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1. Introduction

The network equilibrium problem is to
predict the travel and location choices on a
transportation system when the resulting
travel times and costs are one basis for the
choices. Solving this problem requires one
to find an equilibrium among choices
and travel times and costs, as contrasted

with the case where choices are based on
fixed travel times and costs. The choices
here include not only travel options such as
mode and route, but also location options
including place of residence, employment
and shopping, which are hypothesized to
depend in part on travel times and costs.
The principles of network equilibrium in
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the context of route choice were first stated
by Wardrop (1952), and independently
formulated and analyzed in a mathematical
sense by Beckmann et al. (1956). Since the
late 1960s, such models have been the focus
of an active, ongoing research effort; great
progress has been made in understanding
various formulations of these models and
solving them computationally.

In this paper a network equilibrium
problem of urban location and travel choices
is formulated and applied to a large scale
transportation system. The major concern
of the paper is focused on the problems with
regard to the model implementation in
conjunction with the Urban Transportation
Planning System (UTPS) software package.
UTPS, developed by the Urban Mass Trans-
portation Administration and the Federal
Highway Administration, has been widely
used by many planning agencies. The pro-
cedure, however, is confined to the conven-
tional sequential approaches. Procedures
appropriate for incorporation of the network
equilibrium models within the module
“UROAD?”, the highway assignment program
in UTPS, are discussed in this paper.

2. Network Equilibrium Models of Urban
Location and Travel Choices

The principle of network equilibrium
originated in the area of trip assignment or
route choice problem. The basic assumption
underlying this principle is that each in-
dividual tripmaker seeks to minimize his/her
travel cost. Because this cost is a function
of link flows, however, an individual’s
travel cost depends on the choices of others.
Thus a concept of network equilibrium is
required.  User-optimal equilibrium in a
network is achieved when no traveler can
reduce his/her travel cost by changing travel
choices.

Wardrop (1952) originally proposed this
equilibrium concept in the context of route
choice; in this formulation the notion is
extended in principle to include hierarchical
travel choice sets involving route, mode,
destination and even location choices. The
generalized version of Wardrop’s principle is
written as follows:

1. all travel choice alternatives which are
selected have equal travel cost, and

2. no unselected travel choice alternative
has a lower travel cost than a selected
alternative.

Utilizing the concepts of network equili-
brium stated above, Beckmann et al. (1956)
formulated the network assignment model as
a mathematical programming problem. A
simplified version of a problem introduced
by Beckmann et al. is the fixed demand
network equilibrium problem.

min ;lvaSa(x)& (1
s. t, Va=tZJZZpur oir T acA (2)
ZPur=py  i=1, - 1; j=1,J (3)
Pur2 0 (4)

where s,(x)= generalized cost of travel of link
a at person trip flow x; a con-
stant factor converting the
number of person trips into
vehicle equivalents is assumed
to be included in the cost

function.
V4, = flow of person trips on link a.
i =1, if route r from zone i to

zone j include link a;
= 0, otherwise.
Pijr = proportion of person trips
from zone i to zonc j using
route r.
T = total number of person trips,
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given exogenously.
= set of links in the network.
Pij = fixed proportion of person
trips from zone i to zone j.

>
]

The problem is to find (pur) and (va) ,
given the cost functions (sa(x)), the incidence
matrix (¢fr) , T, and the origin-destination
proportions (pw) . To find the optimality
conditions, define the Lagrangian equation.

. L=§ oVa Sa(x) dX+"Z.‘|JZ A (p‘f - ;Pur) +

T e (—pus)

where v, is defined by equation (2) and )\ij
and )‘ijr are the Lagrange multipliers for
constraints (3) and (4). The Kuhn-Tucker
optimality conditions are:

:pl; =T sa(va) oA (—1) +Aur(—1) =0
pterur= 0

These conditions may be interpreted as
follows:
1. If pur>0, then Aur=0, and Cur=§:sa

s{va) o®:=Au;/T for all chosen

routes r, where Cijr is the travel cost

from zone i to zone j on route r;
2. U pur=0, then cur2Au /T
These two conditions are equivalent to the
Wardrop conditions stated above. Condition
1 states that if the proportion of trips from
i to j on route r is positive, then the travel
cost on the route is equal to the travel costs
on all routes chosen from i to j. Condition
2 states if the proportion of trips is zero,
then the travel cost is no less than the cost
on any chosen route.

