To the Graduate Council:

I am submitting herewith a thesis written by Sang Yool Lee
entitled "The Development of a Microcomputer-based Integrated
Location and Transportation Model."™ I have examined the
final copy of this thesis for form and content and recommend
that it be accepted in partial fulfillment of the
requirements for the degree of Master of Science, with a
major in Geography.

Bruce A. Ralston
Major Professor

We have read this thesis
and recommend its acceptance:

/ "'> 4 7 b
’ /( / [ i;g
VCo~aAled [~ 0,

— (A

Y W ,‘;’,‘\ A
y V& 2 U4
~—r7 o g7 ol ;,;;f./,'v'(,

Accepted for the Council:

Vice Provost and Dean of
The Graduate School




THE DEVELOPMENT OF A MICROCOMPUTER-BASED

INTEGRATED LOCATION AND TRANSPORTATION MODEL

A Thesis
Presented for the
Master of Science

Degree

The University of Tennessee, Knoxville |

Sang Yool Lee
May 1990



ACKNOWLEDGMENTS

I would like to express my sincere appreciation and
gratitude to Dr. Bruce Ralston for his gujdance, patience,
and suggestions for this study. I am also grateful to my
committee members, Dr. Thomas Bell and Dr. Ronald Foresta,
for their consultation, criticism,and suggestion for this
manuscript and graduate program guidance.

Most of all, I am grateful to my parents,and my
brother, for their love and support. Also, I wish to

express appreciation to my wife and my son.

ii



iii

ABSTRACT

The development of integrated urban models has been
conducted in the past two decades. This study develops a
microcomputer based integrated urban model which examine the
interrelationships between location and transportation, based
on the properties of the Putman’s integrated urban models.
First, the process of software development is illustrated,
and the restrictions and assumptions necessary to modify such
a model on a microcomputer environment are described.
Secondly, this study illustrates how the microcomputer
version can be used to forecast land use and transportation
in a hypothetical urban area. Thirdly, the sensitivity of
the version to changes of land use and transportation in the
hypothetical urban area is tested to examine the behavior of
the microcomputer based integrated urban model.

The microcomputer version developed in this study
determines travel costs or times in the network, the
simultaneous residential location and trip distribution, and
the traffic volume on each link, according to the method of
incremental full network reloading for the traffic
assignment. This study finds that the simultaneous
residential location and trip distribution are determined by

the relative proportion of attractiveness and accessibility
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characteristics, and the residential allocation is quite

affected by the congestion effects on the network. A change
in job generation and attractiveness of land use affects the
distribution of residences in other zone, as well as the zone
in which the change occurred. A change in the network

structure and transportation function shows a rather complex

impact on residential locations and loaded link volumes.
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CHAPTER 1

INTRODUCTION

1.1. Statement of Problem

Urban nodels1 deal with the allocation and interaction
of land use activities in cities and regions, and are used to
evaluate the effects of changes in relation to certain land
use activities.2 From the early development of urban models
begun in the 1950s, the mutual interrelationships between
transportation and urban spatial phenomena were
acknowledged. Research on transportation and urban land use
was, however, often independently conducted with very little
interchange between the two. The interrelationships were not

clearly defined until Putman developed integrated urban

1Abdul Khakee, "Urban Models and Municipal Planning”®,
Urban Geography, Vol.6, 1985, p.64. He illustrated several
names of urban models: urban spatial structure model, urban
development model, land use model, activity model, and
location model. The term of urban model is generally used as
more a comprehensive meaning than the above specific names.

2pavid Foot, Qperational Urban Models, London,
Methuen & Co., 1981, pp.3-6.



models.3 The purpose of this thesis is to explore the

properties of the integrated urban model, and to develop it
as a microcomputer-based version to study the solutions and
sensitivities to changes in input data.

Thus far, four types of integrated urban models have
been developed to study the interrelationships between
transportation and land use: (1) the interactive-iterative
approach, (2) the combined model approach, (3) the
programming model approach, (4) the market clearing
simulation approach.4 Berechman and Gordon examined the
above four types of approaches and pointed out that none of
them is superior in all aspects, but that the interactive-
iterative model developed by S.H.Putman is the most easily
implemented, because Putman’s interactive-iterative approach
can take the place of the much used the Urban Transportation
Planning System(UTPS) type models. Only variations on
Putman’s approach will be discussed in the remainder of this
thesis.

In general, the structure of the integrated urban
model is easily understood, because its three sub models--

employment location, residence location, and transportation--

3gtephen H. Putman, Integrated Urban Models, London,
Pion Limited, 1983, p.3.

4Joseph Berechman and Peter Gordon, “Linked Models of

Land Use-Transport Interactions: A Review”®, Advances ipn
, ed. B. Hutchinson and M. Batty, New

Urban Svystems Modelling
York, Elsevier Science Publishers B.V.,1986, pp.109-132.



are simply connected and largely based on existing

operational models. However, the interrelationships between
land use and transportation can be very complex. Efforts to
integrate land use models with a suitable transportation
network model can, therefore, be difficult. There is a need
for further study of integrated urban models in order to
examine the interrelationships between transportation and

land use

The purposes of this study are:

to examine the sub-models of the integrated urban

model developed by Putman;

to develop a microcomputer-based version of the

Putman’s integrated urban model;

to illustrate how this model can be used to forecast
land use and transportation in a hypothetical urban

area; and,

to test the sensitivity of the model to changes of
land use and transportation in the hypothetical urban

area
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This thesis is organized into five chapters. Chapter
1 provides a brief introduction to the research. Chapter 2
reviews the models related to Putman’s integrated model.
Before the three sub-models(employment location, residence
location, and transportation) are discussed, Lowry’s model,
upon which Putman’s development of the integrated urban
model is based, is reviewed. Chapter 3 discusses the
structure of the microcomputer version of the Putman’s
integrated urban model. Chapter 4 presents numerical
analyses of land use and travel in a hypothetical city.
Sensitivity analysis of the microcomputer version of the
integrated urban model is also discussed. Chapter 5 provides
a summary, draws conclusions concerning the use of

integrated model, and discusses future research which might

prove fruitful.



CHAPTER 2

INTEGRATED LOCATION AND TRANSPORTATION MODELS:

Literature Review

This chapter reviews previous studies related to
integrated urban models. First, we consider the Lowry
model, a pioneering attempt at comprehensive urban models.
Then, employment location models, residence location models,
and transportation network studies are examined in order to

explore the properties of Putman’s integrated urban model.

2.1. Lowry Model

The Lowry model, along with its numerous derivatives,
comprises the largest class of urban models.5 The procedure

of the Lowry model was summarized by Putman.

®* In general the procedure involves use of the
locations of ’basic’ employment and assumptions
about ’work-trip’ behavior to generate a spatial
distribution of the residences of the ’basic’
employment employees. Both these spatial
distributions, i.e.. ’basic’ employment and their
residences, along with assumptions about ’shopping-

SStephen H. Putman, Urban Residential Location Models,

Boston, Martinus Nijhoff Publishing, 1979, pp. 50-55.



trip’ behavior are used to generate a spatial
distribution of ’non-basic’ employment. The
locations of the residences of the ’non-basic’
employment employees are then generated by use of

the ’work-trip’ assumptions.

As the summary indicates, this model consists of two
sub-models: a residence location model for basic employment
employees, and the model for non-basic employment location.
The two sub-models are discussed, along with a review of
trip function and attractiveness. 1In the Lowry model, the
terms ’basic’ and ’non-basic’ employment are conceptually
similar to the traditional classification of the urban
economic activity which is divided into ’basic’ or ’city-
forming’ sector and ’non-basic’ or ’city-serving’ sector.
Among several measurement criteria of econonmic activity,
employment is the most commonly employed criterion.6 Basic
employment is defined as economic activity that is
insensitive to the spatial distribution of local markets,
while non-basic employment refers to economic activity that

is sensitive to the spatial distribution of local markets.7

Residepnce [Location Model

The simple type of residence location sub-model in the

6Ray M. Northam, Urban Geographv, Second Edition, New
York, John Wiley & Sons, 1979, pp. 190-200.

"Putman, Integrated Urban Models, pp. 16-17.
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Lowry framework assumes that the number of workers residing
in a zone i is based on the workers traveling there, and the
greater the length of a trip, the less the amount of

travel.8 The equation of the model is:

N =gZEP, €2.1)

j

where, Ni: the number of persons living in zone i

E.: the number of employees working in zone j

j .
g: a scaling factor

P the probability of a trip between points i

ij*
and j

From equation (2.1), a scaling factor, g, is first

assumed to 1.0. Then, the trip probability, Pij’ derived

from the Pittsburgh Area Transportation Study conducted by

Lowry, is calculated.9 The trip probability is:

. -1.330
Pyy=d; (2.2)

81bid., pp. 7-8.
3Putman, Urban Residential Location, p.52
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where dij is the distance between points i and j, and

dij>=l.0

The proper value of g is obtained by dividing the
total number of employees by the total number of residents
multiplied by g=1.0 as a trial value. Then, the number of
residents in each zone is calculated by multiplying the
scale factor g in equation (2.1). The sum of residents in
all zones is equal to the total employees in the region.
However, the number of employees in each zone will not be
equal to the original number of employees working in each
zone. That is, the Lowry model is inconsistent at the zonal
level, though it preserves consistency at the regional

10 The inconsistencies are due to the lack of origin

level.
or destination constraints on the model.

Besides the simple declining power function which Lowry
used in the trip probability of the model, there are two
alternative forms of trip function: the declining

1 A declining

exponential function and the Tanner function.
power function or a exponential function is a one-parameter
function of travel time or cost. The one paranmeter

function, shown in (a) of Figure 2.1, is expressed as:

'%pytman, Intearated Urban Models, p-9

1pia., pp. 213-218.
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Figure 2.1. Trip Function Forms.
(a) Declining exponential or negative power
trip function;(b) Tanner function with «>0, pg<O.
From, "Integrated Urban Models", by S.H.Putman,
1983, p.178.

f(cij)=exp(-ﬁcij) (2.3)

or

fCc. )=c,, F (2.4)

The Tanner function is a two-parameter function of
travel time or cost, shown in (b) of Figure 2.1. This

functior is expressed as:
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f(cij)-cij exp(ﬁcij) (2.%)
where &« and £ are empirically derived parameters. In
general, « is usually assumed to be greater than 0, and ¢

less than O.

From equation (2.1), the trip probability, Pij' may be
transformed into wif(cij) when some measure of
attractiveness and a function for trip probability are
introduced. Thus, the Lowry-type of residential location

model can be expressed as:

Ni=gan[wif(cij)] (2.6)

j
wi is a measure of attractiveness of each potential
residence zone, but the residential attractiveness in a zone
is not a directly measurable attribute. Therefore, in
actual model applications, measures such as public services,
physical status, and socioeconomic composition of an area

have been suggested as surrogates.12

Employment Locatjon Model

Whereas basic employment location in the Lowry model

121piq., p.179.
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was assumed exogenous, a model for non-basic employment
location was developed within the Lowry model. Retail
employment was assumed to be a typical type of non-basic

employment, and further assumed to be a direct function of

retail sales in the zone.13 The form of the model is:

R_
Ej -g(Sj) 2.7

R

where Ej the retail employment in zone j

Sj : the retail sales in zone J

S, in the equation 2.7 is expressed as:

3

see = R o R
8, =8, ;=EY (W, £CC, )/ 50T £(C; )] (2.8)

i

—te
e

where Y,.: the purchasing power of consumers living in

zone i
WjR: the retail ’attractiveness’ of zone j
f(Cij): the trip function

In this Lowry-type of employment location model, work-
to-shopping trips coming from places of work can be added to

equation (2.8). On the other hand, since this non-basic

131big., p.151.
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employment can be linked directly to the residence location
model, the location of non-basic employment can be

calculated simultaneously with the location of population.14

2.2. Enmplovment Locatjop Models

Employment location models are based on a number of
employment location theories. These employment location
theories are largely distinguished between market-
sensitive(non-basic) and non-market-sensitive(basic)
activities. Employment location models were also separately
developed in accordance with such activities, rather than

15

toward a comprehensive employment location model. In

addition, the employment location models did not receive

primary emphasis in the overall urban land use models.16
In this review, employment location models are also

examined according to market-sensitive and non-market-

sensitive activities. Then, EMPAL, a model developed by

Putman to simultaneously consider market-sensitive and non-

141p1q., p.179.

15S.H. Putman, “"Urban Land Use and Trensportation
Models: a state of the art summary®", Iransportation
Research, 1975, Vol.9, p.189.

16S. Putman, °“Future Directions for Urban Systems
Models:Some Pointers from Empirical Investigations”®,
Advances in Urban Systems Modelling, ed. B. Hutchinson and
M. Batty, Elsevier Science Publishers B.V.,61986, pp.91-92.
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market-sensitive activities, is reviewed as one of the sub-

models of the integrated urban model.

2.2.1. - - iti )

A number of non-basic employment location models have
been developed. These models assume that intraurban non-
basic employment depends highly on the spatial distribution

of population. One of these approaches was examined by

Putman.17 The model is expressed as:
k __ky, k K k Ko K k k
[SEj )y =3 Mj ,tqﬁE* ,t/M* ’t)+b Ej ’t-l(AE* ’t/E* ,t_l)(2.9)
k k
where AEj 'y orAE* ,t:change of the employment of type K
in zone j or regionwide forecast(x)
at time t
E K or E K :the employment of type k in zone j
j rt-1 * *t-1°
at time t-1 or regionwide type Kk
employment at time t-1
Mjk,t or M*k,t:a measure of the markets for type K
goods in zone j or in the regional
level at time t
ak,bk:the parameters indicating the relative

17putman, Intearated Urban Models, pp-18-20.
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importance of the markets variable or the

lagged variable

In this model the market variable and the lagged
variable of non-basic employment form the basic structure of
the model. The two independent variables, the market
variable and the lagged variable, were derived from the
hypotheses that the amount of LOMS employment in a zone at
time t is directly proportional to the spatial distribution
of the market for the employment, and the quantity of LOMS
employment at time t-}. Meanwhile, the market in equation
(2.9) is measured by the spatial distribution of the
population multiplied by the probability of a shopping trip

between zone i and zone j. I[ts suggested form is:

M X =cp. PS5, (2.10)

where Pi £t the population living in zone i at time t
t4
Psij: the probability of a ’shopping”’” trip between

zone | and zone j

The probability of a ’shopping’ trip between zone i and

zone j, Psij, is transformed as follows.
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P® .=C.. %/zc., %=¢ /C

ij "i3 ij ij i% (2.11)

Thus, the LOMS employment model was expressed by the

following equation.

K _ K. -2 -2 K . -
Ajﬁ ,p=8 ;Pi't‘cij IS, I *,t/;tfpi,tccij /I (2.12)

-2 kKo k K K
Cjp D1I4DTE, ,t_loAE wrt/E grp-y?

Later, Putman developed another non-basic employment
model, suggesting that work-to-shop trips be allowed to

18

originate anywhere in the region. This model is expressed

as follows:

<) (2.13)

E."7: nonbasic employment in zone i

K: the regional ratio of nonbasic employees to
total population
the nonworking(resident) population in zone j

or the working population(employees) employed

181pid., pp.159-160.



in zone j
: the probabilities that a (nonworking)

r w
P ij or P ij
resident of zone j or an employee employed

in zone j will shop in zone |

In equation (2.13), pr is constructed as follows:

ij
r_- nb -2 _.r nb -2 _.r
Pij -Ei ’t-lcij exp(-« /Cij)IEEk ’t-lckj exp(-« /CkJ)
k (2.14)
Pwij is defined by substituting « for of in equation

(2.14). By substituting the relevant portion of equation

(2.14) into equation (2.13), the model can be expressed as:

nb -2

_veep ¥ nb _.r nb -2
Ei ,t-K(an [Ei ’t-lcij exp(-« /cij)IZEk 't-lckj exp
b k
r w nb -2 w -
(-« /ij)]+2Pj [Ek 't-lcij exp(-« /Cij)/ E
3 k

exp(—«“/ckj)l) €2.15)

nb
*t-1

-2

Cx;

This model uses the familiar gravity concept to
estimate the probability that the (nonworking) resident in
zone j or the employees employed in zone j will shop in zone
i. That is, each probability is determined by the relative
attractiveness and accessibility characteristics in each

zone. Another retail employment model based on retail trade

19

models was developed by Ducca and Wilson, and modified by

F W.Ducca and R.H.Wilson,"A model of shopping center
location”®, En_;Lgn_snz_ﬂnﬂ_zlinnxna_a Vol 8, 1976, p.615.




Putman.zo This model sets the constraint that total demand

is equal to total retail employment, and requires an
equilibrium condition that the amount of demand to zone j is
equal to the retail employment in zone j. These are

expressed by

and,

D*jR=E*jR for all j (where an asterisk denotes summation

of all zones)
An expanded form of the model is:

R_ R_ n Rn r~f
E, =ID; =Zé {ZID;7, B,(q+8a;) C7yy1d (2.16)

i n i

where EjR:the retail employment in zone j

D R:the demand for retail employment originating

il
in zone | and arriving in zone j

én:a weighting factor associated with each type n

source of demand

20pytman, Integrated Urbap Models, pp-160-161.



qi:retail employment/zonal land use, in zone J

Aj:shopping center floor space in zone ]

Cij
DiR,r:denand due to nonworking population residing in

stravel time in minutes between zone i and zone j

zone j

DlR ¥.demand due to employed persons employed in zone i

g,r,é:empirically derived parameters

Putman indicated that the results of this model based
on the Minneapolis-St Paul metropolitan area data appeared
sensible for retail employment and service employment, but
this model applied to data from the San Francisco area did

not yield consistent results.21

In many urban modelling attempts, some employment types
whose intraurban location decision are not market-sensitive
have been treated as being exogenously determined. Those

22 A

types of employment are similar to basic employment.
simple model for location of NLMS employment was also

proposed by Putman, using the same general formulation for

211pi4., pp.160=163.

228 H.Putman, “Intraurban Employment Forecasting
Models: a review and a suggested new model construct”
, 1972, Vol
XXXVIII, No 1, pp. 218-220.
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local market sensitive employment location model (LOMS
nodel).23 The hypothesis of this model is different from
that of LOMS model in that the level of NLMS employment in a
zone is directly proportional to the spatial distribution of
production inputs, instead of population. In addition, the
travel function is a work-trip function, rather than the
shopping-trip function, and the relative magnitude of the
lagged variable which reflects the quantity of the NLMS
employment at a previous time would be greater than for the
LOMS model. |
The NLMS model was not, however, further developed
within the context of the gravity model. Its development was
based upon an exogenous forecast of basic employment
location. When Putman sought a suitable model for forecasts
of basic employment, BEMOD and EMPIRIC were considered.
BEMOD, developed by Nathanson, was further developed by

the Bay Area Transportation Study of Putman in 1968.24 The
model, as described by Putman, is:

"based upon certain attributes of each sub-area, a

sector score or index is calculated for the sub-

area. When scores have been computed, the region-

wide growth or decline for each employment type is
allocated to the sub-area as a function of the score

and available land®”.

23Putman. Integrated Urban Models, pp.24-26.
24

p.189.

Putman, °Urban Land Use and Transportation Models”,



EMPIRIC was devised by Donald M. Hill for a

comprehensive development plan of Greater Boston in 1965.25

This model is still widely used in‘transportation research,
and also deals simultaneously with both residence location
and employment location. The model, explained by Reif, is
designed to distribute or allocate externally supplied
growth forecasts of activities such as population and
employment among the zones or subdivisions of the region
under study. The model is expressed by the following

equation:

N M

AR =ta AR, +Zby, (Z, or AZ,) (2.17)
j=1 k=1
g1 3

where i or j =1,2,...1,3,...N: the number of located
variables
k=1,1,... k,..M:the number of the locator
variables such as intensities of land use,
quality of water service, quality of sewage

disposal service, automobile and transit

25Benjamin Reif, Models in Urban and Regional Planning,
New York, Intertext Educational Publ ishers, 1973, pp.164-

168.




21
accessibilities.

ARi or ARj=change in the level of the ith or jth
located variable over the calibration or
forecast time interval

Zk=1eve1 of locator variable k at the
beginning of the calibration or forecast
time interval

A2k=change in the level of the Kkth locator
varijable over the calibration or forecast
time interval

b.. =coefficients expressing the

aij’ ij

interrelationships among variables.

Lowry pointed out that this model does not have a set
of land-use accounts through which the different activities
compete for the same land, while Reif indicated that this
model has merit because it covers all main activities of

urban location.26

Overall, in this model it is difficult to
logically interpret the relationships between dependent
variable and independent variables.

Putman first took advantage of the existing linear
multiple regression models, BEMOD and EMPIRIC, in order to

forecast basic employment. However, the results that he

expected were not satisfactorily obtained from those

26peif, gp.cit., p.167.
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models. This fact led him to develop EMPAL, which included

i basic and nonbasic employnent.27

| 2.2.3. EMPAL

Y Nonbasic employment location in the Lowry model and its
derivatives was estimated with residence location
simultaneously, while basic employment was calibrated by a
different analysis such as a linear multiple regression.
However, it is known that basic employment location also

28

follows the population movement to the suburbs. Therefore,

EMPAL, which can be applied to the intraurban employment

locations of all types, was developed by Putnan.29 The
basic equation of EMPAL is:
- & -
By ol Bys W0 €y yap@XPCRC, 5, )+ U1=DE,,
i (2.18)
2

"Putman, Inteqrated Urban Models, pp. 154-158.

2%Eawin S. Mills, Studies in the Structure of the Urban
Economy, Baltimore and London, The John Hopkins Press, 1972,
pp.14-29.

29

Putman, Intearated Urbapn Models, pp.163-168.
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where
A, .=(tw, f(C . 17!
i,t i,t ij,t
3
Ej't or Ej,t_1=the employment of zone j at time t or t-1
Pi,t=popu1ation of zone i at time t
wj,t=an attractiveness measure for zone j at
time t
r = the weighting parameter

& . .
c i,j,texp(ﬁci,j,t)- the trip function

®« and F= the two parameters in the trip function

In the case where the simultaneous location of
employment and residence is not necessary, the form of the
model for the retail employment sector was suggested as:

R R R

Ej ,t=r£P A

«
ire-1R4 ’t-le ’t-lc i,j,texp(ﬁci,j,t) (2.19)

i

where,

wR =R 3P €2.20)

where,
Li=the total area of zone i

a,b=the empirically derived parameters



-1

R _ R a, b.«
,t_l-IZ(Ei 't L. C i,j,texp(ﬁci,j,t)]

2.21)
1 i

A,
i
i

The model substituting the relevant portion of
equations (2.20) and (2.21) into equation (2.19) was tested
with the data from the Minneapolis-St Paul and the
Washington metropolitan areas by Putnan.so The tests yielded
consistent results and showed better explanation than some
previous urban employment location models in term of

residual variance.

2.3. Residential Location Models

There are a number of -nodels of urban residential
location. Putman classified the Lowry model and its
derivatives as macro-descriptive behavioral models, because
these models attempt to describe residential location
behavior observed at a rather aggregate level of detail.31

Although Lowry-type models formulated on the basis of the

gravity concept were mainly developed in the 1960s, and

301pi4., pp. 165-166.

31Putman, *Urban Land use and Transportation Models”,
pp.187-198.
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applied to some metropolis, they were criticized because of
their lack of firm theoretical basis.32 However, since Lowry-
type models were connected with entropy maximizing
principles by A.G. Wilson in the 1970s, these models are
widely used in urban residential location studies.33 The
models in which entropy maximizing principles are
incorporated in the Lowry-type models are called constrained

gravity models.

2.3.1. Constrained Gravity Models

As mentioned above, spatial interaction models based on
the entropy maximizing principle were incorporated into the
gravity concept. The models predict the number of trips
between origins and destinations based on the
attractiveness of zones and travel resistance between them,

34 Depending

and can be used as residential location models.
on where constraints are present, three forms of the

constrained gravity model are possible.

32¢hakee, gp.cit., p-48.

