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Discrete Optimization of Ship Structures
from the Viewpoint of Practical Design

by Guogiang Zhou*, Member Hisashi Nobukawa®, Member
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Summary

In practical design of ship structures, it is obvious that some structural elements, for instance,
longitudinals, must be chosen from a given set of standard discrete values being available commer-
cially. Furthermore, some integer parameters such as the number of transverse web frames in the
midship segment should be considered as the design variables to be optimized. In view of those facts,
we investigate especially how to deal with the above kinds of discrete design variables in this paper.
A cargo ship with large hatch opening is taken as the numerical example. The structural construction
cost of hold length between two transverse bulkheads is chosen as the objective function to be
minimized by genetic algorithms. Besides the conventional variable design parameters, some particu-
lar parameters such as the serial number of standard shaped steel for longitudinals and for transverse
frames, the number of longitudinals in a given length, the number of transverse web frames in the
midship segment, etc., are also selected as the design variables from the viewpoint of practical design.
For each design variable, we describe it by a specific length binary string with a corresponding
relationship to its available discrete values. Through the numerical analyses, it shows that the present
method is a simple yet efficient method to deal with the discrete optimization of ship structures. The
search efficiency of some genetic strategies such as the elitist preserving selection, the multi-point

crossover and the uniform crossover is also investigated in this paper.

1. Introduction

Reference 1) developed a discrete method for optim-
ization of ship structures by genetic algorithms based
on the schema theorem. Numerical analyses demon-
strate that the method can handle the optimization of
ship structures with discrete design variables well.
Similar to the traditional optimization method, the web
depth and the longitudinal spacing of longitudinals are
still chosen as design variables in that study. However,
the web depth of longitudinals can not be taken as a
design variable independently in practical ship design.
In order to reduce the fabrication cost, longitudinals
should be taken as a type of shaped steel element to be
selected from a given set of standard discrete values
being available commercially. Since the number of
longitudinals in a given length must be an integer, it is
also unreasonable that the longitudinal spacing is cho-
sen as a design variable.

Moreover, transverse frame spacing in the midship
segment is an important variable design parameter in
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practical ship design. Considerable range is allowed by
the classification societies regarding this design parame-
ter. Generally, ship designers decide transverse frame
spacing by experience. On determining it, designers can
easily design other ship structures under the guidance of
rules and regulations. Thus, the transverse frame spac-
ing in the midship segment should be considered as a
design variable to be optimized. However, if the trans-
verse frame spacing is determined in advance, it is
difficult to ensure that the number of transverse frames
in the given midship segment is an integer. Therefore,
we substitute the number of transverse frames for the
transverse frame spacing as a design variable in this
study.

In view of those facts, we pay special attention to
dealing with the above kinds of discrete design vari-
ables in this paper. The genetic algorithm is taken as
an optimization method. Different from the traditional
optimization method, some particular parameters are
taken as the design variable from the viewpoint of
practical design in this study. For example, the serial
number of standard shaped steel for longitudinals and
that for transverse frames, rather than their web depths,
are considered as the design variables. In addition, the
number of longitudinals in a given length and the
number of transverse web frames in the midship seg-
ment are taken as the integer design variables. The
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longitudinal spacing is no longer assigned as a design
variable. For each design variable, we describe it by a
specific length binary string with a corresponding rela-
tionship to its available discrete values. We take a
cargo ship with large hatch opening as the numerical
example. In this study, the search efficiency of the
elitist preserving selection, the multi-point crossover
and the uniform crossover is also investigated.

2. [Establishment of Fitness Function

2.1 Objective Function and Design Constraints
The optimal design problem can be defined as:
min f(X) s.t. g:(X)=0 i=1,2, -, m (1)
where X=(Xi, X», -, X»)" is a vector containing #
design variables, f(X) is the objective function to be
minimized, ¢.(X) is the ith constraint and m is the
number of constraints.

In optimum design of ship structures, the objective
function can be the structural weight and/or the struc-
tural construction cost. In this study, a cargo ship with
large hatch opening is taken as the numerical example.
The structural construction cost of the hold length
between two transverse bulkheads is taken as the objec-
tive function to be optimized by genetic algorithms.
The total cost consists of the material cost and the
welding cost. The material cost is further divided into
the cost of plate steel and the cost of shaped steel.

