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GENES 2.0 USER'S GUIDE: A GUIDE TO A FUZzY LOGIC BASED
MULTIOBJECTIVE GENETIC ALGORITHM IN FORTRAN 77

Brian J. Reardon, Los Alamos National Laboratory, MST-6, Los Alamos, NM 87545

Abstract

The FORTRAN 77 code listing for a fuzzy logic based multiobjective genetic
algorithm is documented along with the necessary input files and
descriptions of the output files.

1.0 Introduction

This report documents the FORTRAN 77 code listing for a fuzzy logic based
multiobjective genetic algorithm that has been used previously and will be used
in the future for more diverse optimization projects. The details of a genetic
algorithm and the idiosyncrasies of a fuzzy logic based multiobjective selection
method have been outlined in the references provided in section 3. Section 2.1
provides a general flow chart of program. Sections 2.2-4 describe the
functional details of the program on a file by file and subroutine by subroutine
basis. Appendix A lists the code that can be compiled as is on most platforms
with a FORTRAN 77 compiler.



2.0.0 Program Description

2.1.0 Flow Chart

Start Program Evolver

y

Read in HEADOBJ

y

Open Tape7

)

Open Tape8

l

Call GENETIC

y

Close Tape7

y

Close Tape8

v




Start Subroutine Genetic

y

Call GAINPUT_ROUTINE

A 4

v

Reads in HEADVAR and HEADGA

Initialize variables

Initialize GENO1 & 2
using URAND function

y

Call VALS to fill POPY and
Initialize PHENO1 &2

A

Call FX to fill ATT2 using
values in PHENO1

Call OUTPUT with generation number O

v

\ 4

Call REPLI with next generation size and return member M

v

Call REPLI with next generation size and return member N

v

Exchange genetic material of members M and N

A 4

Conduct mutation on progeny

No

Call Fx to determine fitness of progeny

Place progeny in next generation

v

Has next generation been filled?

y

Yes

Copy next generation to current generation.

v

Call OUTPUT with generation number

No

v

Has maximum number of generations been achieved?

Yes |

Return to Program Evolver




Start Subroutine OUTPUT

set OUT to all zeros

v

v

Copy ATT1 and PHENO1 values to OUT
v

Replace ATT1 values in out with ATT1-FNCT difference

v
Tack on generation number on end of each line

v

Write out objective values to Tape7

v

Write out variable values to Tape8

i

Return to OUTPUT

Return to GENETIC




D1 = true, D2 = true

Start Subroutine REPLI

Randomly select | Find the most unfit members of
two members, I, J J | the population for each objective
Determine fuzzy fitness of | and J | Randomly select one member, K

x
Determine fuzzy fitness of K
Is fitness of K < fitness of 1?| Yes | D1 = false
NT
v
Is fithess of K < fitness of J? Yes | D2 =false
No
Has entire comparison set size been tested? No
Yes i
Is D1=D27? » call PHCOUNTER with | to determing
Yes phenotypic crowding RN1
v
No call PHCOUNTER with J to determine
phenotypic crowding RN2
v
ISRNL<RN2? [Yes | M=
IsRN2<RN11Yes | M=J
v
Is RN1=RN2? |Yes | randomly chose
v between | and J
Is D2 = true? [Yes | M=I
NQ¥. ]
Is D1 =true? | Yes | M=J |

A

Return to Genetic



2.2.0 Input

2.2.1 Input File: HEADOBJ

The input file HEADOBJ lists all the data needed by subroutine FX to calculate
the objective values. The format of this file is specified by the user and is read
in the main program, EVOLVER.

2.2.2 Input File: HEADGA

The input file HEADGA is read by the subroutine GAINPUT_ROUTINE and has

the format:

14 The Length of the binary string for each variable (must be even)
100 The number of generations

2 The population size (must be even)

1000 The mutation rate. Here, probability of mutation is 1 in 1000.

1 The comparison set size.

2.2.3 Input File: HEADVAR

The input file HEADVAR lists the number of variables being optimized first and
then lists the upper and lower search ranges for each variable. The HEADVAR
file for a micromechanical densification problem is:

19

2.50 3.00

130.0 140.0

0.40 0.60

3.00 6.00

50.0 80.0

450.0 550.0
1600.0 1700.0
0.60 0.70

0. 50e-4 1.00e-2
400.0 700.0
2.00e-14 1.00e-13
50.0 500.0
7.00e-10 8.00e-10
400.0 500.0
1.00e-14 2. 00e-14
300.0 400.0
7.0e-6 11.0e-6
0.70 0.90

0.85 0.99

Number of variables

surface energy (E*omega”.33)/25 +/- 30%
yield stress (MPa) modulus/1000

t dependance of yield

power law creep exponent

reference stress P-L Creep MPa (yield stress/2)
act enrgy P-L creep same as volume diffusion
low temp to high temp creep transition (Tm/2)
c for LT creep

pre VD

act VD

pre BD

act BD

pre SD

act SD

pre BM

act BM

radius

stage 2 cut off density

stage 1 cut off density
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2.3.0 Output
2.3.1 Output file: Tape7

Output file TAPEY lists the objective values for every member of the population
for each generation. Generation number is indicated by the last number in the
row. The objectives listed are the real differences between the experimentally
observed values and the calculated values.