In the preceding discussion, it was
assumed that each person chooses the least
cost alternatives for route choice. This may
be interpreted as user cost minimizing
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behavior. From the empirical observation
of urban location and travel choice behavior,
however, it is apparent that many people do
not select the minimum cost alternative. In
other words, some individuals choose higher
cost alternatives. For example, individuals
do not always choose the nearest destination
nor the minimum cost mode. Among the
several location and travel choices, cost
minimizing behavior would appear to apply
most aptly to route choice, and to a lesser
extent to mode choice; it is certainly inap-
propriate for choice of destination and
location. Deviation from cost minimizing
behavior accordingly occurs principally in
the location and destination choices and to a
lesser extent in mode and route choices.

This behavior may be characterized as
choices of more costly alternatives by some
travelers.  These choices may reflect a
desire to obtain a benefit not represented in
the travel costs, or may indicate that travelers
assign different values to the components of
generalized travel cost: travel time, fares,
operating costs, etc. Since the objective here
is to focus on aggregate travel behavior, a
measure of the dispersion of choices across
routes, modes, destinations or locations is
needed. Consider for this purpose a general
measure of the dispersion of choices, as
defined in information theory and known as
entropy:

Sz_gpkln (pk)

where Py = proportion of travelers choos-
ing alternative k, k=1, ...K;

S = measure of the dispersion of
the choices across the K
alternatives.

If there are K choice alternatives uncons-
trained by other factors, the range of entropy
S is 0<S< 1n K. if the proportion of travelers
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choosing each alternative is equal, i.e.

Pk=?

S becomes

S=—K- %m %=1nx

If, at the other extreme, all travelers choose
one alternative, the entropy is zero.
Therefore, the magnitude of S is de-
termined by the number of alternatives.
The higher the value of entropy S, the more
even is the choice among alternatives. Thus
it seems natural to use the entropy as a
broad measure of the ‘“dispersion” of
choices. Erlander (1977) has characterized
S for origin-destination choices as a measure
of interactivity or accessibility among zones.
Boyce and Janson (1980) referred to the
same concept as measuring the level of
spatial interaction. The more generalized
characterization of route, mode, destination
or location dispersion is used here. As a
basis for describing travel choices, define:
Pijmr= proportion of all person trips, T,
traveling from location choice i to
destination choice j by mode choice
m and route choice r.
Then for the choice proportion, Pijmr’ the
following dispersion measures may be
defined among the many other hierarchical
structures.

—‘ijg (;Ptlmr) In (;p”mr) =SLDM (5)

(location-destination-mode)

—;JZ (nZ; pllmr) In (%};pumr) =SLD (6)
(location-destination)

The above measures of choice dispersion
implicitly assume the same weights or
attractiveness among choice alternatives.
Since each location or destination has
different attractiveness. zonc-specific vari-
ables may be included in the above measures.

Such variables are conveniently introduced
through the notion of an a priori probability
in the entropy function. For example,
equation (5) may be rewritten in the loca-
tion choice model as follows:

—;;Zm; (Zr‘.pumr) In (;pt!mr/[_)i) ZSiou N
where I_’i is an a priori distribution of loca-
tion choice, ie., the given proportion of
trips originating at zone i. (A bar above the
variable p denotes that the value of p is given
exogenously).

The same equation (5) may be expressed in
the destination choice model as foliows:

—IZ:JZ:g (;pilmr) in (;pz/mr/st) 2S. Dfa (8)
where FJ is the given proportion of trips
ending at zone j. Of course, SLD& and
S, pa» which are the measured values of
choice dispersion, have different values.

Now following Evans’ (1973) and
Erlander’s (1977) approaches on the com-
bined trip distribution and assignment
problem, Beckmann’s network equilibrium
problem (equations 1-4) is incorporated with
the dispersion constraints on the choices of
destination and mode. For the combined
destination, mode and route choice model,
the a priori probability of destination choice
Fj is assumed to be known, and included in
the dispersion constraints. The known
probability p, may be interpreted in many
ways; one plausible interpretation is the
benefit of choosing workplace or shopping
center j for each trip purpose. The problem
is stated as follows:

{mpn ;;fovgls?(x)dx (9)
S tovl :‘E;;piimr 0fimrT aeAn 10
T Spumr=pc  i=1, e, 1 ay
=225 (X pur) In (. Zpumr/pr) ZSin 12

—ZZZ”'] (’Z[)i.imr) In (gp,w/ﬁ) ZSinm 13
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Pumr = 0 (] 4)

