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Introcuction

Blological sysierns are, In ger ner

oroduced oy local Interactions” t

a A ooJrJ ammoJe Jl\r\ s Not 2 central patiern denersior
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\re self~orgarnizing systerns of
2” Inteyrail

“intermecliat 2greatiorn
a Single organisrr < social insect colony < group of unconnected
gents

Inneritance seis viological self-organization apart frorm nor-

OJOJOJJCEJ self grlm/erl systerns

o BZ-reaction diffusion / propagziion (for exarmnple) may be modified
only by charging e<£em?ll conditions or cortainer / volurne

a Blological inneritance allows for a Kind of persistence of mermory w/
(occasionally or nossibly) modifled rules




An appeal to evolutionary oiologlsis

T\

m Innerited self-organized siruciures are significarnt
piological pnernornena

g Self OrgrlrJJ/JfU systerns “oroduce pnenotypes supject to
selection or gtner evolutionzary processes”

o Evolution operates o ine innerited elements of self-organized
systermns. Moreover, It operates on tne interactions of said
elernents

srnall changes In cormponernis-> drastic pnase cnanges

Of course, pnase change and frJFchlJJF/ are not unigue to viology;
Cole me,lms o descrine evolution as wneat It i1s: a source for srnell
changes (unique to iclogy in the natiural world)
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s Purpose: “To loow at an example of s
or colony funciions to charnge ]rJ'ir,eract]ons rlmgng
WOrKers ir such a Wy Bl to alter tne self-orgarnized
actvity patierns of the colony”
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Dynarnics of actlvity In Lepioifioray et colories

Two aoJe 2t 2l papers (199’ 1995) {orevuu/
reacd for nornewor! nt e mocdel for tne

ﬁ
/\
~ &
=y
=
(D
UW
(P

activity dynearnics of Leptoifiorzus ants, meleng
2lCTL CLJ aris descriped experimentally by Cole in
19911

a Cole opserved (and otners’ in the field) 2l coloriies

C
e/niolting Irregular but periodic cycles of aciivity, yet
incividual ants penaved randornly and low-density
populations nad no syncrirory

In tne presernt siucy, Cole iniroduces a genetic

rlJfIJfJFer (GA) to z Solé-like model to explore
2volution and acdagtation In tnis 39Jf~orgamzed
sysiern
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Vodeling oscillaiting
oatierns

Us]ng v Fluicl Nedral Netyork (FNN, also

called Mooile Cellulzr Autormaia or MCA)

morlal

o nactive ants can spontansously self-activeate
and tnhus move (botn orobapilistic znd ;hao't]c
er ctlons work) to an adjacent ernoty nocde at

]
uriclergoes
(21 refractory period)

Active ants wander thelr 2D lattice 1 node /
tirne Ircrernent..,

|
iriclorr)

Tne state function (for wnich an ant is actlve
250

2nove @ specifiec J rlJLJe) of 2 aciive art
2 /C

s Interaciing witn ants tney rmake neignoors of

1 3/ rules specified In a 242 mrere *"]on rnetrie, J,
that ceterrmines allowed interactions between
and among neighboring active and inactive ants

£ponentizl decay towards Inactivity



Leptolr ufax zllzairclycel & rmocdel
acilvity vs. colony size

a A) actual ants

g B) sorme of Cole's NN

s Note: size — density for fixed
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s Fourier transforrned aciivity
measures appear Lo irend
sirnilarly



ariis can in/deact
cdo notnir) J) Dy

g If .'
activeted py active ants

o f J,=0, Inactlve ants
cannot furiner deactjvate
Inactive ants (or
triernselves)

16 cormnolnations of J

a Jy,=1 rules are necessary
arncl suf f]c]em't 10 generzate
periodic activii car pe
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O active: elEIgsEIgis
changes crElsiseEly
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Tne Genetlc Algoriinm

Fitness @ Let fiiness pe dependent upon the rate of information (or food)

= Thus, Jemg'th Jf transit tirme of ants see |
Set-Up seems a oit unclear ur | rez //fasx@'%,em:ﬁ:OforexacUythree
WOrKers
o At each incrernent of 1, fitness Is assessed as a function of the *transit time of
workers within colonies that | articular” rules

= single rule shift in one J (.2, [ 0,0,1]-=>[1,1,0,17])
a Rate = 0.01/(colony < generztion) or L0 mutarnts / generation
Regopulation:
t of 1000 colonies Is 1
fitness-weighted randorm

populated for 500 generations pased on relative
.rJ oz

er
replication of colonies




Agzln, to conirast w/ S0l
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sirnulate rmoc Jel
]

colonies, aric S spanning
el clensities anc gains (gain r educes
resistance” to actlvatiorn)

a Defining ohase 'rolmflrlr 1es

s Discovering that entropy and informetior)
rredrnizing critl a_J cdensities tn e_'t clermnzark
origise crianges petweern order and cnaos

4 m{pJJc tly descriving only 2 (mayoe 4) J
rnetrices

Whnile Cole airmns to evolve said FNI,

Jewng rlerur/ anc J rmutate

interrogzting for cLCIcLJOEcLEJOfb

/



A) Progortions for ez, @ J=1
2rong successive generations
g Jy,dy T rapidly and do not #urnfl
B) Colony populcmom (clensity)
ol | , -
trirougn generetions
a Converges to —28 (Wny no
Lnits?!)
s As size Increases (from gern, @ 3
zig) rJ) clens]'ty carl nelp ants co-

/1

N \/\/h]Je increasing colony
| sity) increasingly stifles

m Size selection in early generations
accounts for transient J,, J,
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‘selection on transit time  groduced a rule
set inat gereraies self- orJrrm/e c activity
cycles. Tnese self-organized patierns are
tnernselves not tne outcorne of selection:
they nave no effect on function or fliness.”



J /
An ertrogic
inforrnation transfer among
palrs of CA Is yiven for J14 znd
J3 values for a range of
clensities

Wrien | = 0, ants perave
]rJFJQOQ'{JFJQTTJ/ anc wrer Fln"rs
relntain state over long t, s
lowy,

“Wriern seJe
the speec

] o
througn the |

JJH operates or
rroverriert

) Inforrmetion



Coneclusions

s Opserved self-o grlm/erJ peitierns are r
Iy adaptations Ir systerns sup

Perlodicity occurs sirnply as a side-effect of rule
aclziptations tnat favor activity (wricn ooviously
favors travel raie)

SOIMe re environment wnerein OQFJJ(]J(JF/

s An Interesiing extensiorn: rurmru rules out
furtu
direcily confers sorme advantage: arn e/aotor).
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Inforrnation at

“[Order| appears to pe a
cornprornise peiweern two
antagonisis: the n ornnwedr
0rocess wrere ﬂu |
are strongly out
arnplified; and tne
cornrnunication[...] process,
Wislistg ca0£ur951€ﬂay3 el
stanilizes the signals” (Solé
1995)

An entropic meastre of
inforrmetion transfer petweer)
palrs of CA nas a rnaxirnurr
value at ine pnase transitiorn
ooint of entropy and at a
critical density
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