Foot, op.cit., pp.100-102.
34poot, op.cit., p.78.
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The Supply Cor Production) Constrained Model

In the case that the number of trips originating in
each zone, such as residents in each zone, is fixed while
the number of trips ending in each destination, such as
employees in each zone, is allowed to vary and is to be
predicted, a supply-constrained model is used. The supply-

constrained model can be formulated as follows:

Tij=AiOiwjf(cij) (2.22)

ET, . =0 : (2.23)

ij ~i

where, Tij= the number of trips from zone i to zone j
0i= the number of trips originating at zone i
wj= a measure of locational attraction at zone j

f(cij)=the trip function between zones i and j
and Ai is given by:.

A.=[:ZW f(c.j)l' (2.24)

26
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mand tiven ) Con ined M

I1f the number of destinations, such as employees in
each zone, is fixed, and the number of origins, such as
residents in each zone, is allowed to vary and is to be
predicted, a demand-constrained model is used. The model is
expressed in the same form as the supply-constrained model,
except that origin and destination are interchanged. The
equation for the demand (or attractiveness)-constrained
model is as follows:

Ti =B

wiDjf(Ci ) (2.25)

i3 3

(2.26)

where, Dj= the number of trips terminating at zone j
_ -1
Bj-tzwif(cij)] (2.27)

i

This model has very rarely been used as a singly

constrained model, because it can be transformed into the

35

supply-constrained model. However, it is convenient to use

331pia., p.78
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the demand-constrained model if notation i and j represent

residence and work place in the residential location model,

respectively.

The Doubly Constraiped Model

In the case that the nunmber of trips from origins to
destinations is assumed to be given, and the number of trips
from each origin to each destination is to be predicted, the
doubly constrained model is used. That is, the Tij values

J

are subject to two constraints: 2Ti5=0i and ET1j=D.. Its

equation is: j i

TijzAiBjOiDjf(cij) (2.28)

where, the balancing factors Ai and Bj are:

_¢ -1

Ai—(;Bijf(cij)) (2.29)
= -1

Bj-(FAiOif(cij)) (2.30)

1

To calibrate the model, all Ai vectors are first
assumed to 1.0, then the Bj vectors are calibrated. Ai
vectors are then recalculated. This iterative procedure is

continued until the values of the Ai and Bj show no further



2.3.2 DRAM

Putman developed an urban residential location model,
the Disaggregated Residential Allocation Model (DRAM), which
maintains the basic form of the Lowry derivative model. He
also used the formulation as one of sub-models in his
integrated urban model. DRAM has two essential components:
a trip function and an attractiveness component. A two-
parameter function described in section 2.1 is used as the
trip function, while income distribution and size and/or
37

capacity of a zone are the measures of attractiveness. A

multivariate attractiveness measure in DRAM is:

r i.bln 2.b2n

wi“=(Li")q“(x~i)'“(Li >5°-<N~l YRS R €2.31)

change.36
|
|
\
1
3)b3n(N~i4)b4n

(N~
i

| where Liv= vacant, buildable land in zone |
X"i= one plus the proportion of buildable land in

zone i that has already been built upon

36John R. Ottensmann, i i | mn
n a is , New York, Chapman and Hall,

1985, p.109.
37putman, Intearated Urban Models, pp.177-180.
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Lir= residential land in zone i
N~i1,N*i2,N~i3, and N*i4= one plus the proportion
of employed residents of zone | who are in the
lowest, the lower, the upper-middle, and the
upper income groups, 1,2,3,and 4

q,r,s,b= empirically derived parameters for each

income group n(n=1,..,4)

The employment Ej in the Lowry model is converted from
employees by type into employed residents by type in DRAM.

This conversion is:

E.=fa, E.F €2.32)

where Ejk= the number of employees of type K employed in
zone j

a, = a regionwide ratio of the number of type n

kn
residents per type k employee

Thus, the final form of DRAM used in the integrated

model is:



e
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n_ k v.gqn,_. |rn r.sn,,.. 1.bln
N. -E(EaknEj )(Li Y (x i) (Li )T (N i ) (2.33)

i K .
(N~i2>52"(N~i3)b3°<N~‘4)b4“c..“exp(ﬁcij)/

{th.V)q“(x~i)”“(Li’)s“(N~i‘)b‘"(n~iz)b2“
b3n id _bdn
) )

c. °(exp(ﬁc..))

(N ij ij

(N~
i

Although this form of DRAM was suggested theoretically,

it is difficult to apply. Several data sets, including

disaggregated information on household incomes and/or land-
use within zones would have to be obtained.38 Such
information is not readily available. Therefore, two

simpler models were presented. These are:

_ 4 « v ®
Ni—ZEj[Li C; exp(ﬁcij)/'ar..i i exp(ﬁcij)] (2.34)
j i
and
- Vid,. .~ s° r.s ®
Ni ?Ej[(Li ) (x i) (Li ) i3 exp(Scij)/ (2.35)

J
ViG,ua T r.s « _
;‘Z(Li )3 (x i) (Li ) Sy exp(ﬁcij)]
The model in equation (2.34) uses the total area of
zone i as the attractiveness measure. The model in equation

(2.35) has two additional variables: residential land and

381phi4., pp.222-223.



percentage of developable land actually developed. The

formulation to be used as the residential location model
between the two simplified models depends on the

availability of the necessary data sets.

2.4. Trapsportation Models: assjanment technigue

This section briefly describes traditional
transportation generation and distribution procedures, and
the simultaneous location and trip distribution procedure.

Common methods of trip assignment are then reviewed.
2.4.1. Irip Geperation and Trip Distrjbution |

Traditional Trip G ‘L 3 Distribut]

There are four sub-models in the conventional
transportation model sequence. The four sub-models consist
of separate trip generation, trip distribution, modal split,
and trip assignment models. The sequence can proceed in a
different order, but in most cases it follows the order
listed above.39

Trip generation models were developed in an attempt to

estimate the amount of traffic generated by zones. Two

39Eric Sheppard, "Model ing and Predicting Aggregate
Flows", The Geoaraphy of Urban Transportation, ed. S.
Hanson, New York, The Guilford Press, 1986, pp.95-96
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approaches are usually considered in traffic generation
modelling: multiple linear regression analysis and category
(or cross-classification) analysis.4o The former assumes
that a number of land-use variables influence the amount of

trip generation, so a linear relation is sought between the

explanatory variables and dependent variable. Its general

form is:
Y= o« + Plxl +ﬁ2X2 + e szz (2.36)
where Y= dependent variable

X....X,= explanatory variables

x= regression constant
1"’§2= partial regression coefficients

Among the explanatory variables usually considered are
(1) car ownership, (2) family inconme, (3) household size,
(4) number of persons 5 years old and over in the household,
¢(5) number of persons 16 years old and over who drive, (6)
occupation of head of household, (7) distance from the
central business district, (8) residential density, (9)
structure type of house (single detached, single attached,

combination, apartment, etc.), and (10) appraised house

407,hn Black, Urban Transport Planning, Baltimore, The
John Hopkins University Press, 1981, PP.65-66.
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value and/or median rent or value.41

Category analysis is based on "household trip making as
fts level of analysis'.42 Black goes on to explain that this
method assumes the influences of home ownership, household
size, and household income on household traffic generation.
Households are then cross-classified by those variables, and
the mean traffic production for each cross-classification is
calculated from home interviews.

Whatever method of the above analyses is used, the
analysis of trip generation estimates the number of trips
produced by a zone or attracted to it. The next phase of
transportation planning is trip distribution which
determines where and how many of the generated trips will
be attracted among each possible destination.43 There are
several methods of distributing trips. These are growth-

44, gravity models, intervening opportunity

models, and entropy nodels.45 The most widely used

factor methods

techniques are gravity models. The usual form of the

4l30hn W. Dickey, Metropolitan Transportation Plapning,
New York, Hemisphere Publishing Co., 1983, p.187.

42p1ack, gp.cit., p.67-
43Sheppard, op.cijt., p.101.
44pickey, gp.cit., pp.197-202.
45Sheppard, ep.cit,, pp-102-112.



35

gravity models is:

n
= A, . .
Tij PiAjF(t)ij/j:l\JF(t)lJ (2.37)

where, Tij= the number of trips produced in zone i and

attracted to zone j

= the trips produced from zone i

Py
Aj= the trips attracted to zone j
the friction factor for interchange i, j

F(t)ij
(based on travel time between i and j)

n= number of zones in the study area

After the trip distribution phase, modal split analysis
can be applied to determine the amount of travel using each

46 However, the analysis is

évailable mode of transportation.
not appropriate in smaller urban areas with no major
transit systems.47 Therefore, this step will be ignored in
the micro-computer version developed for this study.
Simult L £ 3 Trip G i 3/
Distributi

Putman proposed the idea that trip generation and

distribution could be simultaneously extracted from the

46U.S.Department of Transportation, j
v , Washington, D.C, Federal
Highway Administration, 1977, p. 4-15. :

471bid., p.5-13.
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calculation of residence location.48

That is, when
residence location models based on the gravity concept are
calibrated, a trip matrix, as if provided by use of a
gravity model in the traditional transportation procedures,

is produced. This method will be used in this study.

2.4.2. Irip Assianment

Trip assignment procedures are the processes by which
traffic volume and paths are estimated over a transportation
network. The assignment involves "the use of information
about the characteristics of the network, along with a set
of decision rules, and an algorithm for doing the assignment
in an efficient fashion".49 This phase was also used in
the integrated model. Putman stated that the results of

trip assignment is one of the essential inputs for the

integrated urban models.50

®* On the completion of the assignment procedures, times
and costs of travel through the network will have
changed as a result of congestion. It will be then
possible to calculate the zone-to-zone least time or
least-cost paths. The results of this calculation
yield the travel-cost matrix which is later input to
the employment location and residence-location
models”.

48putman, Integrated Urban Models, pp.109-115.

491pig., p.116.

501bid., p.27.
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Thus far, a variety of trip assignment methods have
been developed. Three general types of methods are reviewed
here: all-or-nothing assignment, minimum path with capacity

restraint, and multi-path assignment.

e : {qnm
This method is based on the assumption that travelers
want to use the minimum travel time or cost path through the
network. This method, which is an early trip assignment
technique, has the property that once the trips between
zones are loaded onto the links based on minimum travel time
Cor minimum cost), nothing is loaded on the other links.51
This technique is unrealistic, because it does not consider
the relationship between trip volume and travel time. This
congestion/impedence problenm led to the development of other

types of trip assignment methods.52

Minipun Path with Capacity R o

Some methods of utilizing capacity restraint in a trip

assignment were tested and described by Putman.53 The

51U.S.Department of Transportation, gp.cit., pp.6-
14,15, 16.

521piq., p.6-16.

53pytman, Intearated Urbapn Models, pp.117-124.
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methods are iterative full network loading, incremental full
network loading, incremental full network reloading, and
incremental tree-by-tree loading procedures. These methods
involve a congestion (or volume-delay) function, in order to
deal with overloaded links in the network. A congestion
function that has been used in transportation planning in
the United States is as follows:
ty= t 11.040.15¢ V/V )% for (VOV)  (2.38a)

t,=t for (V<=V°) (2.38b)

where, t,: the modified (congested) link travel tinme,
t : the uncongested (free flow) link travel tinme,
V : the volume of trips on the link,
V : the design capacity (volume of trips) of the

link

Iterative full network loading first assigns all trips
to be loaded on the shor;est path, then applies the
congestion function to each link on the network, and fronm
the newly congested travel time, the process is iterated.
The final solution is sought through the average of the
congested link times over the successive iterations. Yet,
the method is similar to all-or-nothing assignment in terms

of loading on the single best path, and may result in
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ocillation problems.54

Incremental full network loading attempts to avoid
oscillation problems by incrementally assigning trips on the
network. For example, the first 40% of the volume between 0-
D pairs of all the trips is loaded, then the congestion
function is applied to each link. Another 40% might be
assigned next and, once more, the congestion level is
calculated. This process is completed when the remaining
volume of trips is loaded onto the network. Putman
emphasized that the number of unused links, reflecting
uneven loading of the trips on the network, is less in the
incremental full networking loading than in the iterative
full network loading.55

Incremental full network reloading is similar to the
incremental full network loading. The initial 40% loading
and the use of the congestion function is the same as in the
incremental full network loading procedure. Then, 40% of
the trip volume on the links are discarded, and the travel
“times on each link are stored. It means that 40% of trip
volume is used to generate the travel times in the network,
but actual trip volumes are not loaded onto the network

yet. Next. 70% of the total trips are loaded and the

congestion function recaluated in the same way. At this

541p1a., p.117.

551pid., pp.120-122.
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point 70% of the trip volume is discarded, and the final
100% is loaded.>®

Incremental tree-by-tree loading is quite similar to
incremental full network loading. The difference is in a
random selection sequence for O-D pairs after an initial
40% loading on the network. The previous three procedures
use a tree-by-tree method instead of random assignment. The
reason for utilizing the random selection sequence is that
it can reduce a bias which the tree-by-tree method causes
due to the order of selecting zonal origins and

destinations.57

In a comparison of the incremental tree-by-
tree loading and the incremental full network loading, the
former has the advantage over the latter in terms of the

reduction of total travel time and unused links.58

Multipath Assi !

Another consideration to be used in the integrated
model was multipath assignment procedure. The main point of
this method is to include the concept of perceived cost, as
well as congestion effects. Although the method is similar

to the incremental tree-by-tree loading, it involves a

561bid., p.118.

571big., p.119.

581bid., pp.122-123.
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double-pass procedure which is one of two types of
stochastic assignment methods.59 The performance of this
assignment was also compared with the incremental tree-by-
tree method by Putman. Generally, this method yielded
better results than the latter, but the problems of computer
execution time and some theoretical questions are obstacles

to operationalizing this method.60

2.5 Summapry

This chapter has reviewed employment location,
residential location, and transportation assignment models
related to the integrated urban models. Before the review
of each model, the Lowry model was examined in some detail,
because employment location models, especially non-basic
employment location models, and residential location models
are based on the Lowry formulation. Then, three non-basic
employment location models, and two basic employment
location models, BEMOD and EMPIRIC, were reviewed. The
properties of EMPAL, the employment location model used in
the integrated urban models, were explored. The constrained
gravity models which incorporate entropy maximizing

principles with the Lowry model were also examined with

5%1pid., p.131.
601hi4., p.134; Sheppard, gp.cit., p.114-116.
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respect to residential location models. The residential
location model of Putman, DRAM, was examined. Finally,
traditional trip generation and trip distribution procedures
were compared with the simultaneous location and trip
distribution procedure. Then, the four methods of trip
assignment were reviewed.

From this review, some problems are revealed in
developing a microcomputer version of the integrated urban
- model. These problems will be discussed, and the
implementation of the microcomputer version will be

explained in Chapter 3.
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CHAPTER 3

IMPLEMENTATION OF THE INTEGRATED URBAN MODEL

This chapter deals with the development of a software
package to implement a microcomputer version of the
integrated urban model described in the previous chapters.
Although the basic structure of the software package is
based on Putman’s flow chart in Figure 3.161,some aspects
are modified so that the model will run on a microcomputer.
Restrictions and assumptions of the microcomputer version
are discussed first. Then, the process of the software

package development to implement the microcomputer version

is presented.

3.1. The Problems of the Ipntearated Modelgs in the Micro-

In implementing the microcomputer version, the full use
of the integrated urban model is restricted for the
following reasons. First, a version of the EMPAL, which
includes the simultaneous consideration of basic and non-

basic employment is not attempted in the microcomputer

61Putman, Integqrated Urban Models, p.45.
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version. EMPAL requires calibration of too many
parameters. In the case of the Minneapolis-St Paul data to
which the EMPAL was applied, a total of 25 parameters for
five employment sectors (manufacturing; transportation,
communication, utilities;retail trade; services; and
miscellaneous) were estimated.szA data collection task of
this magnitude is beyond the scope of this thesis.

Secondly; EMPAL is treated exogenously in the
integrated urban models of Putman. That is, EMPAL and DRAM
are not solved simultaneously, nor is there a feedback loop
from DRAM to EMPAL. Therefore, the results of EMPAL can be
treated as exogenous inputs into DRAM. Separate and
exogenous treatment of EMPAL is also followed in the
microcomputer version. I further assume that employment
data are given exogenously in this study.

Thirdly, the microcomputer version is restricted to the
assumed employment pattern. Transportation planning deals
largely with the transportation problem of afternoon peak
congestion which includes work-to-shop and home-to-shop
trips, as well as work-to-home trips. However, Since
employment is assumed, the first two purpose trips are
ignored, and only work-to-home trips are treated in this
study.

Fourthly, problems in developing the microcomputer

62

Ibid., p.167.




version arise when the transportation model is introduced

into the modeling process. The trip matrix containing the
results of the simultaneous location and trip distribution
procedures should be converted to the number of vehicle
trips. The conversion procedure was illustrated by Putman in
research based on the San Francisco metropolitan area.6

The research showed that the occupancy rate of vehicle trip
for home-based work is 1.18. However, in the microcomputer-
based version developed here, the rate is assumed to be

1.0. This value is used in order that the allocation of
residence may be compared, given the assumption that the
total number of residence is equal to the total trip
distribution in the demand constrained gravity model:

tT
i

y5=D

j
Finally, specific information on the transportation
network, such as directional counts, number of lanes, link
location, area type, etc.64, should be considered in a
complete urban model. However, only two way flows of one
lane are assumed here. The storage capacity of a
nicrocomputer-based system is not enough to deal with all of
this information about the structure of the transportation

network. This storage problem restricts the use of many

631pia., p.108.

64U.S.Department of Transportation, gp,cjt., pp-6-8.



zones and locations in the microcomputer version.

3.2. The Copnstruction of Microcomputer Versjon

The whole process of the software package development
proceeds as follows. First, future employment in each zone
is assumed. These data are then used to predict residence
locations by using the gravity model concept. The prediction
of residence location is treated simultaneously with trip
distribution procedures. Then, trip assignment is
accompl ished, along the shortest path connecting origin and
destination zones. Since the all-or-nothing method is used,
unrealistic assignments can result. Therefore, a congestion
function is applied on each link. Before the application of
the congestion function, the paths must be unpacked in order
to calculate the volume on each link. Through the
congestion function, a new matrix of trip distance or cost
is obtained. Finally, incremental full network reloading is
applied.

In light of the modifications specified, the Putman’s
original flow chart of the integrated modelling is modified

as illustrated in Figure 3.2.

Data and Parameters

Several data files are required as input to the

microcomputer version. The user is allowed to input a file
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Path
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1
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Figure 3.2 Flow Chart for the Microcomputer-Based Version
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of costs between nodes and capacity of each link, a file of
employment in each zone, and three attractiveness files
which show the amounts of vacant and buildable land, one
plus the proportion of buildable land actually developed,
and residential land in each zone. Several parameters are
also needed to calibrate the trip function, and the
attractiveness measures. The values of previously surveyed
parameters are taken from Putman, and are shown in Table 3.1

and Table 3.2.%°

Simult Resig Locat] ! Trip Distributi

The programs for four types of gravity models discussed
in Chapter 2 as potentially useful in the development of
residence location models are available to the user. The
programs for supply-constrained and dogbly-constrained
models which were developed by Ottensman are modified, and
the programs for the other two types of gravity models: the
unconstrained case and the demand-constrained case, are
developed. However, in the actual application of the
microcomputer version, the demand-constrained model is used.
In the demand-constrained gravity model, the employment data
file and three attractiveness data files based on equation

(2.35) are used to simultaneously calculate the residence

65putman, Inteqrated Urban Models, pp-217-224.



Table 3.1

Trip-function Parameters for Urban Areas

with Incomplete Data Sets

Number Year Parameter
Area _of zopes [ £
Gosford-Wyong,Australia 22 1971 0.09 -0.03
Melbourne, Australia 41 1970 1.04 =0.06
Natal, Brazil 18 1976 0.93 =-0.01
Rio de Janerio,Brazil 50 1968 1.08 =-0.01
Reading, England 130 1962 1.31 -0.06
Tokyo, Japan 25 18970 0.69 =0.01
Mexico City, Mexico 111 1976 -0.47 -4.89
Monclova-Frontera,Mexico 67 1977 2.73 =0.14
Ankara, Turkey 36 1970 0.64 -0.14
Gazoantep, Turkey 53 1970 0.64 -0.14
Izmit, Turkey 23 1968 0.90 =-0.03
Colorado Springs,CO 81 1970 1.5 -1.90
Hazleton,PA 90 1960 -0.18 0.15
Liuvblijana,.Yugoslavia _98_ 1961 =2.10 =-0.003

Tables 3.1, from “Integrated Urban Models®™, by

S.H.Putman, 1983, pp.223.



Table 3.2

Land-variable Parameters for Urban Areas
with Incomplete Data Sets

Area varij ) m
Gosford-Wyong developable ) -2.31
Melbourne developable 4 0.13
Natal urbanized 4 0.48
Rio de Janerio urbanized v 0.60
Reading vacant developable q 1.19
proportion developable r 8.71
Tokyo vacant developable q 0.04
proportion urbanized r 0.50
Mexico City vacant developable q 0.02
proportion developable r 0.9%0
developed
residential s 0.85
Monclova-Frontera total zonal area 4 0.24
Ankara total zonal area v -0.31
Gaziantep total zonal area Ty 0.25
residential building T, 0.07
area
Izmit total zonal area ¢ 0.80
Colorado Springs vacant developable q 0.06
proportion developable r 1.57
developed
residential s 0.68
Hazleton vacant developable q -0.09
proportion developable r 1.00
developed
residential land s 0.95
Liubliana total zonal area v 1.05

Tables 3.2, from "Integrated Urban

S.H.Putman, 1983,

pPp.224.

Models®, by

51
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location and trip distribution. Then, the user may choose
one of three types of decay functions as the travel
function: inverse power, negative exponential, and Gamma

functions.

Shortest Path

The program to find the shortest paths was adapted from
D.K. Smith, who used Floyd’s algorithm.66 This algorithm is
useful in finding the shortest path between all possible

nodes. The implimentation of Floyd algorithm by Smith was:

step O Create the n x n matrix Do whose elements are:
do(i,j)=d(i,j)(the length of arc(i,j),if this
exists),
=0Cif i=j),
=w(if no arc(i,}) exists).
Create the n *x n matrix P with elements:
pCi,jd=i.
Set k=0.
step 1| Define the n x n matrix Dk+l with elements

d (i,id)= min{dk(i,j), dk(i,k+1)+dk(k+1,j)}.

k+1
If the latter value is chosen, then change p(i,j)

66pavia K.Smith, Network

) N Optimisati p tice: B
Computational Gujde, Chester, Ellis Horwood Limited, 1982,
pp-74-82.




to be p(k+1,3j).

step 2 Increase kK by 1. If k=n, stop, otherwise return to

step 1.

Through this method, the shortest path is first found
in the network, and the process is repeated during the

incremental reloading.

Unpacking the Paths
After the trip distribution procedure, the volume on
each link traversed by the trip is computed in order that
the congestion on each link may be evaluated. The
calculation of such volume in the program is called
*unpacking the paths’. The program to unpack the path was

developed specifically with the micro-computer version.

onge i or volume- ) Fu

Using the results of the unpacking program, congestion

on each link is calculated. The data file that includes the
information on the capacity of each link and its nodes is
used in the congestion function. Then, new travel times or
costs from the application of the function are created in
the new data file and used to replace the previous cost data

file,



men u etwor loadj

This method, one of a number of possible transportation
assignment methods, begins with 40% of total employment in
the each zone. Forty percent of the trips are also forecast
in the residence location model, and assigned to the
network. Congestion on each link is then calculated and
saved. After one iteration, another 40% plus the previous
40% based on employment is used to compute residence
locations and.network flows. Congestion costs are again
updated. The remaining 20% of the trips follows the sanme

procedure.

3.3. Summary

This chapéer illustrated the process of software
development of a microcomputer version of an integrated
urban model. The restrictions and assumptions necessary to
modify such a model in a microcomputer environment are
described. Because employment location is assumed exogenous
to this study, only work-to-home trips are treated. Due to
storage problems, the transportation network is also
simplified. Based on those restrictions on the integrated
urban model, the process of the microcomputer version is
presented. The following order in development of the
software package is specified: data and parameters,

simultaneous residential location and trip distribution,




shortest paths, unpacking the paths, the application of a

congestion function, and incremental full network reloading
assignment. Chapter 4 will use these model components to
illustrate how the microcomputer version is used to forecast
land use and transportation in a hypothetical urban area.
Then, sensitivity tests will be run to examine the effects

of changed inputs.



