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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

4.2. Fitness Evaluation
A= H7he A" A ofle] Aot (Fitness)E 7
Feohe 1oty AP e 2 GAQ M=, WAl A4t &
A ARBEC 2 Afoa= 3FofA HYst A7|E &
A o) w2 JA A AR span (I7) 0] S|t
WS O ol A= 3 fitness (IT) 2 AHSRlY.
1
span(IT) "

rfr o 2

fitness (IT) =

4.3. Selection
L kS A4 12 A

ahgolct. 22 MRS e B2 aS Mestl ot

222 BoIRlel, Ao AR WA 22 71

ol Sick. Wl e ARIw) ¥ sfg HelEl 4

SPIPI2| ARl 03 e Tk 2 2R
U] 58 HE AUAE BEIE ofs of

1 io) A% 248 probi)e) RolE Uepdic
fitness (i)

—

Efitness ()

ji=1

ol o P siFEe] Z7]olch

_l

X

2L

dﬂ.l

EU
;rx:ﬂ EOI'
ol

o rr o o ru rr
o o

prob (i) =

4.4. Crossover
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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(I) < span(bestSolution)
15 bestSolution < II
16  return bestSolution

Fig. 6. Pseudo Code of UniDev heuristics [4]
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k=1 k=
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HE2 y2A7|E2 Ml o3 HEE & vl
29 yo] £4 Bato] o U2 52 Boltk Husz
7Asto] olelat RATE YrEst] shg A4 Al
70tk UniDev 2252 of gAiolct s 7jde 27

rlr

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 B
ﬁk&“(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 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= &
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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
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E GA-+Unidev
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B GA+GUnidev

(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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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




