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Section 1

INTRODUCTION?

In recent years, the rapid movement of people and places of work away
from city centers to suburbs and satellite cities has occurred in many major
metropolitan areas. The public transportation systems in these suburbs and
satellite cities, however, are still in a state of Tow development. The
purpose of this project has been to develop a model to predict the demand
for work-trip bus transportation in and between suburbs and satellite cities.
In particular, we have sought to develop a method for predicting when bus
transportation in and between these cities becomes economically feasible.

Since the model that has been developed involves the prediction of both
trip distribution and modal split, several methodological problems have
arisen. These include:

(1) Should trip distribution and modal split be predicted

simultaneously, or separately in some order?

(2) If the latter approach is adopted, how is it best to

cope with the problem of simultaneity, which appears
to exist in the choice-making process of trip makers?

(3) When and how should we aggregate the data in predicting

the choice behavior of a group of individuals?

(4) What form should the model take so that it will be

policy responsive?

1 The author gratefully acknowledges the editorial assistance of Ms. Dian
Younker of the Transportation Center. He also acknowledges the kind assis-
tance given to him at the data collection stage by various officials of the
I11inois Department of Transportation, IT11linois Commerce Commission in
Springfield, ITlinois, Chicago Transit Authority. Chicago Area Transporta-
tion Study, and South Suburban Safeway Lines, Inc.



These problems have been addressed during the course of our research and
will be discussed in this report.

The model developed for this study consists of two submodels and one
function. The submodels include one on individual mode choice and the other
on market demand for transport service. The function provides a connection
between the two. Section 2 of this report evaluates existing demand model-
ing methods. Section 3 is concerned with the construction of a mode-choice
submodel for individuals. The discussion proceeds in order of model build-
ing, source and nature of the data, and estimation of structural parameters.
In Section 4, a submodel of market demand for transport service is developed.
The discussion in this Section consists of a brief review of existing trip
distribution models, model building, source and nature of the data, and
estimation of model parameters. Section 5 deals with estimation of an aggre-
gation function which is used to predict the mode choice of a group of
individuals based on the mode choice decision made by an "average" individual
in the group. In Section 6, we present methods of using the submodels and
the aggregation function to predict the demand for bus service in suburbs
and satellite cities. The findings of the report are summarized and future

recommendations are made in Section 7.



Section 2

EVALUATION OF EXISTING DEMAND MODELLING METHODS
PERTAINING TO THIS RESEARCH

The literature on demand modelling in transportation is extensive and
well documented [1, 3, 5, 32, 41]2. The discussion that follows is con-
cerned with modelling methods that are relevant to this research.

The methods of predicting demand for transportation as currently prac-
ticed are available in the UMTA software package called Urban Transport
Planning System (UTPS). UTPS contains both traditional and more recently
developed approaches to predicting transportation demand. In the tradi-
tional approach, estimation is first made of the trip generation as a func-
tion of characteristics such as population and zone in which the trip
originates. The result of this first step is combined with an impedence
factor to estimate the flow of trip-makers between zones. The impedence
factor is normally represented by the distance between zones or the time
required to travel between them. During this stage, gravity models are
used to estimate trip distribution.

In the next step, the results of the two previous steps are combined
with mode cost, time and other variables to predict the modal split. To do
this, functional relationships are derived by such means as use of graphs,
tables or logit models. Finally, at the route assignment stage, the results
of the modal split estimation are allocated to the route segment with least
trip time until its capacity is reached. Then the overflow traffic is assigned

to the segment with the next least trip time.

2 The numbers in brackets refer to the reference number at the end of the
report.



A major drawback of this traditional approach is that it is not policy
oriented. For instance, as the toll charges for an expressway connecting
two zones are raised, or the bus fare is lowered, one would expect some
shifts in the mode and destination choices of trip-makers. However, under
the traditional approach, the effects of such changes cannot be examined
since the gravity model which is supposed to predict destination choices
does not contain cost variables among its explanatory variables.

There are other criticisms of the traditional approaches [5]. (1) They
do not reflect behavior changes of trip-makers resulting from changes in
system characteristics such as cost of the trip. (2) The decision as to
what time of day to travel is not considered in the model. (3) The supply
side of the transportation system is ignored except at the route assignment
stage, and consideration is usually not given to equilibrium. (4) The
analysis is based on data zonally aggregated. As a result, much of the
information in the original data is lost.

In recent years, several studies have been done which improve upon the
shortcomings of traditional modelling. The new approach estimates a model
which would predict trip frequency, destination, and mode choice simultane-
ously or sequentially using a logit model and disaggregated data [1, 3, 5].

Domencich and McFadden use disaggregated data from Pittsburgh to estimate
a sequential model for shopping trips. In their study, a mode choice Togit
model is first estimated. The parameter estimates are then combined with
modal cost and time to estimate "inclusive prices" for time of day and for
destination. These inclusive prices are then combined with other variables
to estimate logit models for choice of time of day and choice of destinations.

Finally, the probability of selecting alternative shopping destinations is



combined with the inclusive prices of these destinations to estimate "over-
all price" of the shopping trip for each household. The same probability of
selecting alternative shopping destinations is then combined with employment
at alternative shopping centers to obtain the "overall shopping opportunity"
variable. These variables are then used to estimate a logit model for
shopping frequency.

Ben-Akiva, using disaggregated data from the Washington, D.C. area,
estimates and compares both simultaneous destination and mode choice logit
models and sequential models for shopping trips. He recommends that the
simultaneous models be used to predict mode and destination choice decisions.

In predicting both choice of mode and choice of destination of commuters,
however, the simultaneous logit model (or for that matter any logit model
used to predict destination choices) has its limitations. When there are
cross-commuters, the model tends to misclassify destination choices. For
a model to be valid, one would at least expect that it would duplicate the
base year destination choices of commuters whose choices were used to esti-
mate the model. However, by construction, logit models assign higher
probabilities to destinations with Tower commuting cost or shorter trip
time. Hence, the cross-commuters tend to be assigned to lower cost and
shorter trip time destinations; i.e., those nearer to their home.

In order to test the hypothesis that simultaneous destination-mode
choice models are inadequate,a small-scale simultaneous logit model for a
work trip with two destination choices and two mode choices was estimated.
The model was estimated from a data set that included 15 cross-commuters and
13 non-cross-commuters. When the original data were substituted back into

the model, the model classified 11 of 13 non-cross-commuters correctly;



however, only 5 of 15 cross-commuters were classified correctly. That is,
in 67% of the cases, the model failed to duplicate the destination choices
of cross-commuters.

The phenomenon of cross-commuting arises from the aggregation of data
over occupational groups. Hence, in order to make a simultaneous destina-
tion-mode choice model effective in its prediction, one is forced to provide
enough job classes (perhaps even to the extent of using job seniority to
differentiate job classes) just to explain away the cross-commuting. This,
however, is a monumental task in terms of data collection and processing.

In addition, there is a danger of losing degrees of freedom to the extent
that the model might become inestimable. This arises either because the
model includes a large number of parameters to be estimated or because of
reduction in sample size due to data.stratification. Furthermore, even if
such a model could be estimated, the destination choice aspect of the model
could be so constrained that it might be effective in predicting only mode
choices.

Having shown the 1imitations of a simultaneous destination-mode choice
logit model to predict the work-trip demand for bus service among suburban
and satellite cities, we now turn to a discussion of the model adopted in this
study. The model used in this study is behavioral and policy responsive.
Whenever possible disaggregate data are used. As a work-trip study, the time
of day decision was assumed not to be under the control of the trip-makers
and hence it was ignored. The supply side of the transport system was also ig-
nored to Timit th= scope of the study. Therefore, in order to achieve
simultaneity, the model that has been developed in this study has to be used

in conjunction with a supply model so that trip cost and time can be



determined endogenously. The model is structured as a pure demand model
in which the flow of work trips between cities may be studied in terms of
the exogenously given mode time and cost which may be influenced by policy
makers. The following section discusses in greater detail the individual

demand submodel which was developed in the study.

Section 3
INDIVIDUAL DEMAND SUBMODEL

A. Submodel

The individual demand submodel adopted in this study consists of a dis-
aggregate multinomial mode-choice logit model incorporating specific
treatment of socioeconomic variables in either continuous or discrete form.
It also incorporates dummy coefficients for mode-related variables, while
dispensing with the constant term. The dummy coefficients for mode varia-
bles and socioeconomic dummy variables enable researchers to combine several
model structures estimated through data stratification into one structure
while retaining the individual model features.

Consider a model of the following form:

..B +
eXuB Y,"yJ
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where Pij: The probability of individual i selecting mode j.
Xij: A 1xK vector of mode-related variables associated

with individual i and mode j. For instance, the k-th
element of Xij may be the commuting time facing indivi-

dual i when he takes mode j. Also, Xij may include a



variable which is formed by interaction of two varia-
bles. We have specifically excluded the column of

1's from the matrix X.

Yi: A 1xM vector of socioeconomic variables associated
with individual i.

B8 : A Kx1 vector of parameters.

yj: A Mx1 vector of parameters specifically associated

with mode j.

In equation (1), the exponential term XijB + Yiy. constitutes a systematic
part of the indirect utility function of individual i that he derives from

taking mode j; i.e.,

where Vij is the indirect utility, and uij is a random element in his utility
function.

For a case not involving socioeconomic variables as in equation (2),
McFadden established that when the random term Uy has Weibull distribution
the probability of individual i selecting mode j takes a logit expression [22].
The validity of his Lemma 1 can be easily extended to equation (2) to obtain
equation (1).

As equation (1) is specified, it is based on the assumption of separable
utility [42, 43], and has the desirable properties that the odds of selecting
one mode over another is independent of irrelevant alternatives and that the
probabilities of choosing alternative modes sum to unity. Furthermore, even

though the model tacitly starts with a notion of cardinal utility, by



transformation and normalization, the objectionable aspects of the cardinality
assumption such as interpersonal comparison of utilities are effectively
precluded.

The advantage of expressing the socioeconomic variable as in equation (1)
(rather than as a submatrix in X matrix, as Manski does [21]) 1is that in addi-
tion to revealing the presence of socioeconomic variables in the model, it
greatly facilitates the estimation of parameters by reducing the need for
storage space during computation. For instance, if there are 4 alternative
modes and 5 socioeconomic variables, the required storage space for the
socioeconomic variables under Manski's formulation is equivalent to that
of 60 variables, while under the formulation that we have used the required
space is equivalent to only 5 variables.

Before forming the likelihood function to estimate the parameters,
equation (1) will have to be transformed as in equation (3), or in any simi-

lar form,to assure that its Tog-likelihood function is strictly concave.

1
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Since Pij in equation (3) has a multinomial distribution, the likeli-

hood function for equation (3) is given by:

N ! L 34
(4] L= Tewaloe g BE.H ,

where mij is the frequency with which individual i chooses mode j. Here,
if we are concerned only with the choice of mode that commuters make in
reaching their place of employment, then the available choice is usually
made once a day, and m.s which is the sum of mij over all alternatives,
will have value one. The ratio of factorials in equatian (4) then reduces
to unity, and (4) becomes:

N

(5) L= =
i=1 j

m. .
1]

(L=

P..
1 W

The log-Tikelihood function for (5), after substituting equation (3), is

given by:

N
(6) Tog L = 1_21 {j;1mij[(xij - Xj)b + Yicj] .

Xi: = Xiq)bHY.c.

(
- (%mu)log[1+j%e = B!

Since a Tog-1ikelihood function is a monotonically increasing transformation
of a corresponding 1ikelihood function, the parameter values which maximize

(6) will also maximize (5).
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The gradient vector for log-likelihood function (6) is given by:

\
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where Xij = X.. - Xi]’ and accent (') denotes transpose.

1J
The Hessian matrix of (6) is given on the following page. The dimension
of the Hessian matrix (8) is K + (L-1)M, where K is the column number of mode-
related variables Xij’ L is the number of alternative modes, and M is the
column number of socioeconomic variables Yi' The strict concavity of the
log-likelihood function may be established by showing that the Hessian matrix
(8) 1is negative definite. Also, the fact that the log-1ikelihood function
derived from equation (1) without transformation is not strictly concave, and
that it has a singular Hessian matrix, can be established by summing the
2nd column through L-th column of the Hessian matrix of the log-1ikelihood
function derived from (1) without transformation, and showing that the sum
is zero. The mathematical proofs are rather lengthy, and use the concept of
dominant negative diagonal matrix, among others.
In formulating logit models, some researchers have strong feelings zgainst

incorporating socioeconomic variables as was shown in equation (3) above. The

objection is that the coefficients of socioeconomic variables are mode specific.
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Stopher, therefore, recommends stratifying the data to estimate models for
different socioeconomic classes, and letting the socioeconomic variables
interact with the coefficient parameters [41, pp. 310-311].

However, there are at least two reasons to advocate inclusion of socio-
economic variables as shown in equation (3). For one, there are many
occasions in which mode-specific models prove to be highly useful. For
instance, there are situations where changes in bus fares, toll charges,
and gasoline taxes occur without the accompanying introduction of a new
mode. Policy makers would want to know the impact of these on the mode
choice behavior of trip-makers.

Second, omitting socioeconomic variables because the resulting model
will have mode-specific parameters is in itself inconsistent. For instance,
most researchers include a constant term in the model. Now, if the con-
stant term is truly independent of modes, it would drop out in the process
of transforming the model from equation (1) to (3). The only way the con-
stant term can remain in the model after the transformation is if it is
different from mode to mode. That is, the constant term must be mode-
specific. Furthermore, the constant term refliects the relative bias of an
individual toward one mode over another which is not explained by the
variables already included in the model. One cannot assume a priori that
the same relative bias will apply to a new mode when it is introduced.

In this study, the constant term was excluded from the model. One
reason for this pertains to the discussion in the preceding paragraph.
Since the constant term is mode-specific, and reflects the relative bias
of a trip-maker toward one mode over another, such a bias may well be

represented by socioeconomic variables. Secondly, the constant term also
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incorporates the mean effects of the variables omitted from the model, as
shown below.

Assume a binary mode choice situation, and that the mode choice is
completely determined by two variables, X] and XZ’ which denote the dif-
ference in characteristics of the modes, and that these two variables are

independent of each other. Such a model may be expressed by:

(9}  log —p - = byXyy +ByXsp + v,

Suppose this model is estimated by including one variable XZ’ and the
constant term, and by using the least squares. Then the estimate of the

constant term will be given by:

Tog (P11/P12)’ and N is the sample size. Next, sub-

b1X] + b2X2 + u, we derive

stituting Y

>

m
[a})
1
o
><|

(10)

That is, the expected value of a is b]Y}, since Eb = b2 and Eu = 0.
This implies that the model which has a constant term will be suitable

for prediction of mode choice for the population which has the same mean

value for X], as the sample from which the parameters are estimated. Thus,

replacing the constant term with other variables such as socioeconomic
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variables enhances the transferrability of the model to the population which
has a different mean for X] than the sample from which the model is esti-

mated.

b. Source and Nature of Data

The basic data on individual mode choices and socioeconomic characteristics
used to estimate the parameters of the logit model (3) were obtained from
the I11inois Department of Transportation. In the summer of 1969, the
Southern Transit Area Coordination Committee conducted a questionnaire
survey of employees of selected firms located on the south side of Chicago
and in its south suburbs [12]. The questionnaire asked the address of
each employee, his choice of mode in reaching his place of work, trip
time, trip cost, and socioeconomic attributes such as family income, num-
ber of cars available, number of persons over sixteen in the family,
occupation, sex, and reasons for choosing a particular mode. A total of
100,300 questionnaires were sent out and approximately 9,500 that were
usable were returned (9.5%).

For this study, twenty-two firms located near the southern border of
Chicago and in the southern suburbs were selected from the firms which
returned questionnaires. Of these, a 10% systematic random sample of
automobile drivers and all questionnaire returns on bus riders, each amount-
ing to approximately 150 observations, were obtained. This was later expanded
to include those who walked to work, in order to make the model multimodal.

The reason for selecting approximately an equal number of observations
for automobile and bus riders was to avoid swamping the mode choice charac-

teristics of bus riders by those of automobile riders, which would have
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been in the ratio of approximately 1 to 10. One researcher criticized this
approach to sampling by stating that if the sample is divided 50-50 in

mode choice, the parameters estimated would have values that would always
predict a 50-50 mode choice split of the population, regardless of actual
choices and regardless of the variables involved. That is, the parameter
estimates will all be zero. This argument is incorrect. It should be
remembered that what the model predicts is the probability that an indi-
vidual chooses a given mode on the basis of mode-related and socioeconomic
variables.

Suppose, for simplicity, that we formulate the log-likelihood functions
for a logit model that includes only mode-related variables, using two
different samples: one with a 90-10 mode split, and the other with a 50-50
split. Then, as we partially differentiate the Tog-1ikelihood functions
with respect to the parameters, we obtain the following first order condi-
tions for maximization:

(11a) 90-10 mode-split sample
N

alog L] 1 '
TR '].g] (Pyp = mip) Xj5 =0,
(11b) 50-50 mode-split sample
3log L2 N2 '
5 7 L (i mig) Xy = 0

where N] and N2 are the respective sample sizes, and PiZ is the probability
that each individual chooses mode 2. m.o is 1 if mode 2 is actually chosen
by individual i, and O otherwise. Thus, in both cases the maximum 1ikeli-

hood method would set the parameters of the model (which are in P12) so
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9 tends to be 1 if mode 2 was actually chosen, and it tends to be

0 if mode 1 was chosen. Therefore, the models estimated under both sampling

that Pi

approaches should predict the mode split equally well on the basis of the
variables in the model. Once it is known that the mode-split composition
of the sample used to estimate the model is not a critical issue, then it
is obvious that by adopting the sample ratio, as was done,. one can reduce
the data processing cost without sacrificing the quality of the model.

Once the basic data were obtained, the location of firms and employees'
homes were plotted on a map, and the line-haul distance of driving a car
to the place of work was estimated. In this study, the access-egress dis-
tance for automobile was assumed to be zero for the home end, and the
distance from parking lots for the place of employment. The latter was
obtained for each firm by telephane.

In estimating the line-haul time for automobile driving, the average
driving speeds within and between rings were obtained by first stratifying
car drivers according to the location of their homes and the places of
emp]oymfnt, and by taking a simple average of individual speeds (i.e.,
measured distance divided by reported driving time) for those in each group.
The "rings" are a series of concentric areas emanating from the Chicago
Loop as defined in Trip Length published by Chicago Area Transportation
Study [4], and they partition the Chicago area into zones roughly equal in
traffic density. The line-haul time was then obtained by dividing measured
distance by the appropriate driving speed for each observation. The reason
for using a simple average to obtain the zonal speed was to avoid swamping
of the zonal averages by the speed of drivers with relatively longer driving

distances. The average zonal speeds estimated are given in Table 1. 1In
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TABLE 1

Average Zonal Driving Speeds
(Miles per Hour)

From To Ring
5 6 £

5 12.86 14.79  36.00
15.03 12.46 21.07

Ring
[@)]

7 23.44 24.35 18.86
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general, the average driving speed tends to be the slowest for within-ring
driving, and becomes faster as the rings grow farther apart and a longer
distance is involved.

The automobile access-egress time was estimated from access-egress
distance by assuming an average walking speed of three miles per hour; the
auto waiting time was assumed to be zero. Finally, the automobile driving
cost was estimated by assuming a per mile driving cost of 10¢, as was indicated
in the questionnaire, and to which were added toll charges and parking fees
where applicable.

For bus trips, the line-haul distance was estimated from the map on
the basis of the location of firms, homes and bus routes. The access-
egress distance for bus trips was estimated by adding the distance from
home to the nearest bus route the trip-maker was 1ikely to take and the
distance from the bus route to the firm. To this was added the distance
walked in order to transfer. In estimating the line-haul time for bus
trips, the average speed of buses for each bus route was first calculated
from bus schedules for both peak and off-peak hours. The average bus speed
for each route was then applied to the length of each segment of bus route
likely to be taken by the trip maker, and the results were added. The bus fares

were obtained from CTA History of Fares for those in Chicago and from the

records of the I1T1inois Commerce Commission for suburban buses.

Finally, in order to cope with the problem of captive riders, a thresho]d‘
cost of $2.50 and 20¢ per trip was added to the total driving cost of non-
car-owners and those without driver's licenses, respectively. The $2.50
represents the per trip allocation of monthly payment of $100.00 including
cost of the car, insurance and financing that prevailed at the time of
survey taking. The 20¢ represents per trip allocation of the cost of driver

training in 1969 amortized in one year. Using the same reasoning, for



-20-

commuters without bus routes within normal walking distance (who were regarded
as captive to the automobile),we extended access-egress distance to the
nearest bus route to estimate cost and time for buses.

It has been argued that inclusion of captive riders in the data set
for estimating model parameters would make the model insensitive to policy
changes. Ferreri and Cherwony found that inclusion of captive bus riders
into a bus demand model caused the model to become insensitive to policy
changes [8]. However, the model they constructed was a linear regression
model estimated by using aggregated data. Our approach here is that a good
model should be able to explain or predict the mode choice behavior of a
wide variety of trip makers. There is no reason to expect that the disag-
gregate model constructed for this study will become insensitive to policy
changes, since, as shown in equation (11), the parameters of the model are
estimated to reflect the mode choice behavior of individual trip makers
rather than a group of individuals.

Once a decision has been made to include the data on captive riders
in the model estimation, the next question that one must face is how to
express the cost of the mode which is not available to the captive riders.
Here, we assumed that for automobile riders, mode choice decisions are in
part determined by the variable cost, or its per-trip allocation, of operating
a car. The per-trip allocation of the variable cost is approximately equal
to the car owner's out-of-pocket automobile costs. For those without a
car, it would include the threshold cost of owning a car and the out-of-
pocket costs. The implication here is that if non-car-owners were subsi-
dized for the amount of the threshold cost, they would behave 1ike car

owners. Similarly, for those without access to buses, the threshold cost
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is the added access-egress distance and time to reach the closest bus stop.
Notice that if in this case an extremely large number, instead of a threshold
cost, is used to express the cost and time of the mode not available to a
captive rider, then it amounts to saying that it is a refusal to ride, rather
than the unavailability of the mode, which is governing his choice.

The data discussed above were primarily measured values, and only in
one case were reported values used. This was the travel time reported by
automobile drivers. We used this reported time to estimate the average
driving speed within and between the rings. There are some researchers who
advocate the use of perceived cost and time values for the estimation of
models. Michaels [26] argues that the validity and reliability of a model
will be higher if perceived cost and time values are used instead of mea-
sured values. Watson [47], on the other hand, concludes that for models to
estimate the value of travel time, the perceived values are essential; but
for models to predict, the distinction is not so important because the per-
ceived values are unstable over space.

In this study, we have adopted measured values whenever possible for
two reasons: (1) perceived values are often unreliable, especially for modes
with which a trip-maker is unfamiliar; (2) models estimated with perceived
values are not policy responsive unless the model also specifies how policy

variables affect perceived values.

c. Estimation
In this study, various combinations of pertinent variables were tested
for inclusion into the choice model. Among the first variables to be rejec-

ted was family income. On the basis of microeconomic theory, one would
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expect family income to play a prominent role on individual mode choice.
However, the coefficient associated with the income variable was not statisti-
cally significant. Some consider this to be due to the unreliability of
reported income data. However, there is a more fundamental reason to
believe that family income, in contrast to individual income, plays a less
important role in mode choice decisions. In many instances, there is more
than one wage earner in a family with a higher income. The higher family
income, as expected, would increase the probability of the family owning
one car; however, the marginal family income due to the supplementary

wage earner's earnings may not be sufficient to add a second car. Hence,
the supplementary wage earner may end up riding the bus even though his
family income is high. It is noted that supplementary wage earners,
usually housewives, tend to take white collar jobs while the main wage
earners tend to be professionals, administrators, or skilled blue collar
workers. This observation seems to support the notion that the socio-
economic variables that best explain individual mode choice are occupational
classifications.

