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Development of Two-Stage Transportation Problem Model with
Fixed Cost for Opening the Distribution Centers

Santoso'?®, Rainisa Maini Heryanto'®

Abstract. The Two-Stage Transportation Problem (TSTP) is a model of product transportation in the supply chain.
The transportation starts from the factory to customers through a distribution center (DC), which considers the fixed
cost of opening a DC, the transportation cost per unit from a certain factory to a certain DC, and the transportation
cost per unit from a certain DC to certain customers. This study develops a model by allowing direct delivery from
the factory to the customer. From the numerical example given, the proposed model that allows direct delivery from
the factory to a customer could result in a total distribution cost that is minimized to the initial model. Both models
were compared with calculation using Lingo 19.0. The model developed is expected to provide options and
consideration for the management to determine the right distribution and logistics strategy for their products.
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[. INTRODUCTION

The supply chain indicates the stream of
materials beyond various facilities, beginning with
input materials and finishing with end products
being shipped to end customers. The multi-stage
distribution problem is a specific problem for
companies with supply chain networks (Jawahar
& Balaji, 2009). The Two-Stage Transportation
Problem (TSTP) implicates a network of products
transportation from the factory to the customer
through a distribution center (DC) or warehouse
and the illustration could be seen in Figure 1.

A company may have problems with
opening or operating a DC. DC is generally a
storage facility that has the capacity or no
capacity. The transportation problem is a basic
network problem that is quite well known and the
goal is to find a method to deliver similar
products from origin points to destination points
to get minimized total costs. In applications, the
transportation problem is expanded to meet
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some other additional constraints or is carried out
in some phases (Gen et al., 2006).

customer
> |

Source: Gen et al. (2006)

Figure 1. Two-stage transportation network illustration

Many factors affect the efficiency of the
logistics system; one of that factors is to
determine the amount and location of good DC
to open so that the customer demand could be
met with minimum costs of opening DC and
transportation costs. Most companies have
problems with limited capital for opening and
operating a DC. Thus, the number of DC that
could be opened is an important consideration in
this development research.

Marin & Pelegrin (1997) made a research
that manufacturers and DCs have no limits in
capacity and there are fixed costs related to
opening DCs and the amount of DC opened is
determined earlier and fixed. To solve a TSTP of
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this type, they used a Lagrangean decomposition
and a branch-and-bound technique that satisfy
the consideration in transportation problems.

Marin (2007) investigated the uncapacitated
problem when producers and DCs were charged a
fixed cost and proposed a mixed-integer
programming model to solve the problem. Pirkul
& Jayaraman  (1998) consider  multiple
commodities and plants for a facility location
problem with capacity consideration provide a
mixed-integer programming model formulation,
and propose a heuristic method with the
Lagrangian relaxation consideration. The next
study considers the purchase of materials and
presents a solution based on the heuristic
approach that utilizes a relaxation of Lagrangian
(Jayaraman & Pirkul, 2001).

Amiri (2006) proposes different variants that
allow the use of multiple levels of plant and DC
capacity and construct a heuristic approach with
Lagrangian relaxation. Another research on a two-
level optimization problem builds distribution
network planning and proposes a model of two-
level  mixed-integer from the problem.
Determination of the delivery from DC to
customer and supply from producer to DC using
a solution approach in metaheuristic combines
evolutionary algorithm to control DC supply and
optimization method (Calvete et al., 2014).

Antony Arokia Durai Raj & Rajendran (2012)
consider the problem using two scenarios: the
fixed costs associated with the route in the first
scenario, and for the second scenario adds cost
for opening the DC beside cost for transport per
unit. A genetic algorithm (GA) is developed for a
TSTP and also presented a set of 20 examples.
TSTP with Fixed Costs (TSTP-FC) with the route
from producer to the customer is solved using a
different genetic algorithm using different genetic
algorithm (Jawahar & Balaji, 2009). Case
resolution in the first scenario using a hybrid
algorithm that combines a steady-state GA with a
Local Search (LS) procedure (P. C. Pop et al,
2017).

An approach of multi-start Iterated Local
Search (ILS) was developed to minimize
distribution costs of TSTP-FC, with the main
solution, wusing local search procedures to

improve exploration, perturbation mechanisms,
and neighborhood operators to diversify the
search and also present a soft computational
approach to solve TSTP-FC associated with routes
in optimization problems in the framework of GA
(Cosma et al., 2019; Cosma et al.,, 2020).

The next research proposes a different
approach, an effective hybrid GA to solve TSTP-
FC. The results are compared with existing
solution approaches on 150 benchmark instances
and 50 new randomly generated instances of
larger size (Cosma, Pop, & Sabo, 2020).