For the numerical example, the design constraints are
considered as follows

(1) Bending strength for

* transverse web frames

* transverse frames

* longitudinals on bottoms

* plates of bottoms and side hulls

+ ship hull panels

* longitudinal girders and stringers

9(X)=1—-"7m = (2)
P

where Omax is the maximum bending stress in a struc-
tural member and o, is the allowable bending stress.
(2) Shear strength for
* transverse web frames
* longitudinal girders and stringers
* ship hull panels

9(X)=1~-"1x 20 (3)
)

where 7max is the maximum shear stress in a structural
member and 7» is the allowable shear stress.

(3) Buckling strength for

« longitudinals on bottoms

« plates of bottoms and side hulls

g(x)=1—g—§jzo (4)

where 0co is the assuming applied buckling stress and
ocr is the critical buckling stress of structural member.

(4) Allowable maximum horizontal deflection of
hatch opening for

* transverse strength
* longitudinal bending and torsional strength

g<X)=1—%‘*zo (5)

where dmax is the maximum horizontal deflection of
hatch opening and d. is the allowable horizontal
deflection of hatch opening.

(5) Required midship sectional modulus

o(X)=1--7m0 >0 (6)
min
where Wmin is the required midship sectional modulus
evaluated by NK rule? and Zmin is the minimum midship
sectional modulus.

In the above-mentioned design constraints, many
factors such as deflections, stresses and forces are
evaluated by structural analyses. Two processes of
structural analyses are carried out for the cargo ship:
One is the structural analysis for transverse strength,
the other is the structural analysis for longitudinal
bending and torsional strength. Both structural ana-
lyses were in detail described in Reference 3) .

2.2 Fitness Function

Genetic algorithms do search procedure based on an
unconstrained fitness function. As the same as the
method of Reference 1), we make two transformations
to form the unconstrained fitness function from the
constrained minimization problem defined in Eq.(1).

First, the constrained minimization problem is trans-
formed into an unconstrained one by a penalty term
depending on the degree of constraint violation. The
augmented objective function of unconstrained minim-
ization problem with the penalty term is expressed as

0(X)=/(X)(1- ¢, 33 {minl0, 0X)])) (1)

where @(X) is the augmented objective function of the
unconstrained minimization and ¢, is the influence
coefficient of the penalty term.

In the second step, the augmented objective function
@(X) is further converted into a corresponding fitness
value as follows

Fi(X)= Onex(X) — 0,(X) (8)
where Fj(X) is the fitness function of the jth individual
and @max(X) is the maximum value of the augmented
function from all the individuals in the population.

3. Discrete Design Variables

3.1 Coding of Discrete Design Variables

Genetic algorithms work with a coding of design
variables, rather than the design variables directly. To
use genetic algorithms, we must first code the design
variables into a finite length string. The most common
coding method is to transform the design variables into
a binary string of specific length. If the corresponding
relationship between the discrete design variables and a
binary string of finite length is established, genetic
algorithms can deal with the discrete optimization
problems efficiently. For example, as shown in Fig. 1, a
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Fig.1 Coding and decoding of discrete design variable
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Fig.2 A multivariable string

discrete design variable with eight discrete values can
correspondingly be coded into a three-bit binary string
to represent. Generally, a discrete design variable with
2¢ discrete values can be represented by a binary string
with the length /.

For a multivariable problem, a multivariable coding
is constructed by simply concatenating the substring of
each single variable into a complete string, as shown in
Fig. 2.

3.2 Decoding of Discrete Design Variables

In order to evaluate the fitness function, we decode
each binary substring of the discrete design variable in
the multivariable coding into its corresponding discrete
value respectively. Referring to the relationship shown
in Fig. 1, we can get the following expression :

w=1+3 a2 (9)
where u is the decimal ordinal integer of the ith design
variable X, /: is the coding length of the binary substr-
ing for the ith design variable, a-(a,€{0,1}) is the rth
allele’s value in the binary substring of the ith design
variable.

