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Abstract
We present an agebtised rmdel of a public bus where
some passengers board and exit at every stop. Agents are
the passengers characterized by their ethnicity, age group
and cultural backgrounds and respective preferences for
seats in the bus. Different scenarios areugpetvherebythe
bus moves in various parts of the city, which maybe
segregated residentially, university campuses, and areas of
mixed background. Emergence of clusteraybeobserved
as passenger agents make decision and adapt their
strategies. Measures for such eneartgclusters are applied
on a set of scenarios. Utilization of the bus seats are also
studied from the simulated experiments. The current model
is scalable to many buses running in the city. Moreover, as
the next step, human intervention would be possibtesre
human agents queued along with the software agents could
make their own choices for the seats in the bus.

Keywords: agentbased simulation, seating preference,
average clustering size, modetmodel comparison

Introduction

In the late 1960s, Thmwas Schelling (Schelling 1969)
studied the effect of racial segregatiohhouses in cities
and suburbs. Whereas segregation in residential areas hav
been studied by social scientists and urban planners,
modeling ethnic (and other forms of) segregatiopublic
transporthas received little attention.

An obvious difference in the two modes is that people
do not move to new households very frequently and have
usually limited choice in changing their neighborhood. The
resulting segregations, if any,eastronglytied networls as
one does not change their house everyday. In contrast
passengersd preference
approach and therefore may exhibit volatile behavior. On
the other handon public transport (in the context diis
paper, a public bus), people have the choice to pick their
seats based depending upon their
convenience. Passenger so
their age groups, genders and cultural and ethnical
backgrounds, and it is interesting tsee if one gets
clustered seating choices by the passengers.
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We present the application of measures of clustering
when our choices for such measures are constrained.
Whether the possibility of observing any form of
emergence depends upon the modeladr@mment, is also
discussed in this paper.

The results reported in this paper are based on a
procedural model. Currently, a declarative version is also
being developed, integrating Repast (North et al.) and
JESS frameworks. This is part of our ongoimgsearch in
comparing procedural and declarative agwaded
modeling techniques.

Some Related Work

been studies
railway stations and about air
passenger so seating c lbeemn c e
investigated about peoplseds
and stadiums. For example, Li et al. (Li et al. 2006)
investigates the factors that affect travel behavior of
passengers in terms of tipshifting, routechanging and
impact of pricing and # service. Their agefiitased model
looks over at the whole train network and looks into the
t r autileatbnofand t he revenue
Preference for the services. Ineth case, individual
passengersare characterized as commuters, ledsu
travelers and business travelers. Each type of agast
their choice set in terms of their activity schedule and they
try to maximize their utility given the various pricing sets
from the trains.

Carrier (Carrier 2003)
preferences for airlines in terms of the availability of their

rices amlde duration of the flightThe.

Ther e have
travel behaviors in

passengeds <choi ce
seating classesand the fares. The model assumes a
network of airlines (typically, 25). Also, the number of

s e i r.ai

Santa Fe Graduate Workshop in Computational d&liad
(Miller et al 2006) about
problem stated as: Consider the following situation:

! http://herzberg.ca.sdia.gov/jess
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AiAround one hundred travel eftheEmwiroamentai ti ng in the passeng
lounge of the airport. The airline agent at gate picks up The modeled bus is a simg(extendible talouble) decked

the microphone anb e gi ns t o boar d t hbaes wihifourcseats fnta row; twd én edcthsdparated by

several groups, Haptonstahl and Yusim proposed no prior an aisle The busés seating capaci
assigned seat and the passenger gets the seat as they boandmber of seatsultiplied bythe number of rows. There is

the plane. Passenger sd hav elsotchpadity forpstaradinge pamsgers e(half the seatiega t s |,
wi ndow, ai sl e. T h e satisfattion asu r eapacity,dp defautt)goaly fer the lower deck of the bus.

the number of passengers getting their desired seats. At any time during the simulation the seats are either
Moreover, Bramson and Rohner in (Miller et al. 2006) occupied or vacant. Passengers may opt to stand in the

proposed t he i dea of i nagsle. rApcaunter keieps grack qf thes sumbergoé passénger
characteristics foexample, their gender and age. on board at anytime during the simulation. Figure 1
illustrates the type of bus configuration assumed in the
] ) model . As we will di scuss | a
Agent-basedSocial Simulaion seating configurations affec:
arrangements.

