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[Abstract]

In this paper, we propose a novel genetic algorithm to reduce the overall span time by optimizing
the skid insertion sequence in the shipyard subassembly process. We represented a solution by a
permutation of a set of skid ids and applied genetic operators suitable for such a representation. In
addition, we combined the genetic algorithm and the existing heuristic algorithm called UniDev which is
properly modified to improve the search performance. In particular, the slow skid search part in
UniDev was changed to a greedy algorithm. Through extensive large-scaled simulations, it was observed
that the span time of our method was stably minimized compared to Multi-Start search and a genetic

algorithm combined with UniDev.

» Key words: Subassembly process, Skid sequence optimization, Conveyor environment,
Hybrid Genetic Algorithm
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I. Introduction
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III. Problem Formulation
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Skid Processing Time

Process X Process Y Process Z
A 3 3 1
2 4 3
C 1 2 5
Fig. 1. Example of Processing Time for Each Skid
Case of Total Span  Total Wait
skid Schedule Chart
Schedule Time Time
A 3 3 1 @)
Case1 | 8 EE 3 18 | @
C 1 (3) 2. 5
B 2 4 3
Case2 | C 1 (€) 2 m 5 15 6)
A 3 3 @ |1 ‘
| = 5
Case3 | B 2 a4 (0] 3 12 (3)
A 3 @ 3 1 ‘
* Wait Time
Fig. 2. Example of Span Time Change By Skid Ordering
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Function HGAQ
population < Initialize()
for 1 =1 to generation

Py Py < Select(population)

offspring < Crossover(p;, p,)

1

2

3

4

5 offspring < GUniDev(offspring)
6 if MAX(span(p,), span(offspring)) < span(p,):
7 population < replace(offspring, p,)

8 elif MAX(span(p,), span(offspring)) < span(p;):
9

population < replace(offspring, p;)

10 return best solution of population

Fig. 3. Pseudo Code of Hybrid Genetic Algorithm Used in
This Study
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Fig. 4. An Example of Encoding
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4.4. Crossover
AR AgE BR sjge] gHALE
2 o] 3ol M=% AHA] 5H(offspr1ng)7} AN 9
S

AnF WA} QAN A3HHO 2 WY WA, A L
A @5 @Ak S0 9t [10]. & @PolAE BB ojy

Pr:[ | o[ [a]s[e]7]
Pz s [ e | 7[2[a]3 ][]
step1 [ s [ 6 | 3 [ a5 | 3] 1]
Offspring 4 sep2 [ ] o [3 [ a [ s 7] 1]
Step 3 | | e [ 3] a]s ] 7] 1]

Fig. 5. An Example of Partially Matched Crossover
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4.5. Greedy Uniform Deviation-Based Heuristic
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1 Function UniDev(IT)
2 bestSolution < II
3 for e=1 to epoch

4 Randomly select t={1,---,N+ M—1}with
a probability proportional to
1 B
mkgf(sﬁk“*) where
A=max(t—N+1,1) and B=min(¢t,M)
5 if t< M
6 m <t
7 else if M < t< N
8 m<— M
9 else
10 m<— N+ M-t
11 Randomly select z&{t—m+1,---,t}with a

probability proportional to u(S7, ;)
12 Randomly select y&{1,---,N}with a
probability inversely proportional
to e(Sf,S;)
13 Swap the order of S7 and SF in II

14 if span(IT) < span(bestSolution)
15 bestSolution < II
16  return bestSolution

Fig. 6. Pseudo Code of UniDev heuristics [4]

= | T3, = m(s))]
E3H = 47]5 xsz} AJ|E y2 I 1 5 upgse WA}
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(57,50 = 3| T;fmwz:ul#z | 77— m (S5,
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7S o9 y S BHACL AR WA HA &
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Y
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2 @%q Figsel % 12, 271 i?lE 29 &M
PIee2 A, 93 B A el %2 3
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A2 7NIOR A7E o2 MEshL, WAt o ‘ﬂJHlE]o}
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29 yo] £4 Bato] o U2 52 Boltk Husz
7AAsto] olelat RPTAE YrEste] shS A4 A

rlr

71tt. UniDev ¢ 12]=2 uf Edoic AL 7j4S WA}

1 Function GUniDev(IT)
2 bestSolution < II
3 for e=1 to epoch

4 Randomly select t&{1,---,N+M—1}with

a probability proportional to
1 .

mkEAu(st’k+Lk) where
A=max(t—N+1,1) and B=min(t,M)

5 if t< M

6 m <t

7 else if M < t< N

8 m<— M

9 else

10 m<— N+ M-t

11 Randomly select z={t—m+1,---,t}with a

probability proportional to u(S7_;, )
12 E < {1,2,3, . N+ M—11\ Az}
13 MA < []
14 while £ = @

15 Randomly select yeF

16 II < bestSolution

17 Swap the order of S and S in I

18 o= span(IT") — span(bestSolution)

span (bestSolution)

19 MA.append(a)

20 if a>o0:

21 bestSolution < II'

