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Abstract: This paper aims at solving the problem of ineffective dispatching status for flatcars in shipyard
transportation tasks using the task time window and the loading constraints of various types of flatcars and
blocks as constraints. Considering the fact that the weight of a single large block exceeds the maximum
loading capacity of a flatcar during actual transportation, this paper proposes a method of cooperative
transportation using multiple flatcars. Aimed at establishing an optimization model, the optimal objects set
the no-load travel time and waiting time for the task as the weight of the flatcars. Then, a tabu search
algorithm is designed to solve the model proposed. Taking the actual data of a shipyard as an example, the
application of the model is verified by specific examples. The results show that the method proposed
provides a better scheduling scheme which can solve the transportation problem of large blocks and better
realize the efficient utilization of resources.
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Fig. 1 Distribution of roads and yards
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Fig. 2 Diagram of multi-flatcars cooperative transportation
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(O2%) T1805 P7314 326 [100,300] Oy T1805 P7314 326 [350,520]
52 THRERE B S PATAE 55 2 [a) 1 2 7K 2 o 5 AT 55 O I P AT IS
Tab. 2 Flatcar informations I5] {%EEM [E] ﬁ 2@% ;% 9.18.,28.38 %EE%ygj(?—ﬂ{{
- i %5+ th P PHL 4 D i 2145 S0 B T
- PR RCE. SR S R B T R ERE R
- . 125,380 t %15 %5 55 i B 200 ¢ 4 B {1 L
b 20 3 B o T R AR R 0 A
Le 325 PRECE TR B R BT AR S 200 ¢ 1 43 B o 7K
Lis 380 HEE SN 250 t 5L 270 ¢ 197 M 4203 . AR A v] BE i
Ly, 380 B 250,270 t 1F-H 2 22 JE Y Iz AT 55 AN i 2 B[]
L . T 240 o B A 7 T A SR i e 7
TR A
*3 PHEER
Tab.3 Scheduling results
O; L, o/t £; /min O; L, o'/t £;/min
O Ly 380 23.13 O Lis 380 295. 43
0. Ly 380 10. 43 (o L, 325 150. 00
O Ly 325 162.78 o Lis 380 182. 31
Oy Lis 380 18. 80 Oz Ly 325 340. 97
Os Lis 380 136. 49 o L 380 340. 58
Os Lis 380 10. 43 Oq Lis 380 284.52
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O; L, o'/t ¢} /min O; L, WA 7 /min
Oy Lis 380 76. 89 O27 Lis 425 327.92
Og Lis 380 81.93 O2g Ls.Ls 2504270 300. 69
Oy Lis. L7 4254250 192. 31 Oz Lis 380 407. 39
Oq0 Ly 380 192. 31 O30 L; 250 250. 00
On Lg 270 245. 84 O3 Lo 325 280.09
Oy Lsg 270 222.36 O3 Lo 325 384.22
O3 Lis 425 136. 58 O3 Ly 380 284. 86
(O Lis 425 131.54 O3y Lg 270 292. 60
O15 Lig 380 239.03 O35 Ly 380 385. 81
O Lo 325 220.91 O3 Lis 380 353. 26
Oq7 Lis 425 238.43 O3z Ly 380 430. 43
Oqg Lz, Ly 3804250 140. 05 Osg Lg,L; 2504270 358. 81
Oy Lis 380 241. 32 O3 Lis 380 454.72
Oz Lis 425 284.11 Oyo Lis 380 497.92

4.2 HEZXENF

4.2.1 FEBREH N TRIFTEZE SR LK
ff AR ) PERE L LA Z LT 1 S R B e HEAT SE 5 AT
5855 6.8,10,12.20,30,40,505 K AT 55
By 1.1.1.1.2.3.4.5; F o 4 50 g 2.3.4,
5.6.7.8. LIAT 55 AT B[] L 25 4T 55 22 (6] () A7 s b+ (]
A by i A B2 IS T 98 AR 9l S bR 1 S R AT R KL 2R
IBM TILOG CPLEX i fb 3K fif & 5K it 2, 2% w48 R
T Java G F S . 75 B SR B AE T b A
P i CPLEX SR 25 1K M iR h 3 600 s.
4.2.2 XBRZERL5 S B ITEN IR R