Two Lagrange multipliers, 1/n and 1/y, are
defined here for the constraints(12) and(23)
respectively. Then the Lagrangian equation
for the problem is

L=X% | s (0 det BTG~ Shpoms)

5 S+ B (S Tpunn) In (S Tpuar/p)
+ 2 (Suont BET (Soume) In (Spumr/bi) )+
LELE Aumr (—pusmr)

Differentiating with respect to Pljmr
the following optimality conditions:

gives

sl

IPsmr

_TZSa (Va) 01!mr+ A ( 1) +
L (10 (S Dpumr/5) +1)
+,L71 [In (;pmur/;—u) +1] + /\umr("l) =0

and Aumrpiimr= 0

These may be interpreted as follows:
1. If pUmr> 0, tken Aumr=0 and

In (;pumr/ﬁf) = —/r‘;‘ (In (%;pumr/[_:u) +1)+

,u)k.-—l—-,uT;sZ'(vZ‘) 8fmr {15

or —ﬁ[ln (Lpismr/p,) +';i (In (;;pum/ﬁl)

—f—l) —#/\i+l] zgsg (Vzl) agmrECllmr (16)

Since the left hand side of equation (16) is
independent of the route r, chosen routes
must have equal travel cost for each ijm
combination. These equal travel costs are
designated “um’ with

Ciim = Sijmr for all chosen routesr
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2. IfP =0, thenc; _>c..

ijmr~ ijimr = “jjm

Next consider equation (15). Exponentiating
(15) gives:

2pume= (2 pimr) -SSJ “;n exp (Al —uTcim),
T m T
where A7 =u)\:—1—:—;—

By summing this equation with respect to
m and simplifying, one obtains
exp (-— A Cum)
X
2exp(— X cim) T+u
”n

Spumr=brexp| A

where A =uT

Using the composite cost definition proposed
by Williams (1977), let

(exp(—A" %) Inltu= [; exp (—A cum) JnZu (17)

where Cu is the composite cost of travel
from i to j by all modes as given by the
above expression; equation (17) can be

simplified by letting

exp (—pF’ Cus) =exp (;JA# ) =exp ( A" Cu) nlu,

: ;A7
where ﬂ —77+’u
Letting pum-—Zp”mr , and solving for )\

in terms of constramt (11), one obtains the
following result:

exp( /9/Cu) exp( A’ cum)
p”""“_p‘Zp:exp( —pB’ Eu) Zexp( A Cism)

(18)

Equation (18) is a nested logit function of
destination and mode choice, where route
choice is given by the user-optimal network
equilibrium principle.

The combined location, mode and route
choice problem given destination choice
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may be formulated in a similar approach to
the previous problem. In this case con-
straint (11) is replaced by:

lZZ;Z pumr=5! ]=1, Tty J

and p. replaces p, in the dispersion con-
straints. By analogy to the combined
destination, mode and route choice model,
the combined location, mode and route
choice model follows:

— prexp(—8cus) exp (—Acum)
Piimx ™ plz (ptexp( ﬂ cu) Z‘.exp —r\ Cum) (19)

3. Solution Algorithms—A Generalization
of Evans’ Approach

The above problems have a structure
similar to Evans’ combined distribution and
assignment problem. This class of problems
has the form, min [f(v) + g(p)], as an
objective function, where f(v) is the sum of
the integrals of the cost functions, and g(p)
consiss of one or more entropy functions
weighted by their respective Lagrange
multipliers. The set of constraints consists
of linear functions, which insure the balanc-
ing of trips and the conservation of network
flows.

Evans’ algorithm is initiated with a
feasible solution of the main problem,
consisting of an initial solution of the
distribution problem followed by an all-or-
nothing assignment to the minimum cost
paths. Her distribution problem is a doubly-
constrained gravity models with a negative
exponential cost function; it may be solved
by use of balancing factors or Furness’
iterative procedure (Murchland, 1966). A
sequence of these distribution and assign-
ment subproblems is solved. Following each
pair of problems, a line search is performed
to find the optimal combination of the main

problem and subproblem distribution and

assignment solutions,

solution to the combined problem with a

lower value of the objective function. The

steps are repeated until a suitable level of
convergence is obtained.

