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On acertainlevel of abstractionhumantransportatiorsystemsio notlook very differentfrom
anthills: Agentwith differentandmostly uncoordimtedgoalsmove throughthe system they
interactwherethis is necessaryor their goalsand whereresourcege.g. walking or driving
spacepecomescarceandsomehav they contrituteto make the systentfunction”.

For transportatiorsystens, it is now possble to do directagent-basedimuationsof such
systens with mary millions of travelers. Sucha simulaton doesnot only move the individual
travelersthroughthe systemaccordingo their modeof transportatia (walk, car, etc.),but also
integratesmodukswhich simulatethe stratgjic decisionsf the agentssuchasthe generation
of their daily schedulepr the selectionof aroute.

Typical suchmoduksof atransportatiorsimuation packageare:

e Traffic simulation module — Thisis wheretravelersmove throughthe streetnetwork by
walking, car, bus,train, etc. (Fig. 1)

e Modal choice and route generation module — The travelersin the traffic simulaton
usuallyknow wherethey areheadedit is thetaskof this moduleto decidewhich mode
they take (walk, bus,car, bicycle,...) andwhichroute.

e Activity generation module — The standardcausewhy travelersare headedoward a
certaindestinaibn is that they wantto perform a specificactivity at that location, for
examplework, eat,shop,pick someonaip, etc. Theactvity generatiormoduk generates
syntheticdaily plansfor thetravelers.

e Life style, housing,land use,freight, etc. — The above list is not complete;it refleds
only the most prominentmodules. For exampk, the whole important issueof freight
traffic is completelyleft out. Also, atthe land use/housig level, therewill probablybe
mary modulesspecializingnto differentaspects.

In addition thereneedto be initialization moduks, suchasthe synthetic population gener
ation module, which takescensuslataandgenerateslisaggrgatedpopulatonsof individual
peopleandhouseholdsSimilarly, it will probablybenecessaryo generatgooddefaultlayouts
for intersectios etc.without alwaysknowing the exactdetails.

Sincewe run large scenarioga typical metropoltanregion hasseveralmillion inhabitans),
it is necessaryo useparallelcompuers. We usea Linux-basedeaowulf clusterof 32 Pentium
PCs. The mostcompute-intense part, andalsothe mostdifficult to parallelize,is the traffic
simdation. Whenusingdomaindecompositiq, i.e. giving a differentpieceof thegeographical



Figurel: Traffic jam in Portland

areato eachCPU, we are ableto reachcomputng speedsf 100 timesfasterthanreal time.
Becaus®f somepeculiaritieof parallelspeedupthis numberis predictedo bevalid for nearly
arbitrarily large scenaricsizes.

Theabove moduksinteract,andtheinteractiongoesin bothdirections:actiitiesandroutes
generatecongestionyet (the expectationof) congestionnfluencesactuities androutes. This
is typically solvedvia arelaxationmethod,i.e. modues arerun sequentialf assuminghatthe
othersremainfixed,until theresultsareconsistent

A typical way to implenment this is a “best reply” stratgy: Betweenruns of the traffic
simuation, a randomlyselectedL0% of the agentswill obtainnen dayplanshatwould have
beenoptimalfor thepreviousrun. Theseagentswill gointo thenext traffic simuationrunusing
thenew plans,while all otheragentskeeptheold plans.

Fig. 2 demonstrateatypical resultfor atestcase.Thetestscenarids that50000randomly
distributedagentsall wantto travel to Lugano(indicatedby the circle). Initially (left figure),
they all attemptto usethefreewvays,sincethey all have plannedheirtrips notthinkingaboutthe
others).After 49 iterationsasdescribedbove, traffic is muchmorespreadout (right figure).

The adwvantageof the agent-basedpproachs thatit canbe mademorerealistic. We are
currentlyworkingin two directions:

e Agent database— Insteadof having to acceptthe new planfrom the systemthe agents
keepold stratgiesandtheir performancescoresin a database This hasthe adwantage
that the plansgeneratiormechanisntan be considerablymore creatve, sincea badly
performingplan will be ignored. Also, it is now possibleto have arbitrary individual
performancemeasures.In particular it is possibleto have performancemeasuresor
whichfindinganoptimalsolutionis difficult orimpossible but behaioral heuristicgsuch
asgeneticalgorithns) canbeused.

e Within-day replanning — Realworld travelersdo not only replanover night, but they
changeheir plansduringthedayor evenduringatrip, for examplewhenthey arecaught



Figure2: Result of day-to-day learning in a test example. The scenario is a test case, using
a network of Switzerland, where 50000 vehicles from all over the system start between 6am
and 7am and simultaneously attempt to reach a destination within the circle. Green shows free
flowing traffic; red shows traffic jams. LEFT: Situation at 9:00am in the zeroth iteration. RIGHT:
Situation at 9:00am in the 49th iteration. Clearly, traffic has spread out and the system is using
more different routes in the 49th iteration.

in unexpectedcongestion.

Within-day replanningbecomesa challengingproblemif onewantsto maintainparallelcom-
puting efficiengy, andif one attemptsto structurethe designso that different programming
teamscanindependentlyvork onthedifferentmodules We arecurrentlyimplementinghis by
having only “low level intelligence”of the agentgsuchascollision avoidance Janechanging,
reactionto traffic lights) directly in the traffic simulaton anddo all the stratgic computaton
outsde. Thesimulationwill becoupledto the stratgic moduksvia messages.

We are currentlyworking on a simulatian of all of Switzerland thatis on a full, realistic
traffic simulation of 24 hoursof a typical workday In afirst step,demandwill comefrom tra-
ditionalorigin-destimtion-matriceswhich areprovidedby the Swisstransportatiorauthorites.
Besideghetraffic simulaton, our systemwill do theroutelearning.Oncethisis working, we
will includethelearningof actwvitiesanddaily plansinto the framavork. Fig. 2 is aninterme-
diatetestresultfrom this project.

For moreinformation pleaseseehttp:/Avww.inf.ethz.ch’ nagel/.



