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ABSTRACT. In Korea, the smart logistics center is jointly developed to meet the exact
material delivery schedule for the smart manufacturing process. The reason is that the
utilization rate of the smart manufacturing process can be increased by decreasing the
material delivery schedule through the smartization of the common logistics center. How-
ever, because the cost of constructing a smart joint logistics center is very high, efforts to
reduce the construction cost are required. In this study, we developed a construction cost
estimation model for logistics companies involved in constructing a smart joint logistics
center, to which a collaborative game theory is applied. In addition, Korea’s smart joint
logistics center was divided into four scales based on the construction cost calculation
model, and the construction cost of the smart joint logistics center was determined for
each scale capable of supporting smart manufacturing processes. Therefore, the appli-
cation of the proposed methodology will help expand the construction of the smart joint
logistics center and continuously operate the smart manufacturing process.

Keywords: Smart factory, Joint logistics center, Collaborative game theory, Construc-
tion cost

1. Introduction. In Korea, 99.7 percent of goods (import, export) come from the sea.
Among them, Busan Port handles more than half. Therefore, logistics companies can
reduce logistics costs by reducing the lead time as they are closer to the Busan Port hin-
terland [1,2]. However, it is challenging for small logistics companies in Busan to move in,
mainly due to the high entry barriers even if they want to move into the port hinterland.
In the case of a port hinterland, the operation cost and sales of the companies are strictly
reviewed, and the competition is focused on large companies. Therefore, the Busan Port
Authority is planning to build a public logistics center in the Busan Port hinterland to
make it easier for small logistics companies to move into the Busan Port hinterland [3-5].
The research on port hinterlands can be classified into three categories. The first category
of research, particularly in South Korea, focuses on the occupancy policy for the smart
logistics facilities in the port hinterland [2]. The second category focuses on the design
and operation of smart logistics facilities [3,4]. Finally, the third category studies the
collaboration between private and public services using smart logistics facilities located
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in S. Korea [5]. Port development and logistics facilities have been deployed around the
hinterland of the port, thereby increasing the port competitiveness between companies.
Thus, these companies use only the neighboring private smart logistics centers. The pur-
pose of this study is to determine the construction costs of a public logistics center built
by a combined enterprise consisting of companies of different sizes. The companies joining
the enterprise are classified into four categories depending on their size: small, medium,
large, and hub. Moreover, as the amount of money required to be paid is not policy-wise,
the Shapley value is used to allocate the costs for each member of the enterprise efficiently.
In the last five years, the alliance between the public and private sectors weakened owing
to the emphasis on increasing the number of tenant companies. Furthermore, two main
challenges hindered the Busan Port hinterland development [6,7]: 1) small and medium
logistics companies were unable to use the port owing to port laws, and 2) guidelines for
managing the port hinterland caused problems, thereby increasing the competitiveness
among large companies. In the last five years, the alliance between the public and private
sectors weakened owing to the emphasis on increasing the number of tenant companies.
Furthermore, two main challenges hindered the Busan Port hinterland development: 1)
small and medium logistics companies were unable to use the port owing to port laws,
and 2) guidelines for managing the port hinterland caused problems, thereby increasing
the competitiveness among large companies. This study investigates the public nature
of the port hinterland, identifies problems, suggests measures for improvements, and em-
ploys the construction costs of the public logistics center to strengthen the public sector
perspective of the port hinterland. Furthermore, we suggest a collaborative game theory
approach to appropriately distributing the construction costs among logistics companies
in the public logistics center. In our study, as a strategy for high value-added port hin-
terland development, the differences between the domestic and the foreign port logistics
are elucidated based on the operation method. The logistics status and related problems
concerning the logistics system in Korea and Busan were described in the introduction.
Section 2 discusses the costs incurred by each private enterprise when operating the pub-
lic logistics center by scale and develops a mathematical equation for the construction
of public logistics center using the Shapley value. Section 3 provides the results derived
arbitrarily by directly applying a mathematical formulation. Finally, Section 4 concludes
this study.

2. Repair Model for the Construction Cost of a Smart Joint Refrigerated Log-
istics Center. In this study, the problem of allocating the construction costs of a public
logistics center is analyzed by allocating costs while considering the size of the logistics
company [8-10]. The size of the logistics center is used to classify the appropriate logistics
companies that can use the center. Thereafter, the costs are allocated to these com-
panies. Each logistics company, of the four different types, has its own logistics center
with the following sizes: 1,000-2,000 m?, 2,000-5,000 m?, 5,000-10,000 m?, and 10,000 m?.
Moreover, when more than one public logistics center exists, the company using the 1,000-
2,000 m? logistics center is considered the smallest logistics company. Table 1 summarizes
the volume of goods with respect to the size of the logistics center defined by the govern-
ment. In this study, the construction cost was investigated on-site for five enterprises, and
the size and construction costs of these enterprises were calculated. The public logistics
centers considered here are limited by the area of public logistics centers available to each
logistics company. For example, companies that process 15,000 tons of goods can use
logistics centers of all sizes. However, companies that handle more than 60,000 tons of
goods cannot use logistics centers smaller than the hub-sized centers. This limits the use
of public logistics centers if their storage capacity is smaller than the volume of goods
handled by the enterprise.
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TABLE 1. Construction costs of logistics center by size

Index Area (m?) Volume of goods (kg) | Construction cost™ ($10)
1 1,000-2,000 < 15,000,000 64,206
2 2,000-5,000 < 30,000,000 179,626
3 5,000-10,000 < 60,000,000 552,818
4 More than 10,000 > 60,000,000 949,233
Total — — 1,745,883

*Source: National Logistics Information Center (http://www.nlic.go.kr).