This algorithm has been generalized to
apply to various combined choice problems.
A genecralized version of Evans’ iterative
algorithm for solving this class of model is
stated below. The following variables are
fist defined:

vil(n) = flow of persons on link a of
mode m in the main problem
solution at iteration n

= proportion of persons choosing
choice set ijmr in the main

producing a new

Pijmr(n)
problem solution at iteration n

wgl(n) = flow of persons on link a of
mode m in the subproblem
solution at iteration n

proportion choosing choice set
jjmr in the subproblem at itera-
tion n.

Qjjmr(M) =

Then the algorithm consists of the following

steps:

1. Chocse an initial feasible solution,

vah(1) and Pumr(l); setn= 1.

2. Compute minimum cost paths: for
every origin zone i, find the minimum
cost path to every destination zone j on
mode m; designate these costs, Cijm(n)'

3. Compute choice proportions: calculate
qijm(n) according to the optimality
criterion for the problem of interest
based on the travel cost Cijm(“) corres-
ponding to the main problem solution.

4. Assign trips: assign Tqum(") to the
minimum cost paths, resulting in wi'(n).

5. Perform convergence check: if conyer-
gence criterion is satisfied, STOP;
otherwise,

6. Perform line search: find the value A
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which minimize the following function:

min flA=Dvn)+Awn) )+

gl1—=A)p®) +2q(n)) (20)

set: vin+1)=Q10~A)v(n)+iw(n) (21)

pnt+1)=01—A)pm)—Aq(n)  (22)

update link cost, given v(n+1),

set n=n+1,

go to step 2.

Evans (1973) proved the convergence of the
above algorithm and provided convergence
criteria. Frank (1978) and LeBlanc and
Farhangian (1981) showed that the algorithm
is more efficient compared with lineariza-
tion algorithms.

The convergence criterion is obtained
from an identification of a lower bound on
the optimal value of the problem at each
iteration as done by LeBlanc et al. (1973).
A stopping criterion for the proposed
models is derived as follows:

Zilv(n)) - (wn)—v(m))+vglpn)] -
(gin)—p()) | e

where e is a quantity chosen according to
the level of accuracy required. As solution
approaches the equilibrium state, the ratio
of the above criterion to the value of the
objective function is expected to approach
Zero.

4. Description of Program “UROAD”

The model derived in the above sections
were implemented on a large-scale transpor-
tation network serving Chicago region. The
computer algorithms for solving the models
were implemented using the Urban Trans-
portation Planning System (UTPS) subpro-
gram “UROAD”. UROAD, a highway
assignment and analysis program, was
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developed as part of the Urban Transporta-
tion Planning System (UTPS). UTPS was
designed to provide practicing transporta-
tion planners with state-of-art methods for
the analysis of multimodal transportation
systems. Periodically, UTPS has been
upgraded in response to the development of
new planning techniques and advances in
computer hardware.

As it has been developed to date,
UROAD is a comprehensive, flexible program
for analysing highway networks, incorporat-
ing a number of “capacity restraint” assign-
ment methods, including one approach
based on network equilibrium concepts.
The primary functions of the current version
of UROAD are summarized as follows:

1. network construction and/or modifica-
tion

a. historical record file input

b. test network generation
2. trip table construction and/or modifi-

cation

a. selected link assignment analysis

b.time of day and directional loading

c. test trip table generation
3. tree tracing (skim trees)

a. link impedance calculation (time,

distance, toll)

b. minimum impedance paths (time,

distance, and toll)
4. assignment

a. all-or-nothing assignment (with op-

tional turn penalties)

b. all shortest paths assignment

. probabilistic multipath assignment

(stochastic method)
d. capacity restraint (equilibrium, itera-
tive or CATS incremental)
5. highway travel and environmental impact
sumimarization

In addition to the above functions,

UROAD achieves much of its flexibility by
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allowing the user to alter, réplace or insert
certain functions through the inclusion of
user-coded subroutines. The application of
UROAD is illustrated in Figure 1, displaying
its input and output files.

As part of UTPS, the program is inte-
grated with the data structures of the other
programs in the system. The program
operates on an IBM 360/370 computer of a
compatible system having both tape and disk
input/output devices using the full Operating
System/360. Core requirements vary from
one UTPS program to another and, within
programs, by problem size.

TRIP
TABLES

UROAD

NETWORK
PLOTS
STANDARD
REPORTS

USER-
SPECIFIED .
REPORTS "

USER-CODED
FORTRAN
SUBROUTINES]

FIGURE 1.  GENFRAL FLOWCHART OF APPLICATION OF UROAD

Source: U. S. DOT (1979), UTPS Reference Manual

5. Implementation of Evans’ Algorithm in
UROAD

The generalized algorithm of Evans is
incorporated with UROAD through the
user-coded subroutine ROA23. A number
of entry points are provided in subroutine
ROA23 to furnish user-supplied routines.
Each of these entry points is used to provide
the following functions.

