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= Set up the problem

In our case we have chosen the conventional binary coding. Each individual is coded as a binary string with length
stringLength. The problem is limited to 1D, and for x from O to 1.

stringLength = 10;
mutationRate = 0.002;
popSize = 100; (* must be a power of two *)

Define the fitness function. It must be defined in the interval O to 1. The first one is a simple one, while the second
function is a little bit more difficult.

Fitness B&EIL. x->{0,1}, y->{0,1} ICTHRIILENTWSIHLENHS? zIFTLUETHKIN? —> popFit-
ness CTiEIRL TWBEIFARDT, ATHRIY,

Clear[fitnessFunction];

fitnessFunction[x_List] :=Exp[-(8(2 x[[1]]-0.8)"2+8(2 x[[2]]-0.8)"2)]+
0.9Exp[-(10(2 x[[1]]-1.0)"2+10(2 x[[2]]-1.5)"2)]+
0.9Exp[-(10(2 x[[1]]1-1.5)"2+10(2 x[[2]]-1.0)"2)]

Plot3D[fitnessFunction[{x,y}],{x,0,1},{y,0,1},PlotRange->{{0,1},{0,1},{0,1}}]

- SurfaceGraphics -
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gl=Show[ContourGraphics[%],Contours->15,ColorFunction->(Hue[#/1.3+0.2]&)]
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- ContourGraphics -

m Miscellaneous functions

BEO_HXRREICTYTTS, REEOCTOSSAICERTZIEE1CIE. BEIELTHSIVIRD AHEF
EEZOND, VERHBEBEZEZZTEY MEZERETHIRETH DM, REICIE, #BHOT—RHA X
ICEHHEB&ITED, —>16bit (short integer) BBYITH A5, L. BLFR|EEZZ T, YIHEDR
ElL, HEHEEZEELUAEAMETHIENVELS S,

Clear[floatToBinary];
floatToBinary[x_] := IntegerDigits[Round[1000x], 2, 10] /; (1000x) < 2"10

Clear[binaryStringToFloat];
binaryStringToFloat[string_] :=Map[FromDigits[#1,2]&,string,{2}]/1000.

Scale the fitness values linearly so that max = 2 min. This is a good idea to do because otherwise the genetic material
tends to be dominated by very few nonidentical members. There is always a balance between concentrating the search on
the best strings, and having a search in a broad spectrum.

Clear[renormalizeFitness];
renormalizeFitness[fitness_List] := Module[{minF,maxF,a,b},
minF = Min[fitness];
maxF = Max[fitness];
a = 0.5*maxF/(maxF+minF);
b = (1-a)*maxF;
Map[ a# + b &, fitness ]

m Function definitions

m Simple crossover

A random position is chosen along the strings. Create two new strings by swapping the parts before and after the cut
respectively.

2-D crossover function definition
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Clear[doSingleCrossover];
doSingleCrossover|[ {strp_, strq_} ] := Module[{cut},
cut = Random[Integer, {1,stringLength-1}];

{{Join[Take[strp[[1l]],cut],Drop[strq[[1]],cut]],Join[Take[strq[[1]],cut],Drop[strp|[[

1]],cut]]},
{Join[Take[strp[[2]],cut] ,Drop[strq[[2]],cut]],Join[Take[strq[[2]],cut],Drop[strp[[2

11,cut]l}} 1

= Mutations

Every gene may be excanged, from O to 1 and vice versa, with the probability mutationRate. The idea behind this is to
introduce a mechanism for escaping from local minimas.

Mutation for 2-D

Clear[doMutation];
doMutation[string ] := Module[{tempstringl,tempstring2,i},
tempstringl = string[[1]];

Do[ If[ Random[] < mutationRate,
tempstringl[[i]] = 1 - tempstringl[[i]] ],
{i,stringLength} ];

tempstring2 = string[[2]];

Do[ If[ Random[] < mutationRate,
tempstring2[[i]] = 1 - tempstring2[[i]] ],
{i,stringLength} ];

{tempstringl,tempstring2}

m Selection

Select two strings from the population, with a probability for each string proportional to its fitness value. Return only the
two indices.

