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CHAPTER ONE

INTRODUCTION

1.1 Environment for Demand Responsive Transit

Ne\"r trip desire patterns have been generaËed as a

result of the low density suburban deve lopment ËhaË has

taken place in the lasË decade. In Ëhese areas, ËransporËation

is a more critical problem than in Ëhe central ciËy areas

because of the greater disËances of travel associaËed wiËh

all purposes of tripmaking. The virtual elirnination of
thé pedestrian mode and the almost enËire reliance on Ëhe

automobile has been generally experienced in these areas.

Not only is the automobile Ëhe most attracËive alLernaËive,

iË also receives little competition since sËandard forms of
public transportation usually have Ëo face Ëhe most adverse

conditions possible by having Êo provide mobility Lo Ëhe

people in these low density suburban areas.

To províde the necessary mobility, suburban dwellers

have largely relied upon personal transportation. A greaË

deal of energy and resources have been expended on Ëhe

development of urban highways. Although these highways

initially served their intended function, heavy Ëraffic
congesËion during peak hours has invariably developed in
most major urban cenËres. It has become increas ingly apparent

that highways alone cannoË do the job. Rapidly growing auto-

mobile Ërave1 has 1ed Ëo increasing demands for more space

to accommodate Ëheir movemeriË and sËorage requirements in
the central busíness areas of the city.
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A number of mulËi-component inËegraËed public
ËransportaËion sysËems have been proposed by trans it planners

in an attempË to de-enphasize the role of the automobile as

a ttpeople-movertt. A transit system which would relieve
some of Ëhe Ëraffic congestion along maj or arËerial
thoroughfares is the major goal of all of these proposals.

Although urban Ëravel is characËerized by a number of diversí-
fied trip origins, destinations and purposes, Ëhe home-work

trip interchange is one of Ëhe most sígnificant and the

maj or conËribuËor to the problem of traffic congestion. In

llínnipeg, more than one Ëhird (1) of Ëhe toË41 morning peak

hour trips are destined to Ëhe downËown area.

The public transiË system is, basically, radially
oriented Ëo Lhe downtown area. Such transít rouËes can

generally be broken down ínto Ëhree service portions: the

collecËion and distribution service wi.thin the low denó.ity

suburban regions, the line-haul service whích links the

suburban developmenËs and the downËown area, and Ëhe

collecËion and distribution service in tshe relaËively
concentrated, high density downto!ún area. Because of Ëhe

dispersed nature of the suburban dwellers, the transit
servíce within these areas has usually been deemed inadequate

Èo provide the necessary mobility requiremenËs. IË is
within Ëhese particular areas Ëhat a demand responsive Ëype

of transiË service could saËisfy the Ëransportation needs

of the residents.

1. trrlinnipeg Transportation Planning Branch, Trave 1 Survey,
1971



In Ëhe situation where the journey to work is
accommodated by some form of rapid public transportaËion,
commuters are usually forced Ëo first use their auËomobile to
get Ëo the terminal sËation. This latter feaËure of the work

trip is the prime cause for the conËinued reliance on the
auËomobile. The rapid Ëransit mode offers a 1eve1 of service
far greaËer, in Ëerms of travel time, than the automobile

could provide, However, getËíng Ëo the terminal sËaËion from

the place of residence is a most serious problem that typical
fixed-route public ËransiË to date has not been able Ëo

solve saËisfactorily. Feeder transit sysËems must offer
frequent service along many routes Ëo aËËracË a sLzabLe

patronage. Such an operaËion is uneconomical and usually
irnpossible because of roadway characterisLics and neËwork

layouËs found in a typical 1ow density suburban development.

A demand responsive Ëransit system, feeding the Ëerminal staËion,
would provide the degree of mobility, convenience and quality
of service necessary Ëo induce the automobile users to the

public transportaËion mode .

1.2. Concept of Demand Responsive TransiË

Dial-a-Bus is such a demand responsive transiË system.

This parËicular sysËem is a new concepË in public trans-
portation service designed to offer the user certain charac-

ÈerisËics of automobile and taxi travel at a cost only
slightly higher than convenËional ËransiË service. Sma11

'tmini-busrt vehicles would provide pickup or delivery at the

users door-step on demand. Dial-a-Bus, which could be

considered Ëhe med ian bethTeen convenËional transit ând



Ëaxi systems, r^7ou1d replace Ëhe present fixed rouËe

transit service in the area. The Dial-a-Bus vehicle fleeË
would operaËe lhroughouË the service area, I,Tithout regard

Ëo any fixed rouËe, servíng customers as the service is
re qué s Ëed .

Dial-a-Bus users who have a comrnon orienËation of
travel share the vehicle as in Ëhe conventional Ëransit
service. However, Ëhe vehicle is dispatched like a taxi
so Ëhat walking to the bus sËop and $taiting outdoors for
the bus Ëo arrive is eliminated. The key to Dial-a-Bus
economics is the shar ing of rides and the dispatching of
vehicles only when service is requested. Since.Ëravellers
\^7iËh a common orientation of Ëravel share the vehicle Ëhey

also share tshe cost of vehicle operaËion.

A customer can request service by phoning Ëhe dispatch
centre from his home indicating his origin, his destinaËion
and his preferred pickup Ëirne. If a person wishes Ëo make

a trip with a desËinaEion external to Ëhe service area,

terminal sËatíons locaËed within or adjacent to Ëhe

service area boundary provide the transfer poinËs betr^7een

Ëhe fixed-route Ëransit service and the Dial-a-Bus service.

Regular customers could subscribe to the Dial-a-Bus

service so that a vehicle would píck up Ëhese customers on

a daily basis aË a prescríbed tirne. Infrequent users would

have Ëo conÈact Ëhe dispatch centre each time a pickup is
desired. The dispatcher rouËes Ëhe vehicles in the mosË



direcË rnanne r to service the cusËomers requesting service

because Ëhere are no regular fixed rouËes. After serving a

request for Dial-a-Bus píckup, the vehicle would carry the

ner^i customer to Ëhe desired destination, probably sËopping

along the hiay to collect or deliver other passengers.

Such a demand responsive transportation system T^7ould

provide the flexibility and adaptability necessary for Ëhe

Ëravel desires of the 1ow density suburban dwellers.

1.3 Thesis Obi ective
UnËil recently, resources allocaËed to research in

urban transporËation have usually been highway oriented.

Subsequently, Ëhere has been relatively 1itË1e research done

in Ëhe field of public transportaLion, oËher than high volume

rapid transit systems. The need for research on new

transporËaËion technologies and sysLems cannot be oversËaËed.

Public transporËaËion has played a passive role in urban

Ëransportation, but now the seríousness of the transportation
problem is apparent to most people. The Ëemporary solutions
presenËed Lo date by freeways indicates Ëhat Public Ërans-

portation offers the most probable source of solution.

AË Ëhis point, the concept of the Dial-a-Bus system is
fai-r:-y easy Ëo understand; the difficulË aspects is
inplernentíng it succesefully. Since Ëhe costs and risks
involved in implernenting any nel47 ËransportaËion technology

are high and usually very uncertain, it is imporËant Ëo be

aware of possible operating difficulties and limitaËions
thât a system may be subjecËed to in a proposed area.



The suitability of the proposed site for the project and

the proposed operational systern should be evaluated before

the acËua1 projecË is begun. Only Ëhen, can valid recomm-

endations and predictions abouL the utiliËy and the role
of the ËransporËaËion system be made. It is Ëhe purpose

of this thesis Ëo develop a Decísion Model Ëhat will offer
such results and be used as a Ëool to aid planners in
decision making.

1,4 Problern Ëo be Addressed

In all demand responsive Ëransportation sysËem nodelling
projecËs conducted at the major research centres, Ëhe

strucËure of the model was generally based on the dynamÍc

and sËochastic naËure of vehicle scheduling and demand

generation. However, one faceË of operation Ëhat has been

experíenced wiËh exisËing demand responsive sysLems, and

that has noË been given consideraËion in the research

projects is rrprebookingrt of requesËs for service. In Bay

Ridges, Ontario, 80% of Ëhe morning peak period Ëríps Ëo

the GO station by the Dial-a-Bus mode are rrprebookedrr for
Ëhe whole *".k. (2) This advanced request for service is
usually assocíated q7iËh a ËriP ËhaË is repeated day after
day - the work purpose trip for example. This type of
requesË for service inËroduces a deterministic aËtribute

inËo the scheduling problem.

2. Dial-a-Bus. The Bay Ridges Experiment, Ontario_DepartmenË
of TransporËaËion and Corrununication' AugusË L91L, p.3b,



Because of the deterministic properËy of these requesËs

for service, it is therefore no longer necessary Èo run a

computer in rrreal Ëime'r. Real t íme is defined as Ëhe Ëime

interval from when Ëhe requesË for service is made to Ëhe

time when tshe potential passenger is informed whether

service can be provided. During this rrreal timerr' perÍod,

Ëhe compuËer program tries Ëo allocate a vehicle for this
pick-up in tshe mosË economical and opËimal manner while

considering Lhe toËa1 sysËem. However, since the person

who requested service is waiting for a reply, Ëhere is a

Ëime consËraint on the compuLer program Ëo provide a

soluËion in the fasËesË tíme possible.

This type of requesË for service offers the greatest

possibility for sysËem operaËion efficiency. The determin-

istic scheduling program could be run once a day and would

generate Lhe ËenËaËive rouËes and schedules for the vehicles

for this parÊicular period. There would be no need to accept

a suboptimal soluËion due to time constraints and Ëhe optiroal

vehícle rouËing and scheduling would be determined before-

hand for Ëhe next day. Therefore, Ëhe basic system then

mighË consÍsË of a listing of vehicle routes that would

service Ëhe trprebookedrr requests $liËh Ëhe option of over-

riding the requesË by a Ëelephone call on any parËicular

day .

The problem to be addressed in this thesis is to

determine the functional and operational characterisËics

of a demand responsive transporÈaLion sysLem ËhaË is



subjected to rtprebookedrr requesËs for service. These

demands will require service Ëo a few cotÌutrort destinaËion
poinËs and consequently, the operaËing demand responsive systþm

will provide a rrmany-to-fewrt service. The reason for
limiting Ëhe scope of the problern to a rrmany-Ëo-fewrr operation
r^ras Ëo determine whaË Lhe limitations and upper level of
service and system productivity boundaries are for a demand

responsive Ëype of ËransiË service in a typical low densÍty
suburban area. The upper boundaries that would be determined

would, therefore, indicaËe Ëhe optimun poËential tha! an area

has for a demand responsive system. An actual operaLion of this
Eype of transporËation service would noË be consídered a failure
if the sysLem did not achieve Ëhe goals and objecËives that
r^7e re established on the basis of an intuitive, and usually
pessimístic, prediction of the proposed systemrs operational
and functional characËer is tics . It would be known before

implêmentation v,rhat could probably be expected and what the

capabilities r¡7ere of a demand responsive sysËem if Itidealrt

cond Í.tions \"re re prevalenË .

A Decision Model will be developed and then applied to
indicate the type of guidelines and insights that would be

valuable to planners before designing and implernenËing a demand

responsive ËransportaEion system in an area. The end product

of this model is a decision ËhaË can be defined as a course of
action chosen from available alternatives for the purpose of
achieving the desired resulË.



CHAPTER TWO

DEMAND RESPONSIVE SYSTEM MODELLING

2.1 Reason for Modelline
one of Ëhe maj or uses of system models is for

sensitivity or parametric analysis. It is not uncommon

for the systems designer, as Ëhe decision-maker, Ëo be

presenËed with point esËinates of the uncertain pararDeËers

to be used in his analysis. SensíËivity analysis is one

method of demonstraËing the effects of unknown variances in
Ëhese parameters and of identifying their crucial elemenËs.

The purpose of sensitivity analysis is Ëo show how Ëhe results
of an analysis change wtren either the parameters change or Ëhe

assumptions imposed on a model are alËered. TreaËing the

parameters in this way is a meaningful meËhod of decreasing

the uncertainty faced by the decis ion-makers .

The goal behind Ëhe development of a Decision Model is
oriented Ëoward the acËual implementation of a demand responsive

transportation sysËem in a communiËy. The basic concept of
Dial-a-Bus, which already has been discussed, has been

comprehens ive ly examined and expounded in numerous research

papers; (3) to* Ëhis sysÈem will react Ëo certain conditions,

such as changes in demand levels, also has Ëo be undersËood.

Since the cost associated with an acËual demonstration projecE

of reasonable size is quite high, the use of system modelling

Ëechniques can provide considerable insighË into the operational,
functional, and economical feasibility of initiaËing a Dial-a-
Bus sys tem.

3. The U.S. DeparËment of Commerce has a majority of these
reporËs and documents filed in the National Technical
Informatíon Service (NTIS), Springfield, Virgínia.
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The model will be used as a planning tool in providing
some foundations for rnaking decisíons regarding Ëhe type

of system required and the impacts of such a system on the
trip-making in the area. füithout adequate planning, any

inrplementation will have a very sma1l chance of being

successful. Careful evaluations of alËernatives must be

considered because Ëhere is a tremendous amount of resource
utilizaËion associaËed with ËransporËaËion sJ¡stems.

Suboptimization will often occur where effective system

analysís and planning methodologies have noË been uËilized.

2.2. Review of Conducted Modellins Proiects
In the last eight years, a substanËia1 amount of

researeh has been conducted on demand responsive transporËation
systerû6. Modelling meEhodology, facilítated by Ëhe compuËer,

was used to evaluate such sysËems and to arrive aL some

operaËing decisions associated hTith a I'rea1-liferr demand

responsive transporËaËion system. DifferenË approaches for
computing and evaluating Ëhe operaËion and impacts of
demand acËivated vehicles have been proposed by Ëhe differenË
research insËiËutes engaged in solving this problem. The

research ËhaË has been conducted in this field will be

reviewed and the general characËeristics and methods will
be highlighted and criËicized where applicable.

The most significant research in dernand responsive
ËransportaËion system compuËer modelling has been carried
out at the institutes discussed below.
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The demand responsive system that Ëhe Northr4Testern model

simulates is tlæ so-called ttmany- to-many'r system. The vehicles
in this system provide service from many origins to many

destinaËions \,tithin the area. The method of vehicle
allocation is quite simple in theory compared Ëo the models

developed by other research institutes. As a requesË for
service is receiVed, Ëhe compuËer program scans the localíty
near thaË particular requesË origin for a vehicle that is
available Ëo service the new demand. The vehicle closesË Ëo

the request origin is the firsË one selecËed for consideraÈion.

A check is rnade Ëo see if the new demand can be serviced
wiËhout violating any of the passenger service SuaranËees

thaË have been established for those on board the vehicle or

for the potential passengers that have already been assigned

to be served by Ëhís particular vehicle. If a violation of
a service guarantee will result from introducing Ëhe new

demand inËo Ëhe vehiclers Ëour the next closest vehicle is
then considered. If thís vehicle cannot satisfy Ëhe new

d ernand wiËhouË a violaËion of service guaranËees, anoËher

vehicle ís considered. This iterative process nay continue

until there are no vehicles left in the operating systen.

At this point, a new vehicle is introduced ínËo Ëhe operating

system. Because of the nature of thís procedure, there is
no assurance that any optimization of passenger service or

operaËional efficiency will be obtained. The iniËial step

is an atËempË to satisfy a new demand as soon as possible.
If the vehicle assigned to service the new demand has

passengers already on board, the model will Ëry Ëo pick up

ãl--ffitti"gton, Kenne th f,l.,et-41. I'Computer simulaËion of a
Demand Scheduled Bus SysËem Offering Door-Ëo-Door Service",
Hishwav Research Record,Number 25L,pp 26-40'L968.



L2

this new demand before any further on-board passenger deliv-
eries are made. The two unrealisËic assumptions made here

are Ëhat there is an unlimited source of vehicle supply for
sysËem operation and that a person perceives a greater value
of Ëime Ì,7aiËing in Ëhe cdlfort of his home than on a vehicle
that has increased iËs circuit Ëravel tirne in order Ëo

satisfy a new demand.

There are Ëwo service guaranËees thaË act as constrainËs

in this model. The first is a guaranteed pick-up time of
one Lo five minutes. The oËher service guaranËee is related
to the delivery time. This particular guarantee is calculaËed

as some funcËion of the dísËance beËween the poinË of origin
and the point of desËination. AL no Ëime, wíll any of these

constraints be violated, This is an attempt to satisfy all
of the system users all of the time.