Other socioeconomic variables which were rejected from inclusion in the
model were age, sex, and the number of cars available to those over age 16
in the family. The first variable was rejected because of the low statistical
significance of its parameter estimate, and the second because as more women
enter higher paying occupations, sex becomes a less important indicator of
accessibility to the automobile. The last variable was rejected for the
Tow statistical significance of its parameter estimate and because it could

not distinguish between main and supplementary wage earners.
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Among the mode-related variables, those rejected from the model were
access-egress distance, number of transfers, and vehicle waiting time.

These were rejected because of the low statistical significance of their
parameter estimates.

Thus,in this study, the following variables are included in the indi-
vidual demand submodel: total trip time, total trip cost, and occupation
status. Also, as an alternative to total trip cost, the ratio of total
trip cost and family income was retained. Using these variables, the com-
peting models Tisted below were estimated. The one with the best predictive
power in terms both of "percent correctly predicted" (as defined in equation
(14) below) and the "coefficient of determination in probability" (equation
(12)) was adopted. Model E, however, is an exception. It was included to

test the validity of replacing the constant term with socioeconomic variables.

Model Mode-related Variable Socioeconomic Varijable
A X], X]Y], X2, X2Y1 Y1
B X], X]Y], X2 Y]
C X], X2 Y]
D Xl’ X2/Y2 Y]
E Xg> X715 X5 (None)
where XO: constant term

X]: total trip time (in minutes)
i total trip cost (in cents)
Y]: occupation status

=1, if professional, administrator, or skilled
blue collar worker,

0, otherwise.
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Y,:

2 family income, represented by the midpoint of

income class.
X]Y] and X2Y1 are products of total time with occu-
pation status, and total cost with occupation status.
The coefficient estimates for these variables are
dummy coefficients, and in the model associated
with occupation class 1, the coefficient estimates
of X] and X1Y] must be added to derive the coefficient
for X] variable. The same applies to the X2 and
X2Y1 coefficients. For an explanation of the use
of dummy coefficients, see Johnston [13].

Model A is the most general of :ie five models, and it includes all three
variables as well as the dummy coefficients for both of the mode-related
variables. Therefore, the model is equivalent to two separate models esti-
mated by stratifying the data according to occupation status. Model B is
similar to Model A, but is less general in that only the time variable
possesses the dummy coefficient. Model C dispenses with all dummy coef-
ficients, and contains only time and cost variables and the occupation dummy
variable. As in Model C, Model D involves the cost and time variables and
the occupation dummy variable, but its cost variable is deflated by family
income. Thus,this model incorporates the differential impact on determining
mode choice that modal cost has on families of different income levels. Some
studies use wage rates to deflate the cost variable. However, in the absence
of data on wage variables, family income may be viewed as its surrogate.
Model E is the simplest, involving only trip time and trip cost variables in

addition to a constant term.
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There are three ways of comparing the efficiency of these logit models:
likelihood ratio statistic, coefficient of determination in probability, and

percent correctly predicted. The Tikelihood ratio statistic is defined by:

LRS = - 2 Tog(L(0)/L(*)) ,
where L(*) is the value of the likelihood function at convergence, and L(0)
is the same value when the parameters take value zero. This statistic is
asymptotically distributed x2 with the degrees of freedom equal to
N(L-1)-(K+M), where N is the number of observations, L is the number of
al ternative modes, and (K+M) is the number of parameters estimated [14].

The coefficient of determination in probability is defined as:

(12) R

o N

* (2 0,2
] - (S.: - Pr)%7 § (S:: - PU)2,
3 ¥ W ofg " H

where Sij is the proportion in which various modes are actually chosen by
the i-th observation. P:j is the probability of choosing mode j at conver-
gence, and P?j is the same probability when the parameters take zero value.
This formu]afion is distinguished from the coefficient of determination

in frequency. The latter is defined as:

2 _ Y 02
(03 &= 1T gy - P T (g - Fgnp)?

where nij is the number of times mode j was chosen, n, is the sum of ni. over

j, and P* and PO

are as defined in (12). The two formulations will be identi-
cal when each observation has only one outcome; i.e., n1=1. However, the need
for distinction arises when the data are aggregated, and hence n; is greater

than unity. The percent correctly predicted is defined as:
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(14) PCP = [si/]ns,
1

3
where S; is 1 if and only if P:j has the highest value among the available
alternatives and mode j was actually chosen.

These three statistics for the above five models are given in Table 2.
In Table 2, Model D uses only 161 observations, while the others use 241.
This is due to incomplete reporting of the family income by some respondents,
and whenever this happened the particular observation was omitted from the
model estimation. This means that we cannot make a direct comparison of
likelihood ratio statistics (LRS), since they change with the degrees of free-
dom. In the case of the coefficient of determination (Rg), and the percent
correctly predicted (PCP), they both agree on ranking among the models. In
order of efficiency of prediction, Model B is the most efficient, at least
in terms of the data with which the models are estimated. Next comes Model
A, and then Models C, E, and D, in that order. The relation between Models
A and B is somewhat unexpected since in terms of the 1ikelihood ratio statistic,
Model A is preferred, but when Rg and PCP are considered, Model B is pre-
ferred. An examination of the coefficient estimate for the X,Y; term in
Model A reveals that it is not significantly different from zero. Hence,
the higher 1ikelihood ratio statistic may be due to the spurious effect caused
by the inclusion of an irrelevant variable in the model.

The low ranking of Model D, which has the cost variable deflated by
family income, is rather disappointing since one would expect that the
higher the family income, the smaller would be the burden of a high cost
mode; i.e., automobile. Perhaps, for the same reasons that we discussed in

conjunction with inclusion of the family income as a socioeconomic variable,
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TABLE 2

Comparison of Several Competing Models

Mode] LRS RZ PCP ggé.
A 378.965 .70946  85.892 241
B 378.644 .70968  86.307 241
c 373.198 .70057  85.477 241
D 238.942 67675  84.472 161
E 374.174 69665  84.647 241
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the deflation of the cost data with the family income variable may be
inappropriate.

Finally, the question of whether to exclude automobile passenger data
from estimation of the model parameters was investigated. One would
expect that the automobile costs that an automobile passenger bears would
be at Teast Tower than that of a car owner driving alone. Indeed, McFadden
stated that in one of his recent studies, he divided the automobile cost
for car-pool riders by the number of persons in the car, and increased
the automobile trip time by five minutes. Hence, it seems plausible to
treat automobile passengers separately from automobile drivers.

We decided to test the appropriateness of treating automobile passen-
gers separately by comparing two models: one treating automobile passengers
as 1f they drove a car, and pooling their data with those of car drivers;
and the other excluding automobile passengers from the data set. The

results are given below:

ks R PCP N

Auto Passengers 378.644 .70968 86.307 241
Included

Auto Passengers 353.880 .70315 85.398 226
Excluded

The results are rather unexpected. Even if we disregard the likelihood
ratio statistic because of the difference in sample size, both the coefficient
of determination and the percent correctly predicted indicate that the model
performed better when automobile passenger data were pooled with those of
automobile drivers, treating passengers as if they actually drove the car

themselves. In addition, the t-statistics for parameter estimates were all

higher when the data were pooled. Perhaps, this paradox could be explained
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in terms of the psychological costs that automobile passengers incur from
lack of privacy, loss of flexibility in route selection, and timing conflicts.
As a result, the subjective cost of trips borne by automobile passengers

may well be equal to the actual outlays of car drivers. In view of the dif-
ficulty that public agencies have had in persuading automobile drivers to
join car-pools during the recent energy crisis, this interpretation seems
appropriate. Accordingly, the data for automobile passengers are pooled

with those of automobile drivers in this study.

For the various reasons discussed above, Model B was adopted as the
individual demand submodel for this study. Thus, the submodel is a dis-
aggregate multinomial logit model having three alternative modes
(automobile, bus, and walking). It incorporates total trip time, total
trip cost, and occupation status as explanatory variables. The model
also differentiates the coefficient of the trip time variable by occu-
pation status.

Computation was performed on the CDC 6400 computer at Northwestern
University's Vogelback Computing Center by using a general purpose multi-
nomial logit program written by the author. A copy of the program, named
ESTLOG, is attached as Appendix A. The estimates of the model parameters
are given in Table 3, and the estimates of the model are given in Table 4.

As shown in Table 3, most of the parameter estimates are significant
at the 5% level. One exception is the estimate of ERE which is signifi-
cant at the 10% level. The signs of the estimated coefficients are all
correct. The coefficients b] and b3 are those associated with the time
and cost variables, respectively. However, b2 is the dummy coefficient

for the time variable associated with Job Class 1, which includes
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TABLE 3

Parameter Estimates for
Individual Demand Submodel

Logit Stan. T-

Variable Estimator Error Stat.
Time b, -.13941 .02106 -6.61850
Time b2 .07541 .03103 2.43040
Cost b, -.02418 .00365 -6.63331
Job €1 -.92316 51557 -1.79054
Job c3 1 -2.76311 1.11905 -2.46916

Log L —75.&2%50 -264.%2%56

PCP 86.30705 33.33333

D.F. 477 477

LRI 378.64412

Ré .70968

(*) denotes the value at convergence, and (0) the
value when parameters are all zero.
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TABLE 4

Individual Demand Submodel

Pi1 = 7§ Py 7 7.
1 +e + e J#l 1 +e + e

(1)  Exponent term for Professionals, Administrators,
and Skilled Blue Collar Workers

Z., = -.06800 (T., - T.,) - .02418 (C., - C..)
12 (To2a06) 12 TV (lgozes) 12 11
-.92316
(.51557)
Z.. = .06400 (T.. - T..) - .02418 (C.. - C..)
13 (loz0s) ¥ 117 (loozes) 13 11
~2.76311
(1.11905)

(2) Exponent term for White Collar and Unskilled Blue
Collar Workers

z -.13941 (T

- T..) - .02818 (C.., - C..)
(.02106) il il

Z.. = -.13941 (T., - T..) - .02418 (C., - C.:)
13 (lo2106) 3 117 (lgozes) 13 1

The number in parentheses is the standard error of
estimate.
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professionals, administrators, and skilled blue collar workers (PAB). Thus,
when the time coefficient is being estimated in the model for PAB's, b2

must be added to b]. and C3 1 show the relative bias of PAB's between

2.1 .

car and bus, and between car and walking, respectively. The negative signs
indicate that PAB's prefer cars over both bus and walking when trip times
and costs of modes are identical.

In Table 4, the individual demand submodels are given by occupation
class. Z].2 is the exponent term associated with mode 2 (bus), and Zi3 is
the term associated with mode 3 (walking). The coefficient for the time
variable in the model for professionals, administrators and skilled blue
collar workers was derived, as mentioned previously, by adding b] and b2‘

Its standard error was obtained by summing the respective variances and

covariances, and taking the square root.

d. Summary

In this section, a new disaggregate multinomial mode-choice logit
model was discussed. The model incorporates new features such as replace-
ment of the constant term with socioeconomic variables, and inclusion of
the dummy coefficients for mode-related variables. This last feature
enables estimation of separate slope coefficients for different socio=
economic groups. Indeed, with an appropriate combination_of dummy
coefficients and dummy variables, the model has the capacity to combine into
a single model several models which otherwise would have necessitated stra-
tification of the data.

The theoretical presentation of the model was followed by a discussion
of the source and nature of the data. 1In selecting the form of the submodel

to be incorporated into the present study, we investigated the theoretical
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plausibility of using various model structures, tested the pertinence of
variables, and compared the ability of several competing models to dupli-
cate the base year observations. The result was to adopt a submodel which
has a disaggregate multinomial logit form, and which incorporates total
trip time with its dummy coefficient, total trip cost, and occupation
status as explanatory variables. Upon estimation of the model parameters,
it was confirmed that the selected submodel had the highest statistical

significance for parameter estimates among the competitors.

Section 4

MARKET DEMAND SUBMODEL

a. Existing Trip Distribution Models

In this section, the various limitations of existing gravity and other
trip distribution models are first discussed, and then the error minimizing
doubly constrained gravity model is discussed. After discussion of the
source and nature of data, the market demand submodel is described.

There are a large number of trip distribution models. They include
traditional gravity models, entropy maximizing gravity models, intervening
opportunity models, growth factor models, probabilistic distribution models,
and structural models.

The traditional gravity model has the following general form:

aPiP'
(15) Tij = -T;—JL
d..
1J
where T..: The number of trips made from zone i to zone j.

1
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Pi’ Pj: The population in zone i and zone j, respectively.
dij: The distance between the two zones.
a, b: The structural parameters.

There are various criticisms of this model. The criticism most perti-
nent to the purpose of the present study is that the forecast of trip
flows made with this model does not meet the row sum and column sum condi-
tions. That is, the sum of estimates of Tij by destination may not be
equal to the number .of people known to have left origin i, and also the
sum of Tij by origins may not give the estimate equal to the number of
people known to have arrived in zone j. In addition, this model (15)
is nonresponsive to policy changes since it does not include system
variables in its formulation.

In recent years, the traditional model has been modified in several
ways. In its present form, as incorporated into the UMTA UTPS software

package [32], the model assumes the following form:

78 £S.
e _ € J i
e Tig = Niyege

: J 1

J
where e : The trip purpose
Ti’ Tj: The trip generation results.
fij: An arbitrary function of travel time.

In this formulation, some of the weaknesses have been removed by imposing
the row sum condition. However, the model can still make a prediction where
the number of workers arriving in a given zone exceeds the number employed

there. Secondly, even though the travel time is incorporated in the model,



-35-

the model essentially remains nonresponsive to policy changes, since the
cost variable is not included.

In recent years, a new form of gravity model, called the entropy maxi-
mizing model, has been introduced by A.G. Wilson [52, 53, 54]. This model

has the following form:

(17) Tij = AiBjOiDjf(Cij) >
= -1

where Ay = 0 § Bijf(cij)] s
= -1

B, = [%Aioif(cij)} .

Oi: The number of trips originated in 1.
D.: The number of trips terminated in j.
f(c..): A generalized cost function; e.g., a
linear sum of trip costs, travel time,
and excess travel time.
The model (17) is subjected to three constraints. Two of these are

Z Tij = 01 and Z Tij = Dj' These constraints are imposed by means of
J i

terms Ai and Bj‘ The third constraint is:

(18) Y T..c..=C,
i,y WU

which states that society's budgzc for total travel is constant.

The parameters of the model are estimated by maximizing the objective
function:

(19) Tog W(Tij)
subject to the three constraints above. Here, W(Tij) is defined as:

(20) w = Ti/nT,.!
tad 3
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This model nullifies the objections raised against previous models, and can
be made policy responsive by an appropriate formulation of the generalized
cost function. However, it raises two new problems. One is the constraint
on society's travel budget. There is no justification for such a constraint
in the real world. The second problem is that when the objective function
is maximized, it tends to estimate the parameters of the model in such a
way that every cell of the trip distribution matrix has equal entry. That
is, Tij will be equal for all i and j, since only then is the objective
function w maximized. This problem is partially solved by imposing the row
sum and column sum constraints, but not sufficiently to duplicate the base
year conditions. An example will help illustrate this.

Assume that the base year trip distribution is as given in Table 5A.
Solving the maximization problem without a cost constraint will then lead
to the distribution given in Table 5B. Both Tables 5A and 5B satisfy

the row sum and column sum constraints. Now, the ratio of w(B) and w(A)

is given by:
20!
w(B) 81414141 75
(2] ) = =
w(A) 20! 4
10121216!

Since w(B) is greater than w(A), the model will estimate the distribution in
Table 5B unless the cost constraint is imposed. Therefore, the fixity of
society's travel budget seems to be absolutely essential to replicate the

base year distributions. The problem, however, occurs when Oi and Dj increase.
Assuming nonzero intrazonal travel costs, as Oi or Dj increases, we would

expect more people to travel between zones. However, unless C is increased
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TABLE 5

Entropy Maximizing Model and
Trip Distributions

A
From |To Total
1 2 0;
1 10 2 12
2 2 6 8
Total
D. 12 8 20
J
B
From |To Tota
1 2 -0
1 8 4 12
2 4 4 8
Total
Dj 12 8 20




-38-

or C. is lowered at the same time, the model will predict that less people
will travel than before, because there are more people to whom the travel
budget must be allocated. Thus, the levels of C and Cij determine success
or failure of prediciton under this model. The model, however, does not
say how C and Cij are determined.

In the intervening opportunity models, the number of trips made from
zone i to zone j is defined as a product of the number of trip makers leav-
ing zone i and the probability that a trip will end in zone j. In this
formulation, possible destination zones are arranged in increasing order
of either distance or time of travel from the origin, and this ordering
plays a crucial role. No changes in relative trip time will alter the trip
distribution unless there is also a change in the ordering of destination
zones. Hence, these models are not policy sensitive. Furthermore, in order
to maintain the internal consistency of the model when the row sum con-
straints are imposed, it is recommended that these models be applied to zones
with populations of at least 100,000 [41].

In growth factor models, prediction of trip distribution for a future
year is made by adjusting the base year trip distribution matrix with some
growth factor which is estimated from the ratio of expected future year and
base year zonal totals. Consequently, these models implicitly assume either
that the transportation system has no influence on the trip distribution or
that the transportation system remains unchanged [41]. Therefore, by con-
struction, these models are incapable of reflecting changes in transport
variables, and hence are nonresponsive to policy changes.

The structural model of trip distribution [7] uses a convex programming

approach to estimate future flows of trip-makers between zones. Specifically,
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the method minimizes the distance between f].jd/O].Dj and f?de/O?Dg .

while imposing the row sum condition Z(OiDj/d - fij)=0 , and the column

J

sum condition g(OiDj/d - fij)=0. Here, f?j and fij are the base year
and future year flow of trip-makers from zone i to zone j, and 0? and 01
are the base year and future year total departures from zone 1. Dg and Dj
are the base year and future year total arrivals in zone j, while d0 and d
are base year and future year total trips; i.e., dO = ZO? = ZD? and
d = Zoi = ZDj. The model, however, does not contain an; trichost or trip
timelvariag]es, and hence it is not responsive to policy changes.

Probabilistic distribtuion models [11] use a transition probability
matrix to estimate the number of trips made from zone i to zone j. The model

is given by

(22) t 0.P.. , for all i and j,

iJ iid
where tij is the number of trip-makers going from zone i to zone j; Oi is the
total departures from zone i; and Pij is the transition probability defined
by the conditional probability P(Djloi) that a person who originates in
zone i will travel to zone j. If the base year flow matrix {t?j} is known,
then the transition probability pij may be.estimated by

(23) Pij = t?j/og.’.
These models also provide a means for computing the transition probabilities

by incorporating various motives, as shown in (24).

/4

(24) Py = P(D;10,) - klz:]P(Dj|O].,mk) P(m [0.).

where My is the k-th motive. By definition of the transition matrix, this

model satisfies the row sum conditions, but the column sum condition is not

imposed.
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Furthermore, as formulated, the model can accommodate only one ¢lass
of "motives" at a time, such as one way classification by age group. As
the number of classes of "motives" increases, the computation of the con-
ditional probability becomes increasingly complex. Finally, if continuous
system variables are added to the model to make it policy responsive, it
becomes necessary to provide for an enormously large number of "motive"
cells so that every meaningful combination of values of system variables
may be assigned to a cell, and the corresponding conditional probabilities
will have to be estimated. It seems that the models that are designed to
use continuous variables, such as gravity models, are more suited for
building policy responsive trip-distribution models.

Finally. there are a number of aggregate models which are designed to
estimate simultaneously trip generation, trip distribution, and modal split.
They include the abstract transport model introduced by Quandt and Baumol
[33,34] and other similar models. The common characteristic of these models
is that the explanatory variables enter the model in product form. As a
result, it is implicitly assumed that the elasticity of demand for modes
with respect to the explanatory variables is constant. This is a rather
implausible assumption, since it implies that as the trip cost declines,
or as the level of income rises, the demand for modes will rise without 1imit.

These shortcomings can be corrected by imposing row sum and column sum
constraints on the trip distribution matrix. However, imposing the row sum
and column sum constraints removes the trip generation aspect of the models,
and they are reduced to aggregate trip distribution and modal choice models.
Concerning simultaneous estimation of mode and destination choices, a pre-

ferred approach seems to be to treat these decision processes separately
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as has been done in this study. The rationale is to incorporate a disag-
gregate behavioral model into our model as a submodel, and to make full
use of its high efficiency in predicting individual modal choice behavior.
The discussian above has shown that trip distribution and other perti-
nent aggregate models currently in existence do not adequately meet the
standard desired for the present sutdy. Specifically, a trip distribution
model is needed which has the following characteristics: (1) the model
must contain a sufficient number of transport variables to make it policy
responsive; (2) the prediction based on the model must reflect the compe-
tition among various possible origins and destinations; (3) the prediction
must be consistent with total zonal departures and arrivals; and (4) the
model must be capable of being interfaced with the modal choice model des-
cribed in Section 3. The interfacing must reflect the simultaneity of mode
choice and destination choice decisions of commuters. A discussion of the

model which meets these requirements follows.

b. Error minimizing doubly constrained gravity model.

Consider a model of the following form:
ay b o

= m n
(25) QG = T X5k T Oim T Dgn >
(26a) Oy = 2 0Qy -
J
o= Y0.. o,
(26b) D, %‘m
where Qij: The flow of commuters from zone i to zone j during a

given time period, say a day.

ijk: The k-th system variable such as the cost or time it

takes to travel from i to j.
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Oim: The m-th variable that describes a characteristic of
zone i, from which the trip originates. This may
include such variables as size of labor force and
population.

i’ The first variable among Oim’ specifically defined

as the Tevel of employed labor force.

Din: The n-th variable describing a characteristic of
zone j in which the trip terminates. This may
include level of economic activities, employment,
and population.

D The first variable among Din’ specifically defined

il”
as the level of employment.

The equations (25) and (26) constitute the basic model from which our market

demand submodel will be derived.

In this study, we included two variables in Xijk’ the variables that
describe the transport system. These are the composite cost of making a trip
from zone 1 to zone j, and the composite time of doing so. The composite cost
and time are the weighted averages of mode costs and mode times in traveling
from i to j. The weights used are the proportion by which the total trips
flow from i to j was divided among the various modes. As the descriptors of
zone i, Oim’ we initially considered the size of the employed labor force and
the labor force composition, and for the descriptor of zone j, Djn’ we tried
the industry composition and the level of employment. However, labor force

composition at origin i and industry composition at destination j were later

dropped to avoid multicollinearity among the variables. Hence, after
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changing the variable symbols for easier identification, the basic model

(25) and (26) become:

(27) 0y = Tt;j L s .
(28a) Li = § Qij s
(280) B = Ty s
where Qij: The flow of commuters from zone i to zone j during
a day.
ij: The composite cost of a trip from zone i to zone j.
1.J.: The composite time of a trip from zone i to zone j.
Li 2 The size of the empioyed labor force in i.
Ej : The level of employment at j.

a, b, d, e are parameters.