If a discrete design variable has the regular discrete
values with a step between its maximum and minimum
values, its discrete value can be further calculated by
the equation :

Xt X+ = Ko (1)

where X7 is the uth discrete value of the ith design
variable, X:mn is the minimum value of the ith design
variable and Ximex is the maximum one.
3.3 Design Variables for Numerical Example
Now, let us use some examples to describe how to
deal with some special design variables in genetic

(10)

Note: X, is the variable for the serial number of standard shaped steel used by longitudinals on bottoms;
X, is the variable for the serial number of standard shaped steel used by transverse frames;
X, is the variable for the number of longitudinals on bottoms in the half bottom length;
X o is the variable for the number of transverse web frame spaces (unmarked in the figure).

Fig.3 Design variables

algorithms. In this study, ten variable parameters of
ship structural members for the numerical example of
cargo ship are chosen as the design variables shown in
Fig. 3. Different from those described in Reference 1),
some particular parameters are considered as design
variables in this study. The differences are described as
follows :

(1) The serial number of standard shaped steel for
the bottom longitudinals and that for the transverse
frames, rather than their web depths, are assigned as
design variables.

(2) The number of longitudinals in the half bottom
length is taken as an integer design variable. The
longitudinal spacing for the bottom longitudinals is no
longer considered as a design variable.

(3) The number of transverse web frames in the
midship segment is selected as a new integer design
variables to be dealt with.

The above four design variables are specially de-
scribed in Fig. 3. The other design variables are kept as
the same as those in Reference 1). All design variables
are assumed to have the integer or discrete values in
this study. Their detail information is listed in Table 1.
By simply concatenating each single variable substring,

Table1 Discrete values of design variables

Design  Variable Minimum | Maximum | Step | Substring
Length

X,: thickness of bottom plates (cm) 1.00 175 | 005 4
Xa: serial number of shaped steel for bottom longitudinals | 3 6 1 2
X3: serial number of shaped steel for transverse frames 3 6 1 2
Xg: depth of upper side transverse web frames (cm) 45.00 60.00 1.00 4
Xs: thickness of deck girder plate (cm) 1.00 175 | 0.05 4
Xe: thickness of side stringer plate (cm) 1.00 175 | 0.05 4
X»: number of longitudinals in half bottom length 6 9 1 2
Xg: thickness of side hull plates (cm) 1.00 175 0.05 4
Xo: flange width of upper side transverse web frames (cm)| 10.00 1750 | 0.50 4
X)o: number of transverse web frame spaces 12 18 2 2

Multivariable String Length 2
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a multivariable string of thirty-two-bit length is con-
structed.

It is worth noticing that not all design variables have
the regular discrete values with a step between their
minimum and maximum values. As mentioned before,
the serial number of standard shaped steel for longitudi-
nals and that for transverse frames are assigned as the
design variables. Their web depths are no longer taken
as the design variable. It is appear that the serial
number of standard shaped steel can be considered as a
design variable with regular discrete values. However,
the practical scantlings of standard shaped steel are the
pure discrete values, that is, their scantlings can not be
calculated by Eq. (10). For this instance, it is necessary
to supply an additional list of discrete values that the
design variable can take. In this study, the inverted
unequal leg angles are taken as the shaped steel for
longitudinals and for transverse frames. The available
discrete values of standard inverted unequal leg angles
for ship building are listed in Table 2. Therefore, the
scantlings of standard shaped steel are practically
decided by the relationship shown in Fig. 4 in the optim-
ization process. Each ordinal number represents a
group of scantling data of the standard inverted un-
equal leg angles, that is, each ordinal number corre-
sponds to a group of discrete scantling data rather than
a single one. In addition, the number of longitudinals in
the half bottom length, rather than the longitudinal
spacing, is taken as the integer design variables. The
number of transverse web frames in the midship seg-
ment is also considered as an integer design variable.

Table2 Available discrete values of inverted unequal
leg angles for ship building

Serial Sizes (a XbXt)
No. (mm)
1 100 X 75x 7 N
2 100 x 75x 10 “
3 125x75%x 7
4 125x75% 10 -
5 150 x90x9
6 150 x90x12
Table 3 Practical transverse and longitudinal spacing
lengths
Number of transverse web frame spaces 12 14 16 18

Length of transverse spacing (cm) 320.00{274.29(240.00(213.33

Number of longitudinals in bottoms 6 7 8 9
Length of longitudinal spacing (cm) 75.00 | 65.63 | 58.33 |52.50