22 break

23 if length(MA) > thres; or
average (MA[— W]) < thres ,:

24 break

25 E<~ E/ Ay}

26 return bestSolution

Fig. 7. Pseudo Code of GUniDev

SRl XITH =HEA A B S Fofl et ofs ©
ASEL O 7] ARE ZDAS 7]

T2t UniDev €12]52 A7|E & AEisH= &
= AR Yol Be 29| HARES ALt (Flg.6 &
12). o] a2l EAEE S7KIA & =wolMA"
94 melzat Agsto] AgstE A9 Ao HA] A7
o] XA 7tet= BAo] WAlsIT). oleist BAES

slast7] Yol & ==X 7I& UniDeve AAsH
H35t GUniDev (Greedy Uniform Deviation-Based
Heuristics)2 A|oFstct (Fig. 7). 2 J&oA B50] A
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V. Experiments and Results

B Ao R9sH= GUniDevZ |8t £ §HLw
2]5(0]% GA+GUniDevz £7])9] 45

E GA-+Unidev
N GA+GUnidev

AR & I' Ao

HE GA-+Unidev
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(C) N = 200

Multi-Start}¥, 7]& UniDev7|¥
(0]% GA+UniDevz T7])e} v
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MultiStart 9F GA+UniDevEC} RE AFAXAA £
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Boj&o} 9 GA+UniDev: Multi-Starto] H]
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AlSHC} E3H B2 Table 10]4

B0l Al 71 Y =2
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(B) N =100

H GA-+Unidev
B GA+GUnidev

(D) N = 400

Fig. 8. Relative Performance Improvement Percentage Over Multi—Start With Respect To Span Time
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800
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6 12 24 48 96
(C) N =200

= A71E RN B
A1 AlZtol F71ele @Y
o] 7 2 74 Multi-start Chu
61go] 7V Aok ol Alelo] W §
Zolo} 9jo] A7|E 7+ ARE 297} A7k}
oz o=y
Fig. 9& Al 7HA] © ] T%ii*
0] 2£ Table 2= FAIRQ Y&
0] Nt MO| 710 T2} 4 3@*]?}0]
ol =AY Hol=rt 7t Tt wAlst
st Qg2 Quistt 22 2 ASoA AQtshe
GA+GUniDev WM& Multi-Satrtdth= 2]Xx|9t
GA+UniDevi U= w7 Ae=|Qict. o] ofg] Alst ¢
ARRFE AQ A7 9Jsff Multi-Start2ch =2 & A]q 7]
= UniDevithe whes] Aloizlsjsls Sa0sta 9188
ojujeitt. wetA & =woA Atsh=
2]5 GA+UniDevo] Hlsf] oPg=lo=z
HAE gpan timeo] =8 gitRlo 7 7
L agxoz gRYTelET RelAtg

A
m

S
T

Al3]
=2

O
A
2

=2

800
E GA+Unidev
700 B GA+GUnidev
I MultiStart

600
500
400
300

200

100 I I h
0

(B) N =100

800

HEE GA-+Unidev

01 mmm GA+GUnidev

0| HEE MultiStart

500

400

300

200

100

0

6 12 24 48 96

(D) N = 400

of Running Time

VI. Conclusions

bk

TTw

2t gt vl

Mo opfxdog HolS

>~
=

l-'O
ol
—_
2
fu)
ro
re
4
=
2
)
PE)
ol
—_
rr

19
_,d

>
%
GIN ru}i

rlo

a

olrb{

Q.

=

l_ ==
5 o

o X

[> n> oy 1o 1 2 Ho

&
u
2=
zE
)
=
ol

AT

J[)il

=

71 784 967H,
T2 Aol s
she A=l o

& =zollAE
o}oﬂ ouf PAPS e

A= <Qlsh A5’]

= OH o
> o qu

ol
==

* i)
M oo
i

A7
J
=

3739 2AET =Al o

33t GUniDev §2]AE 1}
7:16]»6&- _gi_%kao s o}—,ax H]—H—l o 7§'ﬂ
EPAO] AE0] Multi-Starte} §2]AEu}
£ &5 & Ap

o

Ho Multi-Starto]|
asqdu



86 Journal of The Korea Society of Computer and Information

off Bt Aetst Algefo]d 2AS AAdsto] & A9 & [9] H. C. Bae, K. C. Park, B. C. Cha, 1. K. Moon “Scheduling of

A
O PRSE @
22 dse =

Q7} 9k Shipyard Sub-assembly Process using Genetic Algorithms” KIIE,
Vol. 20, No. 1, pp. 33-40, Mar, 2007.
[10] A. J. Umbarkarl, P. D. Sheth "Crossover operators in genetic
algorithms: a review." ICTACT, Vol. 6, No. 1, pp. 1083 — 1092,
ACKNOWLEDGEMENT Oct, 2015. DOIL: 10.21917/ijsc.2015.0150

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)(2021RIS-003).