Agert-Based Modeling (ABM) stems from the field of
Distributed Artificial Intelligence (DAI). The approach of
DAl deals with systems consisting of many interacting
entities that possess some level of autonomy. These
components are able to perceive their emmment and also
react to changes in that environment in accordance to their
goals (Werth and Moss 2007). In this paper, we report on
anagenbased simulation model
preferences in a bus. The model is implemented in Java
and RepagfNorth et al. 2006).

Agentbased models social simulation models provide
the provision of simulating social behavior of autonomous
individuals and the interaction among them (Gilbert and
Troitzsch 2005). The design of such models have been
found to be wgitable for decentralized scenarios, especially
when individual interactions lead to the emergence of
collective patterns, which are observed in a variety of
social phenomenaAs Moss (2007) argues, the real
strength of agerbased simulation is the desigof
individual agents incorporating the qualitative accounts
representing a variety of individual perspectivigesign of
agentsshould be driven by evidence, wherever possible
and be validated qualitatively and quantitatively at the
micro and macro levelrespectively.

Another virtue of these modeling techniques is that one .
can test different sets of 5e[5P_ﬁmestcgal_niur‘ﬂbte;gfrp%igepqera|Ht_herb Pes  wi
the need to change the mod elMyieSibghoss SitiBgARFLOR e onesiandigg, hegat, g ¢
in cass where such micrtevel rules are derived, either ~©2ch time step (i.e. ata bus stop):
intuitively or from limited observation. Outcomes from A Leaving the bus: ¥ P passengerseave the bus,

such different sets can inform questions that can then be suchthatyY,y/ SiUy/ St :
asked from the stakeholders. A Readjusting: Some passengers who are standing

may occupy the seats that are now vacant or
available, depending upon their preferences

+— front —» | +—— back ——»

Figure 1:Schematic digram of the bus, showing a passenger
perspective on the front and back seat compartments

The Schedule
Time is modeled in discrete s
bus stops are assumed ® dt regular spatial distancasd
SO0 it is easy to view each tick the simulation as the next
bus stop.
At timet = 0, the bus startssfourney until it stops at its
first stopt =1 and picks up passengers, if any, and ends at
the other terminus at tinte= T. That is, at each bus stop,
passengers try thoad the bus ang/ passengerkeavethe
bus

The Prototype Model A Boarding the bus: Xassengers enter the bus in a
queue and get adjusteide( either occupy a seat or
The prototype model represents the dynamics of a single prefer standing, or in case the bus is fully loaded
public bus whereby passengers, represergedsimple they stepout)

agents, board and leave the bus during the journey. We
first present the environment and the time schedule of the Agents Characteristics
model followed by the agentAgdnts arb &he passergyers (drtirdividualsy and thtshaee r u
governing their behavior. simple agents with the intention to get placed into the bus
in the best way paible. Agents are of the heterogeneous
types and can be characterized in terms of their attributes.
The agents wuse their own char



characteristics of others in the bus, to choose their action incorporating all plausible range of types defining the
accordingly. For a simulation rudjfferent configurations agents.
oftheagent sé characteristics Raybe isetupe whddcelvaarryei ncgl as s
proportions. agegroups followed bythe gender and thethnidty of the
Agent sé characteristics arpassehgefagen®he rulassdisdussdd lbelow.s :
- AgeGroup: {young, adult, midage, senior}

- Gender:{female, male} SeniorPassengeRule:

- Size: {not heavy, heavy} Senior passengers prefer a window seat on either side at

