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ABSTRACT

This paper presents an optimal solution for handling tasks at Busan Container Port in South Korea.
Currently, there is a monorail transportation system under construction that supposed to be ready
in use in 2045. This is the project in association with Korean Government that aims to increase the
utility rate at Busan Port — one of the biggest container port in the world. In new system, transport
vehicles called shuttles would move on the rail in only one direction through change stations — which
are similar to the lane driver systems on the railway — to reach designated terminals where loaders
are waiting to handle. The whole operation can be divided into two main procedures: schedul-
ing tasks and assigning tasks. All containers must be first planned properly at each terminal using
the task table, and then must be assigned optimally to the shuttles to achieve the best result. The
paper mainly focuses on time optimization in scheduling tasks and assigning tasks — critical opti-
mization problems in reducing working time and average delay for the whole system. To resolve, a
heuristic algorithm called Greedy Algorithm is implemented to properly schedule tasks and assign
arranged tasks to relevant shuttles by calculating the moving time between each terminal and the
accessing time from a shuttle to a loader. All important results with and without Greedy Algorithm
are recorded and compared in order to point out the differences between the procedures, includ-
ing the total working time, total moving distance, average moving distance and average delay in
the whole process. All simulations are implemented by MATLAB software, where final result charts
show the criteria points and highlight the advantage of new transportation system, as well as the
benefit of optimization procedures applied.
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INTRODUCTION

The monorail system project at Busan Port is a kind
of Inter Terminal Transport (ITT) system motivated
by similar transport systems in the world '=*. As de-
scribed in Figure 1°, an ITT system is an integrated
transport system that would exploit usage of facili-
ties in container port (container terminals, shipping
stations, service stations, transport terminals, value-
added facilities, warehouses and depots ...) in order to
maximize port’s throughput ®”, which might be up to
millions of TEUs (Twenty-feet Equivalent Units) each
year at major container ports in the world ®.

About simulation and optimization approaches for
ITT system, many studies have been made based on
the model of Port of Rotterdam (Maasvlakte I & II
Project 1), since it is the largest container port in Eu-
rope with many transport modes (railway, roadway,
seaway) and vehicle types (MTS, AGV, ALYV, barge,
vessel, train...)!0. According to Leonard and Ste-
fan (2017 '), research approaches could be classified
into simulation approaches, optimization approaches

and information system approaches, which mainly fo-
cus on transport scheduling, vehicle routing and in-
formation technologies. This paper would concen-
trate on task scheduling for loaders and task assign-
ing for shuttles by applying A* Algorithm (described
later in Methodology Section), as referred to Qiu et al.
(2002 '?) and Ng (2005 '%).

The operation scene of the ITT Monorail System in
Busan is demonstrated as shown in Figure 2 '*. Con-
tainers from terminal are moved to loader’s position
and grabbed onto the prepared shuttle. Prototypes of
loader and shuttle are illustrated in Figure 3 4. Since
this is a monorail, all shuttles are directed one way
only. Some special stations called change stations, lay-
ing at two ends of the terminal and acting like lane-
drivers on the railway, are responsible to direct the
shuttles into other lanes, as described in detail in Fig-
ure 4'%. A buffer on the change station (turn zone)
allows the shuttles to wait until the lanes change cor-
rectly.

Our duty in this project is to analyze the general per-
formance of the monorail system (how shuttles move
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Figure 1: Components of a general ITT system

Figure 2: Operation scene of the Monorail System at Busan Port

and handle tasks on the rail and measurement of traf-
fic density on important nodes) in comparison with
traditional method and propose optimal solution, by
simulating the system’s operation with information
given by project’s managers. In the next Section, we
would describe in detail how to optimize two major
procedures in operation: task scheduling and task as-
signing, as well as how to apply heuristics algorithms
to resolve these combinatorial problems.