A very significant limitation of this model ís the

ínability to hand 1e more than one pickup aË a single
origín point. For example, if Ëhere is more than one person

to be picked up aË a single dwelling, Ëhe model will carry
out vehicle allocation calculaËions for each ind ividual
person. This may result in having more than one vehíc1e

being allocated Ëo pick up the group of demands at one home.

This particular aspect of the model does noË saËisfactorily
represent the trreal-1ífe!t operation of a demand responsive

transportation sysËem.
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An imporËanË structsural component associated with the

model is Ëhe theoreËical street netT¡¡ork on which the

simulated vehicle operation takes p1ace. This model

utílized a simple one mile square grid which was divided
inËo a hundred units or blocks. All streeËs and avenues

are an equal lengËh of one Ëenth of a mile and Ëravel Ëimes

on Ëhese links were esËimated by assuming a consËanË vehicle
speed on all network links.

2.2.2 I^IEST]NGHOUSE AIR BRAKE COMPANY (hIABCO) - RESEARCII DIV]SION(s)

This model simulaËes vehicle operaËion in much the same

manner as Ëhe NorËhwesËern Model. The vehicle closest Èo the

new demand is considered first and if passenger service
guarantees are violaËed, the next closest vehicle is considered-

et ceËera. Ho\47ever, the ordering of demand pick-up, thaË is
Èhe vehicle routing Ëhrough Ëhe neEwork, is quiËe different.
Every requesË for service is assigned a priority value hThich

is based on the distance from the vehicle and the request

origin, as well as lhe total origin to destination disËance

or passenger desire line. The highest priority for service
is given Ëo an unsâtisfied demand that has experienced a

waiting time of forty minutes. If there are no vehicles
available in Ëhe operating system after this waiting time

guarantee has been exceeded, a new vehicle is introduced inËo

the system and is assigned to immediate ly pick up this out-
standing demand .

Once on board a vehicle, Ëhe passenger is assigned

another prioriËy value which is based on the waiting time

already experienced, Ëhe disËance from the vehicle to Ëhe

5. SËudy of Evolutionary Urban TransporËation. tr'les Ë inghouse
Aj.r Brake Company, Vo lume 3, February 1968.
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destination of that particular passenger, and Ëhe Ëotal travel
E r-me already experienced on board the vehicle. Therefore,
where the NorËhwestern Model always tried Ëo pick up the new

demand before delivering passengers on board the vehicle,
the ùIABCO Model operates on the prioriËy basis - demands are

picked up or delivered according Ëo Ëhe order of prioriËy.

This model was also subjecËed to a service Ëime consÈraint.
The constrainË was based on total servi". ti*.(6) experienced

by a system user. Each user was guaranteed that the toË41

service time would not be greater than six Ëimes Ëhe direcË

autornobile driving ti*u. (7) Ho$rever, whereas this guaranËee

\^7a s never violaËed in the NorËhwestern Model, Ëhe üIABCO model

only promised that 95% of the sysËem users would not experience

a guararìtee violaËion. The meËhod of handling mu1Ëiple

demands at single origins was similar to the Northwestern
meËhod. 'Iherefore, Itreal-lifert system operation I47as not

satisfactorily mode1led. The street netr,rTork \^ias a square

grid configuraËion ËhaË varied in size from l square mile to
5 square miles, depending on Ëhe parameËers defined in the

simulation. Another conmon characËeristic wiËh the North-
hTestern Model was Ëhe assumption of a uniform link Ëravel Ëime

for Ëhe whole neËwork. A more realisËic approach would be

Ëo irÌcorporaÈe inËo the grid, neËwork links that would be

classified as 'rarËerial, collecËor, and localrt. Traffic flow
characterisËics associated with these link types would then

reflect Ehe travel times Ëo a more realistic degree.

6. Service Ëime includes aË home waiting time and on-board
vehicle Ëirne.

7. AuËornobíle driving Ëime consisËed of Ëhe travel t ime based
on a constanË 20 M.P.H.speed plus a fixed time of 2 minutes
for parking and walking to automobile.
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2.2.3 MASSACHUSETTS INSTITUTE OF TECHNOIO,GY (M. I.T.I

By far, Ëhe most comprehens ive and extensive research

program into computer modeling of a demand responsive system

has been conducËed at the Urban Systems LaboraËory aË M.l.T.
The initial research in this field involved model simulation
of a ttmany-Ëo-onert demand responsive system. the service
provided was fron Ëhe door-sËep of the many residences

within the area to a single activity cenËre. This cenËre

could be a major atËraction area for Ëripmakers, such as

shopping centres, recreaÈional centres, or employmenË

insËiËutes, or iL could be a terminal staËion which provided

a Ëransfer point beËween the demand responsive LransporËation

system and a line-haul or rapid ËransiË systern.

This particular model was develop;!., in conjuncËion

r47ith \^rhât was Ëermed rrProject MeËrantt. \'/ Project Metran

was a research project ËhaË involved developing a totally
inËegrated transporËation system for an urban area. One

secËion of this project involved the consideration of a mass

transit feeder service. The sysËem Ëhat was developed was a

demand responsive, small bus, transportaËion service thaE was

called the I'Genierr sysËem. From this foundation work, Ëhe

present rrmany-to-fewtt demand responsive system called rtDial-

a-Ridetr was derived.

In boËh Ëhe Genie system and the Dial-a-Ride System, the

model allocates vehícles on the basis of hTaiËing, travel time,

service lime, and all travel constraints of current vehicle

8. Hanson,MarkrE., ed. Proiect METRAN-An IntegraËed EvoluËionary
Transportation Sys Ëejrn for Urban Areas. M. I.T.,Rept.8,1966
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passengers. The M. I.T. rnode 1 assigns a vehicle Ëo service a

new demand while aËËempËing to ¡ninimize the inconvenience

to vehicle passengers, mainEain che ability of a vehicle Ëo

serve poËential nel^7 demands, and satisfy thê ner^7 demand as

quickly as possible. llowever, besides minirnizing service
times, the model also aËËempts to maximize vehicle passenger

occupancy so Ëhat an economical, as well as a functional
system operaËion is s imulated.

The minimizaËion of user inconveni-ence and the maximization

of vehicle occupancy are, however, conflicting actions.
Inconvenience to sysËem users can be decreased by providing
more vehicles to service these users. Maximization of vehicle.
occupancy cannoL be approached if new vehicles are conËinuously

inËroduced into the system. To accomplish these two objectives,
Ëhe s¡odel uLili-zed an 'robjective function".(9) An objecËive
funcËion hras noË used in Ëhe Northvre s tern or I,'IABCO model. In-
corporating this kind of function inËroduced a trsysËem analysisrl
aspecË inËo the mode1.

In the M. I.T. Model, the ordering of pick-up and delivery
was based on determiníng an inËerva1 in an existing vehícle
route in which a new demand could be serviced while roinimizing
the disruption of service to Èhe passengers on board the

vehicle. llowever, as was previously mentioned, the model

also atËempts Ëo maximize the passenger load on the operating
vehicles so thaË an economical and a. more realistic system is
s imulated .

9. This model incorporates aspects of Linear Programrning
which consists, generally, of an objecÈive funcË ion and
a seË of consLrainË equaËions.
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I,Jith regard Ëo Ëhe Ëheoretical street neËwork

characterisËics associated with Èhe mode1, Èhe Genie system

utilized a rectilinear grid patËern which varied in size
from a one-by-one mile square to a Ëhree-by-three rnile

square. However, Lhe Dial-a-Ride system took a completely
different approach. A defined netr^7ork configurat ion I¡7as

not used, The disËance travelled was based on ttairlinert

disËances bet!'reen the origin and destinaËion points. The

arguments used in advocating this approach was based on

the premise that specific network characteristics and config-
urations were noË essential to facilitate an understanding
of the fundamental concepÈs of demand responsive system

s irmrlation.

It appears thaË simply usíng the grid network or
rrairline" distance approach is exËremely unrealisËic. The

most probable solution to this rnodelling dilemma, one that
would relate more Ëo a real-life situaËion, would be to
describe an exisËing sËreet network and its associaËed

vehicle operating characterisLics ínto the mode1.



CHAPTER THREE

MODELLING METHODOLOGY

,3. 1 Approach

Of the nany differenË modelling Ëechniques which could

be used, Ër47o hTere considered as most suitable for Ëhe Decision
Model proposed. These were Ëhe simulation and analytic
rnodelling Ëechniques. These Ëechniques will be defined and

their scope and lirnitations discussed in Ëhis secËion.

Sirnrlation methodology is based on the development of
a model having artificial evenLs which correspond Ëo evenËs

in the "rea1-worldt' sysËem. The inter re latÍònshiþs beË\47een

the artificial elements in the model are equivalent to those

inter¡elationship.s betr^leen elements in Ëhe actual system.

I¡'lhen these interactions are understood, simulation can be

used effecËively. Ho$rever, the curn¡lative impacË over Ëhe

enËire system is usually uncerËain. By analysing a model

of the actual sysËem, resulËs relevanË Ëo Ëhe acËual system

can be obtained. Feeding in a seË of input parameters in
a simulation model will produce a certain discreËe sËaËe of
the sysËem. This observation will not directly help in
predicting Ëhe system performance under a set of different
parameËers because the toË41 system interaction cannoË be

quantified in this Ëype of system model.

Sirm¡lation is Ëherefore a very useful tool vliËh T,rhich

Èo analyse the overall implicatíons of a1Ëering one of Ëhe

parameËers or inter-event relationships. Ilowever, the

funcËional dependence of the system and the elemental
framework can only be inferred, when using simulation, by

18
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interpolation beËween resulËs of different pâramecric

values or by exËrapolaËion beyond the range of resulËs

when the parametric change ís beyond the range of values

used in Ëhe rnode I .

An analytic model can generally be described as a

set of mathemaËical equations which represenË the results
of intser-event system relationships. By solving the

equaËion or equaËions, an analytíc model can provide

informaËion on the sensitivity of the system to parameËric

variaËion. The drawback of this modelling technique is
deriving the form of the equations which make up Ëhis

mode 1 .

The Decision Model developed in Ëhis Ëhesds is a

synËhesis of the analyËic and simulation models. The

m¡tua11y inclusive interface between the two models

facilitates the substiËuËion of desirable characteristics
of boËh models wiËhin the Decision Model.

SensitiviÈy analysis, which is a rnaj or short-coming

of the s ir¡n¡lation model, is overcome by inËerfacing this
element with an elemenË of the analytic model which can

provide the desirable results. The difficulËy in
derivíng the mathemaüical form of the analytic model is
overcome by incerfacing this elemenË with Ëhe simulation
model. OuËput from the si¡nrlation model was used to
valídaËe and calibraËe the analytic model. The coefficients
and form of the analytical modelrs equations were determíned

by analyËical analysis and the regression Ëechnique of
least squares.
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The Decision Model thaË $til1 be developed is based

on a riiIraÍìy- to- fewtr Dial-a-Bus operaËion. Ihe reason for
limiËing Ëhe scope of Ëhe model to represent such an

operation r4ras to establish Ëhe upper system efficiency
and producËivity boundaries for the -'demand respoasive
ÈransportaËion system. The rr'rÍnny- Ëo- fewtr sysËem represenËs

the ideal public transporËaËion system in terms of offering
the potential for being the mosË efficienÈ and producËive

operation possible. As the dispersíon of destinaËions
increases, sysËem efficiency and productivity decreases.

The upper boundaries that would be established by the

model world, therefore, indicate the optimum potential
that an area had for a Dial-a-Bus system. An actual
operation of Dial-a-Bus in Ëhe area would noË be Ëermed

a failure if the system did noË achíeve some inËuitive
opËimistic goals escablished prior Ëo implementaËion. It
would be knovzn, beforehand, what a system operaËion rnras

capable of if rtideal'r operaËing condiËions $rere prevalenË.

3.2 System Components

A good undersËanding of the processes at hTork iS

absolutely necessary before any attenpt can be made Ëo

model a system. In order to model the trcausetr and rreffectrt

relationships which exist in any system it is necessary

to define the componenËs and their inËeractions wíËh one

another. The basic components Ëhat are necessary in
understanding Ëhe framework of a demand responsive
transportation sysÈem are discussed below.
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3.2.1Demand

The most significant system componenË is the dernand.

fn an actual operational sysËem, a demand or request for
service is Ëransmitted by telephone from Ëhe origin Ëo

the dispatching cenËre. Inforrnation thaË is included in
Ëhis request for service is transmitted by Ëelephone from

the origin to the dispaLchi-ng centre. Inforrnation Ëhat

ís included in this requesL for service is the locaËion

of that parËicular demand, the trip desËination, Ëhe size
of group requesËing service and the preferred pick-up Ëime.

This basic information is usually then organized in the

format best suiËed for Ëhe manua 1 or computer dispaËching

phase.

3.2.2 Supply

The vehicles or the supply ËhaË Ì,till be used to
satisfy Ëhe demands is anoËher sysËem component. The

size, in Ëerms of passenger seaEing capacity, can vary
from 8 Eo 42. The fleet size and vehicle passenger capacity
of major demend responsive transportation systems presenËly

in operaËion are lisËed in Table 1.(10)

3.2.3 Comrm¡nicaË ions
Changes in state of the operating sËaËus of a vehicle

must be known by Ëhe dispatching cenËre. This Èype of
information includes Ëhe posiËion of Ëhe vehicle in the

network at cerËain Ëime intervals, wheËher Ëhere has been

a vehicle breakdown, unexpecËed traffic congestion tshat a

vehicle is experiencing, and variations i-n operaËing

condítíons due Ëo i^ieaËher.

10. Metropolitan
Vol. 69, No.1

rrsympos ium Discusseé Ner^r Transit ConcepËsrr
(January/February L97 3) .
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S ITE NIIMBER OF
VEHICLES

VEHICLE PASSENGER
CAPACITY

Regina, SaskaËchewan

Bay Ridges, Ontario

SEratford, Ontario

Haddonf ie ld , Ne\"r Jersey

Columbia, Maryland

BaËavia, New York

DeËroiË, Michigan

Columbus, Ohio

Ann Arbor, Michigan

Mansfield, Ohio

2
1
I
5

5
1

4

I
4
2
2

4
1

5

4

3

1

15
t7
23
42

11
23

35

t7

19
10
I

23
10

9

t9

10

L4

FLEET SIZE AND VEHICLE PASSENGER CAPACITY OF

EXISTING DEMAND RESPONSIVE TRANSPORTATION SYSTEMS

TABLE I
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,In Ëhe dispatcher-vehicle coûnunicaËion phase, a

tr^7o- !üay radio, eiËher direct voice or digiËal, is the
medium for informaËion flow. Investigacion of tradiËional
voice radio dispaËch techniques has shown that a hunan

dispatcher using direct voice communicaËion could handle

approximaËely 100-200 demands per hour, or about 5-10

vehicles, (11) Digital Ëransmission sysËems, which make

more efficient use of frequency channels, could ËransmiË

messages for 180 vehicles per hour if a computer was used

for dispatching. (12)

Communication in the cus tomer-d ispaËcher phase utilizes
the Ëelephone as the medium for information f1ow. Direct
voÍce or digital cormunicaËion is used to relay information
abouË a requesË for service and whether this requesË can be

satisfied. The communication sysËem seË-up for the Regina

Telebus sysËem is Ëypical of existing major demand responsive
systems. The díspatch cenËre contains a mulËi-1ine
telephone board connecEed through norrnal exchange facilities
for user calls. There is also a connection for tape

11. trüard, John,
Ride SvsËem, M. I.T. ReporË USL-TR-70-15, December
1970, Cambridge MassachusetËs, p. 1.

l-2. Ibid, pp 1-2.



24

recording messages when Ëhe centre is closed. The radio
equipment is typical tr^7o - r^7ay equipment. All vehicles
receíve all messages senË out. This aspect of the communicaËion

system is not Ëhe most desÍrable. The radio Ëraffic,
especially in peak periods, ís quite heavy and the conËinuous

noise that vehicle users are subjected to is usually
annoying and irritat ing.

3.2.4 . OperaËor

The function of the system operator is to assign the

requests for service to a vehicle in such a manner ËhaË

total system operation and service to presenË vehicle
passengers and new demands is optimízed. AlËhough a

computer has generally been recommended for sysLems having
more Ëhan 20 vehicles, there are no sysËems aË presenË ËhaË

have incorporaËed the use of a compuËer into Ëhe operaËion.

Another function of the operaËor is to inform Ëhe ne\"z

demand wheËher a vehicle is available and when Ehe pickup
will probably be made. In Ëhe case of a rrprebookedtr request
for service, Ëhe operaËor can give a greater assurance of
proposed pickup time. This is due to the fact EhaË this
Ëype of service request a11ows for more Ëime to develop

optinal vehicle rouËing and scheduling.