- Ethnicity: {Asian, Back, White} the front part of the bus. An agent is only able to occupy a
Each passenger agent in the model hbeaadingandexit window seat in the model, if the adjacent aisle seat is also

bus stop at which they board and leave the bus, available. If no window seat is available, then the senior
respectively. Passengers have slightly varying perception passengers would take the aisle seat in the front. We model
about thefront, middle andrear area of the bus. These-so  two settings for senior passengers. In the first setting, the
caled compartments are set for every agent as they maysenior passengers do not board the bus if they do not find
use this information to decide about their choice for a seat. any seat in the front half of the bus. The second setting
assumes that thewould then try to find the nearest seat

Seat Preference Rules available in the bus.

In the previous section, we presented four attributes There is a different rule if the senior passenger is a
characterizing each passenger agent. We now present thevoman and an Asian. linis case, when the passenger has
rueshat define a passeWgfest 6 s tobakfot an aige sqat, thef passeagercpeefers sitting with a
present the general rules that apply in all cases during thefemale, othervde they take a seat beside a senior or a

simulation. middle-agedl male passenger. They do not prefer sitting
with a young male passenger and would not board the bus,
General Rules andinsteadwait for another.

Acquaintance Rule:

It is possible that a passenger entering a bus may find anMiddle-aged PassengeRule:

acquaintance already sitting tkerThis is modeled as a  Middle-aged passengers prefer a window s¢dhe middle
chance parameter. Depending upon the route defined foror if not then at the front of the bus. Here we introduce the
the bus, the chance of finding a known person varies rule for occupying an aisle seat as well, when a passenger
accordingly. In case an acquaintance is found, the enteringtakes a window seat. For the mlie-aged passengers, there
passenger look® seeif the adjacent seat is available or is a 45% chance (defaulthat the passenger will occupy

not. Gi ven t hat the seat i s a botheseaw.yor the der@ons, the andedlying assumptién waso n e
that lies within the Moore neighborhood of the that they wouldonly take a window seand the adjacent
acquaintancebs seat) i s s o uaplk seat wils remvan vagant. | di scuss | ater

busds structur e enf orces g~or midtetageal rbate passeagers, ehere is hooparticularh e
neighborhood. The rectangular shape & thb us 6 s s prefareacdor gitting with another passenger. If they do not
the model, limits the number of neighboring seats for those find any seat in the bus and the number of standing

sitting in the window seats (or front or back rows). passengers is less than the fixed upper limit, they would
stand in the bus. This applies to all female and male

Standing Passengers Rule: middle-agel passenger agents.

Often passengers stand in a bus even though there may be Non-Asian female passengengrefer sitting with a

some vacant seats. This may impact the incoming female passenger at the front if they have to take an aisle

passenger s, who may fi nd t hseat b tha is hat possible, theywadosd citiing withhyousg r u |
in the model implies thaf there aran number of standing males or those who are heavy in size. Asian female

passengers, theam incoming passengeoesnot look for passengers have the same seating preferenceseasior
back seats even if they are vac#@e consequence of this  passenger
rule ist hat the passengersd may not find the seats in the

first half of the bus, and might either prefer standing or Youngadult Passengerule:
decline to board the bus. The number of standing Youngadult males prefer taking a window seat in the first

passengemnis a threshold parameter in the model. half (otherwise at the back) of the bus and if they find one,
there is a high chance (75% by default) that they occupy
Attribute -specific Rules the adjacent seas well. It is also observed that some

The pas s aactgristics dan attdgether lead to 48 passengers abstain from askingseated passenger to
different types of agents (see previous section). In this vacate an aisle seahd moveto the window seat. This is
paper, we report on the intuitive rules whéresame rules captured by another chance parameter (25% by default).
apply for several agent sd trytpeerore, ourncorrespandersedtib & fewy malen bus ver s
of this model, we would like to refinthe rules further travelers (in their late 20s) diaeported on the preference

for taking a seat besidewoman passenger. The preference



is to sit besideyoung oradult women. The only negative  eitherthe front or back row or on a window seahas 3 or
rule is not to sit beside a persogavy instature.. 5 neighbors respectively.

