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Study on Stowage Optimization in Minimum Container Transportation Cost

ZHENG Fei-feng JIANG Juan MEI Qi-huang

(Glorious Sun School of Business and Management, Donghua University, Shanghai 200051, China)
Abstract With the rapid development of container transportation along the Yangtze River,the stowage planning has
become an important issue in the development of container transportation. Aiming at the minimum shifting cost and
stack usage cost during the voyage, this paper established a mixed integer programming model that considers the ship
safety and loading stability constraints. Then CPLEX, genetic algorithm and greedy algorithm were designed to analyze
the stowage planning of small and medium sized container ships along the Yangtze River,and the validity of the pro-
posed model was proved. Besides, the two proposed algorithms were applied to solve the large-scale container loading
problem,and both of them can quickly get reasonable solutions. Compared with the industry experience,the experiments

prove that the proposed model can reduce 24. 73% on average for the transportation cost of the route and is of certain

guiding significance to the container transportation along the Yangtze River.
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EREE FEHE/ W CPLEX  Time/s| GA Time/s Gap/% GM  Time/s Gap/%
30 49 97 55 194 12,24 526 0. 05 973.47
42 60 28 92 31 203 10. 71 469 0.05 1575.00
90 30 91 36 198 20. 00 424 0. 05 1313.33
30 42 231 49 257 16.67 465 0.05 1007. 14
56 60 39 242 45 243 15. 38 714 0.05 1730.77
90 48 215 57 278 18.75 598 0. 05 1145.83
30 64 581 72 335 12.50 607 0.05 848. 44
70 60 68 586 77 338 13.24 871 0.05 1180. 88
90 76 592 86 341 13.16 656 0. 05 763.16
30 124 1461 146 428 17.74 1159 0.05 834. 68
88 60 119 1457 132 431 10.92 1084 0.05 810.92
90 127 1446 144 427 13.39 1393 0. 05 996. 85
30 475 2904 512 534 7.79 1235 0.05 160. 00
105 60 484 2892 517 526 6.82 1427 0.05 194. 83
90 491 2911 524 537 6.72 1355 0. 05 175.97
R 13.07 914.09

B Gap=(GA—CPLEX)/CPLEX * 100% , 5 28 % 19 Gap=(GM—CPLEX)/CPLEX * 100 %

Xt A W i £ 2 R G 3 i o A5 i ALARE Ik B v
B2 BRI IZ i 09 1R, CPLEX i LA 78 35 8L 114 B 5] P 5K 11 G i

. I E M iE M EURE X8 120TEU X UL R ¥ CPLEX
P 3R A BsF 18] 3 52 A B /N L A5 R SR /N AR 1 1 B IR St



244

i BN R

2019 4F

B RN DT AR R ORAS AG 4 R EAT AR AT .

F 2 & CPLEX 58t % 500k 0 5% 25 570 vk o op 45 BB 32
TR A E A AT A S A v B B T 2 DL R A
HIZ i HLBE 3k B 172 TEU B, Gap JT IR 8 98 11 3, 2 9
CPLEX #£ B /[N Py SR A3 14 T 28y 52 38 7 BU 38t 1% 50k 25, it ok

A 1 SR A I ) B2 3 /0 T CPLEX 1 3R fife i 18] , 3 2 B 33t
8 B A Hh ) B 24 32 i o R HR % I E CPLEX (14 3R fif 3005
U o EER T AR S A SR A B IR) AR A (H R L T AR G T 3R &R
5 CPLEX Mt .Gap 55 32.14% , 5 F FAEM 2 8K, i i
— 2B T UL T A R SR R A R

# 2 CPLEX. g f& 57k 5 5048 Wik 75 vh 45 8 fl LB T A9 JUAS X L 23

Table 2 Cost comparison analysis of CPLEX, genetic algorithm and greedy algorithm in medium-scale transportation
ZEREE EHER/Y CPLEX  Time/s| GA Time/s Gap/% GM  Time/s Gap/%
30 1053 7200 1250 1217 18.71 1709 0. 05 62.30
126 60 1083 7200 1271 1308 17. 36 1874 0. 05 73.04
90 1119 7200 1292 1347 15.46 1680 0.05 50.13
30 1296 7200 1453 1630 12.11 1631 0.05 25.85
147 60 1316 7200 1469 1643 11.63 1618 0. 05 22.95
90 1278 7200 1443 1639 12.91 1527 0. 05 19. 48
30 1879 7200 1894 1841 0. 80 2294 0.1 22.09
172 60 1910 7200 1871 1834 —2.04 2444 0.1 27.96
90 1893 7200 1906 1867 0.69 2245 0.1 18.59
30 2170 7200 1987 2058 —8.43 2572 0.1 18.53
196 60 2214 7200 2094 2116 —5.42 2564 0.1 15. 81
90 2148 7200 2033 2077 5.35 2770 0.1 28.96
T 5.70 32.14