3.2.5 User Service
In addiLion to Ëhe basic sysËem componenËs described

above, service options .for the system users should be

defined as a system component. An attractive operaËing

policy would be the provision of an option Ëo the user to
request a desired level of qervíce. Thus, a demand r¡hich
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has an addiËional request for a higher quality, fasËer, and

more reliable service would be given a high priority in
the vehicle allocation phase. Although the user service
component should be ultímately included in the model, and

since Ëhe system can operate withouË such an extraneous

componenÊ, it r^7as not. considered necessary to include the
user service componenË in the model. AlËhough this particular
system componenË r^ias noË incorporated directly into Ëhe

model, a seË of curves indicating Ëhe leve1 of service
provided for a cerËain demand leve1 when a defined number

of vehicles are available is developed in Chapter 4.

3.3 Problem Ouantificat ion
Havíng described the componenËs and their interactions

in an operational demand responsive system, Ëhe nexË step
in rnodelling is Ëo quantify these elemenËs. The approach

tåken Ëo describe the workings of an acËual trmany- Ëo- fer,,/l

Dial-a-Bus system was based on Ëhe following quesËion, rrHow

would an operaËor hand le Ëhe sysËem?rt The operator would

probably address the following tr^lo functions:
1. Try to achieve the most economical

utilization of vehicles,
2. Try to satisfy the system users as

rmrch as pos s ib le .

The first function would be basically a maËter of minimum

path vehicle assignment. However, user satisfaction has

a numbe r of elemenËs. Some of Ëhese elements are well-
defined while others are no more Ëhan subjective concepËs

of user relevance. For example, Ëhe ËoLal service time and
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user cost are boËh well defined elements of customer

saËisfaction Ëhat are quantifiable. On the other hand,

an elemenË that ís very subjective and varies greatly is
Ëhe relaËive importance or weight placed on the vâ1ue of
Ëiúe" Hor^r much value does an individual place on Ëhe Ë ime

he spends Ëravelling in a vehicle, \^74 it ing to be picked

up, or Ërans ferring to another mode has been the subject
of a greaË deal of t""..t.hÍ13'14'15Àince Ëhese subjective
and individualisËic effecËs are quite uncertain, only the

quanËitative elemenLs associaËed with the service times

will be considered.

The contribuËion of service times to user saËisfaction
is clear in general Ëerms but Ëhe exacË funcËion is not so

well defined. A user desires Ëo experience minimum servíce

Ëime aË minimum cost. These two functions are, honrever,

conflicting. Lower service Ëimes can be achieved by

increas ing Ëhe number of vehicles in the sysLem but' con-

sequently, the cost to the user is increased. Exaclly
how a user reacts to service Ëimes is dífficult to generalize

buË very inportânt for system performance evaluaËion. LaËest

arrival time guarantees would be most desirable to Ëhe

Ï5. L.""J.4.. ItA Behavior Approach to Modal Split ForecasËingrt,
TransÞorËaËion Research, Vo lume 3, pp 463-480, L969.

14. Quarraby, D.A. ttChoice of Travel Mode for the Journey to
trIork,Some findingsrt, Journal of lransportation Economics
4!!-g!g, Volume 1, No. 3, pp 273-3L4, Sept. 1967.

15. Í'lynn, F.H. and Levinson, H.S. ttSome ConsideraËions in
Appraising Bus TransiË PoLenËialsrr, Highwav Research
B 5!, Number 197, 7967.
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trip maker Ëhat has to arrive at a certain desËination
before some specified time (catching a plane, for example).

other users may be more inËerested in the mean service ,*"Í16)
The mean service Ëíme consideration will be Ëhe basis for
sysËem performance evaluatíon in this Ëhesis.

The general aim of minimization of the user costs
and user service times within Ëhe same framework can be

staËed as follows:
M]N]MIZE TIIE SERVICE TIME EXPERIENCED BY

ALL SYSTEM USERS I^TITIIIN THE CONSTRAINTS

]ON THE FLEET SIZE OPERATING IN THE SYSTEM

In an actual operating sysËem, the number of vehicles
would usually be a set amounË in the shorË run. It r^7as

for Ëhis reason thaË Ëhe number of vehicles available in
the system \,ras a constrainË and not parË of the model

objective. If fleet size mínimizaxüon hTas the objective,
the user service time would have to be Ëhe constraint. The

reason for developing a model of a Dial-a-Bus sysËem r^ras

Ëo deËermine Ëhe funcËional, operational, and economical
characteristics. Therefore, it was considered Ëhat the
objecËive chosen would be one that would provide Ëhe lowes t
mean service times within fixed system costs.

Ideally, the model should provide an optimal solution.
Although such a soluËion is Lheoretically possible it is
extremely difficult Ëo formulate and would probably be

16. Mean service is defined as Ëhe toËal Ëime (including
I^IaiË, in-vehicle Ërave1, pi.ck-up and discharge tiEles)
that an average sysËem passenger experiences.
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computationally prohibiËive Ëo run on a computer. Instead, Ëhe

principal efforË has been to develop a computationally s írnp1e

model that could be run economically on the computer andddd

produce realistic, buË noË necessarily optimal , results.

3.3.1 trReal Ì,lor 1d Inputsrr

In order to inËroduce as much practicality as possible

into Ëhe model, trreal-worldrr inpuËs were incorporated into
the variables and parameters. The street neËwork configuraËion

of an existing suburban development \^7as used as a basis for
esEablishing Ëhe link-node neËwork essential for model

functioning. A part of the lüinnipe g residential suburb called
ForË Richmond was considered and is shovm in Figrrre 1.

Land use and demographic characterisËics of Ëhis area

are lísËed on Figure 2, which indicates Ëhe selecËed area of
Fort Richmond. The locaËions of Ëhe ËI^to terminal s.tations ,

which are Ëhe transfer points between mainline Lransit and

Dial-a-Bus service, are also shown on Ëhis figure'

The link-node network and link Ërave1 tines are shown

on Figure 3. Trave 1 times were estimated on the basis of
link disËance and a constanË vehicle speed of 30 miles per

hour. Because of the automobile-like operating characteristsics

of a Ëypical 20 passenger Dial-a-Bus vehicle, Ëhere \¡tas no

distinction made bet$7een Ërave1 times via differenË modes.

The nature of the funcËion of the real-wor1d net\,rcrk l,las

such that Ëhis aspecË was characterized within the framework

of the mode1, Assumed grid paËËerns or other hypoËheËical

l ink-node configurations l¡re re not incorporated into the model,

thus avoiding one of Ëhe maj or shorËcomings of modelling projects

previously conducted.
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POPUI,ATIoN = 2486

AREA SIZE = 344.9 RESIDENTIAL ACRES
0.538 RESIDENTIAL SQUARE MILES

DENSITY = 462L PERSONS/RESIDENTIAL SQ. M]TE

OPEN SPACE AND C0MMERCIAL AREAS = 16 7" OF TOTAL AREA

DISTANCE BETI,JEEN TERMINAL STATIONS = 0.91 MILES@nrll@

LAND USE AND DEMOGRAPHIC CHARACTERISTICS

FIGURE 2
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LINK :TRAVEL TIMES
( sEcoNDs )

FIGURE 3
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3.3. 2 System Demand

The model sËructure has to a11ow the demands Ëo

enËer Ëhe sysËem at unique poínts in the netr^7ork. In
an actual sysËem, Ëhe unique poínt of enËry would usually
be the place of residence of the person requesËing the

service. HoInTever, because every dwelli.ng unit in the

area would be exÈremely difficult to describe in the

computer network modeling phase, a trdemand centroidrt concept

was used. The nodes, which were shown in Figure 3, are

usually Ëhe intersecËion points of two or more 1inks.
These nodes \^rere assumed to be the locations where demands

could be concenËrated. Only at Ëhese discrete point
locaËions can a demand enter the sysËem. Therefore, Ëhese

demand cenËroids can be considered the origin points
of the demands. The actual resídential area thaË a

demand centroid represents is shown in Figure 4. The

black dots indicaËe Ëhe demand centroids while Ëhe

dashed lines show:. the centroid boundaries. IË is assumed

for the purposes of systems modelling, that all demands

originating within the rrdemand shedrr are concentraËed at
íts centroid.

The nexË assumpËion, which also was relaËed Ëo the

system demand, \^tas the consideraËion of spatial dernand

disËribution. Various probability distributions have

been used in s irm¡lation in order for the random numbers

generated Ëo be from a given type of statistical population.
For the development phase of the Decision Model, the origin
of demands was assumed Ëo be from a uniform distribution
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ËhaË ü7ou1d be experienced in Ëhe morning peak period.

One of the most attracËive features of the Decision
Model developed is the versaËility in being able Ëo

incorporaËe different demand dísËribuËions. If a particular
demand distribuLion should be considered more realisËic
for a real-world demand representaËion, this inpuË could be

easily introduced into the mode1.

Experience derived from exisËing demand responsive
transporËâËion operations have shown demand disËributions
to be quite non-homogeneous. Figure 5 shows a typical r^7eek-

day spaËial(17)rrra chronological ( 18) distribution experíenced

in the Bay Ridges Dial-a-Eus Demonstration ProjecË. Ilowever,

any demand distribution can be used as parameter inpuË to
facilitate a deËailed sensitivity analysis utilizing the
Decision Model deve loped.

Combining Ëhe concepË of demand centroids and assuming

a uniform demand distribuLion of 1 demand per 3.5 developed

residential acres (180 demands per square mile) for the
morning peak hour established one set of input parameËers.

L7. Dial-a-Bus. The Bav Ridges Experiment. Ontario
DeparËment of TransporËaËion and Coro¡m¡nicaËions ,
August, 1971, p. 37.

18. Bonsall, J,A., ,
Progress Report No. 1, January, L97L, p. 19
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A demand density of 1 per 3.5 acres was considered to be

a ridership leve1 thaË could be anticipated if a demand

responsive transit sysËem was implementsed in Lhis
parËicular residenËial rtu.. (19) Figure 6-A and 6-B show

the location of demands within Ëhe link-node configuration
for demand leve1s of 180 and 20 per square mile respecËively.
This range of demand levels was used to provide Ëhe

foundation data for Ëhe Decision Model development stage.

To provide a sign convention consístency hriËh Ëhat

used later in the model developmenË sËage, a minus sign
before a cenËroid índicates a demand. As will be s hov¡n

later, a plus sign indicates the number of supply uniËs

available aË that node.

3.3.3 Travel Oríentation

At this poinË in the discussion, it is imporËanË to
noËe ËhaË the collecËion phase is considered, in this Ëhesis,
Ëo act as the sËrict inverse of the distribution phase. The
ItcollecËion phasetr receives thís name because of the fact
thaL Ëhe collection of passengers takes place ËhroughouË

the residential area. These passengers âre then delivered Ëo

one of t$ro terminal státions where Ëhey can transfer
to a trunkline transit service. This kind of movemenL

would be primarily experienced during Ëhe morning peak period.

L9 . Based on the 19 71 l,'/innipeg TransportaËion Planning
Branch Trave 1 Survey, this demand density was obtained
by applying a factor to Ëhe total trips generaËed from
Ëhe ForË Richmond Area. An indepth explanation is
locaËed ín the appendix of this thesis on page 88.
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DEMAND DENSITY = l8O PER so.MrLE

FIGURE 6¡
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DEMAND DENSITY = 20 PER SO.MILE

FIGURE GS
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fn the ttdistribution phasetr, passengers are picked up

at the terminal stations and distribuËed throughout
Ëhe area according Ëo the places of residence of the
vehicle passengers. Only Ëhe collection phase of the
demand responsive system will be reflected in the
Decision Model.



CHAPTER

DECISION MODEL DEVELOPMENT

4.1 Phases of Deve lopmenË

The Decision Model developnent sËage is cornprised of
three distinct phases. These phases and their interconne ctions
are shown in Figure 7. phase one involves the utilization
of a simulaËion mode1. Specific inpuË parameters, which
were the only exËernal elements in this stage, were fed
inËo the sirrulation model. The ouËput from Ëhis phase is
transformed inËo the input used in phases thTo and three.
Phase two consists of a manua 1 vehicle route assignmenË
operation. On Ëhe basis of phase one ouËput considerations,
decisions were made manually as Ëo how a vehicle would circulate
wi-thin Ëhe service area picking up passengers and Ëransporting
Ëhem Ëo the ûearest Ëerminal staËion. Output from Ëhis
phase was co¡nbined with the outpuË from phase one and
Èransformed into inpuË for the third phase of Ëhe model
development. Ihis phase involved Ëhe formulaËion and
calibration of the analyËic model. As will be shown 1aËee,
the analytic model is one of the major componenËs in tte
Decision Mode1.

4.2. Phase 1 - Sirm¡lation Model

The field of Operations Research (O.R.) is concerned
with decision-making for situations which occur in real
1ife. O.R. may be described as Ëhe scienËific approach Eo
decisíon-making related Ëo Ëhe operaËion of a rrreal_world
sysËem. Both industrial and business organizations have
widely used O.R, to aid decision making in complex problems.
An important characteristic of O.R. is its broad viewpoint
and systems analysis approach. Conflicts of interesË among

FOUR

40
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the components of arL or1arlízaË ion- or system are resolved in

a $ray that considers the effects and results on the Ëotal

sysËem. Usua1ly, O.R. aËËempts to find Ëhe best or optimal

soluEion to Ëhe problem under consideration'

A vasË numb er of exËremely difficult and complex problems

have been solved by utilization of Ehe various techniques

thaË have been developed over Ëhe years in O'R' Linear

grogrannning is one such technique ' Basically, Linear

Programming addresses Ëhe problem of allocating lirnited

resources among competing activities in the best or mosL

optímal manner. A maËhemaËical model is used to describe

the problen beíng considered. The model usually aËËempËs

to plan the order of activities Ëo faciliËaËe an optimal

solution in rn¡hich all feasible alËernalives have been

considered and the soluËion is for the well-being of the

total sysEem - noË jusË a few sysËem componenLs '

A special case of the linear programming model is the

network optimization mode1. This particular model most

ofËen has been assocíated wíth the problem of product

distributíon. The problem considers the distribuËion of

a product from a source of supply Ëo poinËs where a requesL

for lhis product is located.

Because of the varieËy of distribution problems encountered

in real life, there have evolved many Lechniques for net\^7ork

opËimizaËion modelling. The one considered mosË applicable

to the problem addressed in thís Lhesis is the ItTranshipment

Mode ltt .
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4.2.I Tr anshipment Problern

The basic characteristic of Ëhe transhipment problem
is the disËribution of a product from the supply origin to
whe re the producË is required, in the most optimal manner

This usually involves the minimizaËion of costs to ship a
product from origin Ëo destination. In the transhipment
model, each point whe re a demand is located is also perrnitted
Ëo acË as an inËermediate point for a11ocaËion of Ëhe product
to other demand locaËions. ThaË is, at one parËicular
time in the distribution acEivLíy, a point where a demand

for a product is locaËed may actually have more supply
uniËs available than are required. AË another point in time,
however, this excess in supply may be disËribuËed to oËher
demand points. These Ëranshipment points, therefore, may

allow for a lower distribution cost than if all supply units
had to be distributed to all points in the mosË direct marìner
while considering each supply-demand inËerchange separately.

The characterisËics of the general Ëranshipment problem
can generally be compared Ëo Ëhe operaËíon of a Dial-a-Bus
system. The supply must be distributed from its origin to
a destinaËion while satisfying the objecËive of allocation
of supply aL Ëhe minirm¡m eost. The analogy of Ëhe Dial-a-Bus
sysËem Ëo the Ëranshipment problem is as follows:

THE SUPPLY is the Dial-a-Bus vehicle. Acrually,
supply uniËs are the individual seats in the .reÀi.le.
THE ORIGIN OF SUPPLY is usually rhe Ëerminal stationor some activiËy centre within the service area.
TI{E OBJECTI\Æ is to minimize operaËing cost and user
trave 1 Ëime .
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4.2. 1. I Hypothetical SysËem Simulation
To provide a basis for better understanding the

ÈranshipmenË mode1, its applicaËions and iËs potenËial, a

hypoËhetical system will be introduced. Figure 8 shows Ëhe

hypothetical link-node configuration that will be used in
this analysis.