As the model (27) is formulated, it is a market demand function for trans-
portation in ij-th transport market, with Cij and Tij being "market price."
Li and Ej then act as the shift parameters that denote the size of the market.
Therefore, changes in policy variables such as changes in bus fare and toll
charges would affect the demand for transport service through the composite
cost. Improvement of highway conditions that reduces driving time would
influence the demand through the composite time variable. Therefore, the
model 1is policy responsive.

The elasticities of trip volumes Qij for model (27) with respect to its
component variables can be expressed as in equations (29a) - (29d). These
relations are obtained by imposing constraint (28b) on the model as given in

equation (30).
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where Pij = Qij/z Qij . Other terms are as defined previously. Except for
the labor force g]asticity (29d), which has a value of one, all elasticities
change with the value of the variables. Specifically, both the cost elasti-
city (29a) and the time elasticity (29b), which are negative, reduce to 0 as
the trip cost and trip time approach zero. They approach coefficients a and
b in the model, respectively, as the cost and time variables increase without
1imit. Employment elasticity (29c) is positive, but moves in an opposite
direction to that of changes in level of employment.

Moreover, imposition of the row sum and column sum constraints (28a) and
(28b) assures that the competition among various origins and destinations is
reflected in the modes and eliminates the possibility of such inconsistencies
as more commuters leaving for work from a given zone than there are people
living in it or more commuters arriving for work in j than are employed there.

The theoretical justification for a gravity model of this type rests on
the fact that there is aggregation over job markets. At the individual level,
a commuter may be seen as maximizing his own welfare by selecting that destina-

tion which gives him the highest level of satisfaction in“terms of resources
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sacrificed. Thus, if alternative destinations offer identical levels of
satisfaction in all respects, but differ in the cost and time required to
reach them, he would choose that destination which involves the least cost
and time. Therefore, his action may well be predicted by spatial Tinear
programming.

When welfare maximizing individuals (those whose occupations are dif-
ferent and who hence have different welfare maximizing work destinations)
are assigned to spatially delineated zones and aggregated, then the apparent
phenomenon of "cross-commuting" is observed. This cross-commuting is not
due to the firrationality of trip-makers (indeed they are acting very ration-
ally at the individual level), but it is due to aggregation over job groups.
As one tries to duplicate the aggregate behavior of the commuters for the
base period by applying spatial linear programming, the optimization process
will completely eliminate the phenomenon of cross-commuting. The error here
is application of the optimization process at the aggregated level, which
implicitly assumes homogeneity of the work force, rather than at the indivi-
dual Tevel where it is appropriate. Hence, for prediction at the aggregated
Tevel, the gravity model, which is capable of duplicating base period obser-
vations, is preferred over the spatial linear programming approach.

In estimating the parameters of the model, the row sum condition was

first imposed by dividing (27) by (28a) as in (30):

Q.. ¢, 78 g8

(0) - A3 i3
L. a -b e ?

i $eo. T . E:

13 13 3

J
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The column sum condition was also imposed by dividing (27) by (28b) as in

EEBE

a -b ,d

e i |

(31) CF I I
F. an Tb Ld

k AF IR F i

Equations (30) and (31) were then squared and summed over all zonal pairs

to derive equations (32) and (33):

Q.. @ 10 e |2
(32) S = § - g 13 ]
0 o T T g :
’ ij i3 3
a b ,d 2
(33) sy = I p i . SiTh
1sd | E: a b ,d
J I G35 Tag s

These are the objective functions used to estimate the parameters of the model.
In (32), S0 signifies that it is the objective function obtained by imposing the
origin constraint (28a), while in (33), SD denotes that it is obtained similarly
by imposing the destination constraint. Since the objective functions are
nonlinear in parameters, their estimation requires minimization of the functions
using a nonlinear programming technique.

Once the parameters are estimated, two sets of forecasts of Qij will be

estimated from:

c@. 10 g®
(34) Q. - LI I B
U a b e 17
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(35) P - ¢ T?i L :
iJ i b4 3
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Generally, the two sets of estimates Q?j and Q?j do not agree. The difference
is adjusted by taking the average of equations (34) and (35) for each ij pair,
and by applying the Furness iteration method to assure that the constraints
are satisfied.

Another approach also was tried, which expresses the objective function

in the following way:

b e 2
.. cd. 1. 8
(36) 5 = Q5 ) ij ij
O T B D M- L 3
i 3 ij i3

=, T?irEi L, 2

* ij Ej - Z a b e >

J i JEs. T.. E;
5713 1

where Aj is an externally assigned penalty value. Even though convergence was
achieved after a few iterations, the resulting estimates of Qij were far from
duplicating the base year values; therefore, this approach was dropped from
further considerations. It was suspected that because of the manner in which
the constraints are imposed in (36), the objective function lost its strict
convexity, and the solution converged to a local optimum rather than to a

global optimum.

c. Source and Nature of Data

The data for estimating the parameters of the market demand submodel were

obtained from the 1970 Census of Population Journey to Work Report [45].
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The reported data is based on a 15% sample adjusted to represent the total
population. The report shows the number of workers, and their characteristics,
who traveled from one subunit to another subunit in metropolitan areas with
populations of 250,000 or more. In the report, cities with populations of
50,000 or more are individually identified, while those cities with popula-
tions under 50,000 are aggregated as "remainder of county." For instance,
for the Chicago Metropolitan Area, which consists of 6 counties, the report
identifies 17 cities of over 50,000 and 6 "remainder of county" units.

For all combinations of pairs of these subunits, the report tabulates
by direction of flow the number of workers who traveled, the mode they chose,
their socioeconomic attributes such as sex, age, race, family relationship,
education, occupation, industry groups, and earnings. Data also exist for
travel within each subunit.

In this study, fourteen cities in the Chicago Metropolitan Area were
identified. Data on commuters who traveled from any one city to another
among the fourteen were tabulated. Excluded from consideration was the city
of Chicago proper. In a gravity model, or any aggregated model, the distance
between cities is generally measured from city center to city center. However,
the city of Chicago is spatially aggregated into only one large unit, and it
was decided that no meaningful measure of distance between Chicago and other
cities in the study area could be developed. Despite the exclusion of Chicago
from the study, the validity of the study results will not be affected since
the model 1is independent of city designations. The study results will apply
equally to Chicago if the data for its subdivisions which are similar in

size to suburban cities become available.
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For the fourteen cities included in the study, the data were tabulated
for the number of commuters by mode they selected in reaching their place
of employment. Modes included private automobile (as driver); private
automobile (as passenger); bus; subway, elevated train or railroad; walked
to work; worked at home; and other means including taxicabs. Also tabulated
were the proportion of professionals, administrators and skilled blue collar
workers among the commuters who traveled between a given city pair in each
direction. The stratification of commuters by such a job classification was
done to assure conformity with the occupational class adopted in the indivi-
dual demand submodel.

The tabulated results of commuters by mode were next given minor adjust-
ments of the following types. (1) When the frequency for "walked to work"
between two cities which are beyond normal walking distance was nonzero, it
was assumed to be a reporting error, and the data were distributed among other
modes according to the proportion in which commuters chose those modes.

(2) Similarly allocated among other modes were those observations under
"others including taxicabs," on the assumption that taxicabs were not a normal
means of commuting. (3) In the case of workers who were reported to be
commuting to cities other than their own, and yet classified under "worked at
home," it was assumed that their normal place of work was as indicated by
destination, but on the day of census taking, they worked at home. Hence,
these were again distributed among other modes in the same manner. (4) In
case of intracity commuters who are classified under "worked at home," it

was assumed again that these observations included those who normally worked

away from home, but on the day of census taking they worked at home as in
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Case (3) above. We, therefore, decided to isolate these individuals from
those whose place of work was actually at home. In-so doing, the average
"worked at home" to the total commuter ratio was computed for those who
worked outside their own cities. This ratio was then multiplied to the
total intracity commuters for each city, and the number for those whose
normal place of work was away from home but who worked at home on the day
of census taking was derived. They were subtracted from the reported fre-
quency of "worked at home" for intracity workers, and assigned to other modes
according to the proportion in which modes were used in that city.

Next, the automobile driving time between cities were estimated by
measuring the distance between city centers by road segments, then by apply-
ing different driving speeds to each road segment according to the traffic
condition, and by aggregating the resulting driving time for all road seg-
ments. For automobile driving costs, 10¢ per mile cost was applied to the
distance between city centers, and whatever toll charges that were appli-
cable were added. Bus and rapid transit commuting time, whenever such ser-
vice existed, were estimated by applying the average speed of mode on each
route to the segment of commuting routes applicable, and by aggregating over
the entire commuting route. Added to this were one half bus or transit head-
way for waiting time; access-egress time of 6 minutes computed at average
walking distance of 800 ft. at both ends of the trip and at walking speed of
3 miles per hour; and walking time when transfers were involved. Bus and
rapid transit speeds by route were estimated from bus and rapid transit
schedules. Bus and transit fares were also obtained from the CTA History of

Fares, and from the records of the I11inois Commerce Commission for suburban
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buses. Finally, walking time was computed at a walking speed of 3 miles
per hour, and walking cost was assumed to be zero. Train time and cost
were ignored because the proportion of commuters taking trains between
suburban cities was very small, and hence would have a negligible influence
on the composite time and cost.

In the case of intracity commuters, the average distance was estimated
by assuming uniform distribution of commuters within the city Timits, and
by assuming that the place of employment was located at the city center. A
general formula for this is given by:

(37) Av. Dist. = —;_ (1 - 2¢(1-c)] L+ [1 - 20(1 - D)W} ,

where the symbols are defined by:

A = Place of Employment }4 L —
L = Length i Ky
- Y|
W= Width S
C=Y/L At -
D= X/W ! X |
) R’ .

In a special case, when the place of employment is located at the city center,
as is assumed in this study, (37) reduces to (L + W)/6. Once the average
commuting distance within the city was derived, the time and cost of modes
were estimated in the same manner for intercity commuters.

The composite commuting time between and within cities was derived as the
weighted average of mode times using the percentage of times that various modes
were used by commuters as weights. The composite costs were also estimated in
the same manner.

In estimating the parameters of the market demand submodel, automobile

passengers were pooled with automobile drivers on the basis of the findings
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in Section 3. In addition, when the data for those who "worked at home" were
pooled with the data for those who "walked to work," better estimation results
were obtained than when they were excluded. The model estimated using the
pooled data set produced the "percent correctly predicted" score of 89.9% and
the coefficient of determination in frequency of .96218. On the other hand,
when the data for those who "worked at home" were excluded, the resulting
model had the scores of 88.7% and .95441, respectively. As such, these data
were pooled and the commuting time and cost of those who "walked to work" were

assigned.

d. Estimation

Estimation of the parameters for the market demand submodel (34) and (35)
was performed again on the CDC 6400 computer at Northwestern's Computing
Center, using the computer program written for this purpose by the author.

A copy of the program called GRAVITY is attached as Appendix B.

The estimates of the parameters are presented in Table 6. These esti-
mates were obtained using data for six cities. Cities that were excluded
were located beyond the normal commuting distance in relation tc each other,
and the trip frequencies among them were mostly zero.

The estimates are not statistically significant at the 5% level. How=s
ever, the signs of the estimates are all correct, and both the origin-
constrained and destination-constrained models "predicted" 92% of the base
year observations correctly, and had the coefficient of determination in
frequency of .978 and .976, respectively.

In Table 7, the estimates of commuter trip frequencies among six cities

for the base year are presented. These estimates were obtained as discussed
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earlier by taking a simple average of frequencies predicted by both origin-
constrained and destination-constrained models, and by six jterations of
the Furness method to impose the row sum and column sum constraints. Table 7
may be compared with the actual trip frequencies observed, which are given
in Table 8. From these tables, it can be observed that the column constraints
are not satisfied, suggesting that it would take more than six iterations of
the Furness method to achieve the desired results. Nevertheless, the model
performs well in that it predicts 89.9% of the observations correctly, and
has the coefficient of determination of .96218.

Finally, it is noted that in the gravity model, the commuter flow is
expressed as a function of the size of the employed labor force, the level
of employment, and the cost and time of commuting between cities. As such,
the model is quite general in its applicability, and the parameter estimates
performed well in predicting the trip frequencies whether the number of cities

was more or less than the number used to estimate the model.

e. Summary

In this section, a brief survey of the existing trip-distribution models
was presented and their pertinence to the present siudy was discussed. The
error minimizing doubly constrained gravity model, which successfully solves
the Timitation of the existing trip-distribution models, was introduced; and
the source and nature of the data were discussed. We then presented the
estimates of the model parameters, and found that the model performed well
in duplicating the base year conditions. The next section is concerned with

interfacing the two submodels developed in Sections 3 and 4.
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Section 5

AGGREGATION FUNCTION

As will be seen in Section 6, the submodels developed in this study have
been used in the following sequence. First, the individual demand submodel
was used to predict the modal share of commuter traffic between two cities.
The estimates of mode market shares were then used to calculate the com-
posite cost and composite time, which in turn was applied to the market
demand submodel to estimate the commuter market demand for transport service.
Finally, the estimated commuter market demand was allocated among various
modes in proportion to commuters' modal choice prediction.

A difficulty arises, however, in predicting the modal share for the
market from the individual demand submodel, which is in disaggregate form.

It is known that substituting the mean value of the transport variables

(such as average cost and time for the market) leads to valid prediction of
mode market share only if the model is linear in the variables involved.
However, as we have already seen, the disaggregate model adopted in this study
is in Togit form, and hence is nonlinear in the variables included. The dis-
aggregate demand model was estimated in such a manner as to give the predicted
probability close to 1 when a particular mode was chosen, and near zero other-
wise. Hence, a simple substitution of mean values for transport cost and

time faced by an “"average" individual in the market will lead to an exagger-
ated prediction of market share either toward one mode or the other depending
on the distribution of the variables. The objective of this section is to

provide a means of solving such aggregation issues.
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Koppelman, in his recent paper, discusses five aggregation procedures
used in estimating the aggregate mode share from the disaggregate model.

They include: enumeration, summation/integration, statistical differentia-
tion, classification, and naive procedures [15]. The method of aggregation
available to a researcher depends to a large extent upon availability and
nature of the data. In this study, we have adopted a procedure which combines
a modified and simplified version of the statistical differential procedure
and the classification procedure.

The statistical differential method proceeds by linearizing the disag-
gregate model by using a Taylor series expansion, and then obtaining the
weighted average or expectation over the group:for which the pradiction is
being made. This approach requires estimation of the moments of distribu-
tion of the transport and socioeconomic variables. It is known that the
series tends to be unstable when the variables are highly dispersed.

In this study, the aggregation function, still unspecified. but expressed
as a function of the estimates of mode share derived from the disaggregate
model, was approximated by use of a Taylor series expansion about some fixed
value. In this case, since the partial derivatives of all orders are evalua-
ted at the fixed value, they reduced to constants. When such a function is
rearranged and simplified, the market modal share expressed as a polynomial
function of the mode share estimated from the disaggregate model is derived.
The classification procedure is used in this study to weight the mode share
estimated from the disaggregate model by the proportion of commuters in
various occupation classes. The latter, as previously noted, were derived

from the 1970 Population Census Journey to Work Report.
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Before deciding which form of aggregation function to adopt, three dif-
ferent aggregation functions were estimated, and the results were compared.
They included: (1) The direct aggregate market share model which estimates
a logit model by using the mean value of independent variables and the fre-
quencies of modes chosen, and directly estimates the mode market share.

(2) In the naive-statistical differential approach the initial mode share

is estimated from the disaggregate model using the mean value of independent
variables and the proportion of professionals, administrators and skilled
blue collar workers (PAB) as the socioeconomic variable. The resulting
probabilities were then used as independent variables of the aggregation
function. In this case, separate polynomial functions of the 4th degree
were estimated for each mode, and the results were normalized to assure that
the mode shares would sum to unity. (3) The classification-statistical
differential approach is similar to the naive-statistical differential
approach, except that the initial mode shares were estimated for each job
class from the disaggregate model, and the results were weighted by the job
proportions before estimating the aggregation function.

On comparing the three methods of deriving the aggregation function, it
was found that the third approach gave the best results in terms of the coef-
ficient of determination in probability (R% = .952892), closely followed by
the second method (R% = .952629), with the first approach being last
(R% = .923886). For this reason, the third approach was used to estimate the

aggregation function, which has the following form:

w
=3 %

(38) - >

3
30
w
3 %
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(39) s¥ = a.+aP +api+ap+a,p
m 0 1T'm 2m 3'm 4'm
where Sm: Final estimate of the market share of mode m.
*
Sm: Estimate of the market share of mode m, obtained

from the polynomial function.

P : Weighted average of the market shares of mode m,
derived from the disaggregate model for each occu-
pation class.

ao, a], a2, a3, a4 are parameters.

The estimates of the parameters of the aggregation function are given in

Table 9.

Section 6

METHOD OF PREDICTING THE DEMAND FOR BUS SERVICE
IN SUBURBS AND SATELLITE CITIES
OF METROPOLITAN AREAS

In the preceding three sections, the individual demand submodel predicting
individual mode choice, the market demand submodel for transport service, and
the aggregation function to interface the two submodels were presented. Using
a few examples, this section discusses methods of estimating the work-trip
demand for bus service in suburbs and satellite cities of metropolitan areas
on the basis of the submodels and the aggregation function estimated. In
order to facilitate discussion, the Flow Chart for the forecasting method

is presented in Figure 1.
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TABLE 9

Parameter Estimates for
Aggregation Function

Para. Car Bus Walk
a, 1.52855 .21211 .01440
(2.05552) (4.56396) (.92845)
ay -7.31059 -2.21352 3.21067
(-1.02466) (-2.27023) (.41905)
a, 25.34278 10.74582 -29.64260
(-1.17762) (1.87881) (-.04366)
ag -33.72604 -18.67146 946.42417
(-1.31761) (-1.61553) (.05762)
a, 15.02305 10.55681 -4272.34375
(1.42900) {1.85725) (-.03604)

The numbers in parentheses are t-statistics.
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FIGURE 1

Flow Diagram for Forecasting
Work Trip Demand for Bus Transportation
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a. Estimating the Effect of Policy Changes on Demand for Bus Service

For estimating the effect of policy changes on demand for bus service,

the following steps are taken:

(1)

(2)

(3)

(4)

(5)

(6)

Estimate or specify the magnitude of policy changes such as the
amount of changes 1in bus fare.

Compute new average cost and time by mode for study area by
incorporating the new bus fares.

Compute the proportion of professionals, administrators, and skilled
blue collar workers in various commuting groups. This may be derived
from the previous census data.

Estimate the probability with which an "average" person among pro-
fessionals, administrators, and skilled blue collar workers (PAB)
would select various modes by substituting into the individual
demand submodel the mode costs and times derived in (2) and a

dummy value of 1 for the Job variable. Repeat the same process with
a dummy value of 0 for the Job variable to estimate the probability
with which modes are selected by an "average" individual among

white collar and unskilled blue collar workers (WUB). An option

to perform these operations, including data processing and card
punching, is available in the computer program ESTLOG attached as
Appendix A.

Derive the weighted average of disaggregate probabilities by weighting
the results of (4) by the proportion of PAB and WUB obtained in

(3). Repeat the process for each mode.

Substitute the results of (5) into the aggregation function to esti-

mate the mode market share for each commuting Tink being studied.



(7)

(8)

(9)

(10)

(1)

G-

Compute the composite mode cost and mode time by obtaining the
weighted average of the mode costs and mode times derived in (2)
weighted by the mode market shares estimated in (6).

Obtain estimates on the level of employment and the size of the
employed labor force at each community under study.

Substitute the results of (7) and (8) into the market demand
submodel to estimate the flow by direction of commuters between
city pairs.

Estimate the number of commuters taking the bus by multiplying
the results of (9) by the market share for bus estimated in (6).
Finally, compare the results of (10) with the results of previous

studies.

b. Predicting When Installation of Bus Service Becomes Economically Feasible

In this case, the process is:

(1)

(2)

Compute the minimum level of bus demand to make a given bus line
economically feasible. This may be obtained by calculating the
cost of running a proposed line and the average fares anticipated.
Generate time series of the Tevel of employed labor force at the
origin, and the level of employment at the destination as well as
the average cost and time of traveling by each mode between the
cities in the study area. In this case, the average cost of modes
must be deflated by the average income index or the wage index to
adjust for price and income changes over time. The average income
index may be obtained by dividing the estimate of the median nomi-
nal income of commuters for future years by that of the base period;

and similarly for the wage index.
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(3) On the basis of the data obtained in (2), estimate a time series
of the demand for bus service under assumed conditions, and com-
pare them with the minimum level needed for economic feasibility.

(4) In forecasting such as this, it is important to recognize the
fact that the demand for bus service is determined not only by
changes in the level of service by the bus Tine itself, but also
by changes in service level of other modes, such as toll charges,
gasoline prices, parking fees. Hence, in generating the time
series data on these variables, as many alternative scenarios as
can be perceived should be considered.

In the above, by means of examples, we have demonstrated how the models

presented in this report may be applied. Effects of other policy changes
and changes in the transportation system on demand for bus transportation may

be studied by appropriately modifying the above examples.

Section 7
SUMMARY AND RECOMMENDATIONS

In this report, a method of estimating the commuter demand for bus service
in suburbs and satellite cities of metropolitan areas was developed. The
basic approach was to estimate the mode market share from a disaggregate model,
using the average cost and time of traveling by three modes: automobile,
bus, and walking. The estimates of mode choice probabilities of an "average"
person were then adjusted by the aggregation function to derive the market
share of modes for commuting between cities. The mode shares were used for

computation of the composite cost and composite time, these in turn were used
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for estimation of the market demand for transportation. Mode shares were
also used for allocating the market demand for commuter traffic to various
modes.

The effectiveness of forecasting models such as this one depends largely
upon the existing state of technical knowledge, availability and quality of
data, and computational facilities. The report offers several innovations.
They include:

(1) Discovery that simultaneous destination-mode-choice disaggregate
logit models misclassify the destination choice of cross-commuters when
they are present.

(2) Identification of a conceptual error in the entropy maximizing
gravity model.

(3) Introduction of a disaggregate logit model which incorporates
dummy variables and dummy coefficients. Thus, the model combines several
models obtained by data stratification into a single model.

(4) Writing of the computer program to perform computation for the
logit model of the above type. The program is also efficient in handling
the socioeconomic variables in terms of reduced storage space and processing
of data. It also has the facility to estimate the direct and cross-elasticities
of demand.

(5) Introduction of the aggregation function to derive the market
share of modes from the probabilities of mode choice made by an "average"
person. The latter is estimated from the disaggregate model using average
cost and time of alternative modes.

(6) Introduction of a gravity model which is policy responsive, and which
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also reflects the competition among various origins and destinations.

(7) MWriting of the computer program to perform computation for the
gravity model of the above type.

Availability of data affected the structure of the present study in
several ways:

(1) At the disaggregate level, lack of data on wages or individual in-
come prevented deflating of the cost data. This, however, is a minor problem,
since future data can be deflated with wage index or income index estimated
by dividing the median income for the future year by that of the base period.
Also, Tack of data to indicate the level of comfort, such as degree of
crowdedness, prevented inclusion of a comfort index into the model.

(2) At the aggregate level, absence of data on the distribution (i.e.,
variances and covariances) of the independent variables prevented application
of other aggregation procedures to estimate market share of modes, and the
error analysis of the forecast. The use of census data affected the study
in several ways. Since the census data are published for cities of popula-
tions over 50,000, many small cities had to be omitted in the estimation of
the modei. In the case of Chicago, it was omitted because no meaningful
measure of distance between Chicago and its satellite cities could be devel-
oped for its high degree of spatial aggregation. This, however, is a minor
problem since the gravity model estimated in the study is still valid and
transferrable to other regions. However, the high degree of spatial aggre-
gation in the Chicago data prevented the author from answering one question.
That is: how to estimate the flow of commuters taking buses between Chicago

and its satellite cities. To answer this question, we need disaggregated
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data of the city of Chicago so that its subunits would be of about the same
size as its satellite cities.

