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Abstract

TRANSIMS (TRansportatiorANalysis and SIMulation System)is a microscopic
simulationpackagefor transportatiorplanning,“microscopic” meaningthateach
traveleris resohed individually asa particle. This packagds usedwith the goal
of simulating24-haursof all thetraffic in Switzerland.Thisis usedto “stress-test”
TRANSIMSwith respecto its capabilityto simulatelargemetropolitanareasvith
10 million travelersor more. This pape givesanoverview of the currentstatus.

1 Introduction

TheTRANSIMS (TRanspatationANalysisandSIMulationSystem)project attheLos
Alamos National Labortory is a multi-year multi-million dollar projed to write a
microscopicsimulationpackageor transportéion planring. Microscopc meanghat
all objectsof thesimulation suchastraveless but alsoroads, intersectios, traffic lights,
etc.,areresohed individually. TRANSIMS is designedor large metromlitan areas
with severalmillion travelers,suchasNew York or Los Angeles.

In orderto stress-tesTRANSIMS, we arein the processof implemerting a 24-
hou simulationof TRANSIMS for thewhole country of Switzerland.Switzerlandhas
7.2 million inhalitants;includng transittraffic, traffic into or out of Switzerland.and
freight traffic this will resultin abou 20-2 million trips. The goal of this studyis
twofold:

e Investigateif it is possibleto make TRANSIMS realisticenowgh to beusefulfor
sucha scenaripandhow difficult thisis.
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Figurel: TRANSIMS design

¢ Investigatethe computationalchallengesandhow they canbe overcome.

This pager gives a shortrepat on the current status. Sec.2 descritesthe TRAN-
SIMS moddes. Sec.3 thendescribeghe input dataandhow they were adaptedor
the purpaesof this study In particular besideshe normal demandwve alsodescribe
onethatwe have designedor testingpurppses andwhere50000travelers travel from
rancdm startingpointswithin Switzerlandto the Ticino, which is the southen partof
Switzerland We usethis secondscenari@asa plausibility testfor routing andfeedack.
Thisis followedby Sec.4, which describesomeresults.

2 TRANSIMS modules

TRANSIMS consistsof thefollowing modules(Fig. 1):

e Population generaticn. Demogaphicdatais disaggrgatedsothatoneobtains
individual houseblds andindividual houselold memlers,with certainchara-
teristics,suchasastreetaddess carownership,or householdncome[1]. — This
modue is notusedfor our currert investigationsbut will beusedin the future.

e Activities generatin. For eachindividual, asetof actiities (home,going shop
ping, goingto work, etc.) andactiity locationsfor a dayis geneated[2, 3]. —
This modue is not usedin our current investigationsbut will be usedin the
future.

e Modal and route choice For eachindividual, modesandroutes aregeneratd
thatcomectactuities at differentlocations[4].

e Traffic micro-simulation. Up to here,all individuals have madeplans abaut
their behaior. Thetraffic micro-simuation execuesall thoseplanssimultane-
ously [5]. In particdar, we now obtainthe result of interactiors betweenthe
plans— for examge congestion.
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e Feedback In addition suchan apprachneedsto make the modues consis-
tentwith eachother For exanple, plansdependon congestion,but congestin
depend on plans.A widely acceptednethodto resohe thisis systematiaelax-
ation(e.g.[6]) —thatis, make preliminary plansrunthetraffic micro-simuation,
adjustthe plans,run the traffic microsimulationagan, etc., until consisteng
betweenmodilesis reached. The methodis somevhat similar to the Frank
Wolfe-algoithm in staticassignmen(see,e.g.,Ref. [7], “convex comhnations
method), orin more geneal termsto a standardelaxationtechniqiein nume-
ical analysis.

Sincethisapprachis modular, TRANSIMS moduescanbereplaceby othermodules.
Thiscanbeof advartage e.g.,for researclieasonsor in orderto adapto local circum
stancesln ourcurren work, thepopuationgeneationandtheactivitiesgeneratio are
replacel by a morecorventionalappr@chbasedon origin-destinatioamatrices.This
is describedn Secs.3.2 and 3.3. The remaining modules are the router the traf-
fic micro-simdation, andthe feedbak. They will be describedn more detailin the
following.

2.1 Routing

TRANSIMS in generalhasthe provision for arbitrarymodesof transrtation. Even

if amodeis notimplementedin the microsimulation(seebelaw), it is still possible
to geneatea routefor it andthusobtainan estimatefor the resultingtravel time and
inconvenience. Currerily, we do however assumehatall travel is dore by usingcars.
Thiswill leadto anover-estimationof cartraffic in realisticscenarios.