Pop et al. (2016) describe a novel hybrid
heuristic approach using a GA based on encoding
individual hash tables with a robust LS procedure.
Cosma et al. (2018) propose an efficient Hybrid
ILS which builds on the initial solution while using
LS procedures aiming to improve exploration and
for search diversification purposes, neighborhood
structure is used.

Model of the TSTP-FC where consider two
types of fixed costs: one for opening distribution
centers and the other related to routes between
producers and DCs and between DCs and
retailers (Hong et al,, 2018). Another version of
TSTP with one factory considers reducing
greenhouse gas emissions as an environmental
impact. This research is to deal with practical
applications that occur in the public sector
(Santibanez-Gonzalez et al., 2011).

Some of the implementations of TSTP are
being used for the distribution of fertilizer in
Central Sulawesi province. The developed model
is not use fixed costs to open a distribution center
and is completed with Lingo software (Aida &
Rahmanda, 2020). Another TSTP for soft drink
products and the Mixed-Integer Linear
Programming (MILP) model created is for
multiple products with a fixed cost to open a DC,
and a DC only serves one retailer (Fatma &
Manurung, 2021).

This research explains the network design
problem of a supply chain, the fixed cost TSTP to
open DC, which could be seen as a development
of the «classic transportation problem. The
objectives considered in the transportation
problem are to determine the DCs to be opened
and to identify and select the route from the
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producer through the selected DCs to be opened
to the customer that meets the producer's
capacity constraints and the DCs to meet the
customer's specific demands under minimal total
distribution costs.

The mathematical model of this problem is
used in research Gen et al. (2006), Antony Arokia
Durai Raj & Rajendran (2012), and (Cosma,
Danciulescu, et al., 2019). This research aims to
develop a mathematical model of the problem by
allowing direct delivery from the factory or
producer to the customer (without going through
DQ).

II. RESEARCH METHOD

This section described a mathematical model
for the development of a fixed-cost, TSTP for
opening a DC that allows direct delivery from the
factory to the customer, without going through
the DC:

Index:

P

amount of factories
amount of DC

r = amount of customers

/= factories, wherei € {7,... p}

J =DC whereje{7...,qg

k = customers, wherek € {1, ..., 1}

Parameters:

w = maximum amount of DC that could be
opened

D¢ = demand of customer &

S; = capacity of factory /

@ = capacity of distribution center j,
wherej€{1,... g

F; = fixed cost to open DC

¢; = transportation cost per unit from factory 7
toDC/

Grx = transportation cost per unit from DCj to
customer &

cx = transportation cost per unit from factory i
to customer &

Decision variables:

x; = amount of units delivered from factory /
to DC/

X, = amount of units delivered from DC /to
customer &

xix = amount of units delivered from factory /

to customer k

Z; = 1if DCj opened and 0 if not

Given a factory p set, DC q set, and customer
r set with the following: every factory i have
supply capacity Si, every distribution center j has
capacity Qj and every customer k has demand Dk.
Every factory could deliver to any distribution
center g at the cost of transportation per unit cij
from factory i to DC j. Each distribution center
could deliver to any customer r at the cost of
transportation per unit cjk from DC j to customer
k. Every factory is allowed to deliver directly to
any customer k with transportation costs per unit
cik from factory i to customer k. There is a fixed
cost for opening a distribution center, as well as a
limit on the number of DCs allowed to open.

The purpose of the TSTP-FC for opening a
DC is to determine the DC and the route that is
opened and the appropriate number of deliveries
on that route, so that customer demand could be
met, all delivery constraints are met, and the total
distribution costs could be minimized. The
illustration of the problem of TSTP-FC for opening
a DC could be seen in Figure 2.

The illustration of a TSTP-FC to open a DC by
allowing direct delivery from the factory to the
consumer can be seen in Figure 3.

Manufacturer Distribution
1 Center 1

Manufacturer Distribution
i Center j

Manufacturer

Distribution
p Center q

Cosma, Danciulescu, et al. (2019)

Figure 2. A TSTP-FC for opening a DC
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Manufacturer Distribution
1 Center 1

Customer 1

Manufacturer Distribut:
i Cente

Customer k

Manufacturer Distribution
p Center q

Customer r

Figure 3. A TSTP-FC for opening a DC that allows
direct delivery from the factory to the customer

Objective function:
Minimize Z?:j qu=1 CijXij + qu=1 Zi=1 CikXjk +

Tioq Ther CXire + Xy FZ; (M

Constraints:

S %+ Yot S5, Vi € (L.,p)