(3) Finally, the data used for estimation of the individual demand
submodel were collected in the summer of 1969, and that used to estimate
the market demand submodel in April, 1970. When data for other times of
the year become available, it is recommended that the model presented in
this study be reestimated to examine for the presence of seasonal bias due

to data.
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li21 g 378 DO 335 I=1,NZ . e L
¥212°  BC 3C6 J=1,NVAR

0213 IF (NIZ(I).MNELNAME(J)) GC TC 306

01215 CALL PSACEC (M3Z(1,T1),L3CECS(J) ,NOR) )

p22s 60 7O 3¢5

w3z 306 CONTINUE

w35 335 CONTINUE B o B o
W4g  DATA NMA /1iCH DSTRP/

0240 DATA NMB Z1iCH NBAV/

W u0 DATA MMC /1CH  M3OCH/

Wy " DATA MMD /13H 7ERQ/

W e DATA NMI /13H NAAV/

woo DATA MMF /13H ONE/

Mug MN=10

s 3C 37 I=1,N03

MY 00 328 J=1,MZ

e . PROA

e PROZ

zmaP R0

o e IO

e PRO?

__PRGZ

.. PRO2

__PPO2

PRO
PRO
PRO
PRO
PEO
PRO:
PRC
PRO
PROY
PRO:
PRO?

Ar TAr Ex vAF

PRO?
PROZ

PROZ
PRO¢

PROZ
PROZ

PROZ
PROzZ

PRO2
PRO2Z

PRO2
PRO?
PRO?2
PRO2
PRO2

PRO2
PRO2
PROZ
PRO2
PRO2

_PRO2

PRQ2
PRQO2

__PRrOC

PROG
PROG

PROG

PROT
PROC

_PrROS

PROC
PROS
PROC
PROC

PFOQ
PROC
PFOC
PRCC
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Bl CIF (NIZAY).E0. NMAY GOLUTIC 309 L S — I Pl i
4N IF (N3Z(I,4).C50,.,~-9.0R-N3Z2{I,J).EC.-38) GO To 3C7 PFo
257 339 IF (NRUS2.20.3 - AND. NIZ(J).EQ.NYB JAND, NBZ(I,J).£Q.2) GO TO 367 P& MW
275 . IF (MNARGINY JEQ.1 »ANO. NBZLT 1) .20.0) GO TO_307 _ . .. i e PR
305 IF (HARG(Y) .EQ.2 AND. NBZ(I,J).,LE.T) GO TO 307 PR
32) IF (NDHOW,SCs2 «AMNDs NIZ(J)L.EC.NMC JAND.NBZ(I,J).EC.12) GO TO 307 PRC
336 IF (NCSTH.Z0W1 L AND. NIZ(J),2Q,NME «AND. NBZ(I,J)»N=.1d) GO 70 307 _ _ ..
iS4 , IF (NCSTH.EQ.1 +ANB. NIZ(J).EC.NMB AND. NBZ(I,J).N£.10) GO TG 307 _ !
372 308 CONTIMNUE O
7L N=H+1 o e S NP —

) 00 1111 J=1, NZ 0
377 1111 N3Z(NyJ)=N3Z(I,,Jd) 0
+12 237 _CONTINU=Z - — PR
+15 NT=N PR 1
+1¢ IF (NYL.EG.Q) GO TO 723 ) PR §
#17  __ B0 401 Jd=1, NY I o PR
21 IF (NYHOW(J).EQ.C +0R. NYHCW(J).2Q.3) GC TO 431 PRO
+3C BC 432 K=1,NZ PROE
31 TF (NBY(J)LEQWNIZ(K)) GG TC 403 . . PRO
+35 Lg2 CCNTINUE PROY
+37 GO TO 401 PRO(
+37 433 KX=NYHCGW((J) o i

sl 1 GO TC (511,412,4C1,411), KX PRO1]
151 411 B0 4G4 I=1,NT PROY
53 K K1=NBZ(I,.K) . e . ) PRO7
5 MBZ(I,K)=NYSG(J,K1) PRO1
AL 4354 CCNTIMNUE PRO
BT GO T O WG PR
s 412 B0 435 I= 1 NT PEO ]
71 IF (NBZ(I4K) GENYSO(U,1),AND.HNBZ(I,K) . LT.NYSO(J,2)) GO TC 436 PELC ]
L NBZCILKY=8 e ___PRO}

3 GC TC «0¢ PR

b 436 NBZ(I,X)=1 ==X

5 435 CONTIMUE _ _ o e L o R =

i 431 CONTINUZ Pr

i 720 IF (NOPL,EO,C) GO TG 310 Po

DG 311 I=1,NoP___ . L P
KX=ITRF(I,1)

g IF (KX.Gt.&4) GO TO 315 ; PR -
132 GO _TC (312,313,314), KX — L . PR(
i1 312 BC 316 J=1,NT PRO .
3 KL=ITRF(I,3) PRO-
s S1=NEZ(J,K1)*SCLZ (K1) e PROT.
i52 KX=ITRF(I,2)
iS4 G2 TC (2¢1,282,203,204,285), KX
365 201 ANAMZI(J,I)=Sa*+2 o L __PROJ
71 GC TC 31¢ PROZ
T2 232 ANAME(J,I)=SQRT(S1) PRO1
203 60 TC 318 R S PRO1
gy 203 ANAMZ(J,I)=1.3/S1 PRO1
il GO TC 3tie PROL
L . 23& IF (S1.:-Q.3.3) Si=1,%5g-10 PEO1
113 ANAME (), [I=ALBETELT T prod
2 1. GO TC 315 PRO1
22 5 205 ANAMZ(J,T)=EXP(S1) PRO1
.83 316 CCNTINUE ) o T U PROL
142 g TO 2i4 PRO1
L2 213 D0 317 J=1,HT PRO1



—
b . KI=ITRF(I.2) _. _ . o A , . ... _PRO1

& S1=NEZ(J, Kl)*SCL?(Kl)*ITrC(I 2y PRO1

5 IF (ITRF(I,3),20.6) GG TG 217

2 K2= LTRF(L,») . ‘ . . , . . .. _PRO1L
1 S2=p27(Jd,K2 i“aJlec)*Lle(L,uJ FROUL

9 217 KX=ITRF(I,3) PRO1

2 GO TC (2115212+213,2144215,216) 4%XX ___ L _ . PROZL

4 211 AMAME(J,I)=S1+52 PRQOZ

1 GO TG 555 PRO1

2 212 AMAMI(JLIN=S4-52. ... _.___.__PROZ1:
7 GO TC €55 PRO1]
g 213 ANAME(J,I)=S1*S2 PRO1:
] G0 T0 &55 _ e PRQO1
5 216 K1=ITRF(I,4) PROO
7 =NEZ(JyK1) PRO11
3“____‘,__E_K3 K2 PRO11
5 S2=ITRF(I,K3) *SCLZ (K1) *ITRC(I 4) PRO1
4 214 ANAME(J,I)=S1/32 PRO4 Y
1 GO0 10 655 o . PRO1Z
1 215 ANAME(J,I)=S1%¥*52 PRO112
g 555 IF (ITRF(I,5).NEfe.1) GO TC 317 PRO17
3 IF {ANAME(J,I).EQ.D2.0) ANAME(J,I)=1.0F-10_ . L . PRO11
2 ANAMZ(J,I)=ALOG(ANAME (J, 1)) PRO17
4 317 CCNTINUE PRO17
¢ GO0 TG 311 . e ... PRO1cZ
3 314 00 318 J=1,NT PRO17
2 K1=ITRF(I+2) PRO13Z
4 KZ ITRF(IL&) e o o _PRO14
c =|TQF(T 5) PrRO1Z
7. 31 NEZ(JyKL)*SCLZ (K1) *ITRC(I,2) PEO14
€  S2=NBZ(J,K2)*SCLZ(K2)*ITRC(I,&) . PROA
& S3=NEZ(J,K3)*SCLZ{K3)*ITRC(I,5) PRO1
5. KX=ITPF(I,3)

7 GG TC (221522242234 22445225), KX

7 " 221 S4=51+S2 PRO1C
4, GO TC 319 PRO1Z
2 222 S4=S51-S2 L o L PRO13
4 GO TO 319 PRO:
5 223 S4=S1*S2 PRO1Z
i GO TC 319 _ PROt
g 224 S4=S1/S2 PRO1:Z
2 GC TC 319 PRO12
3 225 S4=S1%%52 o o PRO13Z
7 319 KX=ITRF(I,5) —

1 GO TC (231,232,2334234,235), KX

2 231 AMAME(J,I)=S4+S3 - PRO4Z
7 GG TC 318 T PROLL
0 232 ANAMZ(J,I)=S4-S3 PROL L
8 _6GC TC 318 , A ~ PRO1L
6 233 ANAME(J,I)=SL*S3 PRO1L
2 GC TC 318 PRO1L
3 234 ANAMZ(JyI)=SL/S3 S PRO1L
Q- G0 TC 318  PROLY
. 235 AMLGMI(J,I)=S4%+S3 PRO1:
7 318 COMTINUE » o _ PEO1L
- I GC TC 311 7 PRO1:
2. 315 SITEF(T 1) PR 1€
A DC F2C J=iahy ‘ PRO1 <



Y55 - - _ . B0_321 K=As M e PR
(57 K1=ITRE (I K+2) PR
63 321 SS(K)=NBZ(J,XK1)+SCLZ (K1) *TITRC(I4K+2) PR
G0 KX=ITRF(I.2) . s e e
G2 GO TC (241,242), KX

267 Zu1 ANAMZI(J,I)=G.3 PRO-
43 o B0 322 K=1,N o o ——— . PRO-
1L 322 ANAMZ(J,IV=ANAMS (J,1)+SS (K) PRO?
24 GO TC 323 PRO1
225 2w ANAME (I L) =d. 0 PRO
i 00 323 K=1,N PFO
)23 323 ANAMZ(J, I)=ANAME (J,I)*S5(K) PRO
43 325 CONTINUE R e PRQ 1
L6 211 CONTINUE PR
251 310 IF (NX.EGC.0) GO TO 601 PR(
252 . __.B0_329 K=1,NALT _ m_ PR ]
Sy BG 336 L=1,NX PRC
55 00 331 I=1,NZ PRC |
58 _ IF (NALTX(K,L) .EQ.NIZ(I)) GC TO_ 332 _ PR
62 7331 CGNTINUE PR’
LN DO 333 I=1,NOP PR
2 -0 __IF (NALTX(K,L).EQ.NAMB(TI)) GO TO 334 _ PE( !
74, 333 CONTINUE PRO 1
74 IF (NALTX{K,L).SG.NMF) GC TC 1113 PRC
77 . IF (NALTX(X,L).ZQ.NMD) GC TG 332 . PRG {
G2 MSTP=1 PRO 3
3 WOITE (86516) NALTX(K,L) PRO!
13 16 FORMAT (//4X,8HVARIABLE,A1(,14HB0ES NOT EXIST) o PRO
13 GO TC 359 PRC !
17 1113 DO 148 J=1,NT .
L 188 XUJaKeWLd=tw0 . i |
i2 GC TC 330

132 332 00 335 J=1,NT p-
3% . IF (NALTX(K,L) .ME. NMDB) GG TC 1112 = P
4.0 X(JyKyl) =00 p:
JAN GO TC 335 po.
L35 1112 X(J,XyL)=N3Z(J,I)*SCLZ(T) - o ;
¥ 335 CONTINUE Pr
62 GO T3 339 pr
62 334 DG 3356 J=1,NT_ pr
s 336 X(J’ vL)—A"l Mc(J,I) Py
1 33C CONTINUE PR 1
¢t 329 COMNTINUE . PR
CE IF (NC2,.E0.0) GO TG 709 PR, |
07 DO 363 I=1,MNCD PR |
11 B0 384 y=t,NzZ ., PR ]
127 IF (NYCD{(I).EG.NIZ(J}) GC TG 265 N PR -
15 354 CONTINUE PRO -
17 WRIT=Z (8g,1€) NYCO(IY _ e PRO !
2w MSTP=1 PRO -
'26 GO TO 063 p_cio u
2 365 0BG 335 K=t,NT e PRO -
34 KX = NPZ(%aJ) PRO1
%3 366 NBVA(K,I)=NRCD(I,XKX) PRO1
B 3582 CONTINUE PRO1
52 ~ IF (HSTP.EQ.1) GO TO 353 ) PRD1
5t MM =0 PROL
55 ‘

60 337 I=1,NCD

~ PrROZ



i U NMAXENOVAL, Ty L el PRQ+ q.
fust 50 368 J=1i,NT PRC1d.
463 IF (NDYA(J,I).LE.MMAX) GO TC 358 PRQO1C,
470 NMAX=NOVA(J.T) . . _ . _pphid
473 368 CONTINUE PRO1 G
L78 MX(I)=NMAX PRG1¢
1 . MMEMNANMAX-L . . B e PROA1A
3 367 CCNTINUE PRO14
5 B0 389 K=1,NX PRO2 4
6 . MFENX-XK+1i . S e PRO1Y
2 DO 359 J= 1 N[-\LT PRO19
2 B0 359 I=1,NT PRO14
051,3 L3B9. X CIe o NEAMNI XTI JNED _ e _PRO14
1338 1= 6 PRO1C]
(537 3C 370 K=1,NX PRO1S
540, B0 _371 M=1,NCD _ e el PRO:G
561 IF (NAX(K).EQ,MXCD(M)) GC TC 372 PRO%g
345 371 CONTINUE PRO1S
350 JSUMIK#N)=NAX(K) R — . PRO1 9}
354 00 373 J=1,NALT PRO1S
F53 D0 373 I=1,NT PRO1C
(756 373 X(IsJeKEN)=XLI,J,yK+4N) e __PRO1Y
ﬁ:a GG TG 373 PRO1C
(300 372 NL=MX(M) PRO1"
0903 o LZNIKY=MX(H) _ - e . __PRO1¢
236 BC 374 L=1,NL PRO1¢
wC7 374 JSUM(K#N#+L=1) =NAX(K) PRO1¢
06 . B0.375 I=i,nT . . ._.__._____ PROLC
i 120 L= T\OVA(IQH PROLC

12 L B0 375 J=1,NALT PRO1<
125 L SEXLIaJdy KeMN) PROL*

R Sk B =R R

S B o R AT o il - S s
U urOrny Or Ui

134 B0 377 L=1,NL PRO1¢
135 377 X(IadyK+eN+L=-1)=0.0 PROTS
4 X{I,JyK+N)=S N __PROz

56 " IF (NPCH.NZ.1) GO TO 1ic?2
61 IF (LAGNESMX(™)) X(I,JyK+N+LA)=1.C
175 G0 10 378 _ -
175 102 IF (LALNEMXI{M)) X(I,JyK+N+LA)=S ,
11 375 CO\?TI\IUF PRO1Y
Y7 ?\*‘P‘X_(j"l)-_ __ PRO1C
23 $78 CoNTINUE P20
28 NX=NX+MN PRO1L |
er ___0C 376 I=1,NX o PRO1
31 376 NAX(I)=JSUA(ID) T TpRotLS
25 709 S=3.8 pQOic
BT CC 731 K=1,NX RES?2

“of T T T RO 7S T a=1, NALT o Rcsz~
buz _wwagmﬁ S B} RESZ£
}aq 00 732 I=4,NT RES2.
by 5 S=S+X(I,J,%} RES?2"
32 M=M#1 s o ES2°
1 XMN(JSK)=S/N o RES2:

1 M2=MY PROL

IF (NY.EC.3) GO TO 682
M1=G

M3=0

B0 337 L=1,NY

PRO2.
PrO2:C
PROZ2C

~ PROZ
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%5 . ... D0 338 . T=14M7 oo — e T
77¢ TF (NBY(L),EN,NIZI(I)) GC TO 339 5;.
362 338 CONTINUE ey
a0y 50 340_I=1,MOP S et e o
3G6= IF (NBY(L?.EG.NJHB(I)) GG TG 341 _§;;w
giL 34C CONTINUE Fe.
114 IF (NBY (L)L EQLHMF) GO TG 339 . B o R
116 MSTP=1 pe-
320 WRITE (8B,18) NBY(L) Pa,
gee. . . _.GGC . TIC. 359 _ o B AU — L pE -
332 339 IF (NYHOWI(L) .EQ.,3.,0R. NYdCW(L)._O 4) GO TC 342 PR
gu2 M2=L+M1 PR
gLl DO 343 _Jd=1.M - R po -
g45 Y{J,M2)=0,0 PP
359 IF (NBY (L) .NE.NMF) GO TG 38C p.
854 Y(JyM2)=143 . . o pe
360 GC TC 343 P
tel 380 Y(JyM2I=NBZ{J,I)>*SCLZ(D) P
g70 343 CONTINUE P
873 GO TC 337 P
173 3L2 M2=L+M1 P
“T3 DO R4l J=1.NT o L p.
477 00 345 K=1,5 p:
10¢ 345 Y(J,M2+K=-1) =L, =18
107 TF (NBZ(J»I).GT.5) GO TC 3&tb6 P
115 N=NBZ(J+1) =
124 Y(J,M2+N=-1) =1,3 p-
124 346 IF_ (NBZ(J»I).GT.M3) M3=NBZ(J,I) o L P

5 2iyi CONMTINUE P

-0 M1=M1+M3=2 P
2 CLZN(NX+1#L) =M3-1 e R e I .
L5 IF (L.Z0.NY) M2=L+Mt p:

0 GO TG 337 P

1 341 M2=L+M1 e . _ . p.
3 00 347 J=1,NT P
; FEIs MBI =l 8 pr
R 3‘-&7 Y(J,NZ)-— NA‘H(Jyl) o PF:
237 CONTINUE p;:'
682 GC TC (251,251,252,252), NOMHCOW pr
;251 00 324 J=1,NALT P
Ui 0C 324 I=1,NT PR
206 324 NOVA(I,J)=) PP
217 BC_325 K=1,NZ PR
220 IF (NIZ(K)}.EQ. NDV) GO TO 32& pp
223 325 CONTINUE PRI
225_m__m"_ﬂ_ 'STP= 1 e pp!
22 WRLITZ (86,151 NOV T T T T PRe
234 GG T3 359 PRO
343_____§2°_QDN327 L=1sMT ) ) _ . PRC:
L2 NDZ(I,K)/ia - PRC
250 327 hDVA(I,L)— PRO:
?56 e Gﬁ TG 078 o o R i e pP\O}
’56 252 DO 2:t5 J=1, JALT pébi
280 CC 256 I=14NT PROY
21 256 NDVAUZILJ)Y=] PRO1
272 B0 257 J=1,MALT : T Bnay
2’73 CC 2538 K=1,17 PRO!
74 IF MALTOD(UY 2. NIZ(KY)Y GC TO 253

_PFO:



-GL{, -

L el  COMIIRUE . e e o e e R, = = 13 &)
c1 MSTP=1 PEO1
302 HRITEZ (86&,16) MALTN(J) PFO1
1310 . G0 TC.257 . S . , _ ) . PRO1
314 259 0C 260 I=1,NT PRO1
316 260 MNOVA(I,J)=NBZ(I,K) PEO1
1231 257 CONTINUE e o o . .. _PRO1
34 328 IF (MSTP.EN.1) GO TO 359 PROL
337 GC TO (351,352,3514352),N0HCW PRO?
367 351_MWOITE (86,6) NOV e .____PRO2
355 & FCPMAT (+1°,4X,14HPRCCESSED DATA//LX,21HOEPENDENT VARIABLE IS,A10, PROZ
E 15X 26H (INCLUDES AUTO PASSENGERS)) PROZ
355 60.TC 353 S e PRQ2
361 352 WRITE (86,7) NIV PROZ
367 7 FCSMAT (*1+,4X,14HFRCCESSEC CATA//LX,21HBEPENDENT VARIABLE IS,A10, PRO?
L 15X,2AH(EXCLUDZS_AUTO PASSENGEZPS)) o e PROZ2
367 353 IF (NX.EC.3) GO TO 603 PRO2
374 WRITE (86,8) (MAK(I),I=1,NX) PROZ
413 8 FORMAY (//4X,33HMODE RELATED INDEPENOEMT VARIARLES ARE, /714X, PRO?
: 1 9(A10,y3X),//14X+G(ALG,3X)) PRO2
513 €03 IF (NY.EQG.0) GO TO 6G4 PRO2
426 WRITE (865,9) ((NBY(I) LZN(I+NX+1)),I=1,HY) PROZ
L46 9 FCRMAT (//4X,4IHSOCIO-ECONGMIC INDEPENDENT VARTABLES ARC,//1LX, PRO?2

1 9(AL10,1H(,T1y1H)) 3/ /714X, S(A10,1HL,TI1,1H))) PRO2
4'-&6 . N=p
347 B0 650 I 1,NV
u54 650 N=M+LZN(NX+I+1)

61 IF (N.EQ.NY) GO T0 651 S
+62 80 €52 I=1,NY
+6 3- J=ENY-I+1
255 MA=LZNANX+JE1) L ) o B e
70 DC 653 M=1,M1
71 NBY (M) =NRY(J)

375 N=N=1 _ e

77 653 CCNTINUZ
51 652 CCNTINUE
1tk €51 S=%.0 . I — .

05 604 NY=M2 PRO2!