Therouteris adaptve to congestion. It usesa time-degndentDijkstra algorithm
Link travel times are fed back from the microsimulationin 15-min time bins, and
the router finds the fastestroute basedon thesel5-mintime bins. It is assumedhat
“waiting at nodes” cannever leadto improvemetts — this is justified sincein reality
links behae appraimately as FIFO (first-in first-out) queles. Apart from that, the
implementationof atime-degndenDijkstra algoiithm is standard4].

2.2 Micro-simulation

The TRANSIMS micro-simulationis a comple packa@ with mary rulesanddetails.
In orderto speedup the compuation, the undelying driving rules are basedon the
cellular autanaton(CA) method[8] with additioral rulesfor lanechangng andpro-

tectedaswell asunprotectedturns. A detaileddescripion of theserulescanbe found

in Ref.[5]. Theresultis, within thelimits of the capaliities of a CA, avirtual reality
traffic simulation. Note that besidesthe usualtraffic dynanics, vehcles alsofollow
rouesasspecifiedabove. This meansfor examge, thatvelicles needto chang lanes
in orderto bein oneof the allowedlanesfor the desiredturning movement. Vehicles
whichfail to dothis becageof too muchtraffic areremovedfrom the simulation
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2.3 Feedback

As mentioredabove, plans(suchasroutes)andcongestiomeedto bemadeconsistent.
Thisis achieved via arelaxdion techniqe:

1. Initially, the systemgeneatesa setof routesbasedn free speedravel times.
2. Thetraffic simulationis runwith theseroutes.

3. 10% of the population obtainsnew routes,which are basedon the link travel
timesof thelasttraffic simulation.

4. Thiscycleis runfor 50times;earlierinvestigdgionshave shovn thatthisis more
thanenowghto reachrelaxation[9].

Note againthatthis implies thatroutesarefixed during the traffic simulationandcan
only bechangd betweermicro-simuation runs(“between-dayreplaniing”). Work is
uncer way to improve this situation,i.e. to allow within-day replaaning.

3 Input data and scenarios

3.1 The Switzerland network

The network usedwas origrally develgpedfor the Swissregional plannirg authoity
(Bundesamfir Raumentwickung). It hassincebeenupdated correctecandcalibratel
by oneof us (Vrtic). The 3066 zonescontainedwithin the network correspad to the
local authaities (Gemeimlen) andin the larger cities to the various official within-
authaity subdiisions (Stadtkeise). Thesezonesare sometimescalled Traffic Anal-
ysis Zones (TAZs). The network hasthe fairly typical numter of 10572 nodesand
28622links. Also fairly typical, the major attributeson theselinks aretype, length
speed,and capacity Sincethe TRANSIMS micro-simulationis extremely realistic
with respecto detailssuchasnumter of lanes turnandmeige lanes Janecomectiity
acrosdntersectionsor traffic signalphasesplawsible defaultsneedto begeneratedor
thoseelementsrom the available network files. Someof the heuistics usedduring
this procesarethefollowing:

e The numler of lanesis uniformly setto oneper direction excep for freevays
insideSwitzerlandwvherethe correctnumber of lanesis used.

e All intersectionareassumeds“no contrd”, whichis a TRANSIMS cateyoty
meaninghatthesimulationdoes notmake ary specialprovisionsin orderto deal
with traffic streanpriorities. Theresultwill dependnthesequencé whichthe
simulationgoesthrough thelinks. — This is a majorshortconing of our current
statuswork to correctit is underway but will take time.
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e TRANSIMS need lane conrectiity acrossintersectios in orderto function
properly. For 1-lanelinks, all incominglinks areconnetedto all outgoirg links.
For multilare links, the lanesare essentiallyconneted “in parallel;” that is,
lanel ontheincomirg link to lanel ontheoutgoiry link, lane2 ontheincom
ing link to lane2 on the outgoing link, etc. On- andoff-rampsareconrectedto
theshouldedane.Specialcareis takenat the beginning andendingof multilane
roads:If n incomingsingle-lare roads arecomectedo anoutgang n-laneroad
then eachincomirg link obtairs its own outging lane. — Thereare however
caseswhich arenot covered adequately by our apprach. Prodematiclayouts
arecorrectedon a case-byeasebasis;work for a more systemati@apprachis
underway but will take time.

