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[Abstract]

In this study, we propose a genetic algorithm (GA) to optimize the allocation and operation order of
transporters. The solution in the GA is represented by a set of lists each of which the operation order
of the corresponding transporter. In addition, it was implemented in the form of a hybrid genetic
algorithm combining effective local search operations for performance improvement. The local search
reduces the number of operating transporters by moving blocks from a transporter with a low workload
into that with a high workload. To evaluate the effectiveness of the proposed algorithm, it was
compared with Multi-Start and a pure genetic algorithm through a simulation environment similar in

scale to an actual shipyard. For the largest problem, compared to them, the number of transporters was

reduced by 40% and 34%, and the total task time was reduced by 27% and 17%, respectively.
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2. Problem Formulation

2 AFolx EffARE AAEY FA
RuEet 22 2yt YR S WA BES YPoe Al
3te Table 13} 2= 1 og 27} Boj®

Table 1. Example of Transporter Information Data

Tremameriar Load.able Loaded Unloaded
No Weight Speed Speed
® (m/s) (m/s)
1 500 2 5
2 600 1 4
3 600 1 4
M 500 1 5

Table 2. Example of Block Transport Schedule Data

Block Weight Starting | Destination | Start End
No Point Point Time Time
1 200 1 9 12:00 17:00
2 100 4 5 08:00 13:00
3 500 3 10 09:30 18:30
N 150 2 6 10:30 17:30
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Table 3. Example of Schedule Program Results

Block No Assigned Transporter No Order
1 6 1
2 20 3
3 10 2
N 56 2
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3.1 Chromosomal Representation
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START

'

Set GA parameters(GEN, K)

// GEN: a total number of generations

//K : a threshold parameter

for LocalSearch

¥

Initialize a population P

v

Fori = 1to GEN

v

P 0

E = {z € P|z is one of the top k elements
with the highest fitness values in set P}

!

Forj=1to|P— E|

D1, P2 + Select(P)
¢ + Crossover(p1,p2)
¢+ Mutate(c)
P'+ P'U{c}

v

For z in P’

LocalSearch(z, K)

v

[ P+ P UE

Y

best «+— Best Solution in P

For T € best, optimize the order of block

transportation in T

Return x

Fig. 1. Flow of the Proposed Method
Transporter No Block No

T 1 6 2 14 9

T, 8 13 5 _ _

Tm-l n-1 n-12

Tﬂl n -

Fig. 2. Example of a Chromosomal Representation
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3.4 Crossover
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Transporter index list
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Fig. 3. Example of Crossover Operation

Block-Move Mutate
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1. Random Choice l 2. Move
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Fig. 4. Example of Block—Move Mutate
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Fig. 5. Example of Transporter—-Swap Mutate

3.5 Mutation

o] AL WA} At 2 HE] AL X}
Fe g2 WAL, WYY A2e of Skl
Feot Hold 25 YRSk A2e BAEE T
o =go] gt & AoM F 7HA] Wol A4l

=

T
2L

f

olr

e

|

[} _|>*
r
OTJ [
oore
mo ogh mju
N
o 0

e

Block-Move Mutate®}t Transporter-Swap MutateS
TSt AAHe o 3t 20| Ay EMALE U
3 24 WHSHE ol 1 $A @ o] ERARH
=0l tis 3&5 w&sh= Zlolt. Figure 42t 5+ 0|2
Ho] Ato] o2 217} HojzE),

Figure 404} B50] A}Al sfioA] EARE] T,9] &
= bH¥o] Qlojg MElgjo] EZlARE 7,92 o]gHA
=it 9HH Figure 504+ T,9F T,0] g oz e
g2 MeEo] 9ub B2 2AE WAV REEch

T~y =2

Mo

ol

3.6 Local Search
oPA 1t e} 2ol £ ApAME 9F Aualzel
SF2 A9 GA gikE BHsh7] Yol Figure 61} 22
Ao} &4 QxR STk Ao} B QxR Zojxl
I e B3] A1 A)As2 i

o

ﬂJl
Y
= @

B

6.Hq ZIS‘H:] _"‘7;1%1_].— a 1=
5l AAtolct & oLoj| A A|otst= Local Search ¢4t
< Aol A2 ERAREOIM Ao 255 7o

2 EWATE NY S50 AYgoeK ERALE
8 49 UAS S sttt Figure 62 Local Search

Hato] pafg]= WYL oAt ER UERH 7ol

%ﬁj, KE A9 94 Qi) BEe 7 T EdA

1o

[¢)

g o 2R5= S8 ERAREO JfRE ©
0] 5} ﬂJrE}U]Eiolll} Figure 7& Ko T2 5}9] E}Ok
42 21ols}] Slal M) walol nhe Astzo] J2im
UERH Zlojch Aldf Blgts =91 & 4 s "J’SEOﬂ
A 7t AEe Aol e theA) ARt Kol
A AR )7 st AR =2 i (Fig.
Tla), K70l 2 4RSI Aaiske HEst e e ol
SITt (Fig. 7(b)). o= K3l T2} Local SearchojlA]
Dl o] copyol 23 o) e cee tery
= 5re ol g ojujaic

