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Abstract : In Korea, most of small fishing vessels whose lengths are under 24m frequently cause maritime accidents due to flood and capsize.
In this situation, however, there are no stability criteria and data for small fishing vessels. In this paper, the authors investigated data of
10 real ships which were built since 1990, and derived equations for evaluating ship’s stability using Genetic Programming. Also, the validity

o GM estimation using Genetic Programming was shown with comparison of GM value by foreign standards. More data dof real ships are
needed for the application of these theory to ship design process.
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Table 1 Application of the stability rules
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Fig. 1 Concept of Initial System composition using Genetic
Programming
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procedure SGP( )
initialize(Population);
evaluate(Population);
while not (terminal condition satisfied) do
MatingPool = reproduce(Population);
MutationPool = crossover(MatingPool);
Population = mutation(MutationPool);
evaluate(Population);
end while
end procedure

Fig. 2 Simple Genetic Programming
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Fig. 3 Flow chart of GP
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Table 2A Principle items of the varies fishing vessels for
stability investigated
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BE | gam | sA7 | #A% | AW | asds |
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#=@m| 171 1.99 299 2.99 499 |

Fax4 L| 780 8.70 8.70 8.80 10.90 [
m B| 19 2.20 2.40 2.40 2.80

D| 070 0.70 0.84 0.36 100 |

d 0.789 0.639 0.820 0914 0886 |

(dw) | (0.539) (0.439) 057) 0.664) 0.636) |

Q4| 2 2 2 2 2 |

& ¥ (Knot) 15 15 17 13 15 [

Table 2B Principle items of the varies fishing vessels for
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Table 4 Inference of GM using GP

stability investigated Variable] L | B | D . d |[(GM)REAL] (GM)GP_[(GM)GP/(GM)REAL
1 [7.80071.900,0.700 0.789 | 0.247 | 0.265 1,072
N 499237 | 7938 | 793837 | 1683 ! 1923 [ 2 18.700.2.200'0.700 0.639 0.596 | 0.596 1,000
1\”‘ Aset | Mde | gse aq | 2s T3 [8.700 2.400 0.840 0.820; 0.433 | 0.417 0.964
FEN| 842 | #27 | awes | #A% | AW I 4 18.800,2.400,0.860 0.914; 0.299 | 0.338 1.132
ﬂ‘.‘i’.(G/T; {5 110900 2.800 1.000 0.886: 0.737 | 0.630 0.855
zaqeL| 49 793 7.93 16 | 19 f 6 [10.8002.860 1.020 0.851; 0.632 | 0.673 1,065
) B| 1080 | 1300 | 1280 | 1600 | 1850 | 7 [13.000°3.2001.200 1.009} 0.671 | 0.662 | 0.987
D 2.86 3.20 320 4.00 4.00 .8 [12.800°3.20071.220 1.117; 0.612 | 0.608 0,993
a| 102 1.20 1.22 165 L75 { 9 116.000.4.000 '1.650 1.200] 0.760 | 0.743 0.978
W | 051 1.009 L1117 1.20 1.67 10 |18.500 4.00011.750 1.670 | 0.655 | 0.686 1.047
Aes0) 0.671) (0.659) (0.767) (1.00) (1.37) VEAN 108
4 3 3 7 20 ,
15 15 14 79 95 L STANDEV ] 0.075 |
49 (Knot) v
dm : Molded draft of the fishing vessel Table 5 Genetic parameter in inference of GP
, .
Table 3 Genetic parameter in inference of GP ' Terminal L, B, D, Cb Function Chen /.
ram—— —_ sin, cos, exp, In
Terminal | L. B, D.d | Function |y, 505 exp, in| | Pop_size 1000 | Init method | half and half
Pop_size 10000 Init_method | half_and_half ! | i fitness_overselection
i - _| . Max_generation | 500 Selection
. . fitness_overselection] : tournament
Max_generation 500 Selection I tournament i f
i Subpops ! 5 ' Reproduction 0.1
Subpops 5 Reproduction | 0.1
A I 7 Max_depth ' 17 Crossover 08
Max_depth 17 Crossover | 038 - A_.._____fr____." RS §
| ,
_ . | Exchange 15 Mutation 01
Exchange 15 Mutation 0.1
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Table 6 Inference of GM using GP

Warbe] 0I5 [T T8 T g CbTGMAEAT OGP TiomG#TouenL
i | 4.807 | 7.800 | 1.900 | 0.789 | 0.411 | 0.247 | 0.383 0.645
2 | 5.455|8.700 | 2.200 | 0.639 ) 0.446 | 0.596 | 0.647 0.921

3 [8.187 [ 8.700 | 2.400 | 0.820 | 0.478 | 0.433 | 0.637 06719

4 [8956|8.800 | 2400 | 0.914 0464 0209 | 0624 | 0480 |
5 [11.000/10.900{ 2.800 | 0.886 | 0.407 | 0.737 | 0.732 1.007
6 |13.116]10.800] 2.860 | 0.851 | 0.499 | 0.632 | 0.731 0.864
7 |18.413713.000[3.200 | 1,009 0.439 | 0.671 | 0.785 0.855
8 [19.491[12.800] 3.200 | 1.117 {0.426 | 0.612 | 0.799 0.766
9 (48.180/16.000] 4.000 | 1.200 | 0.627 | 0.760 | 0591 1.285
0 [64.110]18.500] 4.000 | 1670 | 0.519 | 0.655 | 0.717 0.913
MEAN 0.842

STANDEV 0159 ]
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Table 7 Investigation of stability by using foreign stability

criteria
| 4 23 EpAEL ] F PEC X TPES
HZ (GMREAL | (GM)JT |(@OUT/(GOREAL|  (GM)P | (GM)P/(GM)REAL
1 [ 0.247 0.196 0,794 0,286 1.160
2| 0.5% 0.259 0.435 0.395 0.663 |
3] 0.433 0,287 0.663 0.432 0.999 |
4] 0,29 0,229 0. 766 0,432 1.446
5] 0737 0.382 0.518 0.543 0.737 |
6 | 0.632 0.390 0,617 0.566 0.896 |
7] 0.671 0,395 0.589 0,580 0.865 |
8, 0.612 0. 381 0,623 0,580 0.949
9 [ 0.760 0.390 0.513 0.627 0.826
(10| 0.655 0.354 | 0.540 0.559 0.853
‘ MEAN |  0.606 MEAN 0.939
STANDEV |  0.113 STANDEV 0.225

4714, (GM)T : 42 Zwetdel 7] & 388 GMa
(GM)P: @& F2F7] 7ig o3 +&d GMgt

Table 8 Comparison of stability investigation between by
using foreign stability criteria & by inference of

GM using GP
MEAN | "STANDEV

(GM)JT 0.606 0.113

(GM)P 0.939 0.225
(GM)GP1 0.917 0.135
(GMOGP2 1.009 007
(GM)GP3 0.842 0.159 o
(GMDGP4 1031 0151 -
(GM)GP5 0.985 0.150
(GM)GP6 0913 0.097
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