Two-bit binary Decimal ordinal Discrete values
a a integer u of shaped steel
3 (125x75x7)
n Decoding 4 Corresponding (125%75%10)
N <:> (150 90 x 9)
Coding
1] 6 (150 x90x 12)

Fig.4 Relationship between the binary coding and the
discrete values for shaped steel

For these two integer design variables, their practical
spacing lengths are shown in Table 3. These spacing
lengths can also be calculated by the expression :

the spacing length=the given length/the number of
spacings

4. Optimization Algorithms

4.1 Genetic Operators

Genetic algorithms get power from the genetic opera-
tors. The search procedure in genetic algorithms is
essentially executed by three basic but very important
operators: reproduction, crossover and mutation. The
following genetic operators and strategies are used in
this study.

(1) Reproduction operator

There are many ways to achieve effective reproduc-
tion. One simple strategy to select individual strings in
the population is based on the following probability

b= n;{:‘j(X) (11)

EF (X)
where p; is the selection probability of the jth individual
strings for reproduction and #, is the size of population.

The above selection strategy is called the roulette
wheel selection. There is another usual selection strat-
egy named the elitist preserving selection. Its basic
algorithm is: supposed that X*(¢#) is the elitist individ-
ual, that is, the best individual generated up to genera-
tion ¢, X*(¢) will be included to the subsequent genera-
tions as the (#,+1)th member until a new elitist individ-
ual better than X*(¢) is found to substitute for it. Its
advantage is that the structure of the elitist individual
up to generation ¢ will not be destroyed by the subse-
quent genetic operators unless the elitist individual can
be substituted by a better elitist individual generated in
the subsequent generations. However, the selection
strategy is easy to converge prematurely due to the
elitist individual to reproduce quickly in large amounts.

(2) Crossover operator

Crossover is a primary operator in the mating process
which generates the offsprings or new generations. In
this paper, three kinds of crossover operators are inves-
tigated : the one-point crossover, the two-point cross-
over and the uniform crossover. All of them proceed in
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two steps. In the first step, individual strings in the
mating pool generated by the reproduction operator are
mated at random. The difference among them is the
operations of the second step. Assumed that [ is the
length of the string, each pair of individual strings
undergoes crossing over respectively by the three cross-
over operators as follows:

One-point crossover : an integer position # along the
string is decided uniformly at random between 1 and the
string length less one, [1, /—1]. Two new strings are
created by swapping all characters between position
i+1 and / inclusively, as shown in Fig.5(a).

Two-point crossover : two integer positions 7 and j
(i <7) along the strings are decided uniformly at random
between 1 and the string length less one, [1, /—1]. All
characters between position 7+1 and j are inclusively
exchanged to generate two new strings, as shown in
Fig.5(b).

Uniform crossover? : A mask binary string with the
length [ is generated randomly. The bit values in two
parent strings cross over or not depending on the bit
value in the same position of the mask. Two new
strings are generated by exchanging the characters in
the position which corresponding bit value of the mask
is 1, and keeping the characters in the position which
corresponding bit value of the mask is 0, as shown in
Fig.5(¢).

(3) Mutation operator

Mutation is the occasional random alteration of an
allele’s value in a new string. If a mutation operation is
executed, it means changing a 1 to a 0 and vice versa in
a binary coding.

4.2 Numerical Algorithms

The flowchart of genetic algorithms is shown in
Fig. 6. Its basic algorithms are described as follows:

Step 1: With a well-defined fitness function and cod-
ing, an initial population of strings is randomly generat-

Selected position

RED- (RIED (R

Parent | r

{ToJobJ3 {Tufo]

Parent 2

ORI AR AN

Offspring |

BLlS - (hfofl§ - (la]
Offspring 2
() One point crossover

Selected position i Selected position j

DT (RIS (EERD.¢RE GED (ERED. (BRE]S (ki)

Parent | [ Offspring |

S
BRI (FRT. (BIRIS (B BRI (RRED (alsbl-hls)

Parent 2 Offspring 2

(b) Two point crossover

ot W81 (RIRTS (I

Parent 2

v O3 (P (177

o1 BT (BRI (I8la]
oftspring 2 [a,[] 4 ... {Joual

(¢) Uniform crossover

Fig.5 Crossover operators

ed.

Step 2: By decoding the individual strings of the
initial population, the solution for each specific instance
is determined and the fitness value for this individual
string is evaluated. This applies to all members of the
population.