A public logistics center should feature a size that can handle the volume of all logistics
companies, ranging from small- to hub-sized centers. The objective function in this study
is a repair model. For this model, the construction cost was derived by substituting the
number of logistics centers in the status. This limits the marginal contributions of logistics
companies included in the overall joint S to the partial union S and the overall coalition
N. S represents the partial union included in N, and NN represents a full union. The repair
model is expressed as [11,12].

min ¢(S) = Z H,, (cs; — s, ) (1)

i=1,5;€S
such that
c(SNAN)>¢e(S)+c¢(N) (2)
1< jy G < Cj (3)
S:{Sl,...,Sn}, s; < 8j, Cg, <Csj (4)
doa<dS), Yoa <) (5)
ics iEN
Ci:{Cl,CQ,...,Cm}7 ZZO’ C(@) =0 (6)

Equation (1) is the sum of the costs of available logistics centers of each entity belonging
to the federation. Here, Hj, is the size of the available distribution center of the entity
s; participating in the sub-union S. Equation (2) defines the value of the characteristic
function ¢(S5) as the cost of constructing the logistics center of union S. ¢(7) represents the
cost of constructing the logistics center and H, is the cost of the union for each logistics
company to establish a public logistics center. Here, the cost of a union can be considered
as the total value for applying the Shapley value. In Equation (3), the construction
costs increase as the size of the logistics center used in proportion to the volume of the
enterprise increases. Equation (4) is a conditional formula where the construction costs
increase based on Equation (3) when a coalition forms. Constraints (5) are conditional
formulas stating that the sum of the construction costs for entities constituting partial
union S and alliance N should be similar to the joint construction costs of partial union
S and united N. For Equation (6), the entity i also indicates that the number of such
entities would vary depending on the union. Moreover, a value of zero implies that the
entity would not participate in the union.

3. Cooperative Game Theory for the Construction Cost Allocation of a Smart
Joint Refrigerated Logistics Center. In this study, securing sufficient financial rev-
enue for the operating costs of the public logistics center is the highest priority. Therefore,
the full-cost allocation method is adopted by allocating the cost of providing public ser-
vices to all users, using the cooperative game theory. The number of players (n > 2)
participating in the federation ranges from 1 to n, where N represents a group of players;
thus, the group of players can be represented as N = {1,2,...,n}. Any subset S of N
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is referred to as the union, and N is referred to as the great alliance. If two players are
participating in a game, four federations (i.e., {0}, {1}, {2}, and N) will be formed. If
three competitors are formed, eight federations {0}, {1}, {2}, {3}, {1,2}, {1,3}, {2,3},
and N will be formed. The cooperative game comprises a pair of ¢(V, ¢), a characteristic
function of the set of competitors NV, and its subset, the federated S. The characteristic
function with the value c: 2 — R is the cost defined for all federations 2. Moreover,
the cost of ¢(S) that does not provide services to competitors belonging to the federation
S in the most efficient approach is assumed to be zero (i.e., ¢()) = 0). If ¢ public logistics
centers exist in the port hinterland, the collection of public logistics centers can be rep-
resented by @ = {1,2,...,¢}. Furthermore, when the cost of ¢ = {q1, ¢2, ..., ¢,} for each
logistics company is ¢(q), the cost of the public logistics center to achieve the demand of
all logistics companies is ¢ ()., ¢;). In this study, ¢ assumes that each logistics company
accepts the construction costs. Assuming that c is the set of the cost functions when the
logistics companies jointly bear the cost of constructing the public logistics center, the
problem of allocating costs is pairs. The year is a group of RY costs to be shared by each
logistics company. Table 2 summarizes the cost of constructing a public logistics center
derived through a coalition of logistics companies. The value of each logistics company is
derived from the limited contribution of the Shapley value. In this study, the weight of
small logistics companies that can use public logistics centers, ranging from small centers
to hubs, was determined because the companies using these centers were different for each
size of the centers. In Table 2, the numbers 1, 2, 3, and 4 in parentheses of the federated
phrase indicate the federation of the logistics companies.

