
(19) United States 
US 20010011258A1 

(12) Patent Application Publication (10) Pub. N0.: US 2001/0011258 A1 
SHINAGAWA (43) Pub. Date: Aug. 2, 2001 

(54) OPTIMUM SOLUTION SEARCH METHOD 
AND OPTIMUM SOLUTION SEARCH 
APPARATUS AS WELL AS STORAGE 
MEDIUM IN WHICH OPTIMUM SOLUTION 
SEARCH PROGRAM IS STORED 

(76) Inventor: AKIO SHINAGAWA, 
KAWASAKI-SHI (JP) 

Correspondence Address: 
STAAS & HALSEY LLP 
700 11TH STREET, NW 
SUITE 500 
WASHINGTON, DC 20001 (US) 

(*) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 08/791,951 

(22) Filed: Jan. 31, 1997 

(30) Foreign Application Priority Data 

Feb. 2, 1996 (JP) ........................................... .. 8-017329 

Publication Classi?cation 

(51) Im. c1? ............................ ..G06N 3/00; G06N 3/12; 
G06F 15/18 

(52) Us. 01. .............................................................. .. 706/13 

(57) ABSTRACT 

The invention provides a technique regarding an optimal 
solution search method suitable for use for optimization of 
a system, Wherein genetic algorithms can be executed at a 
high speed to alloW an optimal solution to a problem to be 
searched for at a high speed. The optimal solution search 
method Wherein candidates for solution to a problem are 
represented as chromosomes Which are arrangements of 
genes and genetic operations are performed for individual 
chromosomes for each generation to successively update the 
generation to search for an optimal solution to the problem 
based on ?tness values calculated from gene arrangements 
of the chromosomes comprises the ?tness value updating 
step of updating, for each of those chromosomes for Which 
a particular genetic operation Which alloWs a ?tness value 
after execution thereof to be calculated readily making use 
of a ?tness value before the execution thereof, the ?tness 
value based on variation information of the ?tness value by 
execution of the particular genetic operation. 
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OPTIMUM SOLUTION SEARCH METHOD AND 
OPTIMUM SOLUTION SEARCH APPARATUS AS 

WELL AS STORAGE MEDIUM IN WHICH 
OPTIMUM SOLUTION SEARCH PROGRAM IS 

STORED 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to an optimal solution search 
method and an optimal solution search apparatus as Well as 
a storage medium in Which an optimal solution search 
program is stored, suitable for use for optimiZation of a 
system using genetic algorithms (GAs), and contemplates 
provision of a technique for alloWing genetic algorithms to 
be executed at a high speed to alloW a high speed search for 
an optimal solution to a problem. 

[0003] 2. Description of the Related Art 

[0004] In recent years, optimal solution search apparatus 
Which search for an optimal solution to a problem using 
genetic algorithms conceived from a principle of biological 
evolution (selection (reproduction), mutation or crossover). 

[0005] An optimal solution search apparatus Which 
employs genetic algorithms represents candidates for solu 
tion to a problem as chromosomes each of Which is an 
arrangement of genes and performs various genetic opera 
tions for the chromosomes to successively update the gen 
eration to search for an optimal solution Which is obtained 
as a gene arrangement of a chromosome having a high 
?tness value. 

[0006] It is to be noted that the ?tness value is calculated 
from a gene arrangement of a chromosome and represents a 
degree of ?tness to a problem, that is, a degree of quality of 
a solution represented by a chromosome. 

[0007] An optimal solution search apparatus of the type 
mentioned above is typically constructed such that, at the 
end (or start) of a generation, a ?tness value of a gene 
arrangement obtained as a result of performance of genetic 
operations are calculated. 

[0008] HoWever, the optimal solution search apparatus has 
a subject to be solved in that, When genetic algorithms are 
executed, time is normally required most for calculation 
processing of ?tness values. 

[0009] Particularly When ?tness values are calculated for 
gene arrangements obtained as a result of performance of 
genetic operations as in the optimal solution search appara 
tus described above, much time is required for calculation 
processing of ?tness values. 