Step 3: According to the fitness values of individual
strings, a randomized selection process named reproduc-
tion is implemented. Similar to the natural selection,
the string with a higher fitness value has a higher
probability to be reproduced.

Step 4: After reproduction, a crossover operation
proceeds with a specified crossover probability. Two
parent strings in the mating pool are selected randomly,
then part of their bit information is exchanged to create
two offspring strings according to a certain crossover
scheme. The resulting strings are placed in the new
population continuously until the population is filled

Start

Generation = 1

!

Generate initial population
randomly

'

[ Decode design variables

'

Evaluate by fitness function

I

Reproduction

Crossover

Generation =
Decode design variables Gneration +1

!

Evaluate by fitness function J

Termination
condition

Fig.6 Flowchart of genetic algorithms
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with new progenies.

Step 5: Then mutation, a random walk, is applied to
the whole string space with a small mutation probabil-
ity. In a binary coding, it changes a particular bit of
coded string from 0 to 1 or vice versa if a mutation
operation happens.

Step 6: Decode all individual strings in the new gen-
eration and evaluate their fitness values respectively. If
a given termination condition is satisfied, the transmis-
sion process is to end. Otherwise, go to step 3 to repeat
the above transmission process from generation to
generation until the termination condition is satisfied.

In this study, a maximum iteration number of genera-
tions is taken as the termination condition.

5. Numerical Analyses

5.1 Outline of Numerical Example
The principal dimensions of cargo ship for numerical
analyses are:
Length B.P.=70m;
Depth (mld.) =6.8m;
Deadweight=1, 750 tonf.

Breadth (mld.) =125m;
Draught=3.7m;

The number of transverse web frame spacings within
the hold length for the actual ship is sixteen. All
structural members are assumed to be made of mild
steel. The unit price per ton of plate steel is 90,000 yens
and that of shaped steel is 105,000 yens. The price of
fillet welding per unit welding length in meter with unit
welding leg length in centi-meter is 4,200 yens.

Two load cases shown in Fig. 7 are considered for the
numerical analyses. One is the hogging condition for
the transverse strength analysis. The other is the load
condition on the oblique wave for the longitudinal
bending and torsional strength. Both load cases are
evaluated on the basis of NK rules?.

The allowable elastic stresses for the structural
members are listed in Table4. The other allowable
stresses are considered as follows: the yield stress
oy =2 800 kgf/cm? and the assuming applied buckling
stress 0co=2 000 kgf/cm2. The allowable horizontal
deflection of hatch opening is taken as 12.0 mm.

A multivariable string of thirty-two-bit length is
constructed for the numerical example. All design
variables are assumed to have the integer or discrete
values. Their detail information is illustrated in Table
1, Table 2 and Table 3. With the multivariable string

hy=0.0983kgf/cm? h3=0.2484kgf/cm?

hy=0.5461kgf/cm?

ds -Ho=114.82cm
dg -Ho—(

» LTI~ [T

a) For transverse strength b) For longitudinal bending and torsional strength

Fig.7 Load conditions

coding, the example cargo ship is optimized by genetic
algorithms. The maximum iteration number of genera-
tions for all numerical cases is assigned to be one
hundred. Moreover, the penalty coefficient ¢, is taken
as 0.05, the population size #, as 50 and the mutation
probability p» as 0.003 for all numerical cases.

5.2 Results of Optimum Design

First, the numerical example is optimized by a simple
genetic algorithm in which the genetic strategies of the
roulette wheel selection and the one-point crossover are
used. The optimum design is obtained with the cross-
over probability p.=0.8. The generation history for the
optimum design is plotted in Fig.8 and the optimum
results are listed in Table 5.