METHODOLOGY

In this Section, as a part of requirements from the
project managers, optimization procedures for task
scheduling and task assigning will be explained in de-
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tail. The task scheduling procedure would describe
how given tasks should be arranged at loader’s posi-
tion to optimize the working time, and the task as-
signing procedure would show how shuttles pick up
the arranged tasks in order to lower the total travel
distance.

Full layout of the monorail system is modelled by
MATLAB as shown in Figure 5, presenting the posi-
tions of terminals and change stations as well as mea-
sure points (Q points) on the rail. The change stations
marked in green zones locates as two ends of a ter-
minal to help drive the shuttles correctly. Container
flows will be tracked at the measure positions marked

« »

x". As proposed by the project managers, each termi-
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Figure 3: Prototypes of loader and shuttle using in the Monorail System

Right driving monorail
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Figure 4: Behavior of change station to direct the shuttles

nal requires 2 loaders for handling given tasks, which

are mentioned in Table 1.

Assumptions made

To limit the range for this research, there are some as-
sumptions made for the simulation model, which are
referred to the current stage of the project and pro-

posed by the project managers, as following:

« Dynamic specifications of components in the
system (real dimensions, weights, energy con-
sumption) are temporarily neglected, because
main target of this simulation is to visualize

movement of shuttles in general.

Each loader only grabs one container at one
time.

Each shuttle only carries one container at one
time.

Priority of tasks is identical.

When being assigned, shuttles will not change
their given task until they finish their jobs

Only available shuttles take the assignment. If
there are not any available ones, all requested
tasks must wait.

System is considered ideally, meaning all mal-
function cases are ignored.

The next subsections will explain the solution for op-

timal scheduling and assigning respectively.
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Figure 5: Full layout of new monorail system

Task scheduling

Since each loader only handle one container at one
time, the task scheduling issue becomes: arranging
the order of tasks at each loader position. The to-
tal handling time of loaders would remain the same,
however different orders would result in different de-
lays, depending on the current situation of the han-
dling shuttles.

For clearer explanation, a simple study case is intro-
duced as shown in Table 1, presenting number of con-
tainers to be transferred among the terminals, which
is actually scaled to real demand. All given tasks will
then be labelled with ID numbers (in this case, the ID
numbers spread from 1 to 254) and stored in system
with necessary detail such as departure, destination,
total travel distance and current status (unassigned/
pending/ being carried/ finished). The tasks are la-
belled from left to right and up to down in this table
sequentially. The result after labelling all tasks will
look like in Table 2 (unarranged yet). For each ter-
minal, one loader would handle the odd IDs and one
loader would handle the even IDs.

After achieving Table 2, the next mission is to ar-
range all tasks at each loader’s position in an opti-
mal sequence by evaluating the distance cost of each
task. 'This is a combinatorial optimization prob-
lem that similar to the Travelling Salesman Problem
(TSP Problem '>~17) - a classical optimization issue
in which a salesman needs to decide a shortest tour
to complete all missions. There are many approaches
to solve this problem but none guarantees a global so-
lution. In this paper, we suggest to apply Greedy Al-

18-20

gorithm , as it appears to be the fastest approach
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with an acceptable extent. The procedure can be sum-
marized as below:

o Step 1: Enumerate all tasks with corresponding
loaders in array form.

o Step 2: For every loader, measure distance cost
of all handling tasks Dloader.

o Step 3: Sort task IDs in ascending order of
Dloader.

o Step 4: Index new task IDs with corresponding
distance cost in sorted array Dloader.

o Step 5: Repeat step 2 until all loaders have been
scheduled.

Obtained result for task scheduling procedure is ex-
pressed as shown in Table 3. Now all loaders have the
outgoing tasks scheduled so that the task with lower
cycle time will be prioritized to be finished first. It is
similar to the principle of TSP where salesman tends
to choose the nearest city as the next destination.

Task assigning

The next issue is to assign the optimal schedule to
working shuttles so that the total working time is min-
imum. As assumed that one shuttle only carries one
container at one time, we define:

n = min(TaskRequired, ShuttleAvailable) (1)

where TaskRequired is the number of tasks required
and ShuttleAvailable is the number of available shut-
tles at a moment.