56
CHAPTER 4

THE RESULTS AND SENSITIVITY TEST OF
THE MICROCOMPUTER VERSION

The software package described in the previous chapter
is used to study the model’s behavior in a hypothetical
city. A hypothetical city is chosen so that the effects of
changes in basic input data and model parameters can be
studied. In this way, the appropriateness of various model
assumptions can be evaluated.

Two forms of model verification have usually been
implemented.67 One is to fit the equations of the model to
various cross-sectional data sets. The other is to apply
sensitivity tests that examine the response of the model to
variations in input data. There is a problem with the
former method because of the limited empirical data used in
this study. Because of this, verification of the
microcomputer version developed for this study only employs
sensitivity tests.

First, hypothetical data sets are employed to examine

the results of the microcomputer version. Then, sensitivity

tests proceed in the following order: job generation,

®7putman, Inteqrated Urban Models, p.211.




attractiveness of zones, new roads and closure in the

network structure, capacity change, and travel time changes

in the transport cost function.

The following data sets are assumed exogenous to the
model: a transportation network, and employment within the
ten zones of the hypothetical urban area are depicted in

Figure 4.1.

a) enmployment in the zones
Table 4.1 shows the number of employees in ten zones.
There are 6,000 total employees. Zones 4 and 5 contain of

the most employe~s,and zone 10 the least.

b) travel length (cost or time) between nodes, link
capacity, and the shortest paths on the network
Table 4.2 shows travel costs or times and the capacity

of the link between two directly connected nodes. Flows are
allowed in both directions with the same travel length
incurred on the road in each direction. Intrazonal trips
within same zones are assumed to take ! unit of time and to
have 1000 design capacity of the link. Table 4.3 shows the

shortest paths found between nodes in terms of travel costs
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(740)

"......'.-..- .-." (60)

(200)

(400)

(800)

* Broken line is the boundary of each 2zone.
* The number in parenthesis is the number of
employees  in each zone.

Figure 4.1, Hypothetical Transportation Network in a Ten-
Node City and The Number of Employees in
Each Zone




Table 4.1

Employment in the Zones

zone enmployment _zone  employmept

1 740 6 100

2 500 7 600

3 400 8 800

4 1200 9 200

5 1400 10 60

Table 4.2
Trip Length and Capacity
2eas 4 2 2. 4 - [ 2 I [ 10

$ 1€1000) 1.7C100) 1.9(100) 1.2(60)
2 1.7€100) 1¢1000) 2.0(30) 2.3¢100)
3 1.9C(100) 1¢1000) 1.4¢70) 1.8C100)
4 1.2060) 2.0C¢30) 1.4¢70) 1(1000) 1.3¢(8%)
L] 1.3¢83) 1(1000) 2.1¢(38) 2.2(83) 2.4(8%)
[ 3 2.3(100) 2.1(3%) 1€1000) 2.6¢100)
7 1.8¢100) 2.2€8%) 1¢(1000) 2.0¢100)
8 2.4(8%) 2.0€¢100) 1C1000) 1.9¢100)
9 1.9C100) 1€1000) 2.7€100)
10 2.6¢100) 2.74100) 1€1000)

% The nuasbers within parenthesis are the asount of
capacity of the link by rov and culuan.
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Table 4.3

Ihe Shortest Paths

To ’ To
- Y. 1 2 3 4 [ [ 1 2 ] —l0
! o -2 €1-3 (1-40)  (1-4-8%)  (1-2-6) €1-3<7)  (1-4=5-8)(1-4-5-8-9) (1-2-6-10)
2 €2-1) @ €2-4-3) €(2-4)  (2-4-8) €2-6) (2-4-3-7) (2-4-5-8) (2-6-10-9) (2-6-10)
3 3-1) (3-4-2) T H (3-4)  (3-4-5) (3-4-5-6) (3-7) €3-7-8) (3-7-8-9)(3-4-5-6-10)
. -1 -2 -3 TH €4-%) €4-5-6) (4-3-7) (4-5-8) (4-5-8-9) (4-5-6-10)
s (5-4-1) (5-4-2) (3-4-3) (5-4) ) (5-6) 5-7) (5-8) ¢5-8-9)  (5-6-10)
3 6-2-1) €6-2) (£-5-4-3) 6-5-4) €6-5) 6> €6-5-7> 6-5-8)  (6-10-9) €6~10)
7 €7-3-1)  (7-3-4-2) ¢7-3) €7-3-4) ¢7-8) €7-5-6) o 7-8) €7-8-9) (7-8-9-10)
(] (8-8-4-1) (8-5-4-2) 8-7-3) (8-3-4) (8-5) (8-5-6) (8=7> [TH 3-9) (2-9-10)
9 (9°0-5-4-1) (9-10-6-2)  (9-8-7-3) (9-8-5-4) (9-8-5)  (9-10-6) (9-8-7) 3-8 (L 2 -1
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or times on the network.

c) attractiveness in the each zones
Table 4.4 shows three measures of attractiveness for
each zone, including vacant developable land in acres, the
proportion of buildable land already developed, and the

amount of residential land per 2zone.

d) parameters in trip function and attractiveness
The parameters used in the trip function and the
attractiveness of a residential location are derived from a

68 The reason that the

study of Colorado Springs, CO.
parameters derived from this city were selected(see Tables
3.1 and 3.2) is that the hypothetical city of this study was
assumed to be small or medium sized. Colorado Springs, CO,
is also that type of city, and three kinds of attractiveness
parameters, based on equation (2.35), have already been

determined. The values in trip function and attractiveness

are:

(1) «:1.95, g:-1.90(trip function)
(2) q:0.06, r: 1.57, s:0.68(vacant buildable, one plus

proportion of buildable, and residentjial land)

68Putman. integrated Urbap Models, p.223.




Three Measures of Attractiveness

Table 4.4

vacant buildable

zone |

BLDQ\]G\U-&WN

one plus proportion residential

) u (uni
35 1.75 20
40 1.65 30
40 1.8 15
20 1.9 5
15 1.85 10
55 1.5 40
50 1.45 40
60 1.4 35
80 1.3 25
90 1.3 20
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4.2. The Results of the Microcomputer Versjon

The microcomputer version of Putman’s integrated urban
mode]l uses the information of the Sbove data sets and
parameters. The process described in Chapter 3 is used to
forecast the residential location and trip distribution, and
to assign the trips. The results which are obtained through
three iterations of the model show: 1) the travel times or
costs in the network; 2) the simultaneous residential
location and trip distribution; and, 3) loaded volumes on

each link. These results are discussed below.

1) first it t
During the first iteration, the initial shortest paths
from zone to zone in the network were found in terms of
travel times or costs (see Tables 4.3 and 4.5). Along the
shortest paths found in Table 4.3, 40 percent of the
employees working in the respective employment locations are
allocated to the possible résidential locations (see Table
4.6 and Figure 4.2). The distribution to the possible
residential locations was determined by the attractiveness
and accessibility characteristics of the each residential
location (see table 4.7). For example, ninety people of the
total 296 employed at zone 1 were allocated to the same zone
1. “The ninety people represent thirty percent of the total

employees, which is the relative proportion of




Table 4.5

Travel Times or Costs in the Network

(first iteration)
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% Broken line is the boundary of each zone.

residents in each zone.

Figure 4.2, The Number of Residents in Each Zone and
Transportation Flow on Each Arc

|
\
%* The number in parenthesis is the number of
(First Iteration)



Table 4.7

Values of Attractiveness and Accessiblity
(first iteration)

] 2 3 4 ) £ 7 g 2 10 total
1 3.42 3.23 1.87 1.43 0.76 0.22 0.32 0.05 0.00 0.00 11.30
2 2.54 4.34 0.34 0.85 0.29 1.90 0.04 0.01 0.00 0.03 10.33
3 2.16 0.49 2.96 1.32 0.61 0.07 2.87 0.24 0.0f 0.00 10.73
4 3.34 2.51 2.67 1.47 2.09 0.50 0.62 0.28 0.01 0.01 13.47
5 1.18 0.56 0.81 1.38 2.21 2.32 1.98 1.40 0.08 0.04 11.98
6 0.17 1.86 0.05 0.16 1.16 4.41 0.14 0.09 1.92 0.70 8.77
7 0.26 0.04 2.04 0.22 1.05 0.14 4.16 2.10 0.15 0.00 10.17
8 0.05 0.02 0.20 0.11 0.85 0.11 2.41 3.64 1.66 0.04 9.08
9 0.00 0.00 0.01 0.0! 0.07 0.03 0.24 2.30 2.62 0.62 5.91

10 0.00 0.05 0.00 0,00 0,04 1.36 0,00 0,08 0,72 2.27 __4.94
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attractiveness and accessibility characteristics in
enployment zone 1. From Table 4.6, it can be seen that most
people working in each zone j resiQe in the same zone,
except for zone 4. Although zone 4 has high accessibility,
the attractiveness is relatively lower than the other 2zones
because of the limited amount of vacant and residentijal
land. After the simultaneous residential and trip
distribution, the loaded volumes on each link are shown in
Table 4.8 and Figure 4.2. All 40 links are used at this
time, but some links, especially those originating from

zones 4 and 5, experience a good deal of congestion.

Table 4.8

Loaded Volumes on Each Link(first iteration)

] 2 3 4 S5 6 7 8 9 10

90 90 57 59

1

2 50 84 29 43

3 38 44 43 77

4 176 124 162 52 140

5 191 103 137 93 81

6 10 8 20 6

7 67 28 98 57

8 41 95 128 68

9 36 35 11
10 8 4 12
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Ihe second iteratjon

At the second iteration, the travel times or costs were
updated based on the previous step. The results are shown
in Table 4.9. The travel times (o£ costs) from zones 4 and
5 to the other zones are longer (or more expensive) than
during the initial iteration because of congestion.
Therefore, the residential allocation from the employment
zones 4 and 5 mostly remained in these same zones. This
fact brought the rapid increase of the residence locations 4
and 5 (see Table 4.10 and Figure 4.3). At this stage in the
jterative modeling process, some links are unused because of
the high congestion. Five links in the first jteration,
(links 4-1, 4-2, 4-3, 5-4, and 5-6), are unused. Overall,
however, the links on the network are more congested (see

Table 4.11 and Figure 4.3).

Table 4.9

Travel Times or Costs in the Network
(Second iteration)

l 2 3 4 2 6 1 - - 10
1 1 1.7 1.9 1.2 3.9 4 3.7 5.7 7.6 6.6
2 1.7 1 3.6 2 4.4 2.3 5.4 6.8 7.6 4.9
3 1.9 3.6 1 1.4 4 5.9 1.8 3.8 5.7 8.4
4 9.1 10.8 7.2 1 2.7 12.3 5.4 5.1 7.0 9.7
5 6.4 8.1 4.5 5.9 1 9.6 2.7 2.4 4.3 7
6 4 2.3 5.9 4.3 2.1 1 4.8 4.5 5.3 2.6
7 3.7 5.4 1.8 3.2 2.2 7.7 1 2 3.9 6.6
8 5.7 7.4 3.8 5.2 2.4 7.2 2 1 1.9 4.6
9. 7.6 7.6 5.7 7.1 4.3 5.3 3.9 1.9 1 2.7




Table 4.10

Simultaneous Residential Location and Trip
Matrix from Origin to Destination
(Second jteration)

Destination
oriain 1 &3 435 e 7 8 2 10 _total

1 185 175 101 177 23 12 17 2 0 0 592

2 100 171 12 33 7 75 1 0 0 1 400

3 67 13 91 41 11 1 88 7 0 0 320

4 119 89 95 385 207 18 28 18 1 0 960

5 56 26 46 65 353 108 225 224 14 2 1120

6 1 17 0 1 11 41 1 1 0 6 80

7 12 2 97 10 50 4 198 100 7 0 480

8 2 1 14 4 61 4 172 260 118 3 640

9 ©o 0 0 0 2 1 6 62 71 17 160
10 O 1 0 O O 14 O 1 8 24 48
total 542 494 457 618 725 278 737 675 219 54 4800
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198
L]
°

* Broken line is fhe boundary of each zone.

* The number in parenthesis is the number of
residents in each zone.

Figure 4.3, The Number of Residents in Each Zone and
Transportation Flow on Each Arc

(Second Iteration)
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Table 4.11

Loaded Volumes on Each Link(second iteration)

] 2 3 4 3 © 1 g 9 10

1 185 322 133 100

2 115 171 34 100

3 391 91 121 127

4 0 o 0 385 598

5 0 353 0 751 386

6 21 20 41 8
7 643 61 198 117

8 63 200 260 276

9 72 71 154
10 147 9 24

* The zero value is different from the blank column
by row here. It means that the links were previously used,
but are unused at this time.



72
Ibe third jteration

The new travel times or costs are much longer or more
expensive than during the previous iteration, because the
links are getting congested as more employment is loaded on
the network (see Table 4.12). The final total accumulated
residential locations show that the number of people
residing in each residential location is more dispersed than
those working in each employment location (see Table 4.13
and Figure 4.4). Meanwhile, thirty four links were reused
during this third and final iteration (see Table 4.14 and
Figure 4.4). Although the unused links during the previous
iteration are used at this time again, another six used
links during second iteration were unused. Those six links

are links 1-3, 3-1, 4-5, 5~-1, 5-7,and 6-3.

Table 4.12

Travel Times or Costs in the Network
(third 1teration)

1 2 3 4 e e 7 8 ) 10
1 1 16.1 2.8 2.6 7.5 18.4 5.3 7.9 23.7 21.0
2 2.1 1 4.9 2 4.4 2.3 7.4 9.5 7.6 4.9
3 17.7 16.8 1 3.2 4.7 18.8 2.5 5.1 23.6 21.4
4 14.4 13.5 7.5 1 12.2 15.8 10.0 12.5 21.1 18.4
5 18.6 16.4 13.8 6.3 1 14.1 16.3 18.8 19.4 16.7
6 4.4 2.3 7.2 4.3 2.1 1 9.7 7.2 5.3 2.6
7 20.8 18.6 16.0 8.5 2.2 16.3 1 2.6 21.1 18.9
8 21.0 18.8 16.2 8.7 2.4 16.5 6.8 1 18.5 19.1
9 13.8 11.7 16.6 10.6 4.3 9.4 8.7 1.9 1 5.0
10 8,8 6.7 11.6 8,7 6.5 4.4 11.4 4.6 2.7 1
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Table 4.13

Simultaneous Residential Location and Trip
Matrix from Origin to Destination

(third iteration)

Destination
erigin I 2 4 3 s 1 g 2 10
1 295 174 124 91 23 12 18 2 0 0 740
2 119 220 12 43 8 96 1 0 0 1 500
3 67 13 142 44 12 1 113 8 0 0 400
4 119 89 95 625 207 18 28 18 1 0 1200
5 56 26 47 65 633 109 225 224 14 2 1400
6 1 21 0 1 14 52 1| 1 0 8 100
7 12 2 97 10 70 3 276 122 7 0 600
8 2 1 14 5 91 4 172 390 119 3 800
9 o o o0 o 3 1 6 80 92 16 200
10 o Tt 0 O 0 14 O 1 10 33 60

~total ©7] 547
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* Broken line is the boundary of each zone.

* The number in parenthesis is the number of
residents in each zone.

Figure 4.4, The Number of Residents in Each Zone and
Transportation Flow on Each Arc
(Third Iteration)




Table 4.14

Loaded Volumes on Each Link
(third iteration)

l 7 A S 6 1 g 2 10

1 295 O 182 278

2 205 220 43 136

3 o 142 124 882

4 185 308 954 625 O

5 686 633 235 O 0

6 125 22 52 31

7 0 438 276 381

8 122 179 390 126

9 92 92 18

10 17 2l 33
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4.3. Sensitivity Tests of the Microcomputer Version

The following sensitivity tesps were conducted to
examine how the version of the Putman’s integrated urban
model responds to changes in input data. The results of the
version upon which the data sets used in the hypothetical
urban area were based are compared against the results of
the data sets which used different inputs. The number of
residents in each zone and the loaded volume on each link
after third iteration are depicted at each discussion
below(from Figure 4.5 to Figure 4.13), and all the results

by the changed inputs are shown in the tables of Appendix B.

Job Geperatijon

In exanining the effects of job generation and closure,
it was assumed that a new factory in zone 7 employs 200
people. The results of test run show that zone 7 and the
adjacent zones 3, 5, and 8 contain most of the 200 new
employees (see Appendix B.1.3.2). The new workers in zone 7
were allocated to each residential location, depending on
the percentage of the relative attractiveness and
accessibiiity characteristics in each residential location.

Meanvhile, congestion effects on some links causes
travel times or costs to increase. Congestion was present
in the case of an increase in zone 7. The link 2-6 was

overloaded during the second 40 percent loading of



% Broken line is the boundary of each zone.

| %* The number in parenthesis is the number of
| residents in each zone.

Figure 4.5, The Number of Residents in %ach Zone and
Transportation Flow on Each Arc
(The Case of Job Generation)
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enmployment (see Appendix B.1.2.3). The time or cost from
zone 2 to 6 was, therefore, changed from 2.3 to 2.7 time (or
cost) units (see Appendix B.1.3.1). Thus, the trip
distribution from zone 2 to zone 6 was affected by the
relatively lower accessibility of zone 2 (see Appendix
B.1.3.2). This relatively lower accessibility from zones 2
to 6 was directly reflected in the number of people residing
in zone 6.

As another case, it is supposed that an existing
factory that employed 300 people in zone | closed. This
situation iIs noted because, in general, urban models are

69 The effects

just designed to operate in terms of growth.
of the closure in the microcomputer version are decreases of
142 residents in zone 1, 73 in zone 4, 72 In zone 2, 43 |in
zone 3, 6 in zone 6, and small decrease in zones 7 and 8
(see Appendlx B.2.3.2). Those changes are attributed to the
change of the trip distribution from employment zones 2, 3,
and 4 to the other zones, as well as the reduction of 300
workers from zone 1.

The changes of trip distribution from employment zones 2,
3, and 4 also resulted from the reduction of the amount of
travel on some links which caused the change of travel times

(or costs) in the third iteration (see Appendix B.2.2.3 and

2.3.1)‘

nghakee, op.cit., pp.61-62.
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* Broken line is the boundary of each zone.
* The number in parenthesis is the nuaber of
residents in each zone.

Figure 4.6, The Number of Residents in Each Zone and
Transportation Flow on Each Arc
(The Case of Job Closure)
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A change of job is likely to affect change in
residential location, according to the relative percentage
of attractiveness and accessiblligy characteristics.
However, the effects of job changes were not just limited to
the residential allocation of the people working in the
changed employment zone. Job changes also affected the
residential allocation and trip distribution in the other
employment zones because of the effects of congestion on
some links not directly connected with the changed

enployment zone.

Attractiveness of Zopnes

Three types of attractiveness in each zone were used in
the microcomputer version of the Putman’s model: the vacant
buildable land, one plus the proportion of buildable land
which has already been built upon, and the residential land.
The second attractiveness measure was associated with the

availability of infrastructure.’

0 This means that the higher
level of infrastructure prepared, the more development can |
be induced.

The following two cases on attractiveness were tested.
First, the buildable land was improved from 30 to 70
percent of the total vacant buildable land in zone 9. The

change represents the change of Wi, specifically x"i from

7Oputman, Integrated Urban Models, p.179.
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* Broken line is the boundary of each zone.
* The number in parenthesis is the number of
residents in each zone.

Figure 4.7, The Number of Residents in Each Zone and
Transportation Flow on Each Arc

(The Case of Improvement of Vacant Buildable
Land)
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(Liv)q(x“l)r(Llr)s in equation (2.35). The results show that
the improvement increased the total number of residents from
243 to 325 In residential zone 9, while residents decreased
to 803, 823, 1050, and 59 in the respective residential
zones 8, 7, 5, and 10(see Appendix B.3.3.2). On the other
hand, the loaded volume on each link show that the most used
link to reach the residential zone 9 was link 8-9 at the
second 40 percent loading, but the link was unused due to
severe congestion during the last 20 percent loading.
Instead, link 10-9 is highly used (see Appendix B.3.2.3 and
3.3.3).

Second, it is supposed that a developer attempts to
extend residential land of zone 8 from 35 units to 50 units,
utilizing just the existing land zoned for residential
purposes. The results show that the largest increases in
residents were generated for zones 4 and 8, while the most
decreases took place in residential zones 9, 3, and 6 (see
Appendix B.4.3.2). The degree of increase in zone 8 is not
great, however, despite the\fact that the increase in
attractiveness was directly apportioned to zone 8. The
reason for the modest change in zone 8 is that the values of
attractiveness and accessibility in each employment zone
toward zone 8 were not greatly changed because of the high
cost of travel to that zone. The increase in residential

zoné 4 mainly resulted from the increase of the residential

location and trip distribution from employment zone 4 to the
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% Broken line is the boundary of each zone.
* The number in parenthesis is the number of
residents in each zone.

Figure 4.8, The Number of Residents in Each Zone and
Transportation Flow on Bach Arc
(The Case of Extension of Residential Land)
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same zone, and from 2zone 3 to zone 4. The increase in zone
4 is attributed to accessibility. That is, the links
connected with zone 4 were already congested at the first 40
percent loading (see Appendix B.4.1.3). Since link capacity
in intrazonal travel was assumed to be 1000 of the link, the
relative accessibility became higher than the initial one
when links connecting other zones are congested (see
Appendix B.4.1.4). This explains the increased number of
people in residence zone 4. The increase from employment
zone 3 to residence zone 4 also occurs for the same reason
(see Appendix B.4.2.3).

When a factor of attractiveness is added to a
residential location, more workers are supposed to choose
that zone. In addition, the effects of congestion on links
effect considerably the change of residential location and

trip distribution.

Network Structure

It is hypothesized thét the network would be better
improved if a new road is constructed directly between node
5 and node 10. New link 5-10 and 10-5 would have a unit of
2.3 travel time length and 60 units of volume capacity. As
expected, the test run shows that the new flow takes place
mainly between zone 5 and 10. Therefore, the number of
residents is reduced in all the other zones (see Appendix

8'5.3‘2).
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The results from the construction of new links were
compared with the previous results in terms of the total
times (or costs) in the network. The total times or costs
due to new links are 904.01 units of travel length, while
the previous results show 1051.9 units of travel length.
Those values were calculated from the matrix of travel times
(or costs) in the last shortest paths. If one unit of
travel length is equivalent to 5 minutes, a total of 12
hours and 32 minutes can be saved as the result of the new
links in the network. Meanwhile, comparison of the last
loaded volume on each link with the results in the
hypothetical urban area reveals that the changes tend to be
concentrated in the near links of the new links (see
Appendix B.5.3.3).

Suppose, now, that link 1-2 is closed. The results show
that the total residents in zone 2 decreases to 384 froa
547, and from 846 to 827 in zone 8. In zones 1, 3, and 4,
on the other hand, populatioq increases (see Appendix
B.6.3.2). The change is largely due to the lowered
accessibility to residential zone 2. Congestion effects
also affect the trip distribution and residential location.
Particularly, the links originating from employment zone 4
vere congested early in the i{terative procedure. Thus, the
relative accessibility became higher in the same zone.

Then, during the second 40 percent loading, the congestion

effects changed the accessibility from the employment zones
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% Broken line is the boundary of each Zzone.
* The number in parenthesis is the number of

residents in each zone.