2.3.2 Output file: Tape8

Output file TAPES lists the variable values for every member of the population
for each generation. As in TAPE7, generation number is indicated by the last
number in the row.

2.4.0 Programs, Subroutines and Functions
2.4.1 Program EVOLVER

Description:

EVOLVER is the main program of GENES 2.0 and is responsible for reading in
the variables used in the objective functions of the GA. Furthermore, it is here
that the main output files Tape7 and Tape8 are opened and closed.

Includes:
PARAMSGA
PARAMSOBJ
COMMONSOBJ
COMMONSGA

Files Opened:
HEADOBJ
Tape7

Tape8

Files Closed:
HEADOBJ
Tape7
Tape8

Subroutine calls:
GENETIC

2.4.2 Subroutine GENETIC

Description:
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Genetic is the main subroutine of the genetic algorithm. This subroutine tests to
make sure that the user input parameters are within the allocated limits and
then initializes the Generation 0. Once generation O is created, the evolution
loop starts. This loop calls REPLI to determine which members are most fit and
then performs crossover and mutation until the next generation is filled.

Called by:
EVOLVER

Usage:
GENETIC

Includes:
PARAMSGA
PARAMSOBJ
COMMONSOBJ
COMMONSGA

Function Calls
URAND(ISEED)

Subroutine Calls
GAINPUT_ROUTINE
VALS

OUTPUT

REPLI

FX

PHCOUNTER

2.4.3 Subroutine OUTPUT

Description:

The output subroutine copies the objective and variable data for that particular
generation to the OUT array and then calls OUTFILE to write the data out to
TAPE 7 and TAPE 8.

Called by:
GENETIC

Usage:
OUTPUT(J)
J - the current Generation number

Includes:
PARAMSGA
PARAMSOBJ
COMMONSOBJ
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COMMONSGA

Subroutine Calls
OUTFILE

2.4.4 Subroutine VALS

Description:
Subroutine VALS determines the real value of binary encoded string for
member J and stores the values in POPY

Called by:
GENETIC

Usage:
VALS(J)
J - a member of the population

Includes:
PARAMSGA
PARAMSOBJ
COMMONSOBJ
COMMONSGA

Function Calls
DECIMAL

2.4.5 Subroutine OUTFILE

Description:
Determines the difference between the calculated and experimental values and
then outputs the objective values to TAPE7 and the variables to TAPES.

Called by:
OUTPUT

Usage:
OUTFILE(J)
J - generation number

Includes:
PARAMSGA
PARAMSOBJ
COMMONSOBJ
COMMONSGA
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2.4.6 Subroutine GAINPUT_ROUTINE

Description:
Subroutine GAINPUT_ROUTINE reads in the variable search ranges from
HEADVAR and the user specified GA parameters from HEADGA.

Called by:
GENETIC

Usage:
GAINPUT_ROUTINE

Includes:
PARAMSGA
PARAMSOBJ
COMMONSOBJ
COMMONSGA

Files Opened:
HEADVAR
HEADGA

Files Closed:
HEADVAR
HEADGA

2.4.7 Subroutine REPLI

Description:
The subroutine REPLI selects a member of the population for crossover using
fuzzy logic and/or niching.

Called by:
GENETIC

Usage:

REPLI (MAX,MEM)

MAX - number of members in the partially filled next generation + 1
MEM - member of the current generation selected for crossover

Includes:
PARAMSGA
PARAMSOBJ
COMMONSOBJ
COMMONSGA

Function Calls
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URAND
AVG
PHCOUNTER

2.4.8 Subroutine FX

Description:

Subroutine FX can contain the actual objective functions being evaluated or a
call to the necessary subroutines. What is important is that the objective values
are assigned the to the array ATT2(MEM,J) where MEM is the member of the
population being evaluated and J is a particular function or objective.

Called by:
GENETIC

Usage:
FX(MEM)
MEM - member of the population whose fitness is being evaluated

Includes:
PARAMSGA
PARAMSOBJ
COMMONSOBJ
COMMONSGA

Function Calls:
User specified

Subroutine Calls:
User specified

Files Opened:
User Specified

Files Closed:
User Specified

2.4.9 Function URAND

Description:

URAND is a function written by John Kieffer at the University of lllinois Urbana-
Champaign to create a pseudo-random list of random numbers between 0 and
1.

Called by:

GENETIC
REPLI
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Usage:
URAND(J)
J - a large odd integer, usually the time in seconds on the system clock.

2.4.10 Function DECIMAL

Description:
Function DECIMAL returns the decimal equivalent of a binary string.

Called by:
VALS

Usage:

DECIMAL (K,J)

K - variable identification number
J - member of the population

Includes:
PARAMSGA
PARAMSOBJ
COMMONSOBJ
COMMONSGA

2.4.11 Function PHCOUNTER

Description:

Function PHCOUNTER returns a value for how crowded a member (N) is if
placed in the partially filled next generation of size MAX. This is done using a
normalized squares difference distance. If the distance falls within a value
specified by the SCALE parameter, then the distance is counted in the crowding
factor.

Called by:
REPLI

Usage:

PHCOUNTER(N,MAX)

N - The member of the current population being considered in Niching

MAX - the number of members currently in the partially filled next generation.