There are 3 types of network nodes shorin in Figure 8.
The ttsource or origin of supply node (designated nodets tt)

is the point at which all of rhe supply is ínitia11y located.
The Itdemand cenËroidsr¡ (Nodes ttArBrCrDrErF, and Gtt) are
locations within the network at which point demands are
allowed to enËer the system. These nodes can also have an

excess of supply units allocated through them. These Ërans-
hipment points, in effecË, Ëhen become supply nodes. The
trsink or Ëerminal node (designated node ttHtr) is a point in
the link-node sysËem through which no supply units can be

allocated. Ilowever, in simulating a Dial-a-Bus operation,
it has been assumed thaË the rrsourcerr and the |tsinktr nodes

are actually one locaËion in the systern. That is, aË Ëhe

Ëerminal station there are facilities to store the vehicles
until Ëhey are demand activaËed,

In modellíng Ëhis particular sysLem component, the
trsourcerr and the r¡sinkt? have to be identified as disËinctly
separate points. Moreover, a large 1ínk penalty has to be

assigned so that all the supply is not allocaËed Ëo Ëhe
rrsinktt node in the initial stages of Ëhe neË\^rork optimization
process. TtreoreËical1y, Ëhere is a link travel time of zero
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HYPOTHETICAL NETWORK CONFIGURATION

FIGURE 8
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associated r^riËh Ëhe ttsourcelr to ltsinkrt interchange since
these tr^7o nodes are actually one location in the sysËem.

The first sËage in the nelwork opË imAøíon process would be

to find a new position for Ëhe supply units in the link-node
system aË Ëhe lol^rest cost. Since Ëhe cost or Èrave1 time
is zero betT¡reen Ëhe rtsourcert and rrsinkrr all of the supply
would be allocaËed Èo this node. Ilowever, Ëhe model stipulates
the constraint that a trsinkrt node cannot be a ËranshipmenË

point. Therefore, the total sysËem supply would be held at
this node and an rrinfeasible soluLiontr would be indícated.

4.2.L.2 Mathematical f'orrmr] ati on

The mathematical rnodel of the transhiprnent problem is
described below. The objective funcËion shov¡n describes Ëhe

minimization of the total t ime to allocaËe the supply to Ëhe

demands .

mn
MINIMIZE Z= EE-CijXij

i=t i=l

where: Xij= ¡¡o* of supply un¡ts from node ¡

to node j

Crj = unit time from node i îo j

Z = lotol lime lo ollocqte supply to
demond

i = nodes hoving ovo¡loble supply

j = nodes to which supply is desfined
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Rather Ëhan describing all the constraint equaËions

involved, the mathemaËical consËrainË formulations are
usually expressed in a concise Ëabular format. AlËhough

Ëhe tabular format is comprised of two basic elemenËs,

they are usually combined into one maËrix. These elemenËs

are :

1. the unit cosË matrix Cij

2. the supply f1o$r rnaËrix X¡i

The mathemaËical forms of the transhipment model are
described ín tabular format in Figure 9. The top row is
designated for Èhe source with Ëhe number of supply units
available at thaË ¡roínt located in the right-hand trsupply

column, In Ëhe Ëable, Ëhe cólurnn at the iight is designed
for Ëhe sink. The number of supply uniËs desired at that
poínt is s hov¡n in Ëhe trdemandrr row aË Ëhe boËtom of the
table. For Ëhe transhipment points, the trsupplytr values
were calculated by using Ëhe following equation(20)

Sr= ïi<+B

where: Tx = the supply requ¡red ot node x

B = the sum of oll supply ovoiloble ot
oll points in ihe system

= 951

The rrdernand values for the transhipment poinËs were calculated
by using the followirg .q,r"ti"rr(2tr)

Dr=B

20. Ia/agner r. !ïarvey , Prínciples of ManagemenË Science trüiËh
ApplicaËions to Executive Decisions, Prentice-Ilall Inc.,
(Englewood Cliffs, New Jersey: L970) ,.143.

21. Ibíd. , p. I44.
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4. 2. 1. 3 Mathematical SoluËion

ThemathematicalequaËionsusedtolepresenLtheobjective
funcËion and Ëhe constrainLs of Ëhe model were represenËed in

a maËrix form to facilitate ease in undersËanding Ëhe

qualificaËion of the ËranshipmenË problem' However, solving

Ëhe transhipment problem requires the use of the computer'

The MPS/360 package compuËer program was used' The MPS/360

program unlike mosË previous linear programming packages,

includes a linear programming language. In order to solve a

linear programming problem, a control program must be \^ÉiÈten

in the MPS/360 conËrol progrâm language ' MPS then compiles

the program into an executable form so thaË the rrTranshipment

problem'r can be solved. The control program reads the

required data and then proceeds to solve Ëhe problem' The

formaË that the transhipment problem data musË be in is shown

by the I'TECHNOIOGY TABLETI in Table 2' The values on the right

hand side indicate wheËher a node has a supply (positive

sign) or a demand (negaËive sign). The values aË the boËËom

of the Table are Ëhe link travel times. The link flow

is coded by placing *1 in the origin node row and -1 in the

destinaËion node row. There is only one seË of *1 and -l
values for each Xii column. A print-ouË of the compuLer

program outpuE is located in Ëhe appendix on page 90.

The optimal supply flow solution for the hypoËhetical

neËr^7ork under tne éystem condiLion Ëhat supply equals demand

is as follows:
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Xsr = l5O --> X¡s = 50

Xsc = 2OO

Xse = 2OO---> Xeo = l5O

Xsr = 4Ol --) Xre = 3OO êXrx = |

The f1ow of supply' ur'tits is i11usËraËed in Figure 10'

The short:comings of the outPuË from this model are quite

evident. The model sirmrlates the f10w of ind ividual vehicle

seaÈs. Once a vehicle seâË or supply unit has reached a

demand, the computer considers the demand satisfied' This

supply-demand pair is deleËed from further system consideraËion

and Ehe cosË or allocation tsime associated r^7ith Ëhe supply

flow is added to the ËoË41 system allocaËion time' By

arbitrarily assigning a -1 demand value at the sink, this

problem was somewhat alleviated. The other shortcoming of the

transhipmenË model is Ëhe facË thaË rrseatstt and not vehicles

(which contain inËegra1 numbers of seats) are allocated'

This s irmrlation or ËranshipmenË rnodeling process and the

corresponding inpuË-ouËpuË data flow was Ëhen applied to the

real-lífe situaËion involving Ëhe secËion of ForË Richmond

previously chosen.

5l
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By applying these equations, the Ëranghipment model

constraint that supply equals demand, at all poinËs within
the system to provide system balance, is achíeved. If this
condiËion could noË be meË due Ëo some physical characteristic
of Ëhe real sysËem, a ficËitious or tldunrnylt supply source
would have Ëo be intsroduced inËo Ëhe system. The physical
significance of this condition in rhe simulaËion problem

relates Ëo the limitation of supply uniËs - the Dial-a-Bus
vehicles in Che system. If there is a set number of,

vehicles available and the Ëotal number of vehicle seats
is less than the number of demands that must be satisfied,
a ltdummytr source of supply uniËs must be introduced irr
order Ëo converË Ëhe system inequalities into system
equaliËies. The [dummyrt source has.no.effect ön .the

simulation and only facilitates Ëhe feasibility condition of
the model that Ëota1 supply equals total demand. The reason
why Ëhe introduction of a rrdunmyrr source does noË affecË
the si¡nulation is due to the modelrs objective funcËion,
which attempts to minimize total allocaËion Ëime. The links
connecting Ëhe trdummyrt source node and the actual link-node
network are usually given large flow penalties, ThaË is,
large link Ërave1 times keep the model from allocating the
supply uniËs from the trdummyrr source node inËo Ëhe sysËem.
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4.2.2 System Simulation in Fort Richmond

The link-node configuraËíon, associated r"lith the section
of Fort Richmond ËhaË r^7as chosen for rnodelling purposes,

and demand centroid quantitíes for two demand 1eve1s (20

demands per square mile and 180 demands per square mile)
wefe coded into the required MPS/360 computer program inpuË

formaË. The MPS/360 program r¡ras run for various combinations

of supply and demand parameters. These trrunstr were

categorized into disËinct sirnulation sËages on the basis of
Ëhe various combínations of inpuË parameters. The

relationship between simulation sËages and compuËer runs and

subruns is illustrated in Figure 11. Two simulation sËages

were considered in this figure.

1. DEMAND = 180 per square mile
SUPPLY = 1 seË of 22 supply units (22 I'seatsr')

2. DEI'{AND = 180 per square mile
SUPPLY = 6 sets of 22 supply units (132 rrseatsr')

In this figure, each square indicates a computer

run. The number of runs required in a simulation stage r47as

deËermined by Ëhe following equation.

NUMBER OF RUNS = TOTAL SYSTEM DEMANQ

Each sub-run, indicated by a circle, represents a supply
set of 22 un|xs. These seËsr...as will be shown in phase

two, ïepreseat Dial-a-Bus vehicles.
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Phase one output is summarized in Table 3. The

column headed rt EEC¡¡ Xii r¿ indicaËes the Ëotal allocation
or ttflow" Ëime required for Ëhe movement of supply units
to demands. For simulaËíon SËage 1, only one increment of
22 supply units r'.Tas available to be a11ocaËed for this
particular computer run. AÈ a demand densiËy of 180

per square mile, Ëhere were 98 demands Ëo be satisfied.
Since in Run 1 there were 22 supply units and 98 demands, a

dummy node containing 76 supply units was required to
satisfy the supply-demand system balance consËrainË. The

allocation time for this run was 752 seconds or L2.53
minutes. The right-hand co lumn Ín Table 3 indicates that
the demands saËisfied in Run 1 were located at 16 centroids.
After the demands that r^7ere saËisfied in Run 1 were deleted
from the sysËem network, a nehi seË of 22 suppLy units was

made available to the sysËem, and Ëhe MpS/360 program Ì¡las

run for the second time. A dummy node with 54 supply
units was also introduced in this run. The allocaËion
Ëime in Run 2, however, had two components - Ëhe Eime to
satisfy xll.le 22 demands chosen in compuËer Run 2 plus Ëhe

allocaËion time in Run 1" In the si,LuaËion where there is
more than one set of supply units available to the system.
(and therefore, more than one subrun per run), the order of
supply unit set introduction determines r,irhich subrun
a11ocaËion times wí1l be cumulaËed. For example, each run
in Simulation Stage 3 has 3 subruns (3 sets of supply units)
Therefore, the allocation Ëimes in Run 2 were calculated by
curnulating Ëhe values of both Run 1 and Run 2 for subruns
with similar numbers .
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SIMULATION

STAGE

INCREMENTS

oF 22
TUPPLY UNITS

AVAILABLE

COMPUÎER

RUN
SUBRUN t:ci¡xt¡

NO. OF

DEMANDS

SATISFIED

NO. OF

DEMAND

CENTROIDS

SERVICED

I

2

3

4

5

6

1

2

3

4

5

6

l_

2
3
4
5

I
2

3

I

2

1

2

I

1

1
L
1
1
t-

1
2
1
2
I
1
2
-'
1
2
3

1
2
3
4
1

I
2
3
4
5

I
2
3
4
5
6

7s2
II7 4
2266
2949
327 6

752
422

J-844
110 5
I432

7s2
422

IO92
L322

699
20]-0

752
422

t092
683
749

752
422

IO92
683
327

752
422

r092
918
570
277

22
22
22
22
l-0

22
22
22
22
l_0

22
22
22

9
11
I2

22
22
22
22
t0

22
t)
22
22
10

22
22
22
L2

9
11

l_6
15
I

16
4

16
I

t5
16

4

16
I

l_5
4
6

11

16
I

15
16

4

16
I

l-5
16

4

t6
I

15
11

4
6

SIMULATION MODEL OUTPUT

TABLE 3
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SIMULATION

STAGE

INCREMENTS

oF 22
JUPPLY UNITS

AVAILABLE

COI{PUTER

8U{
SUBRUN rr cijx{

f .i. :,.No. oF
DEMANDS

SÂTISFIED.

NO. OF

DEMAND

CENTROIDS

SERVTCEO

7

8

9

10

11

J-2

9

I
2

3

4

5

1

1

1

1

1

1

I
2
3
4
5
6
7
8
9

1

l_

2

1
2
3

1
2
3
4

I
2
3
4
5

428
363
172
27I
669
4l_ 0
474
446
327

382

202
109

40
94

L72

40
l-25

49
92

I8
48
68
80
92

10
12
11
11
l_0
1-2
10
T2
l-0

10

5
5

3
3
4

3
3
2
2

2
2
2
2
2

8
7
4
3
6
7
8
6
4

t0

5
5

3

4

3
3
2
2

2
2
2
2
2

SIMULATION MODEL OUTPUT

TABLE 3 ( CONTINUED)
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Based on the minimum path supply allocation decisions
generaËed by Ëhe MpS/360 compuËer program in phase l, the
flow for a set of supply units, which acËua1ly simulated
the movemenX of. 22 tvehicle seatst, was considered for
determining the most 1ike1y route a 22-passenger vehicle
would Ëake to pick up the same demands Ëhat hrere satísfied
ín a subrun. An example of the simulated flow of rvehicle
seatsr, as generated in phase 1 by the MpS/360 Transhipment
Model Program, is shoùn in Figure 12. The m,anua 1 vehicle
rouËing,derived on the basis of rvehicle seaËr f1o\,2 decisions
as summarized in Figure 12, is shown on Figure 13 for both
a link-node and an actual sËreet network. This particular
rouËe begins and ends at r Terminal Station 1t. In this phase
of the Decision Model developmenË, Ëhe sets of 22 supply
units represenË 22-passenger vehicles. Each siunrlation sËage
was divided inËo one or more computer rcyclesr. A cycle is
defined as the movement of all available veþicles from Ëhe
terminal sËations, picking up passengers ,and then reËurning
to the sËations where Ëhe passengers are discharged, A cycle
Ís noË considered to be complete until all vehicles are back
at Ëhe terrninal stations and ready for further operaËion. The
number of cycles in a partícular sirm:lation stage can be
calculaËed by the following eqitation:

NUMBER OF CYCLES PER

SIMULATION STAGE
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FLOW OF SUPPLY UNITS FOR

t2FIGURE

SIMULATION



MANUAL VEHICLE ROUTE ASSIGNMENT

FIGURE 13
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As can be seen, Ëhis equation is identical to the one used
to calculate the number of computer runs required per sirmrlation
s Ëage .

The nexË step after Ëhe manua 1 rouËe assignmenË, hras

to calculate the service Ëime experienced by each passenger.
This calculation considered waiting, pickup de1ay, vehicle
Ëravel, and terminal discharge delay time. The direct auËomobile
travel time from the demand origin to the Ëerminal station
was also estimaËed for each demand satisfied. A rati_o of the
service time over direct auËo driving tine indicated the
leve1 of service experienced by each system user. These
three values r^7ere generated for every passenger serviced
in this phase of the deve lopmenË of Ëhe Decision Model.

The passenger Ërave1 tirne calculations were based on
the following assumptions :

-Ëraveling speed of 30 M.p.H. for auËo and Dial-a-Bus
vehicles.

-pickup delay time of 15 seconds per vehicle sËop
regardless of the number of passengers boarding aË a
stop(or demand centroid).

-passenger discharge delay time at Ëhe terminal of 2
minuËes regardless of number of passengers alighting
from Ëhe vehicle.

-passengers serviced in the first cycle d.o not perceive
a waiting time component in their total servicè time.

The 1asË assumption will be explained in more dètai1 .

Vehicles in the first cycle of demand pickups are scheduled
Ëo leave the Ëerurinal station (supply source) in order thaË
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Èhe \^raiting time ËhaÈ \,rould be experienced by passengers
picked up in the latËer part of the vehicle tour be offset
by picking up passengers earlier Ëhan Ëhe requesËed pickup
time in the initial part of a vehicle tour. This was consídered
a realisËic assumption because Ëhe average passenger pickup
Ëime variance (the time interval betr,Teen initial and final
passenger pickup) was withín approximate ly 4 minutes for all
vehicle Ëours.

The output from Phase 2 is summarized in ¿ figure-table
formaE. The vehicle route that was assigned manually is
shown on Ëhe link-node neËwork figure while the service time,
the direct auto travel time, and Ëhe leve1 of service experienced
by rhe vehicle passengers is listed in the tab1e. Every
vehicle tour has a figure-tab1e summary. The mean leve1 of
service f U3.i experienced by the passengers on each vehicle
and the vehicle productivity time ( P1 ), which is the time
required for a vehicle Ëo compleËe a cycle (in seconds), ís
shown above the table. This porËion of the phase 2 outpuË
is locaËed in Appendix C. The mean level of service and Ëhe

vehicle producLiviËy time for every vehicle considered in
this phase is listed in Table 4. Si¡mrlation stages L to 7

relate to a demand 1eve1 of 180 per square rnile while sËages
I to L2 relaËe to a demand level of 20 per square mi1e.