[0010] The optimal solution search apparatus has another 
subject to be solved in that, as the number of chromosomes 
Which make an object of processing increases or as the 
length of a chromosome Which makes an object of process 
ing increases or else as the calculation processing for ?tness 
values becomes complicated, the time required for execution 
of genetic algorithms increases remarkably. 

SUMMARY OF THE INVENTION 

[0011] It is an object of the present invention to provide an 
optimal solution search method and apparatus Wherein 
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genetic algorithms can be executed at a high speed to alloW 
an optimal solution to a problem to be searched for at a high 
speed. 

[0012] It is another object of the present invention to 
provide a storage medium in Which an improved optimal 
solution search program for operating a computer to search 
for an optimal solution is stored. 

[0013] In order to attain the objects described above, 
according to an aspect of the present invention, there is 
provided an optimal solution search method Wherein can 
didates for solution to a problem are represented as chro 
mosomes Which are arrangements of genes and genetic 
operations are performed for individual chromosomes for 
each generation to successively update the generation to 
search for an optimal solution to the problem based on 
?tness values calculated from gene arrangements of the 
chromosomes, the optimal solution search method compris 
ing the ?tness value updating step of updating, for each of 
those chromosomes for Which a particular genetic operation 
Which alloWs a ?tness value after execution thereof to be 
calculated readily making use of a ?tness value before the 
execution thereof, the ?tness value based on variation infor 
mation of the ?tness value by execution of the particular 
genetic operation. 

[0014] The optimal solution search method according to 
the present invention is advantageous in that, since the time 
required for calculation processing of ?tness values can be 
reduced, genetic algorithms can be executed at a high speed 
and an optimal solution to a problem can be searched at a 
high speed. 

[0015] According to another aspect of the present inven 
tion, there is provided an optimal solution search method 
Wherein candidates for solution to a problem are represented 
as chromosomes Which are arrangements of genes and 
genetic operations are performed for individual chromo 
somes for each generation to successively update the gen 
eration to search for an optimal solution to the problem 
based on ?tness values calculated from gene arrangements 
of the chromosomes, the optimal solution search method 
comprising the schedule determination step of determining, 
prior to execution of those genetic operations Which remain 
before the end of a generation, an execution schedule of the 
genetic operations to be performed for each of the chromo 
somes, the chromosome discrimination step of referring to 
the execution schedules determined by the schedule deter 
mination step to discriminate, for each of the chromosomes, 
Whether or not the chromosome is a particular chromosome 
for Which only a particular genetic operation Which alloWs 
a ?tness value after execution thereof to be calculated 
readily making use of a ?tness value before the execution 
thereof, and the ?tness value updating step of updating, for 
each of those chromosomes Which have been determined to 
be the particular chromosomes by the chromosome discrimi 
nation step, the ?tness value based on variation information 
of the ?tness value by execution of the particular genetic 
operation. 

[0016] In the ?tness value updating step, the ?tness values 
may be updated in synchronism With execution of the 
particular genetic operation. 

[0017] Or in the ?tness value updating step, upon execu 
tion of the particular genetic operation, variation informa 
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tion of the ?tness value may be calculated by execution of 
the particular genetic operation. 

[0018] Or else, in the ?tness value updating step, upon 
execution of the particular genetic operation from among 
those genetic operations Which make an object of determi 
nation in the schedule determination step, variation infor 
mation of the ?tness value may be calculated by execution 
of the particular genetic operation independently of a result 
of the discrimination in the chromosome discrimination 
step. 

[0019] OtherWise, in the ?tness value updating step, varia 
tion information of the ?tness value may be calculated by 
execution of the particular genetic operation after execution 
of an arbitrary one of those genetic operations Which make 
an object of determination in the schedule determination 
step. 

[0020] Upon execution of the particular genetic operation 
from among those genetic operations executed prior to one 
of the genetic operations Which has been determined as an 
object of determination in the schedule determination step, 
variation information of the ?tness value by execution of the 
particular genetic operation may be calculated. 

[0021] In the schedule determination step, only it is 
required that the execution schedules be determined before 
the particular genetic operation Which appears last is 
executed. 

[0022] In this instance, in the schedule determination step, 
the execution schedules may be determined before the ?rst 
genetic operation is executed, or before the particular 
genetic operation Which appears ?rst is executed, or else 
before an arbitrary genetic operation is executed. 

