomes as follows. 

 

 min ∑ ∑ ∑ 𝑠𝑖𝑗𝜆𝑖𝑗𝑙𝑓(𝑎𝑖𝑗𝑙)𝑙=𝐿+1
𝑙=1

𝑗=𝑀
𝑗=1

𝑖=𝑁
𝑖=1  

 + ∑ 𝑔𝑗𝑥𝑗
𝑗=𝑀
𝑗=1  

 + ∑ ∑ ∑ 𝑡𝑗𝑘𝜇𝑗𝑘𝑙𝑓(𝑐𝑗𝑘𝑙)𝑙=𝐿+1
𝑙=1

𝑘=𝐾
𝑘=1

𝑗=𝑀
𝑗=1  

(17) 

3𝑠. 𝑡.   

  ∑ ∑ 𝜆𝑖𝑗𝑙𝑎𝑖𝑗𝑙
𝑙=𝐿+1
𝑙=1

𝑗=𝑀
𝑗=1 ≤ 𝑢𝑖 , 1 ≤ 𝑖 ≤ 𝑁 (18) 

 ∑ 𝜆𝑖𝑗𝑙𝑎𝑖𝑗𝑙
𝑙=𝐿+1
𝑙=1 ≤ 𝑣𝑗𝑥𝑗 , 1 ≤ 𝑖 ≤ 𝑁, 1 ≤

𝑗 ≤ 𝑀 

(19) 

 ∑ ∑ 𝜇𝑗𝑘𝑙𝑐𝑗𝑘𝑙
𝑙=𝐿+1
𝑙=1

𝑗=𝑀
𝑗=1 = 𝑑𝑘 , 1 ≤ 𝑘 ≤

𝐾 

(20) 

 ∑ ∑ 𝜇𝑗𝑘𝑙𝑐𝑖𝑗𝑙
𝑙=𝐿+1
𝑙=1

𝑘=𝐾
𝑘=1 ≤ 𝑣𝑗𝑥𝑗 , 1 ≤ 𝑗 ≤

𝑀 

(21) 

 ∑ ∑ ∑ 𝜆𝑖𝑗𝑙𝑎𝑖𝑗𝑙
𝑙=𝐿+1
𝑙=1

𝑗=𝑀
𝑗=1

𝑖=𝑁
𝑖=1 =

∑ ∑ ∑ 𝜇𝑗𝑘𝑙𝑐𝑗𝑘𝑙
𝑙=𝐿+1
𝑙=1

𝑘=𝐾
𝑘=1

𝑗=𝑀
𝑗=1  

(22) 

  
Thus, the new model consists of Eqs. (17)-

(22), (8)-(10), (13)-(15). The new model can be 
solved by CPLEX. 

 
Data Collection 
 

The data were collected by observation from 
the SME. The data collected include 1) 
production facility data, 2) distribution center 
data, 3) customer data. The data regarding the 
supply chain network are as follows. The number 

of production facilities is 𝑁 = 1, the number of 
distribution centers 𝑀 =  4, and the number of 
customers 𝐾 =  6. The transportation company 

provides three discount modes 𝐿 =  3 with the 
transportation cost function (in thousands of IDR 
per km) in Eq. (23). 

 

 𝑓(𝑞) = {

25 + 0.25𝑞, 0 ≤ 𝑞 ≤ 100
500 + 0.15𝑞, 100 ≤ 𝑞 ≤ 200

850 + 0.1, 200 ≤ 𝑞 ≤ 300
 

(23) 

 
The production capacity per month of the 

production facility is 1000 units per month. 
Meanwhile, the demand from all customers is 
around 500 units. The data regarding suppliers 
are presented in Table 1. The data consists of 
distance from the production facility, investment 
cost to open distribution center, and the storage 
capacity.   

 
Table 1. Distribution center data 

Location Distance 
from 

production 
facility 
(km) 

Investment 
cost 

(000 IDR) 

Storage 
capacity 

(unit) 

P1 14 200,000 200 
P2 30 150,000 200 
P3 38 100,000 150 
P4 36 75,000 100 
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Figure 3. The map of the supply chain network 

 
Figure 3 depicts the locations of the 

production facility (FP), distribution centers (P1-
P4), and customers (C1-C6). The location of FP 
is located around the Merak area. The location of 
distribution centers are Cilegon (P1), Taktakan 
(P2), Mancak (P3), and Pontang (P4). Currently, 
there are four locations as the candidate for 
distribution centers.  

Table 2 shows the customer data that 
consists of its location and demand. The demand 
is obtained from SME’s forecasting. 

The locations of customers are Kragilan (C1), 
Balaraja (C2), Cikande (C3), Binung (C4), 
Pandeglang (C5), and Cipait (C6). The distance 
from the distribution center and customer are 
shown in Table 3.  
 

