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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.



����������	
����
�����
	�����
����������������������
������������������	������� !�� �"���#����

��������������
�
��$�%��

&'()*+,-./*0

12344546789:5;:<=>52878485?46:@@9<:48A
BCD6@?7:84E72@F7EE>524<72<872;E@724@;@:G@25472;46@23=H@:5?G<I845H@

87=3E<4@GC
JCD6@8@>52GE72@F7EE>524<7246@KLM:3E@K<8BN724@;@:O<E3@8P5:G@:@G?:5=KQRS

45KQBTSP8@9<:<4@G?:5=52@<2546@:HI52@5:=5:@HE<2U8CV<>6724@;@:F7EEH@72
46@:<2;@WXYXP72>E387O@C

XCD6@:@=<7272;4F@24IE72@85?72934F7EEG@8>:7H@46@72747<E9593E<4752G@2874I7246@
>3E43:@G786CV<>6E72@G@8>:7H@852@:5F5?8Z3<:@87246@>3E43:@G786P<2GF7EE
>524<72JR724@;@:87246@:<2;@RYXP8@9<:<4@G?:5=52@<2546@:HIB5:=5:@
HE<2U8C

[)*()*+,-./*0
D6@9:5;:<=F7EE9:5G3>@@\<>4EIJRE72@85?534934PG@8>:7H72;46@9593E<4752G@28747@8

7246@>3E43:@G786<446@@2G5?46@87=3E<4752CV<>6E72@:@9:@8@248<:5F5?8Z3<:@872
46@>3E43:@G786P<2GF7EE>5287845?JR>6<:<>4@:8P9E3846@383<E@2GW5?WE72@4@:=72<45:C

V<>6>6<:<>4@:F7EE:@9:@8@2446@9593E<4752G@2874I<4<872;E@G7868Z3<:@P<8?5EE5F8A

K@2874I]6<:<>4@:
RC
B^
J_
X`

L5546@:>6<:<>4@:8=<I<99@<:7246@534934C



����������	
����
�����
	�����
����������������������
������������������	������� !�� �"���#����

��������������
�
�����%��

a/.(bc&'()*0
de

fffdf
egfgfgfgdgdghghghgh

h
eeeeeeeeeeeeeeeeeee

eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeee

h
eeeeeeeeee

eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeee

a/.(bc[)*()*0
iijkkkkkkkkkkkkkkkkk
ijkkkkkkkkkkkkkkkkkk

jkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk
kkkkkkkkkjkkkkkkkkkk
kkkkkkkkjijkkkkkkkkk
kkkkkkkjilijkkkkkkkk
kkkkkkkkjijkkkkkkkkk
kkkkkkkkkjkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk
kkkkkkkkkkkkkkkkkkkk