it fE BIL Y Gap=(GA—CPLEX)/CPLEX * 100% , %t 2 8.3k 1) Gap=(GM—CPLEX)/CPLEX *100%

Tk 3 AR 6 AR 1 3B L RL, {1505 A = 1k B 224
TEU DL i}, CPLEX AN BE 7 A 2% B [a] P oK A 1R e 3% 2.
PRI, o 38 45 B 0k 5 B AR S T 7E 220 10 4 2 A R MBS 1
BT AT M. FEAS R %6 2k i DL K AR 1 R L R 4R
rh AJE B AR 1 KRS B EAT 0 LA BT L S5 SR N3k 3 BT

3 WG AR R E KOMUBEE R I AR X L
Table 3 Cost comparison between genetic algorithm and greedy

algorithm in large-scale transportation

EWMAE EHE/Y GM Time/s GA Time/s Gap/%
30 2852 0.1 2219 2011 22.19

224 60 3023 0.1 2322 2054 —23.19
90 2863 0.1 2276 2048 —20.50

30 3123 0.1 2071 2236 33.69

252 60 3099 0.1 1976 2257 —36.24
90 3263 0.1 2189 2219 —32.91

30 3847 0.1 3084 2394 19.83

284 60 3936 0.1 3146 2411 —20.07
90 3629 0.1 3031 2406 —16.48

30 4204 0.1 3212 2713 23.60

315 60 4022 0.1 3101 2644 —22.90
90 3400 0.1 3007 2610 —11.56

30 4338 0.1 3457 2903 20. 31

350 60 4706 0.1 3321 2886 —29.43
90 4533 0.1 3389 2924 —25.24

30 5216 0.1 3561 3016 31.73

385 60 4887 0.1 3417 3114 —30.08
90 5036 0.1 3588 3077 —28.75

30 5451 0.1 3991 3241 26.78

420 60 4810 0.1 4076 3285 —15. 26
90 5438 0.1 4189 3236 —22.97

30 6071 0.1 4636 3486 23.64

455 60 5863 0.1 4233 3394 —27.80
90 6394 0.1 4571 3465 —28.51

30 6232 0.1 4516 3761 27.54

490 60 6253 0.1 4371 3714 —30.10
90 6181 0.1 4573 3687 —26.02

30 6837 0.1 5347 3921 21.79

525 60 6578 0.1 5149 3957 —21.72
90 6988 0.1 5516 4016 —21.06

FH 24.73

H:Gap=(GA—GM) /GM * 100 %

TR VLI 5 132 i 7 v o 5 A B A T 2800 3 RE 6
A 3 M e AR 5 2 A o i e AR P R 32 i A [ IR R e T R
TAERCR . A 1 4l 57 1R 5 B BN R R B0 5 L 6
X 4 2 A TG A8 R LR AT 07 020 AT A o A0 26 A 12 il A 7Y
[ B B2 7 O AR AR,

BERIE SO X W O A B )R AT T AT
TT o M DU e 305 5 R 45 A0 R 20 T o R A S R
AR A BEORI B K CPLEX SRR L 5 e A
5T SRS He AR AT L UE B TR R AR AL B AT R L TR B A X
R LA 4 24 A I 155 0 o T 41 A58 L A7) RE 7E 5 19 N TR P9 A
A BT 5 5 AR T U 2 A2 v 9 22 i AR X 4 e A T
AT R E B —E M SR

T8 F i o A v AR 28 B 22 18] B9 5 St 1 S5mR L 1
Vi) 1 22 5 200 45 B 2 W R K R A IE AT R BRI R . R,
% B AR R AT ISR | DL WA 4 2 B X B R L DL I /M 5
P 5] 401 412 e A 1z i 2 T A5G R A5 22 B B 4R A I AL 2 2 T
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