MANUAL VEHICLE ROUTE ASSIGNMENT OUTPUT

TABLE 4
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SIMULATION

STAG E

CYCLE

NUMBER

VEHICLE

NUMBER

MEAN

LEVEL OF

SERVICE

VEHICLE
PRODUCTIVITY

TIME

1

2

3

4

5

6

1
2
3
4
5

1

2

3

1

2

1

2

L

1

1
1
1
1
1

1
2
1
2
2

1
2

3
1
2
3

1
2

3
4
2

L
2
3
4
5

I
2
3
4
5
6

4"9
16.1
63.7
35.4

LOL.4

4.9
7"2

16 .0
L2.5
48.3

4"9
7"2
4.3
9.4

2L "7
L5 "2

4"9
7.2
4"3
3.9

2L "5

4.9
7.2
4"3
3"9
2"7

4.9
7.2
4"3
2"9
L"4
3"3

407
778

L3I4
1859
2L04

407
25L
943
796

1041

407
251
4l-6
749
526
69L

407
25L
4L6
425
376

407
25L
4L6
425
L25

407
25L
4L6
3L2
222
155
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SIMULAfIÔN
- STAGE

CYCLE

NUMBÊR

MEÀN,:':
LEVEU.OF
SERVICE

7

I
9

t0

L1

L2

1

1

I

I

I

1

1
2
3
4
5
6
7
8
9

1

1
2

I
2

3

1
2
3
4

1
2
3
4
5

2"5
3"2
5.3
2.5
2.3
2.4
2.2
2.2
2.7

6.4
2.4
9.3

3.0
??
2.0

3.0
1.3
1.8
L.2

2.L
2.L
L.4
L.2
L.2

L36
75
75
88

100
L40
L44
138
]-25

L8T2

496
462

L43
2]-9
429

L43
230
140
161

59

'.IL7L4B
L57
161

MANUAL VEHICLE ROUTE ASSIGNMENT OUTPUT

TABLE 4 (CONTINUED)
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4.4 Phase 3 - Analvtical Model

The terrn ranalytical modelr is used here Ëo describe
a seË of equaËions which represent Ëhe results of a series
of sysËem component relationships. After determining the
most suiËable form and solving for Ëhe equation coeffi_cients,
Ëhe analytical model will be used to provide information on
Ëhe sensitivity of the proposed demand responsive transiË
system for the selected area of ForË Richmond Ëo parameËric
variaËion.

The reason for developing the analytic. model was Ëo be
able to estimate Ëhe mean level of service that would be
provided by a certain number of vehicles aË a certain demand
level and the average Ëime that it would take for a cerËâin
number of vehicles operaËing aË a certain demand 1evel Ëo
complete a passenger pickup and discharge tour. The manual
vehicle route assignmenË phase consumed a greaË deal of
time. To minimize the necessity for underËaking such an
extensive analysis for each seË of inpuË parameters Ëo be
considered, the analytic mode1, in conjuncÊion with the
simulation model, will prove to be a valuable sysËems planning
too1.

4.4.1 Definition of SvsËem parameters and SËate Variables

The initiâl step in forrnrlating the analytic model r^7as to
define the system parameters and the sysËem staËe variables.
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SYSTEM PARAMETERS

þ = d emand leve1

V = vehicle fleet size (supply)

DEPENDENT SYSTEM STATE VARIABI.ES

FS. = ,*.r, leve1 of service experienced by system
users ( per cycle )

P1 = average vehicle productiviËy time (per cycle)

]NDEPENDENT SYSTEM STATE VARIABI,ES

ECX = total supply to demand allocaËion time

ST =average cumulaËÍve numbe r of vehicle sËops !o pick
up passengers (per vehicle per cycle)

PS = average curmrlative number of vehicle passengers
(per vehicle per cycle)

@
Three basic mathematical forms for Ëhe model were

considered. These were the linear form, the logarithmic
form, and the exponential form. Two exponential funcËions
considered were rsquare¡ and rsquare rooËt. The models in
this analysis had Ëhe followiag functions:
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Y=f
logY = f

Y2=f
I

Y2= f

t xn,xnl x,å, ros Xn)

t xn,xnlxþ,togxn)

tx",n?xþ,tosXn)

( Xn,xnf xF, tosxn)

The various models, whose funcËions were described
above, rnTere esËimated by means of stepwíse mrltiple regression.
SËepwise rnrltiple regression is a statistical method for
analyzing Ëhe relationship beËween a dependent variable ( Y )
and a set of independenË variables ( X[X2, . . . . Xn ).
AnoËher important function performed by stepwise mr1Ëiple
regression is the selecËing of the indepenË variables Ëo

entser Ëhe regression equaËion in the order of their importance.
The criterion of importance is based on the reduction of sums

ôf squares. The independenË variable most important in this
reduction at a given lstepl is enËered.

The relatíonships beL\"/een the variables and the
corresponding regression coefficienËs and consËanËs for
each of the models were determined by this technique.
Equation validation, staËistical inference Ëests, and sËability
analysis are briefly discussed in the following secËions. An

analysis of the accuracy of model estimaËion based on
tobserved resulËsr, which are acËua11y Ëhe ouËpuËs from
the sirm¡lation and vehicle route assignment phases, will be

conducted to determine Ëhe modelts reliabillty.



69

4.4.4 Input Daxa

Phase one and two outputs are combined in Table 5 to give
the desired input data for phase three. Some of the headings
used in the phase one ouËput listing in Table 3 do not
correspond Ëo the headings in Table 5. trrIha t was termed a
tcomputer runr in phase one is now a rcycle r and a rsubrunt

is now associaËed with the idenËification of a parËicular
vehicle. As referred to in Ëhe sinLtlation phase, Ëhe terms
tnumber of dernands satisfied r and rnumber of demand centroids
serviced¡ nohT correspond Ëo rpassengers picked upr and
I number of stops I respecËive ly. The output daËa from phases
one and Ër^7o r,üere re lated to individual subruns or vehicles .

Because Ëhe objective in developing the analytic model was
to be able to estímaËe mean level of service and average
vehicle productivity time for the entire fleet, individual
subrun or vehicle values \^rere averaged on a per cycle basis.
The values listed in Table 5, Ëherefore, hrere derived from
phase one and two outpuËs and constitute the required inpuË
data format to be used in this phase.

The first step in developing the mean leve1 of service
model was to exami-ne the simple correlation ^^xri*.(22)The existëa.ce of a sËrong relationship indicaËes a potential
variable t.haË should enter the regression equation.
Investigation of the símple correlaËion maËrix for each of
the model forms considered indicated Ëhe following:

ffittelaÈion coefficienË (r) is a measure of theassoeiatlon -between two variables. The maËrix gives thecorrelaËion coefficienËs for all combinaËions ãf variables.



SIMULATIOÌ\
STAGE

CYCLE

NUMBER

NU M BER
OF

VEHICLES
AVAILABLE

MEAN
LEVEL

OF

SERVICE

VEHICLE
PRODUCTIVITY

TIME
PICKED

UP

NUMBER

OF
STOPS

EEct¡xtj

1

2

3

4

5

6

7

I
9

10

11

L2

1
2
3
4
5

1
2
3

1
2

I
2

1

L

I

1

1

1

1

t

1
1
1
1
1

2
2
2

3
3

4
4

5

6

9

1

2

3

4

5

4.9
L6.L
63.7
3s .4

101 .5

6.0
L4.3
48.3

5.4
L5.4

5.1
2L.5

4.6

4.O

2.8

6.4

5.9

2.4

1.8

L.6

407
778

L3l4
1859
2L04

329
869

1041

3s8
622

500
496

325

283

113

L812

479

264

L69

L28

22
44
66
88
98

22
44
54

22
34

22
32

20

L7

11

l0

5

3.3

2.5

2

I6
31
39
55
59

I2
28
32

l3
20

L4
L6

L2

t0

6

10

5

3.3

2.5

2

752
LL74
2266
2949
3276

587
L475
L432

755
7344

737
L486

655

672

396

382

L56

LO2

77

6L

AVERAGE CYCLE VALUE PER VEHICLE

TABLE 5
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The linear form gave the highest correlations beËween

the dependent and independent variables. The simple
correlation maËrix for Ëhis model form is shown in
Figure 14.

IndependenË variables which have a high correlation
(r>-0.860) wirh rhe dependent variable are: ECXrSt,
Sr2, Ps, "nd Psz.

These particular independent variables also had an
exËremely high intercorre lat ion. As can be seen
in Figure 14, intercorre lation coefficienËs ranging
from 0.931 to 0.996 indicate how strong Ëhese

inËerre 1at ionships are "

Usually, a group of independent variables wiËh high
inËercorre lat ions are not used Èogether in a single regression
equation because of the possibiliËy of sËatisËica1 degeneracy.
However, as will be shown, incorporating all of Ëhese
independenË variables into the regression equaËion generated
the most reasonable, sËatistically sound, and signifiq¿n¡
mode 1 .

In the initial stage of the analysis, all independenË
variables were considered. variables that did not contribute Ëo

the reduction of sums of squares were rejected. The staËistical
characteristics and Ëhe order of entry inËo Ëhe regressíon
of all variables contribut.ing a reduôtion of sum of squares
greater than 0% are shown in Table 6. The compuÈer ouÈput

o

o

a
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listing is located in Appendix D.

The Ë-value ('3) 
ro, each regression coefficient in Ëhe

final step vras greater t]nan 2.02. Regressíon coefficienËs
signifícantly different from zero ax xlne g 57" confidence 1eve1
have t-values in exces s of. 2.02. To examine the effect of
each variable in enËering the equation, th. F-lu.rel(24)
entering was consídered. Only when the variable ST $7as

entered into the regression did Ëhe F-1eve1 .lower. A relatively
consËanË F-level value for the other four variables indicated
that these variables r¡/ere very significant in inrproving the
multiple correlation coefficienË, which was 0.976 in the finar
step.

The equation selecËed, on the basis
regression analysis, for the rmean leve1

of
of

stepwise rnultiple
service I model is:

FS. = - +. ¡ e + o. o s ps2 - o .zzSt? +s.zg S r - z. g 2 ps - o. o 2 I C X

ãTËG'1ue is defined as Ëhe rario of Ëhe regressi_oncoefficient to its standard error.. This statiðtic is a
standard used to deËermine the probability that thecoefficient compuËed using the sample has a value close to
Ëhe coefficient that would be .omputed if the enËire
universe were cons idered.

24.The F-1eve1 is a statisËical index used to determine theprobability ËhaË only chance factors caused Ëhe improvementin the rmrltiple correlation coeffi.cient resulting irom
adding a variable. Iowering the F-level increaseJ theprobability that Ëhe improvemenË in correlation T^7as causedby chance factors.
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where:

= mean leve1 of service experienced by sysËem
users (per cycle)

= average curnr¡lative number of vehicle
passengers (per vehicle per cycle)

= average cumulaËive number of vehicle stops
to pickup passengers (per vehicle per cycle)

The main objective in developing Ëhis model is Ëo 
:.: rlgenerate estimates of the mean 1evel of scrvice Ëhat would

be experienced at varÍous parameter levels. A comparison
beËween Ëhe ractualr and the tesËimatedr mean 1eve1 of
service aË demand levels of 20 and 1g0 per square mile and
fleet sizes ranging from I Ëo 9 vehicles ís shown in Table z.
The res idua1. ( 25 ) 

".rrg" from 0,1 to 13.5. on examining Èhe residuals,
a bias in the model was discovered. The model tends to
overestimaËe Ëhe mean level of serviee values within the
LT*t range of 4.6 xo 6.4. However, this bias was found
not to be as serious as hTas thought originally. Considering
the basic use of Ehe model, wtrich is to esËimate the mean
1eve1 of service experíenced at various fleet sizes, average
fleet values r^7ere calculated for each fleeË of vehicles.By
Ëhe process of averaging the mean 1eve1 of service, the bias
for overestimating some values was minimized. The average
fleet mean level of service for actual and model ésËimaËed , ,

values are lisËed in Table 8. The estimaËed mean 1eve1 of
service for the entire fleeË, when compared Ëo Ëhe corresponding

25.Residual = L.S.esr-L.Sacr

L.S.

Ps

Sr
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DEMAND

LEVEL
No. OF

VEHICLES CYCLE L's'¡cr. L--$rar. RÊSIOUAL

180/sq. mi.

2O/ sq.mí

I

2

3

4

5

6

9

I
2

3

4

5

1

2

3

4

5

I
2

J

1

2

1

2

1

L

1

1

1

1

1

1

4.9
16. 1

63,7

35.4

101.4

6.0
L4.3

48. 3

s.4
15.4

5.1
27.5

4.6
4.0
2.8

6.4
5.9
2.4
1.8
r.6

6.9
2,6

59i 6

44.9

96.7

11.9

18.5

50.1

8.8
16.2

9.0
15.5

8.0
3.3
0.7

9.r
6.4

3.5
1.9

0.9

2.O

- 13.5

- 4,L
9.5

- 4.8
5.9
4.2
1.8
3.4
0.8
3.9

- 6.0
3.4

-o.7
-1.1

2.7

0.5
1.1
0.1

-0.8

MEAN LEVEL OF SERVICE
( ACTUAL AND ESTIMATED VALUES )

TABLE 7



* o/. RESIDUAL = -L-S. Esr. - L.S. acr X IOO ô/"

-L-S. acr.
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AVERAGE FLEET MEAN LEVEL

OF SERVICE

TABLE 8

DEMAND
LEVEL

NO. OF

VEHICLES
L.S.acr L.s.esr

4
O/" RESIDUAL

180/sq.mi.

20lsq.rni.

1

2

3

4

5

6

9

1

2

J

4

5

44.5
22 ,g

10.4

13.3

4.6
4.O

2.8

6.4
5.9
2.4

1.8

1.6

42.2
26.8

12.5

L2.3
8.0
3.3
0.7

9.1
6.4
3.5

1.9

0.9

5%

L77"

207"

s%

74/,

L87"

39%

42"1

87"

4s%

67.

43%
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actual values proved to be accurate to !ì/íthín L}"L f.or 33% of the
câses; within 20% f.ot 59"/" of Ëhe cases; and wiËhin 457" for
9L% of the cases. The effect of fleet size on the mean leve1
of servicei experienced at demand levels of 20 and 1g0 per
square mile is shown in F igure 15. Borh L.S.eCr and LS.g51
values are represented. The best fitting cu.rve betr^7een point
estimates also improved the accuracy be Ëh7een the estimated
and acËua1 values.

4.4.6 Vehicle producÈiviËv Time Model

In comparíson Ëo Ëhe mean leve1 of service model, Ëhe
vehicle productivity time model was relatively easy to develop.
Based on the simple correlation maËrix analysis for each model
considered, the logarithmic form had Ëhe highest correlation
coefficients between the dependenË and índependent varÍab1es.
IndependenË variables with an unusually sËrong relationship
wíth the dependenË variable were St'h @ = 0.967), logs¡
(r = 0.988), Pi2 (r = 0.962), and logps (r = 0.984).

However, when the stepwise multiple regression analysis
was run,only the variable log Sf saËisfied the sËatisticêl
inference'tests and the sum of squares reduction críteria.
This par:tícular varíable enËered the regression equation aÊ
the firsË step reducing the sum of squares by a subsËanËia1
97.67". The ruultiple correlation coefficient, which hTas the
same as the simple correlation coefficíenË in this caserr¡/as
0.988 and a t-vâlue of 22.796 indicated ËhaË Ëhe regression
coefficient was signi-ficantly different Í:rom zero at the
9 7 . 57" conf.Ldence leve 1 .
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D=l8O

. ACT.

r EST.

D=20
¿ ACT.

o EST.

t23456789

NUMBER OF VEHICLES

RELATIONSHIPS BETWEEN MEAN LEVEL OF
SERVICE AND VEHICLE FLEET SIZE

at

FIGURE I5



The equation selecËed, on the basis of stepwise mllËiple
regression analysis , for the 'vehicle productivityr model

is:

log Pt = 1.238 + 1.175 logS¡

or

Pr = 1.238 sJ 175

The first equaËion facilitated the rlinearr trans formaËion

requirement for a proper regression analysis. Therefore, Ëhe

latter equation is Ëhe Ërue form, of the vehicle producËiviËy

time mode1.

