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Abstract. This papergivesanoverview of the useof CA modesfor transporta-
tion applications.In transportatiorapplicatiors, the CA dynamicsis embedded
within several other conceptssuchasthe fact that the dynamicsunfolds on a
graphinsteadof on flat 2d space or multi-agentmodeling.The paperalsodis-
cusseghethelimits of the CA technology in traffic.

1 Intr oduction

Cellularautomatanethod have their applicatiosprimaily in areaf spatio-terporal
dynanics. Transprtationsimulationswith travelersandveticlesmoving throud cities,
fall into that category. Therearehowever alsoimportant differenceetweera “stan-
dard” CA simulationand thoseusedin traffic. Thesedifferercesare thatin traffic,

the dynanics is nomally considerd asunfolding on a graphinsteadof on flat space,
andthat particlesin transpotation simulationsare bettercharactaeed as “intelligent

agents”.Theseaspectwill bediscussedn Secs3 and4. Thisis followedby a discus-
sion of thelimits of the CA technolgy andrelationsto othermethals (Sec.5), anda
shortoutlook on a simulationof “all of Switzerland”(Sec.6). The paper is conduded
by asummary

2 CA rulesfor traffic

In CA mocelsfor traffic, spaces typically coarsegrainedto thelengtha caroccupies
inajam (¢ = 1/pjem =~ 7.5 m), andtime typically to one second(which canbe
justified by reactiontime argurments[1]). One of the side-efeds of this corventionis

thatspacecanbe measuredh “cells” andtimein “time steps”,andusuallytheseunits
areassumedmplicitly andthusleft outof theequatioss. A speef, say v = 5, means
that the vehicletravels five cells per time step,or 37.5m/s, or 135 km/h, or appiox.

85mph

Deterministictraffic CA Typical CA for traffic repesentthe single-laneroadasa 1-
dimensimal arrayof cells of length/, eachcell eitheremptyor occipied by a single
vehicle.Vehicleshave integer velocitiesbetweerzeroandv ;... A possibleupdderule
is[2]

Carfollowing:|vs1 = min{g, v¢ + 1,Vmaez }
Movemet: |zi41 = T + Ve




Fig. 1. Sequencef configuratiors of CA 184.Linesshav configuration®f a sgmentof roadin
secondby-secondime steps;traffic is from left to right. Integer numbersdenotethe velocities
of the cars.For example,a vehiclewith speed3” will move threesites(dots)forward. Via this
mechanismpne canfollow the movementof vehiclesfrom left to right, asindicatedby some
exampletrajectoriesTOP:Uncorgestedraffic. BOTTOM: Congestedraffic.

The first rule descriles deterninistic carfollowing: try to acceleratéoy one velocity
unit excepg whenthe gapis too small or whenthe maxinum velocity is reachedg is
thegap, i.e.thenunberof emptycellsbetweerthevehicle underconsideationandthe
vehicleaheadandv is measuredh “cells pertime step”.

This rule is similar to the CA rule 184 in the Wolfram classification[3]; indeed
for v,4. = 1 it is identicd. This modé hassomeimportantfeatuesof traffic, suchas
start-stopwaves,but it is unrealistically'stiff” in its dynamics.

For this CA, it turnsout that, aftertransientshave died out, therearetwo regimes,
depeuning onthe system-wia densityp 1, (Fig. 1):

— Laminartraffic. All vehicleshave gags of v.,,4. Or larger andspeedv,,, ... Flow in
conseqencels ¢ = p Vmaz-

— Congestedraffic. All vehicleshave gas of v,,,4, Or smaller It turns outthattheir
speeds alwaysequalto their gap This meansthat > v; = > g; = Nyen X {g).
Sincedensityp = 1/({g) + 1), thisleadstog = pv=1—p.

Thetwo regimes meetat p. = 1/(Vmaz + 1) aNdge = Vmaz/(Vmaz + 1) ; thisis also
the point of maxinmum flow.