Compared with the values of the actual ship, the
number of longitudinals on bottoms for the optimum
design is smaller, but its corresponding serial number of
standard shaped steel becomes larger. These results are
similar to the optimum design obtained in Reference 1).
However, there is an essential difference between them.
If the longitudinal spacing is taken as a design variable,
it is difficult to ensure that the number of longitudinals

Table4 Allowable elastic stresses for structural

members
Structural Member Bending Stress | Shear Stress
(kgf/mm?2) (kgf/mm?2)
Transverse web frames 18.0 8.5
Longitudinal girders 10.0 5.5
Longitudinals 10.0 -
Transverse frames 10.0 -
Side hull & bottom plates 20.0 -
Ship hull panels 18.0 85

Table5 Results of discrete optimization

Item Actual Ship Optimum

X (cm) 1.20 1.35
Design X3 (no.) 4 (125x75x%10) [ 6 (150 x90x12)

X3 (no.) 4 (125x75%x10) |4 (125%75x 10)

X4 (cm) 50.00 55.00
Variable X5 (cm) 1.40 1.00

Xe (cm) 1.00 1.00

X7 (num.) 7 6
Values Xg (cm) 1.20 1.20

Xg (cm) 15.00 17.00

X0 (num.) 16 14
Cost Material 24,991 25,862
Values Welding 24,783 20,282
(103 yen) Total 49,774 46,144
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Fig.8 Generation history of total cost value for the
optimum design

in a given length is an integer exactly. As a result, the
optimum design may be practically unfeasible. From
the results illustrated in Reference 1), the optimum
longitudinal spacing is 76.00 cm. It is near to the longi-
tudinal spacing 75.00 cm which corresponding number
of longitudinals is six, the minimum limit for the num-
ber of longitudinals in the half bottom length. There-
fore, there is no integer number of longitudinals in the
given bottom length corresponding to the longitudinal
spacing 76.00 cm exactly. Similarly, it is also unreason-
able to take the web depth of longitudinals as a design
variable. If we fabricate longitudinals directly accord-
ing to the optimum values of their web depths, rather
than utilize the standard shaped steel being available
commercially, it may cause the fabrication cost to
increase. The optimum web depth for longitudinals on
bottoms is 17.50 cm and that for transverse frames is
14.00 cm in Reference 1). According to the available
discrete values of inverted unequal leg angles for ship
building listed in Table 2, there is also no exact stan-
dard shaped steel corresponding to them.

In addition, the optimum value for the number of
transverse web frame spaces, the new design variable in
this study, is fourteen which is different from that for
the actual ship. If the number of transverse web frame
spaces is not taken as a design variable, it is obvious
that several numerical analyses with different given
number of transverse web frame spaces have to be done
to find the optimum number of transverse web frame
spaces.

The generation history of several active design con-
straints is shown in Fig. 9. Because the best individual
in the feasible individuals is selected as the optimization
solution at each generation, the design constraints are
always satisfied in every generation (a little violation of
design variables is allowed since the exterior penalty
term is adopted in this study). In addition, it has been
found that these design constraints became active as the
optimization process converges. This is because the
penalty term should tend towards zero as the optimiza-

1.00
——0—  Bending strength for upper trans. web frame
075 —=aA——  Bending strength for longl. on bottom
’ ——o—  Buckling strength for plate on bottom
—=o—— Hatch deflection for trans. strength

Normalized constraint values

Generation number

Fig.9 Generation history of several active design
constraints

tion process converges. In other words, according to the
definition of Eq. (8), the fitness function will get its

maximum value as the optimization process converges.

The above facts demonstrate that the present method
can deal with the discrete design variables well whether
they have the regular discrete values or not. Even some
variable design parameters with pure discrete values,
such as standard shaped steels for structural members,
transverse spacing or longitudinal spacing in a given
length, can be transformed into a certain form of design
variable to be optimized. The distinguish to deal with
the design variables with or without the regular discrete
values is mainly that the description of their discrete
values is different. If a design variable has regular
discrete values with a step, its discrete value can be
calculated by Eq. (10). Otherwise, we must supply an
additional list of discrete values for the pure discrete
design variable.

5.3 Analyses of Different Genetic Strategies

In genetic algorithms, there are many strategies and
techniques to achieve effective search for optimization.
In this paper, the search efficiency of the elitist preserv-
ing selection, the multi-point crossover and the uniform
crossover is also investigated numerically.  Their
results are compared with those of the simple genetic
algorithm described in Section 5.2.

(1) Reproduction operator

It is necessary to point out that the elitist preserving
selection is used together with the roulette wheel selec-
tion for reproduction in this paper. As a preserving
strategy, the elitist preserving selection is applied to
select the best individual up to the present generation as
the (n,-+1) individual for the next generation. Except
this point, the other genetic strategies are the same as
those used in the simple genetic algorithm.

