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D.L. Carroll's FORTRAN Cenetic Al gorithmDriver

This is version 1.7a, |ast updated on 4/2/2001.
Downl oad from <http://cuaerospace.comcarroll/ga.htn >

Copyright David L. Carroll; this code nmay not be reproduced for sale
or for use in part of another code for sale wthout the express
witten perm ssion of David L. Carroll

This genetic algorithm (GA) driver is free for public use. M only
request is that the user reference and/or acknow edge the use of this
driver in any papers/reports/articles which have results obtained
fromthe use of this driver. | would also appreciate a copy of such
papers/articles/reports, or at least an e-nmail nessage with the
reference so | can get a copy. Thanks.

This programis a FORTRAN version of a genetic algorithmdriver.

This code initializes a random sanple of individuals with different
paraneters to be optim zed using the genetic al gorithm approach, i.e.
evol ution via survival of the fittest. The selection schenme used is
tournanment selection with a shuffling technique for choosing random
pairs for mating. The routine includes binary coding for the

i ndi viduals, junp nutation, creep nmutation, and the option for

singl e-point or uniformcrossover. Niching (sharing) and an option
for the nunber of children per pair of parents has been added. More
recently, an option for the use of a m cro-GA has been added.

For conpanies wishing to link this GA driver with an existing code,
| am avail able for sonme consulting work. Regardless, | suggest
altering this code as little as possible to make future updates
easier to incorporate.

Any users new to the GA world are encouraged to read David CGol dberg's
“Genetic Algorithnms in Search, Optim zation and Machi ne Learning,"
Addi son- Wesl ey, 1989.

The seven FORTRAN GA files are: gal7o0. f
ga.inp
ga2.inp (wW different nanelist identifier)
ga. out
ga.restart
par ans. f
ReadMe (this filel)

| have provided a sanple subroutine "func", but ultimtely
the user nust supply this subroutine "func" which should be your
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cost function. You should be able to run the code with the

sanpl e subroutine "func" and the provided ga.inp file and obtain

the optimal function value of 1.0000 at generation 187 with the uniform
crossover mcro-GA enabled (this is 935 function evaluations). Note that
because different conputers may treat precision and truncation
differently, | have seen cases where two conputers using the sane

I nput produce different evolution histories (but still converge to the
optimal).

| still recomend using the mcro-GA technique (m croga=1)

Wi th uniformcrossover (iunifrml). However, if possible, | strongly
suggest that you use values of nposibl of 2**n (2, 4, 8, 16, 32, 64,
etc.). While ny test function works fine for other values of nposibl,

| have encountered problens where the uniformcrossover m cro-GA has
difficulty with paraneters having long bit strings and a non-2**n val ue
of nposibl, e.g. nposibl=1000, wll have 10 bits assigned (for this case
| woul d suggest running nposi bl =1024 rather than 1000); | am presently

i nvestigating possible fixes for this situation.

Updat es:

Version 1.7 includes several inprovenents:

(i) The coding and input files are cleaned up to provide identical
out put across a w der range of conputers.

(ii) The arrays have been rearranged to enable a nore efficient caching
of system nmenory. For cases with very |arge popul ation sizes, run
time inprovenents of as nuch as a factor of 4-6 were observed

For popul ation sizes |less than 1000 you will not see nuch change.
(iii) A summary of the results has been added to the end of the output
file.

(iv) An alternate input file "ga2.inp" has been included. Sonme conpilers
require an '& and a '/' in the nanelist input file, rather than
'$' signs.

(v) For those wishing to try ever harder test functions, the included
function is now N-dinmensional, where Nis sinply determ ned by
t he nunber of parameters specified (nparan

Version 1.6.5 of the code all owed creep nutations to be inpl enented
with the mcro-GA technique. (This version was never officially
rel eased.)

Version 1.6.4 of the code has a mnor nodification to the niching
routi ne and anot her m nor nodification which would only affect a user
having a single paraneter with nore than 2**30 possibilities (probably
noone has used this |arge a nunber).

Version 1.6.3 of the code fixes a bug in the niching routine. N ching
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shoul d now work nuch better than in previous versions. A few other
m nor changes have been nmade (not worth nentioning). The sanple function
has been changed to sonmething a bit nore chall engi ng.

Version 1.6.2 of the code has had nmmjor restructuring in the form of
converting all of the operators (crossover, nutation, etc.) into
subroutines. The code |ogic should be a little nore understandabl e now
and it lends itself to nore easily nodifying parts of the code. The
counter kountnx (see v1.6.1 comments bel ow) was added to the naneli st

I nput. O herw se, code performance should be the sane.

Version 1.6.1 of the code has very mnor nodifications. |[|f you are
al ready successfully using the code, then you will not need this
updat e.