Stodastic traffic CA (STCA) Onecanaddnoiseto the CA modelby addng a ran-
domizdion term[4]:

Carfollowing: |vy, 1 = min{v; + 1, g¢, Umax }

max{vt+% —1,0} with prokability p,,
Ui+l = { Vit i else
Moving: Tip1 = Ty + Vgt

Randmization

t andt + 1 referto theactualtime-step®f thesimulation;t + % denotesinintermedate
resultusedduring thecomputation.



Fundamental Diagram for 1-lane Circle simulation
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Fig. 2. StochasticCA. LEFT: Jamout of nowhereleadingto congestedraffic. RIGHT: One-
lanefundanentaldiagramasobtainedwith the standarctellularautomatamodelfor traffic using
Proise = 0.2; from[6].

With prokability p,,, a vehicleendsup beingslower than calculateddeterninisti-
cally. This paramete simultaneasly mocels effects of (i) speedfluctuatios at free
driving, (ii) overreactionsat braking and carfollowing, and (iii) randonmessduring
acceleratiomperiads.

Thismakesthedynanics of themodel significantlymorerealistic(Fig. 2). p noise =
0.5 is a standardchoicefor theoetical work (€.9.[5]); pnoise = 0.2 is morerealistic
with respecto theresultingvaluefor maximum flow (capacity, seeFig. 2 (right) [6].

Slow-to-start(s2s)rulesielocity-cependentrandomizaion (VDR) Realtraffic hasa
stronghysteresieffect nearmaxinum flow: Whencomingfrom low dersities, traffic
stayslaminarandfastup to a certaindensity p,. Above that, traffic “breaks down”
into start-stoptraffic. Whenlowering the densityagain,however, it doesnot becane
laminaragainuntil p < p1, whichis significantlysmallerthanp-, upto 30%[7, 8]. This
effectcanbeincludedinto theabaove rulesby makingacceleratiomut of stopgdtraffic
wealer thanacceleratiorat all otherspeedsfor exanple by makingthe probability p ,,
in the STCA velocity-depenént: If p,,(v =0) > p,(v > 1), thenthe speedreductin
throwgh the randamizationstepis more often apgied to vehicleswith speedzerothan
to othervehcles. Suchrulesarecalled“slow-to-start"rules[9, 10].

Time-aiented CA (TOCA) A modificationto make the STCA morerealisticis the so-
calledtime-orierted CA (TOCA) [11]. Themotivationis to introducea higher amount
of elasticityin the car following, thatis, vehicles shouldaccelerateand deceleate at
largerdistanceso thevehide aheadhanin the STCA,andresortto emegengy braking
only if they gettoo close.Therule setis easierto write in algoithmic notation,where
v := v + 1 meanghatthevariablev is increasedy oneatthis line of the progam.For
the TOCA velocity update, the following operatims needto be donein sequene for
eachcar:

1. if (g > v - 7 ) then,with probability p,.: v := min{v + 1, Vpmaz } ;
2. v:=min{v, g}



3. if (g < v- g ) then,with probability pg4.: v := max{v — 1,0} .

Typical valuesfor thefree parametes are (p4c, pac, Ta) = (0.9,0.9,1.1). The TOCA
geneatesmore realistic fundamentaldiagamsthanthe original STCA, in particdar
whenusedin conjunctionwith lane-clangingruleson multi-lane streets.

Dependencen the velocity of the car ahead The above rulesusegapaloneasthe
contrdled varialle. More sophisticateduleswill usemorevarialles, for examge the
first derivative of the gap,which is the velocity differerce. Theideais thatif the car
aheadis faster thenthis addsto ones effective gap and one may drive fasterthan
withoutthis.In the CA cortext, thechallen@is to retainacollision-freeparallelupcate.
Ref.[12] achiesedthis by going throudh thevelodty updatetwice, wherein thesecond
rourd ary majorvelocity change®f thevehide aheadvereincluded.Ref.[13] instead
alsolooked at the gap of the veticle ahead.The idea hereis that, if we knov both

the speedandthe ggp of thevehcle aheagdandwe make assumptiasabou the driver

behaior of the vehicle aheadthenwe can compte bourds on the behaior of the

vehicleaheadn thenext time step.