A comparison of actual and estimated vehicle productivity
times, listed in Table 9, indicates the high level of accuracy

achieved by Ëhis model. The residuals in this Ëable were

given in minutes to better indicate the significance of this
accuracy. Figure 16 shows the ef.fect of fleeË size on vehicle
productiviËy Ëime. The point estimates were obLaíned by calculating
the average vehicle producËivity time for rhe entire fleet, Ëo

saËisfy all sysËem demands. The curves for both Ëhe actual
and estimated values are very close-fitting. As is shown in this
fígure, Ëhe model estimaËes that a single vehicle operaËing

wiËhin Ëhe secËion of ForË Richmond chosen for this analysis,
under a rmany- to- fewr service would take 111.9 minutes

80
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DEMAND

LEVEL
NO. OF

üEHICLES ]YCLE Pro.,
(sEc.l

PT,,.
( sEc.)

RESIDUAL
(MrN.l

180/ sq. mi.

20/ sq.mi.

I

2

3

4

5
6
9

1
2
3
4
5

I
2

3
4
5
1
2

3
1
?

1
2
1
1
1

1
1
1
1
I

407
778

L3L4
1859
2L04

329'
869

LO4L
358
622
500
496
325
283
113

r812
479
264
t69
t28

450
979

r277
l-923
2085

32L
865

t].49
353
585
48s
450
32L
259
L42

L259
515
270
151
139

$.72
+3. 35
-ø.62
+1" 07
-0,32
-0-13
-0.07
+1 .80
-0.08
-0.62
-0.25
-o.77
-0.07
-0 .40
r-0.48

-9.22
+0.60
+0.10
-0. 30
+0.18

VEHICLE PRODUCTIVITY TIME
(ACTUAL AND ESTIMATED VALUES)

TABLE 9
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PT

(min.)

DclSO

o ACT.

r ESÎ.

D=20

¿ ACT.

o EST.

t234567A9

NUMBER OF VEHICLES

RELATIONSHIP BETWEEN VEHICLE PRODUCTIVITY

TIME AND VEHICLE FLEET SIZE

FIGURE I6
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(1.87 hours) Ëo satisfy all system reqllests for servicc
at a demand level of 180 per square mile and 21.0 minutes
to satisfy all sysËem requests for service aË a demand level
of 20 per squâre mile. Five vehicles operaËing under the same

conditions would take 5.4 and 2.3 rninuËes âË Ëhe demand levels
of 180 and 2O per square mi1e,



CHAPTER FIVE

coNcLUstoNs

A Decision Model has been developed to be used as a
planning tool in the design of a dernand responsive transit
system. The relationship between Ëhe submodels, Ëhe flow of
information within the model, the required ínput and Ëhe

final outpuË is s horlrn in Figure L7. Any combination of the
inpuË parameters rdemand levelt andtfleeË sizer can be

introduced into the nrodel. The simulaËion submodel generaËes
the outputs EECi¡ Xij , Ëhe nunber of stops made per
vehicle and the number of passengers picked up per vehicle
on the basis of the set of inpuË parameËers chosen by Ëhe

planner. The output from Ëhe simulaËion submodel .is then
fed into the analyËic submodel. The analytic subrnode 1 estimaces
the rmean level of servicet and Ëhe rvehicle productivity
timer related to the set of input parameters considered.
On the basis of these resulËs, a set of tdecision, outputs
is offered to the planner.

Throughout the development phases of the llecision
Mode1, Ëhe results obtained have demonstrated the utílity
of a combined s irnrlation-analyt ic modelling approach to a
complex problem. The model is based on the operaËion of
many-Ëo-few Dial-a-Bus system in a section of ForË Richmond.
DeterminisËic principles are used with regards Ëo .Ëhe system
demand. The assumption that Ëhe number and locaËion of all
sys Èem demands are knor,r¡n be forehand is promoted by the
occurence of ?prebookingt for service experienced by
existing demand responsive transit systems. Although the
demands are generated from a uniform spatial distribuËion,

84
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INPUT PARAMETERS

DEMAI{D LEVEL

FLEET SIZE

SIMULATION SUBMODEL

EEc¡¡x¡¡

STOPS

PASSEIIGERS

ANALYTIC SUBMODEL

TEAÎI LEVEL
OF SERVICE

vEntcLE PROOUCflV|ÎY

"D Ecrslotd' ourpurs

DECIS]ON MODEL

FIGURE 17
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any distribution h7ould be valid in this model. A range of
demand leve1s originating from Ëhe ForË Richmond area from
the maxirmrm demand realistically conceivable to a very low
demand, ensured that model esËimaües at any anticipated
demand leve1 would be within Ëhe accuracy and reliablity
levels already esËablished for the rnodel.

Providing for Ëhe basic needs and desires of the users
at the initíal stages of implementation of a Dial-a-Bus
system is an important objecËive of design. To design a sysËem

that $2i11 be acceptable Lo the area residents requires an

insight into the fundarnental operational and functional
characteristics of Ëhe proposed system before actual
impleInentaËion. A new public Ëransportation sysËem Ëhat

does not iniEially meeË many of Ëhe needs and desires of
the users may experience a trend of decreasing patronage.

LaËer improvements Ëo Ëhe system may not be sufficient to
índuce Ëhose persons who iniËially tried the system and found

iË deficienË in meeting their needs.

AlËhough the model was developed on the basis of some

very simplified assumptíons, it is felt that a good begínning
has been made Eoward developing a useful Ëoo1 for transporËation
planning. By inËroducing parËicular input parameËers in
question, the model can be used Ëo perform a detailed
sensitivity analysis on the utility of a Dial-a-Bus operation
within an urban area before any demonsËraËion projecË ís
implernented. The model provides a focus on rational and

realisËic policy decisions and Ëhe necessary Ëoo1s for
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effecËive systems planning. However, the final decision
is, and always will be when systems modelling is concerned,
dependenË on good judgment by the systems designers because
real-wor1d situations are involved.
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APPENDIX A

DERIVATIoN oF }fAXIMIIM DEII,ÍAND GENERATED FRoM THE
FORT RICH}OND AREA
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"

For Ëhe ËoËal residenËial area:

a.m. peak hour tríps(excluding Ëhose to
Ëhe UniversitY of Manitoba)

transit = 70
auto = 562 (includes boËh auto passenger

and auto driver)

A factor was developed to estimate Ëhe proportion of Lrips Ëhat

r^/ere generated from the section of ForË Richmond chosen to be

mode 1led .

size of area chosen for modellinq¿^ ^+^- - size of enËire ForË Richmond area

- 0.538 residential square miles
1.001 residential square miles

A.m. peak hour trips generated from Ehe chosen secËion:

transiË=70x0.538=38
auto=562x0.538=302

It \^7as considered rlnat 20% of the persons presenË1y using the

auËo mode would be the max irmrm number thâË could be induced

to the Dial-a-Bus mode if iË we re available. It was also assumed

that 100% of the presenË transiË users would continue to use

Ëhe public transporËaLion submode (lial-a-Bus) if it were

available.
Dial-a-Bus a.m. peak hour demand:

transiL=38x1007" =38
auÈo =3O2x207" =60

total - 98
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APPEND]X B

MPS/360 COMPUTER LISTING FOR IIYPOTHETICAL E)(AMPLE
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L04

SftvÜLATIOTi¡ 1 CYCLE 1 \/EHICLE ].

L.S.=
Pt=

4.9

407

ORÞER OF
PIGK-UP

DEMAND
C E NlROID

PASSENGER
SERVICE TIME

DIRECT AUTO
TRAVEL TIME

LEVEL
OF SERVICE

1
2
3
4
5
6
7
8
9

10
1l
I2
13
L4
15
t6
L7
18
19
20
2L

'22

35
36
63
65
66
67
68
7L
7L
38
26
27
28
28
28
JJ

33
32
31
30
29
29

373
352
320
296
277
257
239
2L0
zLO
191
151
133
115
115
115

9L
9L
73
52
34
15
15

34
36
53
52
48
53
52
46
46
42
30
27
24
24
24
31
31
28
22
L9
L5
15

r0. 3
9.8
6.0
5.7
5.8
4.8
4.6
4.6
4.6
4.6
5.0
4rg
4.8
4:8
4.8
2,9.,o

2.6
2.4
1.8
1.0
1.0



r05

SIMT]I,ATICbT ]- CYCLE 2 VtrüCLE 1

L. S.=
D¡. -

16.1
778

ORDER OF
PIC K- UP

DEMAND
C ENTROID

PASS ENGER
SERVICÊ TIME

DIRECÏ
TRAVÉL

AUTO
TIME

LEVÊL
OF SERVICE

1
2
3
4
5
6
7
8
9

10
11

-L2 
!

13
L4
15
L6
L7
18
L9
20

2L
22

L7
L7
48
47
47
47
45
43
L?
4L
40
39
24
23
22
21-
19
L9
l8

3

3
J

909
909
882
864
864
864
840
8L7
799
779
76t
74L
686
667
649
630
607
607
s88
56s
565
565

42
42
64
6L
6T
6L
62
54
51
56
53
48
37
33
36
40
39
39
3B
30

30
30

2L.6
2L,6
13.8
14.2
14.2
L4.2
13.6
15.1
L5.7
13.9
L4.3
L5.4
18.5
20;2
18.0
15.8
15.6
15.6
L5.4
18.8
18.8
18.8



106

SIMTJI,ATICI.{ 1 CYCT.E 3 \iEIICT.E 1

L.s.= 63.7
Pt = 1314

ORDER OF
PIC K- UP

DEMAND
C ENTROID

PASSENGÊR
SERV ICE TIME

DIRECT AUTO
TRAVEL TIME

LÉVEL
OF SERVICE

1
2
3
4
5
6
7
8
9

10
11
T2
13
T4
15
T6
T7
18
L9
20
2l

22

v
7

T2
T2
L2

108
108
108
108

99
99

109
L07
L07
L07
LO7

11
11
10
10

9
9

1335
1335
r307
L307
7307
L28L
L28I
L28L
L28L
L24L
L24I
L2T8
LTg4
IL94
LLg4
LT94
LL72
LT72
1135
1135
tLj2
rLo2

5
5

t4
L4
L4
25
25
25
25
34
34
26
t7
L7
77
L7
10
10
31
31
13
13

267.0
267 .0
93.4
93.4
93.4
5L.2
5L.2
5L.2
5t.2
36.3
36. 3
46.8
70.2
70.2
70.2
70.2

II7.2
LI7 .2

36.5
36. s
85.7
85.7



t07

SIT4IJI,ATICT{ 1 CYCLE 4 \IHÍICT.FI 1

ORDËR OF
PICK-UP

DE MAND
C ENTROID

PASSENGER
SE RV ICE TItl{E

DIR ECT
TRAVEL

AUTO
Tlt\4 E

LEVEL
OF SERVICE

1
2
3
4
5
6
7
8
9

10
11
I2
13
L4
15
76
L7
18
19
20
2I
22

100
101
L02
103
105
59
67
60
57
56
54
54
52
52

'51
51
50
49
49
L6
L6

6

1880
1859
L841
L820
L796
!760
1738
\72L
L703
1685
l660
7660
16 33
1633
L6L5
1615
L596
15 78
15 78
L537
7537
Ls02

37
43
46
40
49
57
54
52
49
46
56
56
53
53
52
52
59
56
56
30
30
10

50.6
43.2
40.t
4s.7
36.7
30.9
32.3
33.2
34.9
36.7
29 "7
29.7
30.8
30.8
31. 1
31. 1
27 .L
28.2
28.2
51.3
51. 3

L50.2



sr¡4urtfrrcÀt 1 cYcLE 5 \ÆrrcLE I
108

L; S.=

Pt=
101.4

2IO4

ORÞER OF
PIC K- UP

DE MAN D
C ENTROID

PASSENGER
SERVICE TIME

DIRECT AUTO
TRAVEL TIM E

LEVÊL
OF SERVICE

1
2

3
4
5
6
7
I
9

10

5
4
4

15
15
L4
L4
74
13
13

2L25
2L05
2l.05
2076
2076
2052
2052
2052
2033
2033

15
20
20
23
23
22
22
22
18
18

L4L.6
105.3
105.3
90. 1
90. I
93.4
93.4
93.4

TT2.9
LLz.9



STMTJI¡ATICAT 2 CYCLE 1 \ÆHI(.Í .F: 1

109

L.S.= 4.9
PE = 407

ORDER OF
PIC K- UP

DEMAND
C ENTROID

PASSENGER
SE RV ICE TIMË

AUTO
TIM E

DIRECT
TRAVEL

LEVEL
OF SÉRVICE

I
2
3
4
5
6
7
8
9

L0
11
12
13
L4
15
L6
L7
18
L9
20
2L

'22

35
36
63
65
66
67
6B
7L
7L
38
26
27
28
28
28
33
33
32
31'
30
29
29

373
352
320
296
277
257
239
210
zLO
191
151
133
115
115
11s
91
9t
73
52
34
L5
15

34
36
53
52
48
53
52
46
46
42
30
27
24
24
24
31
3l
28
22

.L9
15
15

10. 3
9.8
6.0
5.7
5.8
4.8
4.6
4.6
4.6
4.6
5.0
4t9
4.8
4:8
4.8
2.9
2.9
2.6
2.4
1.8
1.0
1.0



110

S]¡4TJI,HTICAI 2 c:,,Ycx-E 1 \ÆTICLE 2

ORDER OF
PICK- UP

DEtiIAND
C ENTROID

PASSENGER
SERVICE TIME

DIRECT AIJTO
TRAVEL TIM E

LEVEL
OF SENVICE

1
2
3
4
5
6
7

8
9

10
11
L2
'13

L4
15
T6
L7
18
T9
20
2L
22

7
7

L2
L2
L2

108
108
108
108
99
99

109
107
L07
L07
LO7

11
11
10
10

9
9

246
246
2L8
2L8
2L8
L92
L92
L92
L92
L52
L52
L29
105
105
105
105
83
83
46
46
13
13

5
5

L4
L4
L4
25
25
25
25
34
34
26
L.7

T7
T7
L7
10
10
31
31
13
13

4e.3
49.3
15.6
L5.6
15.6
7.7
7.7

-7 .7
7.7
4"5
4.s
5.0
6.2
6.2
6.2
6.2
8.3
8.3
1.5
1.5
1.0
1.0



111

SIMT]IJTICN¡ 2 Úù8 2 VEIII'T.F: 1

ORÐER OF
PICK-UP

DE I"4AN D

C E NTROID
PASS ENGER

SE RV ICE TIME
DIRÊCT AUTO
TRÀVEL TIhI F

LEVEL
OF SERVICE

1
2
3
4
5
6
7
I
9

10
1l
L2
13
T4
15
L6
T7
l8
19
20

2L
22

L7
L7
48
47
47
47
45
+J
42
4t
40
39
24
23

'J
27
19
L9
1B

3

J
J

909'
909
882
864
864
864
840
817
799
779
76L
74L
686
667
649
630
607
607
s88
565
565
565

42
42
64
61
61
61
62
54
51
56
53
48
37
33
36
40
39
39
38
30

30
30

2L.6
2L.6
13.8
L4.2
L4.2
t4.2
13.6
15.1
L5.7
13.9
L4.3
t5.4
18.5
20.2
18.0
15.8
15.6
15.6
L5.4
18. B

18.8
18. 8



LL2

SIMTJI,¡ATICbT 2 CYO,E 2 VEIICT,E 2

L.s.= 12.5
Pt = 796

ORDER OF
P¡C K- UP

DEMÀND
C ENTROID

PASSENGER
SE RV ICE TIIúE

DIRECT AUTO
TRAVEL TIM E

LEVEL
OF SERVICE

1
2
3
4
5
6
7
8
9

10
11
L2
13
T4
15
L6
L7
18
19
20
2t
22

7

7
L2
L2
L2

108
108
108
108

99
99

109
107
707
ro7
L07

11
:11
10
10

9
9

64
649
62r
6?r
62r
595
595
595
595
55s
555
532
s08
s08
s08
508
486
486
+49
449
4l-6
4L6

9 5
5

L4
L4
74
25
25.
25
25
34
34
26
L7.
L7
L7
L7
10
10
31
31
13
13

L29.8
L29.8
44.4
44.4
44.4
23.8
23.8
23.8
23 "8
16.3
16.3
20.3
30.0
30: o
30.0
30.0
48.6
48.6
L4 "5
L4.s
32.L
32.r



113
SIMT]I¡ATICAI 2 CYCLE 3 VEHICI,,E 2

--@

L.S.=
Pt=

48. 3

l_041

ORÕER OF
Ptc ¡(- u P

DEh4Â.i{D
C ENT¡ìOIT)

FA.SSENGÊR
SËRVICË TIME

DIVì:[Cf AUl'O
T t1:ÃVEL Tlld E

LEVEI-

1.