1. Entry ROA23A is called after UROAD
control cards have been read. This
entry is used to initialize user-supplied
parameters which are specific to each
problem. In addition, the information
on auto access and egress walking time
for each zone as well as auto parking
costs are read through this entry point.
Later in the process, these data are
multiplied by the appropriate cost
coefficients and added by the generalized
link costs on the path to complete the
highway path cost between origin-
destination zones.

2. Entry ROA23B is called after each link
record has been read. At this point the
capacity and free-flow travel time from
each input link record is saved for use
during the network equilibrium process.
Also a generalized link cost based on
free flow is computed to obtain the
initial solution.

3. Entry ROA23C is called after each
minimum cost tree has been traced and
the zone trip vector read. The main
purpose of this entry point is to com-
pute the trip probability from origin i

to destination j by mode m, Pijm’ given

trip vector, Fij’ or trips by origin, Fi’ or
trips by destination, Pj, for each pro-
blem. For this purpose the generalized
highway path cost is completed by
combining the link-related cost to the

origin/destination related costs, such as
access/egress walking time and auto
parking cost.

The transit cost vector also is read here.
Then, the logit-type optimality condi-
tion derived in Section 2 is applied,
producing Pijm' At the end of this
entry point, the proportion of auto trips
is converted to vehicle trips by applying

the vehicle occupancy ratio, and then
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adding the truck trips. This result, total

highway vehicle trips, is assigned in the

next step.

4. Entry ROA23D is called after each tree
is assigned. No function, however, is
processed at this point. An additional
call to this entry point is made during
each iteration, after all trees have been
built and loaded. The functions of this
entry points are as follows:

a. perform the convergence test;

b. given the main and subproblem sets of
volumes on links and predicted trip
tables, find the convex linear com-
bination which minimizes the value of
the objective function, equation (20);

c. revise the link flows and trip tables as
in equation (21) and (22);

d. update the generalized link cost,
given revised link flows.

5. Entry ROA23E is called after all itera-
tions are completed. For the final link
flows and trip tables, a parameter cali-
bration routine is invoked at this entry
point. Also some statistics on the results
are reported.

Many of the above functions are not
invoked in the implementation of the
network equilibrium route choice model
(Equation (1)-(4)), since this problem
doesn’t have a choice dispersion constraint.

For the network equilibrium model of
equation (9)-(14), no trip table is input to
the program; instead, trip origin and destina-
tion totals are read through entry ROA23A.
The maximum number of iterations is set
to nine because UROAD allows a maximum
of 10 all-or-nothing assignments.

The functional relationship between the
program UROAD and the user code is
portrayed in Figure 2.

6. Model Application
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The proposed procedures were applied

to the aggregate network of the Chicago
region prepared by the Chicago Area Trans-
portation Study (CATS) for the sketch
planning purpose. The network consists of
317 zones and 1,250 bidirectional arterial
and freeway links. In this paper we do not
attempt to provide details of applications;
however, they may be referred to Chon
(1982). .
The performance of the models is
evaluated in two ways: by examining the
convergence rate to a usable solution, and
by comparing the estimated link flows and
trip tables to the observed ones.

The convergence of the algorithm may
be judged in many ways: the change in the
value of the objective function, the ratio of
the stopping criterion to the value of the
objective function, or the value of A which
is used to form the linear combination of the
main problem solution and the subproblem
solution. Table 1 shows the results from the
combined destination, mode and route
choice model using the calibrated values of
parameters (for more detail, see Chon, 1982).
Values of the objective function and entropy
are displayed in Figures 3 and 4 with respect
to each iteration. The objective function
value reached a stable point around iteration
6 and shows small increases at iteration 8
and 9. These increases resulting from round-
off error appear in the later iterations when
the solution approaches the optimal point.

Vehicle-miles of travel were tabulated
by the zone in which the links are located
for the model described above and for a
fixed demand user-optimal network equili-
brium route choice model computed on the
same generalized cost function. The result
of this comparison is shown by freeway and
arterial links in Figures S5a and 5b. The
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UROAD

Read UROAD Parameters
Initialization

l

USERCODE

ROA23A

!

Read Access/Egress Costs

Read 1 Link Record

!