(
T %t Zgxu 2Dy Yk € {1,..,7) 3)
Th=1%j < Q,Z;, vj € {1,..,q} 4)
i Zisw (5)
X0 %y = ket Xk vj € {L...q} (6)
x>0, Vi € {1,..,p}LVj € {1,..,q} @
Xj =0, vj € {1,..,q},Vk € {1,..,7} 8)
Z; €{01), Yje€{l.,q 9)
X 20, Vi € {1,..,p},Vk € {1,..,1} (10)

Equation (1) explains about an objective
function that minimizes the total distribution cost
involving transportation costs per unit and fixed
costs for opening a distribution center. Constraint
in equation (2) ensures that the quantity sent to
DC and customers from every factory does not
exceed the available capacity. Constraint in
equation (3) ensures that the total deliveries

received from factories and DCs
customer have met their demand.

Constraint (4) ensures that the amount sent
out of every DC does not exceed the available
capacity. Constraint (5) limits the amount of
distribution centers that could be opened.
Constraint (6) is a flow conservation condition
and ensures that the units received by DC from
the factory and the units delivered from the
distribution center to customers are the same.
Constraints (7) to (10) ensure non-negative
decision variables.

Further testing would be carried out on the
initial model and the development model on
given numerical examples. Tests were carried out
with the help of Lingo 19.0 software. Numerical
examples are given for 2 factories (p = 2), 4
distribution centers (q = 4), and 5 customers (r =
5).

by every

III. RESULT AND DISCUSSION

Testing of the initial model and development
model would be carried out using 3 numerical
examples.

Numerical example 1

The numerical example used for testing:
capacities of factories 1 and 2 are 90000 and
75000 units, respectively, while the maximum
number of DC opened is 3 DC. Table 1 is the
transportation cost per unit from factory i to DC j,
while Table 2 is the transportation cost from DC j
to customer k. Table 3 is the transportation cost
from factory i to customer k.

The capacity of DC and the amount of fixed
costs to open DC could be seen in Table 4 and
customer demand for k could be seen in Table 5.

Furthermore, the numerical data would be
processed using Lingo 19.0 software for both
models, the initial model used in the study of Gen
et al. (2006), Antony Arokia Durai Raj & Rajendran
(2012), and (Cosma, Danciulescu, et al., 2019).
Model development is carried out by allowing
direct delivery from the factory to the customer.

The initial model solves as could be seen in
table 6. The total distribution cost resulting from
this model is 10,200,000. The number of DC
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opened is 3 pieces: DC 2, DC 3, and DC 4. Factory Table 6. The final solution of the initial model for

1 delivered products to DC 2, 3, and 4 for 14,000; numerical example 1

46,000; and 30,000 units, respectively, while DC 1 DC 2 DC 3 DC 4

fac.tory 2 sent products only to DC 2 for 26,000 Factory 1 0 14000 46,000 30,000

units. _ Factory 2 0 26000 0 0

DC 2 delivers products to customers 1, 2, and

4 respectively 30,000; 8,000; and 2;000 units. DC 3 Custorner

delivered products to customers 2, 3, and 5 in the bC 1 P 3 4 5

amount of 15,000; 15,000; and 16,000 units, DC 1 0 0 0 0 0

respectively. DC 4 only delivered 30,000 units of DC 2 30000 8,000 0 2,000 0

product to customer 4. DC 3 0 15,000 15,000 0 16,000
DC 4 0 0 0 30,000 0

Table 1. Transportation cost per unit from factory i to
DC j for numerical example 1

Table 7. The final solution of the developed model for

Factory bC1 DC2 DC3 DC4 numerical example 1

Factory 1 90 66 50 52
Factory 2 80 70 64 66 DC 1 DC 2 DC 3 DC 4
Factory 1 0 4,000 46,000 0
Table 2. Transportation cost per unit from DC j to Factory 2 0 26,000 0 0
customer k for numerical example 1
Customer
Cust
bC ustomer DC ] > 3 p 5
L 2 3 4 > DC 1 0 0 0 0 0
DC 1 30 72 66 38 58 DC 2 30,000 0 0 0 0
DC 2 16 40 70 26 40 DC 3 0 23,000 7,000 O 16,000
DC3 76 24 30 28 14 DC 4 0 0 0 0 0
DC 4 70 86 78 54 90
Customer
Table 3. Transportation cost per unit from factory i to Factory
customer k for numerical example 1 2 3 4 >
Factory 1 0 0 8,000 32,000 0
Fact Customer Factory 2 0 0 0 0 0
acto
i 1 2 3 4 5 actory

The model developed by allowing direct

Factory 1 140 160 110 84 162 . )
delivery from factory i to customers k solves as

Factory 2 150 124 142 126 120

could be seen in Table 7. The total distribution
Table 4. Fixed cost to open DC and DC capacity cost resulting from this model is 9,476,000. The

DC 1 DC 2 DC 3 DC 4 number of DC opened is only 2 (DC 2 and DC 3).