0E NXY=NX+NY PRO2

10 IF (NY,EG.2) GO TO 101 ] L PRO2!
i1t DO 733 K=1,NY RES?:
i12 S=0.0 RES?2:

13 _ . N=G o o R o RES?2

5 oo 734 I=1,NT RESZ:

, =N+1 RES2!
73“ S StY(I,K) R RES2:

T 732 YMN(K)=S/N " RES®

101 BC 354 I=1,3Q PROZ'
____jzkhm(ﬂjm____ e - i PROZ

IF (NFCH.NZ.1) GO TO 163
BC 104 I=1,MNT

. IF (NX.£C.Q) GO TO 105
30 186 J=1,MNALT

106 PUNCH 38, T9Jdy (A (T5J,€),K=1,MNX)

105 IF {(NY.ZC.3) GO TO 1G4

T N=MALTHL

PUNCH 33, IaN,(Y(T,K),K=1,NY)

194 CCNTIMNUE

- o Y
= =

= B2 S £ v v e
IR A Sl ol TR NI NI SN S

R e N I A e I AU S RN IR C B o
| i

bl . =]

*:; ~;-
N O

p=i



?3,-‘_ 38 FORMAT (T351235Xs7F10a3) o it i it e
Ry ASTP =1
5413 103 N=3
Y7 N CIF (NG2.E0.0) GO TO 353 . _. S e WS B bedn e PR
L3 IF (NXeC0.0e0RWNTCULT) GO TO 5i4 o
hE 3 IF (NXY.LZE, 7) GO TO 355 P~
052 MWRITE (8A,L0) ANM(IYI=1, 7)) _ _ _ P
1384 10 FORMAT (///JX, X 2HDV,7(10X, ZHX(,IZyiH))//hX) pc
1564 BC 350 I=1,NT P
1571 HWRITE (36,41) IsMOVALLy1)y (X{Is1,K)aK=1,NXY_ . _PF
721 ;1 FO2RMAT (4X,1H{,I3,1H),I18, 7F15,5) PE
(721 BC 357 J=2,NALT pP-
\728 357 MRITE (B86512) NIVA(TJ) o (X(TaJeK) e K=LaNX) _ pe
y773 12 FORMAT (9X,I10, 7F15.5) pr
i770 356 CONTINUC P
773 WRITZ (86,2433 AINN(IV,TI=1,11) . p;
304 13 FCORMAT (///79X,7(010X, 291(,12 1H))/4X) PZ
io4 B0 358 I=1,NT P
611 350 HRLTE_(85518) Lo {YULaKIaKalN0) . £
343 14 FORMAT (4X/4Xy1H(4,I34,1H), 7F15, P
143 GC TC 3583 PP
363 355 MWRITE (85,15) (NN(I),T=1, 3 PR
355 15 FOSMAT (///Qx,8K77HOVs?(11X;1P(aIZ’1H))//QX) PE
35¢ BDC 360 I=1,NT =38
62 _WRITE (B85,11) T, NOVA(T,1), (X(I,1,K),K=1,NX) 4 (Y(I,K),K=1,NY) P+
127 BC 3c1l J=2,MNALT %
134 361 WRITE (86,12) NDVAL{I«J)y(X{IyJseK)yK=1,NX) P
A78 360 CONTINUE P
L GC TC 359 Pf
L 614 IF (NX,EQ.3) GO TO 615 Pe
ws2 _ MWPITE (85,10) (MNCI),I=1,NX*) . . N . PR
z21 0C 516 I=1,NT P
226 ARITZ (86y11) IZyNDVA{I1), (X{TH1,K)yK=14NX) Fo
25€  BC 617 J=2,NALT - _pF
263 617 WRITE (86,12) NOVA(T»J) s (X(IyJdyK)aK=1,NX) p-
325 616 COMTINUE F
330 6O TG 353 o P
333 615 WRITE (86,30) (NN(I),I=1,NY) ) p
356 30 FOPMAT (///9X38X42HDVy7 (10Xy2HY (,I12+1H)) 7/74X) P-
358 BC 618 I=1,NT Py
355 WRITE (86,11) I, NDVA(IL1), (Y(IyK)oK=1,NY) Pe
4is B0 619 J=2,NALT PR
413 619 WRITE (86,12) NOVA(L,J) ] Pz
430 618 CCNTINUE Pz
433 359 RETUREN pPEt
531 __ENG P

S

.-
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LGT.

SUBRGUTINE LOGIT (NALT,NAL yNXsHY,HND,NT5M5 STP, NOHOM, INIT, NH AsGEAD,
LHESSN,ALGLs NG) LGTE
822 CIMENSICN.A(18),GRAD(LC) ,HESSNI(1D,10) . o . _LGTZ
322 COMMON /AAL/ Yi300:0L 4)=Y433¢A133,M“»A" DL6) ,P{200,0), LGTE
) 1ANAME(3003,1C),J5UM(303),S1(4),JFAC( LGTQ
222 COMMCMN._ZAAZ2/ .. AJ(lﬂt),BX(lﬂ),FY(h,iﬁ),VEC(lL),H X(1i0,18),S1R(4Y, __LG3g§
171 (%), W1 (4) LGTS
a22 IFT=1 LGTE
823 _ . TFE (INTI.NE.9).GO JO_ 402 . . . . . ... _LGTG
324 IFT=¢ LGTY
325 IF (NX.EG,3) GO TO 403 LGTS
126 _READ_(85,1) (BXAT)ZI=a,NX) . . . . |GI&
fue 403 IF (NY.EC.J) GO 7O 5030 LGT o
152 00 %31 J=1i,NAL LGTS
153 . 401 READ _(85,1) _(GY(JyX),I=1,NYY. _ _LGTO
160 1 FCRMAT (8F13.5) LGT O
1G0 56C WRITE (86,2) LGTO
106 2 FORMAT (*1*,4X,17HL0G CF ITERATIONS) . LGTIn
1oL WRITE (8€,3) LGTS
110 3 FORMAT (//4X,23HINITIAL FARAMETER VALUES ARE/L4X) LGT]
116 IF (NX.EQ.3) 60 _TO 434 I LGTg
115 WRITE (86s%) ((IsBX(I)),I=1yNX) LGTD
136 4 FOPMAT (/9X,7(5X+2HB(,I2,2H)=,F6.3)//9%X,7(5X,2HB(,12,2H)=,F6.3)/) LGTG.
t36 404 IF (NY,EC.Q) 60 ¥0 4%¢5 e LGT G
143 0C 406 I=1,NAL LGTC.
Lt 406 WRITE (86+95) ((I5J+CYLI,d))d=1,NY) LGTE
L75 . 5 FORMAT_(/9X37(3Xs2HCU,T1,1H,,T2,2H)=,F643)//9%,7(3Xs2HC(»I1s1Hyy _ LGTO.
A 112,2H) =4,FH, 3) /4X) LGTO:
LTS 405 MN=C LGTE,
t7¢ IF (NX.EG.0) GO TO 703 o e LETE
177 DO 781 I=1,NX LGTS:
63 N=N+1 LETH,
02 701 A(N)=BA(I) o e e
e 703 IF (NYJ.EC.Q) GO TO 7G4 LGTE
C7 B0 7¢2 I=1,NAL LGTD
Pat “,_U_O_ZCZ gy, NY __LGTO
2 =N+1 LGTg
214 7062 A(N)=CY(I,J) LGT2
224 704 S=C.0 . L . LGT32
185 407 INIT=1 LGTO
27 GO TC 408 LGTC
227 432 N=2 e LGT&C
30 IF (NX.E£0.3) GO TO 439 LGTS
231 00 413 I=1,NX LGTE
232 N=N#t o LGTEC
236 41T 3X(I)=A(M) 77T et
g 439 IF (NY.EG.J) GO TO 408 LGTO
62 B0 411 J=1,NAL o e LGTG
wy 00 411 I=1,NY LGTC
L5 N=N+1 LGTC
%7 411 Cywg,Dy=ACHY __ - o Y LGTS
357 408 S=0.C LCTo
350 501 DO 5C3 I=1,NT
Y. CO 412 J=1, ALT ~ LETa
63 S1tdr=g. ¢ LGT >
ey Li2 Ti0d)=3. 2 LGTE
v d DC 525 J=1,NAL LGTE




273 -
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JF_ (MXsEeCs1). GO TO 551

271 DO 516 K=1,NX Le ]
1272 536 S1{J)=S1(J) #X(I,JyK)*3X(K) L -
13056 . 531 TF (NY.EC.2) GO_TO 505 s s o R 1
1307 0C 507 K=1,NY LG T
1311 S37 TL(J=TL(I +Y (I, K)*CY (J,K) Lo
1325 585 CONTINUE o . LG
1330 552 U=0.3 LGy
1331 0C 58 J=1,MAL oy
1332 MAtIVESLC ATACI . LG
1336 Wi (J)=EXP WL (D)) L 5
1342 506 U=U+K1(J) LG i
1352 CPLT1Y=1 .0/ 01, 08U) . - S . - LG 7|
1355 00 509 J=2,NALT Let)
1357 509 P(I,Jd)=W1(J-1)/(1.0+U) L
1373__ 503 CONTINUZ _ e
1376 ALGL=0.0 Lol
1377 BC 51¢ J.-ijNT LG
1401 _N=0 o o e
1462 S=30.C LG |
1603 BC 511 J=1,NALT LG
YC4  NENENDVA(I,J) _ R Lo
410 Us=ALCG{(P(I,J)) L
417 511 S=S+NDVA (I,J)*U L
433 JSUM(I)=N L o B B L
435 51¢ ALGL=ALGL+S L
Bid IF (NDHOW.LE.2) GO TO 512 L
443 B0 513 I=1.NT__ Le
445 IF (IFT.E0.,1) GO TO 513 Le
e N=JSUM(T) L
sl S=0.3 S B R T
152 30 515 L=1,N L
453 U=L .
454 515 S=S5+ALOGIY) _ . _ L
466 T=H .0 Lo
467 0C 516 J=1,NALT L
Lva Tit4)=8.8 . LG
471 N=NDVA(I ) LG
475 BC 517 L=1,N LGY
476 V=L LGT
477 517 T1 (1) =T1(J) +ALOG () LGT
512 516 T=T+T1(J) LG
51€ JFAC(I)=S- L™
€22 513 ALGL= ALG +'FAC(I) LG
527 512 IF (NG.E£Q.3) GO TO 100G LGTH
=31 o IF (I\Aral}(‘, 3 G0 TG 5§53 - ~ o LGT
532 T DC 518 K=1,MX N
533 GRAD(K)=0,G LGT1
535 DO 518 I=1,NT L LGTY
537 B =i LGTo
549 S3=0.0 LGTQ
61 DG 520 J=1,NAL LGT(
4,2 S2=S24NOVALI, i) *X(TydyK) T LG
STy 520 S3=S3+PUI,J+1)*“X(T,J,K) LGTO
565 519 GRAD(K) =GRAD(XK) +(S2-JSUM(I)*S3) ) LoTn
575 518 CCNTINUEZ - ST
500 553 L=NX oy
BCL CIF (NYWERLG) GO TO 554 LaTs
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BC.524 J=1sNAL__ _ . . .. o . e . ... . LGTL
EC L B3 522 K=1,NY LGTL
545 L=L+1 LGT1
507 . GRAD(L) =0.,0. ot - B . e mmme - o LBEL
gil 30 523 T=1,NT LGrs
612 523 GRAC(L)I=GRADIL) + {NDVALI,J+1) *Y(I,K)=JSUMA(T) *2(T,J¢1) *Y(I,K)) LGT1
b . 522 CONTINUE. . o L B . LGT1
a7 521 CONTINUEZ LETA
£51 554 NO=L LGT1
552 _ ._606_IF (NH,EGQ,3) GO_TO %008CG_. .. _ . . . ... . ... LG6TL
BS54 00 524 I=1,ND LGT1
655 DO 524 J=1,MD LGT1
‘BSE _ 524 MESSMUIL.J)=0,.0_ . o _LGTR
866 DO 525 I=1,NT LGT1
867 IF (NX.EG.Jd) GO TO 555 LGT1
€70 ..B0 525 K=1,NX__ o LGTZ
871 VEC(K)=0.0 LGT1
572 B0 526 L=1,NX LGT1
B74 528 HEX(K,L)=3.3 S N _ LGT1
704 B0 527 K=1,NX LGT1
7c5 S=6: 8 LGT1
7C6  BC_52B L=1,NAL _ A o o LGT1
716 528 S=S4P(I.L+1)*X(I,L,K) LGT1
725 527 VEC(K)=S LGT1
730 D0 529 M=1,NX . e LGT1
732 BC 529 N=1,NX ~ LGT1
733 00 530 L=1,NAL LGT1
T3L 530 HEX(MyN)ZHEX(MyN) #P(IsL+1) *X (I, L M) ®*X{TI4L,N) - _ LGT1
762 529 HISSN{MyNI=HESSN (H,N)=JSUM (I) > (HEX (M,N) =VEC M) *VEC (N)) LGT1
185 IF (NY.ER.,3) GO TO 525 LGT1
e KA=MX o . R X i
4 47 Li=NX LGT1
110, 36 531 J=1,MAL LGT1
3344 B0 532 L=1,NY e LETL
342 Li=L1+1 LGT1
Ji4 BC 533 K=1,NX 16T
113 533 HESSN(K,L1) SHESSM(K,L1)=JSUMIT)» (P (I, J+1)*(X(I,J,K)=VECIKI)*Y(I,L) LGT1L
T LGT1]
354 532 CCNTINUE LGT1!
157 531 CCMTINUE i o LGT 11
J61 BC 524 J=1,NAL LGT1!
Jo2 OC 534 K=1,NY LGT1¢
163 o Ki=Ki+t o LGT1¢
165 BC 535 L=1,NX LGT1¢
166 535 HESSMIKL,L)=HESSNIKL,L)~JSUMIII=(P(I,J+1)*Y(I,K)*(X(I,J,L)=VEC(L)) LGT4!
: N LGT1
122 534 CONTINUE T LGT 1
127 555 M1=NX LGT4!
@:3@”_____‘_, ————N}— i f = e e . ~ : LGT1¢
31 DC 537 J=1.NAL ‘ LGT1!
133 BC 537 K=1,NAL LGT1¢
134 MisNXeQI-n)eNY 6Ty
;'140 DO 538 M=1,NY —.-L“G‘?lf
L42. Mi=Miel LGT1:
164 ML=NY+ (K=1) *NY LGT1’
L7 0C 538 N=1,M ) - T LeTy
151 Mi=N1el LGT4:

183 7 IF (Je£C.K) GO TO 539 7 L%
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SUBRCUTINE ESULT \IALT \AL NX oy NY P\IF),‘IT PSTD JUD,N“HC’J,II\TT,NZ,GG, RE ST

: 131 +sFG0>FGLyFHL,FHZ 3 FHV,LX s MXsSES TV, HAX 2 HBY ,FLE, ICP,MPP,NEL) RESZ
137 DIMENSIGN BJ(13),B1(13),FG3ILC),FGLIL1D),FH1(10,10) FH2(1D+1D), RESS
; 1FHV(13,25),LX010) ,MX(1T) »SE(LC0) ,TVIL0) ,NAX (15) 4NBY (15) RESH
137 COMMCN /AAL/ X(300s4s 4),Y(2CC0510),NDVAL300,4) 5P (3060,4), RESC
. i CLANAME(390,10),JSUMI303) ,Wa(4) 3 JFAC(1CS) RES]
i37 COMMON /AA2/ A2(100) »,8X (401 ,CY(4,10) ,VECR(10) ,HEXR (10,10),S1R(4), RESO
1 TAR(L) HHIR (L) 3 XMN (4 L) 5 YMNILC) ,XME (4, &) ,CMN{15),
C o 2XEL by b)Y YELG4, 1Y 5 T S
57 COMMCN /AAL/ NAME(45) ,LOGECS (45) sNYHOW(12) ,NYSC(13513) s NALTD (4) , LOGQ
INALTX (4, Q),NI7(35)qSFL7(35),FACG(XS),NANB(i’),ITRF(l 2 14) , LOG?
e 2T TRCULG 1) s LZNL3GY , S5 1) L NN(30) o NCHL (3) , NCH2(3) . MET(L6)_ . ____ _LOGD
&7 NBD3=NG
43 IF (IOFP.,NE.3) GO TO 331 RESG
42 o INTT=L . i RESZ®S
43 RELD (85,26) NEsNALT,NX,NY RESO
57 26 FGORMAT (8I10) RESU
57 NAL=NALT-1 . e e _RESO.
I IF (NX.EQ.d) GO TO 343 RESG
65 READ (85,27) (3X(I),I=1,NX) RESQ
05 27 FORMAY (8F10.10)_ . S VO - -1 1.1
g5 343 IF (NY.£G.3) GO TO 107 LOAQ;
12 B0 332 J=1,NAL RESO/
13 332 _READ (85,27) _ (CYAJpI)yTI=2,NRY) .. _RESH
4 107 WRITE (85,35) NIZ,NALT,NX,NY ~ T LOA3:
54 35 FORMAT (//74X58X, 2HNE 86Xy b4HNALT, BX, 2HMX 3 BXy2HNY //4X »4110) LOAD
S4 110 WRITE (88&,32) R ) e e LOABD
60 32 FORMAT (///4X,36HEXTERNALLY SUPPLIED COSFFICIENTS ARE) LCAQ
€. IF (NX.EC,.0) GO TO 113 LOAG.
33  WRITZ (86,33) ((IZBX(I)),I=1yNX) | 0oA%
of 33 FORMAT (//8Xs6(2HB(,I1,2H) =,F12.5,3¥%)) LoAD.
oéE IF (NY.EG.8) GO TC 114 LOAS"
19_“mm,11§‘99_l£2 J=1,NAL . _LoOAZL:
1% 112 WRITE (85,34) ((J,I,CY(J,1)),I=1,NY) LOAJ
46 34 FORMAT (//8X,6(2HC(,I1+1H,,I1,2H)=,F10.5,3X)) LOAT"
46 .50 TC 115 — i ... LOAG
48 331 IF (NOG.Z0,3.CR.NOD.EQ.4) GG TO 601 RESGC
55 WRITZ (86,1) REST!
81 1 _FORMAT (///4Xs24HCONMVERGENCE NOT ACHTEVED) o  RES?
61 632 WRITE (8€,2) RESG:
65 2 FCORMAT (//4X,59HTHE FOLLOWING ARE THE ESTIMATES O8BTAINEQ BEFORSE T RESQ
iiRlﬁﬁﬂgﬁﬁﬁW _ e RES3I
65 IF (NX.Z2C.2) GO TO 003 RESD:
72 N=3 RESO:
73 . BC 806 I=t,Nx il BEST:
[ i=N+1 REST.
76 56J6 38X (I)=B3(N) RESC:
€3  WRITE (86,54) ((I,BX(I)),I=1,NX) RESC
26 L FORMAT (/3X,5(3X,2HB(,12,2H)=,F15.56)//9X,5(3X,2H2(,12,2H)=,F15.6)/ RESH
14X) RESO
24 633 IF (NY.EC.2) GO TO 6CL e e RESS
= BC 617 J=1,NAL RESD
3. 20 627 I=1,.1MY RESDE
33 M=N+1 B ] 7 RESC
) 637 CY(J,I¥=83(N) RESD
55, DG 625 I=1,HAL RESQ
L35 £15 WRITZ (85,50 ((I,J,CY(I,d)),J=1,NY) RES)



=

7 . 5 FOPMAT (/3KXs5A2Xs2H0 (3TL31H,9T132H)=,F15.6) /79X 5(2X42H0 eI ydHyy. . BT
ﬁ 1T1,2H) =, F15.6) /LX) RE';E
1377 634 GC TO 1000 RZ o
1600 . FO1 NH=1 = R
j531 NG=1 REL
1402 SALL LCGIT (MALT sMNALSNXyNY yNDWyNTyMSTP,NDBHCW,INIT,NH,20,FGO,FH2, RS
A 1FLE,NG) L ~ .  RESH
1421 IF (NPP.EQ.C) GO TO 333 RES
1428 00 182 I=1,NT RES
Y430 S=3.0._.. . _ . S PSR S _ ..RES
1431 BC 153 J=1,NALT RES
1433 153 S=S+NCVA(I,J) RES
Vb3 D0 156 J=A,NALT —— . ___RES
S445 154 ANAMZI(I,J)=MDVA(I,J)/S RES
$851 152 CCNTINUZ RE®
463 HRITE (82,770 (I5T1=144),0d,d=1,4) L _RE<
¥500 77 FOQHAT(*L*,20X747HCOVPAQISCN CF ACTUAL ANC PREDICTEQ MOOE CHOICZS/ RE-
. 1/4X,13HACTUAL CHOICZy37X,1EHPREDICTED CHCICEZ//4X,4HMGDI 1%, RET
S 2hL(8Xs1H(4T151R)) 531X, L(8X,1H(,T1,1H))) o L _RE"
f50g WRITE (86,78) RE" 3
504 B RE 1
‘595 DO 347 I=1,NT o e e RE - |
‘512 N=MF1 RE 1
ts1g IF (N.NE.B) GG TO 348 RE. -
316 _WRITE (86,78) o ] R
521 78 FCRMAT (+ +) R
521 H=d RE
1522 348 60 TC (102,102,163 ,104),NALT P
535 102 WRITE (B86,8C) Iy (ANAME(IsJ) sJ=LsNALT) s (P(IyJd),yJ=1,NALT) RE
‘575 8C FOAMAT (4X,1H{,I3,1H),42F11.5,233%X,2F11.5) -
c7/ 66 TC 347 . REe
BG1 103 WRITE (856,81) I, {ANAME(I,J) 9J=LsNALT) » (PUId}yJ=1,NALT) g !
18] 81 FORMAT (48X, 1H{,I3,1H) 33F11.5,22%,3F11.5) R+
‘ewl GG TC 3L7 e R
‘EL S 104 WRITE (B6,73) I, (ANAME(I J)»J=14NALT) , (P(I,J),J=1,NALT) -
‘FES 79 FORMAT (uXsZH{sI3y1H) y4F11.5,11X,4F11,5) RES
‘705 347 GCONTINUS o o )
713 §=0 i RE"
714 T=C.C RE
715 3¢ 129~I ELJI S RE*
71:: 0C 1e9 J=1, NAL RE:*.
717 S—S+(ANAM;(-.J)—P(I,J))‘*2 A
726 160 T= Ttlﬁﬁﬁj E(I,4)=1.3/NALT) **2 _ i ) RES
(743 wQIT~ (85,37) R2P REL :
750 47 FORMAT (///4X,45KHCOZFFICISNT OF OETEZRMINATION IN PROBABILITY =,

1F15,8) T T
758 333 S=C.C
751 60 5¢7 I=1, h L . o RESQ
752 00 567 J=1,} TTTTTTTTTRES:
757 537 SHV (T, ):—FHZ(T J) RESG
775 CCALL MINV (FHV,ND,0,LXsMXaN2) L - o RES3
ice IF (C.NE.0.3) GO TO 731 T T T REs:
ip7 HRITE (BE45) RESD.
14 B 6 FCPMAT (/8X,63HHESSIAN SINGULAR AT CONVERGEZMCZ, INCICATING EXTREME RESC.

1 MULTICGLLIMZASITY) T UURESe)
112 GO TC &2 RESS
jip . 731 T=Lad RESC




M7 NH=D.

G620 MSTP=0

1 NG =1

22 . CALL LCGIT. (NALT yNALINXyNY S NDyHT sMSTPHNOHCW S INIT HsNH»20,FGCFH2,

NN
Lrudyinog

0

asa KC

ﬂkl 608 T=6.0 . -

34’ U=C.3

343 V=2.0

4 D0 609 I=1,NT S L o e

152 DC 610 J=1,NALT

35k . 610 SESENDVALI,J).. . O — ) X
164 JSUMII) =S RESO
367 00 611 J=1,NALT RES?

A7 ¥=V+(NOVALI 3 J) =P (I, J)*+JSUM(TI))I**¥2 e . ___RESDo
L2 511 T=T+ (NOVA(T yJ) =P (I,J) *JSUM(TI)) *>*2/(P(T,J)*JSUM(I)) RESE
L7 U=U+NAL*JSUMIT) RESQ
-l2Z 509 CONTINUE _ ... RESD
125 IF (KC.EG.1) GO TO 621 ) RESQ
127 SRX2=7 ° ; RESS
136 ___ __  _CF=1.0 e ) e ______RESH
132 OF =U-ND RESC
L34 SR2=V RESS
135  SR2M=V/DF .. ... REsn
37 GO TC 522 RESC
137 621 SRX22=T RESU
1 SR2G=V B . ____ _RESG

42 SR2MG=V/ (U-ND) RESS
45 622 S=0sC RESS
LE =06 0 e i i RESET
47 DO 612 I=1,MT RES?O
59 T=T+JSUM(I) RESO
53 . IF (NDBHOW.GT.2) GO YO 613 = _ .. . . .. .. . ... __ . _RESH]
. 5E PC=P(I,1) RESG]
.60 U=NDVA(I,1) RESC]
62  N=1 , S . __ RESD]
63 B0 614 J=2,NALT RESS]
oL IF (P(I,Jd)=PC) 514,616,617 REST:
72 616 U=U+NBVA(I,J) . .+ . RESED:
T7 N=N+1 RESO
g1 GO TG Hh14 RESO:
161 617 PC=P(I,J) B N o _RESQG!
165 N=1 RESC¢
Yige U=NOVA(I,J) RES !
“'12 €14 CONTINUE o ___RESG!

byyeo 70 S=S+U/N PESC!
228 G0 TO €12 RESG!
121 613 BC 618 J=1,NALT ) RESO!

