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Abstract

Cellularautomaton(CA) basedmodelsareincreasinglyused



ism which have beenintroducedby urbanmodellersin a bid for realism(seealso
White 1998).We suggesin sectiord thatmary of theseoperationalariationsmay
beseemsresponser therepresentationassuesve have



purposes. The combinationof their actiities is what causesstate transitions’.
Seenin this light, it may be difficult to justify a pure statetransitionapproacho
rulesin acellularlandusemodel. Rulesmustbeunderstoodssomeha embody-
ing all this humanactivity. This raisesthe questionof why humanagentsare not
explicitly representedand suggestghat agent-basedpproachesnay sometimes
be moreappropriate. Therearecasesn which cell transitionrulesmay be appro-
priate,the mostobvious beingtraffic simulation(Chopard,Luthi & Queloz1996,
Nagel& Schreckenhurg 1992 ,Wahle,Neubert& Schrecknlurg 1999)wherecells
are‘vehicle-sized'segmentsof road,andcell statesepresenbccupang by vehi-
cles. Significantly this is a realmwherehumanautonomyis stronglyconstrained
by rulesof theroadandthe spatial



structuresn theurbancasemay offer significantinsightsfor theuseof CA in other
domainswheresimilar obserationsapply

2.3 Timein CA models. synchronous and asynchronous update

Therepresentatioof timein CA modelss alsoof interest.Discretisedtime-steps’
areatoddswith thefluidity of temporalactiity in reality, andthe synchronousip-
dateof cell statess clearly questionable Experimentswith asynchronousipdate
of cell statesin abstractCA suggesthat the dynamicimplicationsof departure
from synchronousipdatemay be significant(Bersini& Detours1994). This sug-
gestionis supportedoy findingson pathdependenc andlock-in, which have re-
ceived much attentionin economicg/Arthur 1989), and were also centralto the
early transferof ideasfrom compl«ity scienceto regional modelling (Allen &
Sanglier1979), but may be missedin ary straight-forvard applicationof CA to
urbansimulation.

Thereare alsodifficult questionso be answeredaboutthe representatiomf
eventsat mary differenttemporalscales.Thetreatmenbf timein rigid CA raises
problemsfor their applicationto the simulationof urbansystems.In particular
guestionsaboutthe spatio-temporascaleof modelsareraised,which aredifficult
to answewithoutcircularreferenceébackto thetransitionrules—346 -169i8e m2 0 Td(the)Tj 15.8394

of ltime-sten ott much may inl transttioh,
depeng®n theeanling of cell



ratherthanindustrial,for example).However, it canbedifficult to reduceall of the
actwvity in anurbancell to a single discretedescription. This is particularlytrue
of relatively coarsegrids (at say 100mor moreresolution). Thereis boundto be
‘mixing’



3.3 Non-regular lattices

In practice,few urbanCA modelsretaina spatially stationarylattice. The issue
of regularity is often addresseaonseratively by the introductionof ‘fixed’ cell

states Bodiesof waterandundevelopabldandareobvious exampleswhich effec-

tively introduceirregularity andasymmetry(Clarke et al. 1997, White & Engelen
1997). Fixed cells may also be introducedto ‘protect’ the modelfrom edgeef-

fects(White et al. 1997). Traffic modelsdeliberatelyemploy non-reyular lattices
becausedhe traffic systems spatialstructureis non-reyular (Chopardet al. 1996,
Nagel& Schrecknlurg 1992, Wahleet al. 1999). The kind of object-basedell

suggesteth section2.1naturallyleadsto asymmetri@andnon-reyularlatticestruc-
tures,andtheresultingmodelslie somavherebetweenCA andbooleannetworks
(Kauffman 1984),albeitwith spatiallystationaryrules.

3.4 Asynchronoustransition rules

Truly asynchronousell updatein urbanCA is unusual. However, somemodels
incorporateforms of asynchronousleterminatiorof cell statechangesnto a syn-
chronouslyupdatingframeavork. In the work of Portugali(2000) on intra-urban
migration,queuef agentsvho wishto enteror leave the city aresequentiallyal-
locatedto available‘properties’. Similarly in modelsof land usedynamicg(White
& Engelen1993,1997,White etal. 1997),a CA sequentiallydetermineghe spa-
tial allocationof land usetransitions determinedutsidethe model. In boththese
casesthedeparturdrom synchronousperatioris partly aresponséo thefactthat
theregion is embeddedn a wider world, andis not a closedsystem. In another
example,Wu (1999)introducesasynchronousperationas a fundamentabspect
of the systemdynamics whenherelatesa modelof urbandevelopmentdriven by
the appearancef ‘investmentiches’, to the notion of self-oganisedcriticality.
Whatever the motivation for introducingasynchronousell update the fundamen-
tal dynamicsof suchsystemsarenotatall clear






“all the simplifying assumptionsf the basiccell-spacanodelcouldberelaxedin
principle: in practiceof course,the resultwould be forbiddingly comple.” She
wassuggestinghat one of the attractionsof CA is the potentialthey provide for
insightsinto the relationshipshetweenprocessesit local scalesand structuresat
globalscales Suchinsight,apartfrom its pedagogiaalue,alsoraiseshe possibil-
ity of adeepemunderstandingf thefundamentatlynamicsof spatialsystemsBut,
asCoucleliss remarkindicates ary insightswhich might be obtainedarerapidly
cloudedby the ever morecomplicatedefinemenof additionalmodelelements.
Thereis no obvious simpleway aroundthis dilemma, but we wish to tenta-
tively suggestinapproactwhichwe hopeto developin moredetailovertime. The
reasorthatthe CA formalismhasexertedsuchfascinatiorin somary fields,is its
high level of generality Whenit comesto applyingthe formalism,however, “it is
necessaryo usemorecomplex CA’ (White 1998,pagel12),with aresultingloss
in generalityof the insights,but a gainin the directapplicability of the modelsto
realsystemsOneresponsanightbefor thoseinterestedn exploringthedynamics
of spatialsystemsn moregeneralways,to developsomewell-defined specificde-
parturefrom the CA formalism.A preliminarylist of possibilitiesmightinclude:

& Srict formal CA with a small family of geographical process rules Theoret-
ical exploration of the behaiour of urbanCA would be much assistedby
agreemenbn a limited setof typical processuleswhosebehaiour could
thenbethoroughlyexploredandcharacterisedSegregation,growth, aggre-
gationanddiffusionprocesseareohlvious candidates.

= Cdlular models with irregular lattice structures This conceptis foreshad-
owed by Takeyama& Coucleliss (1997) Geo-Algebra,and broughtinto
clearerfocusby the graph-base®€A (O’Sullivanforthcoming). Suchmod-
elsmightalsobe capableof modifyingtheir lattice structureasaresponseo
neighbourhoodtateg Semboloniforthcoming,haspresente@nexample).

% Agentsin cellular models The rulesof a CA in anurbansystemultimately
reflectthe behaiour of varioushumanagentsandin mary casesnodelling
theagentghemselesseemsnoreplausible.Portugalis (2000)FreeAgents
in Cellular Spacemodelis aworking exampleof this approach.

= Asynchronous cell update The limitation of CA modelsto synchronousip-
dateis problematicandresearchnto alternatvesis required.Onepossibil-
ity seemdikely to be usingPetrinetsin the definitionof cell transitionrules



(seeGronavold & Sonnenscheih998).

The purposeof focusingon particularvariantsand extensionsof the CA for-
malismis to enableresearchnto the generalspatialdynamicsof suchsystemsso
that someof the potentialfor insight promisedby initial






SemboloniF. (forthcoming), The growth of



