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ABSTRACT

Micro-simulation tools are becoming increasinglypontant in traffic demand modeling. The major adage
over traditional 4-step models lies in the fact #sch traveler is simulated individually. This meafor
example, that decision making processes can beded|for each individual. The traffic demand isult of
different decisions made by each individual. Thdseisions lead to plans which the individuals trpptimize.
Therefore, such micro-simulation models need appatipinitial demand patterns for all given indivals.

The challenge is now to create individual demarttepas out of general input data. In practice themelarge
variety of input data. They can differ in qualigpatial resolution, purpose, and so on. The chgdid¢ar a
flexible demand modeling framework is to combinis trariety to produce individual demand patternsere
more, it has to define precise interfaces to preyidrtability to other models, programs and framdgwand it
should be suitable for large-scale applicationsyahy million individuals. Since the model has toddaptable
to the given input data, the framework needs tedsily extensible with new algorithms and models.

The demand modeling framework for large scale sienaresented in this paper fulfils all these iszguents.
By modeling the demand for two different scenaitisrich—Switzerland and the Lander Berlin and
Brandenburg—Germany) we show the flexibility of fremework in aspects of diverse input data, irtegt to
third party products, spatial resolution and—Ilastot least—the modeling process itself.
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MOTIVATION

Micro-simulation is becoming increasingly importamtraffic simulation, traffic analysis, and trafforecasting

(1, 2, 3) Some advantages over conventional models are:

e Computational savings in the calculation and stemfgarge multidimensional probability arrays.

e Larger range of output options, from overall statssto information about each synthetic travetethie
simulation.

« Explicit modeling of the decision making processethe individuals.

The last point is important since it is not a véhiehich produces traffic; it is the person whovds it. Persons

do not just produce traffic; instead each of thaestto manage his day (week, life) in a profitalviey. They go

to work to gain money, they go hiking for their heand pleasure, they visit their relatives fozgsure or

because they feel obliged to do so, they shop @& emice dinner at home, and so on. Since naff allis can

be done at the same location they have to travethaproduces traffic. To plan an efficient day,nyaecisions

are made by each person:

e  Which route should | take to get to workReute choice decision

«  Which mode should | use to go to the lak&®ode choice decision

e Should I drink another beer before going homaetivity duration choice decision

e Should I go shopping near my home or at the mallfcation choice decision

« When should | do sports todayAetivity starting time choice decision

e Should I go to visit my friend?Activity type choice decision

* Whom should | take along?Group composition decision

« Should I go swimming before or after work&ctivity sequence decision

There are more decisions to make; some of thermade hours (days, months) in advance while ottrers a

made as spontaneous reactions to specific circmeetaMany decisions induce other decisions. Famgie, if

| am late for work, | am supposed to work longertigere is no time left to go shopping today, seéd some

time tomorrow to do the shopping. This example shtive importance of describing schedules for each

individual in a simulation model, because it is sitbedule and the decisions made by the persoradinere to

this schedule that produces traffic.

To simulate a typical day in an urban area, miénauation tools need information about the schedidileach

individual and some knowledge about people's datisiaking process. The challenge is to create this

individual demand out of general input data. Incfice there is a large variety of input data. Thew differ in

quality, spatial resolution, purpose, and so ore @lmallenge for a flexible demand modeling framewisito

combine this variety to produce individual scheduleven more, it has to define precise interfacgsavide

portability to other models, programs and framewakd it should be suitable for large scale scesari

including many million individuals. Since the modélould be adaptable to the given input data,rdmadwork

needs to be easily extensible with new packaggeritims and models.

This paper presents such a modeling frameworkafgyel scale scenarios. After a summary about otbet and

describing the program structure, the framewotksisd to model daily demand for two different scersar

One—medium resolution scenario—takes place in thatgr Zurich area (Kanton Zurich—Switzerland) and

consists of about 1.3 million individuals. The sede-large scale scenario—is defined for Berlin and

Brandenburg of Germany for about 7 million inhabita The two scenarios differ in the amount of kisé

information, in spatial resolution, in size and—tlast not least—also in the demand modeling proitesk.

We then give a short overview about the furtherafdbe generated daily demand. For that, an iteratarge

scale micro-simulation model is us@l. The paper finishes with a summary and outlodkitore work.

