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Transporter Scheduling with Transporter Combination in Shipbuilding
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Abstract - In a ship-building, a transporter is the moving equipment to transport ship blocks from a workshop to another in a shipyard.
The efficient scheduling of transporters has an important role r the operation of a building ship to be completed on schedule. There
are the previous studies on the transporter scheduling or moving blocks in a shipyard. These studies have no consideration or the
transporter combination to Increase the productivity of moving blocks. This paper presents an efiicient transporter scheduling model
considering transporter combination explicitly. The objective of this model is to minimize the operational cost and maintain the workload
balance among transporters. we also present three heuristics algorithms based on tabu search for finding the solution of the model. The
efliciency of the proposed heuristics are verified with several computational tests.
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1. Relocate operator(Fig 3)

Step 29] EWNATE KA B2 § E AA

w =w,— Y, Eckxfj—ckr

ke VjEN

for k; = 1,---,m do

if (w <¢, and Z"EZ =0) then
! JEN

Repeat (ko &9¥ BE &5 jo dis|A])

if (j & N and j & N}) then

B2 jo A B Fo 55 (& wjA 3},
feasible(#] ¢F-& B5F WSS & o]kl F7}
T1 2+5-9—~7-13-20~4 =3 Tl 2+5-9+7+20-4-+3

T2 4-+7-+14+16-8-11-22 T2 4-7-14-16-+8-13-11-22
T8 1+-12+10-18-+19-+21-23-22 T3 1-+12-+21-+10+18—+19-23-22

(a) Initial (b) Neighborhood
Fig 3 Relocate operator

2. Swap operator(Fig 4)
w =w,— E chmfj—ck/
kE VjEN
for k, = 1,---,m do
if (k;==£k) or (v < ¢y, and ;vxfj = 0) then
j

Repeat (ko] &35 E EE jo| dialA)
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if (j & N} and j & N?) then
EZ j9 EZ 9 &ME 1A, feasible s1E o] %3]

o F7}

T1 2+5=9+7-+13+20+4 =3 T1 2+5-+9--8+13+20~4 3

\

T2 4+7+14+16+38+>11-22 T2 4-+7+14-+16-+7+11-22

T3 1-412-10+18-+19-+21:+23+22 T3 1-=31+10-+18-19-43503+22

(a) Initial (b) Neighborhood
Fig 4 Swap operator

3. 2-Opt operator(Fig 5)
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for k; = 1,---,m do
if (k, ==k") then

Repeat (k,°l @3%

if (j & N and j & N}) then
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EE j

Tl 2+5+-9-7+13+20~4+3 T f

N\

T2 4-7-14-16-+8-11-22

2+5+-9-8-11-22
T2 4-7+14+16+7+13+20-4 3

TS 1-12-10-18-19+21--23-22 13 1-21+19-18-+10-+12--23-22

(a) Initial (b) Neighborhood

Fig 5 2-Opt operator

= 34 %131%01]/\1 EE9 3 9 AHS wixAA
9] 37 }X] operatori o] -3 = EAE=
5 o8 ¥ R3S sto] A
7F5AS Eolma) st} 3.29 B A

b
A% ves MESE nIEMH), 24T FEZ Aol
WAEA G AP A% gD 5 YES she] WEs)
B ARIEM), 2708 ATde wEas 2udE
M) Al A FaEEe AddTh Aw A4 FuEe
Step 1ol = 23S Z7]o wel L3R e H3 Luds
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Table 15} 2ol e & 9ok, A4 FualE Ao @
& Waa iy olF 25 571102 A9 Bit 19 2ol7h 9
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Table 1 Experimental Results

Optimal
Solution Hi He H3
Case  Sol M€ gg  IMe gy Time g Time
(sec) (sec) (sec) (sec)
10_1 71 7.0 74 0.80 82 033 72 0.2
102 76 9.4 78 0.88 78 0.36 8 0.2
103 70 9.1 75 0.83 70 034 70 0.2
104 84 104 85 0.87 8% 034 34 0.2
105 76 9.4 78 0.82 82 03 78 0.2
201 104 879 113 175 113 0.90 113 05
202 8 1466 103 123 101 0.71 98 0.6
203 101 1978 109 145 109  0.69 107 06
204 101 4518 113 146 115 0.79 111 06
205 101 6213 113 134 115 0.73 110 0.6
50_1 NA 220 275 171 53.8 187 4.2
50_2 NA 304 330 278 49.6 308 89
50_3 NA 2714 417 244 453 253 71
50_4 NA 265 393 263 483 266 9.0
50_5 NA 331 335 311 482 328 69
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Table 2 Experimental Results

Optimal
Solution Hi Hz H3

Case Sol M€ gg Tme g Tme g Time
(sec) (sec) (sec) (sec)

200_1 NA 511 1414 464 4469 471 633
02 NA 646 8381 514 2991 495 488
203 NA 547 1347 468 4087 489 479
204 NA 575 1211 514 3125 491 453
205 NA 565 1197 520 3007 491 495
300_1 NA 787 1438 789 680.0 787 741
300_2 NA 614 1711 605 6966 613 769
300_3 NA 595 169.1 618 5768 598  69.0
300_4 NA 634 1638 646 6478 644 9.7
300_5 NA 732 1762 693 6169 734 893
500_1 NA 901 2932 904 1571.0 904 1297
500_2 NA 83 3285 84 15593 89 1157
500_3 NA 904 3258 910 16984 906 1545
500_4 NA 957 3065 968 16454 963 1428
500_5 NA 901 3610 910 15914 905 1409
HoFErh ol E5 71 308 "o W HHME ke
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U oolE &5 70 10, 209 W 2F Atz wop o Axt
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EH B2 571 20070 o8ty wf, H2
Y w= H3 > H2 > Hl €22 £& 3 )
50070 w+ HI > H3 > H2 22 £2 3= 248t
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2 AR Ul -5 5 gAlo] ThestER w4 2] EW
2XH dA AFolA o]&d F J& FHe=Z |gEr).

g5 B AXF EE EY A 34 Ao EA
2XE IA AYS dAsI AL s HHE A EE &
EAEH 2L S P AoR Holy o wWE F7FH< 4
T 288 Ae=w Hlr),
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