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Quay Wall Scheduling of Ships Using Assignment Method and
Tabu Search Algorithm

Sang Hyup Lee + Soon Ik Hong * Seung Jin Ha

Production Process and IT Research Department, Convergence Technology Research Institute,
Hyundai Heavy Industries Co. Ltd., Ulsan 682-792, Korea

In shipbuling processes, a quay wall is a major resource for additional operations after an erection operation at
dock. A quay wall is becoming a new bottleneck instead of docks, while ship types with long operation time at
quay wall are increasing recently. We developed a quay wall scheduling algorithm for the quayside operations of
ships in this paper. The objective function is to minimize the sum of not assigned days of ships which have to be
assigned to any quay wall under limited numbers of quay walls. The scheduling algorithm is based on an
assignment method to assign each ship to a quay wall among its alternative quay walls at the time of launching
or moving to another quay wall. The scheduling algorithm is also using Tabu Search algorithm to optimize
assignment sequence of ships. The experiment shows that the algorithms in this paper are effective to make
schedule of the quayside operations of ships.

Keywords: Quay Wall Scheduling, Quayside Operation, Tabu Search Algorithm, Assignment Method
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<Figure 153} o] Auhe EARNE A5 theo ohz
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Table 1. Working time and Alternative quay walls of operations
according to ship type

Oo]

71 BGRA 2] L FE

Ty Op- | opi Op. 2 Op.
g [Time] LC-LC#20 | LCR2I-LCH60 DL-40-DL
Alt. | Q1(1),Q2(2) |Q3(1), Q4(2), Q5(3) | -+ |Q4(2), Q5(3)
Dpr [Time| LC-LCS30 | LCHI-LCH00 DL-30~DL
Alt. | Q3(1), Q2(2) |QI(1), Q3(2), Q43) Q1(1),Q2(2)
NG | Time| Lo-Lewo | Lol cro DL-50-DL
Alt. | Q1(1),Q2(2) | Q3(1),Q1(2) Q4(1), Q3(2)

LC : Launch, DL : Delivery, ( ) : Preference priority of quays.

A 8 ol A= <Figure 2>9}F 2] 92 ¢]
7]74]01“1 A T2 JA L S35 9o
] ged W7AA grlsinrt g Ay
ol A o7 Agjo] 7| A4 B
a7 3 54 Ao tigk &Y
owsdjr(No Preemption).
Ho] <t ujx] A goA = P9 4
o™, s Aute] gk wjA] 7k
°l£ H7kA 71 AT 7 A S st A L
T (<Figure 3(a)> =), Hupste, S oY
f%' OPL e gk o] opd & %
o AAAHC = <l H
7] wjEolt}. mekA 2
A ks 0“310] %\43“4 =
A et AP 4 Q= 7 oA 2ol X3
2 F3H o (<Figure 3(b)> #HZ).
b’]-:i% Ao AH A 7|7t =

Ul, LT

g5317] )M Bastd o oy

O
13 ute] Qhulo] Sol = vl o] WAlSE

( >, e rLl9,

Kol o T
o o

b o [

r ol [l

Ar IS

e

e,

o

oj 4

© rlo o
o
Mg
E

Ho rlr o rE X
N

[
i
!
=
v
ofr
®

Aure

ﬂ]O

0 x

W
P.L_LEJ
N o

b

>

s

>

il

=

N

sk
v e
X0 & )

Y ET o
o &

fr oy
|o

gl Auke] obu v x] A3 3
ME
M/C4 Job2
M/C3 | Job2 [ Jobl |
M/C2
M/C1 E Waiting Time

»Time

Figure 2. General scheduling case without preemption
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Figure 3. No waiting time for quay wall scheduling
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A, 718 A E S <Table 1>o| A F0] 3] Aut F7ol 93 24+ A
So] QA S i AU} $EY P HA T b
< <Table 2> #o] 24 4 Sl
Table 2. Example of definition quay operations of ships
Op.
Op.1 0Op.2 Opk
Ship No.
: Time 1.1~2.2 2.21~2.28 45~52
Alt. |Q1(1), Q1%(2)| Q3(1), Q4(2) QI(1), Q3%(2)
) Time| 1.1~1.31 2.1~2.15 5.1~5.30

Alt. | Q3(1), Q6(2) | QI(1), Q4(3) QI(1), Q2(2)

Time| 6.1~6.30 7.1~7.20 10.1~11.30

T

Alt. [ Q1(1), Q2(1)

A Outer assignment, () :

Q3(1), Q4(D)

Preference priority of quays.

Q2(1), Q3(2)
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2
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ships by using Tabu Search algorithm
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assignment sequence of ships

Seti > startdate

v
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: i
i i
1 1
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: 1
i i
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i al
1 1
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' using Hungarian method ]
1 1
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sequence of ships

top condition of Tabu
Search algorithm?

vY
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Figure 6. Procedure of quay wall scheduling of ships
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Figure 7. Ship sets based on the operation start date
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Figure 8. Structure of Tabu Search algorithm
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N
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Hea «]«lﬁA(BlgM)oi 755_1’4'

& 5o, 499 A NZ& Y& AAste ek
A ool v x| = o] 9l Aubo] <Table 3>3 22 799
713H]& PE o A7]E 5[= max{A 9} F@), HH F(5)}E
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2
AARET 2 AubES kel WX ety] A 7]31]‘3]%
3E QA4 FHe <Table 4>9} <Table 5>9F 22 A & 4

Table 3. Information of ships to be assigned quay walls at the

same date
Ship | Current position | Alternative quay walls
Ship priority of ship {(') : quay wall priority}
S, 2 - (New start) Qi(1), Qs(2), Q4(3)
S 3 Q Qu(1), Qs(2), Qs(3)
S 1 Qs Qa1), Qs(2), Qu(2)
S 2 Q4 Qa(1), Qs(2), Qs(3)

Table 4. Example of opportunity cost matrix at step 2

Ship Quayl g, Q Qs Qs Qs
Si 1+2 242 3+2
S, 1+3 2+3 3+3
S3 1+1 2+1 2+1
Ss 1+2 242 3+2
TSs

TS : Temporary Ship.

Table 5. Example of opportunity cost matrix at step 3

Ship Quay Qi Q: Qs Q4 Qs
Si 3 M 4 5 M
S, 4—)1 M 5 M 6
S3 M 2 3—) 3 M
Sy M 3 4 M| o)
TSs M M M M M
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Figure 12. Gantt chart of Quayside operations schedule
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Table 6. Comparison of results from models
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