3237 USNDVA(I,Jd) =2(I, ) *JSUM(D) . " RESD
%33 618 S=S+ABS(U) g
“aa 612 CCNTINUZ RESD!

' .. Sl S . R < e owm Suse [

L3 IF (KC.EG.1) GJ TO 623 RESG
My PCP=S/T*193.¢C REST!
Y47 GG TC 224 , RESC!
254 623 PCPO=S/T+10C.8 RESC
53 BG €25 I=1,MND RESQ!
54’ 31(1)=3.3 REST!



27T
277
301
i3ce
1310
3313
1315

1331
1335
3337
1
{358
367

8377
(
t

t
{377

gL

Les
o E

5373

327

4355 _
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3<%

ul Ul uli
£ o
oo om o
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260’
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628 WRITZ (86,3) I,NAX(I),BO(N),SE(M),TYIM),BL(N)

627 IF (NY.EC.3J) GO TO 629

-93-

— DO 625 J=1,t e o s 1 s e i o i S ST s S
625 31(1)—81(I)+FH1(I J)*FGltJ) Biw
GG TC 62¢ R, &
524 0C 619 I=1,ND . Eeme w s g - : N — s e RE
S=FHVA{I,I)*CF k.
IF (S.GT.0.6) GO TO 333 ~
S=-5 o . " .
303 S5Z(I)=SNRT(S)
£19 TY(I)=Bd(I)/SE(I) RE "
BO 620 I=1,ND _ . . ... RY
620 B1(I)=35.0 2
NH=1 Q¥
U NG=1 B S — e RE
CALL LCGIT (NALT 3 NAL,NXsNY, hD,NT,MSTPyNDHOH INIT,NH,B1,FG1,FH1, X
,CALL MINV, (FH1,ND,D,LX,MX,N2) , = Bix
KG=1 R/
GC TC o608 RE
626 WRAITE (864+7) . ety e S e _RE
7 FOBMAT (*1*94A,10H =STIMATICN FCSULTS//AX 1QHPAPAN TER _STIPATES/I R~
111X, SHVARIABLE,7X,8HVARIABLE 10X »SHLOGIT 37 X9 8HSTANBARD 13Xy 2HT~, RE
. 23X,B6HLINEAR/ 13X, 6HNUMBER » 11X, bHNAME y 6X s SHESTIMATCR ,10X,5HERROR,6X, R™
33HSTATISTIC26X,9HPROBLEST./4X) R?
N=0C R.
IF (NX,EQ.J) G3 710 627 R e RE
B0 6528 I=1,NX
N=N+1

8 FORMAT (14X,2H3(,12,1H),5X,A10,LF15,5)
WRITE (86,9)
9 _EQRMAT (% )

|
f
i
!
1
1}
|
|
)
1
i
t
|
|
|
1
|
!
i
|
|
!
|

80 03] J=4i,NAL
GO0 533 I=1,NY

1
i
i
|
|
'
|
|
}

00000000 R

‘:\1’"'1
K.o=d+1
630 WrITE (Sbslc) KZ5ToNBY(I)HBOIN) ySEIN)»TVIN)»BLIN) R
1¢ FOMAT (11X, ZHC(,IZ 1H, yI241H) y5X4A10,4LF15.5) R.t(;
629 WP ITE (88,31) R
31 Fb" MAT (//4X,64HWHEN THE NAME OF A MODE~RELATED VARTIABLE APPEARS M L¢

10RZ THAN OMCE,/4X,36HTHE VARIABLS HAS DUMMY COEFFICIENTS. 74X s 4BHCH L¢
2ECK NXCD NYCD AND NRCD FCR MCRE INFCORMATICN.//4X,68HTO0 FIND IF A S L. .

__3GCICECCNGMIC VARIABLE IS A DUMMY, CHECK NYHOW AND NYSO.) Lo
IF (MNDHOW.LE.2) GO TGO 730 R- .
PCP=100.C~PCP RE
PCPD=1130.,0~-PCPS S RF’

730 WRITZ (86,25) T ' T T T T T T ke s

25 FOPMAT (//4X,2CHAUXILIARY STATISTICS/3EX,14HAT CONVIRGENCE, 13X, RES, .

__ A7HAT 7Z=RC/ 4X). . . RES .
ARITC (86,11) FLO,FL1 . RES!

11 FQOSMAT (gx,iuPLoc LIKELIHOCE, 12XsF15.5,5X,F15.5/%4X) RES!

B ,HPIT— (85,12) SRX2,SRX20 ) o RES:

12 FORHAT (9K, 1OHR_JIUUAL CHI-SOUARZ,7XyF15,5,5X,F15,5/4X) T RES:
WRITE (86,13) >24,SR2D 3ES 1

13 FC2MAT (9X, ?quuu OF SOUARED PESIDUALS,2X5F15.5,5%X,F15.5/4X) RES1
W2ITZ (86,14) OF,DF T TTTReEst

14 FOPMAT (9X,18HDZGREES OF FREEDCM, 8XyF15.5,5X,F15.5/4X) RES1

WRITE (86,15) PCP,PCPO - ) RES1
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15 FORMAT. (9X,27HPERCENT CORRECTLY PREDICTED,4X,Fl0.5,10X,E18.5/4X) RES1
RI=1.0-FLO/FLY RES1
RS==2.0* (FL1-FLY) RES1

_R2=1.3=SR2/SR221 . o RESL
WRITE (86,16) RES1

1& FGRMAT (//4X,26HGOCONESS OF FIT STATISTICS,35X,104ABCUT ZERO/4X) RES1

A WRITE (86,17) RI _ o } _ RES1
17 FORMAT (9%, 4SHLIKELIHOOD RATIC INDEX (= 1.0-LGL(*)/LGL(G) ),8X, RES1
1F15,5/4X%) RES1

e L MRITE (86,18). RS .. . e . - __.__RES1

18 FCRMAT (9X,5GHLIKELIHO0OD RATIG STATISTIC (= =2+ (LGL(0)~LGL(*)) ), RESL
11X,F15.574X) RES1

o _MRITE (B€s19). P2 i RESY!

19 FCRMAT (9X,28HCOEFFICIENT CF CETERMINATION,23X,F15.5/4X) RES1

WRITE (86,20) (I,I=1,ND) RES1

_2C _FORMAT (*1%,LX,13HMOMENT MATRIX//9X»7{11X1H(5,12,1H))/9X,7 (11X,  RES1
11H(,I2,1H))) RES1

CO 631 1I=1,ND RES1
... B0 ®32 J=1,ND ___ e _RES1
632 FHL{IsJ)==FH2(I,J) RES1
631 WRITE (856,21) I, (FHi(I,4),J=1,ND) RES1

(21 FORMAT (/LX,1H(,I2,1H), 7E15.65/8X, 7£15.6) . RES1
WRITE (865,22) (I,I=1,ND) RES1

22 FORMAT (#14,4X,17HCOVARIANCE MATRIX//9X,7 (11X, 1H{,124,1H))/39X,7 (11X RES1

L AHG T2,y Y e e _RES1
0O 633 I=1,ND RES1
DC 534 J=1,ND RES1]
634 FHVI(I,J)=CF*FHVY(I,J) . RES1]
533 WRITE (86,21) I, (FHV{I,J),J=1,ND) RES1]1
114 IF (ICP.EQ.3) GO TO 172
N=0
IF (NX.EG.J) GO TO 173
BC 174 K=1,NX
o N=N#1 L I e
174 BX(K)=32(M)
173 IF (NY.EQ.0) GO TO 172
_.BC 175 J=1,MALT R S B
B0 175 K=1,NY
=M+l
__WLZE_QXSQzK)=89LB) S . I . .
172 IF (IOP.Z0.1) GO TO 334 LOAQY
IF (IGP.EQ.3) GO TO 115 LOAG!
___READ (85,26) NE S I LOAD:
115 IF (NX,£G.0.0R.NY,EQ.0) GO TO 115 LOAG!
READ (85,36) (NAX(I),I=1,NX), (NBY(I),I=1,NY) LOAQL
G0 T0 117 e ) LOAGS
36 FORMAT (BAL0) LOADL
116 IF (NX.EC.0) GO TO 118 LOADL
. READ _(85,36) (NAX(I),I=1,NX) o - } N LOAGL
GO TC 117 T Loag:
118 READ (85.,36) (NBY(I),I=1,NY) LOARC
117 BC 119 I=i,N& . _ LOAGE
IF (NX.EC.8) GO TO 120 - LOATE
B0 121 J=1,MNALT LOAQ
124 READ (B5,28) (X{I,JsK)yK=1,HX)
12C IF (NY.E2G.3) GO TO 119 LOASE
READ (B5,23) (Y(IyK),K=1,NY)
28 FORMAT (16X,7F1G.0)
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S 449 CONTINUE . oo L LG
277 WRITZ (86,37) LO%
303 37 ECRMAT (//4X,33HEXTERNALLY SUPPLIED VARIABLES ARE) Lo
303 CUIF (NX.EG.0Y) GO TO 122 e LOA
394 WRITE (86b,38) (MAXTT), I=i, r\X) LQOA
1235 38 FOMMAT (/6X,24HMGOE RELATED VARIABLES =,6(5X,A10)) LC::
1358, . LEP.TF EN¥eBOedl BO. T ARE oo i i e e e e o v e ek B
335 WRITE (86,39) (MBY(I),I=1,NY) LC..
1354 39 FGQPAT (/6X,24HSCCTOZCONCMIC VARIABLES=,6(5X,A10)) Lo
354 123 WRLTE (865400 o oo LB
1360 40 FORMAT (/6X,SOH(WHEN NAME GCF MODE RELATED VARIABLE APPEARS MORE TH LG
s 1AN ONCE ,/7X,37HTHAT VAPIABLE HAS DUMMY CCEFFICIENTS./7Xy6LHFOR A S LC
» _ _20CCICZGCMCMIG YARIABLEZ, IF ITS VALUE IS FITHER 1,0 _0R 0.0e/ZXs26HTH L0
: 32 VARIABLE IS A DUMMY,) L1
'260 WRITE (86,41) L,
364 41 FOSOMAT (*1*,4X,39HEXTERNALLY SUPPITED VARIABLE VALUES _ARE) Lr
364 IF (NX+EG.3 +OR. MY.EC,Q) GC TQ 146 Le.
VS WRITE (86,42) (NAX(I),I=1,MNX),(NBY(I),I=1,NY) LC
431 L2 FORMAT (//LX¥,5X,7(5X,A10)) — Le
531 GC TG 125 Lo
435 146 IF (NX.SC.3) GO TO 12& , Lt
436 WRITE (86,42) (NAXII),I=1,NX) . LC
457 GO TG 125 Lo
463 1264 WRITE (86,42) (NBY(I),I=1,NY) L
503 125 N=0 o L
Sg 4 WRITE (86,78) L
513 B0 126 I=1,NE L
515  N=N#1 i B e L
517 IF (N.NE.5) GO TO 127 L&
521 WRITE (86,78) L
524  _ N=1 L - o . o - §
525 127 IF (NX.ZG.0 .OR. NY.EQ@.0) GC TO 128 L:
536 WRITE (86,43) Iy (X{IydlyK)oK=1,NX) oY (I,K),K=1,NY) L
576 43 FORMAT (4X,1H(,I3,1H),7F15.,5) ) L
576 80 129 J=2,NALT L:.
603 129 WRITE (86+44) (X (IsJsK)seK=1,NX) L-
534 L4 FORMAT (QX,7F15.,5) o o o L
E£34 GC TO 126 Lc
5304 128 IF (NY.EC.3) GO 70O 133 LG
535 WRITEZ (86,43) T4 (Y I{I,K)sK=1,NY) Lo
650 GO TC 126 Lc:
I 13C UWRITZ (86943) T {X{IslsK) yK=1,NX) LO"
718 W99_131“ii§LNALI LO:
715 131 HWRITE (80y%4) (X{(I5JyK),K=15NX) : LO- "
745 126 CONTINUE ‘ LOE
752 GG TC A73 o R LG
751 334 IF (NEL.EQ,T) GO TO 10G0 o RES |
753 NS=1 :

754  IF (NY,EG.0) GO TO 873
755 00 84 K i, N. RLTH

=56 LX(K)= R 8
fee  mM=¢ e ——————______PR B
761 N=0 5 8
762 0C 841 I=1,NT7 R"B
7€3 IF (Y(I,¥).Z0.1.0) M=M+l - - ) R &
771 IF (Y(I,K).E0,1.0, o Y(I,K).EQ.C.C) N=Nt1 T RLTS
303 841 CONTIMUZ R. 8
208 IF (¥.EQ.NT) GO TO 843 R 8



340

84k
_.. 845

(&1
n

wnm

CIF (NBY(D) L EQNB3Y(J)) FHALT,W)=1.C . ..

IF (N.EQ.1) FHI(I,JNY=0.6 o R~ 82

L1=0

TE_ (NJMEJNT). GO TO 840 . . _ _ e B
LXK =1 g
CONTINUZ R
SN -

R

R

B0 842 K=1,NY _
81{K)=G, 0

IF (LX(K).EC.0) BLIK)=YMNIK)
CCNTINUE = _ o R
B0 843 I=1,NY R
0C 863 J=1,NY

FHITS I =000 o o oo
IF (LX(I)WNE.1) GO TO 843

30 B4b J=1,NY

|
1
!
;U;OTU;U
OO MO WDmO®™®DCDoDX

X

CONTIMUE R 8]
ONTINUE R 8]
B0 845 J=1,NY _ . S - S -8 3
N=3 R 82
GC 84E I=1,NY R 82

IF (FH1(I,1J),.EQ,1,0) N=1 R 782
CCNTINUE RLTS2
CONTINUE S e R 82
N=D R 82
BC 847 I=1,NY R 83
IF (FH1(I,I).Nc.1.,C) GO _TO 847 : . -
S=,.0 T R 83
N=N+1 » R 83
DO 848 J=T,NY R 83
S=S+FH1(I,J) R 83
LX (N) =1 R 383
CONTINUE R 83
NJ=N R 83
00 129 I=1,NY
FH2(1+,7)=0,3

IF (NJoEQ.,J) GO TO 873 REL69
S=1- 0 R 84
3C 850 I=1,NJ | 2 84
S=S*¥ (MX(I)+1.0) R 8&
NS=S . I . 4y
DC 831 I=1,NS o R 84
BC 851 J=1,NY R 85
FH2(I,3)=0.0 L A e R 85
J1=1 TR s
K1=0 R 85
e B R 8%
M1=§ R 86
KL=MX (1) +1 R 85
ML=MX{(3) +1

00 849 K=1i,KL

KI=LX(D#K=1
TF (K.EN.KL) GJ TO 855

FH2(J1,K1) =1.3

IF (NJ.EC.1) GO TC 852

30 833 L=1,LL

L1=LXx(2)+L-2

IF (L.EG.1)Y G2 TO A63

|
i

A 000NN 0|0
(e}
(e}



I8 LT BLXE2YF 2L e s L [
242 BC 871 L2=1,LT

243 861 FH2(J1,L2)=FHZ2(J1-1,L2)

756 . 863 IF (L.EC.LL) GO TO 856 _ . o . .

2cC FHZziJdili,L11=1.0

2e5 856 IF (NJ.EQ.2) GO TO 85%

257 0C A72 _M=1.ML _ _. . _ . . Sy
Z71 ML X(3) #M=2

Z74 IF (M.c0. 1) GC TG 854

275 . NMT=LX(3)= e e
277 CC 862 M2= 1 MT

300 862 FHZ(quMZ)ZFHZ(Ji-inZ)

313. 864, TF (MeEQaML) GO _TO0 . B57 e e e e om e 2 i =R T
315 FH2(J1,M1) =1.3 RLT
322 857 Ji=J1+1 RL .
324 872  CCNTINUL o L . Ri
326 GC T0 853 RLT
327 854 Ji=Jd1i+1 R
331852 CONIIMUE - - . e e -
33k GO TO 849 R!.
334 B2 Jimdisd R
336 849 GCONTINUE o, o o B _ RL
341 873 IF (NX.EC.J) GO TC 874 RL
242 00 334 I=1,NX RE
Jue BQ 3o4 J=A,NX .. RE
345 FHV(IsJ)=0.3 ) R
351 IF (NAX(I),EQ,NAX{J)) FHV(I,J)=1.0 RE! -
360 304 GONTINUE e RE
365 Do 3d5 J= i,NX RE- =
356 N= RE -
367 DC 3¢5 I=1,NX o _ RE-:

ADOAD0HNDNLDNND N

71 IF (FHY(I,J).E0.0.€) GO TO 305 L

3175 IF (N.Z0.1) GO TO 306 RE

Fr O W= o I . . __RE’

450 GO TC 30% £

4G G 306 FHV(I,J)=G.0 REY, .
4G5 305 CGNTINUE e o ) RE"..
212 De 337 I=1,MX RE-
513 N=0 RE:
W1l B0 368 J=1,HX RES
416 308 N=N+FHV(I,J) RES
427 307 NIZ(I)=N RES
432 B IF (ICF.NZ.1) GO TO 874 ) LOA
34 e RE -
235 B0 309 I=1,MNX RES’
§36 ~IF (NIZ(I).LE.1) GO TO 359 eSS
T U Y T T A T TTRESE
b2 LX(N) =T RESE
45 MX(N)=NIZ(I) RES?

50 309 CO“T NUE RESE
53 MN=N RESE
-5%  IF (mN.EC,8) GO TO 374 .~ PRESH
55 S=1.¢ RESH
.35 0C 310 I=1, 4N RESE
$51 340 S=SEMX(I) RESE
255 ME=5 ~ RESS6
Va7 CO 311 I=1,MS RESE
s78 0C 321 J=1,HX RESH



Fﬂ._ ....... 311 FHI (I, =0.0_._ __ O, _ _ o . .. RESE
15C & Ji=d RESE
502 K1=0 RES¢
Bld o e Li=a_. . _ - _ ... RESt
504 Mi=( RES
535 KL=MX (1) RESE
507 LL=MX(2) . } RESH
€10 ML=MX(3) RESE
'512 BC 312 K=1,KL RE S¢
SA3 o L2EUXA i ... RESE
515 FHL1(J1,L2)=1.8 RESE
522 IF (X.,EZQ.KL) GC TO 313 RES¢
52k FH1(J4,1 28K =1, e ._RESE
532 313 IF (MN.EG.1) GO TO 314 RESE
1534 L3=LX(2) RESE
536 00.315 L=1,LL__ . __RESE
540 IF (L.EQ.1) GC TO 3156 RESE
542 LT=LX(2)-1 RESE
S44 B0 317 L2=1,L7T S _ _ L - — - .__RESEt
545 317 FHL(J1,L2)=FH1{J1-1,L2) RESE
560 316 FH1(J1,L3)=1.0 RESE
85 TIF (L.EG.LL) 63 70 318 . e ———— . .____PRESE
567 FHL(JL1,L3+L) =1.¢ RESE
575 318 IF (MN.EG.2) GO TO 319 RESE
577_ . __LL=LXx{3) — i _.___RESS
5C1 B0 320 M=1,ML RESE
503 IF (M.EQ.1) G2 TO 321 RESE
665 o MTELXI3)-L _ - .___...___RESE
567 00 322 M2=1,MT RES6
510 322 FHLUJ1,M2)=FH1(J1-1,M2) RESE
523 321 FHi(Ji,Lw)=1.0 . . ... ____ RES®
530 © IF (M.EC.ML) GO TO 323 RESE
£32 FHL(JL,Lu+¥M) =1.3 RESE
650 323 Ji=Jiei o RESS
g2 32C CONTINUE RESE
YN GG TC 315 RESE
B45 319 J1=J1+1 S _RESH
547 315 CONTINUE RESSE
552 6B To 242 RESS
852 31t J1=J41+1 RESE
554 312 CONTIMUE RESE
557 B8 324 J=1,NX RESE
6810 IF (NIZ(J).NE.1) GO TG 324 o o BESE
5563 BC 325 I=1,M5 RESE
£64 325 FHi(IsI =1.0 RES6E
73 32t CONTINCE . ——— il . ____RESSH
B7E B0 38 I=1,85 RESE
577 BC 326 K=1,NX RESE
700 326 FH1(I,X) =87 (K)*FH1 (I,K) ) 4 RESSH
71 BO 350 I=1,MS RES6E
715 N=3 RESS
1€ o BC 351 K=o NX RESH
729 IF (MIZ(K).Z0.3) GO TO 351 " RESEH
722 =NHL RESE
723  M=MIZ(K) RESF
725 S=0.¢ RESE
72% JC 332 J=1,M RESE
727 352 S=S+FHL1IK+J-1) RESE



iw e PHACTHNYES e o crm: s e g ey e e — RS
745 351 CONTIMUE .
750 35¢ CONTINUE R=
752 S LI ———— - - . - e
753 BGC 165 K=1,NX
754 IF (NIZ(K).EQ.GC) GO TO 105 .
755 =Nt R L ) _ e
757 00 106 J=1,NALT
781 106 XMN{JsN) =XMN(J,K) .
773 . A05_CONTINUE ;
776 874 IX=1 RES
777 TF (IOP.NE.1) GO YO 132 LCE
62 WKIT~J8697L3 e o 10
6esS 71 FORMAT (*1%,4X,53HFROZASILITIES AND ELASTICITIES CF MOOE CHOICE AT LC
1 MEAN) LG
3¢ ~N=C L
10€ IF (NY.EC.0) GO 70 171
113 BC 161 J=1,NAL
314 DO 1F1 K=1,NY N e )
115 N=M+1
117 161 FGLIN)=CY (J,K)
127 171 GO _TC_133 _ -
136 132 WRITE (86445) LO*
134 45 FORMAT (*1*,4X,45HFROBASILITIES AND ELASTICITIES OF MOOE CHOICE) LO:
134  IF (NX,EG.0) GO TO 1514 LO
141 B0 149 K=1,NX - LG
142 149 SE(K)=BX (K} £ iy
147 151 IF (NY.EG.J) GO TO 133 ) _ . e
153G BO 150 J=1,NAL LC
152 DC 156 K=1,NY Lee
i53 0 15C ANAME(J,KI=CY(J,K) . Lg%
i7C 133 MXZ=NX L
171 N= Lk
172 IF (NX.EG.3) GO TO 702 B -
173 : DC 134 K= 1 MX L‘
175 4 IF (NIZ(K).E0,0) GO TC 13& L
I17¢€ o h-N«-i - e o L
i177 NAX TN =NAX(K) Lo
.03 134 CONTINUE LG,
Q€ NX=N LC
.07 145 IF (NY.EG.3J) GO TO 703 RL"
15 WRITE (86,72) (NAX(I) T=1y3NX),(NBY(I),I=1,NY) R
45 72 FGORMAT (//»XyQHVAQIABLEsyiﬂtix A16)) oL
L5 GO TC 871 RE!
51 702 WRITE (85,72) (NBY(I),I=1,NY) RF
71 60 76 871 P
75 703 WRITE (864+72) (NAX(I),I=1,NX) Re: |
16 76 FOPMAT(/5X, 7SH(IGNCE THE ELASTICITIES UNDER A SGCIOECONCMIC VARIA LC
__nAqw_}BLi_ﬁﬁ_NWJT IS A DUMMY./5X,94HALSO IGNORE THE CASZ WHERE DUMMY CCE LO.
2FFICIENT AM3 CUMMY VARIABLE CCM3INATIGNS ARE INGONSISTZNT. IJX,STHI Lo
3N TYPE 1 OPEXATIOM, CHECK NYHCW NYSO AND NRCO FOR THIS,)) LCA
i E‘ _ 871 I e e e REL(
17 LELZI RELE
24 341 IF (IOP.Z0.1) GO TO 33§ RELE
26 N=ZC B ) ) . B LGA {
27 IF (LX.EC.0) G2 TO 139 T T TLoa
33 BC 175 T=1,N%2 Loa
31 IF (NIZ{I).E7.7) GO TO 135 LoA