Includes:
PARAMSGA
PARAMSOBJ
COMMONSOBJ
COMMONSGA
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2.4.12 Function AVG

Description:
The function AVG is the heart of the fuzzy logic selection method. The
coordinates listed in the function call define the five major points in a fuzzy logic

rule set:
1\ /5
\ /
\ /
2 3 4

AVG determines between which two points the value of X lies and then calls
POINT to determine the corresponding value of Y. AVG also checks to make
sure that none of the 5 points are out of their relative acceptable ranges.

Called by:
REPLI

Usage:
AVG(X1,Y1,X2,Y2,X3,Y3,X4,Y4,X5,Y5,X)
X1 - 1st point x coordinate

Y1 - 1st point y coordinate

X2 - 2nd point x coordinate

Y2 - 2nd point y coordinate

X3 - 3rd point x coordinate

Y3 - 3rd point y coordinate

X4 - 4th point x coordinate

Y4 - 4th point y coordinate

X5 - 5th point x coordinate

Y5 - 5th point y coordinate

X - The x coordinate that AVG sends to POINT to determine the Y coordinate

Function Calls
POINT

2.4.13 Function POINT

Description:
The function POINT sends back a Y value given two points on a line and a
value of X.

Called by:
AVG

Usage:

POINT(X1,Y1,X2,Y2,X)
X1 - 1st point x coordinate
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Y1 - 1st point y coordinate

X2 - 2nd point x coordinate

Y2 - 2nd point y coordinate

X - for this value of X and the two give points, a value of Y is determined.

2.4.14 Included File PARAMSGA

ccececececeececeeccccccecececececccccccececcccccccceccccccccccccccccccccce
cc Parameter File for GA routines

cc MXNV - maxi mum nunber of variables to be optinzed

cc MXNFNCT - maxi mum nunber of objectives.

cc MXLEN - Maxi mum binary string | ength

cc MXPOP - maxi num popul ations size
ccececececeececeecceccccececcecccccccceccccccccccccccccccccccccccccccce
PARAMVETER( MXNV=19)

PARAMVETER( MXNFNCT=20)

PARAMETER( MXLEN=14)

PARAMETER( MXPOP=400)

2.4.15 Included File PARAMSOBJ

If the objective subrountines have global parameters that must be specified it is
often easiest to specify them here. The PARAMSOBJ file must be present when
compiling the program but depending on the objective problems being
addressed, it may be empty.

2.4.16 Included File COMMONSGA

cceeeeeccceececececeeccccececcccececcccecccecccecccccccececcccecccce

cc The COMMONSGA file contains all the comon bl ocks used by the
cc GA
ccececececececeececccceccecececcccccceccecccccccccecceccccccccccccccccccccece

cc GAINPUT contains the input that the GA needs to work with.

cc | POPU popul ati on size

cc MUTATE 1/ MJTATE is the nutation probability

cc NV nunmber of variabl es

cc LEN string length per variable

cc | GEN nunber of generations

cc RMAXM N( 2, MXNV) Max and M n search range of variables
cc | SEED random i nt eger used as seed in URAND

cc NFNCT nunmber of objectives

cc FNCT( MXNFNCT) array of objective values

cc ERROR( MXNFNCT) array of uncertainty of obj. values

cc DI FFER( MXNV) array of differences between Max and M n search range
cc MAXLEN( MXLEN+1) array of the integral powers of 2

cc | COWP conpari son set size
ccececececececeececceccceccecececccccccecceccccccccccccccccccccccccccccccece

COMVON / GAI NPUT/ | POPU, MUTATE, NV, LEN, | GEN, RMAXM N( 2, MXNV) ,
& | SEED, NFNCT, FNCT( MKNFNCT) , ERROR( MXNFNCT) ,
& DI FFER( MXNV) , MAXLEN( MXLEN+1) , | COVP

ccececececececeececcccccecececcccccccecccccccccccccccccccccccccccccccecce

cc GAOQUTPUT the variables needed to out put data

cc OUT array that lists the variable and function val ues

cc for all menbers of the population for that generation

ccececececeeeceececcccececececcccccccececcccccccccccecccccccecccccccccccccccce
COMVON / GAOUPUT/  OUT( MXPOP, MXNV+MXNFNCT+1)

ccececeececeeececccccececececcecccccecececcccccccceccccccccccccccccccccccece

cc GENGEN conmmon bl ock of internal paraneters and arrays used by
cc the GA that the user can not adjust.

cc  GENO1( MXPOP, MXNV* MXLEN), genotypes of generation x

cc  GENO2( MXPOP, MXNV* MXLEN), genotypes generation X+1

cc TGENOL(2, MKNV* MXLEN), tenporary array for crossover

cc  PHENO2( MXPOP, MXNV) , phenotyes of generation x

cc PHENOL( MXPOP, MXNV), phenotypes of generation X+1

cc ATT1( MXPOP, MKNFNCT), attributes of generation X
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cc ATT2( MXPOP, MXNFNCT), attributes of generation X+1
cc POPY(MXNV)array of variables being used in current FX eval uation
cceceeecececececececececccececcccccccccccccccccccccccccccccccccccccccece

COMVON / GENGEN/
GENOL ( MKPOP, MXNV* MXLEN)
GENG2 ( MXPOP, MXNV* MXLEN) ,
TGENOL( 2, MXNV* MXLEN) ,
PHENO2( MXPOP, MXNV)
PHENOL ( MXPOP, MXNV) ,
ATT1( MKPOP, MKNFNCT) ,
ATT2( MXPOP, MXNENCT) ,
POPY( MXNV)