[0023] Or, in the schedule determination step, the execu 
tion schedules of genetic operations may be determined for 
the individual chromosomes, or an execution schedule of 
genetic operations Which is common to all of the chromo 
somes may be determined. 

[0024] Or else, in the chromosome discrimination step, the 
execution schedules determined by the schedule determina 
tion step and also execution conditions of those genetic 
operations Which have been executed prior to a genetic 
operation determined as an object of determination by the 
schedule determination step may be referred to to discrimi 
nate, for each of the chromosomes, Whether or not the 
chromosome is a chromosome for Which only the particular 
genetic operation should be performed. 

[0025] OtherWise, in the chromosome discrimination step, 
for each of the chromosomes, Whether or not the chromo 
some is a chromosome for Which the particular genetic 
operation should be performed may be discriminated before 
the particular genetic operation Which appears last is 
executed. 

[0026] In this instance, in the chromosome discrimination 
step, for each of the chromosomes, Whether or not the 
chromosome is a chromosome for Which the particular 
genetic operation should be performed may be discriminated 
before the ?rst genetic operation is executed, or before the 
particular genetic operation Which appears ?rst is executed, 
or else after an arbitrary genetic operation is executed. 

[0027] Or otherWise, in the chromosome discrimination 
step, for each of the chromosomes, Whether or not the 
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chromosome is a chromosome for Which only the particular 
genetic operation should be performed may be discriminated 
before the ?tness value is updated by the ?tness value 
updating step after the last genetic operation is executed. 

[0028] With the optimal solution search method of the 
present invention, for each particular chromosome for Which 
only the particular genetic operation Which alloWs a ?tness 
value after execution thereof to be calculated readily making 
use of a ?tness value before the execution thereof, the ?tness 
value is updated based on variation information of the ?tness 
value by execution of the particular genetic operation. 
Consequently, the time required for calculation processing 
of ?tness values can be reduced. Accordingly, the optimal 
solution search method is advantageous in that genetic 
algorithms can be executed at a high speed and an optimal 
solution to a problem can be searched at a high speed. 

[0029] According to a further aspect of the present inven 
tion, there is provided an optimal solution search apparatus 
Wherein candidates for solution to a problem are represented 
as chromosomes Which are arrangements of genes and 
genetic operations are performed for individual chromo 
somes for each generation to successively update the gen 
eration to search for an optimal solution to the problem 
based on ?tness values calculated from gene arrangements 
of the chromosomes, the optimal solution search apparatus 
comprising schedule determination means for determining, 
prior to execution of those genetic operations Which remain 
before the end of a generation, an execution schedule of the 
genetic operations to be performed for each of the chromo 
somes, chromosome discrimination means for referring to 
the execution schedules determined by the schedule deter 
mination means to discriminate, for each of the chromo 
somes, Whether or not the chromosome is a particular 
chromosome for Which only a particular genetic operation 
Which alloWs a ?tness value after execution thereof to be 
calculated readily making use of a ?tness value before the 
execution thereof, and ?tness value updating means for 
updating, for each of those chromosomes Which have been 
determined to be the particular chromosomes by the chro 
mosome discrimination means, the ?tness value based on 
variation information of the ?tness value by execution of the 
particular genetic operation. 

[0030] The schedule determination means may include a 
table for storing the execution schedules. 

[0031] The chromosome discrimination means may 
include a table for storing information representing Whether 
or not genetic operations to be performed for the individual 
chromosomes are the particular genetic operation, and 
another table for storing information representing Whether or 
not the individual chromosomes are chromosomes for Which 
only the particular genetic operation should be performed. 

[0032] The optimal solution search apparatus of the 
present invention may further comprise updating pre-pro 
cessing means for calculating, When the particular genetic 
operation from among those genetic operations executed 
prior to a genetic operation determined as an object of 
determination by the schedule determination means, varia 
tion information of the ?tness value by execution of the 
particular genetic operation. 

[0033] Or, the optimal solution search apparatus of the 
present invention may further comprise ?tness value calcu 



US 2001/0011258 A1 

lation means for calculating, for each of those chromosomes 
Which have not been discriminated to be the particular 
chromosome by the chromosome discrimination means, a 
?tness value from a gene arrangement of the chromosome. 