The problem now becomes: Pairing n tasks with n
shuttles so that the sum Y, f of function cost f is min-
imized. In our research, we decide to choose f as the
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Table 1: Number of containers to be transported among terminals

From T1 T2 T3 T4 T5 T6 T7
Ter

\To

Ter

Ter 1 0 2 2 2 1 2 2
Ter 2 1 0 0 1 1 1 1
Ter 3 1 0 0 1 1 1 1
Ter 4 2 2 2 0 2 2 2
Ter 5 2 2 2 2 0 2 2
Ter 6 2 1 1 1 1 0 2
Ter 7 2 1 1 1 1 1 0
Ter 8 2 1 1 1 1 1 2
Ter 9 1 1 1 1 1 1 2
Ter 10 1 1 1 1 1 1 2
Ter 11 1 1 1 1 1 1 2
Ter 12 1 1 1 1 1 1 1
Ter 13 1 1 1 1 1 1 1
Ter 14 1 1 1 1 1 1 1
Total 18 15 15 15 14 16 21
Im-

port

T8 T9 Ti10 Ti1 Ti2 TI3 T14 Total
Ex-
port

2 2 2 2 2 2 2 25

1 1 2 1 1 1 1 13

1 1 2 1 1 1 1 13

2 2 3 2 2 2 2 27

2 2 2 2 2 2 2 26

2 1 2 2 2 2 2 21

2 1 2 2 2 2 2) 20

0 1 2 2 2 2 2 20

2 0 1 2 2 1 1 17

2 1 0 2 2 1 1 17

2 1 1 0 0 1 1 14

1 1 2 0 0 1 1 13

1 1 2 2 2 0 0 15

1 1 2 1 1 0 0 13

21 16 25 21 21 18 18 254

Euclidean distance from a shuttle to an incoming task,
formulated as below:

Flid) = (=) + i —35) @

where (x;, y;) and (x}, y;) are position of task i and
shuttle j respectively.

From (2), it is realized that the shuttles always aim to
reach the nearest task position in order to minimize
the travel distance cost. According to Greedy Algo-
rithm, this is supposed to reduce the total working
distance of all shuttles. The procedure is summarized
in a flowchart as shown in Figure 6 below.

This procedure is built based on the optimal schedule
obtained from the task scheduling procedure men-
tioned previously. For every sampling time, status of
all tasks and shuttles are updated to check for the re-
questing tasks. If there are not any available shuttles
nor requesting tasks, the assignment keeps unchanged
until the next check. In case there are some, then the
required tasks and available shuttles will be listed in
a matrix form corresponding to function cost (i, j).
Appling Greedy Algorithm again, smallest values in
the matrix would be picked out consecutively until it

reaches n elements. The indices of chosen elements
express the task IDs and the assigned shuttles. The
process continues until all tasks have been addressed
and no more tasks in the queue.

Final result of task scheduling and task assigning pro-
cedures will be integrated in the simulation in the next
Section and their advantages will also be highlighted.

SIMULATION

In this Section, performance of the monorail sys-
tem will be simulated using the method described in
Section 2. As a requirement of the project, a user-
interface program was created by MATLAB R2018 to
flexibly test the system’s configurations before reality
implementation. The final objectives are to verify the
advantage of new ITT system and how optimization
approaches give impacts to the overall work.