2.4.17 Included File: COMMONSOBJ

Ro Ro Ro Ro Ro Ro Ro Ro

Like the PARAMSOBJ file, this file must be present at compilation but only
needs to contain common blocks if the objective subroutines require them.
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Appendix A: Code Listing

R R R R R R R R R R R R R R R R R R

R R S S O R O R S R

PROGRAM EVOLVER
ccececececececececececcccecececccccccceccccccccccccccccccceccccccccccccccccccccce
cc This is the main program which reads in the objective data from
cc HEADOBJ
cc TAPE7 and TAPE8 are opened so that the GA can wite the objective
cc val ues and optim zed paranters val ues while executing
cc PARAMSGA contains the user definded paraneters for the GA
cc PARAMSOBJ contains the user definded paranters for the Objectives
cc COVMONSGA contains all the common bl ocks used by the GA
cc COVMMONSOBJ contains all the common bl ocks used by the objectives
ccececececececeececcceccececececceccccceccccccccccceccccccccccccccccccccccccccce

| NCLUDE ' PARAMSGA

I NCLUDE ' PARAMSOBJ'

| NCLUDE ' COMMONSOBJ'

| NCLUDE ' COMMONSGA'
ccecececececececececccccecececccecccccecccccccccccccccccccccecccccccccccecccccce
C READI NG THE HEADOBJ FI LE

OPEN (UNI T=10, FI LE=' HEADOBJ' , STATUS=' OLD')

READ( 10, *) NFNCT

DO 259 K = 1, NFNCT
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READ( 10, *) TI MER(K), FNCT(K) , ERROR( K)
DO J = 1,1 NT(TI MER(K))
READ( 10, *) PROCESS(K, J, 1), PROCESS(K, J, 2) , PROCESS(K, J, 3)
END DO
259 CONTI NUE
READ( 10, *) RGCTHEORDEN
READ( 10, *) RGCTM
READ( 10, *) RGCATMW
READ( 10, *) RGCWATMW
READ( 10, *) RGCR
READ( 10, *) RGCRRATI O
READ( 10, ¥) RGCGDI A
READ( 10, *)  RGCDENO
CLOSE( 10)
cccceceeceececceccecceccecccecceccecceccecccecceccceccecccececcceccecccceccecccecccceccccecccceccccccccccccccccccce
C  CALLING THE GENETI C ALGORI THM
OPEN (UNI T=30, FI LE=' TAPE7' , STATUS=' OLD')
OPEN ( UNI T=40, FI LE=' TAPE8' , STATUS=' OLD')
CALL GENETIC
CLOSE ( UNI T=40)
CLOSE (UNI T=30)
END

EE R

R R R R R R R R R R R R R R R R R

SUBROUTI NE FX( MEM)
ccececeecececececeeccccecececececcccccececccccccccecccccccccccccccccccccccccccccccce
cc The subrountine FX is called by the GA every tine the objectives need
cc to be evaluated. The variable MEMis the particular menber of the
cc popul ati on whose objectives are being optim zed
cc The array ATT2(popul ation size, nunmber of objectives) needs to be
cc assigned the cal cul ated objective value. The subroutine fuzzy()
cc conpares the cal cuated value to the experinental value
ccececececececececececcccececececcecccccececccccccccccccccccceccccccccccccccccccce

| NCLUDE ' PARAMSOBJ'
| NCLUDE ' PARAMSGA
| NCLUDE ' COMVIONSOBJ'

| NCLUDE ' COMVONSGA'
Cccceccccecececececececccecccececececececccecccececcccecccce
cc the real variable values of the POPY() array are assigned to
cc the variables used in the objective cal cul ations.

RGCSURNRG= POPY( 1)

RGCSY= POPY( 2)
RGCYT= POPY( 3)
RGCPCLEXP= POPY( 4)

RGCPCLREFS=  POPY(5)
RGCPCLACTNRG= POPY( 6)

RGCLT2HT= POPY( 7)
RGCLTCC= POPY( 8)
RGCPREVD= POPY( 9)
RGCACTVD= POPY( 10)
RGCPREBD= POPY( 11)
RGCACTBD= POPY( 12)
RGCPRESD= POPY('13)
RGCACTSD= POPY( 14)
RGCPREBM= POPY( 15)
RGCACTBME POPY( 16)
RGCR= POPY(17)
CUTL = POPY( 18)
cuT2 = POPY( 19)

ccecececececececececccccececececcccccccecccccccccccccccccccce
cc each of the objectives are then cacul ated and
cc inserted into the ATT2() array. The integer
cc value IFUNCT is carried over to the objective subrountine
cc by a comon block to tell the routine which objective to
cc calculate
DO 10 J = 1, NFNCT
I FUNCT = J
ATT2( MEM J) =HI P()
10 CONTI NUE
RETURN
END

R R R R R R R R R R R R R R R R R R R R
R R O S O R O
R R R R R R R R R R R R R R R R R R

R R O S O R S S O

| NCLUDE ' PARAMSGA'

| NCLUDE ' PARAMSOBJ'
I NCLUDE ' COMMONSOBJ'
| NCLUDE ' COMVIONSGA'
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I NTEGER tinme
CALL GAI NPUT_ROUTI NE

ccc Test to make sure that the user specified GA paraneter are
ccc within the allocated limts
IF (
&(NV. GT. MXNV) . OR.
&( NFNCT. GT. MXNFNCT) . OR.
&( LEN. GT. MXLEN) . OR.
&( | POPU. GT. MXPOP) ) THEN
PRI NT*, ' ERROR'
STOP
ENDI F

ccc MAXLEN is an array of integral powers of two.

ccc wused to covert the binary sequences into real nunbers
DO 84 J = 0, LEN
MAXLEN(J+1) = 2**]

84 CONTI NUE

ccc rmaxmn is the conversion factor for changeing between the
ccc deci mal equival ent binary value and the real value.