Traffic breakdavn An interestingtopic is the transitionfrom laminarto congested
traffic. For the deterninistic model, thingsare clear: The laminarregime is whenall

vehiclesmove at full speedthe corgestedregime is whenat leastonevehiclein the
systemdoesnot move at full speedDeterminstic modelscanalsodisplaybi-stability,

i.e. densityrangeswhereboththe laminarandthe corgestedphaseare stable. This is

for exampe the casewith deterministicslow-to-startmocels[14]. This charaterization
is thesameasfor determiristic fluid-dynamicalmodds [15].

For stochastianodels,thingsarelessclearsinceevenin the laminarregime there
maybeslow vehiclestheirslovnesscausedy randmfluctuatins. Often,theanalogy
to a gas/liqud transitionis used,meaningthat traffic jams are drogdets of the liquid
phasenterdisperseth thegaseos phaseof laminartraffic. However, the questionof a
phasdransitionin stochastienocelshasnotbeencomgetely settled16-18]. Themain
prodem seemdo be that questios of meta-stabilityand of phaseseparatio are not
treatedseparatelyalthough they shouldbe,asour own recentinvestigationshow [19].

Lane changing Lanechangng is implemerted as an additionalsub-timestefbefae
the velocity update.Lane changng consistsof two parts:the reasonto changelanes,
andthesafetycriterion Thefirst onecanbecausedy slow carsaheador by thedesire
to bein the correctlanefor a turn atthe endof a link. The safetycriterionmeanshat
thereshouldbe enoudy emptyspacearownd a vehiclewhich changesanes.A simple
symmetridmplemernation of theseprinciplesis:

— Reasorto changelanes(incentive criterior): ¢ < v .AND. g, > ¢ , whereg is
the standardgap,and g, is the gapaheadon the otherlane. The rule mears that
areasorno chang lanesis given whenthe gapon the currentlaneinhibits speed
andwhenthegapontheotherlaneis larger — Thisis a simplesymmaéric criterion
basedn gags, morecomplicatedand/a asymmetc criteriaarepossiblg20].

— Safetycriterion: g, > v .AND. g3 , > v, , Wheretheindex , , refeisto thevehicle
comingfrom from behird on the otherlane.This safetycriterion is fulfilled if the



gapontheotherlaneis large thanthe currentvelocity, andthe backwardsgapon
theotherlaneis larger thantheoncaning veticle’s velocity.
Thesafetycriterionis in factimportantin orde to maintainlaminartraffic [21], an
aspecthatshouldnot beforgottenif onehasspentconsideableeffort in designiry
rulesfor stablelaminarhigh flow traffic on singlelanes[9].

3 Dynamicson agraph

A big differencebetweertypical CA modds andthoseusedfor transpotation apgica-
tionsis thatthelattertypically operde onagraph. A graphconsistof nodesandlinks.
Nodesfor transpatation applicatiors have ID-numbersandgeogaphicalcoordnates.
Links conrect two nodkes, andthey have attributessuchas speedimit or nunber of
lanes.Obviously, nodes correspondo intersectionsandlinks to the roadsconrecting
them.

Traffic onlinks canberepresetedthroudh 2d arrayswith onedimensiorbeingthe
lengthandthe otheronebeingthe nunberof lanes,andusingthe driving modelsfrom
Sec.2. Theonly additim is to include lanechargesfor planfollowing, whichformsan
additioral incentie to charge lanesasdiscussedn Sec.2. Theremainingpartsof the
driving logic concernthemseles with intersectios.

Intersections An easyway to dealwith intersectionss to treatintersectios as“black
boxes” withoutinternd dynanics. In this case theprioritization is handed whenveh-
clesareaboutto enterthe intersection Thereare two important casesturning move-
mentswhich are “proteded” by traffic signals,and unprotectedturns. Thesewill be
discuseedh thefollowing.