3.2 Demand generation for the Gotthard scenario

In order to testour set-up,we gererateda setof 50000 trips all going to the same
destination All trips going to the samedestinatiorallows usto checkthe plausibility
of thefeedtacksinceall traffic jamsonall usedroutesto thedestinatiorshoulddissohe
in pardlel. Inthisscenariowe simulatethetraffic resultingfrom 50000vehicleswhich

startbetweerbamand7amall over Switzerlandandwhich all goto Lugano,whichis

in theTicino, theltalian-speking partof Switzerlandsouthof the Alps. In orderfor the
vehclesto getthere mostof themhave to crossthe Alps. Therearehowever notmary

waysto do this, resultingin traffic jams,mostnotablyin the corrida leadingtowards
theGotthad pass.This scenarichassomeresemblacewith real-world vacationtraffic

in Switzerland.

3.3 Demand generation for the Switzerland scenario

Our startingpointfor demandgeneréion for thefull Switzerlandscenaricare24-hour
origin-destinatiormatricesrom the Swissregional planring authaity (Bundesarnfr
Raumetwicklung). Evertually, we intendto move onto activity-baseddemand gene-
ation.

The original 24-hour matrix is convertedinto 24 onehour matrixes usinga three
stepheuistic. Thefirst stepemploys depaturetime probabilitiesby populationsizeof
origin zone populationsizeof destinatiorzoneandnetwork distance Thesearecalcu-
latedusingthe 199 SwissNationalTravel Surwey (Mikrozensusl99). Theresulting
24initial matricesarethencorrected(calibratel) usingthe OD-matrixestimatiormod
ule of oneof themacrscopicassignmenervironmentsusedatthe VT (VISUM; PTV
AG, 200]). Houly courts areavailablefrom the counting stationson the nationalmo-
torway system Finally, thehouty matricesarerescaledothatthetotalsover 24 hous
matchedheoriginal 24hmatrix.

A dynanic macrscopicassignmenof the matricesshavs thatthe patterrs of con-
gestionovertime arerealisticandconsistentvith the known patterns A more detailed
verificaion wasnot possiblesofar, but is planredfor 20(.
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Thesehoutlly matricesarethendisaggetatednto individual trips. Thatis, we gen-
erateindividual trips suchthat summirg up the trips would againresultin the given
OD matrix. The startingtime for eachtrip is randonty selectedbetweerthe starting
andtheendng time of thevalidity of the OD matrix.

The OD matricesassumdraffic analysiszones (TAZs) while in TRANSIMS the
assumptia is thattraffic startson so-calledparking accessorieshich are proxiesfor
parkng spaceslongeachindividual link. We useoneparking accessoryor eachlink.
We corverttraffic analysiszonesto Parking Accessoriedy thefollowing heuristic:

e Thegeogaphiclocationof the zoneis found via the geogaphicé coordnateof
its centoid givenby thedatabase.

e A circlewith radius3 km is drawvn arourd the centrad.

e Eachlink startingwithin this circle is now a possiblestartinglink for the trips.
Oneof thesdlinks is randanly selectedandthetrip startor endis assigned.

This leadsto a list of appoximately 11 million trips. Sincethe origin-destinatio
matricesaregiven on anhourly basis thesetrips reflectthe daily dynanics. Notethat
inter-zonaltrips arenotincludedin thosematrices asby tradition.

4 Some results

Fig. 2 shavs atypical resultfor the Gotthad scenario Thefiguresshav the 15-minute
aggegateddensityof thelinks in the simulatedroadnetwork, which is calculatedor
agivenlink by dividing the numter of veticles seenon thatlink in a 15-minutetime
intenal by the lengthof the link (in meters)andthe number of traffic lanesthe lane
contairs. In all of thefigures,the network is drawn asthe setof small,connectd line
segmeris, re-cratingtheroadways asmight be seerfrom anaerialor satelliteview of
thecourtry. Thelane-wisedensityvaluesareplottedfor eachlink asa 3-dimensional
box superimposedon the 2-dmensionahetwork, with the baseof a boxlying ontop
of its corresponihg link in the network, andthe heiglt abose the“ground” setrelative
to the valueof the density Thus,large densityvaluesaredravn astaller boxes, and
smallervalueswith shorterboxes. (The “camera’angleof the figureswaschoseno
emplasizethe heigh of the boxes in southernregion of Switzerlangd whereall the
“interesting datacomedrom. This causeshe“up” directionto beslantedo theleft.)
Longerlinks naturallyhave longerboxesthanshorterlinks. Also, the boxesarecolor
codel, with smallervaluestendingtowardgreenmiddlevaluestendingtowardyellow,
andlarger values tendirg towardred. In short,the highe the density(thetaller/redar
theboxes),the morevelhiclestherewereonthelink during the 15-mirutetime periad
beingillustrated.Higherdersitiesimply highervehicuar flow, upto acertainpoirt (the
yellow boxes),but any boxes thatareorangeor redindicate acongestedjammed link.
All timesgivenin thefiguresareattheendof the15-mirutemeasurerantintervad. The
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Gotthad tunné andthe destinatiorin Lugano areindicatedin thetop picture;Lugano
is alsoseenin themiddle of theredclusternearthe bottomof the bottam figure.