DO 23 J = 1,NV

DI FFER(J) = (RMAXM N(1,J) - RMAXM N(2,J))

RVAXM N(1,J) = DI FFER(J)/ ( MAXLEN( LEN+1) - 1)
23 CONTI NUE

Ccc | NI TI ALl ZE RANDOM NUMBER GENORATOR
| SEED = time()
| SEED = ABS(| SEED)
| F (MOD( | SEED, 2). EQ 0) | SEED = | SEED+1

Ccc INITIALI ZE I NI TI AL POPPULATI ON

DO 20 | = 1, |POPU
DO 20 J = 1, NV*LEN
GENOL(1,J) = ANI NT( URAND( | SEED))

GENO2( |, J)
20 CONTI NUE

GENOL( 1, J)

ccc Using initialize GENO array, call VALS to determ ne the POPY
ccc array and then assign POPY val ues to PHENO
DO 41 J = 1,1 POPU

CALL VALS(J)

DO 41 | = 1,NV
PHENOL(J, 1) = POPY(I)
PHENO2(J, 1) = PHENOL(J, 1)

41 CONTI NUE

Ccc Gven the initial variable values in PHENO, determ ne the objective
ccc values for each nenmber of the popul ations
DO 22 J=1, | POPU
DO 27 |=1, NV
POPY(1) = PHENOL(J, |)
27 CONTI NUE
CALL FX(J)
DO 210 | = 1, NFNCT
ATT1(J, 1) = ATT2(J, 1)
210 CONTI NUE
22 CONTI NUE

Ccc write out the results of the initial generation, 0O
CALL OUTPUT(0)

Ccc START GENETI CS

DO 10 J = 1, IGEN
PRI NT*, ' GENERATI ON #',J

C  SELECTI NG MEMBERS TO BE CROSSED

DO 97 | = 1,1POPU, 2
ccc M and N are returned and the menbers of the popul ation
ccce sel ected for crossover.

CALL REPLI (1, M
CALL REPLI (1, N)

Ccc PROBABILITY OF CROSSOVER SET TO P_C = 0.9
Ccc START CROSS OVER OPERATER
LL = 1
103 Il = NI NT( NV* LEN* URAND( | SEED) +0. 5)
DO 69 K = 1,11
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KK = K

TGENOL( 1, KK) = GENOL( N, KK)
TGENOL( 2, KK) = GENO1( M KK)
69 CONTI NUE
DO 68 K = I1+1, NV*LEN
KK = K
TGENOL( 1, KK) = GENOL(M KK)
TGENOL( 2, KK) = GENOL( N, KK)
68 CONTI NUE
Ccc start MJTATI ON oper at or
DO 35 L = 2
DO 35 K = 1, NV*LEN

1,
| F ( URAND( | SEED) * MUTATE. LE. 1. 0) THEN
TGENOL( L, K) =ABS( TGENOL( L, K) - 1. )
ENDI F
35 CONTI NUE

Ccc assign tenporary binary string to array for GEN x+1
DO 350 K = 1, NV*LEN
GENC2( 1, K) = TGENOL(1, K)
350 GENC2( | +1, K) = TGENOL( 2, K)

Ccc Convert new gene sequences to real values and determ ne correspondi ng
ccc objective val ues.
DO 43 JJ = 1,1+1
CALL VALS(JJ)
DO 411 K = 1, NV

411 PHENO2(JJ, K) = POPY(K)
CALL FX(JJ)

43 CONTI NUE

C

97 CONTI NUE

CCCCCCCCCCCCCCrreeeeeeeeceectleccececcececcceccecccecceccecccccccce
CCcccC COPYI NG NEW POPULATI ON OVER OLD POPULATI ON
CCCCCCCCCCCCCrreeeeeeeeceecteececcecececcececccececcccecececccecccccccce
DO 290 | =1, |POPU
DO 290 K = 1, NV*LEN
290 GENOL( 1, K) = GENO2(I, K)

C

DO 414 K = 1, | POPU

DO 414 | = 1, NV
414 PHENOL(K, 1) = PHENO2(K, I)
c

DO 219 K = 1,1 POPU

DO 219 | = 1, NFNCT

219 ATTL(K, I) = ATT2(K, I)

CCCCCCCCCCCCCCCCCCrrreeeereeeeeereceececcteccecececcecccceccc
ccc Once the new popul ati on has been generated, the details of the
ccc popul aiton are saved as out put
cceccececececececccccecceccccccccccccccccccccccccccccccccccce

CALL OUTPUT(J)
10 CONTI NUE

RETURN
END

EE R R
R R R R R R R R R R R R R R R R R R
EE R I
R R R R R R R R R R R R R R R R R R R R R

I NCLUDE ' PARAMSGA'

