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ProblemD:ANewGrowthIndustry
AbiologistexperimentingwithDNAmodificationofbacteriahas
foundawaytomakebacterialcoloniessensitivetothe
surroundingpopulationdensity.BychangingtheDNA,heisable
to“program”thebacteriatorespondtothevaryingdensitiesin
theirimmediateneighborhood.

Theculturedishisasquare,dividedinto400smallersquares
(20x20).Populationineachsmallsquareismeasuredonafour

pointscale(from0to3).TheDNAinformationisrepresentedasanarrayD,indexed
from0to15,ofintegervaluesandisinterpretedasfollows:

Inanygivenculturedishsquare,letKbethesumofthatsquare'sdensityandthe
densitiesofthefoursquaresimmediatelytotheleft,right,aboveandbelowthatsquare
(squaresoutsidethedishareconsideredtohavedensity0).Then,bythenextday,that
dishsquare'sdensitywillchangebyD[K](whichmaybeapositive,negative,orzero
value).Thetotaldensitycannot,however,exceed3nordropbelow0.

Now,clearly,someDNAprogramscauseallthebacteriatodieoff(e.g.,[-3,-3,…,-3]).
Othersresultinimmediatepopulationexplosions(e.g.,[3,3,3,…,3]),andothersarejust
plainboring(e.g.,[0,0,…0]).Thebiologistisinterestedinhowsomeoftheless
obviousDNAprogramsmightbehave.

Writeaprogramtosimulatetheculturegrowth,readinginthenumberofdaystobe
simulated,theDNArules,andtheinitialpopulationdensitiesofthedish.
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