OTHER WORK

The work presented in this paper falls into theaareactivity-based demand generation (ABDG). Thexist a
fair number of ABDG packages, e(d., 2, 3, 5, 6, 7)Internally, those packages are structurally cawaipe to
what is described here, and in terms of methodsdhe in fact considerably more sophisticated. Yeir
output is typically in terms of (time-dependentijgor-destination matrices, to be fed into dynamixdfic
assignment (DTA) models, e @, 9, 10)
An important exception is TRANSIME&.1), which generates individual activity plans as infguthe DTA.
TRANSIMS was difficult to obtain outside the U.8r fa couple of years, thus spawning MATS{#) as an
alternative. In the meantime, TRANSIMS has becopencsource (tmip.fhwa.dot.gov/transims), but MATSIM
now goes beyond TRANSIMS in the following aspects:
*  TRANSIMS uses “flat” file formats between moduleg)ile MATSIM uses more powerful hierarchical
XML formats (12).
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« With the XML format, it is possible to do all infmation exchange between modules always with thesam
file format and the same DTD, varying only the leviedetail of the included informatiofi2). This means
that arbitrary combinations of partial ABDG modutes be used.

« MATSIM generically keeps track of multiple plansrpgent(12); for TRANSIMS, this would need
considerable changes in the implementation.

e The MATSIM ftraffic flow simulation, while simplifid when compared to the TRANSIMS traffic flow
simulation, runs considerably faster, thus allowimganingful runs within days instead of we€k3).

« In contrast to TRANSIMS, the MATSIMS DTA processks track of the consistency of activity chains
along the time axis — travelers have to spend minimmounts of time at activities before they can
proceed.

The present paper follows TRANSIMS by being fuligueler (agent) oriented on all levels, and itdalé the

MATSIM standards in terms of the structuring andfatting of the information. In contrast to TRANESD,

the current paper is flexible and universal in teiohthe data input requirements, and tests this data

available in Switzerland in and Germany. All oth&DG packages besides TRANSIMS would not only have

to overcome the data requirements problem, butitdkvowledge would also need source code changhoiw

for traveler-based output.

In this situation, it was decided to proceed byigiteag and implementing placeholder modules that do

something plausible based on the available inptat, dentil better modules with flexible enough daaut and

traveler-oriented data output become available s€Hmetter approaches could be in the form of mexdlifi
versions of the above-mentioned or other packawges,the form of enhancements of our own code.

Other approaches are the agent-based land-useanfatetxample URBANSIM14), ILUTE (15), or the

models by Abraham/Hurfi6). These models face similar difficulties as therapph described in our paper, in

particular the need to assemble a consistent dipesatd view of the world from diverse data sou(t@s

In the longer run, it would be useful to have autphnd-play” approach between these different ngdel.

where modules between different modeling systemsbeainterchanged and coupled in arbitrary way$adh

at least one such effort is under wag). However, the software engineering challengestich a project,

despite considerable progress in the last decaéetifl enormous, in particular for large scalersarios(19).

Therefore, for the time being it seems more pradedb make progress in smaller steps, which incase

means the implementation of a general framewonkahestrating the overall feasibility and highlighgin

potential problems.

FRAMEWORK

The demand modeling process for each individuhighly dependent on the available input data. Theem
precise the data is, the fewer methods or algogtare needed to synthesize parts of the demam of a
individual. For example, if we had the completeomnfiation about what people are doing, it would Isémaple
conversion to describe it in an appropriate dateanéd. Yet in practice, we do not have access tmfdtrmation
because of data privacy, imprecise or aggregateed dasts of the required surveys, and limitatiboemsus
data.

Therefore, a demand modeling framework (see FIGURIEas to be flexible enough to handle this varibty
other words, it has to provide interfaces for tiéecent data types in appropriate data formathai to allocate
an appropriate data structure in memory such thett data point can be accessed in a feasible arobtinte
and it needs to ensure the uniqueness of dataspehite creating, manipulating and deleting them.

General Framework Structure

The framework consists of necessary modules, ogitimodules, and a speciabrld package (see FIGURE 1).
The necessary packages provide general XML pagsidg<ML writing interfaces, global constants angl@bal
and unique data structure for accessing input patens1 Optional packages are based on a specified i
written in XML format(4). The base functionality of each optional package iread the defined XML data,
store them in an appropriate data structure anig wragain enriched, reduced or even unchangéukiXXML
data format.

