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This paper considers the problem of scheduling loading and unloading operations of a crane in a railway terminal motivated
from rail-road container transshipment operations at Uiwang Inland Container Depot (ICD). Unlike previous studies only considering
the total handling time of containers, this paper considers a bi-criteria objective of minimizing the weighted sum of the total
handling time and tenant service time. The tenant service time is an important criterion in terms of terminal tenants who are
private logistics companies in charge of moving containers from/to the terminal using their trucks. In the rail-road container
shipment yard, the tenant service time of a tenant can be defined by a time difference between beginning and finishing loading
and unloading operations of a crane. Thus, finding a set of sequences and time of the crane operations becomes a crucial decision
issue in the problem. The problem is formulated as a nonlinear program which is improved by linearizing a nonlinear constraint
in the model. This paper develops a genetic algorithm to solve the problem and performs a case study on the Uiwang ICD
terminal. Computational experiment results show that the genetic algorithm shows better performance than commercial optimization
solvers. Operational implications in terms of tenants are drawn through sensitivity analyses.
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<Figure 1> Top View of the Uiwang ICD and Rail-Road Trans-
shipment Yards (available at http://www.kihoilbo.
co.kr/?mod=news&act=articleView&idxno=670311)
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<Figure 2> Schematic Layout of the Rail-Road Transshipment
Yard in the Uiwang ICD
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<Table 1> Datasets for the Experiments

Dat Number of
aa Tenants | Unloading containers Loading containers Destinations Containers of tenants a
1 4 14 7 3 (7,7, 1, 6)
2 4 12 10 3 6, 3, 7, 6)
3 5 18 7 2 (7,7, 4, 3, 4
4 5 11 15 3 (11, 5, 3, 2, 5)
5 6 15 14 3 (1, 4, 1, 3, 1, 18)
6 7 18 12 2 4,2,6,2,5 2,9
7 5 21 11 3 @, 6,2, 14, 6)
8 3 23 16 3 (7, 5, 17)
9 7 24 19 3 (2,22,8,2,3,4,2)
10 6 25 19 3 (4, 1, 4, 11, 20)

*total number of containers that each of the terminal tenants requests for loading and unloading operations of a transfer crane.
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<Table 2> Performance of the GA?

Data a =01 a =03 a=05 a=07 a=09

NMIP® MILP® NMIP MILP NMIP MILP NMIP MILP NMIP MILP
1 -31.3 -6.0 -32.2 -6.5 -31.0 -6.4 -29.9 -5.2 -28.8 -39
2 -20.4 -15.9 -25.8 -17.4 -26.1 -18.1 -21.8 -13.4 -23.2 -13.7
3 -31.9 -6.0 -38.1 -8.9 -40.3 -8.2 -36.5 -1.9 -37.7 -10.2
4 -11.6 -17.8 -20.2 -22.0 -20.3 -21.1 -13.9 -16.4 -20.5 -21.9
5 -17.2 -13.9 -29.6 -23.6 -38.1 -29.2 -29.5 -26.1 -24.8 -21.9
6 -26.9 212 -30.5 -15.9 -35.6 -17.6 -35.2 -20.1 -36.1 -22.4
7 -35.3 -11.5 -34.7 -22.0 -36.3 -15.2 -34.1 -15.3 -35.3 -16.5
8 -34.6 -24.0 -49.5 -33.5 -57.6 -32.8 -31.8 -31.0 -48.8 -32.9
9 -43.8 -22.9 -51.7 -22.3 -38.6 -24.1 -42.5 -13.6 -42.5 -28.6
10 -39.3 -29.3 -46.2 -32.1 -50.6 -16.9 -49.7 -32.7 -47.6 -44.0

a

given test instances within 10 seconds.

note that no test instance gives the optimal solution from both LINGO and CPLEX within 2 hours. Meanwhile, the GA solve the

® percentage gap of GA solutions from the optimal solutions (or upper bounds) of LINGO for solving NMIP.

¢ percentage gap of GA solutions from the optimal solutions (or upper bounds) of CPLEX for solving MILP.
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<Figure 5> Tenant Service and Total Handling Times of
Containers Obtained from the GA with Data
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