Table 2. Customer data 

No Location Demand (unit) 

1 C1 (Kragilan) 62 
2 C2 (Balaraja) 115 
3 C3 (Ciaknde) 181 
4 C4 (Binung) 29 
5 C5 (Pandeglang) 73 
6 C6 (Cipait) 23 

Table 3. Distance matrix from distribution center 
to customers (km) 

Dist. 
center 

Customers 
C1 C2 C3 C4 C5 C6 

P1 30 46 40 41 38 33 
P2 21 41 33 37 33 23 
P3 42 66 54 57 46 18 
P4 26 46 37 38 36 31 

 
Solution Method 
 

Once the mathematical model has been 
developed and data has been collected, we seek 
the solution to the problem using CPLEX 
software. First, the model (Eqs. (17)-(22), (8)-
(10), (13)-(15)) are coded using OPL modelling 
language and the data collected are inputted as 
parameters. Then, we solve the code using 
CPLEX software. The code and CPLEX software 
are running on a hexa-core computer using 8 GB 
of RAM.  

  
RESULTS AND DISCUSSION 
 

Table 4 presents the results from the CPLEX 
software. The results showed that P1, P2, and P4 
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are opened as distribution centers, whereas 
location P3 is not opened. The production facility 
sends 183 units of product to P1, 200 units to P2, 
and 100 units to P4. Distribution center P1 sends 
100 units to C2, ten units to C4, and 73 units to 
C5. P2 sends 62 units of product to C1, 15 units 
of it to C2, 100 units of it to C3, and 23 units to 
C6. Finally, P4 sent 81 units of products to C3 and 
19 units of products to C4. The total cost required 
is IDR 458,254,250. The computation time 
required is 0.05 seconds. 

Table 4. Optimal product flow (unit) 

Dist. 
center 

Customers 
C1 C2 C3 C4 C5 C6 

P1 0 100 0 10 73 0 
P2 62 15 100 0 0 23 
P3 0 0 0 0 0 0 
P4 0 0 81 19 0 0 

 

 

 
Figure 4. Effect of investment cost to the total cost 

 

 
Figure 5. Effect of demand on the total cost 

 
Next, sensitivity analysis is performed to 

investigate the effect of changes in investment 
cost to open a distribution center and customer 
demand on the total cost. The investment costs 
used in the sensitivity analysis range from -25%-
25%. Meanwhile, the demand used as a 
sensitivity analysis ranges from 0-30%. For 
example, the investment cost at location P1 is 
IDR 200,000,000. So, if the investment cost is 
reduced by 25%, the investment cost becomes 

IDR 150,000,000.00. This value is then used as a 
parameter. CPLEX is used to find solutions using 
the new investment value. The same way is 
conducted for demand. The results of the 
sensitivity analysis are then presented in Figure 
4 and Figure 5. 

Figure 4 shows the effect of changes in 
investment costs on total costs. From Figure 4, 
the result obtained is a tendency that the graph 
obtained is a straight line. We can see in the 
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second term of equation (18) that transportation 
costs are a linear function. Therefore, an increase 
or decrease in investment costs will result in a 
linear change in total costs. 

On the other hand, it is different from the 
effect of demand on total costs, as shown in 
Figure 5. An increase in demand up to 10% 
graph tends to rise flat. At a 15% increase in 
demand, total costs increase substantially. It can 
be explained as follows. The customer demand is 
483 units (data in Table 2). When the demand 
increase is less than 15%, the total demand is 
483 * 1.15 < 555 units. The demand for less than 
555 units can still be fulfilled by three distribution 
centers (P1, P2, and P4). However, the demand 
after passing the threshold of 555 units can only 
be fulfilled if all suppliers are open. Therefore, the 
increase in total costs of the 15% increase in 
demand was mainly due to increased investment 
costs. After a 15% increase, total cost increases 
occurred, but the increases tended to be flat. 
 
CONCLUSION 
 

This study developed a supply chain network 
model to determine the location of distribution 
centers from an SME in Cilegon. The model is 
different from other studies due to the non-linear 
transportation costs. Therefore, the model is 
transformed into a linear model with the convex-
combination method. The model was solved 
using the CPLEX software.  

From the results obtained, the optimal result 
is to open three suppliers from four possible 
locations. In addition, the results provide optimal 
product flow from the production facility to the 
distribution center and product flow from 
distribution to customers. According to sensitivity 
analysis, changes in investment costs against 
total costs tend to be linear. Meanwhile, changes 
in demand for total costs are not linear, 
depending on the supplier's capacity. This 
research can be developed by considering 
vehicle emissions to investigate the trade-offs 
between economic and environmental benefits. 
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