First of all, some assumptions would be declared in
order to make the simulation more consistent and in-
formative, as expressed below:

» The simulation uses the task table in Section 2 as
the input.
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Table 2: Result before scheduling

Ter Loader Task ID
1 1 1 3 5 7 9 11
2 2 4 6 8 10 12
2 1 26 28 30 32 34 36
2 27 29 31 33 35 37
3 1 39 41 43 45 47 49
2 40 42 44 46 48 50
4 1 52 54 56 58 60 62
2 53 55 57 59 61 63
5 1 79 81 8 8 87 89
2 80 8 84 8 88 90
6 1 105 107 109 111 113 115
2 106 108 110 112 114 116
7 1 126 128 130 132 134 136
2 127 129 131 133 135 137
8 1 146 148 150 152 154 156
2 147 149 151 153 155 157
9 1 166 168 170 172 174 176
2 167 169 171 173 175 177
10 1 183 185 187 189 191 193
2 184 186 188 190 192 194
11 1 200 202 204 206 208 210
2 201 203 205 207 209 211
12 1 214 216 218 220 222 224
2 215 217 219 221 223 225
13 1 227 229 231 233 235 237
2 228 230 232 234 236 238
14 1 242 244 246 248 250 252
2 243 245 247 249 251 253

13

14

38

51

64

65

91

92

11

11

13

13

15

15

17

17

19

19

21

21

22

23

24

25

15 17 19 21 23 25 -
16 18 20 22 24 - -
66 68 70 72 74 76 78
67 69 71 73 75 77 -
93 95 97 99 101 103 -
94 96 98 100 102 104 -
7 119 121 123 125 - = -
8 120 122 124 - = = -
8 140 142 144 - - = -
9 141 143 145 - - = -
8 160 162 164 - = = -
9 161 163 165 - - = -
8§ 180 182 - - - = -
9 181 - - = = - -
5 197 199 - - = - .
6 198 - - - - - -
2 - - - - - - -
3 - - - - - - -
6 - - - - - - -
9 241 - - - = - -
0 - - - - - - -
4 - - - - - - -

All containers have standard length of 20 feet
(one TEU).

Loader will release containers if and only if there
is a shuttle ready at the handling position.

All input parameters in the simulation are given
by the project manager.

The initial interface looks like as shown in Figure 7,
where all necessary inputs need to be filled before
further computation. User can choose type of input
(from an Excel file or manually set), decide the time

764

parameters such as time at change stations, loading-
unloading time, arriving time and leaving time (time
for shuttles coming in and out of the terminal), decide
the velocity for shuttles and trucks, as well as number
of loaders and shuttles at each terminal. Finally, user
can set the speed of animation to boost up the dis-
play speed. All parameters will then be saved with the
“Setup Parameter” button.

Next, the computation progress starts after clicking
the “Process” button. The task scheduling and task as-
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Table 3: Result after scheduling with Greedy Algorithm

Ter Loader Task ID

17 9 19 11 21 23 25 =
8 18 10 20 22 24 = =
38 - - - - - - -
51 - = = = = = =
64 66 70 68 72 74 76 78
65 67 69 71 73 75 77 .
91 79 95 97 99 101 103 -
92 80 96 98 100 102 104 -
119 105 121 123 125 - - -
106 120 122 124 - : . .
128 140 142 144 - - . .
139 141 143 145 - ; - .
154 152 162 164 - - . .
151 153 163 165 - - . .
172 170 182 - - ; - i
171 181 - - § i . .
189 199 187 - - ; . .
188 198 - - - ; . i
204 - - . - ; . .
205 - - - ; ; . .
218 - - . - ; . .
233 231 - - - ; . .
232 - - - - ] . .
246 - - - ; ; . .

1 1 1 3 5 13 15 7
2 2 4 6 12 14 16
2 1 26 28 32 34 30 36
2 27 31 29 33 35 37
3 1 41 39 43 45 47 49
2 40 42 44 46 48 50
4 1 56 58 54 60 62 52
2 57 59 55 61 63 53
5 1 87 8 8 8 93 8l
2 88 90 86 84 94 82
6 1 111 115 109 113 117 107
2 112 110 114 108 116 118
7 1 132 134 136 126 130 138
2 135 131 133 137 127 129
8 1 146 148 150 156 158 160
2 147 149 155 157 159 161
9 1 174 166 176 178 168 180
2 175 167 177 179 169 173
10 1 191 193 195 183 197 185
2 192 194 184 196 186 190
11 1 208 210 200 212 202 206
2 211 209 201 213 207 203
12 1 224 222 226 214 216 220
2 223 221 225 215 217 219
13 1 241 239 237 235 227 229
2 240 238 236 234 228 230
14 1 254 252 250 242 244 248
2 253 251 249 243 245 247