Figure 4.9, The Number of Residents in Each Zone and
Transportation Flow on Each Arc
(The Case of a New Road Construction)
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Figure 4.10, The Number of Residents in Each Zone and
Transportation Flow on Each Arc
(The Case of Road Closure)
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3 and 7 to the other zones.
Change in Transportation Functjion

1) Capacity on Links

According to Table 4.14, there was no volume loaded on
link 3-1. The link was not used because the capacity of the
link was not enough to allow the flows. Thus, its capacity
is increased from 100 to 250 per unit of time to test the
capacity change of the link. The results of the capacity
change show that only 5 people were added in residential
zone 1, while 3 and 2 people moved from residential zones 3
and 7, respectively (see Appendix B.7.3.2). The slight
changes are attributed to congestion effects after the
second 40 percent loading. That is, the loaded volume on
l1ink 3-1 are the same as the previous results until the
second 40 percent loading, because the link was not
congested. However, after the second 40 percent loading,
link 3-1 was still used even though the loaded volume had
begun to exceed the capacity of the link. Since the link in
the hypothetical urban area was too overloaded, the link was
unused (see Table 4.14). Therefore, the difference of
accessibility from employment zone 3 to the other zones
resulted in the above slight change of the residential

locations.
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216 .
L

* Broken line is the boundary of each zone.
* The number in parenthesis is the number of

residents in each zone.

Transportation Flow on Each Arc

Figure 4.11, The Number of Residents in Each Zone and
(The Case of Capacity Extension on the Link)




2) accessibility on links

Two types of change in accessibility were tested in the
integrated urban model. Those were regionwide change and
zone-specific change in accessibility. Regionwide decreases
and increases in transportation costs might affect regional
growth and decllne.71

Regionwide decreases in travel times or costs were
assumed in the microcomputer version. By multiplying the
zone-to-zone travel cost matrix based on the shortest paths
by 0.9, a scenerio of a 10 percent across-the-board increase
of regionwide accessibility was tested. The results show
that the residential zones experiencing the greatest
incrgases were the zones 4, 6 and 7, and the most decreased
zones were zones 8 and 5 (see Appendix B.8.3.2). However,
the dispersal of development was not identified, because the
zones in the hypothetical urban area are small in number.

When the regionwide accessibility was increased, the
changes of the trip distribution and residential location
were not consistent, because the decrease of Cji does not
correspond to the decrease at F(Cji) of the two parameter
trip function. The final loaded volume on each link was
quite different from the previous results (see Appendix
B.8.3.3). This means that regionwide changes of

accessibility cause a considerable change on every link.

"1bid., pp.234-237.
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* Broken line is the boundary of each zone.
* The number in parenthesis is the number of
residents in each zone.

Figure 4.12, The Number of Residents in Each Zone and
Transportation Flow on Each Arc
(The Case of Regionwide Change in
Accessibility)
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The effects of zone-specific change were tested on link 5-
8 and 8-5. The accessibility has been changed from 2.4
units of time (or cost) to 1.4 units. The effects are

} decreases in the population in residential zones 8, 5, 6, 3,

and 9, while the other zones (7, 4,and 2) increased. This
phenomenon is explained by the fact that as soon as the
accessibility was higher between zones 5 and 8, the links
were heavily used from the first 40 percent loading (see
Appendix B.9.1.3). Therefore, the accessibility was lower

between two zones.

4.4. Summary

This chapter illustrated the results of the microcomputer
version of the Putman’s integrated urban model applied to a
hypothetical 10 node city and the response of changed inputs
in that hypothetical city. The results were obtained
through three iterations of the version. Each iteration
revealed travel costs or times in the network, the
simultaneous residential location and trip distribution, and
loaded volumes on each link. At each iteration, the
simultaneous residential location and trip distribution from
each zone was determined by the relative proportion of
attractiveness and accessibility characteristics. In
addition, it was found that the residential allocation from

eaployment was quite affected by the congestion effects
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* Broken line is the boundary of each zone.
* The number in parenthesis is the number of
residents in each zone.

Figure 4.13, The Number of Residents in Each Zone and
Transportation Flow on Each Arc

The Case of Zone-Specific Ch i
Accessibility) P ange In
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which alter travel times or costs.

Based on the results of the version, sensitivity tests
were calculated to examine the effects of changed inputs.
Sensitivity tests were used to simulate the effects of
changes in job generation, attractiveness of land use,
network structure, and change in transportation function.
From the sensitivity tests, the change of job generation and
attractiveness of land use in a specific zone was not just
limited to a change of residential location in that zone,
but also brought change in the number of residence in other
zones as well. During this process, the congestion effects
considerably affected such a change of residence. Change of
transportation, as measured by both network structure and
transportation function, showed rather complex impact on
residential locations and loaded volumes on links. The
reason was generally found in the direct and indirect

effects of transportation to location and land use.



CHAPTER 5

SUMMARY AND CONCLUSIONS

The purpose of this study was to develop a
microcomputer version of the integrated location and
transportation models developed by S.H. Putman and to study
the behavior of that model. The microcomputer version
developed examined the interrelationship between land use
and transportation in a hypothetical urban area.

The procedure of the microcomputer version begiﬁs by
determining the shortest path in terms of travel costs or
times in the network. Employment(only work-to-home trips
vere assumed) was exogenously forecast. The zone-to-zone
travel characteristics of the network and the employment in
each zone were then used as inputs to simultaneously
forecast trip distribution and residential location. A
congestion function was applied to the loaded volumes on
each link used during the trip distribution and residential
location phase of the model sequence. Congestion effects
created new travel times or costs in the network. This
process was [terated three times, according to the method of
incremental full network reloading described in Chapter 2.

Activity location, land use, and transportation were
first forecast in a hypothetical urban area. The results of

the forecast suggests that "(a) transportation changes can
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affect activity location and land use; (b) activity location

and land use can affect transportation; (c) activity
location and land use can affect activity location and land

72 Therefore, the effects of activity location, land

use.”
use, and transportation on each other were examined, and can

summarized as follows.

Change of Activity
The probability of residential change in the location

of job growth or decline is directly proportional to a
measure of the attractiveness and the accessibility of the
possible residential locations from the employment zone.
The response not directly attributable to change in the
measure of attractiveness and accessibility was caused by
the effects of congestion on some links. As some links
become congested at some places and not at others, the

growth or the decline of residence was a concoaitant.

Change of [Land Use

The change of land use was represented as the change of
attractiveness in the microcomputer version of the Putman’s
model. The land uses measured as attractiveness indices
were vacant buildable land, buildable land already

constructed, and residential land. Since the allocation of

721pbia., p.313.
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residence is directly proportional to attractiveness,

residential change was quite affected by the change of land
use in particular area. Also, congestion effects were
present when a change of land use .occurred in the

microcomputer version.

Change of Transportation

The effects of transportation on location and land use
were examined by the change of network structure and

transportation function ( {.e. capacity and accessibility).

First, a road construction or closure brought about a
considerable change to the volume loaded onto each link,
and then caused a change in the allocation of residence.
Although the results of this study do not distinctively
confirm the range of influence from the changed network,
residential changes were particularly noted in areas near
the network change.

Secondly, the expansion of capacity on some 1inks
allowed more transportation flows. It also brought about a
change of volume loaded onto the adjacent links. However,
the allocation of residence was not greatly affected by the
expansion of capacity on a specific 1ink, because some
links onto which too much volume exceeding capacity had
been loaded were unused by the complete conversion of
volume loaded to the near links expanded. Of course, those

results might not reflect a general effects of the
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expansion of capacity on a link. The big difference of

volume loaded between links by the capacity change is due
to the method of incremental full network reloading.

Thirdly, regionwide change(of specific change) of
accessibility brought a considerable change of the volume
loaded at most links. Meanwhile, an identifiable and
consistent spatial pattern such as concentration or
dispersion was not distinctively revealed in this study
because of the small number of zones utilized in the
hypothetical city.

The effects of transportation on location and land use
were rather complex, because the effects involved direct
and indirect effects, and feedbacks through a complex
process.

There are two major advantages of this microcomputer
version of the Putman’s model. One is to allow the
examnination of the interrelationship between location, land
use, and transportation. Putman’s operational urban models
easily allow one to study these interrelationships. The
other is related to policy simulations. Policy
simulations may be needed to evaluate the impacts of future
transportation on location and land use, or vice versa.

The process would be similar to the sensitivity tests
developed within the scope of this study. The evaluation
of alternative scenario can proceed quickly, using the

microcomputer version developed here.
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Putman’s work has been criticized for its lack of

requilibrium and non-unique solutions.73

This implementation
of Putman’s work is subject to the same criticism.
Nonetheless, the program allows for the study of the non-
linear relationship between location and transportation.
Further, Putman’s model has been applied in a number of
planning contexts. This indicates that computational
feasibility is often preferred to more theoretically
advanced approaches. In this context, this thesis can be
considered a first step in the development and application
of urban models on microcomputers.

In fact, there are some restrictions in using the
microcomputer version as detailed in Chapter 3. Those
problems include the exogenous determination of employment
locations, only work-to-home trips, the lack of detailed
transportation planning delimiting an appropriate surrogate
of attractiveness, and the limitations on the capacity of
computer storage. Overall, the lack of empirical trip data
to be used in the model is the greatest barrier to a
realistic forecast of location, land use, and
transportation.

Future research should focus on the use of EMPAL in

73Alex Anas, "Book Reviews", Apnals of the Association

of American Geographers, 1985, Vol.75, pp. 617-619.
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such a modeling effort. The EMPAL model as a base for a

mnicrocomputer model would allow for better integration of
location and transportation elements. Related to EMPAL, the
following two directions can be suggested. First, begin the
EMPAL procedure with the input of population at time t-1, or
at time t. Then, load 40 percent of employment onto the
network to forecast population at time t and determine trip
distribution. Then, iterate the probess until the 40
percent of employment and the residence in each zone reach
equilibrium. After this process, another 40 percent and the
rest 20 percent of employment are iterated until the percent
of employment reaches its respective equilibrium. In
addition, another direction for further research is to
separate the calculation of non-basic and basic employment
location. From the separate procedures described in Chapter
2, the results of the separate employment locations can be

used in DRAM.
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APPENDIX A: THE PROGRAM FOR THE INTEGRATED LOCATION
AND TRANSPORTATION MODELS IN BASIC
PROGRAMMING LANGUAGE
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10 REM Micro-Computer Program for Integrated Urban Model
20 REN
30 REM
40 REM
S0 REM
60 REM
70 REM
80 REM

90

100
110
120
130
140
150
160
170
180
190
200
210
220

230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
3%0
400
410
420
440

RENM
REM
RENM
REM
REM
REM
DIM
DIM
DINM
DINM
REM

by Sang Yool Lee

ACJ)- Attractiveness of Destination J
F(I,J)- Function of Distance from I to J
R¢I)- Origins at I

XCI,J)= Sum of J of a(y) «f£(1,3)

2(¢1,J)- Distance froa I to J

A2(k)-Teaporal variable to store the number of volume
B2(k)-Tenporal variable to store j to ji

DCi,3)=travel length on 1links

P1¢1,35)-The variables for predecessors between | and §
ViCi,§)=-The number of volume on link |-}

Q¢i,3)-The column and row of the sum over trip matrix
U(j)-employnent data In zone

U1¢(j)-.2 or .4% eaployment data

V(i)>-The variable for vacant data flle

B- Punction Parameter

Wi-The variable for the 1+proportion of buildable land file
W2=-The variable for the residential land file

Di¢i,$)-The variable for travel length in congestion function
D2¢i,j)-The variable for capacity in congestion function

GCi,3),HCH) KCI),MC(5),LCI)>, NCI, )-The variables in the no constrained

nodel

P(i,3)=The sum over § of Vid)xF(i{,J) in demand-constrained model
WC(i)-The Attractiveness in Supply and Demand Constrained Model
c1,c2,.. choice variable

Ni- Number of Origins

N2-Number of Destinations

TC¢i{,J)- trip matrixz from origin to destination
AC21),DC21,21),PC21,21),RC21), X(21,21),P1(21,21),Vi(21,21),A2(21)
2¢21,21), TC(21,21),QC21,21),W(21),LC28),B2¢21),D1(21,21),D2(21,21)
G(21,21),HC(21),XC21),MC€21),V(21),P(21,21),0(21>,01(21),N(21,21)
Wic21),Ww2¢21),F1(21,21)

F specifies number of fields in table segaents

F=S

Distance Data Input and Qutput

PRINT .
PRINT “Gravity Model®

DISTANCE INPUT

GOSUB 610
GOTO 390
PRINT

options for general forams of gravity model
NO CONSTAINTS GRAVITY MODEL



450
460
470
480
490
500
510
520
530
535
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850

GOSUB 1400
GOTO 430

REM SUPPLY CONSTRAINTS GRAVITY MODEL

GOSUB 1750

GOTO 430

REM DEMAND CONSTRAINTS GRAVITY MODEL

GOSUB 2000

GOSUB 6000

GOSUB 680

GOTO 510

REM SUPPLY AND DEMAND CONSTRAINTS MODEL

GOSUB 3360

GOTO 430

PRINT

PRINT

PRINT

REM INITIAL DISTANCE INPUT ROUTINE Je e % sk sk 3k K 3k vk 3k 3k T K ok 3 Kk 3 ook ok o ok ok ok ok
PRINT

PRINT "NUMBER OF ORIGINS (MAXIMUM 20)°;

INPUT NI

PRINT °NUMBER OF DESTINATIONS (MAXIMUM 20)°;
INPUT N2

PRINT

§2=0

GOSUB 5000

IF S1>=2 THEN 920

PRINT ° OPTIONS FOR GENERAL FORMS OF GRAVITY MODEL®
PRINT TAB(S5); "1- NO CONSTRAINTS"

PRINT TAB(5); °2- SUPPLY CONTSRAINTS®

PRINT TAB(5); °3- DEMAND CONSTRAINTS"

PRINT TAB(5); °4- SUPPLY AND DEMAND CONSTRAINTS®
PRINT TAB(5); °S-stop”

PRINT N
PRINT "CHOICE OF OPTION";
INPUT Ci

IF C1 ¢ >1 THEN 820

GOSUB 920

GOTO 450

IF C1 ¢ >2 THEN 850

GOSUB 920

GOTO 480

IF C1 < >3 THEN 880
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860
870
880
890
900
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280

GOSUB 920
GOTO 510

IF C1 ¢ >4 THEN 910

GOSUB 920
GOTO 550

REM OPTIONS FOR DISTANCE FUNCTION SUBROUTINE axskxxkkkkx
IF S1>=2 THEN 1280

PRINT

PRINT “OPTIONS FOR DISTANCE FUNCTION: "
PRINT TAB(5); °1-INVERSE POWER FUNCTION:*
PRINT TAB(5); °"2- NEGATIVE EXPONENTIAL FUNCTION®
PRINT TAB(5); *3-Gamma Function®
PRINT

PRINT °CHOICE OP OPTION®;

INPUT C2

IF C2=3 THEN 1280

PRINT

PRINT °DISTANCE FUNCTION PARAMETER"
PRINT “(POSITIVE NUMBER)";

INPUT B

PRINT

REM calculate inverse power or negative exponential function
IF Ci=3 THEN 1190

FOR I=1 TO NI

FOR J=1 TO N2

IP C2 ¢ >1 THEN 1150

F(1,J)=1/2¢1,J)~B

GOTO 1160

FC(I,J)=EXP(~Bx2(I,J))

NEXT J

NEXT 1

GOTO 1380

POR J=1 TO N2

FOR I=1 TO NI

IF C2¢ >1 THEN 1240

F(J,1)=1/2Z¢1,J3)*B

GOTO 1250

F(J,I)=EXP(-Bx2(1,J))

NEXT I

NEXT J

GOTO 1380

IF S1>=2 THEN 1330
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1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750

PRINT 8PC(5); °“WHAT IS ALPHA PERIMETER";

INPUT B2

PRINT SPC(5); °WHAT IS BETHA PERIMETER";

INPUT B3
FOR J=1 TO N2
FOR I=1 TO NI

F(J,1)=2¢J,1)*B2xEXP(B3%x2(J,1))

NEXT I
NEXT J
RETURN
PRINT

REM xxno constraints gravity model xxxxx
PRINT SPC(5);°What is the origin data file®;

INPUT Es
OPEN E$ FOR INPUT AS #1
FOR I=1 TO NI
INPUT #1, RCD)
NEXT 1I
CLOSE #1
H(1)=0
L=1
FOR J=1 TO N2
G(J,1)=0
FOR I=1 TO NI
G(J,1)=G(J, 1)+ Lx RCIIXFCI,I)
NEXT I
PRINT
HC1)=HC1) +6¢J, 1)
NEXT J
PRINT
K(1)=0
FOR I=] TO NI
KC1)aKC1) +RCD)
NEXT I
L=KC1) /HCD)
MC1)=0
POR I=1 TO NI
NCI,1)=0
FOR J=1 TO N2
NCI,1)sNCI,1) +LxRCII%FCI,J)
NEXT J
PRINT
MC1)=MC1) + NCI,1)
NEXT I
GOSUB 3910
RETURN

REM =xxSUPPLY CONSTRAINTS GRAVITY MODEL AXXAAXKARAXKXAXKK
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1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200

PRINT SPC(5);°what is the origin data file®;

INPUT P$

OPEN Ps FOR INPUT AS #1
FOR I=1 TO NI

INPUT #1, RCI)

NEXT I

CLOSE #1

PRINT SPC(5);"What is the attractiveness data file";

INPUT Gs
OPEN Gs FOR INPUT AS #2
FOR J=1 TO N2
INPUT #2, ACJ)
NEXT J
CLOSE #2
REM CALCULATE SUM OVER J OF A(J) x F(I,J)
FOR I=1 TO NI
X(1,1)=0
FOR J=1 TO N2
XC(I,1)=XCI, 1) +ACIIxFCI, I
NEXT J
NEXT 1
PRINT
GOSUB 3910
RETURN
REM DEMAND CONSTRAINTS GRAVITY MODEL
IF S1>=2 THEN 2040

PRINT SPC(5);°What is the employment data file“®;

INPUT H$
OPEN Hs FOR INPUT AS #1
IF S1>=2 THEN 2080

PRINT SPC(5);°What is the data file of vacant buildable land”;

INPUT I8

OPEN Is FOR INPUT AS #2
FOR J=1 TO N2
INPUT #1,U(J)

IP S1=3 THEN 2140
U1(J)=.4xU(CJ)
GOTO 2150
U1¢JI)=,.2xU(I
NEXT J

CLOSE #1

FOR I=1 TO NI
INPUT #2,V(DD
NEXT 1

CLOSE #2
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2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2481
2490
2495
2497
2498
2500
2501
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600

IF S1>=2 THEN 2240

PRINT SPC(5); °what is the file of one plhs proportion of buildable land*;

INPUT Js

OPEN Js FOR INPUT AS #}

POR I=1 TO NI

INPUT #1,WicCI)

NEXT I

CLOSE #1

IP S1>=2 THEN 2320

PRINT SPC(5); “what is the file of residential land";
INPUT Ls

OPEN Ls FOR INPUT AS #1}

FOR I=] TO NI

INPUT #t!, wW2(I)

NEXT 1

CLOSE #1!

IF S1>s2 THEN 2440

PRINT SPC(5);"wvhat is the q parameter(vacant developable)*;
INPUT BS

PRINT SPC(5);"vhat is the r parameter(proportion developable)*;
INPUT B6

PRINT SPC(5);"what is the s parameter(residential)";
INPUT B?7

REM CALCULATE SUM OVER J OF v(I)xF((I,J)

POR J=1 TO N2

P(J,1)=0

FOR I=1 TO NI

P(J,1)=P(J,1)+V(I)*BSxW1(I)~B6xW2(I)~B7xF(J,I)
F1(J,I)=VC(I)*BSxWICI)*B6xW2CI)~B7xF(J,I)
NEXT 1

PRINT

PRINT

PRINT

NEXT J

PRINT

PRINT

REM compute predicted trips

IF S1>=2 THEN 2600 .
FOR J=1 TO N2+!

TC(J,N1+1)=0

NEXT J

FOR I=1 TO N1+l

T(N2+1,1>=0

NEXT 1

FOR J=1 TO N2




2610
2620
2621
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2940
2950
2960
2970
2980
2990
3000
3010
3040
3050
3080
3090
3100
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FOR I=1 TO NI
Tl-Ul(J)*V(I)‘Bstﬂl(l)‘BstQZ(I)‘B7*F(J,I)/P(J,1)

IF S1<¢3 THEN 2640

TI1=INT(Ti+ .5)

IF S1>=2 THEN 2670

T(J,I)=T1
GOTO 2680

T, D)=TI+T¢(J, 1)

T(I,N1+1)=T(J,N1+1)4T1

T(N2+1,1)=T(N2+1,1)+T}

T(N2+1,N1+1)=T(N2+1,N1+1)+T}
NEXT 1
NEXT J
CcLS
PRINT °“TRIP MATRIX FROM ORIGIN TO DESTINATION; Tji(Demand-constrained)"
PRINT °Simultaneous Residential Location and Trip Matrix from Origin to"
PRINT "Destination:(by the demand-constrained gravity model)"
IF Ni1=5 THEN 2850

IF Ni=10 THEN 2850

IF N1=15 THEN 2850

IF N1=20 THEN 2850
F1=INT(NI1/F+ .99)

IF Ft ¢ >1 THEN 28%0
GOTO 2860
P1=INT(N1/F)+1

PRINT

PRINT

FOR F2=1 TO FI

PRINT

PRINT

PRINY ®origin®
F3=(F2-1)xF +1

F4=F3 +P-|

IF F4<=N1+1 THEN 2980
F4=N1+1

PS5=11

FOR I=F3 TO P4

IF I=N1+1 THEN 3050
PRINT TAB(F3); °*dest®;I;
GOTO 3080

PRINT TAB(F5); °“total”;
F5=P5 +14

NEXT 1

PRINT



3110
3120
3130
3140
3150
3180

3190
3220
3230
|
|

3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
34590
3460
3470
3480
3490
3500
3510
3520
| 3530
| 3540

PRINT

POR J=1 TO N2+l

FS=11

IF J=N2+1 THEN 3190

PRINT J;

GOTO 3220

PRINT “total”;

POR I=F3 TO P4

PRINT TAB(P5); T(J,1);

F5=F5 +14

NEXT I

PRINT

PRINT

NEXT J

GOSUB 4560

NEXT F2

PRINT

PRINT

RETURN

REM DEMAND AND SUPPLY CONSTRAINTS GRAVITY MODEL
PRINT

PRINT SPC(5);"What is the origin data fjle“;
INPUT Js

OPEN J$ FOR INPUT AS #!