As expected,mary routestowards the singledestinatiorareequallyused. In par
ticular, mary longer but uncorgestedoutesareusedin thefinal iteration(shovn here)
which areinitially empty It turnshowever out that only a subsetof routestowards
the final destinationis used. This is relatedto the unrealistic intersectiondynamics
causedy the“no contol” intersectims: Therearemary plausiblerouteswhich areat
adisadwantge at critical intersectios andwhich arefor thatreasorusedby very few
velicles.

Fig. 3 shaws a preliminay resultof the Switzerlandscenario.ln particdar, thisis
aresultbefae ary feedlackiteratiors weredore. As onewould exped, thereis more
traffic nearthe citiesthanin the courtry.

5 Computational issues

A metrgolitanregion canconsistof 10 million or moreinhahtants,the simulationof

whom causesconsideable demaids on computationalperfamance. This demaud is

madeworseby the repeatedxecttion of the relaxatio iteratiors. And in contiastto

simulatiors in the naturalsciencestraffic particles(= travelers,vehicles)have inter-

nal intelligerce. This internalintelligencetranslatesnto rule-basedcode,which does
notvectoriz. It however runs well on moden workstationarchitectues,which makes
traffic simulationsideally suitedfor clustersof PCs,alsocalledBeowulf clusters.We
usedomain decompsition, thatis, eachCPU obtainsa patchof the geogaphicéa re-

gion. Informationandvehiclesareexchargedbetweerthepatchevia messageassing
usingMPI (MessagdPassingnterface).

Fig. 4 shavs measure@ndpredctedcompuing speedssafunction of thenumkber
of CPUs.Thepredction is basedn atheoreticamodelof comptationalperfomance
whoseparametes arefound usingthe perfamancemeasurerants[10]. Therealtime
ratio (RTR) is the factorwhich comparesthe simulationspeedto reality; an RTR of
10, for exanple, meansthat 10 houss of traffic can be simulatedduring 1 hou of
comptertime. The curvesreferto a network of the city of Portland(Oregon) with
20000links (i.e. asimilar numker of links asour Switzerlandhetwork, but all of them
muchshorter)

Oneclearlyseeghatupto about32 CPUstheBeowulf architectueis fairly efficient
for this problemsizeandcomputing speed®f morethan50timesfasterthanrealtime
canbereachedOnealsoseeshetypical “leveling out” of thecurvefor highernumkbers
of CPUs.Theimpediment to highercomputationalspeeds thelateng of Etherret, in
contastto mary othersimulationswhereit is the bandvidth. For more information
andpredictiors for otherarchitectues,see[10].
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Figure2: Snapshotat8:00AM and11:00AM. Thecircle shavsthetraffic jam befae
theGotthardtunrel. Thearrav indicateshedestinatiorof all vehicles.

6 Summary

In termsof travelersandtrips, a simulationof all of Switzerlandis compaable with
a simululationof a large metromlitan area,suchasLondon or Los Angdes. This is
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Figure3: Switzerlandat 8BAM. Very preliminary result. The plot shavs our network of
Switzerland pluseachvehiclein thenetwork asapixel. Vehicleswith low speedarein
black,vehicleswhichtravel atfree speedarein light gray In consegence,congsted
areasareshown in black.

usedas a test-bedto “stress-test'TRANSIMS, in particularthe TRANSIMS micro-
simulation The goalis a full 24-hour simulationof all traffic within Switzerland
The startingpoint is a conversionof the Swisstransmrtationplannng network into a
network which canbe usedby TRANSIMS. This includesthe geneation of default
layous for intersectionsetc. Demandis geneatedfrom corverted 24-hour origin-
destinatiommatricesput will in futurecomefrom actiities. A seconddemandsetwas
geneatedfor testingpurposes. Routesare compued astime-cependat fastestpath;
additicmal modesbesidescarswill beincludel in the future. The simulationrunson
a network of couped Pentiumcompuers. Although consideable progesshasbeen
made muchwork remairs still to bedone.
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