REFERENCES

[1] J. G. Bark, M. G. Kim “Optimization of Quantity Allocation using
Integer Linear Programming in Shipbuilding Industry” JSNAK,
Vol.57, No.1, pp.45-51, Jan, 2020. DOI: 10.3744/SNAK.2020.57.
1.045

[2] I. H. Hwang, J. Y. Noh, K. K. Lee, J. Y. Shin “Short-term
Scheduling Optimization for Subassembly Line in Ship Production
Using Simulated Annealing” KSS, Vol. 19, No. 1, pp. 73-82, Mar,
2010. DOI: KSME-A.2005.29.2.262

[3] D. Bertsimas, J. Tsitsiklis "Simulated Annealing." Statist. Sci,
Vol.8, No.1, pp. 10-15, Feb, 1993. DOIL: 10.1214/ss/1177011077

[4] K T. Lee, Y. K. Kwon, “A mean-absolute-deviation based method LG
for optimizing skid sequence in shipyard subassembly” JKSCI , Min-Jac Choi is currently a B.S student at
Vol. 27 No. 12, pp. 277-284, Dec, 2022. DOI: jksci.2022.27.12.277 % Ulsan University in South Korea, and he is
[5] H. M. Kim, J. H. Kang, S. S. Park "Scheduling of shipyard block = expected to - graduate in 2024 Currently,

Min-Jae Choi is actively engaged as a student

-
assembly process using constraint satisfaction problem." APMR, ‘? . in the Department of Computer Science
Vol. 7, No. 1, pp. 119-137, Oct 2001.

[6] H. R. Choi, K. R. Ryu, K. K. Cho, H. S. Lim, J. H. Hwang “A He is currently a B.S student in School of IT Convergence,
Scheduling System for Panel Block Assembly Shop in University of Ulsan. He is interested in genetic algorithm and
Shipbuilding using Genetic Algorithms” KIISS, Vol.2, No.2,
pp.29-42, Dec, 1996.

[71 T. R. Ha, C. U. Moon, C. M. Joo, J. C. Park “A Hybrid Genetic
Algorithm for Scheduling of the Panel Block Assembly Shop in
Shipbuilding” KORMS, Vol. 17, No. 1, pp. 135-143, May, 2000.

[8] H. J. Kang, J. Y. Park, H. C. Park "Work planning using genetic

algorithm and 3D simulation at a subassembly line of shipyard"

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.

He is currently a Professor in Department of

Electrical, Electronic and Computer Engineering, University of
KWIS, Vol.1, pp. 18-20, May, 2004. Ulsan. He is interested in genetic algorithm and optimization.



Shipyard Skid Sequence Optimization Using a Hybrid Genetic Algorithm

87

Appendix Table 1. Detailed Span Time Results

(N, M) Multi-start GA + UniDev GA + GUniDev
(50, 6) 12223.09 1224458 12219.73
(50, 12) 16108.77 16174.09 16089.91
(50, 24) 17491.83 17687.98 17406.24
(50, 48) 25828.97 25887.65 25674.15
(50, 96) 40700.67 40862.34 40638.78
(100, 6) 23439.79 23946.50 23173.18
(100, 12) 27969.44 28326.37 27526.29
(100, 24 ) 32038.11 32430.07 31856.60
(100, 48 ) 40035.82 40082.66 39635.18
(100, 96 ) 54926.80 55316.75 54751.42
(200, 6) 48773.55 49893.88 47882.78
(200, 12) 55545.65 56183.48 54958.42
(200, 24 ) 62079.02 61633.41 60787.78
( 200, 48 ) 69714.16 69613.90 68889.92
(200, 96 ) 84585.37 85097.74 84243.80
(400, 6) 97498.94 98623.72 95853.46
(1400, 12) 111932.19 112564.56 111048.75
(1400, 24 ) 118776.99 118098.34 116861.24
(400, 48 ) 128491.24 128397.31 127525.79
(400, 96 ) 144423.83 145288.13 144390.73

Appendix Table 2. Detailed Running Time Results

(N, M) Multi-start GA + UniDev GA + GUniDev
(50, 6) 34.36 41.42 40.59
(50, 12) 36.66 45.22 43.09
(50, 24 ) 40.99 53.53 48.16
( 50, 48 ) 49.90 68.15 58.22
( 50, 96 ) 66.52 96.98 76.29
(100, 6) 56.36 74.64 65.60
(100, 12) 60.11 81.14 70.59
(100, 24 ) 65.39 92.96 75.23
(100, 48 ) 81.09 115.62 90.89
(100, 96 ) 103.97 163.68 117.08
(200, 6) 111.52 149.06 128.10
(200, 12) 115.90 160.85 135.35
(200, 24) 124.99 177.31 141.71
(200, 48 ) 155.55 220.21 173.28
(200, 96 ) 199.72 306.41 226.93
(400, 6) 249.07 331.64 293.16
(400, 12) 257.49 347.98 299.70
(400, 24 ) 277.72 378.83 320.11
(400, 48 ) 315.67 44712 362.27
(400, 96 ) 368,93 595.13 432.04