Women passengers in this age group prefer sittithe A bus is rectangular in shape withows andc columns.
nearest window sedabwardsthe middle of the bus. We  Also, a passenger occupying a window seat is not sitting
have also assumed a higher chance of them occupyingandécl osed to another passenger |
aisle seat (85% by default). For Asian and Black/White the same row. Aoroid structure is therefore infeasible for
women, the same rules apply afor middle-agal women our problem.
passengers respectively. In this section,we briefly discusstwo measures for

All young-adult passengers would stand if they do not clustering that do not necessarily require an arbitrary graph
find a seat of their ¢ h oi cwheremodds are Imked tedatharmalésn g passenger
capacity is not full.

Average cluster size density

Young Passengé&tule: Following Hetman et al. (2006)iveni be a cell (in our

There is an additial rule for young passenger agetuts context, a bus seat), tlbuster C(i)for i, maybe defined
preferstanding in the bus when their destination is not very recursively as:

far. The default threshold is 3 bus stopke decision may -0/ C(i) i

prevent some passengdrsardng the bus. This rule links - if j / C(i) and for anyk / G(j) sx= S

to the abovamentionel general rule where some thenk / C(i),

passengers mi ghtovefcirnodwdtehded beuvadare ©repbesentadparticularat t ri but e, e. g
though there are seats availabiethe bus. ethnicity.

Young passengers are typically observed to prefer All the neighbors ofi sharingié sharacteristic under
seating at the rear end of the bus. They prefer to take thestudy and are therefore included into the clusi€i.
farthest sat available in the bus (window or aisle). Their Subsequently, newly members are added to the cluster is

only constraint is whether the person sittinghe window they too share the same characteristic.

seat is heavy or not. Like the rdid-aged and the young Once calculating the cluster size for kawell, one can
adult passenger agent type, young passenger agents stand then compute the average cluster size is defined as the ratio
they do not find a seat. of sum of all noses of the size of clusters they belong to the

total number of nodes (or occupied seatshie bus). The

] ) numerator is the total capacity of the bus our
Neighborhood Clustering impleme nt ati on, we trace passeno
and keep on tracking recursively so loagthe neighbors
meet a certain characteristic (e.g. same gender). Sizes of
the same clusters are grouped together. This is then
summed over the fregancies of the respective cluster
sizes. The denominator we have used is the maximum
seating capacity of the bus. Standing passengers are
ignored in the current implementation.

Clustering is explained as the partitioning of the data into
subsets such that the data in each subset shares-a well
defined characteristic or trait. Jain et al. (1999) provides a
detailed survey about data clustering and the differen
measures for clustering. Wasserman and Faust (1994)
discusseshe notion of clustering and clusterability from a
graph (e.g. a social network) perspective.

Two types of neighborhoods maybe defined in a social
simulation model capturing a socialggtomenon: physical
and social neighborhood. Social neighborhoods are
typically defined as graphs (or networks of interacting
agents). All nodes directly connected to ego, are identified
as its measures. For such representations, measures such a
6clugteopenficientod, onumber
and other forms of data clustering measures, give a better”
accounbf the clustering in the network.

A regularlattice (or a grid structure) has beassumed
to represent t he a @& Rar any
cell in the grid, a von Neumann or a Moore neighborhood
can be defined. In many cases, the grid is a toroid such that.
there are no boundary specific neighborhoods for the
agents located in the cells.