PRINT SPC(5);"What i{s the destination data file";
INPUT Ks

OPEN K$ FOR INPUT AS #2

Q(N1 +1,N2 +1)=0

FOR I=1 TO NI

INPUT #1,QCI,N2+1)
Q(N1+1,N2+1)=QCN1+1,N2+1) +Q(I,N2+1)
NEXT 1

CLOSE #1

PRINT

Ti1s0

FOR J=i TO N2

INPUT #2,Q(N1+t,J)

Ti=T1+Q(N1+1,J)
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3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
.3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030

NEXT J
CLOSE #2

PRINT

REM °Balancing factors® KRR KK kK KK
PRINT *This Ray take a while®
EP=.001

Q(N1+1,N2+1)=0

FOR I=] TO NI

W)=}
Q(Nl+l,N2+l)cn(Nl+l,N2+1) +QCI, N2+1)
NEXT 1

REM determine k and 1} factors
El=0

REM complete 1 from k

PFOR J=! TO N2

Li=0

FOR I=1 TO NI

Li=L1+W(]) *QCI,N2+1)xF(1,J)
NEXT I

Li=1/L1

IF (L(J)=L1)CEP THEN 3770
El=}

LW =L}

NEXT J

REM compute k from )

FOR I=! TO NI

Ki=0

FOR J=1 TO N2
Kl-Xl+L(J)*Q(N1+!,J)*F(I,J)
NEXT J

Ki=1/X1

IF (W(I)-X1) CEP THEN 3880
El=}

WI)=K1

NEXT I

1F El=1 THEN 3670

REM compute predicted trips
FOR I=1 TO Ni+1 ’
T(I,N2+1)=0

NEXT 1

FOR J=1 TO N2+1

T(N1+1,7)=0

NEXT J

FOR I=1 TO Ni

FOR J=1 TO N2

IF C1 < >1 THEN 4030
Ti=LaRCII 2P (1.J)

GOTO 4070

IF C1 < >2 THEN 4060

114



4040
4050
4060

T1=R(I)2A(JII2P(1,J)/X(1,1)
GOTO 4070

Ti= WCIXxLCJIIXQCI N2+41)xQ(N1+1,J)%F(1,J)
Ti=INTC(T! +.%5)

T(1,3)=T1
TCI,N2+1)=T(I,N2+1)+T1
T(N1+1,J)=T(N1+1,J)+T}
T(N1+1,N2+1)=T(N1+1,N2+1)+T1
NEXT J

NEXT I

CLs

PRINT “Predicted Trips from Origins to Destinations"®
IF N2=5 THEN 4230

IF N2=10 THEN 4230

IF N2=15 THEN 4230

IF N2=20 THEN 4230
Fi1sINT(N2/P+ .99

IF P1 ¢ >1 THEN 4230
GOTO 4240

F1=INT(N2/F) +1

PRINT

FOR F2=1 TO P1

PRINT

PRINT ®origin”®
F3=(F2-1)xF+1

F4zF3+F~1

IF P4<=N2+1 THEN 4320
Fd4=N2+1

F5=11

FOR J=F3 TO P4

IP J=N2 +1 THEN 4370
PRINT TAB(FS5); “dest®; J;
GOTO 4380

PRINT TAB(F5); “total";
P5=F5 +14

NEXT J

PRINT

FOR I=]1 TO N1 +i

FS=11

IF I=N1+1 THEN 4460
PRINT I;

GOTO 4470

PRINT “"total";

FOR J=F3 TO P4

PRINT TAB(F5); T(I,J);
P5=F5+14

NEXT J

PRINT
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4520
4530
4540
4550
4560
4570
4560
4590
4600
4610
5000
5010
$020
5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
$280
5290
5300
5310
5320
5330
5340
5350
5360
5370
5380

NEXT I
GOSUB 4560
NEXT P2
RETURN
REM pause output subroutine(extra)ixxxxx
PRINT
PRINT °continue”®

INPUT As
RETURN
END
REM PLOYD’S ALGORITHM sxxxkx
REM PROG3P6
TS5=20
REM MATRICX USED ARE d: INITIAL DISTANCE MATIRX
REM : AND °“OLD" MATRIX
REM e: “NEW® MATRIX
REM VARIABLES USED FOR WORKING ARE TO-T8
FOR I=t TO TS
FOR J=1 TO TS

D(1,J)=99999999#
NEXT J

D(1,1)=1
NEXT I

PRINT ° SHORTEST PATH ALGORITHM(FLOYD) *
PRINT
S1=S2+1

N=N1

IF S1>=2 THEN 5200
PRINT ° WHAT IS YOUR ZERO FLOW ARC DATA FILE®;
INPUT Ks
OPEN K$ POR INPUT AS #I

1IF EOF(1) THEN 35250

INPUT #t, 1,J,T7,T8
D¢1,J)=T?
GOTO 5210

CLOSE #1
REM
REM *xx the matrix has‘'been input as belowxxxx
FOR I=1 TO N
FOR J=1 TO N
PI1(1,J)=1
NEXT J
NEXT I
REM STEP O
REM
REM D HAS BEEN ALREADY SET UP
K=0
REM
REM STEP 1
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5390
5400
5410
5420
5430
5440
5450
5460
5470
5480
5490
5500
5510
5520
5530
5540
8550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650
5660
5670
5680
5690
§700
$710
5715
5716
5717
5720
5730
5740
5750
5760
5770
5780
5790
6000
6010
6020

REN
T2=K+1
FOR I=1 TO N
FOR J=1 TO N
IFP I=T2 THEN 5480
IF J=T2 THEN 5480
IF 1=J THEN 5480
Ti=D(I,T2)+D(T2,T)
IF TI<KD(1,J)> THEN 5500
2(1,7)=D(I,d)
GOTO 5520
2¢1,J)=T}
P1(I,J)=P1(T2,J)
NEXT J
NEXT I
REM
REM STEP 2
REM
K=K+1
IF K=N THEN 5650
FOR I=! TO N
FOR J=1 TO N
D(I,J)=s2(1, )
NEXT J
NEXT 1
GOTO 5370
PRINT * the matrix of shortest paths is:*®
FOR I=1 TO N
FOR J=1 TO N
PRINT 2(1,J);
NEXT J
PRINT
NEXT 1
PRINT
PRINT
PRINT
PRINT ° the matrix of predecessors is:"
FOR I=f TO N
FOR J=1 TO N
PRINT PI(I, J);
NEXT J
PRINT
NEXT 1
RETURN
REM xxx unpack the paths =zxx
POR I=1 TO N
FOR J=i TO N
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6030 VI(I,J)=0
6040 NEXT J

6050 NEXT I

6060 FOR I=1 TON
6070 FOR J=1 TO N

6080 Ji=J

6090 K=1

6100 T3=K+1

6110 B2(K)=J1

6120 A2¢X>=P1(I,J1)

6130 IF I=J THEN 6190

6140 IF A2(X)>=]I THEN 6190
6150 VIC(A2(X),B2(K))=T(I,J)+V1(A2(K),B2(K))
6160 J1=A2(¢(X)

6170 K=K+1

6180 GOTO 6100

6190 VIC(I,J1)=VIC(I, J1)+T(1,J)
6200 NEXT J

6210 NEXT 1

6220 J=J1

6230 PFOR I=1 TO N

6240 FOR J=1 TO N

6250 PRINT VI(1,J);

6260 NEXT J

6265 PRINT

6270 PRINT

6280 NEXT I

7000 REM congestion function and the revision of new data file
7010 FOR I=1 TO N

7020 POR J=1 TO N

7030 DI1(I,J)=99999999%
7040 D2(I,J)=99999999#%
7050 NEXT J

7060 NEXT 1

7070 OPEN Ks FOR INPUT AS #1
7080 IF EOF(1) THEN 7130
7090 INPUT #i, 1,J,T7,T8
7100 D1(1,J)=T7

7110 D2(1,J)=T8

7120 GOTO 7080



7130
7140
7150
7160
7170
7180
7190
7200
7210
7220
7230
7240
7250
7260
7270
7280
7290
7300
7310
7320
7400

CLOSE #1
OPEN ks FOR OUTPUT AS #1

POR I=1 TO N

FOR J=1 TO N

IF I=J THEN 7240

IF D1¢I1,J)=99999999% THEN 7270
IF V1CI,J>¢=D2(I,J) THEN 7240
T7=D1¢I,J)%C1+.15%CV1(I,J)/D2(¢1,J))*4)
T82D2(I,J)

PRINT #1, I,J, T7,T8

GOTO 7270

T7=D1(1,J)

T82D2(I,J)

GOTO 7220

NEXT J

NEXT I

CLOSE #1

$2=52+1

IF S2=3 THEN 7400

RETURN

END
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APPENDIX B: THE RESULTS OF SENSITIVITY TESTS



AEEENQIK B: The Results of §gg§i;iv§tx Tests

1.1.

1

Times or Costs in the Network(firs

t iteration)

1 2 3 4 S 6 2 2 9 e
1 1 1.7 1.9 1.2 2.5 4 3.7 4.9 6.8 6.6
2 1.7 1 3.4 2 3.3 2.3 5.2 5.7 7.6 4.9
3 1.9 2.4 1 1.4 2.7 4.3 1.8 3.8 5.7 7.4
4 1.2 2 1.4 1 1.3 3.4 3.2 3.7 5.6 6
5 a5 3.3 2.7 1.3 1 2.1 2.2 2.4 4.3 4.7
8 4 2.3 4.8 3.4 2z.! 1 4.3 4.5 5.3 2.6
7 3.7 5.2 1.8 3.2 2.2 4.3 t . 2 2.¢ 6.F
8 4.9 5.7 3.8 3.7 2.4 4.5 2 1 1.9 4.6
9 €.8 7.6 5.7 5.6 4.3 5.3 3.9 1.9 1 2.7
10 6.6 4.9 7,46 47 2.6 6.6 4,6 2.7 1
1.1.2
wiF(cji) and total, swisgcji) (first iteration)
1 Z 3 4 S 8 7 8 9 10 toval
1 2.42 3.23 1.87 1.43 0.76 0.22 0©0.32 0.05 0©.00 0.0C0 11.20
2 2.54 4.34 0.34 0.85 0.29 1.90 0.04 0.01 0.00 0.03 10.33
3 2.16 0.49 2.96 1.32 0.61 0.07 2.87 n.24 0.01 0.co0 10.73
4 3.34 2.51 2.67 1.47 2.09 0.50 0.62 0.28 0.01 0.0 13.47
5 1.18 0.56 0.81 1.38 2.21 2.32 1.98 1.40 0.08 0.04 11.°2
6 0.17 1.86 0.05 0.16 1.16 4.41 0.14 0.09 1.92 0.70 .77
7 0.26 0.04 2.04 0.22 1.05 0.14 4.16 2.10 0.15 0.00 10.17
e 0.05 0.02 0.20 0.11 0.85 O0.11 2.41 3.64 1.66 0.04 9.08
9 0.00 0.00 0.01 0.01 0.07 0.03 0.24 2.30 2.62 0.62 5.91
10 0.00 0,05 0,00 0.00 ©0.04 1.36__ 0,00 0,08 0.72 2.27 4.54
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‘.1.3

Simultaneous Residential Location and Trip
Matriz from Origin to Destination(first iteration)

-trigin dest 1 dest 2 dest 23 dest 4 dest D
1 90 85 49 37 20
2 49 84 7 16 6
3 32 7 44 20 9
4 119 89 95 52 74
5 85 26 38 €5 103
6 1 8 o 1 5
7 8 1 64 7 33
8 2 1 7 4 30
9 0 0 0 ] 1
10 0 0 0 ) 0
hotal 336 302 —304 202 282
Lrialn dest 6 __dest 7 dest 8 dest 9 dest 10
1 3 8 1 ) )
2 37 1 0 0 1
3 1 43 4 0 (]
4 18 22 10 0 ]
s 108 93 €6 4 2
6 20 1 0 0 3
7 4 131 66 5 )
8 4 85 128 S8 2
9 ) 3 31 36 8
10 7 0 1 3 12
total 206 286 307 107 28
erigin __ total
1 296
2 200
3 160
4 480
5 $60
6 40
7 320
8 320
9 80
10 24

12
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1.1.4

Loaded Volumes on Each Link(first iteration)
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1.2.

Travel Times or Costs in the Network(second iteration)
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1.2.2

HiP(Cj‘) and total, tHlP(le) (second iteration)

12 3 4 s ¢ 1 ___8 9 10 __ total
1 3.42 3.23 1.87 1.43 0.12 0.22 0.32 0.01 0.00 0.00 10.62
2 2.54 4.34 0.26 0.85 0.06 1.90 0.02 0.00 0.00 0.03 10.00
3 2.16 0.38 2.96 1.32 0.1} 0.01 2.87 0.24 0.01 0.00 10.06
4 0.00 0.00 0.00 1.47 0.58 0.00 0.02 0.03 0.00 0.00 2.11
5 0.00 0.00 0.07 0.00 2.21 ©0.00 1.17 1.40 0.08 0.00 4.96
6 0.17 1.86 0.01 0.05 1.16 4.41 0.07 0.09 0.02 0.70 8.54
7 0.26 0.02 2.04 0.22 1.05 0.00 4.16 2.10 0.15 0.00 10.01
8 0.01 0.00 0.20 0.01 0.85 0.00 2.41 3.64 1.66 0.04 8.83
9 0.00 0.00 0.01 0.00 0.07 0.03 0.24 2.30 2.62 0.62 $.90
1.2‘3
Simul taneous Residential Location and Trip
Matriz froa Origin to Destination(second iteration)
“oriain  deat ) dest 2 desk 3 dest 4 dest D
1 184 175 101 77 23
2 100 171 12 33 7
3 67 13 91 41 11
4 119 89 95 ass 207
S 56 26 46 65 353
6 2 17 o 1 10
7 16 2 129 14 67
8 2 1 14 4 61
9 0 0 o] 0 2
10 0 1 0 0 )
_total 546 435 490 621 742
orieln  Qdeat & deat 7 dest 8 desid _dest 10
1 12 17 2 0 (o]
2 75 1 o (] 1
3 1 88 7 0 (o]
4 18 28 18 1 0
5 108 225 224 14 2
() 41 1 1 o} 3
7 -] 264 133 10 0
8 4 172 260 119 3
9 1 6 62 71 17
10 14 o 1 8 24
lotal 219 803 709 222 —

124



125

&538918357
”~ ® e e & o o » o+ ey
[-] —_D O~ NOO T
-] o N ou o o
L o]
”~ »
c o [ ] NOINWO MO ~— ™~
o m [ ] ["2] b O ¢ ¢ ¢ o o s o s 4
hed - [ ] C WY = NNN N
» » ~N NN - N o
L] -
I
[ O = OY o MOV o
» Oy ™~~~ rioooooo.lct
- ~ - Y Y L R
£ -t
o »
c 0 MO N -
[ © 0N o~ X MENnO M- @ -
[4] M e= N S¢ O] » o ¢ o o cem o o 4
L4 o nNDH+-NOWVwN 0 6 -4
] ) - o= o
- -~ ~ o Nl - »
. X [ o~ 0 - X . o
o~ [+ - ~ NN (2] = - NMD ~0hY
. - . . L] L] . o o . . . -
- | - ® WNOYW 0w N ¥
L - ~ K- - - on o -t o
£ 4 o ow g »
Q Lad =
(] (]
] -e 0 T o - N M N
MO oM e s o ows o o o o 4
[} ) AON~O [ ] (o A K- ] NNNY
(-] nm ] -
[
" Q
[ - ¢ ein (3] 0 0 MM DN
g |IJOMN®O W] o€ cve o o o o o o
5 - @ " N m vveoo«o
- o -
Q
> o) - < [ ]
" nO (4 ] @ o NDNONWY—~Y
o - o [ ]
@ -t
o [ o
NOOOO0OO0OO0OO0OO0O® o @ - -
NCONVNDE TV -] N~ o ~N -
DCOO -~ DO — 3 0N v [
- >
[ ]
n ot | 3}
~® —~ O [ o
-a s (N
o NNV ON
= NMENDON OO~




1.3.2
"lr(cjl’ and total, SQ’P(C") (third iteration)

T2 3 4 -] _§ 1 8 9 10 __ total
1 3.42 0.00 0.72 O0.44 0.00 0.00 0.03 0.00 0.00 0.00 4.61
2 1.72 4.34 0.03 0.85 0.03 1.28 0.00 0.00 0.00 0.02 8.27
3 0.00 0.00 2.96 1.15 0.04 0.00 1.44 0.00 0.00 0.00 4.60
4 0.00 0.00 0.00 1.47 0.00 0.00 0.00 0.00 0.00 0.00 1.47
5 0.00 0.00 0.00 0.00 2.21 0.00 0.00 0.00 0.08 0.00 2.21
6 0.00 1.86 0.00 0.05 1.16 4.41 0.00 0.00 0.02 0.70 8.30
7 0.00 0.00 0.00 0.00 1.05 0.00 4.16 0.31 0.00 0.00 5.52
8 0.00 0.00 0.00 0.00 0.85 0.00 0.00 3.64 0.00 0.00 4.50
9 0.00 0.00 0.00 0.00 0.07 0.00 ©0.00 2.30 2.62 0.03 5.02

10 ©.00 ©,00 0,00 0,00 0,00 ©,12 0,00 0,08 0,72 2,27 3,13

1.3.3

Simultaneous Residential Location and Trip
Matrix from Origin to Destination(third iteration)

-erigin dest 1 dest 2 dest 3 dest 4 dest O
1 294 175 124 91 23
2 121 222 12 43 7
3 67 13 143 44 12
4 119 89 95 625 207
5 56 26 46 65 633
6 2 21 0 1 13
7 16 2 129 14 97
8 2 1 14 4 90
9 ) ] 0 ] 3
10 0 1 ) 0 ]
~total 677 351 -1 888 1088
~oriain ____dest 6 dest 7 dest § dest 9 dest 10
1 12 18 2 0 )
2 90 1 0 0 1
3 1 113 7 ] ]
4 18 28 18 1 0
5 108 225 224 14 2
3 51 1 1 ) 8
7 5 385 142 10 )
8 4 172 390 119 3
9 1 6 80 92 17
10 14 ) 1 10 33
total 300 250 865 245 _§%
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Loaded Volumes on BEach Link¢(third iteration)
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211 223 44 129
0 143 124 881
185 308 986 625 O
722 633 250 O 0
129 21 52 41
0 517 3g5 393
122 179 390 119
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17 37 23




2.

1.

1

Times or Costs in the Network(first iteration)

1 2 3 4 8 [ 7 8 9 10
1 1 1.7 1.9 1.2 2.5 4 3.7 4.9 6.8 6.6
2 1.7 1 3.4 2 3.3 2.3 5.2 5.7 7.6 4.9
3 1.9 3.4 1 1.4 2.7 4.8 1.8 3.8 5.7 7.4
4 1.2 2 1.4 1 1.3 3.4 3.2 3.7 5.6 6
s 2.% 3.2 2.7 1.3 1 2.1 2.2 2.4 4.3 4.7
6 4 2.3 4.3 3.4 2.1 1 4.3 4.5 5.3 2.6
7 3.7 5.2 1.2 3.2 2.2 4.3 1 2 3.9 R.F
g 4.9 5.7 3.8 3.7 2.4 4.5 2 1 1.9 4.6
9 6.2 7.6 5.7 5.6 4.3 5.3 3.9 1.9 1 2.7
10 6,6 4.9 7.4 6 4.7 2.6 6.6 4. & 2.7 1
2.1.2
wiF(Cji) and total, :wiF(cji) (first {teration)
i
1 2 3 o) (3 ¥4 8 9 10 totz]
1 3.42 3.23 1.87 1.43 0.76 0.22 0.32 0.05 0.00 0.0C -11.3C
2 2.54 4.34 0.34 0.85 0.29 1.90 0.04 0.01 0.00 0.03 10.3%
1 2.16 ©0.49 2.96 1.32 0.6} 0.07 2.87 0.z4 C.0! o0.CC o7z
4 3.34 2.51 2.67 1.47 2.09 0.50 0.62 0.28 0.0l 0.C1 1%.47
5 (.18 0.56 0.8t 1.38 2.21 2.32 1.98 1.40 0.08 0.04 11.9%
6§ 0.17 1.86 0.05 0.16 1.16 4.41 0.14 0.09 1.92 0.70 8.77
7 0.26 0.04 2.04 0.22 1.0 0.14 4.16 2.10 0.15 0.00 10.17
g 0.05 0.02 0.20 0.11 0.85 O0.11 2.4! 3.64 1.66 0.04 9.C%
9 0.00 0.00 0.0!f 0.01 0.07 0.03 0.24 2.30 2.62 0.62 $5.91
10 0.00 0.05 0,00 0,00 0,04 1,36 0,00 0,08 0,72 2.27 4,54
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Simultaneous Res
Matrix from Origin to Dest

2.1.3

jdential Location and Trip
ifnation(first iteration)

|

orjain  dest i dest 2 __ dest _dest 4 dest D
1 53 50 29 22 i1
2 49 84 7 16 6
3 32 7 44 20 9
4 119 89 95 52 74
5 55 26 38 65 103
6 1 8 (] 1 5
7 6 1 48 5 25
8 2 1 7 4 30
9 0 0 0 0 1
10 0 () ] ] 0
total 317 268 268 185 266
origin  dest 6  dest 7 __ dest 8. —dest 9 dest 10
1 3 5 1 0 )
2 37 1 0 0 1
3 1 43 4 ° 0
4 18 22 10 0 0
5 108 93 66 4 2
6 20 1 0 0 3
7 3 98 50 .4 ]
8 4 85 128 58 2
9 ) 3 31 36 8
10 7 0 1 3 12
~total 202 350 —290 106 __ 28
erigin. _ _toial
1 176
2 200
3 160
4 480
5 560
6 40
7 240
8 320
9 80
10 24
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2.1.4

Loaded Volumes on Each Link(first iteration)

] 2 3 4 & 9 —8 10

1 53 54 34 35
2 50 84 29 41
3 38 44 43 74
4 176 125 162 52 131
5 191 103 137 93 81
6 9 8 20 6
7 67 28 98 57
8 41 95 128 68
£l 36 35 11
10 -} 4 12
2.2.1

. Travel Times or Costs in the Network(second iteration)

1 2 3 4 5 [ 7 8 9 10
1 1 1.7 1.9 1.2 3.6 4 3.7 5.7 7.6 6.6
2 1.7 1 3.6 2 4.4 2.3 5.4 6.8 7.6 4.9
3 1.9 3.6 1 1.4 3.8 5.9 1.8 3.8 5.7 8.4
4 8.8 10.5 6.8 1 2.4 12.0 5.1 4.8 6.7 9.4
5 6.4 8.1 4.5 5.9 1 9.6 2.7 2.4 4.3 7
6 4 2.3 5.9 4.3 2.1 1 4.8 4.5 5.3 2.6
7 3.7 5.4 1.8 3.2 2.2 7.7 1 2 3.9 6.6
8 5.7 7.4 3.8 5.2 2.4 7.2 2 1 1.9 4.6
g9 7.6 7.6 5.7 7.1 4.3 5.3 3.9 1.9 1 2.7
10 6.6 4.9 8.4 6.9 4.7 2.6 6.6 4.6 2.7 1
2.2.2
wiP(le) and total, EHIF(le) (second iteration)
1 2 3 4 5 3 2 8 9 10 total

B\DQ\)G\UAWNO—

3.42 3.23 1.87 1.43 0.19 0.22 0.32 0.01 0.00 0.00 10.69
2.54 4.34 0.26 0.85 0.06 1.90 0.02 0.00 0.00 0.03 10.00
2.16 0.38 2.96 1.32 0.14 0.01 2.87 0.24 0.01 0.00 10.09
0.00 0.00 0.00 1.47 0.84 0.00 0.04 0.05 0.00 0.00 2.41
0.00 0.00 0.07 0.00 2.21 0.00 1.17 1.40 0.08 0.00 4.96
0.17 1.86 0.00 0.05 1i1.16 4.41 0.07 0.09 0.02 0.70 8.54
0.26 0.02 2.04 0.22 1.05 0.00 4.16 2.10 0.15 0.00 10.0!
0.01 0.00 0.20 0.21 0.85 0.00 2.41 3.64 1.66 0.04 8.83
0.00 0.00 0.0f 0.00 0.07 0.03 0.24 2.30 2.62 0.62 5.90

0,00 0.05 0.00 0,00 0,04 1.36 0,00 0.08 0,72 2.27 4,53




Simultaneous Resid
Matrix from Origin to

2.2.3

ential Location and Trip

Destination(second jteration)

g:igjn dest 1 dest 2 dest 3 ﬂgﬁ_t,ﬂ_ ____d_:j.L_i
1 110 103 60 46 15
2 100 171 12 33 7
3 67 13 91 41 11
4 119 89 a5 344 242
5 56 26 46 65 353
6 2 17 ) 1 11
7 12 2 97 10 50
8 2 1 14 4 61
9 0 ) ) 0 2
10 0 1 ) 0 0
total 467 423 416 545 753
origin . dest © _dest 7 dest § dest 9 dest 10
1 7 10 1 0 0
2 75 1 0 () 1
3 1 88 7 0 )
4 18 30 21 1 °
5 108 225 224 14 2
6 41 1 1 ) 6
7 3 198 100 7 )
8 4 172 260 119 3
9 1 6 62 71 17
i0 14 ) 1 8 24
total 273 733 §178 219 54
— ]
1 352
2 400
3 320
4 960
5 1120
6 80
7 480
8 640
9 160
10 48

|
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z'zl‘
Loaded Volumes on Each Link(second iteration)

1 2 3 4 5 €& 7 8 9 10
110 246 84 61

1
2 115 171 34 95
3 391 91 132 108
4 o] 0 0 344 642
5 0 353 0 753 389
6 21 20 41 8
7 643 S50 198 116
8 63 200 260 276
9 72 71 154
10 147 9 24
2.3.1
Travel Times or Costs in the Network(third {teration)
2 3 4 5 3 7 8 9 10