The Framework Packages in Details

The parser, writer and gbl Package

Theparserpackage provides a general base class for paxditigdata via the SAX pars€R0). Thewriter
package is the base for writing XML files. The posp of thegbl package is to hold global constants and
globally accessible functions.
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The config Package

In the whole framework exactly one configuratiotiedstructure exists which holds all required inpatameter
for a specific demand modeling process. Typicahpaaters are locations of input data, differentffilenats,
special function parameters, etc. The informatitonesi in this package can be accessed from everypptoe
framework (global singleton design pattef®}.).

The world Package

Theworld package has a special functionality. It descrthegegion for which the demand is to be modeled.
Therefore, it is required to guarantee that onlg morld exists during the demand modeling procebs
package holds all information about cells, blod®)es, municipalities, etc. which are modeled axifive
shapes. If the other optional packages refer th shapes, they have to point to them inwloeld. With this,
uniqueness of each shape object is guarantied. Bees, it is also a control mechanism to verifgtifier input
data is consistent with the given scenario.

Another, quite important functionality of tlreorld package has to be mentioned. During the demanelimgd
process, the resolution of the world can diffem €&ample, the land-use information might be based raster
of 100x100 meter cells, while the commuter masikased on traffic analysis zones. Therefore,netessary
to (dis)aggregate one data set into another weddluation. The world holds this mapping for an ey
amount of resolutions of the same region. Witbritthe fly (dis)aggregation is provided. The mapgietween
two resolution layers can be either generated &yrimework according to a specified mapping rulg can be
given as predefined input data.

While this package plays a central role in the Bauork, it is not a required package. The reasothltris that
there can be demand modeling steps for which $pafilxmation is not needed (i.e. generating departimes
of activities, assigning activity chains to indivals, etc.).

The landuse and commuters Package

Those optional packages store information for #mand modeling process. Dependent on the inputlasa
packages are used i.e. to find locations of wotlvities, to create sets of leisure facilities, awdon. The
framework allows one to add other optional packagé¢kse same manner as theaduseandcommuterpackage
to add new data sources.

The plans Package

This is—in principle—the core of the demand modgliramework. The data structure is based on the BINT
schedule DTD (in MATSIM called a plans-DTD) whicls@can be accessed via the MATSIM homepdge
and it is used as a “working file”. The reasontfis choice lies in the high flexibility of the MAIM schedule
file. In the minimum version the file only holdsetidentity number (id) of all simulated persons.t®a other
hand, it is possible to add a large amount of imfztion about each person, such as age, sex, carship,
home and work location (at different world resalus), etc.

Additionally each person can access one or marfigrdiit individual schedules, describing when aqersants
to start an activity, where it will be performedhiah route and mode to take to go from one locditiotine next,
and so on.

The internal data structure of thlanspackage provides exactly the same flexibilityrees XML file format.
Therefore, it is possible to add sequentially maord more schedule details to a given incomplete BIAT
plans file.

Demand Algorithms

Algorithms can be added to each package to varifinipulate, add or delete data items accordingedo t
purpose of the algorithm. Since for each new scéermlifferent algorithms have to be used or impletednit is

of great interest that algorithms should be clesglyarated from the data structure. They also dHmrikasily
exchangeable by others. The order in which algmstare called should be flexible as well.

The algorithms are collected into a sub packaghaifdata structure which they manipulate. Theggfan
algorithm atorg.matsimJ.commuters.algorithmsanipulates data in ttoeommuterslata structure (see below for
examples).

External Models

At any point in time during the demand modelinggass, the framework allows one to store all datavell
defined XML data files. They do—per definition—regp the format as described in the underlying DTDs.
Therefore, a clean and stable interface to thirtygaograms and models is available even wherethosdels
are not part of the demand modeling framework diesdrhere.
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For the two case studies described in the folloviing sections, we will use the external Secondayaltion
Choice Modulg22) in its adapted version described23), which chooses locations for secondary activities
such a way that each agent improves its daily igtbhain. Primary and secondary activities arergef such
that in each given activity chain, there are welfimed primary activities while the others are defl as
secondary activitie@3). The module uses the same DTD, allowing simplerinftion interchange.

Computational Issues

One important issue for demand modeling is the arhotinput information needed. Because of theetsrof
possible demand modeling algorithms and input ssuitds necessary to have fast access to that@ata
simple and very fast solution is to load all infation into memory and to provide a hierarchicahdsitucture
(tree structure) to access any item from any dtieation in 0(2* Iog(n)), wheren is the depth of the data

tree.