signing process will be done based on the overall lay-
out (as shown in Figure 5) and the given allocation
of shuttles from the input step. When finished, user
can view the result with the buttons below. In this pa-
per, since we mainly focus on the overall efficiency
of the system, we will only display the efficiency of
two transportation system (traditional and new sys-
tem) to make the comparison, as illustrated in Fig-
ure 8. From the chart, it is clear that new transporta-

tion system has increased the efficiency remarkably,

expressed through the reduced time taken in handling
all given tasks. The monorail system also satisfies the
threshold defined by the project manager.

Moreover, signiﬁcant evaluation points of the system,
such as the total working time, total moving distance
of all shuttles and delay of tasks are also recorded as
shown in Table 4 and Table 5. Those tables present
the records after 10 trials as shown in Figure 7, where
Table 4 demonstrates results with random schedule

(unarranged schedule) and Table 5 shows results in
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Table 4: Result with unarranged schedule

Simulation ~ Average Total Average Total Moving Minimum  Maximum Average
Time Working Working Moving Distance Delay Delay Delay
Time Time Distance
1075.50 s 392.92s 9744325s  8857.17m  2.20E+06 m 0.00 s 207.00 s 12.05s
1259.25s 388.35s 96309.75 s 8751.22m 2.17E+06 m 0.00 s 203.25s 7.58s
1123.75 s 391.59 s 9711450 s  8824.36m  2.19E+06 m 0.00 s 207.25 s 10.75 s
1266.50 s 390.99 s 96965.50s  8808.42m  2.18E+06 m 0.00 s 207.25s 10.16 s
1068.00 s 391.48 s 97086.75 s 8822.76 m 2.19E+06 m 0.00 s 236.75s 10.64 s
1167.00 s 391.21s 97020.00s  8816.62m  2.19E+06 m 0.00 s 303.75 s 10.38 s
1253.25s 392,57 s 97357.50s  8849.10m  2.19E+06 m 0.00 s 244.00 s 11.71s
1174.50 s 393.96 s 97702.00 s 8878.35 m 2.20E+06 m 0.00 s 256.50 s 13.06 s
1107.00 s 392.27 s 97282.00s  8843.17m  2.19E+06 m 0.00 s 256.50 s 11.41s
1260.75 s 389.39 s 96568.75s  8774.63m  2.18E+06 m 0.00 s 203.25s 8.60s
Average Value
1175.55 s 391.47 s 97085.00s  8822.58m  2.19E+06 m 0.00 s 232.55s 10.63 s
Table 5: Result with arranged schedule using Greedy Algorithm
Simulation Average Total Average Mov-  Total Moving ~ Minimum Maximum Average
Time Working ~ Working ing Distance Distance Delay Delay Delay
Time Time
1161.00 s 383.41s 95086.00 s 8638.78 m 2.14E+06 m 0.00 s 203.25s 2.76s
1161.00 s 383.41s 95086.00s  8638.78 m 2.14E+06 m 0.00 s 203.25s 2.76s
1161.00 s 383.41s 95086.00s  8638.78 m 2.14E+06 m 0.00 s 203.25s 2.76s
1161.00 s 383.41s 95086.00 s 8638.78 m 2.14E+06 m 0.00's 203.25s 2.76s
1161.00 s 383.41s 95086.00s  8638.78 m 2.14E+06 m 0.00 s 203.25s 2.76s
1161.00 s 383.41s 95086.00 s 8638.78 m 2.14E+06 m 0.00 s 203.25s 2.76s
1161.00 s 383.41s 95086.00 s 8638.78 m 2.14E+06 m 0.00 s 203.25s 2.76s
1161.00 s 383.41s 95086.00s  8638.78 m 2.14E+06 m 0.00 s 203.25s 2.76s
1161.00 s 383.41s 95086.00 s 8638.78 m 2.14E+06 m 0.00 s 203.25s 2.76s
1161.00 s 383.41s 95086.00s  8638.78 m 2.14E+06 m 0.00s 203.25 s 2.76s
Average Value
1161.00 s 383.41s 95086.00 s 8638.78 m 2.14E+06 m 0.00 s 203.25s 2.76s
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Figure 6: Flowchart for task assigning procedure