2
3
4
5
6
7

8
9

t0

5
4
4

15
15
t4
L4
L4
13
13

894
874
874
84s
84s
82L
821
821
802
802

15
2,0

20
23
23
22
22
22
18
18

59.7
43.7
43.7
36.7
36.7
37 .4
37 .4
37 .4
44.6
44.6



TL4

S]M]I,HITC$¡ 3 CYCLE 1 \iEH]CI,E 1

ORÞER OF
PIC K- UP

DEMAND
C E NfROID

PASSENGER
SERVICE TIME

DiRECT AUIO
TRAVEL TIM E

LEVEL
OF SERVICE

1
2
3
4
5
6
7
8
9

10
11
L2
t_3
L4
15
L6
L7
18
19
20
2L

'22-

3s
36
63
65
66
67
68
7L
7L
38
26
27
28
28
28
33
33
32
31'
30
29
to

373
352
320
296
277
257
239
2LO
2L0
191
L51
133
115
115
115

9L
9l-
73
52
34
L5
15

34
36
53
52
48
53
52
46
46
42
30
27
24
24
24
31
31
28
22

.19
l_5

1"5

10.3
9.8
6.0
5.7
5.8
4.8
4.6
4.6
4.6
4.6
5.0
4rg
4.8
4;8
4.8
2.9
2.9
2.6
2.4
1.8
l_.0
1.0



...''.''...

S]MTIL?{TICN 3 CYCLE 1 ]/EITCLE 2

115

L.S. =

Pt=
7.2
257

ORÞER OF
PICK- UP

DET¡AND
C ENTRO¡b

PASSENGER
SERVICF TII¡E

DIRECT AUTO
TRAVEL TIM E

LEVEL
OF SERVICE

I
2
3
4
5
6
7
8
I

10
11
L2
13
L4
15
T6
L7
18
19
20
2t
22

7
7

L2
L2
12

108
108
108
108

99
99

109
707
L07
L07
LO7

11
11
10
10

9
9

246
246
218
2l-8
2L8
L92
192
792
192
L52
152
]-29
105
10s
105
105
83
83
46
46
13

.13

5
5

L4
14
L4
25
25
25
25
34
34
26
L7
T7
l7
L7
10
10
31
31
t3
13

4e.3
49.3
L5.6
15.6
75.6
7.7
7.7-7.7
7.7
4.5
4.5
5.0
6.2
6.2
6.2
6.2
8.3
8.3
1.5
1.5
1.0
1.0



116

STMTJI.ATTCbT 3 CYCXJE 1 .VETICLE.3

t.S.= 4.3

Pt = 416

ORDER OF
PIC K. UP

DEì",IAND
C E N]-ROID

PASSENGÊR
SERVICE TIME

DIRECT AUTO
TRAVEL TIM E

LEVEL
OF SERVICE

1
2"
3
4
5
6
7
I
9

10
11
L2
13
74
15
L6
L7
18
L9
20
2L
22

77
17
48
47
47
47
45
43
42
4L
40
39
24
23
22
27-
L9
L9
18

3
3
¡

374
374
347
329
329
329
305
282
264
244
226
206
151
132
LT4

95
72
72
53
30
30
30

42
42
64
6L
6L
6I
62
54
51
56
53
48
37
33
36
40
39
39
38
30
30
30

8.9
8.9
5.4
5.4
5.4
5.4
4.9
5.2
5.2
4.4
4.3
4.3
4.L
'4 ¿0
3.2
2"4
1.8
1.8
r.4
1.0
1.0
1.0



LL7

S]MTJAUTICNI 3 CYCLE 2 \ÆIÍICLE ].

L. S.=

Pt=
9.3

749

ORDER OF
PICK- UP

DEMAND
C ENTROID

PASSENGER
SE RV ICE TII¡E

DIRECT
TRAVEL

AUTO
TI[,I E

LEVEL
OF SERVICE

1
2
3
4
5
6
7
8
9

54
54
52
52
51
51
50
49
49

703
703
676
676
658
658
636
6L8
618

76
7.6

70
70
67
67
74
6L
6L

9.3
9.3
9.6
9.6
9.8
9.8
8.6

10. 1
10.1



118

SII.4ÜIATICNI 3 CYCLE 2 VEÍÏCLE 2

ORDER OF
PIC K- UP

DEMAND
C ENfROID

PASSENGER
SERV ICE TIME

DIRECT AUTO
TRÂVEL TIM E

LEVEL
oF sÊRVtCE

1
2

3
4
5
6
7
I
9

10
11

6
5
4
4

L6
L6
15
15
L4
14
L2

52t
501
48l
48t
455
455
437
437
4L3
4L3
394

10
15
20
20
27
27
23
23
22
22
18

52.7
33.4
24.L
24.r
16"8
16.8
19.0
19 .0
18. 8
18.8
2L.9



119

S]MIIIfiTCNI 3 CYCT,;E 2 VEHICI,E 3

L¡ S.=

Pt-
]-5.2

69L

ORDER OF
PIC K- UP

DEMAND
C ENTROID

PASSÊNGER
SERVICE TIME

DIRECT AUTO
TRAVEL TIME

LEVEL
OF SERVICE

1
2

3
4
5
6
7
I
9

10
11
L2

6L
60
59
57
56

105
L04
103
L02
101
100

99

805
788
768
744
726
702
681
663
642
624
596
585

54
52
57
49
46
49
43
40
46
43
37
34

L4.9
15.1
13.5
L5.2
15.8
l4.3
15. 8
76.5
L4.0
14.5
16. 1
L7 -2



L20

SIMIIÀTICbI 4 CYCLE 1 VET1ICLE ].

ORÞER OF
PICK- UP

DEMAND
c ENIROtD

PASSENGER
SERV ICE TIME

DIRECT
TRAVEL

AUTO
TIME

LEVEL
OF SERVICE

I
2
3
4
5
6
7
8
9

l_0

11
L2
I3
L4
15
L6
L7
18
L9
20
2L
22-

35
36
63
65
66
67
6B
7L
7L
38
26
27
28
28
28
33
33
32
31'
30
29
29

373
352
320
296
277
257
239
zLO
2L0
L9L
151
133
115
115
1t_5

9L
9L
73
52v
15
15

34
36
53
52
48
53
52
46
46
42
30
27
24
24
24
31
31-
28
22

.L9
15
15

10.3
9.8
6.0
5.7
5.8
4.8
4.6
4.6
4"6
4.6
5.0
4.9
4.s
4:8
4.8
)o
,o
2.6
2.4
1.8
1.0
1.0



I2T

SIIqTII,ATICI\ 4 CYCLE 1 \IETTCLE 2

L.S.=
PE .=

7.2

25r

ORDER OF
PIC K- UP

DEÞIAND
C ENTROIO

PASS ENGER
SERVICE TIT¿E

DIRECT AUTO
TRAVEL TIME.

LEVEL
OF SERVICE

1
2'
3
4
5
6
7
8
9

10
11
T2
L3
t4
15
L6
L7
18
L9
20
2L
22

7

7
L2
72
T2

108
108
108
108
99
99

109
707
r07
L07
LO7

11
11
10
10

9
9

246
246
2L8
218
2L8
L92
t92
L92
L92
L52
L52
t29
105
105
105
105
83
83
46
46
13

.13

5
5

L4
L4
a4
25
25
25
25
34
34
26
L7
L7
L7
L7
10
10
31
31
13
13

49,3
49.3
15.6
15. 6
75.6
7.7
7.7"7.7
7.7
4.5
4.5
5.0,
6.2
6,.2
6.2
6.2
8.3
8.3
1.5
1.5
1.0
1.0



L22

STIWJI,I\TTCbI 4 CYCLE ]- .\ÆIT'"T.F: 
3

L.S.= 4.3

Pt = 416

OROER OF
PICK- UP

DE I.,IAN D

C ENTROiD
PASS ENGÊR

SE RV ICÊ TIME
DIRECT AUTO
TRAVEL TI¡I E

LEVEL
OF SERVICE

I
2-
3
4
5
6
7
I
9

10
11
T2
13
L4
15
16
L7
18
T9
20
2t
22

17
77
48
47
47
47
45
43
42
4L
40
39
24
23
22
21
L9
L9
L8

3
3
3

374
374
347
329
7.ro

3.29
305
282
264
244
226
206
151
732
714
95
72
72
53
30
30
30

42
42
64
6L
61
6L
62
54
51
56
53
48
37
33
36
40
39
39
38
30
30
30

8.9
8.9
5.4
5.4
5.4
5.4
4.9
5.2
5.2
4.4
4.3
4.3
4.r'4 

¿0
3.2
2.4
1.8
1.8
r.4
1.0
1.0
1.0



L23

SIMT]I,ATTO{ 4 CYCI,E 1 \IEIÏCT,E 4

ORDER OF
PICK- UP

DEMAND
C ENTROIT'

PASSENGER
SERVICE T¡ME

AUTO
TIM E

DIRECT
TRAVEL

LEVEL
OF SERVICE

1
2
3
4
5
6
7
I
9

10
11
T2
13
L4
15
L6
L+
18
t9
20
2L
22

100
101
LO2
103
105

59
6L
60
60
56
54
s4
52
52
51
51
50
49
49
L6
L6

6

388
367
349
328
304
268
246
229
229
193
168
168
L4L
14I
123
L23
LO4

86
86
45
45
10

37
43
46
40
49
57
54
52
52
56
56
56
53
53
52
52
59
56
56
30
30
10

10.5
8.5
7.5
8.2
6.2
4.7
4.5
4.4
4.4
4.2
3.0
3.0
2.7
2.7
2.4
2.4
1.8
1.5
1.5
1.5
1.5
1.0



L24
SIM]IATTOIi¡ 4 CYCLE 2 \/ETTICT,F: 2

L.S.=

Pt.=
2r.s
376

ORÞER OÍ:
PICK-UP

DEMAND
C ENTROID

PA.SSE¡¡GFR
SERVICE llôrtE

Ð¡RECT
TRAVEL

AUTO
T I trt Ë

LEVEL
OF SËRVICE

r
2

3
4
5
6
7
8
9

10

5
4
4

15
15
L4
L4
L4
l3
l3

49L
47L
47L
442
442
478
418
4L8
399
399

15
20
20
23
23
22
22
22
18
18

32.8
32.6
23.6
19.2
79.2
L9.L
19.1
19.1
22.7
22.L



]-25

STMTJIIfTION 5 CYCI,E ]. VEruCT.FÌ 1

r ê-

Et-
¿o
407

ORbER OF
PICK- UP

DEMAND
C E NTROID

PASSENGÊR
SERV ICE TIME

DIRECT AUTO
TRAVEL TIM E

LEVEL
oF sÊ RvtcE

L
2
3
4
5
6
7
8
9

10
11
L2
13
14
15
L6
L7
L8
19
20
2L
'22

35
36
63
65
66
67
68
7L
7L
38
26
27
28
28
28
33
33
32
3L,
30
29
29

373
352
320
296
277
257
239
2Lo
2L0
191
1s1
133
115
11s
115

9L
91
73
52
Y+
15
15

34
36
53
5Z
48
53
52
46
46
42
30
27
24
24
24
31
31-
28
22

.L9
15
15

10. 3
9.8
6.0
5.7
5.8
4.8
4.6
4.6
4.6
4.6
5.0
4.9
4.8
4:8
4.8
2.9
2.9
2.6
2.4
1.8
1.0
1.0



I26
SIMILATTCT 5 CYCTJE ]. \ÆHICLE 2

L.S. = 7.2

Pt .= 251

ORDER OF
PICK- UP

DEÌrlAND
C ENTROID

PASSENGER
SERVICF TITJE

DIRECT AUTO
TR¡.VEL TIM E

LEVEL
OF SERVICE

I
2'
3
4
5
6
7
8
9

10
11
L2
13
L4
rs
L6
t7
18
19
20
2I
22

7

7
12
T2
L2

108
108
108
108
99
99

109
107
L07
L07
LO7

11
11
10
10

9
9

246
246
2L8
2\8
2IB
]-92
792
L92
192
L52
L52
L29
105
105
105
105

83
83
46
46
13

,.13

5
5

L4
L4
L4
25
25
25
25
34
34
26
L7
17
I7
L7
10
10
31
31
13
13

4e.3
49.3
15.6
15.6
15.6
7.7
7.7-7.7
7.7
4.5
4.s
5.0 .

6.2
6..2
6.2
6.2
8.3
8.3
1.5
1.5
1.0
1:0



S]MTJI¿{TTON 5 CYCLE 1' 
.l/EHIG,,E 

3

ORDER OF
PICK- UP

DEÞ.IAIIJD
C E NIROiD

PASSENGËR
SERVICE TIME

DIRECT ÂUTO
TQåVEL TI¡N E

LEVEL
OF SE RVICE

1
2-
3
4
5
6
7
8
9

10
11
T2
13
L4
15
16
t7
18
19
20
2L
22

77
L7
4B
47
47
47
45
43
42
4I
40
39
24
23
22
2'L

L9
19
18

3
3
':

374
374
347
329
329
329
305
282
264
244
226
206
151
L32
LT4

95
72
72
53
30
30
30

42
42
64
6L
6L
61
62
54
51
56
53
48
37
33
36
40
39
39
38
30
30
30

8.9
8.9
5.4
5.4

5.4
4.9
5.2
5.2
4.4
4.3
4.3
4.L
'4 ¿O

3.2
2.4
1.8
1.8
L.4
1.0
1.0
1.0



L28

SIMTJI,ATTCA] 5 CYCLE ]- \IMfiCT,E 4

ORDER OF
PICK- UP

OEMAND
C ENTR O ID

PASSENGER
SERVICE TIME

ÐIRECT AUTO
TRAVEL TIM E

LEVEL
OF SERVICE

.1
2
3
4
5
6
7
I
9

10
11
t2
13
14
15
L6
L7
18
19
20
2L
22

100
10r
ro2
103
105

59
6L
60
60
56
54
54
52
52
51
51
50
49
49
L6
16

6

388
367
349
328
304
268
246
229
229
193
168
168
L4L
L4t
L23
123
L04

86
86
45
45
10

37
43
46
40
49
57
54
52
52
56
56
56
53
53
52
52
59
56
56
30
3o

,10

10. s
8.5
7.5
8.2
6.2
4.7
4.s
4.4
4.4
4.2
3.0
3. 0,
2.7
2.7
2.4
2.4
1.8
1.5
1.5
1.5
1.5
1.0



.''

S]MTII,¡fTICÀ] 5 CYCLE ]. \IEITICLE 5
L29

ORDER O¡:
PICK.UP

D E [':/1,N D
C E NTR OID

PASSENGÊR
SE RV IC Ë TIME

D,]RECÏ
"1?AVEL

AUTO
TIIIE

LÉVEL
OF SE RVICE

1
z
3
4
5
6
7
8

l:9
t0

5
4
4

15
15
L4
L4
L4
13
13

t10
90
90
6L
6L
37
37
37
18
18

15
20
20
23
23
22
22
22
18
18

7.3
4.5
4.5
2.7
2.7
t.7
L.7
L;7
1.0
1.0



130

SIIVÜI¡AT]OI{ 6 CYCTE 1 VEHICI,E ].