Protectedurns are straightfoward, since the signal schedules assumedo take
careof possibleconflicts.If vehiclescanbrale to zerospeedin onetime step(asis
assumedn mostCA modelsfor traffic), thena yellow phases not needé. Theonly
othercondtion for a vehicleto move through anintersections thatthereneed to be
spaceontheoutgang link.

Unprotectedturns (yield, stop, meming, etc.) are more advaned. In geneal, for
eachturningmovementa list of conflictinglanesneedsto be available,which is nor
mally generéed via pre-pocessingandis part of the network coding A vehide that
wantsto go through anintersectionchecls for eachconflictinglaneif thereis a con-
flicting vehicle,andonly if thereis nore andif in addition the outgoirg link hasspace,
thenthevehiclecanmove.

Therulesfor conflictinglanesarenomally treatedn termsof gapacceptace, very
similar to the safetycriterionin lanechangng. For examge, onecandemand thatfor
eachinterfeiing lane,a conflictingvehicleneedgo beatleastn x v cellsaway, where
n is asmallnunber, andv is the speedf the conflicting vehicle.If thesimulationhas
atime stepof 1 sec,thenn correspondgo the time gapof the conflicting vehiclein
secondsln reality, this time gapis of the orderof 5 sec;in CA-basedsimulationswe
found that3 secyieldsmorerealisticdynamics.



Unexpectedside effectsand calibration/validation Sometimesan arbitrary rule, as
plausibleasit maybe,canhave unexpectedsideeffects.For exanple,g > n x v means
thatwith v = 0 the gapstill needgo belarger thanor equalto one.In contrastwith
g > nxvtheturnwill beacceptedvhenthegapis zeroandtheconflictingvehcle is not
moving. Theresultingdifferercesin fundamentaldiagrans (seeFig. 3) areenomous.
Thelatterturnsoutto model“zip-lock” dynanics, whichis in factthe desiredbehaior
unde congestedconditions.

In protectel turnsduring thegreen phaseaswell asfor unpiotectedurnswhichhave
the priority (suchasa freeway link conrectingto anotler freeway link at the position
of an off-ramp) carehasto be taken that free traffic flows unotstructedthrowgh the
conrection. This meansfor examge, thatfor CA logic with v 4, > 1, UPtO Uynas
cellsof theoutgadng link needto be consideed.

Carehasalsoto be takenwhendifferentincominglinks competefor spaceon the
sameoutgoinglink. Althoughin principletheprioritization givenby traffic rulesshoud
takecareof this,in pradice suchconflictscanrarelybecompletelyavoided for exanple
becaus@f smallnetwork codng erras. In orderto have arobustimplemettation, it is
thusdesirablahatvehicles resere cellswherethey intendto go.

This canagainleadto unexpectedeffects.For exampe, we noticedabore thatthe
condtion g > n x v is verydifferentfrom g > n x v under corgestedconditians. In
TRANSIMS, however, it turnsout thatthereis in factno differerce at all betweerthe
two rules.Why is that?The answeiis thatin TRANSIMS, vehicleswith velodaty zero
onthemainroadresene spaceon the outgang link ontheassumptiorthatthey might
accelerate¢o speedone.In consequece,vehiclesfrom the minor roadcanrot move to
thatsamespacegvenif it turnsout thatthe vehicleon the majorroaddoesnot move
afterall.

In orderto find outaboutsuchunexpecteceffeds, driving logic shouldbe systemat-
ically testedIn fact,thereshoud bestandarzedtestcaseghateachmicro-simulation
shoulddo andwhich shouldbe puHicly available,e.g.ontheinterret. A minimumset
of testswould consistof thefundamentaliagrans for 1-lare, 2-lane and3-lanetraffic
(suchasFig. 2 right), andfor all unprotectedmerging movementgsuchasFig. 3). Such
testsshoud bedonewith the productionversionof thecodesothatdifferencebetween
the specificationandthe actualimplementationcould be detected Thesetestsshoud
beavailableasaneasy-toeonfigue run of the softwarepackage,andtheresultsshoud
beavailableontheInterret.