case of arranged schedule (applying task scheduling).
Final results from Table 4 and Table 5 indicate that
arranged schedule reduces travel distance for about
2% and over 40 kilometres in total (46.88 kilometres).
The average delay also drops dramatically from 10.63s
to 2.76s (about 280%). These critical points reveal
huge advantages of a well-arranged schedule in logis-
tics activities because they can save large amount of
operational expenses and make remarkable benefits
for the managers.

ACHIEVED RESULTS

As shown in Figure 8, it is obviously that the new
monorail system has the finishing time much better

than traditional transportation system (using trucks)
within a same workload. The main reason is that
new system has lower loading time and gapping time
(time between each transfer), as well as higher mov-
ing speed. Basically, a truck can only move with speed
of 40-50 km/h and has to deal with traffic problems,
while a shuttle is manufactured to operate at 80-100
km/h without traffic congestion. Loading time for
shuttles is about 10 seconds with loader, while it takes
about 1 minutes to pick up a container for trucks. All
of those make the new system more efficient for in-
tense workload at Busan Port.

In addition, based on the simulation implemented in
Section 3, it is clear that the better schedule achieved
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from Greedy Algorithm gives better result for the
whole process. Table 4 and Table 5 have shown that
all critical points (simulation time, total working time,
total moving distance, average moving distance, max-
imum delay and average delay) are improved a lot.
All time parameters are optimized as desired and they
will make great impact to the overall efficiency. Note
that the simulation is done based on a workload of
about 250 containers as a study case. In practice, the
real demand could be 100 times greater (about 25000
- 30000 containers per day). However, the optimiza-
tion principle still remains unchanged, and it is ex-
pected that the travel distance and the average delay
would also decrease for 2% and 280%, respectively
(according to Section 3).

DISCUSSION

According to the achieved results as in Section 4, it
is apparent that a well-organized plan for tasks will
grant more effectiveness in comparison to random-
ized plan. Nonetheless, in real world, a complete sys-
tem would comprise numerous parameters and crite-
ria to be considered, making the optimization prob-
lem more complicated and the solution sometimes
would not fit for all cases. Since this is a combinatorial
problem, there might be a lot of combination that can
lead to a same outcome, which means there has to be
a lot of time-taking computation, resulting in slow re-
sponse for real-time activities. For technical aspects,
it is reasonable to be approved with a non-global so-
lution, where only the dominant criteria are satisfied
and the trivial disadvantages can be ignored.

In our problem, the dominant criteria is chosen as the
total moving distance of working shuttles and the av-
erage delay for all tasks, and the solution found from
Greedy Algorithm supposes to fulfill the optimization
goal. However, currently it is not possible to prove the
uniqueness of the solution, and there might be other
better solutions for this problem. In this research, our
final goal is to reveal a good solution that can reduce
the total moving distance and the average delay, and
the achieved results from Section 4 seem to meet the
requirements.

CONCLUSION

To sum up, this research has proposed a solution for
optimization in scheduling and assigning in the new
ITT project being built at Busan Port in South Korea,
which are both essential in reducing operational cost.
Effectiveness of the optimization procedures has been
proved in our study case and it is expected to also en-
sure the precision in reality, where the workload could
be thousands times greater.