I NCLUDE ' PARAMSOBJ'
I NCLUDE * COMMONSOBJ*
I NCLUDE ' COMMONSGA'

Ccc initialize the out array
DO 341 N = 1,1 POPU
DO 341 K = 1, MXNFNCT+MXNV
OUT(N,K) = 0.0
341 CONTI NUE

Ccc copy the variable and objective values to the OUT array
ccc and then call QutFile to wite out the data
JJ = | PROG+1
DO 510 J = 1,1 POPU
DO 520 K = 1, NFNCT
OUT(J, K) = ATT1(J, K)
520 CONTI NUE
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DO 530 K = 1, NV
530 OUT(J, K¥NFNCT) = PHENOL( J, K)
510 CONTI NUE

CALL OUTFI LE(| PROG)

RETURN
END

EE R I

R R R R R R R R R R R R R R R R R R R R R R
REAL FUNCTI ON PHCOUNTER( N, MAX)

EE R I

R R R R R R R R R R R R R R R R R R R

I NCLUDE ' PARAMSGA'

I NCLUDE ' PARAMSOBJ'
| NCLUDE * COMMONSOBJ'
I NCLUDE ' COMMIONSGA'

Ccc determ nes how crowded GenX nmember N would be if place into the
ccc partially filled next generation of size MAX
SCALE = 0.01
PHCOUNTER = 0.
DO 700 I=1, MAX-1,1
D=0.0
DO 701 J = 1, NV
DI FF = (PHENO2( |, J)- PHENOL(N, J))/ Dl FFER(J)
D = D + DI FF*DI FF
701 CONTI NUE
D = SQRT(D)
| F (D.LE. SCALE) THEN
PHCOUNTER = PHCOUNTER +1. 0- D/ SCALE
ENDI F
700 CONTI NUE
RETURN

END

R R R R R R R R R R R R R R R R R R R
R R O S O R S O R O
R R R R R R R R R R R R R R R R R R R R
R R O S O R S O

| NCLUDE ' PARAMSGA'

I NCLUDE ' PARAMSOBJ'
I NCLUDE ' COMMONSOBJ'
| NCLUDE ' COMVIONSGA'

Ccc Determ nes the real value of binary encoded string for menmber JJ

| COUNT=1

DO 43 K = 1, NV*LEN, LEN
POPY( | COUNT) = DECI MAL( | COUNT, JJ) * RMAXM N( 1, | COUNT)

& +RMAXM N( 2, | COUNT)
| COUNT=I COUNT+1
43 CONTI NUE

RETURN

END

R R O S O R S S S I O R S

EE R I R
REAL FUNCTI ON DECI MAL( K, J)

R R O S O R S O R O

EE R R

| NCLUDE ' PARAMSGA'
| NCLUDE ' PARAMSOBJ'
| NCLUDE ' COMMONSOBJ'
| NCLUDE ' COMVONSGA'
Ccc Determines the deci mal equival ent of a binary encoded string.

[ ALLEL = (K-1)*LEN
DECI MAL = 0.0
DO 74 | = LEN, 1, -1
I'F (I NT(GENGR2(J, | ALLEL+l)).EQ 1) THEN
DECI MAL=MAXLEN( LEN- | +1) +DECI MAL
ENDI F
74 CONTI NUE
RETURN
END

R R R R R R R R R R R R R R R R R R
R R O S O R S S O
R R R R R R R R R R R R R R R R R R
R R R S O R S S O O

| NCLUDE ' PARAMSGA'
| NCLUDE ' PARAMSOBJ'
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I NCLUDE ' COMMONSOBJ'
| NCLUDE ' COMVIONSGA'

CCCC finds difference between the cal cul ated and experinmental val ues
DO 77 N = 1,1 POPU
DO 77 M = 1, NFNCT
OUT(N, M = (QUT(N, M -FNCT(M)
77 CONTI NUE

ccc wites objective data and variable data to Tape7 and Tape8 respectively.
DO 56 N = 1,1 POPU
OUT( N, NV+NFNCT+1) = | PROG
56 CONTI NUE
DO 65 N = 1, | POPU
WRI TE( 30, 654) (OUT(N, I'),1=1 , NFNCT ), OUT( N, 1+NFNCT+NV)
WRI TE( 40, 654) (OUT(N, I'), 1 =1+NFNCT, 1+NFNCT+NV)
65 CONTI NUE
654 FORMAT( 1X, 80(E11.4," "))

DO 67 N = 1,1 POPU
DO 67 M = 1, 1+NV+NFNCT
OUT(N, M = 0.
67 CONTI NUE
C
RETURN
END

R R R R R R R R R R R R R R R R R
R R S O O R R S O O
R R R R R R R R R R R R R R R R R R R R R
R R O S O R S S O R O O

I NTEGER 1Y
URAND |'S A UNI FORM RANDOM NUMBER GENERATOR BASED ON THE THEORY AND
SUGGESTI ONS Gl VEN BY D. E. KNUTH ( REF.: ' SEM NUMERI CAL ALGORI THVS' VOL. 2
MASS. READI NG ADDI SON WESLEY 1969 ). THE INTEGER |IY SHOULD BE | NI Tl ALI ZED
PRIOR TO THE FI RST CALL TO AN ARBI TRARY | NTEGER. THE CALLI NG PROGRAM
SHOULD NOT ALTER THE VALUE OF |Y BETWEEN SUBSEQUENT CALLS OF URAND.
VALUES OF URAND W LL BE RETURNED IN THE | NTERVAL [0, 1)

0000000

INTEGER I A IC, | TWO, M2, MM C
DOUBLE PRECI SI ON HALFM
REAL S

C DOUBLE PRECI SON DATAN, DSQRT

DATA M2/ 0/, 1 TWO 2/
DATA | A 1C,MC/0, 0,0/
DATA HALFM 0. 0/

| F(M2. NE. 0) GOTO 20

I'F FI RST ENTRY COVPUTE MACHI NE | NTEGER WORD LENGTH

(eXele!