The hierarchical data structure is already proviogthe input data (XML format), but the availakfeace in the
memory might not be sufficient. While the descoptbf the world, the land-use data information, carter
matrices, etc. typically hold a relatively small@mt of data, the amount of information for theiidluals goes
far beyond the size of a typical memory capacitydeerage around 1-2 GB of memory).

The demand modeling framework therefore uses th& o sequential individual demand generation dstiag
of individuals). In other words, the framework reamhe individual at a time, runs the defined athons for it,
writes the results to file and frees the memorythia way, the number of individuals of the giveesario is
unlimited. This idea will still work if—instead aingle persons—we will model demand at the houskleskl
for a small number of persons. But the limit ostapproach will be reached if we also want to &gdconcept
of social networkg24). In this case demand modeling of one individual-ein principle—depend on all other
individuals in the scenario and therefore the wipapulation must be stored in memory.

Nevertheless, thelanspackage still allows one to store all individuigsnemory, if the amount of data is not
too large or if one has access to machines witlicgarit amount of memory. The user of the framewcak
switch between “streaming” and “no-streaming” biting a defined parameter flag.

The concept of “streaming individuals” has one @pinal disadvantage: Some demand modeling processes
need summary information about a given populatidrich can not be calculated before the last indiaids
parsed. If the whole population does not fit simngtously into computer memory, there is no otherceghthan
to parse the population twice; first, to obtain @gmted information, second, to distribute it adairach
individual in the desired way. If a problem is “ddyi constrained” and an iterative procedure is Bsagy, this
process may have to be repeated several timescontiergence is reached. This is a typical examwpée
“trade-off” between computational speed and amofinhemory.

DEMAND MODELING FOR THE KANTON ZURICH, SWITZERLAND

Using the framework described in the previous secitve present the steps taken to model daily derfmartte
Kanton Zurich, Switzerland. The following subsensalescribe briefly which input data were usedahith
algorithms were employed to model the daily demand.

Note that the algorithms used are indeed not vephisticated. They are implemented to present sieeofithe
framework rather than to deliver “state-of-the-at€mand modeling processes.

Data Resources

Theworld describes the region (Kanton Zurich of Switzerlaaickwo different resolutions:

« 170 municipalities and 12 additional districts @testhe city of Zurich (municipality level denotesiM)

» Raster of 100x100 meter cell resolution (rasteelleenoted aR). In total 167881 cells are given.

The mapping between those two levels is also évaildhe mapping rule is non-ambiguous. Each rastiér
belongs to none or one municipality while each roipaility holds at least one raster cell. Even mtre,
municipalities hold only those cells which includidan areas, e.g. “lake cells” are not part ofrttapping.
Information about population distribution in the mizipalities is generated 25). It holds about 1.3 million
inhabitants with the following data:

e« Home locationR)

e Population group (children, worker, non-worker,ieen

e Mobility (car, season ticket ownership, bike, walkj

e Age

e Sex

The Swiss Federal Statistical Offi(26) provides land-use data holding information abayacities of different

activity types like “work”, “shopping”, “education’etc. That information is also based on rastezl|éR).
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The “Pendlermatrix 2000(27) holds the information about work and education ewters at municipality level
(M).

The microcensuf8) is a periodic survey of the travel behavior of 8wiss population. It has been run every
five years since 1974. The microcensus is carngdyp the Federal Office for Spatial DevelopmenRE in
cooperation with the Swiss Federal Statistical @ffiBFS, and contains detailed information abogittiobility
behavior of 30000 persons from all over Switzerlé2®). About 1670 different activity chains can be found
Micocensus2000. Most of them appear very rarelyrdp the 100 most frequently occurring activityaats are
used later, which still cover more than 90% ofdalys. By reducing the number of activity typeshorhe”,
“work”, “education”, “shop” and “leisure” some acity types like “service” were recoded to “work”. &\énd up
with 21 different activity chain@3) and their distribution.

Demand Modeling Process Steps

The demand modeling process is split into six sefiglesteps (see FIGURE 2 for an overview). Eaatess
step (except the first one) uses one specific @eaurce to add details to each individual schedule

1. ConversionThis process step converts the input populatieririto the XML person description file.
None of the person tags holds a plan yet. But afdit attributes like age, sex, etc are includedldo
holds the information in which land-use raster edatrR) this person lives.