The simplestversionof the TRANSIMS driving logic consistsin factof therules
describedhbore. Most discussedariatins, suchasdifferent gapacceptancat unpo-
tectedturns,or differentp,,.;s¢, cCanbecharmgedby global parametes.

The“roundabout” solution An elegantsolutionto mary of theseconflictsis theuseof
smallroundabodus at intersectios [22]. The advantageof rourdabotus is thatthe high
compleity of interfering lanesof standardntersectionds decomjsedinto smaller
sub-urits, wherein eachsubwunit only the conflict betweenthe roundabait and the
incomirg laneneed to beresoled.

Alternative implementdion of graph dynamics Theabove descriptiorassumesghata
streetnetwork is givenasa graph It wasalreadysaidthatthis yieldsrealisticdescrip



(a) no reservation of first cell; gap >= 3*v; vmax = 3 (b) no reservation; gap > 3*v; vmax = 3
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Fig. 3. Differentyield rules.LEFT: Vehiclesaccepturnif g > 3v». RIGHT: Vehiclesacceptturn
if g > 3v. Notethelargedifferencein the congestedegime.

tion atlinks, but maybecaneprodematicatnodes.Thesoftwarepackag VISSIM [23]
therefae dispensewith nodesandconnectdinks via asecondypeof links, calledcon-
nectors.Suchcomectorsstartsomevhere on a link andendsomevhereon a (usually
different) link. Thereis no needthatthey startat beginningsor endsof links. Any ve-
hicle which encaintersan outgang connetor somevhereonthelink candecideto go
there,or to contirueonthelink. However, aveticle needto selectoneof theconnetors
evertually, sincethereis nowhereto go once thevehiclereactesthe endof thelink.

Similarly, incoming traffic is modeledvia conrectorswhich endsomevhere onthe
link, not necessarilyat its beginning. There needto be ruleswhich resohe corflicts
betweerincomingvehiclesandvehicleswhich arealreadyonalink.

As aradicallydifferert apprach,it is possibleto dispensevith thegrapgh dynamics
compleely. Thewhde transpotation systemthenis ovedayedby a CA grid structue,
andvehiclesalways move within cells. The typical artifactswith off-axis movement
arecompensatedor by smootling techniques.CITY-TRAFFIC [24] seemgo beusing
this techndogy; we usea similar appoachfor the simulationof touristshiking in the

Alps [25].

4 Moving particles and moving agents

Thereis a stark differerce betweentypical physics particle hoging mocels and the
transpetation mockls: in transprtation, the particlesareintelligent agens, meaniny

thatthey have individual andpotentiallycomgex rulesof how they reactto the ervi-

ronment. This meansthatin implemenationssomepointerto thesecomgicatedrule
structureneed to be maintainedvhenthe particlesmove. This immedately excludes
theuseof singlebit coding sincethesepointess typically occupy 32 or even 64 bits of

memoy.

In consequece,a simpletypical vehcle grid in atranspotationlooksasfollows
cl ass veh {

int ID ;
doubl e Speed ;



\;eh* Road[200]; /1 menmory allocation for 200 pointers

which meanghat Road consistsof 200 pointes poirting to vehicles. Memoryfor the
pointes is immedately allocatedmemoryfor thevehiclesis only allocatedwhenit is
used For examge, whenthecocde decidesto putavehicleinto cellnumterii , thecode
fragmentmaylook as

Roadl[ii] = new veh ; // nenory allocation for vehicle

Road[i]-> ID = SomelD ;

Road[ii]-> Speed = 0. ;

Movementis still dore in arelatively standad way:

speed = int(Road [ii]-> Speed) ;
Road[ii+speed ] = Road]ii]
Road(ii] = NULL ;

Thebig adwartageof thisis thatall informationbelongng to thevehicleis alwaysbeing
movedwith it.

Clearly, mary improvementgo the above arepossibleor even recommendedsuch
asusingvectos insteadof arrays,makirg cleandefinitiors of corstantssuchas“200",
makingIDs constantexplicitely defining constrietorsanddestructos, etc.