GAp:f”f%fﬁ,ﬁ\q:,f“j@;%sg;fglz%%;%;%a@ﬁeﬁ%

Hes f° 9 CPLEX (R 45 8. /NIUAEAT 55 JORIF- A
R AU 2 M5k SR i a5 RNk 4 s

F4 MHEESH CPLEX EEZ R REIL

Tab.4 Comparison of CPLEX and tabu search on small-scale

tasks

n L, fe /s e /s GAP
6 L, 46. 2 0. 818 46. 2 0. 596 0

6 Ls 59.0 1. 095 59.0 0.425 0

8 L, 75.3 0. 787 75.3 0.565 0

8 Ls 73.3 29.172 73.3 8. 590 0

10 Ls 121.2 23.276 121.2 8.238 0

10 Ly 108.0 214.117 108. 2 15. 785 0

12 Ly 153.7 26.418 155.5 15. 775 0.011 58
12 L, 148.7  243.750 151.5 16.026 0.018 48

HU 3 YR it 04 7 Y AE A5 S 48 R Bk 1 e A 4
B Hoh o o CPLEX YR A i 6] 5 2 2% S48 R
(18 SRSk BSF ) v A5 R ASE A 55 B3OR P A B T
2 BT R R A R AR 5 PR,

HH 2% 4 AT, B AT 55 B5OR 7 B 4 B B 3 m
CPLEX ) 3K fift b [a] 2 R 1 . 2% S8 R BIL AR AT 55
Bl 6.8.10 B REAE K Y S5 A0 A o 76 AR S e AR AR 1Y
Wk A 1 bR 3 B A A GAP /NTF 0. 02, [R] B =R
i B 1) 1 A 2 R 360, UE B A% 28 R BE R A Ak
HATA7 . B138 5 AT 4T 55 80k 20 PR R0k
4 B, CPLEX ©.£:7F 3 600 s (N ICvE R R A0 f. &

x5 hEHBESH CPLEX EEIEERMWIL
Tab.5 Comparison of CPLEX and tabu search on medium-

scale tasks

n L, fe /s I /s GAP

20 Ly 248.75 3600 257.9 28.798 0.035480
20 Ls 244.63 3600 254.8 31.270 0.039 913
20 Ls 245.65 3600 247.9 45.756 0.009 076
30 Ly 360.40 3600 353.5 40.470  —0.019 520
30 Ls 330.25 3600 328.4 63.954  —0.005 630
30 Ls 343.45 3600 330.9 62.206  —0.037 950
40 Ls  468.43 3600 472.9 62. 890 0.009 452
40 L;  450.01 3600 453.2 61.153 0.007 040
40 Lsg 479.88 3600 441.1 61.574  —0.087 920
50 Ls 702.46 3600 611.3 78.528  —1.491 200
50 Ls 698.89 3600 593.4 75.504  —0.177 780

50 Lg 788.26 3600 602.1 77.359  —0.309 180
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Xt A8 R AR 1) A 55 50 Al 42 Bt 2R R M R Bk
BInr LAAE 80s PsRAFZ5 5, HLAEAT 55 4k 30.40.50
ISR A5 Y 45 5 B A T CPLEX. Ho Al AF 55 50 F0 - 4
R GAP #H/NTF 0. 04, B 0F T 28 S RE LT
S Rz FH LA A T R

B TR A H A R A% I8 T SRR R ] i DL
% BT AT 55 0 T A S0 AT I ) L (E R 28 g il Rk
HIR R J7 i A AT 55 0 JF I 1sF (8], L RE AR 9 o) 0]
FE 55 8 50 1) B [ 32 5 1 AT I T 4, S S 380 T
RIRAEAT: 55 0 285 248 oK M 4 R 5 S e ok e S5 R
] 12— iy 2206

5 #iE

-]

% BV M A 5 A 32 i A A 23 BEAE S5 1) B9 32 g
A E AT i i VAl A A O e ke R B gy B i i
B w25 4R 3 A R AT 55 Y O 4 I ) LA D0 P Al
BB SFE I E] . AR SR AT LU L BT B SR AR R
BB LT AR AT PR 3 SR A Joi i A ) %
WUk 7T R A S A Rk B B AR AT
P S92 B A 7 AL g it vy A RASE [ AL Ak 9 065 5 an
AR B SR A A L 0 AT T SR W G A B 4 10 4
o I 1] 452 [5) BEATS 5 2E— 25 A T 58
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