[0034] Or else, the optimal solution search apparatus of 
the present invention may further comprise genetic opera 
tion execution means for performing the genetic operations 
for the individual chromosomes. 

[0035] OtherWise, the optimal solution search apparatus of 
the present invention may further comprise optimal solution 
discrimination means for discriminating an optimal solution 
to the problem based on the ?tness value obtained by the 
?tness value updating means and the ?tness value calcula 
tion means. 

[0036] Or otherWise, the optimal solution search apparatus 
of the present invention may further comprise chromosome 
production means for representing candidates for solution to 
the problem as chromosomes Which are arrangements of 
genes. 

[0037] With the optimal solution search apparatus of the 
present invention, for each particular chromosome for Which 
only the particular genetic operation Which alloWs a ?tness 
value after execution thereof to be calculated readily making 
use of a ?tness value before the execution thereof, the ?tness 
value is updated based on variation information of the ?tness 
value by execution of the particular genetic operation. 
Consequently, the time required for calculation processing 
of ?tness values can be reduced. Accordingly, the optimal 
solution search apparatus is advantageous in that genetic 
algorithms can be executed at a high speed and an optimal 
solution to a problem can be searched at a high speed. 

[0038] According to a still further aspect of the present 
invention, there is provided a storage medium Which stores 
an optimal solution search program for causing a computer 
to operate so that candidates for solution to a problem are 
represented as chromosomes Which are arrangements of 
genes and genetic operations are performed for individual 
chromosomes for each generation to successively update the 
generation to search for an optimal solution to the problem 
based on ?tness values calculated from gene arrangements 
of the chromosomes, Wherein the optimal solution search 
program causes the computer to function as schedule deter 
mination means for determining, prior to execution of those 
genetic operations Which remain before the end of a gen 
eration, an execution schedule of the genetic operations to be 
performed for each of the chromosomes, chromosome dis 
crimination means for referring to the execution schedules 
determined by the schedule determination means to dis 
criminate, for each of the chromosomes, Whether or not the 
chromosome is a particular chromosome for Which only a 
particular genetic operation Which alloWs a ?tness value 
after execution thereof to be calculated readily making use 
of a ?tness value before the execution thereof, and ?tness 
value updating means for updating, for each of those chro 
mosomes Which have been determined to be the particular 
chromosomes by the chromosome discrimination means, the 
?tness value based on variation information of the ?tness 
value by execution of the particular genetic operation. 

[0039] With the storage medium Which stores the optimal 
solution search program of the present invention, for each 
particular chromosome for Which the particular genetic 
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operation Which alloWs a ?tness value after execution 
thereof to be calculated readily making use of a ?tness value 
before the execution thereof, the ?tness value is updated 
based on variation information of the ?tness value by 
execution of the particular genetic operation. Consequently, 
the time required for calculation processing of ?tness values 
can be reduced. Accordingly, the storage medium Which 
stores the optimal solution search program is advantageous 
in that genetic algorithms can be executed at a high speed 
and an optimal solution to a problem can be searched at a 
high speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a block diagram shoWing a functional 
construction of an optimal solution search apparatus accord 
ing to a preferred embodiment of the present invention; 

[0041] FIG. 2 is a block diagram shoWing a detailed 
construction of the optimal solution search apparatus; 

[0042] FIG. 3 is a schematic vieW shoWing a general 
construction of the optimal solution search apparatus of 
FIG. 1; 

[0043] FIG. 4 is a diagrammatic vieW illustrating genetic 
algorithms; 
[0044] FIG. 5 is a diagrammatic vieW illustrating execu 
tion timings of execution schedule determination processing 
and chromosome discrimination processing; 

[0045] FIG. 6 is a table illustrating an example of an 
execution schedule produced by a schedule determination 
section; 
[0046] FIG. 7 is a diagrammatic vieW illustrating the 
chromosome discrimination processing to be performed by 
a chromosome discrimination section; 

[0047] FIG. 8 is a How chart illustrating operation of the 
optimal solution search apparatus of FIG. 1; 

[0048] FIGS. 9 to 11 are diagrammatic vieWs shoWing 
different an example of a result of a search for an optimal 
solution by the optimal solution search apparatus of FIG. 1; 
and 

[0049] FIGS. 12 to 14 are diagrammatic vieWs illustrating 
execution timings of various processes by a genetic algo 
rithm execution section. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0050] a. Embodiment of the Invention 

[0051] An embodiment of the present invention Will be 
described beloW With reference to the draWings. 