In addition, it is emphasized that the obtained re-
sult mainly focuses on general behaviors of the new
ITT System in comparison with traditional transport
mode and does not give deeper analysis to the dy-
namic model of the system, where specification of de-
vices and equipment would be further evaluated such
as weight and dimension of shuttles and containers.
It is due to the fact that the project is still at the gen-
eral analysis stage, where all input parameters are not
fixed yet and the project managers are still consider-
ing. Real model for loaders and shuttles have not been
built yet, as well as the layout also has not been con-
structed completely, so dynamic properties of the sys-
tem are temporarily ignored. These factors are obvi-
ously important; however, they would be considered
at further analysis stages of the project.

At the moment, all parameters in the simulation are
proposed by the project managers, as the main ob-
jective of this stage is to evaluate the possibility of
the system. The simulation model is still not enough
constraints, such as velocity limits or load distribu-
tions. In later stages where the system is modelled
more completely, these constraints would be consid-
ered in order to fulfill the research.

ABBREVIATIONS

ITT: Inter-Terminal Transport

TEU: Twenty-feet Equivalent Unit

MATLAB: MAtrix LABoratory (a program from
MathWorks)
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Téi uu héa trong gidi quyét tac vu trong hé théng van chuyén
monorail & cang Busan

Lé Ngoc Bao Long', Nguyén Duy Anh'"*, Kim Hwan-Seong?
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EI-. ol Bai bao nay trinh bay mat gidi phap t6i uu cho qua trinh x( ly tc vu & cdng container Busan tai

Han Quéc. O thai diém hién tai, mot hé théng van chuyén monorail dang dudc xay dung va du
kién dua vao st dung vao nam 2045. Day la mot du an cé su tham gia cla chinh pht Han Quéc
nham muc dich nang cao hiéu suét st dung trong cang Busan — mét trong nhiing cdng container
I&n nhat thé gidi. Trong hé théng nay, phuong tién van chuyén la cac shuttle (hinh dang con thoi)
chay doc theo dudng ray chi theo mét chiéu, thdng qua cac tram dac biét goi la tram chuyén ddi
tuong tu nhu hé théng chuyén lan trén dudng ray xe Ira dé dén cac tram mong mudén nai cé cac
thiét bi gép dai dé xtr ly. Toan bd qua trinh hoat déng co thé dugc chia thanh 2 khau chinh: 1én ké
hoach cho téc vu va phan bé tac vu. Tat ca cac container trudc tién phai dugc 1én ké hoach haop ly
& tiing tram dua trén bang tac vy, va sau dé phai dugc phan bé mét cach téi uu dén cac shuttle
dé dat dugc két qua tét nhat. Bai bdo chu yéu tap trung vao bai toan téi uu thdi gian trong viéc
lén ké hoach va phan bé tac vu - nhiing van dé téi uu quan trong nham muc dich gidm thai gian
van hanh va do tré trung binh clia hé théng. DE gidi quyét van dé nay, mot gidi thuat heuristic goi
la gidi thuat Tham Lam dugc tién hanh nham sdp xép tac vu dugc giao theo mot trinh tu hop Iy va
phan bé nhiing tac vu da sdp x€p cho shuttle phu hop, bang céch tinh toén thai gian di chuyén
gita cac tram va thdi gian dé€ shuttle tiép can loader. Tat cd két qua quan trong khi cé va khéng co
gidi thuat Tham Lam dudc ghi lai va so sanh dé chi ra su khac biét gitta cac quy trinh, bao gébm téng
thdi gian hoat dong, téng quang dudng di chuyén, quang dudng di chuyén trung binh va dé tré
trung binh clia toan bo qua trinh. Tat ca mé phong dugc tién hanh trén phan mém MATLAB, véi
céc s6 lieu danh gid cudi cling chi ra cac tiéu chi quan trong va lam néi bat uu diém cda hé théng
mdi, cing nhu Igi ich clia cadc phuong phép t6i uu da dp dung.

Tu khoa: Van chuyén lién tram, Hé théng monorail, Lén ké hoach, Phan b, Cang Busan, Thuat
todn Tham lam
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