ROA23B | —

L

Compute Initial Link Cost

For ali
Origin
Zones

Read Person Trip Table

!

Build Highway Cost Tree

I

ROA23C

1

Read Transit Cost
Compute Tijm Given Tij
or Ti or Tj

All-or-Nothing Assignment

!

ROA23D

2

Currently Not Used

ROA23D

L1

Build Final Highway Tree

Perform Line Search
Revise Va and Ti'm
Update Link Cost, C(Va)
Convergence Test

!

ROA23E

|

Calibration
User Statistics

Reports

End

FIGURE 2. EXTENDED UROAD FLOWCHART
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TABLE 1. CONVERGENCE OF THE COMBINED DESTINATION, MODE AND ROUTE
CHOICE MODEL
p=0171x10"7;7=01x 1074
Observed su)M= 3.83959; Observed SLD =3.57535; Observed Transit Share = 0.160
’ Value of Percent Value of Ratio t.o Teansit
Iteration Objeclfive Change St?pp?ng Objeet'lve Siom S5 Share A
Function Criterion Function
1 —0.53553 x 108 - 0.90616 x 108 1.692 387783 3.76353 0.1762 6.4336
2 —0.54938 x 108 -2.6 059700 x 107 0.109 386112 3.74905 0.1784 0.2877
3 -055363x108 08 014167x107 0026 3.85267 3.74109 0.1795 0.2664
4 -0.55497 x 108 —0.2 0.80325x 106 0.014 3.84859 3.73734 0.1799 0.1712
5 ~0.55548 x 108 -0.1  0.51396x 106 0.009 384187 3.7309 0.1806 0.3303
6 —0.55617 x 108 -0.1 © 059897 x 106 0.011 3.83648 3.72624 0.1811 0.3485
7 —0.55798 x 108 —-0.3  0.69383x 106 0.012 3.83672 3.72632 0.1811 0.1368
8 —0.55782 x 108 0.0 0.37325 x 106 0.007 3.83636 3.72593 0.1811 0.0942
9 —0.55588 x 108 0.3 0.29302 x 106 0.005 3.83440 3.72395 0.1812 0.3941
correspondence may be seen quite close.
The route choice model is considered to be
5 [ A R an appropriate representation of “observed”
g s b \ i link flows on the highly aggregated and
g therefore unobservable sketch planning
5 oss | ] highway network.
& — The estimated trips from the com-
§ b T~ bined destination, mode and route choice
- model are compared to the observed trips in
g .57 T T Figures 6a to 6d. Each of the scattergrams
[TERATION deals with auto trips by origin, transit trips
FIGURE 3 VALUE OF OBIECTIVE FUNCTION VS. ITERATION by origin, auto trips by destination, and
388 ————— transit trips by destination, respectively.
Many points that are exactly on 45-degree
line in the figures represent the zones which
ﬁ sos | 1 do not have transit access or have extremely
é high transit costs. Since this model is bound
EM. || _observed Fovewy. W . ] by the number of trips by origin, the reci-
%‘: w7 T T procal relationship experienced in the
g combined mode and route choice model
382 exists between the auto trips by origin and

ITEAAJION
FIGURE & VALUE OF ESTTHATED ENTRUPY, S .. VS. TTERATION

the transit trips by origin (Figures 6a and
6b). The overall overestimation of the
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transit share by the model (0.15122)is
clearly shown in Figures 6a and 6b. Also
the outlying points in Figures 6¢ and 6d
were produced by the CBD zone.

The number of trips choosing the CBD
zone as a destination is approximately 60
percent higher than the observed trips,
mostly comprised of transit trips. This
happened because the transit bias term in
the generalized cost function was adjusted
upwards for the CBD bound trips to im-
prove the overall goodness of fit. Because of
its extraordinarily higher potential as a trip
attractor, it was quite difficult for the
combined models to satisfy the CBD zone

observations as well as many other small
zones.
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. 7. Conclusions

This paper was more concerned on the
problems of model formulations and their
possibility of practical applications. Con-
currently developed was a paper more
devoted to the retrospective survey in this
field (Boyce et. al. 1987). Readers are
recommended to refer to the paper for more
solid background.

Adopting UTPS as a basic tool for the
implementation of the proposed models,
greatly facilitated the applications of the
models to a large-scale transportation system.
This approach should allow many planning
agencies to employ this class of models with
ease as a convenient tool for sketch planning
or TSM analysis.
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