[0052] Referring ?rst to FIG. 1, there is shoWn in block 
diagram a functional construction of an optimal solution 
search apparatus according to a preferred embodiment of the 
present invention. 

[0053] The optimal solution search apparatus shoWn is 
generally denoted at 1 and includes a chromosome produc 
tion section 2 and a genetic algorithm execution section 3. 
The optimal solution search apparatus 1 represents candi 
dates for solution to a problem as chromosomes “j” (i=1 to 
n) Which are arrangements of genes, and performs genetic 
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operations OPk (k=1 to m) for the chromosomes “j” for each 
generation to successively update the generation to search 
for an optimal solution to the problem based on ?tness 
values fj‘ calculated from gene arrangements of chromo 
somes J . 

[0054] Here, prior to description of the optimal solution 
search apparatus 1 according to the present embodiment, 
several terms used in the description of the embodiment are 
explained. 
[0055] The genetic algorithms (GAs) are algorithms con 
ceived from a principle of biological evolution (selection 
(reproduction), mutation or crossover) and can be consid 
ered as a technique for probabilistic search, learning and 
optimiZation. 
[0056] The chromosome exists as a substance Which con 
veys genetic information. The chromosome is, in an actual 
organism, a physical substance composed of bases, but in 
genetic algorithms, a data area or a data array in the form of 
a code of candidates for solution to a problem. It is to be 
noted that a set of data represented by a data area or a data 
array is called individual, and components of a data area or 
a data array are called genes. 

[0057] Further, the ?tness values are values calculated 
from a gene arrangement of chromosomes and represent 
degrees of ?tness to a problem, that is, degrees of quality of 
solutions represented by chromosomes as described herein 
above. It is to be noted that the ?tness values are calculated 
using a ?tness function. Further, since the ?tness values are 
used When selection from among genetic operations Which 
Will be hereinafter described is performed, it must be cal 
culated prior to such selection. 

[0058] By the Way, in the genetic algorithms, in order to 
vary a gene arrangement of chromosomes to produce chro 
mosomes Which may possibly make an optimal solution to 
a problem, various genetic operations (OPk) are performed 
for individual chromosomes as seen in FIG. 4. 

[0059] The genetic algorithms popularly use three differ 
ent genetic operations including selection, crossover and 
mutation. 

[0060] The selection (reproduction) is an operation of 
probabilistically determining a group of individuals to live 
in a next generation in accordance With a distribution of 
?tness values of a group, and basically acts so that indi 
viduals having higher ?tness values leave larger numbers of 
descendants. Consequently, genes (or gene arrangements) 
Which form better individuals are spread in the group. It is 
to be noted that the selection merely selects individuals from 
Within a group, but does not produce neW genes (or gene 
arrangements), and the crossover or mutation produces neW 
genes on individuals. 

[0061] The crossover is an operation of recombining chro 
mosomes of tWo parents to produce chromosomes of a child. 
If good partial characters of parents can be successfully 
inherited in combination by a child, then remarkable aug 
mentation in search can be anticipated. 

[0062] The mutation is an operation of varying genes in a 
chromosome in a ?xed probability to produce a neW gene. 
The mutation in most cases destructs an effective gene 
arrangement if the mutation probability is set to a high value, 
but Where no mutation is involved, it is generally considered 
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that only chromosomes as possible combinations of genes of 
chromosomes in an initial stage can be obtained, and also the 
quality of a solution obtained is subject to some limitation. 
Therefore, the mutation is effective to maintain the multi 
plicity of a group (or to improve the solution). 

[0063] Subsequently, the optimal solution search appara 
tus 1 according to the present embodiment Will be described 
With reference to FIG. 1. The chromosome production 
section 2 represents candidates for solution to a problem as 
chromosomes “j” Which are arrangements of genes to pro 
duce chromosomes 1 . 