1 1 11.1 1.9 1.4 6.3 13.4 4.1 6.6 18.7 16.0

2 2.1 1 4.0 2 4.4 2.3 6.2 8.8 7.6 4.9

3 18.5 17.%5 1 4.0 4.0 18.5 2.2 4.7 23.3 21.1

4 14.4 13.5 7.5 1 11.9 15.8 9.7 12.2 21.t 18.4

5 18.6 16.4 13.8 6.3 1 14.1 16.0 18.5 19.4 16.7

6 4.4 2.3 6.3 4.3 2.1 1 8.5 7.2 5.3 2.6

2 20.8 18.6 16.0 8.5 2.2 16.3 1 2.% 21.1 18.9

8 21.0 18.8 16.2 8.7 2.4 16.5 6.8 1 18.6 19.1

9 13.8 11.7 15.7 10.6 4.3 9.4 8.7 1.9 1 5.0

jo 8.8 6.7 107 8.7 6.5 4.4 11.4 4.6 2.7 1

2.3.2
H‘P(Cji) and total, tﬂ‘P(cji) (third iteration)

T 2 3 4 5 ¢ 7 8 9 10 __total
1 3.42 0.00 1.87 1.33 0.00 0.00 0.19 0.00 0.00 0.00 6.81
2 1.72 4.34 0.14 0.85 0.06 1.90 0.00 0.00 0.00 0.03 9.04
3 0.00 0.00 2.96 0.07 0.06 0.00 2.04 0.06 0.00 0.00 5.20
4 0.00 0.00 0.00 1.47 0.00 0.00 0.00 0.00 0.00 0.00 1.47
‘ s 0.00 0.00 0.00 0.00 2.21 0.00 0.00 0.00 0.00 0.00 2.21
| 6 0.09 1.8 0.00 0.05 1.16 4.41 0.00 0.00 0.02 0.70 8.30
| 7 0.00 0.00 0.00 0.00 1.05 0.00 4.16 1.20 0.00 0.00 6.4!
8 0.00 0.00 0.00 0.00 0.85 0.00 0.00 3.64 0.00 0.00 4.49
9 0.00 0.00 0.00 0.07 0.00 0.00 2.30 2.62 0.03 5.02
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2.3.3

Simultaneous Residential Location and Trip
Matrix from Origin to Destination(third iteration)

i

erigin dest 1 dest 2 dest 3 dest 4 dest S
1 154 103 84 63 15
2 119 219 14 42 8
3 66 13 137 42 12
4 119 89 95 584 242
-] 86 26 46 65 633
6 2 21 0 1 14
7 12 2 97 10 70
8 2 1 14 4 91
9 0 0 o] 0 3
10 0 1 (o] 0 o
total 530 475 488 812 1089
-origin ______dest 6 _ dest 7 dest 8  dest 9 _dest 10
1 7 12 1 0 o
2 % 1 0 0 1
3 1 119 8 0 0
4 18 30 21 1 0
5 109 225 224 14 2
6 52 1 1 0 9
7 3 276 122 7 (o}
8 4 172 390 119 3
9 1 6 80 92 17
10 14 0 1 11 a3
total 300 —$44 849 —243 -]
eriain ___total
1 440
2 500
3 400
4 1200
-] 1400
6 100
7 600
8 800
9 200
10 60
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3.4

Loaded Volumes on Each Link(third iteration)

10

36

4

31
18
33

126
92
27

o]
384
390

92

915
o]
276
179

52
17

111 129 63
43 131
137 121
122 995 584 0
686 633 235
125 22
0 466
122

153
208 219
¢]
185

SNMOTDON OO
-

Times or Costs in the Network(first iteration)
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Simultaneous Residential L
Matrixz from Origin to Dest

ocation and Trip
ination(first iteration)

3.1.2
W‘F(le) and total, SH‘F(Cji) (first iteration)
i

1 2 3 4 o) (3 i 8 9 10 total
1 3.42 3.23 1.87 1.43 0.76 0.22 0.32 0.05 0.00 0.00 11.30
2 2.%4 4.34 0.34 0.85 0.29 1.90 0.04 0.01 0.00 0.03 10.33
3 2.16 0.49 2.96 1.32 0.61 0.07 2.87 0.24 0.0t 0.00 10.73
4 3.34 2.51 2.67 1.47 2.09 0.50 0.62 0.28 0.01 0.01 13.47
s 1.18 0.56 0.81 1.38 2.21 2.32 1.98 1.40 0.13 0.04 12.03
6 0.17 1.86 0.05 0.16 1.16 4.4l 0.14 0.09 0.02 0.70 8.77
7 0.26 0.04 2.04 0.22 1.05 0.14 4.16 2.10 0.23 0.00 10.25
g8 0.05 0.02 0.20 0.11 0.85 0.1l 2.41 3.64 2.53 0.05 9.95
9 0.00 0.00 0.01 0.01 0.07 0.03 0.24 2.30 3.99 0.62 7.28
0.04 1.36 0,00 0.08 1,10 2,27 4.91

3.1.3

<eriqin dest 1 M_ﬂs.ﬁ.u-—ﬂm
1 90 85 49 37 20
2 49 84 7 16 6
3 32 7 44 20 9
4 119 89 95 52 74
5 55 26 38 64 103
6 1 8 0 1 5
7 6 1. 47 5 25
8 2 1 7 4 27
9 0 ] 0 0 1
10 0 ) ) o) 0
total 353 302 287 200 270
erigin dest 6  dest 7 _dest 8 _ dest _dest 10
1 6 8 1 ) )
2 37 1 0 ) 1
3 1 43 4 ) 0
4 18 22 10 1 (]
5 108 92 65 6 2
6 20 1 0 (] 3
7 4 98 49 5 )
8 4 77 117 81 2
9 ) 3 25 44 7
10 7 0 0 5 11
letal 202 344 —ll3 143 26
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wiF(cji) and total,

3.2.2

2wiP(Cj‘) (second iteration)

i 2 3 4 o) (4 7 8 9 10
1 3.42 3.23 1.87 1.43 0.12 0.22 0.32 0.01 0.00 0.00 10.62
2 2.54 4.34 0.26 0.85 0.06 1.90 0.03 0.00 0.00 0.03 10.00
3 2.16 0.38 2.96 1.32 0.1t 0.01 2.87 0.24 0.01 0.00 10.07
4 0.00 0.00 0.00 1.47 0.58 0.00 0.03 0.03 0.00 0.00 2.11
s 0.00 0.00 0.08 0.00 2.21 0.00 1.18 1.40 0.13 0.00 5.01
6 0.17 1.86 0.01 0.05 1.16 4.41 0.07 0.09 ©0.03 0.70 8.55
2 0.26 0.03 2.04 0.22 1.05 0.00 4.16 2.10 0.23 0.00 10.09
g 0.01 0.00 0.20 0.01 0.85 0.00 2.41 3.64 2.53 0.05 9.70
9 0.00 0.00 0.0 0.00 0.07 0.03 0.24 2.30 3.99 0.62 7.27
10 0,00 0,06 0.00 0,00 0.04 1,36 0,00 0,08 1,10 2,27 4.91
3.2.3
Simultaneous Residential Location and Trip
Matrix from Origin to Destination(second jteration)
1 185 175 101 77 23
2 100 171 12 33 7
3 67 13 91 41 11
4 119 89 95 386 206
5 56 26 46 65 350
6 2 17 0 1 11
7 12 2 96 10 50
8 2 1 13 4 56
9 (o] 0 o o] 2
10 0 (o] 0 0
_total %541 494 % 455 617 213
origin —gest 6 __dest 2 dest 8 gest 9 dest 10
1 12 17 2 0 0
2 75 1 o (o] 1
3 1 88 7 0 0
4 18 28 18 1 0
5 108 224 222 21 2
6 41 1 1 0 6
7 3 197 99 11 0
8 4 157 237 165 3
9 1 S 51 88 14
10 13 o 1 11 22
total 275 118 638 296 49
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592
400
320
960
1120

480
640
160

48

|

3.2.4

Loaded Volumes on Each Link(¢(second lteration)

1 2 3 4 ] [ 7 8 9 10
1 185 322 133 101
2 115 171 34 100
3 391 91 120 127
4 0 0 0 386 597
] (o] 350 o 749 391
6 21 20 41 8
7 639 61 197 120
8 57 182 237 332
9 59 88 149
10 14% 12 22
Table 3.3.1
Travel Times or Costs in the Network(third iteration)
1 2 3 4 ] [ 7 _8 9 10
1 1 16.1 2.8 2.6 7.5 18.4 5.3 7.9 23.7 21.0
2 2.1 1 4.9 4.4 2.3 7.4 9.5 7.6 4.9
3 17.%5 16.6 1 3.2 4.7 18.6 2.5 5.1 23.9 21.2
4 14.3 13.4 7.% 1 12.2 1.7 10.0 12.6 21.0 18.3
5 18.3 16.2 13.6 6.2 1 13.9 16.1 18.7 19.2 16.5
6 4.4 2.3 7.2 4.3 2.1 1 9.7 7.2 5.3 2.6
7 21.0 18.4 15.8 8.4 2.2 16.1 1 2.6 21.4 18.7
8 21.0 18.6 16.0 8.6 2.4 16.3 5.3 1 21.6 18.9
9 13.% 11.3 16.3 0.5 4.3 9.0 7.2 1.9 { 4.7
10 8.7 €6 11,6 8.6 6.4 43 9.9 46 2.7 1
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3.3.2
HIP(C“) and total, zw!r(c“> (third iteration)
1 2 3 4 ] [ 7 9 10
1 3.42 0.00 0.72 0.44 0.00 0.00 0.03 0.00 0.00 0.00 4.61
2 1.72 4.34 0.04 0.85 0.06 1.90 0.00 0.00 0.00 0.03 8.93
3 0.00 0.00 2.96 0.22 ©0.04 0.00 1.43 0.00 0.00 Q00— 46— T T T T
4 0.00 0.00 0.00 1.47 0.00 0.00 0.00 0.00 0.00 07001737
s 0.00 0.00 0.00 0.00 2.21 0.00 0.00 0.00 0.08 0.00 2.21
6 0.09 1.86 0.00 0.0%5 1.16 4.41 0.00 0.00 0.03 0.70 8.31.
7 0.00 0.00 0.00 0.00 1.05 0.00 4.16 1.10 0.00 0.00 6.31
8 0.00 0.00 0.00 0.00 0.85 0.00 0.03 3.64 0.00 0.00 4.52
9 0.00 0.00 0.00 0.00 ©0.07 0.00 0.00 2.30 3.99 0.04 6.41
10 0,00 0.00 Q.00 .00 0,00 0.14 0,00 0,08 1.10 2.27 3.39
3.3.3
Simultaneous Residential Location and Trip - -
Matrix from Origin to Destination(third iteration)
g:igin dest 1 dest 2 dest 3 dest 4 dest o)
1 295 175 124 91 23
2 119 220 12 42 8
3 67 13 142 45 12
4 119 89 95 626 206— -
5 35 26 46 65 630- : = -
6 2 21 () 1 14
7 12 2 96 10 70
8 2 1 13 4 86
9 0 (o o o] 2
10 o] 1 0 (o] o]
~Setal 571 847 529 885 1050
_g_r_;_q_x_n____dn.u——ﬂﬂ-&7 dest 8 dest 2 ~dest 10
1 12 18 2 0 0 . -
2 96 1 0 0 1
3 1 112 8 (o] (o]
4 18 28 18 1 0 [
5 108 224 222 21 2 . [
6 52 1 1 o 8
7 3 276 120 11 0 )
8 4 158 366 165 3.
9 1 5 65 113 14 .
10 13 (o) 1 18 30 “
total 307 __823 __B803 326 59 |
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Loaded Volumes on Each Link{(third iteration)
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4.1.1

Times or Costs in the Network(first iteration)
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4.1.2

ji) (first iteration)

] 2 3 4 s g 7 ) 9 10 total

W, F(C,,) and total, EIW F(C
i ji i i

1 3.42 3.23 1.87 1.43 0.76 0.22 0.32 0.06 0.00 0.00 11.32
2 2.54 4.34 0.34 0.85 0.29 1.90 0.04 0.02 0.00 0.03 10.33
3 2.16 0.49 2.96 1.32 0.61 ©0.07 2.87 0.31 0.0l 0.00 10.80
4 3.34 2.51 2.67 1.47 2.09 0.50 0.62 0.35 0.01 0.01 13.55
s 1.18 0.5 ©0.81 1.38 2.21 2.32 1.98 1.80 0.09 0.04 12.37
€ 0.17 1.8 ©0.05 0.17 1.16 4.41 0.14 O0.11 0.02 0.70 8.79
7 0.26 0.04 2.04 0.22 1.05 0.14 4.16 2.68 0.15 0.00 10.74
8 0.05 0.02 0.20 O.l! 0.85 O0.11 2.41 4.64 1.66 0.05 10.08
9 0.00 0.00 0.01 0.01 0.07 ©0.03 0.24 2.93 2.62 0.62 6.54

{0 0.00 0.06 ©0.00 000 0,04 1.36 0.10 0.72 1.10 2,27 4.56

4.1.3

Simultaneous Residential Location and Trip
Matrix from Origin to Destination(first jteration)

origin dest |1 dest 2 dest 3 _dest 4 dest D
85 49

1 89 37 20
2 49 84 7 16 6
3 32 7 44 20 9
4 118 89 95 52 74
s 53 26 37 63 100
6 1 8 0 1 5
7 6 1 46 s 24
8 2 1 6 4 27
9 0 0 0 0 1
10 0 0 0 0 0
_total 350 300 _283 197 266




~erigin dest © dest 7 dest 8 dest 9 dest 10
1 6 8 2 (o] 0
2 37 1 0 (o} 1
3 1 43 ] (o] (o}
4 18 22 12 (] (o}
5 105 90 81 4 2
é 20 1 1 0 3
7 3 93 60 3 (o}
8 3 76 147 53 2
9 (o} 3 36 32 8
10 7 (o] 1 4 12
total 201 336 344 _96 27
erigin _ total
1 296
2 200
3 160
q 480
S 560
(3 40
7 240
8 320
9 80
10 24
tetal 2400
4.1.4
Loaded Volumes on Each Link(first iteration)
1 2 3 4 5 [ 7 8 9 10
1 89 90 57 59
2 50 84 30 43
3 38 44 43 7
4 173 123 161 52 142
] 185 100 133 90 100
6 10 8 20 6
7 63 27 93 68
8 37 86 147 62
9 41 32 10
40 -5 4 1o
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4.2.1

Travel Times or Costs in the Network(second iteration)

1 2 3 4 o] 6 7 8 9 10
1 1 1.7 1.9 1.2 4.0 4 3.7 5.7 7.6 6.6
2 1.7 1 3.6 2 4.4 2.3 5.4 7.4 7.6 4.9
3 1.9 3.6 1 1.4 4 5.9 1.8 3.8 5.7 8.4
4 9.1 10.8 7.2 1 2.8 13.1 5.5 5.9 7.8 10.5
5 6.3 8.0 4.4 5.7 1 10.3 2.6 3.1 5.0 7.7
6 4 2.3 5.9 4.3 2.1 1 4.7 5.2 5.3 2.6
7 3.7 5.4 1.8 3.2 2.2 7.7 1 2 3.9 6.6
8 5.7 7.4 3.8 5.2 2.4 7.2 2 1 1.9 4.6
9 7.6 7.6 5.7 7.1 4.3 5.3 3.9 1.9 1 2.7
10 _ 6.6 4.9 8.4 6.9 4.7 2.6 6.6 4.6 2.7 1
4.2.2
wiF(cji) and total, zwiF(cji) (second jteration)
1 2 3 4 5 [ 7 8 9 10 total
1 3.42 3.23 1.87 1.43 0.10 0.22 0.32 0.01 0.00 0.00 10.6%
2 2.54 4.34 0.26 0.85 0.06 1.90 0.03 0.00 0.00 0.03 10.00
3 2.16 0.38 2.9 1.32 0.11 0.01 2.87 0.31 0.01 0.00 10.13
4 0.00 0.00 0.00 1.47 0.%52 0.00 0.02 0.01 0.00 0.00 2.02
5 0.00 0.00 0.08 0.00 2.21 0.00 1.25 0.78 0.03 0.00 4.37
6 0.17 1.8 0.01 0.05 1.16 4.41 0.07 0.04 0.01 0.70 8.50
7 0.26 0.03 2.04 0.22 1.05 0.00 4.16 2.67 O0.15 0.00 10.59
8 0.01 0.00 0.20 0.01 0.85 0.00 2.41 4.64 1.66 0.05 9.83
9 0.00 0.00 0.01 0.00 0.07 0.03 0.24 2.93 2.62 0.62 6.53
10_0.00 0,06 0.00 0,00 ©0.04 1,36 ©0.00 0.09 0,72 2,27 4.55
4.2.3
Simultaneous Residential Location and Trip
Matrix from Origin to Destination(second iteration)
-Srigin ____dest 1 dest 2 dest 3 dest 4 dest B
1 185 175 101 77 23
2 100 171 12 33 7
3 66 13 91 40 11
4 118 89 95 400 197
] 54 26 47 63 384
6 2 17 0 1 11
7 12 1 92 10 47
8 2 1 13 4 55
9 0 0 (o] 0 2
10 (o] 1 0 o] o]
1 539 493 450 629 736

(continued)
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dest 6 _ dest 7 des dest 2 dest 10
1 12 17 2 )
2 75 1 ) )
3 1 88 9 ]
4 18 28 - 15 1
5 105 250 181 8
6 41 1 1 0
7 3 187 121 7
8 4 155 298 107
9 1 6 72 64
10 14 0 1 : 8
_total 2123 733 701 194
1 592
2 400
3 320
4 960
5 1120
6 80
7 480
8 640
9 160
10 48
lotal _____ _48Q0
4.2.4

Loaded Volumes on Bach Link(second iteration)

1 2 3 4 S 6 4 g 9 10

1 185 3339 134 100

2 115 171 34 117

3 404 91 54 129

4 0 0 320 400 263

5 63 383 0 405 313

6 21 20 a1 8

7 264 58 187 140

8 57 180 298 236

9 81 64 130
) 125 8 24
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4.3.1
Travel Times or Costs in the Network(third iteration)
1 2 3 € 7 8 9 10

1 1 15.6 2.8 2.6 7.6 18.5 5.4 8.5 19.2 21.1

2 2.1 1 5.0 5.0 2.9 7.5 10.1 8.2 5.5

3 15.1 14.4 1 1.4 4.7 17.3 2.5 5.7 16.4 19.9

4 13.7 13.0 16.5 18.0 15.9 19.0 22.2 21.2 18.5

% 17.2 15.0 20.0 5.7 1 12.7 22.6 19.9 18.0 15.3

6 4.4 2.3 7.3 4.3 2.1 1 9.8 7.2 5.3 2.6

7 19.4 17.2 14.9 7.9 2.2 14.9 1 3.1 13.8 17.5

8 19.6 17.0 20.1 8.1 2.4 15.1 5.2 1 10.7 14.6

9 11.8 9.7 14.7 10.0 4.3 7.4 7.1 1.9 1 3.9

10 8,0 5.8 10.8 7.8 5.6 3.5 9.8 4,6 2.7 1

4.3.2
HiF(le) and total, ZHiF(le) (third iteration)
L 2 3 4 5 6 7 8 9 10 total

1 3.42 0.00 0.71 0.45 0.00 0.00 0.03 0.00 0.00 0.00 4.60
2 1.71 4.34 0.04 0.85 0.02 0.90 0.00 0.00 0.00 0.01 7.87
3 0.00 0.00 2.96 1.32 0.04 0.00 1.36 0.01 0.00 0.00 5.70
4 0.00 0.00 0.00 1.47 0.00 0.00 0.00 0.00 0.00 0.00 1.47
5 0.00 0.00 0.00 0.01 2.21 0.00 0.00 0.00 0.00 0.00 2.22
6 0.09 1.86 0.00 0.05 1.16 4.41 0.00 0.00 0.02 0.70 8.30
7 0.00 0.00 0.00 0.00 1.0%5 0.00 4.16 0.74 0.00 0.00 5.95
8 0.00 0.00 0.00 0.00 0.85 0.00 0.04 4.64 0.00 0.00 5.53
9 0.00 0.00 0.00 0.00 0.07 0.00 0.00 2.93 2.62 0.l4 5.77
10 0,00 0,01 0,00 0.00 0,00 0,41 0,00 0,09 0.72 2,27 3,52

4.3.3

Simultaneous Residential Location and Trip
Matrixz from Origin to Destination(third iteration)

Zrisln — dest 1 desy 2z Qgest 3 deat 4 dest D
1 295 175 124 92 23
2 122 226 12 44 7
3 66 13 133 59 12
4 118 89 95 640 197
5 54 26 47 64 663
6 2 21 0 1 14
7 12 1 92 10 68
8 2 1 13 4 79
9 0 0 0 0 2
10 0 1 0 0 0

] 671 552 515 915 1065

(continued)
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origin dest 6 dest 7 dest 8 dest 9 dest 10
1 12 18 2 0 0
2 86 1 0 o 1
3 1 107 10 0 [
4 18 28 16 1 o
5 105 250 181 8 2
6 52 1 1 0 8
7 3 271 136 7 0
8 4 156 432 107 3
9 1 6 92 82 16
10 15 0 1 10 32
_gotal 296 838 870 214 63
eriagin  total
1 740
2 500
3 400
4 1200
5 1400
6 100
7 600
8 800
9 200
10 60
Sotal 6000
4.3.4

Loaded Volumes on Each LinkC(third iteration)

1 2 3 4 o} 6 7 8 9 10

1 295 0 617 279

2 503 226 45 322

3 0 133 140 467

4 322 95035 0 640 0

5 78 663 695 0 0

6 419 218 52 203
7 104 129 271 170

8 92 174 432 117

9 283 82 20
10 18 201 32




5.1.1
Times or Costs in the Network(first iteration)
1 2 3 4 ] 6 1 8 9 10

1 1 1.7 1.9 1.2 2.5 4 3.7 4.9 6.8 4.8

2 1.7 1 3.4 2 3.3 2.3 5.2 5.7 7.6 4.9

3 1.9 3.4 1 1.4 2.7 4.8 1.8 3.8 5.7 -]

4 1.2 2 1.4 1 1.3 3.4 3.2 3.7 5.6 3.6

] 2.5 3.3 2.7 1.3 1 2.1 2.2 2.4 4.3 2.3

6 4 2.3 4.8 3.4 2.1 1 4.3 4.5 5.3 2.6

7 3.7 5.2 1.8 3.2 2.2 4.3 1 2 3.9 4.5

8 4.9 $.7 3.8 3.7 2.4 4.5 2 1 1.9 4.6

9 6.8 7.6 5.7 5.6 4.3 5.3 3.9 1.9 1 2.7

10 4.8 4.9 5§ 3.6 2.3 2.6 4.5 4.6 2.7 1

5.1.2
HxF(Cji) and total, twiF(Ci‘) (first {teration)

1 2 3 4 o] 6 7 8 9 10 total
1 3.42 3.23 1.87 1.43 0.76 0.22 0.32 0.05 0.00 0.04 11.33
2 2.%4 4.34 0.34 0.85 0.29 1.90 0.04 0.01 0.00 0.03 10.33
3 2.16 0.49 2.96 1.32 0.6! 0.07 2.87 0.24 0.01 0.03 10.75%
4 3.34 2.51 2.67 1.47 2.09 0.50 0.62 0.28 0.0! 0.20 13.67
S 1.18 0.%6 0.81 1.38 2.21 2.32 1.98 1.40 0.09 0.97 12.92
6 0.17 1.86 0.05 0.17 1.16 4.42 0.14 0.09 0.02 0.70 8.77
7 0.26 0.04 2.04 0.22 1.05 0.14 4.16 2.10 0.15 0.06 10.22
8 0.05 0.02 0.20 O0.i11 0.85 O0.11 2.41 3.64 1.66 0.05 9.08
9 0.00 0.00 0.01 0.01 0.07 0.03 0.24 2.30 2.62 0.62 5.91
10 0,00 9,06 0,00 Q.00 0,95 1.36 0,10 0.08 0,72 2. .27 %.75
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5.1.3

Simultaneous Residential Location and Trip
Matrix from Origin to Destination(first fteration)

erigin _dest 1 dest 2 _gest 3 _dest 4 dest 5
49 37

1 89 84 20
2 49 84 7 16 6
3 32 7 44 20 9
4 117 88 94 52 73
5 51 24 35 60 96
6 1 8 ] 1 5
7 6 1 48 5 25
8 2 1 7 4 30
9 0 0 (] 0 1
10 0 0 ) 1 4
total 348 298 284 195 269
-2rigain dest 6 dest 7 dest 8 dest D dest 10
1 6 8 1 0 1
2 37 1 0 0 1
3 1 43 4 ] ()
4 18 22 10 ] 6
5 101 86 61 4 42
6 20 1 0 0 3
7 3 98 49 4 1
8 4 85 128 58 2
9 0 3 3) 36 8
10 6 0 0 3 10
_total 195 346 285 105 7%
eriain __total
1 296
2 200
3 160
4 480
5 560
6 40
7 240
8 320
9 80
10 24

|



5.1.4
Loaded Volumes on Each Link(first iteration)

T2 3 4 %5 6 7 8 9 10

1 89 90 57 60
2 50 84 29 43
3 38 44 43 77
4 170 121 158 51 147
L] 179 96 127 87 77 52
6 10 7 20 4
7 67 29 97 57
8 41 95 128 68
9 36 3% 11
10 s 6 3 9
5.2.1
Travel Times or Costs in the Network(second iteration)
1 2 3 4 ] _6_ 7 8 9 10
1 1 1.7 1.9 1.2 4.2 4 3.7 5.7 7.6 6.5
2 1.7 1 3.6 2 4.4 2.3 5.4 6.8 7.6 4.9
3 1.9 3.6 1 1.4 4 5.9 1.8 3.8 5.7 6.3
4 8.8 10.2 6.9 1 3.0 7.9 5.6 5.4 7.3 5.3
5 6.3 7.2 4.4 5.1 1 4.9 2.6 2.4 4.3 2.3
6 4 2.3 5.9 4.3 2.1 1 4.7 4.5 5.3 2.6
7 3.7 5.4 1.8 3.2 2.2 7.1 1 2 3.9 4.5
8 5.7 7.4 3.8 5.2 2.4 7.2 2 1 1.9 4.6
9 7.6 7.6 5.7 7.1 4.3 5.3 3.9 1.9 1 2.7
10 6.6 4.9 6.6 6.9 2.3 2.6 4.9 4.6 2.7 1
5.2.2
HiF(le) and total, tH‘F(Cji) (second iteration)

. 1. . . . . .