2. MappingEach raster element of the land-use data belorayglg to one municipality. By using this
mapping, each agent can be assigned to the mulitigipbhis home location.

3. Distribution Given the distribution of the activity chains delsed above, we assign one of the chains to
each person according to the given distribution.alge respect the fact that children do not go dokyw
therefore persons of young age are not alloweald dn activity chain including a “work” activity.
Note that this independent random sampling fronreggge distributions can cause a lack of
consistency with the given distribution. To avdidst it is needed to parse the population twice to
obtain aggregate information (see above).

4. Distribution The “Pendlermatrix 2000” (see above) holds therimiation about work and education
commuters at municipality leveM). With the assumption about primary activitiesegivin(23) we are
able to add the locations of the primary activitisrk” and “education”. Unfortunately we do not
have similar data for the primary activities “shapid “leisure”. As long as no better data or no
appropriate algorithm is available we assume tiade activities are undertaken in the same
municipality (district) where the person lives.

5. DisaggregationThe process step 6 uses the location choice (&@RE 2) which is working at the
raster level of detailR). Therefore, we need to disaggregate the locatbtise secondary activities to
that level. It is done by uniformly picking onetbk raster elements of the given municipality (aist

6. Secondary activity location choice (extefiifje module of Marchal and Nage@P) is used as an
example of an external program to add the misgingtions of the secondary activities.

The final schedule of each person in the scenanodescribes the following:

* Person attributes

«  Which activities will be performed

« In which order the activities will be performed

«  Where the activities will be performed

There are some final algorithmic steps missindnat modeling process: There is no information alloeitimes
when an activity should be performed and how ldrehould take. We also still do not know which made
transportation will be used and which route to titkgo from one location to the next. These stepdedt out by
design because we will use the MATSIM iterativeimjtation proces§l?) to create that information. A short
overview about this process will be given below.

DEMAND MODELING FOR THE LANDER BERLIN AND BRANDENBU RG, GERMANY

The scenario Berlin/Brandenburg does have somerdiites compared with the Kanton Zurich scenatie,td
the fact that only other, less precise informatavailable.

Note that we again do not use sophisticated atyost It is more of interest to show that some atlgors of the
Zurich scenario can be reused while others habe tadded.

Data Resources

Theworld describes the region of Berlin and BrandenlBf). In this scenario tree different spatial resolusio
are used:

e The region is split up into 1008 traffic analysies TAZ (zone level denoted As

» Each zone consists of several Blocks. 12260 blaoksvailable for this scenario (block level dedaieB)
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* Avraster of 169420 cells is also available. Eadhhaes an extent of 500x500 meters (raster levebthrl as
R)

The mapping rules are the following: Each traffi@bysis zone consists of at least one block. Eémtkb

belongs exactly to one traffic analysis zone. A @fkrs to none, one or many blocks while eaclelolefers to

at least one cell.

The raster is synthetically generated and therefayedditional information is encoded. The creatbthe

raster and the mapping is also done by the aboseritied framework using a speaabrld algorithm in the

org.matsimJ.world.algorithmpackage.

Only the population of Berlin itself was availalaiethat time consisting of about 3.3 million indiuals(30).

The details were not as extensive as for the ptipnlaf Kanton Zurich. The only available items:are

¢ Home locationsK)

« Age

The land-use of Berlin and Brandenburg is basettaffic analysis zone levél. It consists of capacities for

“home”, “work”, “education”, “shopping” and “leise! activities.

For this scenario, there is no commuter matrix @sd no production-attraction matrix) availablatyoa 24

hour origin-destination matrix is givéB1). We use this matrix in two different ways. Fiffst; all trips starting

in Berlin we use this information to guess wherividuals of the corresponding zone are perforntivegr

primary activity. In other words, we use it in anfar way as the commuter matrix of the Kanton Zlari

scenario. The remaining trips starting in the tcadihalysis zones of Brandenburg are used to cteataissing

part of the population and also to define the liocadf their primary activity. This is—of course—sjua very

approximate way to interpret an origin-destinatioatrix, but still a step to close the informaticapglt will be

one of the highest priorities of our future workdiesign a better primary activity location choicethod for the

Berlin/Brandenburg scenario.