The currently mostimporantapplication of the agenttechnola@y in transpaotation
simulationsis that agentsknow wherethey are going. More precisely it is possible
to give eachagentits full route,for exampe consistingof a sequencef nodes. A
relatedbut different areaof researchis to gereratethosestrateic decisionsfor the
agentsAll thisresultsin additinalcompuationalmodueswhicharepartof acompete
transpetationsimulationpackag (e.g.[26]).

5 Limits of the CA technologyand relationsto other methods

More realistic representationsA standargproblemwith CA method is thatthey may
bedifficult to calibrateagairstrealisticvalues Take for examge the STCAasdescribe
above in Sec.2. The lengthof a cell is straightbrward: this need to be the spacea
vehicleoccupiesn ajamin the avergye. Thetime stepis traditionallytakenas1 sec,
which is justified by reactiontime arguments[27]. This implies that speedscomein
incremants of 7.5 m/s; 5 cells per second= 37.5m/s = 135 km/h is a corvenient
maximum speed.The remainirg free paraneter p,,,ise, IS NOW selectedsuchthatthe
maximum flow comesout at 200 veh'sec;this resultsin p,,,;se = 0.2. Lanecharging
rulescanbe calibratedsimilarly, and caneven repioducethe densityinversion which
happenson Germarfreevays whenthey arecloseto capacity[28].

Sofarsogood Theprodemsstartif for somereasortheaboveis notgoad enowh.
For example, the existing speedclassesarenot fine enoudn to resohe a differencebe-
tweena 55nph anda 50mgh speedimit, a comma occurege in the U.S. Similarly,
althoudh the fundamentaldiagramcomesout plausibly accelertion of vehiclesturns
outto betoo high,whichis a problemfor emissiongalculatiors.

And it is difficult to resohe thoseprobdemsvia a clever choiceof the probability
Pnoise- FOr exanple, increasingp s leadsto lower acceleratior(which is desired)



but alsoto lowerthrowghpu (whichis notdesired) A possiblewvay outis to havep ,,0ise

depemlentonthevelodty: A smallp,,.;s. atlow velccitiestogetter with alargep,,oise

at high velocitiesleavesthe fundamentabliagran nearlyuncrangedwhile leadirg to a

muchlower average acceleratia. However, unfartunatelysuchmeasurs alsochan@

the fluctuatians of the system- for exampge, sucha redwcedacceleratiorwill leadto

amuchwider spreadf thetimesthatvehcles needto acceleratédrom O to full speed.
Also notethatin slow-to-startmodds, the modifications of p,,.;s. areexactlytheother
way rourd.

As analternatve, it would be possibleto malke the resolutionof the cellsfiner, for
exampe to introduce cells of length 3.75m and make vehiclesoccipy two cells. It
is unclearif this would be worthwhile; it would certainlybe slowver thanthe standad
methodbecasetwice the numkber of cellsneedgo betreated.

A possiblemethodthat seemgto work well in mary casesn practiceare hybrid
simulationsHere,oneleavesthecellularstructurentact,but allows for offsetsof parti-
clesagainsthecellularstructue. For directiona traffic, it seemghatonecanultimately
compleely dispensavith thegrid andwork with amethodthatstill hasa 1 sectimeres-
olution but a continwusresolutionin spacq27]. Thereasorwhy this worksfor traffic
is thatit is compuationally relatively cheapto keeptrack of neighborssincealink is
essentiallyonedimensioml. For higherdimensioml simulations keepingsomecellu-
lar structureis normdly adwantagusfor thattaskalone— seefor exanple the parallel
codefor molecuar dynamicswhich turnedout to alsohandlethe prablemof neigtbor
finding very efficiently.