2 2.54 4.34 0.26 0.85 0.06 1.90 0.03 0.00 0.00 0.03 10.00
3 2.16 0.38 2.96 1.32 0.11 0.0l 2.87 0.24 0.01 0.00 10.06
4 0.00 0.00 0.00 1.47 0.41 0.00 0.02 0.02 0.00 0.02 1.94
5 0.0f{ 0.00 0.09 0.01 2.21 0.06 1.34 1.40 0.09 0.97 6.18
6 0.17 1.86 0.01 0.05 1.16 4.4] 0.07 0.08 0.02 0.70 8.55
7 0.26 0.03 2.04 0.22 1.05 0.00 4.16 2.10 0.15 0.06 10.07
g8 0.01 0.00 0.20 0.01 0.85 0.00 2.4l 3.64 1.66 0.05 8.83
9 0.00 0.00 0.01 0.00 0.07 0.03 0.24 2.30 2.62 0.62 5.90
5.950

10 0,00 0,06 0,00 0,00 0,95 _1.36 0,06 0,08 0,72 2.27




Simultaneous Residential Location and Trip

5.2.3

Matrixz from Origin to Destination(second iteration)

~riain dest 1 dest 2 dest 3 dest 4 dest S
1 185 175 101 77 22
2 100 171 12 33 7
3 67 13 91 41 11
4 117 88 94 414 175
5 52 25 43 61 296
6 2 17 o 1 11
7 12 2 96 10 50
8 2 1 14 4 61
9 ] 0 0 0 2
10 0 1 ) 1 8
total 537 491 453 643 643
<2rigin dest 6 dest 7 dest 8 dest 9 dest 10
] 12 17 2 ) 1
2 7% 1 ) ] -1
3 1 88 7 0 0
4 18 27 15 1 11
5 106 207 188 11 130
6 41 1 1 0 6
7 3 197 100 7 3
8 4 172 260 119 3
9 1 7 62 71 17
10 12 1 1 6 19
total 272 218 636 215 193
1 592
2 400
3 320
4 960
5 1120
6 80
7 480
8 640
9 160
10 48
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5.2.4

Loaded Volumes on Each Link(second iteration)

1 3 4 ] [ Z 8 9 10
1 185 203 133 101
2 115 171 35 96
3 267 91 55 127
4 0 0 211 414 357
] 61 296 0 331 216 385
6 134 20 41 8
7 237 67 197 116
8 63 200 260 145
9 72 71 25
-l0 9 257 7 19
5.3.1
Travel Times or Costs in the Network(third iteration)
1 2 3 4 5 [ 7 8 9 10
1 1 6.1 2.8 2.6 7.% 8.4 5.3 7.8 11.0 1.0
2 2.1 1 4.9 2 4.4 2.3 7.% 9.5 7.6 4.9
3 14.3 13.8 1 1.4 4.7 15.6 2.5 5.1 8.2 10.9
4 12.9 12.4 15.¢ | 16.8 14.7 18.2 20.7 20.0 17.3
S 16.5 14.3 19.3 S.1 1 11.0 21.8 17.5% 16.2 13.5
6 5.6 3.4 8.4 5.4 2.1 1 10.9 7.2 5.3 2.6
7 18.7 16.5 10.3 7.3 2.2 13.1 1 2.5 5.7 8.4
8 18.9 16.7 17.1 7.5 2.4 13.3 6.8 1 3.2 5.9
9 20.8 18.6 9.0 9.4 4.3 15.2 8.7 1.9 i 2.7
_19_11*1__L§h§__21‘§_¥,7.4 2.3 13.2 11.4 4.6 2.7 1
5.3.2

HiF(le) and

total, Z"iF(le) (third iteration)

1 2 3 1 T I S W N (N TV
; 3-42 0.00 0.72 0.44 0.00 .00 0.03 055 0.00 0.00 4.62
2 1.71 4.34 0.04 0.85 0.06 1.90 0.00 0.00 0.00 0.03 8.93
3 0.00 0.00 2.96 1.32 0.04 0.00 ;.43 0.04 0.00 0.00 %.79
3 0.00 0.00 0.00 1.47 0.00 0.00 0 .00 0.00 0.00 0.00 .47
> 0.00 0.00 0.00 0.01 2.21 0.00 o.00 0.00 0.00 0.00 2.23
§ 0.02 0.49 0.00 0.01 1.16 4.41 0.00 0.00 0.02 0.70 6.8;
7 0.00 0.00 0.00 0.00 1.05 0.00 4.i¢ 1.19 0.01 0.00 6.4
8 0.00 0.00 0.00 0.00 0.85 0.00 0. 00 3.64 0.40 0.01 4.90
9 0.00 0.00 r.00 0.00 0.07 0.00 0. 00 2.30 2.62 0.62 5.6
10 _0.00 0.00 0 00 Q.00 0,07 0.72 2.27 4 0}
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5.3.3
Simultaneous Residential Location and Trip
Matrix from Origin to Destination(third iteration)

“origin  dest 1 dest 2 _dest 3 “dest 4 dest D

1 294 175 124 91 22
2 119 220 12 42 8
3 67 13 132 59 12
4 117 8s 94 654 175
5 52 25 43 63 574
6 2 18 0 1 14
7 12 2 96 10 70
8 2 1 14 4 89
9 0 0 0 () 3
10 0 1 0 1 1
_total 664 541 517 926 978

1 12 18 2 0 1

2 96 1 0 0 1

3 1 108 8 o 0

4 18 27 15 1 11

5 106 207 188 11 130

6 54 1 1 0 8

7 3 275 122 7 3

8 4 172 379 131 3

9 1 6 78 90 21

10 12 1 1 8 26
_total __ 306 817 794 _249 206
erigin _ total

1 740

2 500

3 400

4 1200

5 1400

6 100

7 600

8 800

9 200

10 60

JSetal 6000




5.3.4

Loaded Volumes on Each Link(third iteration)

1 2 3 4 5 [ 7 g8 9 10
1 294 188 567 91
2 452 220 43 322
3 0 132 138 424
4 320 306 (o] 654 (o]
] 78 574 613 0 188 (o}
6 366 197 54 165
7 111 133 275 157 ,
8 104 193 379 145
9 92 90 27
10 24 [o] 23 26
6.1.1
Times or Costs in the Network(first iteration)
1 2 3 4 5 6 7 8 9 10
1 1 3.2 1.9 1.2 2.5 4.6 3.7 4.9 6.8 7.2
2 1.7 1 3.4 2 3.3 2.3 5.2 5.7 7.6 4.9
3 1.9 3.4 1 1.4 2.7 4.8 1.8 3.8 5.7 7.4
4 1.2 2 1.4 1 1.3 3.4 3.2 3.7 5.6 6
-] 2.5 3.3 2.7 1.3 1 2.1 2.2 2.4 4.3 4.7
6 4 2.3 4.8 3.4 2.1 1 4.3 4.5 5.3 2.6
7 3.7 5.2 1.8 3.2 2.2 4.3 1 2 3.9 6.6
8 4.9 5.7 3.8 3.7 2.4 4.5 2 1 1.9 4.6
9 6.8 7.6 5.7 5.6 4.3 5.3 3.9 1.9 1 2.7
10 6.6 4.9 7.4 6 4.7 2.6 6.6 4.6 2.7 1
6.1.2
"1"°jx’ and total, ZHlF(Cji) (first iteration)
1 2z k3 r\ - 1 7 ] ] [0 total
1 3.42 0.64 1.87 1.43 0.76 0.09 0.32 0.05 0.00 0.00 8.59
2 2.54 4.34 0.34 0.8%5 0.29 1.90 0.04 0.01 0.00 0.03 10.33
3 2.16 0.49 2.96 1.32 0.61 0.07 2.87 0.24 0.01 0.00 10.73
4 3.34 2.5t 2.67 1.47 2.09 0.%0 0.62 0.28 0.0t 0.01 13.47
5 1.18 0.56 0.81 1.38 2.21 2.32 1.98 1.40 0.09 0.04 11.98
6 0.17 1.8 0.05 0.17 1.16 4.42 0.14 0.09 0.02 0.70 8.77
7 0.26 0.04 2.04 0.22 1.05 0.14 4.16 2.10 0.15 ©0.00 10.17
8 0.05 0.02 0.20 O0.11 0.85 0O.11 2.41 3.64 1.66 0.05 9,08
9 0.00 0.00 0.01 0.0!1 0.07 0.03 0.24 2.30 2.62 0.62 5.91
jO0 0,00 0,06 0.00 0,00 0,04 1.36 0.00 0,08 0.72 2.27 4.54
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Simultaneous Residenti
Matrix from Origin to

6.1.3

al Location and Trip
Destination(first jteration)

—origin _dest | dest 2 dest 3 _dest 4 dest 5
1 118 22 65 49 26
2 49 84 7 16 6
3 32 7 44 20 9
4 118 89 95 52 74
5 55 26 38 65 103
6 1 8 0 1 5
7 6 1 48 5 25
8 2 1 7 4 30
9 ) 0 0 ) 1
10 ) 0 o) 0 0
_total 382 239 304 212 280
erigin dest © dest 7 dest § dest 9 dest 10
1 3 11 2 ) 0
2 37 1 0 ] 1
3 1 43 4 0 )
4 18 22 10 ) )
5 108 93 66 4 2
6 20 1 0 ] 3
7 3 98 50 4 )
8 4 85 128 58 2
9 ) 3 31 36 8
10 7 0 0 4 12
_total 202 356 291 _]06 28
erigin __total
1 296
2 200
3 160
4 480
5 560
6 40
7 240
8 320
9 80
10 24

|
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Loaded Volumes on Each Link(first iteration)

6.1.4

] 2 3 4 5 6 7 8 9 10
1 118 75 103
2 50 84 29 37
3 3g 44 43 80
4 176 147 162 52 150
5 191 103 140 93 82
6 10 8 20 6
7 67 28 98 57
8 41 95 128 68
9 36 36 11
] 8 4 12

15%



6.2.1

Travel Times or Costs in the Network(second lteration)

156

1 2 3 4 5 6 2 9 10
1 1 15.2 1.9 2.7 5.9 12.9 3.7 5.7 7.6 10.3
2 1.7 1 3.6 2 4.4 2.3 5.4 6.8 7.6 4.9
3 1.9 13.3 1 1.4 4 11 1.8 3.8 5.7 8.4
4 9.4 15.1 7.5 1 3.2 12.8 5.9 5.6 7.5 10.2
5 6.4 11.9 4.5 5.9 1 9.6 2.7 2.4 4.3 7
6 4 2.3 5.9 4.3 2.1 1 4.8 4.5 5.3 2.6
7 3.7 11.5 1.8 3.2 2.2 9.2 1 2 3.9 6.6
8 5.7 9.5 3.8 5.2 2.4 7.2 2 1 1.9 4.6
9 7.6 7.6 5.7 7.1 4.3 5.3 3.9 1.9 1 2.7
jO 6.6 4.9 8,4 6.9 4.7 2.6 6.6 4.6 2.7 1
6.2.2
\
wlF(cji) and.total, zwiF(ch) (second iteration)
1 2 3 4 5 § 7 8 9 10 total |
1 3.42 0.00 1.87 0.38 0.01 0.00 0.32 0.01 0.00 0.00 6.01
2 2.54 4.34 0.26 0.85 0.06 1.90 0.03 0.00 0.00 0.03 10.00
1 2.16 0.00 2.96 1.32 O0.11 0.00 2.87 0.24 0.01 0.00 9.67
4 0.00 0.00 0.00 1.47 0.33 0.00 0.0l 0.02 0.00 0.00 1.83
s 0.00 0.00 0.07 0.00 2.21 0.00 1.17 1.40 0.09 0.00 4.96
6 0.17 1.86 0.01 0.05 1.16 4.4l 0.07 0.09 0.02 0.70 8.54
2 0.26 0.00 2.04 0.22 1.05 0.00 4.16 2.10 0.15 0.00 9.99
8 0.01 0.00 0.20 0.01 0.85 0.00 2.41 3.64 1.66 0.05 8.83
g 0.00 ©0.00 ©0.01 ©0.00 0.07 0.03 0.24 2.30 2.62 0.62 5.90
10. 0.00 0.06 0,00 0,00 0,04 1.3 0.00 0.07 0,72 2.27 4.53
6.2.3
Simultaneous Residential Location and Trip
Matrix from Origin to Destination(second iteration)
—origin dest 1 _ dest 2 dest 3 _dest 4 dest D
1 286 22 156 68 27
2 100 171 12 33 7
3 68 7 93 42 11
4 119 89 95 437 162
S 56 26 46 65 353
6 2 17 (o] 1 1
7 12 1 97 10 50
8 2 1 14 4 61
9 0 0 o] o] 2
10 o] 1 o] 0 (o]
total 645 335 515 661 _683




—origin _dest 6 _ dest 7 dest € dest 9 dest 10
1 3 27 2 0 0
2 75 1 0 (o] 1
3 1 90 8 (o} 0
4 18 25 14 1 (o}
5 109 225 224 14 2
6 41 1 1 (o} 7
7 3 198 100 7 0
8 4 172 260 119 3
9 1 6 62 T 17

10 14 (o] 1 8 24

total 269 746 673 219 54
i 592
2 400
3 320
4 960
5 1120
(3 80
7 480
8 640
9 160
10 48

Jtotal 4800

6.2.4
Loaded Volumes on Each Link(second iteration)
] 2 3 4 5 6 7 8 10
1 286 251 68 .
2 115 171 34 83
3 257 93 121 199
4 0 (o] 214 437 309
5 0 353 (o] 418 498
6 167 20 41 8
7 308 88 198 156 '
8 63 200 260 430
9 72 71 308
10 300 9 24
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Simultaneous Residential Location and Trip

Matrix from Origin to Destination(third iteration)

6.3.1
Travel Times or Costs in the Network(third iteration)
1 2 3 4 % 6 - 8 9 10
1 1 27.6 13.2 3.4 21.8 29.9 19.3 23.0 35.2 32.5
2 2.1 | 15.3 2 4.4 2.3 16.3 9.5 7.6 4.9
3 14.3 27.4 1 3.3 8.6 23.9 6.1 9.8 29.2 26.5
4 14.4 24.1 27.6 1 28.5 26.4 33.7 33.6 31.7 29.0
5 20.7 20.3 133.9 6.3 1 15.3 29.3 22.% 20.6 17.9
6 7.1 5.0 20.3 7.0 2.1 1 14.0 7.2 5.3 2.6
7 23.3 22.9 26.0 8.9 2.6 17.9 1 3.8 23.2 20.5
8 23.1 22.7 32.8 8.7 2.4 17.7 6.8 1 23.0 20.3
9 25.0 24.6 34.7 10.6 4.3 19.6 8.7 1.9 1 22.2
10 27.7 27.3 37.4 13.3 7 22.3 11,4 4.6 2.7 ]
6.3.2
wip(cji) and total, EwiF(le) (third iteration)
1 2 3 4 5 _6 7 8 9 10 total
1 3.42 0.00 0.00 O0.16 0.00 0.00 0.00 0.00 0.00 0.00 3.58
2 1.72 4.34 0.00 0.85 0.06 1.90 0.00 0.00 0.00 0.03 8.89
3 0.00 0.00 2.96 0.19 0.00 0.00 0.00 0.00 0.00 0.00 3.16
4 0.00 0.00 0.00 1.47 0.00 0.00 0.00 0.00 0.00 0.00 1.47
5 0.00 0.00 0.00 0.00 2.21 0.00 0.00 0.00 0.00 0.00 2.21
€ 0.00 0.05 0.00 0.00 1.16 4.41 0.00 0.00 0.02 0.70 6.35
7 0.00 0.00 0.00 0.00 0.70 0.00 4.16 0.25 0.00 0.00 5.12
8 0.00 0.00 0.00 0.00 0.85 0.00 0.00 3.64 0.00 0.00 4.49
9 0.00 0.00 0.00 0.00 0.07 0.00 0.00 2.30 2.62 0.00 4.99
.08 0,72 2.27 3,08
6.3.3

2 119 220 12 43
3 68 7 168 47 1
4 119 89 95 677 162
5 56 26 46 65 633
6 2 17 0 1 15
7 12 1 97 10 66
8 2 1 14 4 91
9 0 0 0 0 3
10 0 1 0 0 0
_gotal 805 384 590 923 1015
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f2rigin gest 6 dest 7 gest 8 dest 9 dest 10
1 3 26 2 (o] 0
2 96 1 (o} (o] 1
3 1 20 8 (o] (o}
4 18 25 14 1 0
S 109 225 224 14 2
6 55 1 1 (o] 8
7 3 296 106 7 0
8 q 172 390 119 3
9 1 6 80 92 17
10 14 (o] 1 11 33
total 304 - 844 827 243 6%
1 740
2 500
3 400
4 1200
5 1400
6 100
7 600
8 800
9 200
10 60
~total 6000
6.3.4
Loaded Volumes on Each Link(third iteration)
1 2 3 4 5 6 7 8 9 10
1 427 391 100 :
2 133 220 44 304
3 68 168 54 191
4 356 317 0 677 (o}
5 196 633 772 0 (o]
6 48 184 55 640
7 111 139 296 116
8 260 420 390 (o}
9 591 92 0
I ) o] 634 33




7.1.1

Times or Costs in the Network(first iteration)

160

1 2 3 4 6 8 9 10

1 1 1.7 1.9 1.2 2.5 4 3.7 4.9 6.8 6.6

2 1.7 1 3.4 2 3.3 2.3 5.2 5.7 7.6 4.9

3 1.9 3.4 1 1.4 2.7 4.8 1.8 3.8 5.7 7.4

4 1.2 2 1.4 1 1.3 3.4 3.2 3.7 5.6 6

5 2.5 3.3 2.7 1.3 1 2.1 2.2 2.4 4.3 4.7

6 4 2.3 4.8 3.4 2.1 1 4.3 4.5 5.3 2.6

7 3,7 5.2 1.8 3.2 2.2 4.3 1 2 3.9 6.6

8 4.9 5.7 3.8 3.7 2.4 4.5 2 1 1.9 4.6

9 €.8 7.6 5.7 5.6 4.3 5.3 3.9 1.9 1 2.7

10 6.6 4,9 7.4 6 4,7 2.6 6.6 4.6 2.7 1
7.1.2
"1F‘°11’ and total, SWIF(le) (first iteration)
i
1 2 3 4 5 [ 1 __8 9

1 3.42 3.23 1.87 1.43 0.76 0.22 0.32 0.05 0.00 0.00 11.30
2 2.%¢ 4.34 0.34 0.85 0.29 1.90 0.04 0.01 0.00 0.03 10.33
3 2.16 0.49 2.96 1.32 0.6l 0.07 2.87 0.24 0.01 0.00 10.73
4 3.34 2.51 2.67 1.47 2.09 0.50 0.62 0.28 0.01 0.0l 13.47
s 1.18 0.56 0.81 1.38 2.21 2.32 1.98 1.40 0.08 0.04 11.98
¢ 0.17 1.86 0.05 0.16 1.16 4.41 0.14 0.09 1.92 0.70 8.77
7 0.26 0.04 2.04 0.22 1.05 0.14 4.16 2.10 0.15 0.00 10.17
8 0.05 0.02 0.20 0.i1 0.85 0.11 2.41 3.64 1.66 0.04 9.08
9 0.00 0.00 0.01 0.01 0.07 0.03 0.24 2.30 2.62 0.62 5.91
MMMMLLMMLH 4,54




7.1.3

Simultaneous Residential Location and Trip
Matrix from Origin to Destination(first iteration)

origin ___dest 1 —dest 2 dest 3 dest 4 dest D
1 90 85 49 37 20
2 49 84 7 16 6
3 32 7 44 20 9
4 119 89 95 52 74
5 55 26 38 €5 103
6 1 8 0 1 5
7 6 1 48 5 25
8 2 1 7 4 30
9 ) ) 0 (] 1
10 0 () ) ) 0
total 354 _302 288 200 274

:
i

orjgin dest 6 dest 7 dest B d

1 6 8 1 0 0

2 37 1 0 0 1

3 1 43 4 0 0

4 18 22 10 0 0

5 108 93 66 4 2

6 20 1 0 0 3

7 3 98 49 4 0

8 4 85 128 58 2

9 0 3 31 36 8

10 7 0 0 4 12
total 204 353 290 106 28
erigin __  total

1 296

2 200

3 160

4 480

5 560

6 40

7 240

8 320

9 80

10 24

~lotal 2400
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7.1.4

Loaded Volumes on Each Link(first fteration)

1 2 3 4 = € 7 8 9 10

190 90 57 59

2 S0 84 29 43

3 38 44 43 77

4 176 124 162 52 140

5 191 103 137 93 81

6 10 8 20 6

7 67 28 38 57

8 41 95 128 68

9 36 35 11

10 8 4 12
7.2.1

Travel Times or Costs in the Network(second iteration)

1 2 3 4 o 5 1 8 9 10

1 1 1.7 1.9 1.2 3.9 4 3.7 5.7 7.6 6.6

2 1.7 1 3.6 2 4.4 2.3 5.4 6.8 7.6 4.9

3 1.9 3.6 1 1.4 4 5.9 1.8 3.8 5.7 8.4

4 9.1 10.8 7.2 1 2.7 12.3 5.4 S.1 7.0 9.7

5 6.4 8.1 4.5 5.9 1 9.6 2.7 2.4 4.3 7

6 4 2.3 5.9 4.3 2.1 1 4.8 4.5 5.3 2.6

7 3.7 5.4 1.8 3.2 2.2 7.7 1 2 3.9 6.6

8 5.7 7.4 3.8 5.2 2.4 7.2 2 1 1.9 4.6

9 7.6 7.6 5.7 7.1 4.3 5.3 3.9 1.9 1 2.7

10 6.6 4.9 8.4 6.9 4.7 2.6 6.6 4,6 2.7 1

7.2.2
wlF(cji) and total, zwlrtcji> (second -iteration)
i 2 3 4 5 6 7 8 9 10

T 3.42 3.23 1.87 1.43 0.12 0.22 0.32 0.01 0.00 0.00 10.62
2 2.54 4.34 0.26 0.85 0.06 1.90 0.02 0.00 0.00 0.03 10.00
3 2.16 0.38 2.96 1.32 0.11 0.0l 2.87 0.24 0.01 0.00 10.06
4 0.00 0.00 0.00 1.47 0.58 0.00 0.02 0.03 0.00 0.00 2.11
5 0.00 0.00 0.07 0.00 2.21 0.00 1.17 1.40 0.08 0.00 4.96
6 0.17 1.86 0.01 0.05 1.16 4.4l 0.07 0.09 0.02 0.70 8.54
7 0.26 0.02 2.04 0.22 1,05 0.00 4.16 2.10 0.15 0.00 10.01
8 0.01 0.00 0.20 0.0f 0.85 0.00 2.4! 3.64 1.66 0.04 8.83
9 0.00 0.00 0.0 0.00 0.07 0.03 0.24 2.30 2.62 0.62 5.90
10 0,00 ©0.05 0.00 0,00
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7.2.3

Simultaneous Residential Location and Trip
Matrix from Origin to Destination(second iteration)

-arlaln dest | dest 2 deat 3 dest 4 _dest 5

1 184 175 101 77 23
2 100 171 12 a3 7
3 67 13 91 41 11
4 119 89 95 385 207
S 56 26 46 (1] 383
6 2 17 0 1 11
7 12 2 7 10 S0
8 2 1 14 4 61
9 0 0 0 0 2
10 0 1 0 0 0
<Sotal 242 494 457 §18 225

—erigin — dest € _dest 7  deat 8  dest 9 dest 10

1 12 1?7 2 0 0

2 k4] 1 0 0 1

3 1 88 7 0 0

4 18 28 18 1 0

-] 108 2238 224 14 2

6 41 1 1 0 6

7 3 198 100 7 0

8 4 172 260 119 3

9 1 6 62 71 17

10 14 0 | 8 24
Satal 228 137 £75 219 54

1 392

2 400

3 320

4 960

-] 1120

6 80

7 480

8 640

9 160

10 48
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7.2.4

Loaded Volumes on Each Link(second iteration)
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7.3.

