CS420/594Complex Systems Self-Oiganization

Project3: GeneticAlgorithms
DueDecembeb, 2002

BruceJ. MacLennan

Note: You have just over two weeks, and we cannot accept late projects and get grades
turned in on time. Start right away!

In this projectyou will implementa simple geneticalgorithm. Your programshould
accepfasinput:

1.
2.
3.

numberof genesn thegeneticstring (¢); try ¢ = 20 to start;
populationsize(V); try 30to start;

mutationprobability (p,,,, the probabilityof mutatingeachbit); try 0.033to start,and
keepit approximatelyinverselyproportionalto V;

. crosswer probability (p., the probability of single-pointcrosser); try 0.6to start;
. seedfor randomnumbergenerator;

. numberof generationsg- to runthesimulation(a generations definedto replacepn

theaverageall the individualsin the population;henceif a breedingcycle replaces
two individuals,thentherewill be N/2 breedingcyclespergeneration)try G = 10
to start.

In this experimentyou will usethefollowing real-valuedfitnessfunction:

F(s) = (/29" (1)

wherez is the integerthatresultsfrom interpretings asanunsignedinary number This
is, of course a very simplefitnessfunction,andwe canseethatthe optimumgenotypes
all 1s. However, the problemis hardin the sensehatthe optimumis narrav. (Plotit over
r € [0, 2° — 1] to se€its shape.)Your fitnessfunctioncanbe eitherwired into the program,
or includedfrom aseparatdile.

Your programshouldproducea plot showving



e averagefitnessof the population,
e fitnessof the bestindividual,
e thenumberof correct(1) bitsin the bestindividual.

asafunctionof time. Note which bits aremostlik ely to bewrongin the bestindividual in

thefinal few generations.
Explorethe behaior of the GA with variousparametesettings:

e populationsize N,

e Mmutationprobability p,,,

e crosswer probability p,,

e geneticstringlength/ (e.g.,try £ = 5, 10, 20, 30, 40),
e numberof generations.

For eachsetof parameteryou will have to do severalrunsto determinetypical behaior

for thosesettings.

Discussthe effect of the variousparametersndyour algorithm’s overall ability to find
the bestsolution. If someof the parameterseemto interactwith eachother describethe
interactiongn your discussion.



For graduate credit: In additionto the precedingyou will explore the interactionof in-
heritanceandlearning(“natureandnurture”). Designyour programto runin two modes,
nonlearning andlearning. In nonlearningnodethe programoperategxactly asdescribed
in part1 with ¢ = 20. In learningmode,every otherbit (say all the odd bits) aredeter
minedby evolution, while the remaining(even) bits aredeterminedy guessindtrial and
errorlearning). Thus,the genomesizeis ¢ = 10, andthe geneticoperatorgleterminethe
inheritedbits, but the phenotypewhichis testedfor fithess has/ = 20. Eachindividualis
given20 triesto guesghe remainingl0 (non-inheritedor learned)bits (eachtrial guesses
all 10 non-inheritedits). An individual'sfitnessis determinedy its bestguessoverthese
20trials.

Your programwill also have to be able to switch from the original fithessfunction
(Eq.1) to thisone(Eq. 2), aftera specifiedhumberof generations:

Fy(s) = (1 —xz/29". 2

It’'s easyto seethatall Osis the bestgenotype.The switch modelsa suddenchangen the
ervironment.

First, from your runsin part1, pick the parametesettingthat seemto work bestwith
¢ = 20. In particular pick a populationsize and numberof generationg7* thatleadsto
goodperformancebut not completeconvergence(all individualsidentical).

1. Runyou programseveraltimesin nonlearningmodeto verify its performance.

2. Next, runyour programin learningmode(with severalrandomseeds)andcompare
its performanceéo thatin nonlearningnode.Discusghesimilaritiesanddifferences.
You may alsowantto compardearning/nonlearningerformancevith several pop-
ulationsizes.

3. Next we will investigatepopulationadaptabilitywith andwithout learning. In both
learningandnonlearningnodes,switchfrom F' to F, after G* generationsandin-
vestigatehow mary additionalgenerationsare requiredfor the performanceof the
populationandits bestindividualto recover.

4. Discussthe interactionof learningand evolution, asmodeledin your experiments,
anddiscussts applicabilityto biologicalsystems.