This computes the cumulative sum of the fitness values. It is necessary in the selection process.

m Selection process 0 B4

Clear[doSingleSelection];
doSingleSelection := Module[{rfitness,ind},
rfitness = Random[Real, {0, cumFitness[[popSize]]l}];
ind = 1;
While[ rfitness > cumFitness[[ind]], ind++ ];
ind--

1

General ::spelll :
ARV DAEEMAH Y ET. FHR KL "reitness "[FTTICHBL LA "fitness " IcHlTVET.  FEAH

BB & NestWhile £RVTESRA B ENTEBH, RENICHRICRAE>TOAENLS T, HDOCEE
NOEWMPRBEZD, LW AT LIFICLABRTSH S,

Clear[doSingleSelection];

doSingleSelection := Module[{rfitness,ind},
rfitness = Random[Real, {0, cumFitness[[popSize]]l}];
NestWhile[#1+1&,1, (rfitness>cumFitness[[#1]])&]]
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This routine selects a pair of individuals with probability for each proportional to its fitness value.

Clear[selectPair];

selectPair := Module[{indl, ind2},
indl = doSingleSelection;
While[ (ind2 = doSingleSelection) == indl ];
{indl, ind2}

m Initialize

2-Dimensional Initialize function

Clear[doInitialize];
doInitialize := Module[{i},

popFloats = Transpose[{Table[ Random[], {popSize} ],Table[ Random[],
1}1;

popStrings = Map[ floatToBinary, popFloats,{2} ];

popFitness = Map[fitnessFunction,binaryStringToFloat[ popStrings ]];

cumFitness = Drop[FoldList[Plus, O, popFitness],1];
progressOfFitness = {cumFitness|[[popSize]]};
historyOfPop = { popStrings };

1

doInitialize;

ListPlot[binaryStringToFloat[ popStrings ]];

= Main

m Make a new generation; update synchronously

{popSize}

This represents the other way to do it. The complete parent population is chosen in a single sweep, and the children

constitutes the new population.
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m This is Main
doInitialize;
2-D main calculation routine

Do[ parentsid = Table[selectPair, {popSize/2}];
popStrings = Flatten[Table[
doSingleCrossover|[ {popStrings[[parentsid[[ip,1]]
popStrings|[[parentsid[[ip,2]]
{ip,popsSize/2} ],

1,
1} 1,
1]

4

popStrings = Map[ doMutation, popStrings];

popFitness = Map[fitnessFunction,binaryStringToFloat[ popStrings ]];
popFitness = renormalizeFitness|[ popFitness ];

cumFitness = Drop[FoldList[Plus, O, popFitness],1];

AppendTo[ historyOfPop, popStrings ];
AppendTo[ progressOfFitness, cumFitness|[[popSize]] 1,
{20} 1;

= Plot results

This is the sum of fitness for the whole population plotted versus generation number.

ListPlot[ progressOfFitness, PlotJoined->True, PlotRange->All ];
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2-D GA by 3-D plot routines

fitnessplot = Plot[fitnessFunction[x], {x, 0, 1},
Axes->True,
DisplayFunction->Identity];

graphicsSingleGeneration[igen_] := Module[{graphelement,xy},
graphelement = {};
Do[ xy = binaryStringToFloat[ historyOfPop[[igen]] ]1[[i]];
AppendTo[ graphelement,
Point[{xy[[1]],xy[[2]],fitnessFunction[xy]}] 1,
{i, popsize} ];
graphelement
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Show[Graphics3D[ {PointSize[0.02],graphicsSingleGeneration[1]}],
PlotRange->{{0,1},{0,1},{0,1.1}},BoxRatios->{1,1,0.5}];

Length[ historyOfPop ]

21

Show[Graphics3D[ {PointSize[0.02],graphicsSingleGeneration[21]}],
PlotRange->{{0,1},{0,1},{0,1.1}},BoxRatios->{1,1,0.5}];

Xy = binaryStringToFloat[ historyOfPop[[1l]] 1];

g2=ListPlot[xy]
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- Graphics -
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g3=ListPlot[binaryStringToFloat[ historyOfPop[[21]] 1];

0.7
0.6
0.5 .l'; ..h.;. . .
. L] .ﬁ :.‘. -
0.4 * .
A :...'. e 3

- Graphics -

Show[gl,g3,Prolog->AbsolutePointSize[3]]

1

0.2 0.4 0.6 0.8 1

- Graphics -