DC 2 delivered 3,000; 7,000; and 16,000
units of product to customers 2, 3, and 5,
Capacity 35,000 40,000 46,000 50,000 respectively. Direct shipments from the factory

Fixed Cost 25,000 28,000 30,000 32,000

were carried out from factory 1 to customers 3
and 4 of 8,000 and 32,000 units, respectively.

Table 5. Customer Demand

Customer Demand The calculation results of this numerical
1 30,000 example show that the model developed by
2 23,000 allowing direct delivery from the factory to the
3 15,000 customer provides a lower total distribution cost
of 724,000 or 7.1%.
4 32,000
5 16,000
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Numerical example 2

Numerical example 2 is carried out in
numerical example 1 above, by changing the
capacity of factories 1 and 2 to 75,000 and 90,000
units, respectively. In the additional scenario, the
initial model solves as could be seen in Table 8.
The total distribution cost resulting from this
model is 10,270,000. The number of DC opened is
3(DC 2, DC 3, and DC 4).

Factory 1 delivered products to DC 3 and 4
of 45,000 and 30,000 units, respectively, while
factory 2 sent products to DC 2 and DC 3 of
40,000 and 1,000 units, respectively. DC 2 delivers
products to consumers 1, 2, and 4 of 30,000;
8,000; and 2,000 units, respectively. DC 3
delivered products to consumers 2, 3, and 5 in the
amount of 15,000; 15000; and 16,000 units,
respectively. DC 4 only delivered 30,000 units of
product to consumer 4.

The development of the model solves as
could be seen in Table 9. The total distribution
cost resulting from this model is 9,578,000. The
number of DC opened is 2 pieces, DC 2 and DC 3.

Factory 1 only delivered products to DC 3 of
45,000 units, while factory 2 delivered products to
DC 2 and DC 3 of 40,000 and 1,000 units,
respectively. DC 2 delivers products to consumers
1, 2, and 4 of 30,000; 8,000; and 2,000 units,
respectively. DC 3 delivered products to
consumers 2, 3, and 5 in the amount of 15,000;
15,000; and 16,000 units, respectively. Direct
delivery is only made by factory 1 to consumer 4
of 30,000 units.

The development of the model results in a
total distribution cost that is cheaper than the
initial model, with a difference of 692,000 or
6.74%. The additional scenario produces a
solution that is almost similar between the initial
model and the development model which allows
direct delivery from the factory to the consumer.
The only difference is how factory 1 sends
products to consumers 4. In the initial model
solution, factory 1 delivers 30,000 units of product
to customer 4 via DC 4, while in the development
model, direct shipments from factory 1 to
customer 4 are 30,000 units.

In this numerical example, it would be seen
that the difference in distribution costs of the two

models of 692,000 is obtained from calculating
the difference in distribution costs on the
difference for the solutions of the two models. In
the initial model solution, factory 1 deliver 30000
units of product to customer 4 via DC 4, so the
distribution costs are distribution costs from
factory 1 to DC 4 + distribution costs from DC 4
to customer 4 + fixed costs to open DC 4 = [ (52 x
30,000) + (54 x 30,000) + 32,000] = 3,212,000.

In the development of the model, direct
delivery from factory 1 to consumer 4 is 30,000
units, so the distribution costs are only
distribution costs from factory 1 to consumer 4 of
84 x 30,000 = 2,520,000. The difference in
distribution costs of the two models becomes
3,212,000 - 2,520,000 = 692,000. From this
numerical example, it is hoped that it will be easy
to see the difference between the two models.

Table 8. The final solution of the initial model for
numerical example 2

DC 1 DC 2 DC 3 DC 4
Factory 1 0 0 45,000 30,000
Factory 2 0 40,000 1,000 0
Customer
bC 1 2 3 4 5
DC 1 0 0 0 0 0
DC 2 30,000 8,000 0 2,000
DC 3 0 15,000 15,000 0 16,000
DC 4 0 0 0 30,000 0

Table 9. The final solution of the developed model for
numerical example 2

DC1 DC?2 DC 3 DC 4
Factory 1 0 0 45,000 0
Factory 2 0 40,000 1,000 0
Customer
bC 1 2 3 4 5
DC 1 0 0 0 0 0
DC 2 30,000 8,000 0 2,000 0
DC 3 0 15,000 15,000 0 16,000
DC 4 0 0 0 0 0
Customer
Factory ] > 3 p s
Factory 1 0 0 0 30,000 0
Factory 2 0 0 0 0 0