ME
10 M =
M
F

(@]
5
g
-
>
g
z
3
5
E
3
=
0
P
§
3
5
5
>
5
2
e

8*1 DI NT( HALFMF DATAN( 1. D0) / 8. D0) + 5
2% | DI NT( HALFM+ (0. 5D0- DSQRT( 3. D0)/ 6. D0)) + 1
(M - 10 + M

(@P4

C =

S IS THE SCALE FACTOR FOR CONVERTI NG TO A FLOATI NG PO NT

[eXele!

S = 0.5/ HALFM

COVPUTE NEXT RANDOM NUMBER

[eXele!

20 Y = ITY*IA
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C THE FOLLOW NG STATEMENT | S FOR COMPUTERS WHI CH DO NOT ALLOW
C | NTEGER OVERFLOW ON ADDI TI ON
C
IF(IY.GT.MC) 1Y = (1Y - M) -M
c
Y =1Y+1IC
C
C THE FOLLOW NG STATEMENT | S FOR COMPUTERS WHERE THE
C WORD LENGTH FOR ADDI TI ON |'S GREATER THAN FOR MULTI PLI CATI ON
C
IF(1Y/2 .GT. M) IY = (1Y - M) - M
C
C THE FOLLOW NG STATEMENT | S FOR COMPUTERS WHERE THE | NTEGER
C  OVERFLOW AFFECTS THE SIGN BI T
C
IF (IY.LT.0) 1Y = (1Y + M) + M
URAND = FLOAT(IY)*S
RETURN
END

R R R R R R R R R R R R R R R R R
R R O S O R R S I O
B e R R R R R R R R R R
R R S O O R R S O O

| NCLUDE ' PARAMSGA'

| NCLUDE ' PARAMSOBJ'
I NCLUDE ' COMMONSOBJ'
| NCLUDE ' COMVIONSGA'

Ccc READI NG THE HEADVAR FI LE
OPEN (UNI T=10, FI LE=' HEADVAR' , STATUS=' OLD')
READ(10, *) NV
DO 249 K = 1, NV

READ( 10, *) RMAXM N(1, K), RMAXM N(2, K)
249 CONTI NUE
CLOSE( 10)

Ccc READI NG THE HEADGA FI LE
OPEN (UNI T=10, FI LE=' HEADGA' , STATUS=' OLD')
READ( 10, *) LEN
READ( 10, *) | GEN
READ( 10, *) | POPU
READ( 10, *) MUTATE
READ( 10, *) | COMP
CLOSE( 10)
RETURN
END

R R O S O R R S O O

EE R
SUBROUTI NE REPLI ( MAX, NEM

R R O S O O

EE R I R

| NCLUDE ' PARAMSCA'

I NCLUDE ' PARAMSOBJ'
I NCLUDE ' COMMONSOBJ'
| NCLUDE * COMVIONSGA'

C

LOG CAL D2, b1

DI MENSI ON' RMAX( MXNFNCT) , RM N( MXNFNCT)
Ccccecececeeeeccccccccccecccccccececceccccccecccecccccccececececce
ccc Randomy select two nmenbers of the popul ation
Cccececeeececcccececccccccececcececcccccccccccccccecececcccccccecce

SCALER = 1.

601 M = NI NT( URAND( | SEED) * | POPU+0. 5)

602 N = NI NT(URAND( | SEED) * | POPU+0. 5)
Cccececececeeeeccccccecccccccccccecececccccccccecccccccecceccecce
ccc find the nost unfit menbers of the population for the fuzzy |ogic sel ecti onmethod
Cccecececeeecccceccccecccecccccccccecccccccccccccecccccccccce

DO 40 J=1, NFNCT
RMAX(J) = FNCT(J) +ERROR(J)
RM N(J) = FNCT(J) - ERROR(J)

40 CONTI NUE
DO 41 J = 1,1 POPU
DO 41 | = 1, NFNCT

IF (ATT1(J,1). GT. RMAX(1)) RMAX(I) = ATTL(J, 1)

IF (ATTL(J,1).LT.RM N(1)) RMN(I) = ATTL(J, 1)

41 CONTI NUE
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Ccccececeeeccccccccccccccccccececececcccccccccccccccececececce

D1 = . TRUE.