Hed
m
lr rulm

r

ox &

=2

3.7 Block Order Optimization

Figure 10| et vjet o] EsiARE|o] Ar¢f &
ol Hxale 5 AY 242 HFH 02 O] FRslE
ARICE A B A oM E A 24g et
N2 A8E 25 P ] oYk ek g0l 2
A 25 slold A 22 FRstslo] 271 45

l'

olr



54  Journal of The Korea Society of Computer and Information

Function LocalSearch(z, K)
// x: a solution

’
r < X

T T|: K]

(my, mys ooy mj_ 1m0y My, ey M)
if fitness(z) > fitness(z’)
return zx
else

’
return z

// K: a threshold parameter to choose transporters in z

T « List sorted in ascending order based on the number of blocks in z’
// K transporters with the smallest number of assigned blocks
Randomly choose T,, T, € T  such that |T,| < T}

// |T| denotes the number of assigned blocks to |T'|

Let (ny,ny,..,n;) and (m,, msy,...,m;) a list of blocks in 7, and 7T,, respectively
Randomly choose i € {1,2,....k} and j € {1,2,...,1}
Move block n; from T, to T, by changing (n,,ny, ..., ;s M4 1, -, 1) and

Fig. 6. Pseudo—Code of the Local Search Algorithm
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Start

Fig. 8. Example of a Graph in a Shipyard
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Table 4. Simulation Parameters

Start Time (hour) 09

End Time (hour) 18
Number of . 100

Transporters (unit)

Number of Nodes 30

Table 5. Our HGA Parameters

Generations 500
Population Size 100
Mutation Rate 0.05

Elite Rate 0.01

+ weollM Aldksts YHCA)S A5 sl o
2 YuEET 452 vttt (Table 6). o] &ojA
Multi-Start W2 t}40] 21o] & EMMSE & 7 &=
she wHeeinl 3793t vlng ¢loll HGASH SEA
27 FUst=S Ad7gsiirt. Eoh GA W2 7IE HCGA
ol A1 GA date st 2lAsE Ao ke

>t°i‘ﬂ

Ygoln 1 9o Ak HGAS SUsHAl /dstitt ot
gt =A Z710] itk HlaE HsiA &= e
(N =100, 200, 300)S W7stH ZIs¥stgon) 7zt
sl 59] ddS Soll ERLZE Tpet 29 AR of

e Btts Hlastltt. BollM B0l A9 AR ¢
GA®= Multi-Starto]] H]3]] V= 100, 200, 300 Z}z}] 7
Q 13.74%, 12.19%, 11.77% HoHo2 FgEqict. of

© oA AuelFol o] 4ol awt 9L Julat

L.

T}, ®5F HGA= GAYT} 26.49%, 19.26%, 17.36% Bt
Hoa eI, ol AojEo] 9A Au2lE
Ay} Adtetel B Gt 9leg Qjulgict §E Ea
mE s EWoAE GAZL Multi-Starto] uls)
N=100, 200, 300 Z¥Zto] Ao s 26.29%,
19.05%, 8.64% WAooz FEAA|ZIA HGAE= GAHCH
42.04%, 36.4%, 33.78% HA 07 SFAL]QITH =231
AQ AR EMATE £ thhot TA ATo] Qe A
£9Q1g 13 o HGAZH 0he PgAQl she s
o 5 otk w3t Nzlo] 7o) wlet 4% B0l
st o ol 2A9] ol = Uje #7] mRo =
s} 32 7jie] ofx|7t 2 Aow ojasich

b o

ol
P oy do

o

V. Conclusions

o
[>
He
m
1o
L
>
il
_@
S
ol
gzj N
OD:
ok
ilte
>
o
ol
o,
8 B
£ B
2P e

10
=D
=
‘%
n
1
QO
°
lo ki
o
a
filo

=
A oeuzaé% 9 9

E*Kﬁﬁ}o“‘f% 7& Kﬂ%

N
—~
o
[e]]
—_
A

U
)
=

to
S
o
o oY
oy
ol
ol
N
19 3
ol
:x:ﬂ
2 L‘
O
Tﬁ
O
roh
\JJ
E
Mo
£

T

T+

19
o
-

ﬁﬂ} 2 Aol 7R
q B_J_pﬂi xbg_
2 Qlolck AT B =Rolie AR £ 2
oMl FE Y, ERMAREVL BES —%71% %40 a

o
& 5 FUAY 245 WiYshs o ¢ 7117}

Kl
%
1)
=
E
[@p]
&
;
l'LIO
=]
o
rO koo o

USL‘ i
o ok
El ﬂ-|| o
a6

ﬁ)‘_ld
tu



56 Journal of The Korea Society of Computer and Information

ACKNOWLEDGEMENT

This work was supported by Institute of
Information & Communication Technology
Planning & Evaluation(IITP) grant funded by the
Korea government(MSIT) (2020-0-00869,
Development of 5G-based Shipbuilding & Marine
Smart Communication Platform and Convergence
Service). This result was supported by "Regional
Innovation Strategy (RIS)" through the National
Research Foundation of Korea(NRF) funded by the
Ministry of Education(MOE)(2023RIS-003).