(i) Added a little docunentati on about changing format statenents
1050, 1075, 1275, and 1500 when you change nparam or the total
nunber of chronosones (see bel ow)

(ii) | have commented out all of the lines of code dealing with
cputime. The Macintosh specific SECNDS call was causi ng nore
questions than | had antici pated. However, other than comrenting
the lines out, | have left themin their |ocation for reference
I n case the user wants a cputine added.

(iii1) I have included a sanple output file.

(iv) Added counter (kountnx) to control how frequently the restart file
Is witten. This saves I/Otine and wear and tear on storage
device. Presently set to wite every fifth generation.

Version 1.6 of the code has incorporated the ability to use a mcro-GA
approach; this significantly reduced the nunber of function eval uations
to find the global maxi mum of ny test function

Version 1.5 of the code has added sone nore flexibility to your

avai | abl e opti ons:

(i) You now specify the m ni num and maxi num val ues of the paraneters
rat her than the m ni num and the increnent.

(ii) You now specify the nunber of possibilities you want for each
parameter, not the nunber of bits. This nodification has two
features: first, the program automatically cal cul ates the nunber
of bits per paraneter; second, you are no |onger forced to have a
nunber of possibilities equal to 2**n. Wiile the code is nore
efficient when there 2**n possibilities per paraneter, it wll
run quite well with a | esser nunber; e.g. a coll eague has 25
specific airfoil famlies he wants to investigate, greater than
16, less than 32.

(iii) You can now specify specific paraneters for niching. Earlier
versions of the code forced you to niche on all paraneters. Now,
the input array 'nichflg' permts you to choose the paraneters
for niching.
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(iv) You have an input flag to prevent the printing of specific junp.
and creep mutation information

(v) You now specify the maxi num val ues of popul ation size, nunber of
paraneters and nunber of chronosones in an include file (parans.f).
This sets the maxi mum array sizes in the code. Wen running, the
code only uses the array size up to npopsiz and nparam (from ga.inp)
and nchronme (conputed internally fromthe nposibl input array).

The code is presently set for a maxi mum popul ati on size of 200,
30 chronosones (binary bits) and 2 paraneters. These val ues can be
changed in parans.f as appropriate for your problem Correspondingly
you w Il have to change a few 'wite' and 'format’' statenents if you
change nchrmax and/or nparmax. |In particular, if you change nchrone
and/ or nparam then you should change the 'format' statenent nunbers
1050, 1075, 1275, and 1500. For exanple, if you have a problemwth
4 paraneters and 16 chronosones (bits), then you should change these
format statements to be:

1050 format (1x,' # Bi nary Code', 8x,' Paraml Paranf Paran8',

+ " Paramd Fitness')

1075 format (i 3, 1x, 16i 1, 4(1x,f6.2), 1x,f6. 2)

1275 format (/' Average Val ues:', 10x, 4(1x,f6.2),1x,f6.2/)

1500 format (i 5, 3x, 16i 2)

The CPU tine related lines of code reference a Macintosh specific
time function (SECNDS). To avoid conpiler errors wth other conputers,

| have commented out these lines of code. |If you wish to have cputine
out put,then you will have to change the tinme functions for the specific
conputer you are running on. Mst nodern Unix machines will recognize

the "etinme' function; these lines are added to the code along with the
variable 'tarray' and 'cpu...again, to avoid conpiler errors with
different conputers, these lines of code are al so commented out.

A conmon problem arises with the Mcrosoft PowerStation conpiler, i.e.,
Power St ati on does not recogni ze the abbreviation NML for NAMVELIST. |If
you are using PowerStation, you will likely have to substitute NAMELI ST
for all instances of NM.

Pl ease feel free to contact me with questions, comments, or errors
(hopefully none of latter).

Enj oy!
David L. Carrol
CU Aer ospace

2004 South Wight Street Extended
Urbana, IL 61802
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e-mail: carrol | @uaer ospace. com
Phone: 217-333-8274
fax: 217-244- 7757

HH R A R I A A R A i A R R v R i e e e i
m cro- GA Ti p:
My favorite GA technique is still the micro-GA. At this point, | recommend

using the mcro-GA with uniformcrossover and a small popul ation size. The
follow ng i nputs gave ne excel |l ent perfornmance:

mcroga =1
npopsiz =5
maxgen = 100
funifrm=1

| have al so gotten good performance with the single-point crossover
(iunifrm0),
m cro- GA.

If you decide to use the mcro-GA, you will not need to worry about the
popul ation sizing or creep nutation tips bel ow

See the Krishnakumar reference below for nore information about mcro-GA' s.
HHHHHHH BB B HHHHHH R R R R H R R B R R R R R R R R R R R R R R R AR
Popul ation Sizing Tip:

I've had a | ot of people ask ne about popul ation sizing, especially

peopl e who are attenpting |arge problens where 100 individuals is probably

not enough. The true authority on the subject is David Gol dberg, but here is
a crude popul ation scaling law in ny paper (based on Gol dberg & Deb, 1992):

npopsiz = order[(I/k)(2**k)] for binary codi ng

where | = nchrone and k is the average size of the schema of interest
(effectively the average nunber of bits per paraneter, i.e. approxinately
equal to nchrone/nparam rounded to the nearest integer). | find that when
| have uniform crossover and niching turned on (which I recomrend doi ng),
that this scaling lawis usually overkill, i.e. you can nost |ikely get by
wi th popul ations at |east twice as small.