We use the same activity pattern distribution ahé&Kanton Zurich scenario. Those patterns refieetage

Swiss behavior and thus not necessarily those din&randenburg, but it is a feasible start aglas no other

data is available.

Demand Modeling Process Steps

In comparison with the process of the Kanton Zuscnario there is one step more because thresetiff
levels of spatial resolution are used instead of ffurther more, three additional steps are inadudee
FIGURE 3):

A. CreationAs already mentioned above, there is no informmagibout the population of Brandenburg.
Because of the fact that the number of trips ofathgin-destination matrix starting in zones of
Brandenburg fits with its total population, we gs&d for each of those trips one individual to 8tatt
zone. This is—of course—a rough approximation efdrstribution of the population of Brandenburg.

B. DisaggregatiorSince the individuals are placed at traffic analgene levelZ) we need to map them
to block level B) we assume a uniform distribution over all blooks given zone.

C. Land-use disaggregatioho use the secondary activity location choice ne@P) the land-use
information has to be given at the raster levekr€fore, the TAZ based land-use data also has to be
disaggregated into raster levB) (It is done in a first step by uniform distribari over all blocksE) of
each TAZ. As a second step another uniform didfidbus used to propagate the land-use data from
block level B) to raster levelR).

1. ConversionThis is the same conversion as already describedea Together with the two special steps
A and B the whole population is now given in them@priate MATSIM XML plans formag4).

2. MappingTo add the corresponding TAZ level to the popalatf Berlin a mapping from block level to
TAZ level has to be done. This mapping is non-ambics.

3. DisaggregationThe last remaining spatial level (raster leRels mapped in this step. The method is
again an additive uniform distribution over each e&the given block.

4. Distribution Same as for the Zurich scenario

5. Distribution In contrast to the same step of the Kanton Zysicitess we assign all different primary
activity types according to the given matrix. Besawe do not have any information about the purpose
of a given trip of the matrix we cannot distinguisfrom others. The location of the primary adiyis
chosen according to the distribution of the desitims of those trips starting at the home locatibthe
current individual.

6. Disaggregationn this step we again need to disaggregate ttaitotof the secondary activity to
raster level R). It is done in the same way as described fotahd-use (see special process steps).
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7. Secondary activity location choice (extefiffje secondary location choice module by Marchdl an
Nagel(22) is again used to find the missing locations indhme way as described in process step 6 of
the Kanton Zurich scenario.

The final demand of that scenario again holds dmesdata items as described in the Zurich scenario.

MATSIM ITERATIVE OPTIMIZATION PROCESS

As already mentioned, we use the generated densainghat for the MATSIM iterative optimization progs In
the work of Raney and Nag@l2) is shown that feasible timing of given schedulkas lbe generated by starting
with random initial departure times and duratiohadivities. Therefore, it is not necessary tduxe an
appropriate algorithm into the demand modeling gaork but we can use MATSIM as a final external oled
for that.

In contrast tq12) we use an enhanced time allocation module, calabmat(32). Using the concept of
genetic algorithms this module can be used for 8ofeeduling as well as for location or mode chd8iace
activity chain choice and location choice is alyeddne by the demand modeling framework and tHédritow
simulation of MATSIM(13) handles only the individual transport mode, thecfionalities of thgplanomat
module is reduced to time choice only.

MATSIM optimizes (daily) schedules and not singipd. Therefore, the consistency at the individeat! is
guaranteed (an agent cannot leave a location beéegrives at it). This is—in fact—one of the miosportant
issues of describing demand on the basis of indaliglinstead of loosing important information byngsorigin-
destination matrices.

Time Scheduling Results

Using the same MATSIM setup as describe(PB) we run a one percent sample of the populatiohef t

Kanton Zurich scenario. By an artificial reductiofithe capacities of each link of the given netw(1r&) by a

factor of 50 we can produce similar congestionguatt as we would by using all persons. Becaudeeasmall

sample size, the simulations display considerabféid pattern fluctuations from one iteration teetnext; using

those simulations to identify bottlenecks woulddifficult. Nevertheless, as will be explained i ttollowing,

the aggregated time structure of the results Feratlausible.