[0064] MeanWhile, the genetic algorithm execution sec 
tion 3 executes genetic algorithms. 

[0065] In particular, the genetic algorithm execution sec 
tion 3 performs genetic operations OPk for chromosomes “j” 
produced by the chromosome production section 2 to suc 
cessively update the generation and searches for an optimal 
solution to a problem based on ?tness values fj‘ calculated 
from gene arrangements of chromosomes “j‘”, and includes 
a schedule determination section 10, a chromosome dis 
crimination section 11, a genetic operation execution section 
12, a ?tness value updating section 13, a ?tness value 
calculation section 14, an optimal solution discrimination 
section 15 and an updating pre-processing section 19. 

[0066] FIGS. 12 to 14 illustrate execution timings of 
various processes by the genetic algorithm execution section 
3. It is to be noted that, in FIGS. 12 to 14, those execution 
timings adopted popularly are indicated by screen indica 
tions. 

[0067] The schedule determination section 10 determines, 
for example, at the start of each generation, execution 
schedules of genetic operations OPk to be performed for 
individual chromosomes “j” before the end of the generation 
in accordance With a probabilistic technique. 

[0068] In particular, the schedule determination section 10 
determines Which ones of genetic operations OPk including 
crossover, mutation and so forth should be performed for the 
individual chromosomes “j”, and further determines forms 
in Which the genetic operations OPk are performed (for 
example, for the crossover, a crossover probability and a 
crossover type (one-point crossover, tWo-point crossover or 
the like), or for the mutation, a mutation probability and a 
mutation type (exchange of tWo genes or the like)), and so 
forth. 

[0069] The schedule determination section 10 includes an 
execution schedule storage table 16 into Which execution 
schedules determined are stored. 

[0070] An example of execution schedules determined by 
the schedule determination section 10 is shoWn in FIG. 6. 
According to the schedules shoWn in FIG. 6, for the 
chromosome “1”, a genetic operation OP1 is executed, a 
genetic operation OP2 is not executed, a genetic operation 
0P3 is executed, . . . , and a genetic operation OPm is 

executed; for the chromosome “2”, the genetic operation 
OP1 is not executed, the genetic operation OP2 is not 
executed, the genetic operation 0P3 is executed, . . . , and 
the genetic operation OPm is executed; for the chromosome 
“n”, the genetic operation OP1 is not executed, the genetic 
operation OP2 is executed, the genetic operation 0P3 is not 
executed, . . . , and the genetic operation OPm is not 

executed. 
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[0071] It is to be noted that FIGS. 12 to 14 show another 
example of an execution schedule determined by the sched 
ule determination section 10, Wherein genetic operations 
capable of being performed for the individual chromosomes 
1 are genetic operations OP1 to OP12 (genetic operations 
OPk; k=1 to 12). 

[0072] While, in the present embodiment, as seen in FIG. 
6, the schedule determination section 10 determines execu 
tion schedules of the genetic operations OPk for the indi 
vidual chromosomes “j”, it may otherWise determine an 
execution schedule of the genetic operations OPk Which is 
common to all of the chromosomes 1 . 

[0073] According to an ordinary optimal solution search 
apparatus, since contents of each of the genetic operations 
OPk to be performed for each of the chromosomes “j” before 
the end of the generation are determined in accordance With 
a probabilistic technique every time immediately before the 
genetic operation OPk is executed, an execution schedule is 
not determined in advance. 

[0074] HoWever, in the optimal solution search apparatus 
of the present embodiment, if an execution schedule of the 
genetic operations OPk is not determined in advance, then 
processing by the chromosome discrimination section 11 
Which Will be hereinafter described cannot be executed. 
Therefore, an execution schedule of the genetic operations 
OPk is produced by the schedule determination section 10. 

[0075] It is to be noted that the determination processing 
for an execution schedule by the schedule determination 
section 10 may be performed before a particular genetic 
operation Which appears last is executed. The particular gene 
operation Will be hereinafter described. 

[0076] In the present embodiment, the determination pro 
cessing for an execution schedule by the schedule determi 
nation section 10 Will be described by Way of an example 
Wherein it is performed at the start of each generation 
(before the ?rst genetic operation OP1 is executed) (refer to 
“CASE 1” of “EXECUTION SCHEDULE DETERMINA 
TION PROCESSING” in FIG. 12). 

