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Optimization of Maritime Container-Transportation Network Through the Use of Genetic Algorithm

by Makoto Arai, Member

Yoshinari Yanai, Member

Summary

Recently, the amount of international maritime container-cargo movement has seen a dramatic increase, especially in East
Asia. In response, shipping companies have formed strategic alliances and have attempted to upgrade their service to attract more
cargo. As well, very large container ships have been introduced and voyage routes have been optimized to improve transportation
efficiency. In this study, a Genetic Algorithm (GA) is applied to develop a design method to further optimize the maritime
container-cargo network. In this method, not only the sea routes of the container ships but also detailed information regarding
cargo flow, such as which cargo is transshipped to which ship at which port, etc., is considered. Thus, an effective design of the
transportation network can be achieved. From a case study in which the scale of the cargo volume for a virtual alliance was
assumed, a pendulum route between Europe and East Asia was obtained as an optimum solution. Also, another case study, in
which the value reduction of the cargo due to the increase of trausit time is considered, showed that direct voyage routes, by which
the minimum transit time and no transship are realized, are effective. These results provide very useful information to the

stakeholders of maritime transportation.
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Fig.1 Routes of container ships and cargo flow.
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Fig.2 Voyage patterns.
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Table 1 Origin destination table. [Unit: TEU/week]

THAYA < 5 B

2 lex  |em  |wm | sm vun 5

D | (u¥ ik = (my7

o ere lew lew o | @E® won |27

TAY B
Aok 0| 18450 | 7,518 | 16,563 | 5427 | 6233 | 1,764 0
REG® | 18,075 o 3364 9,202] 6,386 | 6,008 3700 | 7874
wEGEL) 8,726 | 4,661 o| 60e3| 1498 8701| 764 | 6,396
PE( | 6L677 | 22,187 | 8,877 o] 1,087 6,315 | 2,056 [ 5363
s | 10970 | 6,198 | 1,851 0 o] 6285 | 1615 | 737
B 19,255 | 8,196 1469 | 6933 | 1.968| o 1410 13248
vomgen | 1558 | 4890 | 470 | 706 | 4,406 | 4817 o| 706
il o| 9967 | 5605| 4100 5749 | 6870 | 5316 0
Table 2 Distance table. [Unit: N.M.]

a4 HiE #1 i otk 2 vud | myFa
Hhz H—s EeS
vy 0.0 48380 | 5229.0 | 5709.0 | 61100 | 6369.0 | 7666.0 7748.0
ER
ik 4838.0 0.0 668.0 | 1035.0 | 1336.0 | 1583.0 | 2891.0 | 112040
b 5229.0 668.0 0.0 491.0 9120 | 11500 | 2502.0 | 10814.0
i 5709.0 1035.0 491.0 0.0 599.0 823.0 | 2191.0 | 10489.0
213 6110.0 1336.0 912.0 599.0 0.0 3410 | 1624.0 9904.0
i 6369.0 1583.0 } 1150.0 823.0 341.0 0.0 | 1456.0 9754.0
“; b ’ﬂ" 7666.0 2891.0 { 2502.0 | 2191.0 | 16240 | 1456.0 0.0 8322.0
/ﬂv ;/’ i 77480 | 11204.0 | 10814.0 | 10489.0 | 9904.0 | 9754.0 | 8322.0 0.0
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Fig.3 Proposed transportation-network optimization method by
using GA.
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Fig.5 Example of an individual (GA step2).
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Table 3 Examined cases.

Casel [ECOEW%Z L >0 |Tablel D OD 7 —Z 0D 100% %% 5.

RIZAETIES & & 2 |96 E=(0.22*TEU+1800) mile,

7 BE OB

Case2 | VIR 727T 747 X |OD 7 —% D 15%% & > (Table 3),
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Table 4 Origin destination table — 15% cargo flow for a virtual

alliance. [Unit: TEU/week]
TAYR . N ]
N e o |8 |G |6k | = | X e

TAY A= o| 2769 | 1128 | 23838 814 935 285 [
Y2 R)
B AR Hi) 1,961 0 505 | 1,394 958 901 566 1,181
REGL) 1,309 699 0 906 225 565 115 959
PECLE) 9,252 | 3,328 582 0 163 47 308 804
BEGE ) 1,646 929 208 0 0 943 242 1,106
i 2,888 | 1,229 220 890 206 0 212 1,987
v HR—A 233 659 71 106 661 723 0 1,060
BM(a » 7 0| 1,49 841 616 862 | 1,081 797 1]
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Fig.5 Result of Case 1.
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Fig.6 Result of Case 3 (Large ships).
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Fig9 Fitness change in generation (Case 1).
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