D2 = . TRUE.
CCCCCCCCCCCCCCCCCCCrrereerereeeeeeceecececeeecceccecce
cc For all objectives or functions determ ne the fuzzy fitness of
cc the two randomly sel ected nenbers M and N
CCCCCCCCCCCCCCCCCCCrrCCcrrereeeereeeerececcececcecee

AVERAGEM = 0
AVERAGEN = 0.
DO 35 J = 1, NFNCT
X1 = RM N(J)
Y1 = SCALER
X2 = FNCT(J) - ERROR(J)
Y2 = 0.0
X3 = FNCT(J)
Y3 = 0.0
X4 = FNCT(J) +ERROR(J)
Y4 = 0.0
X5 = RMAX(J)
Y5 = SCALER

X = ATTL(M J)
AVERAGEM = AVERAGEMFAVG( X1, Y1, X2, Y2, X3, Y3, X4, Y4, X5, Y5, X)
X = ATTL(N,J)
AVERAGEN = AVERAGEN+AVG( X1, Y1, X2, Y2, X3, Y3, X4, Y4, X5, Y5, X)

35 CONTI NUE

AVERAGEM = AVERAGEM REAL( NFNCT)

AVERAGEN = AVERAGEN/ REAL( NFNCT)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeccceeeeceecee
C COVPARI SON SET
cc For all objectives or functions determ ne the fuzzy fitness of
cc the menbers of the conparison set.
cc If the average of any conparison set nenber is |less than the average
cc of Mthen Dl is set FALSE. Likewise, D2 is set to FALSE if
cc the fuzzy fitness of any conparison set menber is |less than that of N
CCCCCCCCCCCCCCCCCCCrrrCerereeerereeeereeececececcececcee

DO 603 | = 1, | COMP
604 Il = NI NT(URAND( | SEED) *| POPU+0. 5)
CCCCCCCCCOCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCCCCOCC
AVERAGEC= 0.
DO 36 J = 1, NFNCT
X1 = RM N(J)
Y1 = SCALER
X2 = FNCT(J) - ERROR(J)
Y2 = 0.0
X3 = FNCT(J)
Y3 = 0.0
X4 = FNCT(J) +ERROR(J)
Y4 = 0.0
X5 = RMAX(J)
Y5 = SCALER

X = ATTL(11,Jd)
AVERAGEO = AVERAGEO+AVG( X1, Y1, X2, Y2, X3, Y3, X4, Y4, X5, Y5, X)

36 CONTI NUE
AVERAGEO = AVERAGEQ/ REAL( NFNCT)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCceceeee
| F (AVERAGEO. LT. AVERAGEM) Di1=. FALSE.
| F (AVERAGEO. LT. AVERAGEN) D2=. FALSE.

603 CONTI NUE
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCecceeeeeceecee
CCC here is a tricky part.
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCceceeeceeecceeee
ccc |F D1 is equal to D2 (they are both true or both false)
ccc then niching is needed.
ccececeececececececccecccececececceccccccececccccccccecccccccccccccccccccccce

| F (D1. EQ D2) THEN
ccce count up the crowding factor for Mand N
RN1 = PHCOUNTER( M MAX)
RN2 = PHCOUNTER( N, MAX)
I'F (RN1.LT.RN2) THEN
MEMEM
ELSEI F (RN2. LT. RN1) THEN
MEMEN

ELSEI F (RNL. EQ RN2) THEN
I F (URAND( | SEED). LE. 0. 5) THEN
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ELSE

ENDI F
ENDI F

ELSEI F (D2) THEN
MEMEN

ELSEI F (D1) THEN
VEMEM

ENDI F
RETURN
END

R R O S O O R O O O

EE R I
REAL FUNCTI ON AVG X1, Y1, X2, Y2, X3, Y3, X4, Y4, X5, Y5, X)

R I O S O

EE R

ccc This function is the heart of the fuzzy |ogic sel ection nethod.
ccc The points listed above define the five najor points in a
ccc fuzzy logic rule set:
ccc 1\ /5
ccc \ /
ccce \ /
ccc 2 3 _ 4
ccc AVG determ nes between which two points the value of X lies
ccc and then calls PO NT to determ ne the coorespondi ng value of Y
ccececececececececeeccceccecececccccccccecccccccccccccccccccccee
I F (X1.GT. X2) THEN
PRI NT*, ' ERROR, X1, X2'
STOP
ENDI F
I F (X2.GT. X3) THEN
PRI NT*, ' ERROR, X2, X3'
STOP
ENDI F
I F (X3.GT. X4) THEN
PRI NT*, ' ERROR, X3, X4'
STOP
ENDI F
I F (X4.GT. X5) THEN
PRI NT*, ' ERROR, X4, X5'
STOP
ENDI F

IF (X. LE. X2) THEN
AVG = PO NT(X1, Y1, X2, Y2, X)
ELSEl F (X. LE. X3) THEN
AVG = POl NT(X2, Y2, X3, Y3, X)
ELSEl F (X. GE. X4) THEN
AVG = POl NT( X4, Y4, X5, Y5, X)
ELSEI F (X. GE. X3) THEN
AVG = PO NT(X3, Y3, X4, Y4, X)
ELSE
PRI NT*, ' ERROR, OUT OF RANGE'
STOP
ENDI F
RETURN
END

EE R R

R R R R R R R R R R R R R R R R R R
REAL FUNCTI ON PO NT( X1, Y1, X2, Y2, X)

EE R I

R R R R R R R R R R R R R R R R R R R R R

ccc The function point sends back a value of Y given two points on a line and a val ue of
ccce
IF (X1. EQ X2) THEN
PO NT = Y1
ELSE
SLOPE = (Y1-Y2)/(X1-X2)
B = Y1- SLOPE*X1
PO NT = SLOPE* X+B
ENDI F
RETURN
END
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