233 . N=N#1 e I LoAt
234 IF (NIZ(IV.S0.4) GC TO 136 LCAL
236 S=8 ol ‘ LCAL
237 L NLENIZODY=Y - - LNAL
240 DO 137 K=1,NL LGCA1
242 137 S=S+ST(I+K)*X(IELy1,I+K) LOAL
286 __ _ FGLIN)=SE(I)*+S . o R . __LCA1
263 GC TQ 13¢ LCA1
26% 136 FGL(N)=SE(I) LOA1
271 135 CONTINUE . _ [ e LOM
274 139 IF (NY.EB.3) GO TO 1430 LOA1
275 30 138 J=1,MNAL LOA1
277 N0 135 K=1,MY S e 1 0A4
360 N=N#1 LOAL
362 138 FGL(N)=ANAME (J,K) LOAL
343 440 TIF_ (NX.,EG.0) GO TO 1iu4 e _LCAZ
14 N=0 LCA1L
215 CC 141 K=1,NX2 LOA1
316 IF (NTZ(K).EQWs3) GO TO 141 o LOA1L
320 =N+1 ; LCA1
321 DC 142 J=1,MNALT LOAL.
323 442 XLIELaJyN)=XLIEL 5J4K) LOA1
342 141 CCNTINUE LOAL
345 D0 143 J=1, NALT LOA1!
346 D0 143 K=1,NX LOA1
347 142 XMN(JyK)=X(IEL,J,K) LOA1'
365 144 IF (NY.EQs23) G3 TO 147 LOA1
366 ¢ BO_148 K=1,NY ‘ LCA1
370 168 Y(1,K)=Y(IZL,yK) LOA1!
402 147 ND= Nx+(NA|T-1)+Nv LOAY!
#0686 60 TC 765 e LCA1!
406 330 IF (NX, G ,0) GO TO 70% RELSG
y$7 IF (MN.EG.3) GO TO 1586 RELG!
#1C B0 353 I=1,NX o RELE"
112 353 FG“(J_) FH1(IZ,I) RELB!
2% N GC TC 158 RELR!
#24 156 00 137 .1=1,NX . RELE
126 157 FG1(I)=B0(I) RELEY
234 158 N1 NAL*NY RELG!
135 _N=NOB=NL
v 40 r'o 356 I=1,N1
YS! 354 FGLINX+I)=RBO(N+I)
151 _ND=NX+NAL*NY B
53 705 DO 851 K= 1y NX RELGB!
+55 S=XM .\(1,e<) RELG!
+20 B0 851 J=2,NALT o o RELSG!
61 801 X(i,J-i,K)—XMm(J K)~S RELG:
77 704 IF (NY.EQG.G) GO TO 815 RELE"
el ___IF {ICF, h;.l) GO TG 815 L LOA1
303 BC 8g2 K=1, REL7
04 8G2 Y(l,K)=a1(K>+FH2(zx,K) REL7:
23 B85 NT1=21 L . REL7:
2L NH=C REL7
25 nG=1 RELT
25 ALL LCGIT (NALTSMNAL »NX9NY,ND,NT1,MSTP,NCHCW yINIT,NH,FG1L,FG),FhY, RELT
. lFLJ NG) -
34,5 IF (NX.EQ.3) G2 TO 706 REL7
552 BG 833 J=1,MNALT RELT



553 00 Ba3 K=LaMNXoo o R
556 803 X”%(J,V)-X%N(J K) *FG1(K) p
574 706 IF (NY.,E0.9) GS TO 814 2
575 .. ONENX - e &
576 B0 813 J=1,HAaL i
500 00 813 K=1,NY e
€04 . MNSN®L_ . B R S
633 813 CY(J,K)=FGL (N) R
613 30 8Ch4 K=1,MNY R
614 . .S=0.0 - e _ R
€15 GO 805 J=1,NAL AT
€17 835 S=S+F(L1,J+1)#CY(J,K) Q-
531 B34 CMNAK)=S o _ L R,
534 814 00 806 I=1,MALT ar
636 IF (NX.EG.3) GO TO 707 £
€37 BC._ 807 J=1,NALT B
540 BC 837 K=1,NX o
Al IF (I.EQ.J) GC TO 838 =3
€43 XZ(I,JK)==P(1,J)*¥XMB{J,K) R
853 GC TO 807 R
E54 838 XE(I JyKI=(1.8=-P(1yJ))*XMB (JyK) R:
657 807 CONTINUE R
ETL 707 IF (NY.EG,3) GO TO 806 T
675 DO 8G9 K=1,NY RE
677 _ __IF (1.EQG.1) GO TO 813§ R
761 YE(ILK)=Y(1,K)*(CY{I-1,K)=-CNN(K)) R
713 : GO TO 309 R 7
"13 816G YE(I,LK)==Y(1,K)*CHN(K) i R
22 809 CONTINUE R~
25 836 COMTINUE R:
30 N=g B 3
31 IF (I0P.ZG.1) GO TO 346 g g
733 WRITE (86,751 IEL R:
L0 75 FCRMAT (//L4X,37HELASTICITIES FOR EXTERMAL DBATA NUMBER,IS.1H,) B,
40 346 IF (NX.EQ.G) GO JO 708 R™
-5 IF (NY.EC.L) GO TO 789 RE
5 IF (TOF.N:.i) GO TO 355 RE
‘C WRITE (86,74 gE
53 74 FORMAT (/13X,24HEVALUATED AT MEAN VALUES/4X) RE
53 GG _TC 35¢ RE
757 355 WRITE (86,82) RE!
763 82 FORMAT (/13X,23HEVALUATED AT VARIABLE VALUES/4X) RET -
763 356 B0 357 J=1,NALT RE|
770 357 WRITE (86,83) Jy (XMN(J,K) 3 K=1,NX) 5 (Y(1,K)yK=1,NY) VT
135 83 FORMAT ( 6X»SHMODE(4I1+1H} ,10F11.5) RE
335“_,,m_“~ﬂﬁp 811 J=1,NALT o Zec
336 1RITE (85,841 Jy (FGL(K)yK=1,ND) - REL
160 84 FGRMAT (/13X,32HBY CHANGING THE VALUES FGR MODE(, I1,2H) ,45HAND U cha
1SING THE COMPACTED COEFFICIENT VALUES OF/13X,88H(CCEFFICIENTS ARE LO4 -
2ARRANGED IN GROER OF B(1).ssB(NX) C(ALT291) saCCALT2,NY)essC(NALT, LOA"
3NY))//13X,1CF11.5) LCA "
i60.  MRITE (86,46 LCa
el 46 FORMAT (/13X,44HELASTICITIES AND PROBABILITIES (LAST COLUMN)) LOA
054 CC 811 I=1,MALT REL7
171811 MRITZ (865,73) I, (XTUI,JyK),KZ1,NX) 4 {YE(T,K) 4K=1,NY),P(1,I) REL7
153 73 FORMAT (/3X,8HZ FOR MU{,I1,y1H),103F11.5) T REL7
154G GO TC 710 REL7
155 708 IF (IOF.NZ.1) GO TO 358 REL7



-102-

FLE*:ﬁ e CHRITE (BB 7)o e e i L ee el - - A REL7
't5E GC TO 3593 REL7
1162 358 HWRITE (86€,82) REL7
1166 . 359 _MRITZ (85,35) (Y (1,K)K=1,NY) . .o e U PR E s e ELT
213 85 FORMAT (13X, 10Fii.5) REL7
13 WRITE (864,861 (FGLIK)K=1,NC) REL7Y

237 . _  BG_FORMAT (/13X,44HBY USING THE COMPACTED CCEFFICIENT . VALUZS OF/13X, . LOA1
1A83H(COSFFICIZNTS ARZ ARRANGED IMN CRPDER CF B(1)...3(NX) C{(ALTZ2,1).. LOAt

o 2.C(ALT2yNY) oo e C(NALTZNY) )/ /13X,10F11.5) LOA1
237 o MPITE (86646 o __ LOAZ
243 0O 711 I=1,NALT REL7
250 7141 WRITZ (86,73) I (YE(ILK) 4K=1,NY)yP(1,I) REL7
366 GO.JO 712 e RELT
365 709 IF (ICF.NE.1) GO TO 280 REL7
311 WRITE (86,74) . REL7
314 GC TG 381 - RELZ
;320 380 WRITE (86,32) REL7
324 381 00 382 J=1,MALT REL7
331 382 MWRITE (86,83) Jy (XMNCJyKISK=1,NX) RELY
361 NG 742 J=1,NALT REL7
152 WRITE (86,8%) Jy (FG1(K),K=1,ND) REL?
afy WRITE (86,461 o i RES?Z
410 B0 712 I=1,NALT REL7
G115 712 WRITE (86573) I,{XE(IsJsK) yK=1,MX) 4P (1,1) REL7
460 710 IF (ICP.E0.,1) 6O TO 342 _ . . REL7Y
1563 IEL=IEL+1 T RELY
WEL 3 IF (IEL.LE.NE) GO TO 3ui REL7
%63  GC TC 1963 S . R REL?
LE7 342 1Z2=I7+1 REL7
471 IF (I7.LE.MS) GO TC 33¢C REL7
w73 IX=IX+t - S _RELY
L74 IF (IX.GT.NS) GO TO 1060 REL7
477 GO TG 871 REL7
EX 1680 RETURN . I o . ___RELY
250 END REL7
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SUBROUTINE MINV (AH,NyD>L,M,N2) I:
a1 DIMENSICN AH{13,10),L(10),M(10) I
214 . _ GOMMCN_/AA2/ ACLDO0Y L _ I
011 K=t I
LB Do 231 I=1,N T
J13 .. B0 222 J=1aM N
014 K=K+1 I
318 201 AM(X)=AH(J,I) I
B2 H-L I . R _ I
827 NK==N I
033 00 83 K=1,N I
131 _MNK=NKEN 1
633 LK) =K I
34 M(K) =K I
235 KK=NK+K i
03¢ BIGA=A (KK) I
Q&G B0 20 J=K,N 1
gLl IZ=N*(J=1) -
oLt 00 20 I=K,N
CLb IJ=17+1
454 S=ABS(A(TIJ))
as2 T=ABS(BIGA)
as 16 IF (T-S) 15,20,20
157 15 BIGA=A(IY)
I61 LIRY=T
a5L H(K)=J
155 20 _CCNTINUE
are J=L (K
174 IF (J-K) 35,35,25
375 28 KI=k-H
G77 N0 30 I=1,N
103 KI=KI+N
162 HOLD==A(KI) o
103 JI=KI-K+J
105 A(KIN=A(JI)
167 30 A{JI)=HOLD
133 35 I=M(K)
115 IF (I-K) 45,45,38
117 38 JP=N*(I-1)
122 08 48 J=1,0
124 JK=NK+J
LEE JI=JF+J
127 HCLO==A ( JK)
131 A(JKI=A(JD)
133 46 A(JI)=HOLD o
137 T=4BS(RIGA) ) -
141 45 IF (T=1,CE-2C0) 4LE,46,48
164 4¢ 0=0.¢
145 RETURN
145 48 00 55 I=1,N
147 _IF (Z-K) 53+55,50 -
151 50 IK=NK+I
153 ACIKI=A(IK) /(~=3IGA)
158 55 CONTINUE
1e1 3¢ 65 I=t,M T i T
L€2 IK=NK+]I
1 5% HOLO = A(IXK)
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INVE

BC 65 J=1,N INVC

IJ =IJ+N INVED

e TF _(1=K)_ 83,65,60__.__ . . e e . INv3!

60 IF (J=K) 62,65,62 INVG

52 KJ=TIJ-I+K INVD!

. ACIJ)I=HOLD=A(KI) +ALTY) . .. INVBo

55 CONTINUZ INVD

KJ=K~-N INVE

e DO 75. 3158 e INVZU
KJ=KJI+N INVOI

IF (J=K) 75,75,7C INYGI

220 70 A(KJI=A(KN/8IGA I ﬁ_ INVEI
223 75 CONTINUE INVGH
226 B=0*BIGA TNVGH
227 A (KK)=1.3/3IGA e TMVG¢
231 8¢ CCNTINUZ INVQ:
233 K=N INVO;
R34 10C K=({K-1) . e TNV
236 IF (K) 153,153,155 INVG;
R37 105 I=L(K) INVDS
P61 ‘ IF _(I=K) 120+120,108 e INVES
P43 198 JO=N*(K=-1) TNV
P16 JR=N*(I-1) INVEi
52 _ __BGC 110 J=1,NM L e INVO:
P53 JK=JG+J INVBT
255 HOLO=A (JK) INVEE
57 JI=JR+J . . ) s INVOE
P A(JK)==A(JI) TNVD#
* s 118 A(JI)=HOLD INVO¢
b5 A2t J=M(K) B e INVGE
B0 IF (J-K) 130,130,125 INVGE
P72 125 KI=K=MN INVEE
g7y B0 130 I=1,N . _ R _INVGE
P75 KI=KI+N INVOE
P77 HOLDO = A(KI) INVCE
500 JI=KI-K+J e INVGS
x32 A(KI)==A(JD) INVOC
i 13¢ A(JI)=HCLD INVEC
5119 GO _TC 133 INVQC©
313 150 K=0 INVECS
Bi 0C 202 I=1,N INVDC
813 B0 262 J=1¢N - INVEOC
Bis K=K+1 InNvVEcC
516 202 AH(J,I)=A(K) INVDC
526 _ RETURN . TINV3C
526 END INV1C
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P oo ecme srmmemmnms » e n i w pmma e e S i A S S S e -
B SUBROUTINE ESTIM INALT 9 MAL y NX o NY,NO s NT, 1>TP NOD hDHOA,-dIT N2,BG, ES
131,822,227, Fba,F61,FGZ,FG3,FGz,FH0,FHz,FHz,FHv,U*Rs,s»,,Lx,Hx,FLG) ES
ous -WM_DIHENSIOﬁWBD(10[,81110),BZ(LC),BZX;C),FGC(lO),FGi(LO),FGZLL+),_FW_MES
iFGR10) ;FG7 {101 ,FHOTL0940) yFHL{A0, 107 FHZU1TU 10 sFHV {18518 £3.
20T%S(10) ,S4S(13),LX(12) ,MX (10) ESY
G423 _  COMMCN_/AA1/ X{300shs 4),Y(3GC:10) 2MOVA(303,4),P(300,,4),y . ESS
1ANAME(339,10) JSUMI3GE) y We (L) , JFAC(LCD) EST
40 COMMCN /AA2/ AR(1080) yBXR(13) »CYP (4,10) sVECR(10) ,HEXR(15,10), EST
e AS1R4) S TARCL) ZHAIRLL) R ) i ES'T
040 M= £ov
CLi NGQ=5 EST .
0L2 MOC=2 ) } . - ESLT
o243 NAL=NALT -1 ES
gLL INIT=0 £
g5 ND=NXEMALANY _ N -
nsa IF (NX.E£0.G) GO TO 231 ES
1151 00 202 I=1,NT ES
1652 00 203 K=1,NX » B - E5
1153 S=X{I,1,KX) ES
357 00 203 J=2,NALT ES.
063 233 X(I,sJd=1,K)=X{I,J,K)=-S ES
161 202 CCONTINUE £x
163 201 S=0.3 E4r
gL NG=1 o Ew
105 CALL LCGIT {(NALT yMALyNXsNY yNByNT,MSTP,NBRCW,INIT,NH,80,FGG4FHE, g
1FL3»NG) £
124 D0 234 I=1,ND B o . EL
131 30 204 J=1,ND Ea
132 204 FHL1(IJ)=FHG(I,J) £
153 CALL _MIMNV (FHGsNDyOyLXyMXyN2Y .
1535 IF (C.NE.3.2) GO TO 531 EC
gaz I9ITE (86,17) £
165 10“EQDNAT (//47 ,95HHESSIAN IS SINGULAR AT INITIAL PARAMETER VALUES. .
MAKE SURE THAT THZ DATA ARE PROPERLY ARRANGED.)
155 MSTP=1
167 IF (MSTP.EN.1) GO TO 4G7 . . o o
174 80 205 I=1,MND %
175 30 255 J=1,NO s
i7E FHV(I,J)=0,3 o ES
202 IF (I.5G.J) FHVY(I,J)=1.G/FF1(I,J) Ea
242 235 CCMTINUZ ES
217 GC TC 230¢ L £S
217 501 00 431t J=1,ND BS
221 0C 431 I=1,NO ES;
222 401 FHVU(I,J)=FHO(I,J) N o ES
pLg 268 §=0«3 T ERY
gt ICONV=1 ESTS
242 ITP=G - i - _ EST
243 N = EST;
244 JK=0 ST
exs o JS=d o o o e ESTC
Z45 JT=g ESTL
2u7 GHM=0 ESTC
255 53C ITR=ITR+1 EST?
7 7 1 FORMAT (///aX,21HSUMMARY OF ITERATIONS) N R
252 2 FORMAT (//+X,LK, 26HCONVERGENCE ACHISVED AFTER,I5,13H ITERATICNS., £STS
15X,33H300T MIAN SOUARZ OF GFABIENT =,F15,7) =g T
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292 3 _FORMAT (//3X,57ZHTERMINATION OUE TO_UMDERFLCY IN CALSULATICMN . QF LIK SST¢
rs : 1ELIHCGD) ESTC
752 4 FOSMAT (//8X,27HGCCONVIRGENGSE MOT ACHIEVED IN,I5,12H ITZRATIONS) ESTr
2522003 UK=0_ . e o - e o ~E=fr
253 MOD=2 ESTC
254% CALL NLMAXH (ND, ITR,ICOMV4NF,NALT,NAL ,NXyNY,NT,MSTF,NOHO®, INIT,NH, ESTC
Lo . AFLQ3E0+B1432,225FG0sFG1,,FG2,FG3,FGZ5FHL,FH2,FHY,CIRS »SLS»LX,yMX,. ESTEC
Q 2JK+JS,JT sGM, MCD) ESTC
333 IF (JS.EC.1) GO TO 610 ESTG
31 IFf {(JK.EQ.1) GG .T0. 510 . o _._.ESTE
342 IF (ITR.LE.19) GO TO 614 ESTC
345 NOC=4 ESTC
36 G0 _TQ_ 610 . _FSTIC
347 614 IF (JT.NE.1) GO TO 500 ESTS
351 WRITE (86,1) ESTG
355 _ 610 _TF (JS.EG.1) GO TO 611 L ke ______ESIG&
363 IF (NOB.SQ.%) GO TO 613 ESTG
365 WRITE (86,2) ITR,GM ESTC
374 GC_TOC 407 . . _ EYTR
400 511 WRITZ (86,6) ESTY
NN 6 FORMAT(//4Xs43HTERMINATION OUE TO ABSENCE OF MAXTMUM POINT) ESTC
Boh MSTP=1 _ _ESTD
406 GO TO 407 ESTC:
12 613 WRITEZ (86,4) ITR ESTE
h20 407 RETURN o _ o ___ESTC
21 END ESTC
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W - SUBROUTINE NLMAXH (NO,TIT,ICCMVsM2,NALT ,NAL yNX NY yNTsMSTP yNOHOH MA
1IMIT,NH,FL3, 83, 81,B>,BZ,FGO,F61,FGZ,FG3 FGZyFHL,FHZyFHY,0IR 4SS, MAa ]
1| S o PLXaMXsJKaJS s JTLGM,NOD) e e = _MAN
345 DIFYENSICN S0(1503,81818Y,82{403,82148) F53i1339551f1ﬂ'-F57-1d;a MAY
r 1CG3(10),FG?(lJ).FHi(iu,io),rHZ(iu.lj),FHV(ia 16) ,0IR(18),S64(10) MA K
e 2LXH TE) gHXULE Y e e e cciecss = . o o e MAYo
iyus COMMCN ZAAL/ X(300+4, 4),Y(3 3C,L3),N3VA(3Guy4),P(3OG 4 MAXS
k 1ANAME(300,1G0), JSUM(300) ,Wa{4) ,JFAC(L00) MAXG
Mu6  COMMCN. ZAA2/_AR(108) 3BXR(13) ,0Y¥Y8 (4,10) ,YECR(10) LHEXR(10,1408),  _ MAXD
I 1S1IR(4) y TIR(4) yWLR(4) MAX
iy &6 Ih=i MAXG
Nu? JU=0C A MAXZ
50 DO 521 I=1,ND MAXD
151 FGZ(I)=FGG(I) MAX:
55 501 3Z(I)=RO(I) . _ - MAX.
Hs2 FLZ=FLG MAX!,
ho3 BC 522 I=41,HND MAXD
65 Sof .l MAXD
66 BC 503 J4=1, MAXC
n7o 503 S=S+FHY (I ,J)*FGU(J) MAX".
403 502 QIR(II=S MAN:
e MH= MAXY
in 50 201 I=1,ND MAX
12 201 FG1(I)=B0(I) _ MA N
Eza S1P(1) =FLO MED
21 JJ=1 MAY
‘22 STJ.___.'..OJ o _ MA & >~
24 317 ST2=ST1+ST1 MA
2¢ B30 232 I=1,MD MA:
127 282 FG2{I)=FG1(I)+ST1*0IR(I) L MAY .
140 MG=0 MAL
41 CALL LCGIT (NALT 4 NAL yNX 4 NY ,ND,NT,HSTP,NDOHOH, INIT yNHyFG2 5SSk, FH1, MAX
I_______-______ 1:L1?r . HL\X
164 S1R(2) = rLl MAXC
16E IF (FL1-FLJ) 161,102,103 MAXD
174 4101 ST1=-ST1 MAXO]
W75 BC 284 I=1,ND MAXD ]
177 204 FGZLIN=FGL(I)+3T1*0IR(I) MAXOC
210 CALL LCGIT (NALT ;NAL 3NX,NY ,NOsHT y3MSTP,NDHO W, INIT4yNH,FG3,Sk,FH1,FL2 MAXD
! 1,NG) MAXGC
233 IF (FL2.GT.FL3) GO To 311 MAX G
243 ST3=5T1 MAXC3
TR ST2=ST1+5T1 MAXD
245 0C 312 I=1.ND MAXO !
267  33(I)=FG2(T) o _ o MAXD®
253 31(I)1=FG1(I) MAXO!
256 312 82(I)=FG3(I) MAXD?
264 FL3=FL2 MAXD
2565 =FLGO ’ MAXD'
2e7 50 TG 123 MAXD)
2567 311 DC 313 I=i,NO L L MAXD’
271 313 FG2(I)=FG3(I) MAXG
27T FL1=FLZ2 pgxr‘
304 CSLR(2)=FL2 i
731 ST2=8Ti%¥sT1 T C T T T T T T T Gk
g2 GC TC 153 MAXG
Lok 152 BT3=3TL1/2.3 MAXD

