
CS420/594Complex Systems& Self-Organization
Project3: GeneticAlgorithms

DueDecember5, 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 simplegeneticalgorithm. Your programshould
acceptasinput:

1. numberof genesin thegeneticstring(
�
); try

�������
to start;

2. populationsize( � ); try 30 to start;

3. mutationprobability(�
	 , theprobabilityof mutatingeachbit); try 0.033to start,and
keepit approximatelyinverselyproportionalto � ;

4. crossoverprobability(��� , theprobabilityof single-pointcrossover); try 0.6to start;

5. seedfor randomnumbergenerator;

6. numberof generations
 to run thesimulation(agenerationis definedto replace,on
theaverage,all the individualsin thepopulation;henceif a breedingcycle replaces
two individuals,thentherewill be ��� �

breedingcyclespergeneration);try 
 �����
to start.

In this experimentyou will usethefollowing real-valuedfitnessfunction:

������� � ��� � ��� ��� �"!
(1)

where
�

is the integerthatresultsfrom interpreting
�

asanunsignedbinarynumber. This
is, of course,a very simplefitnessfunction,andwe canseethat theoptimumgenotypeis
all 1s. However, theproblemis hardin thesensethat theoptimumis narrow. (Plot it over�$#&% � ! � �(' �*)

to seeits shape.)Yourfitnessfunctioncanbeeitherwired into theprogram,
or includedfrom aseparatefile.

Your programshouldproduceaplot showing
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+ averagefitnessof thepopulation,

+ fitnessof thebestindividual,

+ thenumberof correct(1) bits in thebestindividual.

asa functionof time. Notewhich bits aremostlikely to bewrongin thebestindividual in
thefinal few generations.

Explorethebehavior of theGA with variousparametersettings:

+ populationsize � ,

+ mutationprobability �
	 ,

+ crossoverprobability ��� ,
+ geneticstringlength

�
(e.g.,try

�,�.- ! ��� ! �/� !�0 � !21 �
),

+ numberof generations
 .

For eachsetof parametersyou will have to do several runsto determinetypical behavior
for thosesettings.

Discusstheeffectof thevariousparametersandyouralgorithm’soverall ability to find
thebestsolution. If someof theparametersseemto interactwith eachother, describethe
interactionsin yourdiscussion.
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For graduate credit: In additionto thepreceding,you will explore the interactionof in-
heritanceandlearning(“natureandnurture”). Designyour programto run in two modes,
nonlearning andlearning. In nonlearningmodetheprogramoperatesexactly asdescribed
in part 1 with

���3�/�
. In learningmode,every otherbit (say, all the odd bits) aredeter-

minedby evolution,while theremaining(even)bits aredeterminedby guessing(trial and
error learning).Thus,thegenomesizeis

�4�5���
, andthegeneticoperatorsdeterminethe

inheritedbits,but thephenotype,which is testedfor fitness,has
�,�����

. Eachindividual is
given20 triesto guesstheremaining10 (non-inheritedor learned)bits (eachtrial guesses
all 10non-inheritedbits). An individual’sfitnessis determinedby its bestguessover these
20 trials.

Your programwill also have to be able to switch from the original fitnessfunction
(Eq.1) to this one(Eq.2), afteraspecifiednumberof generations:

�768�9�8� � � � ' � � � � � � ��:
(2)

It’ s easyto seethatall 0s is thebestgenotype.Theswitchmodelsa suddenchangein the
environment.

First, from your runsin part1, pick theparametersettingthatseemto work bestwith���3�/�
. In particular, pick a populationsizeandnumberof generations
<; that leadsto

goodperformance,but not completeconvergence(all individualsidentical).

1. Runyouprogramseveraltimesin nonlearningmodeto verify its performance.

2. Next, run your programin learningmode(with severalrandomseeds),andcompare
its performanceto thatin nonlearningmode.Discussthesimilaritiesanddifferences.
You mayalsowant to comparelearning/nonlearningperformancewith severalpop-
ulationsizes.

3. Next we will investigatepopulationadaptabilitywith andwithout learning. In both
learningandnonlearningmodes,switch from

�
to

�76
after 
 ; generations,andin-

vestigatehow many additionalgenerationsarerequiredfor the performanceof the
populationandits bestindividual to recover.

4. Discussthe interactionof learningandevolution, asmodeledin your experiments,
anddiscussits applicabilityto biologicalsystems.
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