For the bus model, deflnlng a neighborhofmt the . . .
passengers i s constrained by tswlat'%nu@q%eé'me@tstructural
representationA passenger sitting in a middle row in an The independent variablesbservedat any time during a
aisle seat is surrounded by all 8 seats (as in the Moore simulation run are the number of passengers entering and
neighborhood). On the other hand, a passenger sitiing leaving he bus, number of passengers sitting, and the

number of standing passengef$ie average cluster size

Cluster probability
According to Bolliger et al. (2003), cluster probability is
defined as the fraction of points that are part of a cluster. A
node belongs to a cluster if its four nearest neighbors (von
Neumann neighborhood) all share its characteristic.

Hetnfjan et ﬁ' g2006 generalized the Oﬁlusterlng

alfiol Yearddd AB atﬂalolrso
of the d|men5|onallty of the matrix. They count the nodes
that share their attitude with all their neighbors and divide
%t}{ the total umber of. nodﬁs
hﬁle%nentatﬂ)ﬁ 'fo¥ fPeOJIthé)r probability is

currently in progres We plan to present our
|mplementat|on and the comparison of the two clustering
measures in the near future



for passenger sd etglouiamrcialsoy, mgeedereahbhhdtiagesi tuati ons, pa
reported as preliminary results in this section. In all be assigned depending upon the time of the journey. Also,
simulations reported in this paper, tlwtad number of bus in most cases, senior passengers usually board first

stops was set fixed as 28. The number of rows in the bus

was set to 12, each with 4 seats. Preliminary results
_ _ All results reported in this section have been averaged over
Three different zone settings 10 simulation runs for each route. Figure 2 shows the

Three different bus r out es nunbeare passengdssardingtheFbasrfal thenttfee rodteR.o ut e
Ad and-BoRout e

20

06Random6 route setting: 18

In this settiy, passengers are created and are assigned i

attributes with equal probabilities. Each passenger is then 12

assigned an entry stop and a destination stop uniform 10

randomly ranging from 1 to the maximum number of stops. : d

At each simulation tick (i.e. a bus stopassengers with a /w
their respective entry stops board the bus and leave the bus o Y A 7
when their destination arrives. In all cases, there is a 15% 0 5 10 15 20 2
chanceof a persorbeingof 6 heavyod size. A e e RouteA  — Routes

are assigned their gender with equal probalslitihis is a

very simple setting and is used as the basis for comparison Figure 2:Number 9f pa§sengeb©ardhg for the three routes:
for more realistic scenarios. 6randomAd an dB® . maxshows the bus stops.

6Ro-ABesetting: Notice the very high proportion of agerisardingthe

I'n this setting, we model eR}sinprougl Jhisds becguss itis modeled, ag g retyrp ¢
Manchester (UK). The bus travels through three different "OUte as explained earlier. The number ospengers

zones from where gssengers from varying ethnic €ntering for the o6randomd r ol
backgrounds board the bus. The time assling.00 am, r,andomly and is stable throughout the simulation. For_

and so senior/old passengers are very few. Ateverystop50 " oBid.e t he number of entering

to 7 passengers enter the bus. The three zones are set admulation —proceeds. ~This happens because most
followed: passengers entering the bue dot leave very early.

- Zonel: This comprises of the bus stoptd 5. 80% of Therefore, passengers boarding later fgeter available
the passengers are white, while the blacks and Asians areS€ats and would not board the bus if the bus capacity is
10% each. The chance for a passenger belonging to the'U' )
6senigroupge sdeagath, | Emild %, c’iA‘yo?ulne‘g:};ar er picture of the bus
adultdé is 55% and the r est 048 reflegiediin figes 3 and 4, where theg 1 gﬂqprnoq 0.
- Zone2: This zone epresents a mixed community and  Sitting and standing passengers is shown respectively.

has 7 bus stops. The chan cfdourg3shows thenymaberofpgsgengers pot bging akjelq, j +

is 30% Oblacko is 25% an ®oaflebusgdyringineioymey” 645%6. In this
zone, t he 6young adul t o p i cater
proportion, i . e. 35 %. Fhe ¢ s e Omid
ageé AabBd the rest are the 06, est
are the 6youngd (30%) . o /—’—\