[0077] The genetic operation execution section 12 actually 
performs the genetic operations OPk for the individual 
chromosomes “j” in accordance With execution schedules 
determined by the schedule determination section 10 to 
produce chromosomes “j‘” as descendants of the chromo 
somes “j”. 

[0078] MeanWhile, the chromosome discrimination sec 
tion 11 refers to execution schedules determined by the 
schedule determination section 10 to discriminate, for each 
of the chromosomes “j”, Whether or not it is a chromosome 
for Which only a particular gene operation by Which a ?tness 
value fjk‘ after execution can be calculated readily making 
use of a ?tness value fjk prior to the execution should be 
performed. 

[0079] Here, the particular genetic operation signi?es a 
genetic operation of a type by Which a variation amount Afjk 
of the ?tness value by execution of the particular genetic 
operation can be calculated readily by a difference calcula 
tion or the like (including some other calculation processing 
such as a multiplication calculation). For example, from 
among the three kinds of genetic operations OPk (selection, 
crossover and mutation), the mutation corresponds to this. 
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[0080] It is to be noted that, if a location of a chromosome 
“j” at Which the gene arrangements changes, a manner in 
Which the gene arrangement has changed and so forth 
become knoWn, then the variation amount Afjk of the ?tness 
value can be calculated by performing a difference calcula 
tion or the like taking a relationship of the chromosome “j” 
to gene arrangements positioned forWardly and rearWardly 
of the location. 

[0081] In particular, the particular genetic operation sig 
ni?es a genetic operation by Which, for each chromosome 
“j”, a ?tness value fjk‘ after execution of the particular 
genetic operation can be calculated readily by re?ecting a 
variation amount Afjk of the ?tness value by execution of the 
particular genetic operation upon the ?tness value fjk before 
the execution of the particular genetic operation. It is to be 
noted that, in the ?gures of the accompanying draWings, the 
particular genetic operation is indicated as “EASY OP”. 

[0082] More particularly, the chromosome discrimination 
section 11 includes an attribute information storage table 17 
(refer to FIG. 7) for the genetic operations OPk and a 
chromosome discrimination information storage table 18 
(refer to FIG. 7). It is to be noted that an example of the 
attribute information storage table 17 and the chromosome 
discrimination information storage table 18 is shoWn in 
FIG. 7. 

[0083] The attribute information storage table 17 stores 
attribute information of the genetic operations OPk Which 
represents Whether or not the genetic operations OPk Which 
can be performed for the individual chromosomes ] are the 
particular genetic operation. 
[0084] The chromosome discrimination information stor 
age table 18 stores chromosome discrimination information 
Which represents Whether or not the chromosomes “j” are 
chromosomes for Which only the particular genetic opera 
tion should be permitted. 

[0085] The chromosome discrimination section 11 per 
forms such processing as Will be described beloW to dis 
criminate, each of the chromosomes “j”, Whether or not it is 
a chromosome to Which only the particular genetic operation 
should be performed (refer to FIG. 7). 

[0086] In particular, the chromosome discrimination sec 
tion 11 ?rst refers to the execution schedule storage table 16 
to recogniZe an execution schedule, for example, for the 
chromosome “1” and then refers to the attribute information 
storage table 17 to discriminate Whether or not all of the 
genetic operations OP1, OP3, . . . and OPm Which should be 
performed for the chromosome “1” are the particular genetic 
operation (EASY OP). 
[0087] In this instance, since all of the genetic operations 
OP1, OP3, . . . and OPm are the particular genetic operation, 
Y (Yes) is set into a place of the chromosome discrimination 
information storage table 18 corresponding to the chromo 
some “I” in order to indicate that the chromosome “1” is a 
chromosome for Which only the particular genetic operation 
should be performed. 

[0088] Then, such processing is performed for all of the 
chromosomes “j”. It is to be noted that, in order to indicate 
that a chromosome “j” Which makes an object of processing 
is not a chromosome for Which only the particular genetic 
operation should performed, N (No) is set into a place of the 


