68



Jurnal Ilmiah Teknik Industri

p-ISSN 1412-6869 e-ISSN 2460-4038

Numerical example 3

Numerical example 3 still uses numerical
example 1 above, by changing the transportation
cost per unit from factory i to DC j and changing
the transportation cost from factory i to customer
k as shown in Table 10 and Table 11. Following
the data provided, the initial model solves as
could be seen in Table 12. The total distribution
cost generated from this model is 7,529,000. The
number of DC opened is 3 (DC 1, DC 2, and DC 3)

Factory 1 delivers products to DC 2 and 3 in
the amount of 40,000 and 46,000 units,
respectively, while factory 2 delivers products to
DC 1 only in the amount of 30,000 units. DC 1
delivered 30,000 units of product to consumer 4,
while DC 2 sent products to consumer 1, 2, and 4
of 30,000; 8,000; and 2,000 units, respectively. For
DC 3, it sends products to consumers 2, 3, and 5
in the amount of 15,000; 15,000; and 16,000 units,
respectively.

Table 10. Transportation cost per unit from factory i to
DC j for numerical example 3

DC 1 DC 2 DC3 DC4
Factory 1 50 46 30 32
Factory 2 40 50 44 46

Table 11. Transportation cost per unit from factory i to
customer k for numerical example 3

Factory Customer
1 2 3 4 5
Factory 1 80 110 105 74 90
Factory 2 100 114 120 96 78

Table 12. The final solution of the initial model for
numerical example 3

DC 1 DC 2 DC 3 DC 4
Factory 1 0 40,000 46,000 0
Factory 2 30,000 0 0 0

Customer

bC 1 2 3 4 5
DC 1 0 0 0 30,000 0
DC 2 30,000 8,000 0 2,000 0
DC 3 0 15,000 15,000 0 16,000
DC 4 0 0 0 0 0

Table 13. The final solution of the developed model for
numerical example 3

DC 1 DC 2 DC 3 DC 4
Factory 1 0 22,000 46,000 0
Factory 2 0 18,000 0 0
Customer
bC 1 2 3 4 5
DC 1 0 0 0 0 0
DC 2 30,000 0 0 10,000 0
DC 3 0 23,000 15,000 0 8,000
DC 4 0 0 0 0 0
Customer
Factory > 3 2 5
Factory 1 0 0 0 22,000 0
Factory 2 0 0 0 0 8,000

The development of the model solves as
could be seen in Table 13. The total distribution
cost generated from this model is 7,546,000. The
number of DC opened is 2 DC, DC 2, and DC 3.
Factory 1 delivered 22,000 and 46,000 units of
product to DC 2 and DC 3, respectively, while
factory 2 only delivered 18,000 units of product to
DC 2. DC 2 delivered 30,000 and 10,000 units of
product to consumers 1 and 4, respectively. DC 3
delivered products to consumers 2, 3, and 5 in the
amount of 23,000; 15,000; and 8,000 units,
respectively. Direct shipments were made by
factory 1 to consumer 4 of 22,000 units and by
factory 2 to consumer 5 of 8,000 units. In this
numerical example 3, the initial model produces a
total distribution cost that is cheaper than the
model development, with a difference of 17,000.

At this time, TSTP is still very much solved
using the initial model. The model development
carried out by allowing direct delivery from the
factory to the consumer will certainly add options
for management in determining an efficient
strategy for a distribution problem.

IV. CONCLUSION

The calculation results in the numerical
example above show that the development of a
model that allows direct delivery from factory i to
customers k could result in a lower total
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distribution cost than the initial model, which
does not allow direct delivery.

The difference in distribution costs for the
two models could be easily seen from numerical
example 2. The consideration is which one is
cheaper between distribution costs in the initial
model and distribution costs in  model
development.

Distribution costs in the initial model are
distribution costs from factory to DC +
distribution costs DC to consumers + fixed costs
to open DC, while distribution costs in model
development are distribution costs from factories
to consumers.

However, in other cases as in numerical
example 3 shows that the initial model might
produce a total distribution cost that is cheaper
than the model development carried out.
Therefore, it is hoped that this research can be
used as a consideration in determining a
distribution plan.

The direct delivery strategy from factory i to
customer k is expected to be an option for
management in conducting distribution network
analysis and of course, it could be a consideration
in determining the right distribution strategy for a
product.

Further research could be carried out to
develop the model, which considers multiple
products due to the large number of companies
that have several product variants in their
distribution network.
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