REFERENCES

[1] Yeon mi Suh, Myung-Il Roh, and Doo-Yeon Cho, "A Study on
the Optimal Operation Planning of a Transpoter Using the
Optimization Technique," Korean Journal of Computational
Design and Engineering Conference Paper Collection, pp.
187-192, Jan. 2011.

[2] Sun-Bin Yim, Myung-1l Roh, Ju-Hwan Cha and Kyu-Yeul Lee,
“Optimal Block Transportation Scheduling Considering the
Minimization of the Travel Distance without Overload of a
Transporter,” Journal of the Society of Naval Architects of Korea,
Vol. 45, No. 6, pp. 646655, Dec. 2008. DOIL: 10.3744/snak.2008.
45.6.646

[3] Cheol Min Joo, “Determination of the number and schedule of
transporters for block transportation in shipbuilding,” Journal of
the Korean Society of Supply Chain Management, Vol. 13, No.
2, pp. 143-150, Oct. 2013.

[4] Ahmed Maghawry, Rania Hodhod, Yasser Omar and Mohamed
Kholief. “An approach for optimizing multi-objective problems
using hybrid genetic algorithms,” Soft Computing, Vol. 25, pp.
389-405, 2021. DOI:10.1007/s00500-020-05149-3

[5] Hossam Magdy Balaha, Mohamed Saif, Ahmed Tamer and Ehab
H. Abdelhay, “Hybrid deep learning and genetic algorithms
approach (HMB-DLGAHA) for the early ultrasound diagnoses of
breast cancer,” Neural Computing and Applications, Vol. 34, pp.
8671-8695, 2022. DOI:10.1007/s00521-021-06851-5

[6] Gagan Deep Singh, Manish Prateek, Sunil Kumar, Madhushi
Verma, Dilbag Singh and Heung-No Lee, "Hybrid Genetic Firefly
Algorithm-Based Routing Protocol for VANETS," IEEE Access,
Vol. 10, pp. 9142-9151, 2022, DOI: 10.1109/ACCESS.2022.3142
811.

[7] Jae-Young Shin and Na-Hyun Bak, “Transporter Scheduling with
Transporter Combination in Shipbuilding,” Journal of Navigation

and Port Research, Vol. 38, No. 3, pp. 299-305, Jun. 2014. DOL:
10.5394/KINPR.2014.38.3.299

[8] Woon-Seek Lee, Won-Il Lim, and Pyung-Hoi Koo, "Transporter
scheduling based on a network flow model for dynamic block
transportation environment," /E interfaces, Vol. 22, No. 1, pp.
63-72, Mar. 2009.

[9] Jong-Heon Moon, Won-Sun Ruy and Doo-Yeoun Cho, "An
Operation Scheduling of Transporters Considering Turns and
Passing Delay at the Intersection Roads on the Shipyard," Journal
of the Society of Naval Architects of Korea, Vol. 54, No. 3, pp.
187-195, Jun, 2017. DOL: 10.3744/SNAK.2017.54.3.187

and Ju-Hwan Cha,

“Comparison of Optimal Path Algorithms and Implementation

[10] Jong-Heon Moon, Won-Sun Ruy,
of Block Transporter Planning System,” Journal of the Society
of Naval Architects of Korea, Vol. 53, No. 2, pp. 1157126,
Apr. 2016. DOI: 10.3744/snak.2016.53.2.115
[11] Michael Jiinger, Gerhard Reinelt, and Giovanni Rinaldi, "The
traveling salesman problem," Handbooks in operations research
and management science, Vol. 7, pp.225-330, 1995. DOL
10.1016/S0927-0507(05)80121-5
[12] Edsger Wybe Dijkstra, "A note on two problems in connexion
with graphs," Edsger Wybe Dijkstra: His Life, Work, and Legacy,
pp. 287-290, July 2022. DOIL: 10.1145/3544585.3544600

Authors

Jun-Ho Park is supposed to receive the B.S.
degree in Computer Science and Engineering
from University of Ulsan, Korea, in 2024. He
) is currently a B.S student in School of IT

Convergence, University of Ulsan.

He is interested in genetic algorithm and optimization.

| Yung-Keun Kwon received the B.S., M.S.
\

and Ph.D. degrees in Computer Science and
Engineering from Seoul National University,

Korea, in 1999, 2001 and 2006, respectively.

‘,9. He is currently a Professor in Department of
7/

Electrical, Electronic and Computer Engineering, University of

Ulsan. He is interested in genetic algorithm and optimization.



