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Abstract

Within the area of regional port clusters, this paper establishes a multi-period mixed integer programming
model to optimize the empty container repositioning between public hinterlands and ports,
comprehensively considering the quantitative and periodic inventory control strategy. By using Markov
decision process combined with dynamic programming method, this paper dynamically optimizes the
empty container inventory threshold (D;U) under quantitative strategy and S under periodical strategy at
each port within the regional port clusters. On this basis, this paper optimizes the empty container
repositioning scheme between public hinterlands and ports. Meanwhile, Liaoning coastal regional port
cluster and its northeast hinterland are selected as the objects to solve this model and the results show
that the total cost of shipping company can be saved by 14.16% and 11.92% respec- tively by the
quantitative and periodical inventory control strategy. Selecting the quantity of public hinterland
terminals, the empty container demand of public hinterland terminals and ports, the inventory threshold
of empty containers and other factors, this paper carries on the sensitivity analysis. This paper validates
inventory control strategy can weaken the shipping company in the influence of the external environment
changes. And the quantitativeinventory control strategy can reduce the total cost value to a greater extent
and more effective in cost control than periodical strategy.
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Figure 1

Empty container transportation mode within regional port cluster
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Figure 2

Schematic diagram of empty container inflow and outflow at port nodes
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Figure 3

Markov dynamic decision process of empty container inventory
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Sketch map of Liaoning coastal regional port cluster - northeast hinterland Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.
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The influence of the change of terminal demand on the cost of rental and total cost

Page 9/14



(UneA puesnoti]} ua})jsod aseI0lS

120
0
80

(=]
o~

(=] (=]
] <

e
S EEEEERIEE

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

(uenA puesnoy

—
S

U2} )an[ea 1500

100%

80%

60%

40%

20%

and terminals(%)

L

Change range of demand of hinterl

1 Rental cost of casel

Repositioning cost of casel E&

SN Repositioning cost of case2

zrz77] Total cost of casel

Ex=== Total cost of case2

-

Rental cost of caseZ

¥ Rental cost of case3

cost of casel E==

o
o

E=—== Repositionin

= <= o Storage cost of casel

-
fa

= Total cost of case

e Storage cost of case3

-

-« «4=-+ Storage cost of case2

Figure 8

The influence of demand change of public hinterland terminal on costs

Page 10/14



.00%

5

4

41.54%

6000

(95)0ne1 d3uey)

0.00%

¥ -] N=} N-] =] =)

= =iy = =k =Ty o =]

== ] o = o o =)

S & & & & S o

LV 0 W O w ﬂ_ 0

o [an] (| (o} — — W

e e e e v

w HHHEHE HHH A HHE HHHHHHH]
- b e A,
o

34.66%

N NN NN Y NN NN,
: e

=) o o o
) ) ) o o)
o] o o =]
s =+ s =

(uenA puesnoy) udjl)an[eA 1S0)

3
2

EINENAIINAMIIMEF N ENNNNENEMI NS NNN
i

SOOI

foc e R O D
B

= T o A A
W = OO RO O
7, vﬁ.&ﬁﬁﬂﬁ%&wﬁ..
0
3_

60% 80% 100%

40%

Change range of unit rental cost (%)

Rental cost of case2

=777 Total cost of casel

—
[+¥}
7}
4+
&)

Sl
o

+—
[¥)
o
&}
p—
o
—
=
)
&

23 Total cost of case3

QOO0

[

[
L

-
e

b ]
(7]
41
1]
S
o
i
W
=)
1@ ]
—
<
—
=1
—
o

ase

E=== Total cost of ¢

3)

- P= Difference ratio(1&

e eXe oo Difference ratio(1&2)

Figure 9

The influence of the change of unit rental cost on costs
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