(Even) lessrealistic representations Another prodem with micrascopicsimulations
often is that the necessarynput datais not available. For examge, for a CA-based
traffic microsimulaion one would needat leastthe numbe of lanesand someidea
abou thesignalschedles. Most transpotation network databaes,in particularif they
were put togetherfor transpetation planring, only containeachlink’s capacity It is
difficult to construt CA links sothatthey matcha givencapacity Theonly way seems
to beaheuristicapproach,by selectingheright numker of links andthento restrictthe
flow on thelink for exanple by a (fake) traffic light. Still, this leavesmary questions
open For examge, signalsphaseseedto be coodinatedso that not two important
incomirg links try to feedinto the sameoutgoirg link at the sametime. Furthernore,
fromtheaboveit is notclearwhichinconing lanefeeds into which outgoirg lane(lane
conrectvities).

In consegencetherearesituationsvherea CA representatiois still too realistic,
anda simplerrepresetationis useful.A possibilityto dothisis thequele mocel. This
is essentiallya queung mocel with addedquete spillback.Links arecharaterizedby
freespeedravel time, flow capacityandstoragecapacity Vehiclescanenterlinks only
whenthe storagecapacityis not exhaustedVehicleswhich entera link needthe free
speediravel time to arrive at the otherend of the link, wherethey will be addel to
a queue Vehiclesin that queueare moved accrossthe intersectionaccordng to the
capacityconstraintandaccordng to availability of spaceonthenext link.

This descrilesonly the mostessentialngredients;careneedgo betakento obtain
fair intersectionsandfor parallelization29]. Also, thereareclearlyunrealisticaspects
of the queuemodel,suchasthe fact that openings at the downstrean endof the link



areimmedately transmittedo theupstreanend Thishasfor exanple theconsegence
that queueresolutionlooks somevhat unrealistic: queuesbreakup alongtheir whole
length simultaneosly, insteadof from the downstream end. Nevertreless,the quele
simulationis anexcdlent startingpoint for large scaletranspeotationsimulatiors.

6 A simulation of all of Switzerland

One of the currert main gods in our group is a simulationof “all of Switzerland.
By this we meana microscopic24h simulationof a typical workday of all traffic in
SwitzerlandFig. 4 contans anearlyresultof this.

Thenetwork thatis usedwasoriginally developedfor the Swissregional plannirg
authoity (Bundesamtur Raumentwiklung), andhassincebeenmodifiedby Vrtic at
the IVT and by us. The network hasthe fairly typical numter of 10572 nodes and
28622 links. Also fairly typical, the major attributeson theselinks aretype, length
speedandcapacity

Demar is obtainedrom a 24-hourorigin-destinatiormatrix with 3066zonesalso
from the Bundesarmfir Raumentwickung. This matrix is cornvertedto 24 separate
houtty matricesby a severalstepheuistic. In thelong run, it is intended to move to
actiity-baseddemandgeneation. Then, as explained abore one would startfrom a
syntheticpopuation, andfor eachpopuation memler, onewould geneatethe chainof
actiities for thewhole 24-hour periad.

Routesare obtaing via iterationsbetweensimulationandtime-degnden fastest
pathrouting. ThesimulationbehindFig. 4 is thequete simulationasdescribedn Sec 5.

7 Summary

This paper hasoutlinedthe mostimportantelementof CA usein transpotationappli-
cations Besideghe standardCA rulesof “traffic onalink”, theimportar aspectsare,
thatthe dynamicsunfolds on a graphinsteadof on flat spaceandthatthe particlesare
intelligent.Bothaspectsnake simulationpackaescorsiderablymorecomplicatedthe
first sinceintersectios needto be modded; the secondsincethe “intelligence” of the
travelers(route choice,destinationchoice actiity geneation, etc.) needsto be mod
eled.Finally, thelimits of the CA techndogy werediscussedThesdimits exist in two
directiors: (1) Thedriving logic of the CA rulesmaynotberealisticenoudn, andmak-
ing it more realisticmay be compuationally as expersive as moving to coupledmap
lattices(discretetime, contiuais statespace)(2) Theavailablerealworld datamaynot
bedetailedenowghto feedarealisticCA-basedmicro-simulation.
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