Travel Times or Costs in the Network(third iteration)
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7.3.2

QIF(Cji) and total, s“lp(cjl) (third iteration)

7

1.18 0.00 0.00
7

1.44 0.04 0.00 0.00

1.90 0.00 0.00 0.00 0.03
1.47 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.08 o0.00
1.16 4.42 0.00 0.00 0.02 0.70

1.05 0.00 4.16

0.00 0.00 .00 0.00 0.85 0.00 0.00 3.64 0.00 0.00

4.34 0.04 0.85 0.06

1.86 0.00 0.05
0.00 0.00 0.00 0.00 0.07 0.00 0.00 2.30 2.62 0.03

0.29 0.00 2.96 0.20 0.04 0.00

0.00 0.00 0.00
0.00 0.00 0.00 0.00 2.21

0.09
0.00 0.00 0.00 0.00

1.72

2
3
4
5
6
K
8
9



Simultaneous Reside

7.3.3

ntial Location and Trip

Matrix from Origin to Destinat

fon(third fteration)

1 295 175 124 91 23
2 119 220 12 42 8
3 72 13 139 44 12
4 119 89 95 625 207
5 56 26 46 65 633
3 2 21 ] 1 14
7 12 2 97 10 70
8 2 1 14 4 91
9 0 0 ) 0 3
10 0 1 0 0 )
total 676 547 528 884 1061
_a:isin______dzﬂi_ﬁ____ﬂsas,7 dest 8 dest 9 dest IO
1 12 18 2 ) )
2 96 1 ] ] 1
3 1 111 8 0 )
4 18 28 18 1 0
5 108 225 224 14 2
6 52 1 1 ] 8
7 3 276 122 7 0
8 4 172 390 119 3
9 1 6 80 92 17
10 14 0 1 11 33
total 310 839 846 243 €5
erigin _total
1 740
2 500
3 400
4 1200
] 1400
6 100
7 600
8 800
9 200
10 60

|
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7.3.4
Loaded Volumes on Each Link(third iteration)
1 2 3 4 5 6 7 8 9 10
1 295 (¢} 182 278
2 135 220 43 : 136
3 261 139 57 880
4 308 1143 625
5 756 633 165 (o] (o]
6 55 22 52 31
7 0 438 276 381
8 122 179 390 126
9 92 92 18
10 17 27 33
8.1.1
Times or Costs in the Network(first iteration)
1 2.3 4 ] 6 7 8 9 10
1 0.9 1.% 1.7 1.1 2.3 3.6 3.3 4.4 6.1 5.9
2 1.% 0.9 3.1 1.8 3.0 2.1 4.7 S5.1 6.8 4.4
3 1.7 3.t 0.9 1.3 2.4 4.3 1.6 3.4 S.1 6.7
4 1.1 1.8 1.3 0.9 1.2 3.1 2.9 3.3 5.0 5.4
5 2.3 3.0 2.4 1.2 0.9 1.9 2.0 2.2 3.9 4.2
6 3.6 2.1 4.3 3.1 1.9 0.9 3.9 4.1 4.8 2.3
7 3.3° 4.7 1.6 2.9 2.0 3.9 0.9 1.8 3.5 5.9
8 4.4 5.1 3.4 3.3 2.2 4.1 1.8 0.9 1.7 4.1
9 6.1 6.8 5.1 5.0 3.9 4.8 3.5 1.7 0.9 2.4
19 .9 4.4 6,7 5.4 4.2 2.3 5.9 4.1 2.4 0,9
8.1.2
NiP(le) and total, :“ip(cji) (first iteration)
i
1 2 3 4 ] N 7

3.37 3.63 2.19 1.46 1.00 0.38 0.52 0.10 0.00 0.00 12.66
2.86 4.27 0.52 1.01 0.44 2.39 0.08 0.03 0.00 0.06 11.67
2.52 0.77 2.92 1.40 0.83 0.14 3.28 0.40 0.02 0.00 12.29
3.41 2.98 2.84 1.44 2.18 0.78 0.92 0.45 0.03 0.01 15.05
1.55 0.86 1.01 1.44 2.1'8 2.82 2.45 1.80 0.16 0.08 14.44
0.30 2.35 0.09 0.26 1.41 4.35 0.25 0.17 0.04 0.93 10.15
0.43 ©0.08 2.34 0.32 1.30 0.26 4.10 2.50 0.26 0.01 11.860
0.09 0.04 0.33 0.18 1.10 0.21 2.87 3.58 1.94 0.09 10.43
0.00 0.00 0.03 0.02 0.13 0.07 0.41 2.69 2.58 0.85 6.78

0.00 0.J2 ©0.00 0.00 0,08 1,82 0.0l ©0.45 0,98 2,23 5,41

O WO IR L WK -
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8.1.3

Simultaneous Residential Location and Trip
Matrix from Origin to Destination(first fteration)

1 79 85 51 34 23
2 49 73 9 17 8
3 33 10 3g 18 11
4 109 95 90 46 69
5 60 33 43 56 84
6 1 9 ) 1 6
7 9 2 48 7 27
8 3 1 10 6 34
9 0 0 0 0 2
10 ) 1 0 0 0
_total 342 309 299 185 264

1 10 12 2 0 0

2 41 1 1 0 1

3 2 43 5 0 0

4 25 30 15 1 1

5 109 95 70 6 3

6 17 1 0 0 4

7 5 85 52 5 0

8 6 88 109 60 3

9 1 5 32 30 10

10 8 (o} . 1 4 10
total —ald 359 _287 107 3]

erigin _____total

1 296

2 200

3 160

4 480

5 560

6 40

7 240

8 320

9 80

10 24

~tetal 2480




8.1.4

Loaded Volumes on Each Link¢(first iteration)

2 3 4 5 6 7 8 9 10

EGQQOUANNW

79 94 63 60
50 73 35 51
42 38 49 91
172 141 173 46 157
203 84 151 96 95
11 9 17 9
76 32 85 63
52 103 110 735
39 30 14
10 3 10
8.2.1

Travel Times or Costs in the Network(second iteration)

12 3 4 s e 7 8 9 10

1 0.9 1.9 1.7 1.2 4.4 3.6 3.3 5.1 6.8 5.9

2 1.5 0.9 3.2 1.8 4.0 2.1 4.9 6.6 6.8 4.4

3 1.7 3.2 0.9 1.3 3.6 5.3 1.6 3.4 5.1 7.6

4 9.0 10.5 7.3 0.9 3.2 12.3 5.7 5.9 7.6 10.0

5 5.8 7.3 4.1 5.3 0.9 9.1 2.5 2.7 4.4 6.8

6 3.6 2.1 5.3 3.9 1.9 0.9 4.4 4.6 4.8 2.3

7 3.3 4.9 1.6 2.9 2.0 6.9 0.9 1.8 3.5 5.9

8 5.4 7.0 3.7 5.0 2.2 6.5 2.1 0.9 1.7 4.1

9 7.1 6.8 5.4 6.7 3.9 4.7 3.8 1.7 0.9 2.4

1o 5.9 4.4 7.7 6.2 4.2 2.3 6.2 4.l 2.4 0.9

8.2.2
Hl?(cjl) and total, SHiP(le) (second iteration)
1 2 3 34 T ¢ 71 38 10 total

1 3.37 3.63 2.19 1.41 0.06 0.38 0.52 0.03 0.00 0.00 11.60
2 2.86 4.27 0.42 1.0l 0.12 2.39 0.06 0.00 0.00 0.06 11.19
3 2.%2 0.61 2.92 1.40 0.19 0.03 3.28 0.40 0.02 0.00 11.39
4 0.00 0.00 0.00 1.44 0.33 0.00 0.02 0.01 0.00 0.00 1.80
5 0.01 0.00 0.13 0.0l 2.18 0.00 1.50 1.04 0.08 0.00 4.94
6 0.30 2.35 0.02 0.09 1.41 4.35 0.13 0.08 0.04 0.93 9.70
7 0.43 0.06 2.34 0.32 1.30 0.00 4.10 .50 0.26 0.01 11.32
8 0.02 0.00 0.22 0.02 1.10 0.00 2.17 3.%8 1.94 0.09 9.14
g 0.00 0.00 0.02 0.00 0.13 0.07 0.27 2.69 2.58 0.85 6.61
10 0,00 0,12 0.00 0,00 0,08 1,81 0.00 0,15 0,98 2.23 $.40




Simultaneous Resident
Matrix from Origin to Destination(s

8.2.3

jal Location and Trip
econd iteration)

origin dest | dest 2 dest 3 dest 4 dest S
1 166 178 107 70 25
2 100 150 16 35 10
3 68 19 79 38 13
4 109 95 91 431 157
5 61 33 58 57 331
6 2 19 ) 1 11
7 18 3 98 14 55
8 4 1 18 6 72
9 0 (o) 1 0 3
10 0 1 0 ] 1
_total 527 499 467 652 678
Torigin  dest 6 . dest 7 _dest 8 dest 9 dest 10
1 19 25 3 0 )
2 84 2 1 0 2
3 2 89 11 1 0
4 25 34 17 1 0
5 109 265 187 15 3
6 35 2 1 0 8
7 6 172 105 11 0
8 7 164 235 127 6
9 2 8 64 62 20
10 16 0 1 9 20
total 304 761 626 223 —£0
eriagin ___total
1 592
2 400
3 320
4 960
5 1120
3 80
7 480
8 640
9 160
10 48

|
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8.2.4

Loaded Volumes on Each Link¢second iteration)

1 2 3 4 s 6 7 8 9 10
1 165 1356 155 95
2 122 150 38 123
3 419 79 115 145
4 0 0 0 431 554
5 0 331 0 804 360
6 24 25 35 10
7 672 68 172 131
8 75 202 235 305
9 78 62 173
10 161 10 20
8.3.1
Travel Times or Costs in the Network(third iteration)
1 2 3 4 % [ 7 8 9 10
1 0.9 21.5 3.2 2.4 7.9 24.3 5.9 8.5 29.0 26.6
2 2.0 0.9 5.2 1.8 4.7 2.8 7.9 9.3 7.6 5.1
3 14.6 21.7 0.9 2.6 4.7 22.9 2.7 5.3 27.6 25.2
4 12.0 19.1 8.4 0.9 13.1 21.9 11.1 13.7 26.6 24.2
5 18.9 20.3 15.3 6.9 0.9 18.2 18.0 20.6 23.0 20.5
6 4.1 2.1 7.3 3.9 1.9 0.9 10.0 6.5 4.8 2.3
7 20.9 22.2 17.3 8.9 2.0 20.2 0.9 2.6 24.9 22.5
8 21.0 22.4 17.5 9.1 2.2 20.3 7.4 0.9 24.0 22.7
9 14.% 12.4 17.7 10.8 3.9 10.4 9.1 1.7 0.9 5.7
o 8.8 6.7 12,0 8.5 6.3 4,7 11,5 4.1 2.4 0.9
8.3.2
H‘F(Cj‘) and total, EHIF(Cji) (third iteration)
1 2 3 4 ] (1 7 8 9 10 total
1 3.37 0.00 0.44 0.55 0.00 0.00 0.0§ 0.00 0.00 0.00 4.37
2 1.91 4.27 0.02 1.01 0.04 1.10 0.00 0.00 0.00 0.02 8.37
3 0.00 0.00 2.92 0.43 0.04 0.00 1.14 0.03 0.00 0.00 4.56
4 0.00 0.00 0.00 1.44 0.00 0.00 0.00 0.N00 0.00 0.00 1.44
5 0.00 0.00 0.00 0.00 2.18 0.00 0.00 0.00 0.08 0.00 2.18
€ 0.15 2.35 0.00 0.08 1.41 4.35 0.00 0.00 0.04 0.93 9.32
7 0.00 0.00 0.00 0.00 (.30 0.00 4.10 1.13 0.00 0.00 6.53
8 0.00 0.00 0.00 0.00 1.10 0.00 0.00 3.58 0.00 0.00 4.68
9 0.00 0.00 0.00 0.00 0.13 0.00 0.00 2.69 2.58 0.01 5.41
10 0.00 0,00 0,00 0,00 0.00 0,08 0.00 0,15 0,98 2.23 3,45
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8.3.3

Simultaneous Residential Location and Trip
Matrix from Origin to Destination(third iteration)

|
|
| origin _____dest 1 dest 2 dest 3 dest 4 gest S
1 1 279 178 122 89 25
‘ 2 123 201 16 47 10
3 68 19 130 46 14
4 109 95 91 671 157
5 61 33 58 57 611
| 6 3 24 (o] 1 14
‘ 7 18 3 98 14 79
| 8 4 1 18 6 109
| 9 0 o] 1 0 4
| 10 0 1 0 0 1
| total 664 555 533 931 1024
: Loriajn dest & dest 7 dest 8 dest 9 dest 10
1 19 25 3 0 0
2 97 2 1 0 2
3 2 109 11 1 0
4 25 34 17 1 (o]
-] 109 265 187 15 3
6 44 2 1 0 10
7 6 247 126 11 (o
8 7 164 357 127 K
9 2 8 84 81 20
10 16 (o] 2 12 28
_total 326 856 790 242 70
1 740
2 500
3 400
4 1200
] 1400
6 100
7 600
8 800
9 200
10 60

E
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8.3.4

Loaded Volumes on Each Link(third jteration)
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Table 9.1

Times or Costs in the Network(first iteration)
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9.1.2
wir(cji> and total, twlF(CJl) (first iteration)
i .

1 2 3 4 o] () ¥ 8 9 10 total

1 3.42 3.23 1.87 1.43 0.76 0.22 0.32 0.21 0.00 0.00 11.47
2 2.4 4.34 0.34 0.85 0.29 1.90 0.04 0.07 0.00 0.03 10.38
3 2.16 0.49 2.96 1.32 0.61 0.07 2.87 0.24 0.01 0.00 10.73
4 3.34 2.51 2.67 1.47 2.09 0.50 0.62 1.00 0.05 0.01 14.24
s 1.18 0.% 0.81 1.38 2.21 2.32 1.98 3.28 0.34 0.04 14.1!
6 0.17 1.8 0.05 O0.16 1.16 4.41 0.14 0.36 0.02 0.70 9.04
7 0.26 0.04 2.04 0.22 1.05 0.14 4.16 2.10 0.15 0.00 10.17
8 0.20 0.08 0.20 0.40 2.00 0.44 2.4l 3.64 1.66 0.04 11.06
9 0.01 0.00 0.01 0.03 0.29 0.03 0.24 2.30 2.62 0.62 6.16
m_sw_luﬂﬁ_mu” 2.27 _4.94

9.

1.3

Simultaneous Residential Location and Trip
Matrixz from Origin to Destination(first fteration)

origin dest 1 dest 2 dest 3 dest 4 dest D

1 88 83 48 37 20

2 49 84 7 16 6

3 32 7 44 20 9

4 112 84 90 49 70

5 47 22 32 55 88

6 1 8 0 1 5

7 6 1 48 5 25

8 6 2 6 12 58

9 0 ] 0 0 4

10 (] 0 ] ) ()

_total 341 293 215 195 284
origin  dest 6  dest 7 _ _dest @ dest 9 dest 10

1 3 8 5 ) 0

2 37 1 1 o] 1

3 1 43 4 ] )

4 17 21 34 2 0

5 92 79 130 14 2

6 20 1 2 0 3

7 3 98 50 4 )

8 13 70 105 48 1

9 0 3 30 34 8
10 7 ] 0 4 12
_total 196 323 361 105 27
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9.2.2
HIF(Cj‘) and total, twiF(Cji) (second iteration)
) 2 3 4 o) 6 7
1 3.42 3.23 1.87 1.31 0.12 0.22 0.32 0.01 0.00 0.00 10.40
2 2.54 4.34 0.26 0.85 0.06 1.90 0.02 0.00 0.00 0.03 10.00
3 2.16 0.38 2.96 1.32 0.11 0.01 2.87 0.24 0.01 0.00 10.06
4 0.00 0.00 0.01 1.47 0.10 0.00 0.01 0.00 0.00 0.00 1.58
5 0.0f 0.00 0.15 0.02 2.21 0.00 1.98 0.14 0.01 0.00 4.51
6 O0.17 1.86 0.01 0.05 1.16 4.41 0.14 0.01 0.02 0.70 8.53
7 0.26 0.02 2.04 0.22 1.05 0.00 4.16 2.10 0.15 0.00 10.0!
8 0.0f 0.00 0.20 0.01 1.62 0.00 2.41 3.64 1.66 0.05 9.60
9 0.00 0.00 0.01 0.00 0.19 0.03 0.24 2.30 2.62 0.62 6.02
J0 0,00 0.06 0,00 0,00 0,04 1,36 _0.00 0.08 0.72 2.27 4.53
9.2.3

Simultaneous Residential Location and Trip

Matrix from Origin to Destination(second ijteration)

_dest 3 dest 4 dest S
1 185 175 101 74 20
2 100 170 12 33 7
3 67 13 91 41 11
4 112 84 93 495 100
5 48 22 51 57 362
6 2 17 0 1 11
7 12 2 97 10 50
8 6 2 12 12 112
9 () ] 0 ) 6
10 0 1 0 0 0
_total 533 487 458 724 §79
erigin —_dest 6 __ dest 7 dest 8 dest 2 dest 10
1 12 17 6 ) )
2 74 1 1 ] 1
3 1 88 7 0 ()
4 17 23 33 2 )
5 92 325 147 14 2
6 40 1 2 (] 6
7 3 198 100 7 0
8 13 150 227 103 3
9 9 6 61 69 16
10 14 0 1 8 24
_total _268 810 585 204 53
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9.2.4

Loaded Volumes on Each Link(second iteration)

] 2 3 4 5 s 7 ) 9 10

1 185 425 139 94

2 116 170 34 208

3 484 91 63 133

4 0 0 307 495 179

5 57 362 0 762 0

6 20 21 40 8

7 371 60 198 323

8 118 190 227 145

9 75 69 35

10 29 8 24
9.3.1

Travel Times or Costs in the Network(third iteration)

1 2 3 4 5 — € 7 8 9 10
Tt 13.9 3.0 2.7 7.8 19.1 5.6 14.2 17.3 20.0
2 2.2 1 5.1 2 10.0 8.8 7.8 16.0 14.1 11.4
3 12.9 12.5 1 1.4 4.8 16.2 2.6 11.2 14.4 17.1
4 11.5 11.1 14.5 { 16.0 19.9 17.1 22.4 25.2 22.5
5 15.8 13.6 18.8 5.0 1 11.3 12.3 6.4 9.5 12.2
6 4.5 2.3 7.5 4.3 2.1 1 10.1 7.2 5.3 2.6
7 18.0 1%5.8 20.1 7.2 2.2 13.5 1 8.6 11.7 14.4
8 12.9 10.7 15.9 7.7 2.7 8.4 5.9 1 3.1 5.8
9 9.8 7.5 12.7 9.6 4.6 5.3 7.8 1.9 1 2.7

10 7.1 4,9 100 6.9 4.7 2.6 105 4.6 2.7 ]
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9.3.2

Hl?(le) and total, SWIF(le) (third iteration)

T2 3 4 5 6 7 8 9 10
1 3.42 0.00 0.59 0.40 0.00 0.00 0.02 0.00 0.00 0.00 4.42
2 1.69 4.34 0.03 0.85 0.00 0.00 0.00 0.00 0.00 0.00 6.91
3 0.00 0.00 2.96 1.32 0.03 0.00 1.24 0.00 0.00 0.00 5.55
4 0.00 0.00 0.00 1.47 0.00 0.00 0.00 0.00 0.00 0.00 1.47
5 0.00 0.00 0.00 0.02 2.21 0.00 0.00 0.00 0.08 0©.00 2.23
6 0.09 1.86 0.00 0.05 1.16 4.41 0,00 0.00 0.02 0.70 8.30
7 0.00 0.00 0.00 0.00 1.05 0.00 4.16 0.00 0.00 0.00 5.22
8 0.00 0.00 0.00 0.00 0.62 0.00 0.01 3.64 0.41 0.0l 4.69
9 0.00 0.00 0.00 0.00 0.05 0.03 0.00 2.30 2.62 0.62 5.63

10 0,00 0,06 0,00 0,00 10,04 1.36 0,00 0,08 0,72 2.27 4.33

Simultaneous Residential Location and Trip

9.3.3

Matrix from Origin to Destination(third iteration)

-origin dest | dest 2 dest 3 _ dest 4 __dest D
1 299 175 122 87 20
2 125 233 12 45 7
3 67 13 134 60 11
4 112 84 93 735 100
5 48 22 51 59 639
6 2 21 0 1 14
7 12 2 97 10 74
8 6 2 12 12 133
9 0 ) ] 0 6
10 0 1 ] ] 0
_total _672 554 521 1010 1004
origin dest 6 _ dest 7 __dest dest 9 dest 10
1 12 18 6 0 )
2 74 1 1 0 1
3 1 106 7 ] 0
4 17 23 34 2 0
5 92 325 148 14 2
6 51 1 2 0 8
7 3 294 100 7 0
8 13 150 351 117 3
9 1 6 76 88 20
10 18 0 1 10 30
_total 283 925 126 _239 §5
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Loaded Volumes

9.3.4

on Each Link(third iteration)

1 3 4 8 () 2 8 9 10

1 299 o] 475 263

2 374 233 46 96

3 o 134 140 214

4 295 293 0 735 138

5 82 639 341 0 643

6 279 14 51 15

7 0 371 294 0

8 152 481 351 177

9 93 88 60

10 54 13 30
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