In this study, the search efficiency of the elitist preser-
ving selection with the crossover probability p.=0.6,
0.7, 0.8 and 0.9 is investigated. The generation histories
for the four cases are illustrated in Fig.10. For the



558 Journal of The Society of Naval Architects of Japan, Vol. 182

purpose of comparison, the optimum design of the
simple genetic algorithm is also plotted in the same
figure.

Since the elitist preserving strategy is utilized, it is
obvious that the values of the objective function
decrease monotonically. It means that the structure of
the elitist individual up to the present generation will
not be destroyed by the subsequent genetic operators
unless a better elitist individual is found to substitute
for it in the subsequent generations. This is an advan-
tage of the elitist preserving selection over the other
reproduction strategies. However, it is a pity that the
results in the four cases with the elitist preserving
selection are not so good for this numerical example.
All of them are convergent prematurely comparing to
the results of the simple genetic algorithm. It shows
that this selection strategy is easy to cause a premature
result due to the elitist individual to reproduce quickly
in large amounts. This is a main shortcoming needed to
overcome when the elitist preserving strategy is used.

(2) Crossover operators

The genetic operators of the two-point crossover and

570007

550007,
—a—  Elitist with p =0.6
—a——  Elitist with p =0.7
—+—  Elitist with p =0.8
——  Elitist with p =0.9
—o0— Roulette with p=0.8

530007

Total cost value (103 yen)

45000 T T T T 1

Generation number

Fig. 10 Generation history of total cost value with
different reproduction operators
59000
57000
—_ ~——=O0—— One-point
g —a&—  Two-point
-
)
Fl
<
z
5
g

Generation number

Fig. 11 Generation history of total cost value with
different crossover operators

the uniform crossover are analyzed numerically. The
crossover probability pc of optimum design is 0.7 for the
case of the two-point crossover operator, while that is
0.6 for the case of the uniform crossover operator. The
generation histories for these two cases and the opti-
mum design of the simple genetic algorithm (with the
one-point crossover operator) are plotted in Fig.11.
From these results, we observe that the case of the two
-point crossover operator is a little better than that of
the one-point crossover operators. However, the final
results for these two cases are almost the same. The
case of the uniform crossover operator is early to
converge, but it is premature a little comparing to the
other two cases.

From the results of the above numerical analyses,
there is not remarkable improvement over the simple
genetic algorithm to be observed when the genetic
strategies of the elitist preserving selection, the multi-
point crossover and the uniform crossover are used for
this numerical example. These advanced genetic strat-
egies can obtain good results sometimes in many cir-
cumstances. However, the simple genetic algorithm can
also get enough satisfying results for ordinal optimiza-
tion problems. This is a reason why the simple genetic
algorithm is widely applied to solve varied optimization
problems.

6. Concluding Remarks

In this study, we pay special attention to the discrete
optimization problem from the viewpoint of practical
design. Through the numerical analyses, it demon-
strates that the present method can deal with the dis-
crete design variables well whether they have the regu-
lar discrete values or not. Genetic algorithms use only
fitness function information to do search. They are not
limited by restrictive assumption about search space,
such as continuity or existence of derivatives. This
characteristic makes genetic algorithms possible to
handle discrete design variables even though they may
be with pure or integer discrete values. If a design
variable has regular discrete values with a step, we can
calculate its discrete value by Eq. (10). Otherwise, we
must supply an additional list of discrete values for the
pure discrete design variable.

It is important to select design variables properly in
practical optimization design, or else it may result in an
unfeasible optimum design. For example, if the longitu-
dinal spacing is taken as a design variable directly, its
optimum result may be an unfeasible one because the
corresponding number of longitudinals in a given length
may not be an integer. In this instance, we can substi-
tute the number of longitudinals in a given length for
the longitudinal spacing as a design variable. Similarly,
some other variable design parameters with pure dis-
crete values, such as standard shaped steels for struc-
tural members, can also be transformed into a design
variable with an additional list of discrete values to be
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optimized.

The simple genetic algorithm is a simple yet powerful
optimization method. It is enough to deal with the
ordinal optimization problem effectively. In this optim-
ization method, the roulette wheel selection and the one
-point crossover are used.

As for further studies, multi - purpose design
databases should be established to support discrete
optimization design of manifold ship structures.
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