- Zone-3: The next 10 stops are in the zone where the ~

blacks are in great majority. There is a little chance, i.e. 0

10% for a passenger agent t“’/ chance
for Asianand 6% chance that tThee ag]| °

chanceofbei ng a O6seni odiedgald si 409 ° ° 0 “ * ®

25 %, for 0y oung bmgeugdrdapdtion2 5 % ——FRandom Route-A Route-B

(i.e. 40%) are set as oOyou Bigdir® 3:Number of passengers being seated during the journey.
ORo-Bbesetting: The bus eaches its full seating capacity migy in the

This route capturesmacebtals 0 gaselofrdutd This ib Bechlise Fa¥sendefs Favelling early
bus station. In contrast to the other two routes, the majority morning on this route do not get off the bus veayly. For
of the returning passenger she bandbm doutd,t thedurib®rs oft sttihng paSskngeish e b
journey, while a few board later on. _ increases but some seats remaacant throughout the
The number of entering passengers varies from 17 to 23 journey. For the return route (i.e. rotBy the number

at the start. The attribigeare assigned randomly. The jncreases butlecreaseslightly during the journey as less
order of passengers entering the bus is also random. Inpassengersoardthe bus.



I n the cases of routes 0 #inte. Bdaokd agedt8 dgardhé tbus, buotuthel eseating f
standing passengersses sharply very soon. Notice that configuration was not found to be of any significance.
some passengers prefer to remain standing even if there aréAnother major reason is that in this setting, passengers

some seats available. This happens in the rAutehere boarding from a blacknajority zoneremain standng on
the diversity of passengérgharacteristics leads to this the bus as most seats are already occupied.
behavior. This is also coupled with the ieasing number Figure 5 Average clustering size with respect to -ageup

of passengers entering the bus (see figure 2).

Figure 4:Number of passengers standohging the journey

Figure 3 and 4 explaiwhy the buses must run on routes
I i ke tWéfrequentyu-brea bus passindiough
different localities with diverse ethnic and ag®up
backgrounds, implies that many passengers to wait until
the next bus. For a return journey, not many people wait at
the intermediate bus stops, but may be highly clustered at
the starting termial.

(above) route O0A0 (bel ow)

Average cluster size density Figure 6 Average clustering size with respectthnicity

We present the output from our implementation of the
average cluster density measured discussed earlier on. We
picked the routéd (see previous section) and calculated
the clustering effect in the bus during the jourrfey
agent 0s gender ,-growd. [Clustedng tisy and age
calculated for each attribute separately and also a joint

clustering is calculated. The clustering measures presented

in this paper have been averaged over 10 simulation runs.

For comparing the mailts from routeA, we calculated

ay

respective clustering for the oO6randombd route discussed

before.Figures 6 and 7 present the average clumjesize
based on ag eandethidicityaresgectigety.o up s

There is a significant difference in clusteringrid and
magnitude for the two routes: rowte and the random
route, as shown in figure 5. However, in batises, the
calculated clustering size for the adult, diedlaged and
senior passenger agents wehe same. For the young
passengers, who prefsitting at the rear of thdus, the
average clustering size was found to be different. This
needs further investigatianto the method and the settings
used in the simulation.

For figure 6 ahigher clustering for white passengers is
evident from the fact that the bus in roudtestarts from a
zone which is largely inhabited by white passengers. As . . :
the bus proceeds, some of the white passenger agents Ieavg The question that we must ask is that the clustering that

the bus and are replaced by black and Asian passengershgi Ingrr?a:] Ssimdla?ionsdinevepstieggt geerg ;tionutﬁeo n
agents. Although, this increas the joint clustering, the pe. Y greg ’

clustering of white agents remains very high. This is population (e.glocalities and towns etc.) stuated on a

S grid. The grid is typically large and is assumed to be square
becausghe majority of agents stay on the bus folonger (cf. Schellings 1968; Edmonds 2006). It appears that in

(above) route O0A6 (bel ow)
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