FIGURE 4 shows the differences between the initggdarture time schedule (iteration 0) and the depatime

schedule after 400 iterations. The figure highkgtiitold lines) two groups of individuals:

< Bold grey line: Individuals with schedules contaimi‘work” as the second and second to last actinitye
chain

« Bold black line: Individuals with schedules contam‘“leisure” as the second and second to lastiacin
the chain

Since the “work” activities should be performedveetn 7am and 6pm and the duration of performingkivo

should be around 8 hours (in Charypar and N@&f3ldescribed as the “operating poirit"), they produce the
expected morning and evening peak (rush hour) a@@riterations.
The leisure activities do not have such a hardtcaims (the setup defines it between 6am and mithig he

“operating point’t” of performing one leisure activity is set to 2 hourherefore, there is much more flexibility
of time scheduling for leisure activities. FIGUREeflects that fact. While the time choice at itena 0 is
unsatisfying, the improvement after 400 iteratignisnmense. Only a few persons choose the mornisig hour
to travel while the major part performs their legsactivity in the evening (finishing their lasidere activity
almost before midnight, when almost no traffic &jis

DISCUSSION AND OUTLOOK

A 1% population sample was used to reduce needegutational resources. Running 10% samples, however
is not a major challenge, and even running fullylapons is possible — the necessary resources grow
considerably more slowly than the sample size. Weaeport on such results in the future. Even wfith
populations, the effect of fluctuations from orexdtion to the next is considerable. However, so@fa average
per-link error has always been considerably latigen iteration-to-iteration fluctuations — indicadithat at this
point fluctuations are not the most important peshl More discussion of these issues unfortunatadg g
beyond the scope of the current paper.

TheplanomatMATSIM module mentioned above provides an attkectimount of functionality. Since it
provides—besides the already used time choice—aalsoation choice and a mode choice module it is of
interest to actually use these functionalities. that we need to provide this module with additlantormation.
As a first step, we need to provide an alternatvedividual transport mode in MATSIM. Therefotae

demand modeling framework will be extended suchithgelivers information about travel times fromeozone
(block, district, TAZ or municipality) to anothéwith it, the planomatmodule decides which mode will be used
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for each person in the population. In simple wowas.expect the modal split to be generated asgbne
process.

As a second step, we will add another packageetéréimework which contains data about activity sisac
catchment areas and commuter sh@d3 With it, we can replace primary activity locatiohoice (commuter
package) and also secondary activity location eh¢external module) by adding a set of possiblatioas for
all available activity types to each person of plspulation. This set will then be used by gi@nomatmodule to
find iteratively—in the MATSIM framework—an appragte location for the given activities of each widual.
As already mentioned above, it is a quite simpi& ta extend the demand modeling framework withidea of
intra-household interaction. Externally, the manaige would be to group household members into
corresponding xml brackets in the plans file. Atdules would function as before at the personl |evel
household interactions could be introduced modulmbdule. One of the first changes would be to entuat
the plans selection method (in the MATSIM-DTA) kedpe household plans consistent, for example daugr
arrangements about time-shared car use. This vemuddl to make changes from one plan to anothéngur
iterations no longer on the person but on the Hualddevel.

SUMMARY

This paper presented an agent based demand mottelingwork for large scale micro-simulations. Usihg

framework for the Zurich and the Berlin/Brandenbsegnario it is shown that

e itis flexible enough to handle a variety of inplatta (Zurich data differ from Berlin/Brandenburdaja

< itis flexible enough to extend or replace algorith(different algorithms for Berlin/Brandenburg aooter
data than for Zurich commuters),

e it provides (dis)aggregation to different spategalutions (two levels of resolution for Zurich saeo,
three levels for Berlin/Brandenburg scenario),

e it provides a robust interface to third party magd@rograms and frameworks (the external modules:
secondary activity location choice, and MATSIM dyria traffic assignment),

e itis suitable for unlimited number of individugksbout 7 million persons for the Berlin/Brandenburg
scenario), and

e itis easy to extend, to replace algorithms withrenenhanced ones, to add new algorithms for egistin
packages and to add new packages to handle netvdatau

Nevertheless, it is only a framework. The algorighmnesented for modeling are very simple. Resowees

needed to enhance those algorithms and to validateesulting demand against behavioral issues.

This work also shows the importance of interacbetween the transportation community and computer

scientists. To satisfy the requirements concerdatg management, data processing, computationgindeasd

implementation, runtime issues, etc., it is neagssainclude computer knowledge into the transaaoh

research process.

Last but not least we hope that this work encowsagsearchers with some basic programming skills&

enhance and extend the framework according to thairdesires and wishes.
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