Renenber to nake the paraneter 'indmax' (in 'parans.f') greater than or equa
to 'npopsiz'.

HHHHHHH B HHHHHHHHH TR R R R R R A R R R R
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Creep Mutation Probability Tip:

| generally like to have approximately the same nunber of creep nutations and
junp nutations per generation. Using basic probabilistic argunents, it can be
shown that you will get approxinately the sane nunber of creep and junp
mut at i ons when

pcreep = (nchrone/ nparan) * pnutate

where pnutate (the junp nutation probability) is 1/ npopsiz.
HHHRRHHHHHHHHHH BB R HHHHHH R R HHH AR R
Suggested reading that | have found to be of use:

Gol dberg, D. E., and Richardson, J., "Genetic Algorithm wth

Sharing for Miltinodal Function Optim zation," Genetic Algorithns and their
Applications: Proceedings of the Second International Conference on Genetic
Al gorithnms, 1987, pp. 41-49.

CGol dberg, D. E., "Genetic Algorithms in Search, Optim zation and
Machi ne Learning," Addi son-Wesl ey, 1989.

CGol dberg, D. E., "A Note on Boltznmann Tournanment Sel ection for

Genetic Algorithns and Popul ation-Oriented Sinulated Annealing,” in:
Conpl ex Systens, Vol. 4, Conplex Systens Publications, Inc., 1990, pp.
445- 460.

Gol dberg, D. E., "Real -coded Cenetic Al gorithnms, Virtual Al phabets,
and Bl ocking," in: Conplex Systens, Vol. 5, Conplex Systens Publications,
Inc., 1991, pp. 139-167.

Gol dberg, D. E., and Deb, K, "A Conparitive Analysis of Selection

Schenmes Used in Genetic Algorithms," in: Foundations of Cenetic Al gorithns,
ed. by Rawins, G J.E., Mrgan Kauf mann Publishers, San Mateo, CA pp.
69-93, 1991.

ol dberg, D. E., Deb, K, and Cark, J. H, "Genetic Al gorithns,
Noi se, and the Sizing of Populations,” in: Conplex Systens, Vol. 6, Conplex
Systenms Pub., Inc., 1992, pp. 333-362.

Kri shnakumar, K., "Mcro-CGenetic Algorithns for Stationary and
Non- St ati onary Function Optim zation," SPIE Intelligent Control and
Adaptive Systens, Vol. 1196, Phil adel phia, PA, 1989.

Syswerda, G, "Uniform Crossover in Cenetic Algorithms," in:

Proceedi ngs of the Third International Conference on Genetic Al gorithns,
Schaffer, J. (Ed.), Mrgan Kauf mann Publishers, Los Altos, CA pp. 2-9,
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1989.
R R R A R R A R R R R R T R A B B R R i R R R i i R it

If you are interested in ny work (which may give sone insights into how

and why | coded sone aspects of nmy GA), | can mail copies of three papers of
n ne.
G Yang, L.E. Reinstein, S. Pai, Z Xu, and D.L. Carroll, "A new genetic

algorithmtechnique in optimzation of permanent 125-1 prostate inplants,”
Medi cal Physics, Vol. 25, No. 12, 1998, pp. 2308-2315.

Carroll, D. L., "Chem cal Laser Mddeling with Genetic Al gorithns,"
Al AA J., Vol. 34, 2, 1996, pp.338-346.
(A preprint version of this paper can now be downl oaded in PDF format
via ny website:
<http://cuaerospace.com carroll/gatips.htm > [ ook for Al AA1996. pdf)

Carroll, D. L., "Genetic Algorithnms and Opti m zi ng Chem cal Oxygen-1odi ne
Lasers," Devel opnents in Theoretical and Applied Mechanics, Vol. XVIII,
eds. HB. Wlson, RC Batra, CW Bert, AMJ. Davis, R A Schapery, D. S
Stewart, and F.F. Swi nson, School of Engineering, The University of Al abans,
1996, pp.411-424.
(This paper can now be downl oaded in PDF format via nmy website:
<http://cuaerospace.com carroll/gatips. htm > | ook for SECTAMLS. pdf)

A R L L A B L L L R B L S B L R

Disclainer: this programis not guaranteed to be free of error
(although it is believed to be free of error), therefore it should
not be relied on for solving problens where an error could result in
injury or loss. If this code is used for such solutions, it is
entirely at the user's risk and the author disclainms all liability.
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