ORDER OF
PIC K- UP

DEMAND
C E NfROID

PASSENGER
SË RV ICE TIME

DIRECT AUTO
TRAVEL TIME

LEVEL
OF SERVICE

1_

2
3
4
5
6
7
8
9

10
11
L2
13
14
15
16
L7
1"8

L9
20
2L
'22-

35
36
63
65
66
67
68
7l
7L
38
26
27
28
28
28
33
33
32
31'
30
29
29

373
352
320
296
277
257
239
zLO
zLO
191
151
133
115
115
115

9L
91
73
52
34
15
15

34
36
53
52
48
53
52
46
46
42
30
27
24
24
24
31
31,
28
22

.19
15
15

10.3
9.8
6.0
5.7
5.8
4.8
4.6
4.6
4.6
4.6
5.0
4.9
4.8
4:8
4.8
2,9
2.9
2.6
2.4
1.8
1-.0
1.0



131
sr4lrJ{rrchï 6 CYG,E I \tErrcLE 2

Pt .=

7.2
2s7

ORDER OF
PICK- UP

DE T,,IAN D
CENTROID

PASSENGER
SERVICE TIIiIE

DIRECÎ AUTO
TRAVEL TIM E

LEVEL
OF SENV¡CE

1
2
3
4
5
6
7
8
9

10
11
L2
13
L4
15
L6
L7
18
L9
20
2L
22

7

7
L2
T2
12

108
108
108
108
99
99

109
r07
107
707
r07

11
11
10
10

9
9

246
246
2L8
2L8
2L8
L92
L92
L92
L92
L52
152
729
105
t0s
105
10s
83
83
46
46
13
13

5
5

î4
L4
L4
25
25
25
25
34
34
26
t.7
t7
'1 

7
L7
10
10
31
31
13
13

4e.3
49.3
15.6
L5.6
15.6
7.7
7.7

-7.7
7.7
4.5
4.5
5.0
6;2
6..2
6.2
6.2
8.3
8.3
1.5
1.5
1.0
1:0



L32

SIMULAT]ONT 6 CYCÍ,E 1 \/EHICT.FI 3

L.S.= 4.3

Pt = 4L6

ORDER OF
PIC K- UP

DEì¡AND
C ENTROiÐ

PASSENGER
SERVICE TI¡,{E

Ð¡RECT AUTO
TRAVEL TII"IE

LEVEL
OF SÉRVICE

1
2
3
4
5
6
7
8
9

10
11
L2
13
74
15
L6
L7
18
T9
20
2i
22

L7
L7
48
47
47
47
45
43
42
4I
40
39
24
23
22
2t
L9
L9
18

3
3.3

374
374
347
329
329
3.29
305
282
264
244
226
206
151
r32
t14

95
72
72
s3
30
30
30

42
42
64
6L
6L
61
62
54
51
56
53
48
37
33
36
40
39
39
38
30
30
30

8.9
8.9
s.4
s.4

5.4
4.9
5.2
5.2
4.4
4.3
4.3
4.1
4¿O
3.2
2.4
1.8
1.8
L.4
1.0
1.0
1.0



133

SIMT]LATICbI 6 CYCLE 1 VEITCTE 4

ORDER OF
PIC K- UP

DEfr{AND
C ENTROID

PASSENGER
SE RV ICÊ TIME

DIRECT
TRAVEL

AUTO
TIME

LEVEL
OF SERVICE

1
2

3
4
5
6
7
8
9

10
11
L2

6T
60
59
57
56

105
L04
103
ro2
101
100
99

2s4
237
277
193
L75
151
130
LL2
9L
73
4s
34

54
52
57
49
46
49
43
40
46
43
37
34

4.7
4.5
3.8
3.9
3.8
3.0
3.0
2.8
L.9
r.6
L.2
1.0



L34

SÐ['I,ATTC[{ 6 CYCLE 1 \ZEIIICLE 5

----------o

r.4
222

ORÞER OF
PIG K. UP

DEMANT)
CENTROID

PASSENGER
SERVICÊ TIME

ÞIRECT AUTO
TRAVEL TIM E

LEVEL
OF SËRVICE

1
2

3
4
5
6
7

I
9

54
s4
52
52
51
51
50
49
49

L46
146
LLg
119
101
101

79
6L
6L

76
76
70
70
67
67
74
6T
6L

1.9
1.9
L.7
L.7
1.5
1.5
1.0
1.0
1.0



135

SIMI]f,ATTCÄI 6 CYCI;E 1 VETICIE 6

L. S.=

Pt, =

3.3

155

ORÞER OF
PIC K- UP

DEMAND
c ËNTROrn

PASSENGER
SERV ICE TIMÊ

DIRECT AUTO
TRAVEL TIME

LEVÊL
OF SERVICE

1
2

3
4
5
6
7
I
9

10
11

6
5
4
4

L6
t6
15
15
L4
L4
13

L45
L25
105
105

79
79
6T
6T
37
37
18

10
15
20
20
27
27
23
23
22
22
18

L4.5
8.3
5.2
5.2
10
2.9
2.6
2.6
L.6
L.6
1.0



L36

S]I\4TJI,A:ITCN 7 CYCLE ]- \ÆIII'T : 1

'I,;S.=
Pt=

2.5

136

ORÞER OF
PIC K- UP

DEMAND
C ENTROID

PASSENGER
SERVICË TIME

DIRECT
TRAVEL

AUTO
TIME

LEVEL
O F SERVICE

1.2
3
4
5
6
7
8
9

10

63
65
66
67
68
7L
7L
38
36
35

202
t78
159
139
L2L
92
92
73
52
33

53
52
48
53
52
46
46
42
36
33

3.8
3.4
3.3
2.6
2.3
2.O
2.0
L.7
L.4
1.0



L37

S]MTJI,ATIONI 7 CYCTE ]- VEÍIICLE 2

ORDER OF
PIC K- UP

DEMAND
C ENIROID

PASSENGER
SERVICE TIME

DIRECT AUTO
TRAVEL TIM E

LEVEL
OF SERVICE

1
2

3
4
5
6
7

I
9

10
11
L2

30
31
32
33
33
26
27
28
28
28
29
29

L6?
L44
L23
10s
105

75
57
39
39
39
15
t5

L9
22
28
31
31
30
27
24
24
24
15
15

8.5
6.5
4.4
3.4
3¿4
2.5
2.I
L.6
L.6
r.6
1.0
1.0



138

SIMIII?{TIONT 7 CYCf,,E ]. VHTTCLE 3

L.Sr=
Pt=

5.3

75

ORÞÊR OF
PIC K- UP

DEMAND
C ENTROIT)

PASSENGER
SERVICE TIME

DIRECT AUTO
TRAVEL TIME

LEVEL
OF SERVICE

1
t
3
4
5
6
7
I
9

10
l1

7
7

L2
L2
12
11
11
10
10

9
9

130
130
LO2
L02
102
83
83
46
46
13
13

5
5

I4
L4
14
10
10
31
31
13
13

26.O
26,0
7.3
7.3
7.3
8.3
8.3
1.5
1.5
1.0
1.0



S]MTII,ATTCT{ 7 CYCLE ]. \ÆHICTE 4

139

L;S.=

Pt.È

2'5

88

ORDER OF
PIC K- UP

DE},iIAND
C ENTROID

PASSENGER
SERVICE TIME

DIRECT AUTO
TRAVEL TIME

LEVEL
OF SERVICE

I
2
3
4
5
6
7
I
9

10
11

108
108
108
108

99
99

109
LO7
LO7
L07
L07

103
103
103
103

64
64
4I
L7
L7
L7
T7

25
25
25
25
34
34
26
L7
T7
L7
L7

4,7
4.L
4.7
4.L
1.9
1.9
1.6
1.0
1.0
1.0
1.0



SIMTJI,,AT]ONT 7 CYCT,E 1 IIIEHICTF: 5

140

ORDER OF
PICK-UP

DEMAND
C ENlROID

PASSENGER
SERVICE Tlå/tË

DIRECT AUTO
TRAVEL TIM E

LEVEL
OF SERVICE

1
2
3
4
5
6
7
8
9

10i

24
23
22
2L
L9
t9
18

3
3
3

151
L32
LL4
95
7.2
72
53
.30

30
30

37
33
36
40
39
39
38
30
30
30

4.L
4.0
3.2
2.4
1.8
1.8
L.4
1.0
1.0
1.0



L47

S1}{IIIIfITCN] 7 CYCLE 1 \iHTICTF: 6

ORÞER OF
PIC K- UP

DEMAND
C ENTROID

PASSgNGER
SERV ICE TIME

ÐIRECT AUTO
fRAVEL TIME

LEVEL
OF SERVICE

1
2

3
4
5
6
7
I
9

10
1+
L2

17
I7
48
47
47
47
45
43
42
4L
40
39

200
200
773
155
155
155
131
7r4

96
86
68
48

42
42
64
6L
6L
6T
62
54
51
56
53
l+8

4.8
4.8
2.7
2.5
2.5
2.5
2.L
2.L
1.9
1.5
1.3
1.0



L42

S]¡.,ITJLATTON 7 CYCLE 1 VETIICT,E 7

L: S.=

Pt=
2.2
]'44

ORDER OF
PICK-UP

DEMAND
C ENTROID

PASSENGER
SERV ICE TIME

DIRECT
TRAVEL

AUTO
TIME

LEVEL
OF SERVICE

1
2

3
4
5
6
7
8
9

10

100
101
r02
103
105
56
57
59
60
6T

292
22I
203
185
161
L37
LT9

95
'75
58

75
81
78
72
75
66
63
65
60
58

3.2
2.7
2.6
2.6
t')
2.r
L.9
1.5
L.2
1-0



L43

S]MTJIIfIICN] 7 CYCLE 1 VEIÍICLE 8

L.S.=
Pt=

2.2

138

ORÞER OF
PIC K- UP

DE MAND
CENfROID

PASSENGER
SERVICE TIME

DIRECT AUTO
TRAVEL TIM E

LÉVEL
OF SERVICE

1
2
3
4
5
6
7
I
9

l0
l1
L2

s4
s4
52
52
51
51
50
49
49
16
L6

6

168
168
191
T4L
L23
123
L04

86
86
45

-4s
"10

56
56
53
53
53
52
59
56
56
30
30
10

3.0
3.0
2.7
2.7
2,4
2.4
1.8
1.5
1.5
1.5
1.5
1.0



L44
STMTIII$TCN 7 CYCLE 1 \ÆHTCLE 9

-L.S.=

.Pt =

2.7
I25

oR"tER O¡:
Plc t{- u P

DE I.iAt.] D
cEt'lr-RotD

PÊ.SSE¡IGER
SE;ìV IC E TI¡;iE

A.UTO
Ttr,4 E

LEVfL
OF SEhaVICE

1
2

.3
4
5
b
7

8
9

10

5
4
4

15
15
L4
14
L4
13
13

110
90'
90
61
6L
37
37
37
18
18'

15
20
20
23
23
22
22
22
18
18

7.3
4.5
4.s
2.7
2.7
L.7
L.7
L;7
1-.0
1.0



L45

S]MIJI,ATTCAI 8 CYCI,E 1 VETiICT,E ].

Pt. =

6.4

1812

ORDER OF
PICK- UP

DÊMAND
CENTROID

PASSÊNGER
SËRVICË TIME

DIRECT AUTO
TRAVEL TIM E .

LEVEL
OF SËRVICE

1
2
3
4
5
6
7
I
9

10

3
109
L04
64
28
37
46

3
L4

7

350
315
283
246
L94
L57
L24

84
4L

5

13
26
43
v8
52
68
50
25
22

5

26.9
L2:L
6.6',
3.2
3.7
2.3
2.5
3.4
1.9
1.0



l,+ø

SI}4[,I,,ATTC{ 9 CYCI,E 1 \iEITG,E 1

L. S.=

Pt .=

2.4

496

ORDER OF
PIC K- UP

DEMAND
G ÊNTROID

PASSENGER
SERVICE TIME

DIRECT AUTO
TRAVEL TIM E

LEVEL
OF SERVICE

1
2
3
4
5

3
46
64
37
28

158
133

91
60
2t+-

30
56
s4
38
24

5;3
2.4
r.7
r.6
1:0



L47

SIMT,IATICN 9 CYCLE 1 \iEÍIICLE 2

ORÞER OF
PIC K- UP

DEMAND
C ENTROII'

PASSÊNGER
SERVICE TIME

DIRECT AUTO
TRAVEL TIM E

LEVEL
OF SERVICE

1
2
3
4
5

7
L4

LO4
109

g

\76
l40

80
48
13

5
22
43
26
13

35.2
6.4
L.9
1.8
1.0
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S]MT,L¡ITICAT ].0 CYCT,E 1 \1E¡TICIF: 1

L:S.=
Pt. =

3-0

143

ORDER OF
PICK- UP

DEMAND
C ENTRO¡D

PASSENGER
SERV ICE TIME

DIRECT AUTO
TRAVEL TIME

LEVEL
OF SÊRVICE

1
2
3

9
L4

7

78
47
5

13
22

5

6.0
2.I
1.0
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srM[ltATtcÀi l0 cYcr,E I \lElfrcÌ,E 2

L.S.=
Pt=

2.2
2I9

ORDER OF
PIC K- UP

DEMAND
CENlROID

PASSENGER
SERVICE TIME

DIRECT AUTO
TRAVËL TIM E

LEVEL
OF SERVICE

1
2
3

3
LO4
109

11Q
58
26

25
43
26

4.4
1.3
1.0
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srMurraucN 10 cYcLE I vmficlE 3

L. S.=

Pt-
2.0
429

ORDER OF
PIC K- UP

DEMAND
CENTRO¡D

PASSENGER
SERV IC E TIME

DIRECT AUTO
TRAVEL TIM E

LEVEL
OF SERVICE

1
2
3
4

64
46
37
28

L52
I2T

78
24

54
56
38
24

2.8
2,2
2.1
1.0
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srl\4ultfrfcÀT Ll cyclE 1 vEFlrCr,E 1

r 'ê -
Pt. =

3.0
r43

ORDER OF
PIC K- UP

DEMAND
CENTROID

PASSENGER
SERV ICE IIME

DIRECT AUTO
TRAVEL TIM E

LEVEL
OF SERVICE

1
2
3

9
L4

7

78
47

5

13
22
.5

6.0
2;I
1..0
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STMT]IATICÄT 11 CYCLE ]. VEHTCI,E 2

Pt=
1.3

230

ORDER OF
PIC K- UP

DEMAND
C E NTROID

PASSENGER
SERV ICE IIME

DIRÊCT
TFIAVÊL

AUTO
TIME

LEVEL
OF SERVICE

I
2
3

46
104
109

96
58
26

56
43
26

L.7,
1.3
1.0
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SIìiüL¡ATIOI{ 1l- CYCLE l- \IEIIICLE 3

'L.S.=
PtJ

1.8
l-40

ORDER OF
PICK-UP

DEMAND
GENTROID

PASSENGER
SERV ICÊ TIME

DIRFCÎ AUTO
TRAVEL TIME

LEVEL
OF SERVICE

1
2

3
28

65
24

25
24

2.6
1-0
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SIMJL,ATICT\T 11 CYCLE 1 \ltrtICLE 4

L;S.= 1.2
Pt = 161

ORDER OF
PIC K. UP

DEMAND
CENTROID

PASSENGER
SERVICE TIME

DIRECT
TRAVEL

AUTO
TIM E

LEVEL
OF SERVICE

1
2

64
37

69
38

54
38,.

1.3
1.0
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S]MTIIATTCÀT ]-2 CYCLE 1 \ÆHICLE ].

ORDER OF
PIC K- UP

DEMAND
CENlROID

PASSENGER
SERVICE TIME

DIRECT AUTO
TRAVEL TIME

LEVEL
OF SÊRVICE

12' 9
7

41
5

13
5

3.1
1.0
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SÛI'LATICN T2 CYCLE 1 \iEHTCLE 2

Ï,.S.=
Pt=

2.t
LL7

ORDER OF
PICK-UP

DEMAND
C ENTROIO

PASSÊNGER
SERVICE TIMÊ

DIRECT AUTO
IRAVEL TIM E

LEVEL
OF SE RVICE

1'
2

L4
109

69
26

22
26

3.1
1.0
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SIMT]I?fTTONT 12 CYCLE 1 VETICLE 3

I.4
148

ORÞËR OF
PIC K- UP

DEMAND
c E NIROtO

FASSÊNGER
SERVICÊ Tlt'48

DIRECT
TRAVEL

AUTO
T I irl E

LEVEL
OF SE RVICË

1
2

LO4
3

80
z5

43
25

L.9
1.0
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srMltrÄrroNt 12 cyctE 1 \ttrir.r.Fr 4

--l@

Pt=
I.2
ts7

ORDER OF
PIC K. UP

DEMAND
C ËNTROID

PASS ENGER
SERVICE TIñ48

DIRECT /{UTO
ÎRAVEL TI}¡ E

LgVEL
oF sEFivrcË

1
2

46
28

78
24

56
24

L.4
1.0



SIMUIIIIIICX\Ï 12 CYCLE 1 VEEICLE 5

L. S.=
Pt-

Ls9

L.2
161

ORÞER OF
PIC K- UP

DEùlAND
C ENTROID

PASSENGER
SERVICE TI¡dE

D¡RECT AUTO
TR'ÙÉL TIhI E

LEVEL
O F SE RV¡CE

1
2

64
37

69
38

54
38

1.3
1.0
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APPEND]X D

STEPI,'IISE MULTIPLE RXGRESSION OUTPUT LISTING

(MEAN I,EVEL OF SERVICE MODEL)
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