TABLE 2. Construction cost of the public logistics center with respect to
the union of logistics companies

Union Equation based on marginal cost Method C(?(I)l:tt r(%it(;;m
c(1) 4 X ¢q 256,824
c(2) 3 X ¢y 538,878
c(3) 2 X c3 - 1,105,636
c(d) ca 049,233

c(1,2) 3(ca—c1)+4 %X a1+ 3 X 603,084

c(1,3) 2 —a)+4x 2(c1 + c3) 1,234,048

c(1,4) (c4—c1)+4 X 3X e+ ey 1,141,851

c(2,3) 2(c3 — c2) + 3 X ¢ Co+2 X c3 1,285,262

c(2,4) (c4 — o) +3 X ¢ 2X ety 1,308,485

c(3,4) (c4 — o) +2 X c3 c3+ ¢y 1,502,051

c(1,2,3) 2(c3—c2)+3(ca—c1) +4 x4 cot+cr+2xce3| 1,349,468
c(1,2,4) (c4a—c2) +3(ca—c1) +4x ¢y c+2Xe3+cq| 2,119,075
c(1,3,4) (4 —c3)+2(cs—c1)+4xa 2X ¢ +ce3+ceq| 1,630,463
c(2,3,4) (cs —c3) +2(c3 —c2) +3 X o o+ ety 1,681,677
c(1,2,3,4)[(cas —¢c3) +2(cs —c2) +3(ca — 1) + 4 X cr|er + o+ 3+ ¢4| 1,745,883

Table 3 lists the distribution process derived by applying a cooperative game to the con-
struction cost of the public logistics center. The table indicates that the value is divided
according to the association of each logistics company. The logistics company located in
front of the union is estimated to have the highest marginal contribution; the prices vary
depending on limited contribution. The results are calculated according to the contribu-
tion of each logistics center. The Shapley value is the average value of the contribution of
each distribution center. To build a public logistics center, the construction costs calcu-
lated for the four category sizes considered in this study were as follows: small 195,961,
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TABLE 3. Comparison of actual construction costs and those obtained us-
ing the Shapley value

Index | Actual construction costs Constr.uctlon costs obtained Difference
using Shapley value
1 54,308 186,062 +131,754
2 179,626 343,359 +163,733
3 552,818 506,829 —45,989
4 949,233 699,735 —249.,498
Total 1,735,985 1,735,985 0

medium 343,359, large 506,829, and hub 699,735, respectively. These costs were estab-
lished according to the Korean government. The Shapley value can be used to determine
the burden of construction costs. This cost burden can vary if the construction cost of
the public logistics center for each area is distributed among small-, medium-, large-, and
hub-sized logistics companies. The cost burden of small logistics companies in terms of
the Shapley value is higher than the actual construction costs because these companies are
available when constructing small-, medium-, large-, and hub-sized public logistics cen-
ters. Conversely, the cost burden on hub-sized companies reduced because only hub-sized
public logistics centers of hub logistics companies could use them.

To build a public logistics center, the first and second companies had higher construction
costs for private logistics centers. However, it is important to note here that the vote is not
a single company but a coalition. In the case of the fourth company, the construction costs
would decrease because of its narrowest location in the public logistics center. Therefore,
the company with the highest position appeared to be in the order 2 > 1 > 3 > 4.
Currently, there is only one public logistics center built in South Korea. However, it
is suspended due to operating cost problems. The logistics center is very innovative in
terms of public nature, but the problems related to cost cannot be ignored. Therefore,
the Busan Port Authority is considering a prudent approach to the public logistics center
plan. However, because there are no specific bills on how much the state supports public
logistics centers, construction costs were calculated only by a group of private companies.

4. Conclusion. This study examined the problems related to the development of a port
hinterland in South Korea. The study presented a construction method for improving
the logistics facilities in public logistics centers. The characteristics of the logistics com-
pany were summarized as follows. First, owing to the constraints on size and the volume
of goods, small logistics companies can use larger logistics centers; however, hub logistics
companies cannot use smaller centers. Second, a trend of logistics centers to increase their
size, owing to the rise in the logistics business volume, was observed, which is because
the Busan hinterland is under the Busan Port Authority Law. Because it is difficult for
small businesses to follow the law, this study focused on building a public logistics center
where small businesses can enter. Currently, the Busan Port Authority is planning to
attract small businesses by building a public logistics center. Thus, this study presented
an operational model and improvement plan. The existing literature only mentions the
use of port hinterland and logistics-related facilities, but this study presented a model for
the construction of an efficient port hinterland using the Shapley value. The presented
model can serve as a method for efficiently improving logistics facilities. According to the
company size, this study selected four types of participants to build one public logistics
center. If the companies do not collaborate, the cost of construction does not change. In
the case of collaboration, construction costs for small- and medium-sized units increase,
but construction costs for large and hub areas decrease. Large- and hub-sized companies
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are at a disadvantage in comparison with small- and medium-sized companies. The pro-
posed model does not reflect the most used (by size) logistics centers of the smart logistics
companies that moved into the distribution centers. Even if the tenant companies use
the entire available storage space during installation to minimize storage time, a smart
logistics center would still exist that is used steadily. However, the proposed model does
not reflect this aspect and in the future we will consider the most used (by size) logistics
centers of the smart logistics companies that moved into the distribution centers.
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