|
|
|
|
|
|
:
i
|
|
|
;
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!7535 Y. - 21 i S R Mi
‘308 BE 216 I=1,ND M/
3c7 216 FGC(I)=FGL1 (I} +ST3*0IR(I) M/
320 _ . _CALL L CGIT _(NALT ¢MALSNXsNY sMDoNT 4MSTPHNOHOWIMNIT oNH9FGTsSaaFHL, . M/
iFL2, NG Mi
343 IF (FL2.GZ.FLQJ) GO TO 217 M
352, . MRITE (86,10) IT,(FGCLI),I=1,N0) _ _ _ S V.
373 10 FORMAT (//uX,47HTHE FUNCTICM IS NOT CONCAVE AT ITERATIGN NUMBER, M1
' 115,3HAND//4X,2H4B=513F1C. E) M
3723 _ N0._2148 I=1,MD . i o Y
4G5 218 B8G(I)=FG2(I) M1
LT GC TG 1632 Mt
06 217 00 219 I=1,N0 I B - M2
410 30 (I)=FG1(I) ML
Bk BL(I)=FGG5(I) M/
17 219 B2(IN=FG2Z2(I)_ . MA
425 FL1=S1R (1) MA
426 FL3=S1R(2) MA
430 GG _TC 120 .7
532 103 380 255 I=1,ND MA
432 235 FG3(I)=FG2(I)+3T2*DIR(I) MA
443 CALL LCGIT (NALT,MALINXINY JNOyNT,MSTP,NOHCH,INITyNHsFG35SkyFH1,  MPZ
1FL2,NG) MA
466 S1R(4)=FL2 MA
H79 215 Si1=S18(2) _ MA
L72 S2=S1R(4) MA
473 IF (S2-S1) 111,111,113 MA
5G1 111 ST3=ST2/2,3 _ o __MA
533 0C 236 I=1,nND MA
5G5. 266 FGGU(I)=FG2(I)+ST3*BIR(I) MA
516 . CALL LCGIT (NALT,NALNXsNY,NOyNT MSTP,NOHOW,INIT yNH,FGG Sk ,FH1, ___ MA
L 1FL3,NG) MA
541 SIR(3)=FL3 MA
53 IF {S518(2).1T.S1R(3)) GO TG 2¢8 . __MA
551 B0 2¢9 I=1,HD MA
552 3I(I)=FGi(I) MA
556 81(I)=FG2(I) _ U MA
Ze1 20 32(I)=FGO(I) MA
557 FL1=S1(1) MA
578 FL2=S1R(2) MA
572 FL3=S1R () MA
573 GO TO 120 MEA
574 238 DO 218 I=1,ND : MA
576 BO(I)I=FGZ(I) MA
552 B1(I)=FG5(I) M
pE5 21T B2(I)=FG3(I) L L MA
513 FL1=S1R(D) MA
514 FLZ=S1R(3) MA
516 FL3=S1RrR (5) _ ~ MA
317 GO TC 120 MA
528 143 D6 218 T=1i,N0 MA
522 FGL(I}=FG2(I) e . _ , MA
25 211 FG2(IV=FG3{I) “MA
5% S1%(1)=512(2) MA
534 "1?(2):519(4) . B MA
333 CLG=S1R (1) T i
137, FL1=S12(2) :
" ST2=ST2+S72 MA
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2 o BO282 T NG e MUK
% 212 :G<(I)“FGZ(T)PDT2*DT<(I) MA
54 ALL LCGIT (MALT o NAL yNXyNY yMNDyNT  MSTPyNOHCH, INIT,NHyFG3,SL,FH1, MA -
- ___n_w__lELZgNG)mm”_hw_u_u e MBS
77 S1IR(41=FL2 HA
61 dd=d el MA -
02 IF _(JJd.LZ.6) GO TO_ 215 __ . e e et — e e . A
10 Js=1 MAX
12 GC TO 1033 MA
22 1P TRsTARA. .o . . S e BR
14 IF (IA.GE.3) GO TO 315 MAi
18 ST1=ST3/13.0C MA:
200 R0_31m I=1,MD e MA
22 3ie FG1(I)=Bi(D) ' Mo 7
30 FL3=FL2 , Ml
31 SiR(1)=FlJ . Mz -
32 GG TC 317 MaLe
33 315 R1=(FL1i-FL21/(=ST3) Me -
37 R2=(FL1-FL3)/(~-ST2) e
41 ST5=ST3 M2
&3 WRITE (88,21) FL1,FL2,FL3,ST2,ST3
60 21 FCRMAT (///LX,23HFL1,F1L2,FL3,ST2,ST3=/9X+5E£15.5)
80 IF (R1.NZ.R2) GO TO 301
66 IF (R1.NE.0.-.0) GO TO 121
€7 ST4=ST3*1.31E-5 |
71 ST3=ST3+ST4
72 CC 3C2 I=1,ND
74 302 FG1{I)=B1(I)+ST4*0DIR(I) L
€S CALL LCGIT (NALT,NALyNX,NYyND,NT,MSTP,NDHCW, INITyNHsFGL,FG34FHV,

1S, NG)
30 _ . R1=(FL1-S)/(~ST3) —
34 R2=(FL1-FL3) /{-ST2)
3k ST5=ST2/2.3-STh
b1 3C1 S=G.3 L o L ;
42 IF (R1.E£G.R2.02,FP1.£G.G.0) GO TQ 122 ) MLt
54 SC1=(R1*¥(-ST5))/(2.3*(R1~R2)) Mo
57 D0 220 I=1,ND L L Moot
51 22C 30(I)=(33(I)+31(I))/2.G6~-SCL*DIR(TI) N R
73 GO TG 1642 i - M
73 122 806 123 I=1,NOD : _ M/t
75 123 35(IV=B2(I) Mo, -
t3 1302 NG=1 ME
Cs NH=1 M4
06 CALL LCGIT (NALT,NAL ,NX,NY,3NDyNT,MSTP,NOHCW, INIT yNH,B0,FGU,FHV, MA'

1FLT,NG) MA
3. IF (.Lg.o\..L7) GO TO L34
4¢ 121 30 405 I=1,MND - ) o .
42 405 85 (I)=81(1)
>3 \GLJ
51 NH=1
52 CALL LCGIT (MALT yNAL NXyNY 3AD,NT,MSTP4NIFCW,INITyNH,30,FGI4FHV,

1 CL'J yrG)
75 5L =i, 7 e - i
75 00 $13 I=1.FR0 MAX
5B 513 S=S+FGO(IN*FGO(I) - S MAXE
A S =8 SN0 ' ST waxe
12 IF (5.E0.6G.0) 60 TO Si4 MAXZ
12 <_S:SQDT7(S) o o o , _ B o o HAX:



gy, SLb GMSS .. M)
7 S
220 BC 230 I=1,NO M)
225 230 _S=S+(83(I)=BZ(Iy)yx*2 R o L M
235 S=S/MND M)
2386 IF {S.£G.0.0) GO TO 221 1)
237 S=SART(S) e , , L Mi
242 221 STZ=3 Mi
244 BMAX=ABS(BZ (1) =-80(1)) M
20 BB 23V T=AGND M
253 S=ABS(3Z(I)-80(I)) Mi
282 IF (S.LE.BMAX) GO TO 231 M
265 _RBRMAX=S o e o e M!
265 231 CONTINUE M
270 FLCH=(FLZ-FL3)*100.0/FL] M1
273 B0 232 1=1,ND . L . M4
275 C 232 J=1,ND . M
276 232 FHA{I,J)=FHV(I,J) M/
314 CALL MINV (FHV,NG,DyLX,MX,N2) e -
321 IF (D.NZ.0.0) GO TO 233 M2
325 WRITE (86,12) ML
231 12 FORMAT (//4X»SIHHESSIAN IS SINGULAR. THE DBIAGONAL EILEMENTS _ARE_USE M/
10 FCR ITS INVERSE AT THE NEXT ITERATION,) M
231 B0 234 I=1,ND Hﬂ
336 0C_234 J=1,NO M
337 FHVI(I,J)=0.8 MA
343 IF (I.EQ.J) FHVYIILJ)=1,.0/FF11I,J) MA
353 234 GONTINUE . s o B o MaA
360 233 S=3.0 MA
51 IF {GMJ.LE.1.(lF~-15) GO TC 1c¢5
L _IF (ABS((FLZ~-FLO)/FLG).GT.1.8E-6) GO TO 516 L _MA
3172 IF (8MAX.GE.1.PE-H) GO TC 516 MA
37y 1005 NOC=3
v JT¥=1 _ e . o MA
377 516 WRITE (864+11) IT,STZsBMAX,GMyFLG,FLCH MA
417 11 FORMAT (//4X,17HITERATICN NUMBER ,I3,2X,16HNEUTCON-HIGA MCDZ/8X, ML
‘ 150HRCOT MEAN SCUARE OF CHANGE IN PARAMETER ESTIMATES=,615,6/8X, __ ES
219HMAXIMUM ADJUSTMENT=,G15.£/8X,29HR00T MEAN SQUARE GF GRADIENT=, MA
3G15.6/8X,154L0G LIKELIHOCD=,615.8/8%X,27HLC6 LIKELIHOCD INCREASEQ B MA
i LY,y6184,3,2X,2H PEZRCENT,) _ _MA
+17 1C00 RzZTURN MA

4! END MA
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PROGRAM GRAVITY (INPUT,CUTPUT) GRAND
'DIMENSION ARRAY(25n532) ,m~”q‘vh«ﬁ,,,m_d«_.u_m&n___m_sa;p&
INTEGER ARRAY ) , ) _ GRADO
DIMENSION BG(10)sB1{10)9B2(10)sBZ(10)+FEN(IN)IH»FGLI(1D0)sFG2(10), GRADD
1FG3(10) 9FGZ(10)5sFHN(10,10) ,FH1(10510) 5FH2(10,10)sFHV{10510}y  _  GRANO
2NDIRS(14) s54S(10) sL¥ (15) sMX(10) sSE(19) »TV(10) »ZSCL(30) 62457
DIMENSION NAME (35),L0CECS(35) sNRD(14) s NYONIID) oNYDNEL0) »NZNI(30) GRANN

LMZTP(BO)qMTFX(S,S).NXN(S)aNXM(G)9HTFYn(1095),NYOH(IO)9HTFYD(10,S)9 Gnagm
2MNYDM (10) oNYN(10) 3Z(144514930) yNSUM(1414) 54T (14)321(14514530) GQAOn
COMMON /AAY/ X(14914,5)9Y(14510)sP(14414) QX (14,14),0D(14),G0(14), Gnanv
1RR(10) sFHX(10010)sY0L14510)sYD(14510) _ ,________“_ggx
COMMON /AA2/ AR(lﬂﬁ>,SJR(4),NQX(14,14),Ncn(la),QXP(14;14). , GQAOI
IMQXPtlévlé)oNGOP(lé)'NQDP(14)yNOO(14);NﬁXPl(14914),871(101;BT2(10) GrAOT

COMMON /AA3/ BX(5),CY(10) ,XM{14,5),YMI14,10) 4XXM(14,5,5) 9XYMU14,5 GRAQT
lvlci9YYM(]4v10910)0DOP(14’14)9DOP(14)9D¥»(14o1495)9DYM(14914910), Gnanl
2nSX(14+5) 4DSY(Lay10) oNDW GRAD1
FQUIVALENCE (ARRAY(I,I),HX(L)) o - ___GRAAT
- IX=0 - G2ART
PEAD 1s NTsNVsNROsND1,NDT -~ GPADI
READ 2» (NAME(I)oI=lyNvy . GRAD1
IF (NDT.NE.1) GO T0 321 GRAD
NO 101 I=1,NT GRAD2
101 READ 35 (ARRAY(I5J)sJ=1sNV) - o GRANZ
1 FORMAT t81le) 7 T T T - GRADZ
2 FORMAT (2a10) GRAD?
3 FORMAY (13,11,2129]216/13,11-2I2,816;3I7,13) . - 6GRAD?
"7 FORMAT (8F10.0) GRAQ?
NEND=DO GRAD?2
PRINT 10 GRAQ?
DO 102 I=1,NT o T -7 o Y 1= 7%
IF (ARRAY(I»1) (NEspaRRAY(I,17)) GO TO 123 GOAD?
IF (ARRAY(I.2).GE,ARRAY(I,18)) GO 70 1¢2 GRAD?
IF (ARRAY(T23) \NELARPAY(1,19)) GO TO 102 T T T T T T eRADR
IF (ARRAY(Ia4).NF ARRAY(I,20)) GO TO 1¢2 GRAD3
60 70 1p2 GRADI
19 FCRMAT (#1%) 7~ T oomm e e e 1L
103 PRINT 4, I GRAN3
4 FORMAT (//4X912HDATA NUMBER »I332X,12HD0O NOT MATCH) GRAH]
TOUNEND=1TTT T T T T — GBAD3
152 CONTINUE GRAD3
IF (NEND,EQes1) GO TO 1000 GRAQ?

GO0 TO 122 T o T T T TGRADS

121 DO 123 I=1,NT " GRANQ3
123 READ &>y (APRAY(I,J>sJ \9NV) Gaan3

8 FORMAT (3X92I35141I5) o T T TGRADS
122 MN=1 GDAQ3

N=1 GRAN4

DO 105 I=1,NV 7 "o T ) T B —“G‘p‘sﬁi

LOCECS(I) =N (‘pan‘

CALL WRITEC (ARRAY(1,1),LO0CECS(I),NT) GRAD4

165 MN=N+NT T T T ' T T GRANG

PRINT 5 GRADS

5 FORMAT (///4Xy44HTHE RASIC DATA HAVE BFFN SUCCESSFULLY LOADED) GPANA

READ 1o vaNX’JNYO NYD;NZ’NDZ’ND"I‘leT o ‘“GPAQQ

PEAD 7o (WTH(I)sI=1,NR) GRADS

READ 1s (NBD (D) 5157 ,nR) GRADS

READ 29 NDVNa (MXMCT) o T=1oNX) s (NYON(J) o J=1oMNYD) o (NYDN{J) 9 J=1eNYD)

GRADS
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READ 2y (NZNUI}»1=79N7) CPA( 1
READ 1y (NZTP(I)sI=14N7) GRAn
READ T»s (ZSCL(I)sI=leN7Y GoACr |
P 187 TS1pNX 52A - |
READ 63 (MTFX(TaJ)4Jd=1+5) oMXM(T) GRA -
FORMAT (5110sA1p) L L e GRAN
PO 109 I=1,NY0 6o 4
RDEAD 65 (MTFYO(Isd)»J=155) oNYOMIT) GRAND 4
No 119 T=1,NYD __ e GRAN
PEAD 69 (MTFYD(I5J) s J=155) sNYDM(I) GRAD {
PRIMT 11+ NToNV,NRA,NDT,NDT GPA {
FORMAT (///4Xs)3HCONTAOL CODES//9X%,8XyPHENT 1A%y 2HNVaTXs3HNROS7Xy  GPRAT: 1
13HNDT 9 TXs3HNDT/9X»5110) ' GRA
PRINT 12, (NAME(I),I=1,NV) GoA
12 FORMAT (//4Xy14HVAPIABLE NAwES//Qx,IOAle/9x.10A10/9x 1pAl0/9X%, GDa
110A19) o Gp o
IF (NDI.NE-I) GO Tﬂ 401 GP” 3
PRINT 10 - o o ] GR:
MAZYS S ' ;GRé :
IF (NVe.LE,186) MA=MY S GRA
PRINT 135 (IyI=1sMp) - pr )
FORMAT (//4Xy10HBASTC DATA/Z/9%+2 (1% LH(sTLy 0} ) 914 (64X H(2T251H) ) GRA i
p=0 GRa
DO 402 I=1,NT e o GRA
MN=N+l T ; EHn
IF (N.NF.s) GO TO sp2 GPRA
PRINT la T L GR»
FORMAT (% #) GRA
N=1 Go A
PRINT )15e Is(ARRAY (I9J)9sJd=1sMA) S o eqﬂp1
FORMAT <4x,1H(,13,1H).71A,1418> ) A
IF (NV.LE.16) GO To 401 GR A
PRINT 10 . GR
RINT 13s (I41=17sNV) : - GR2
M=0 GDE
nn 403 I=1,NT Goa
N + 1 : Tt T B S GQ n A
IF (N-NE-&) GO TO 03 rqs :
PRINT 14 Goa
N=Y T - - GRx ~
PRINT 159 I (ARRAY(IsJ)sJ=17sNV) GRA
PRINT 10 GRA
IF (IXCEOJI)Y PRINT Y — 7 7~ - -vséugf
FORMAT (4X,37HPREDTCTION TEST WITH INDEPENDENT DATA//SX) GRA
PRINT 169 MRaNXsNYNsNYNeNZ,ND2 GRAC
FOOMAT (4) 3 LOHESTTMATTON CODES//9X, BXy2HNRy 8 X3 2HNX TRy IANYOS 7YX GRAT
13HNYD 38Xy 2HNZ 3 7TX 3 3HND2 , TX 3 IHND W, TX 3 3HNTT, //9X,8110) GRATI
PRIMNT 17s (WT(T)sI=]14NP) G§a~~
FORMAT (//4X94HHT‘—oIX,10FID 3/79%510FYG,3) TGRAC
PRINT 18, (NRD(T) yI=14NR) C GRAZ:
FORMAT (//4Xs5HMRAD =410110/9X%X,101I10) GPAR "
PRINT 19, NDVN, (NXM(TY3I=1sNX) ~~— =~ 7 i GRAT
FORMAT (//4Xo5HNDVNT,A10015XsSHNXN =45410) GRAZ".
PRINT 25+ (NYON(J) »J=1sNYO) GRAZ-
FORMAT (//4X3SHNYOMN=,10410) 6pA3L
PRIMT 21, (NYDN(J) 2J=14NYD) GRAZ4
FORMAT (//4X,5HNYDM=,17A10) GRA34
PRIMNT 272, (NZN(I),71=1,NZ) - “GRA3A
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22 FORMAT (//4X9SHNZN =3108A10//9%X510A10) GIAIS!
PRINT 23, (NZTP(I) s I=1,NZ) GPA34)
PRINT 37y (ZSCL(I)41I= laNZ)Av. o ) e __GPA3al

37 ESRMAT "/l,,\,JHZSC{.., Arid,. 4//’}/\11‘;?1{7 ﬁ GrAFA

23 FORMAT (//4X35HMZTP=, 10I10//9X910110) CDA?A
PRINT 24 S o , L .._GPA34

24 FORMAT (//AX»SX’GK.AHNTFX;AoX’7X93HNXM) GoA34
po 412 1=1,NX GRA3S

412 PRINT 259 Ts(MTFX(T0d)ad=155)sNXM(T) e GRA3S

25 FOPMAT (8X,1H(»I1251H)4,51105A10) GRA35
PRINT 26 GPA3S

26 FORMAT (//4X910XsSHMTFYO0240Xs6XsaHNYOMY GRA3S!

. pn 404 T=1,4NYO ) GRA3S!

4G4 PRINT 255 TIs (MTFYO(IsJ)sJ=1+5)sNYOML(T) GRA3S!
PRINT 27 GPA35(

27 FORMAT ( //4Xs1CXsSHMTFYD 40X 96Xy 4HNYDM) GRA3S:

no 405 I=l,NYD GPA35:
405 PRINT 25, TIo(MTFYD(I,J)sd=1,5)sNYDM(I) . GRA3S!

O pe o111 I=),NZ _ . GPAQ&
no 112 J= ?,NV : "~ GRAQS
IF (NZN(I) NE,NAME(J)) GO ToQ Y2 o GRADGK!
‘cALL READEC (ARRAY(1,1)sLOCECS(J)ZNT) GRADA
G0 10 111 GRADG!

112 CONTINUE GnAnsﬂ

. PRINT 52, YeNZN(TY  ———— — 77T 4 Bt

52 FORMAT (//4X4HNZN(»12,2H)=,A1092X,Y4HNCES NOT EXIST) '-ﬁsonnsﬁ
MeND=L o o . GRANAT

111 CONTINUE GPADAF
NRP=NR*1 GRADA"
DO 113 K=1,4NZ o S B . GRAQA
o 113 T=1,NR ; Gngna%
DO 113 U=1,HNR GP&071

113 zt1sds®y=pe0 B GRANTZ"

DO 114 I=1-NR GRAQ7:
DC 114 J=1,NR GRAQ7"
114 NSUM(IsJ) =0 S GRAD7!
PO 115 I=1,NT T T T T : T
DO 116 K=1,4NR
T+ (ARPAV(Ivl).EO,NRD(K)) G0 TO 117 1
116 CONTINUE
GO TO 115
117 NO 118 L=1.NR , -
' IF (ARRAY(I+2) .EQ,NRDIL)) GO TO 119 S i » -
118 CONTINUE e
GO TO 115
119 DO 129 J=),NZ T T oo oo T o T T o
120 7(KsLoeJ)=ARRAY (I,J)®25CL () GRAlNC
115 COMTINUE
TD0T2037I=1.NX o o T - T TTTTTTTTTTGEALY
NC 2n4 J=1,NZ GRALYS
IF (NXN(I).EQ.NZM(J)) GO TO 205 GRAI
204 CONTINUE T T ST S T T GRAY Y
PRINT S)s Is NXN(I) GPAYL®

51 FORMAT (//6Xs4HNXMN(9T242H)=3A1032%,14HNOES NOT EXIST) GPAlY-
nNEMD=1 GPAYY-
~0 TO 2p3 GRAYY:

205 TF (MTFX(I,3) ,FQ.MTFX(744)) GO TO 206 rn;'*(

NO:HTI‘A(I, ) o ’ 'AI?(
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MY=MTFX(Y,3) GpPa: ¢
MZ= MTFX(7.4) anﬁj
o . DO 707 \J— s NR o o o . - Gaal )‘
no 203 K=l MR GBzY !
5=0,0 G?b 4 1:
no 239 L=N1sNZ2 L __ _GRA}Y {
2¢9 s=s+th-K,L) -, X T R ERAl
X (JoK ,I)—7<J,K,N0)/S ' . GRaly
MT=MTFX (1,5’ i : . 2 GRA] 1
TIF (X (J9KsT) e€EQaDan) X(JsKe1)=1.0E~10 GRAT 1§
Go To (211,212), M7 GRAL |
211 X(J,K, 1) =ALOG(X(JeKoT)Y GRA ]
212 NXNLT) ENXMLET) , . GPai Y
208 CONTINUE , - GRA: §
207 CONTINUE P e QBﬂ:a
GO Y0 203 GRA
206 DO 213 J=1sNR 6Ra i ]
NGO 213 K=ly,NR _ GR
i TNO=MTFX(I,2) . o o T <1 T
X (JsKe IV =Z(JyK,ND) T RERREE . EE A T
CMTSMTFX(T,5) e PR A DI e e L HIGRA
T IR TUX (9K, 1) S EG. 007 X(J9K91)—1 0z-10 GRA -
Go To (231,232), MT GRA
231 x(J.K,I)szOG(xxJ,K.I)) : GRA "
232 MXN(T)=HXMT) T - ' T T T T T GRA
213 CONTINUE : : g, = b e S Géa
203 C(”\JT'[NUF-' B e wlpe LT oL GRA
TpATA NMCTZT10H T T TA/D /T T G]A
DATA NMD / 10H CCSsT 7/ GR2
no 718 I=1,NR GOA.
RO 71Q J=lyNR 77T T TS T s T e e e T T T T AL
NG 710 K=1,NZ : g R g T, T : AR
710 7101 JsK)I=Z(TrJsK) el T D eBa
’ DO 711 I=1oNYO T T GRA:
DO 712 J=1,NZ GRA -
IF (NYON(1).EQ.NZN(J)) GO 70 713 GPRA:
712 CONTINUE 7~ . oo T ,”“" R R, o o i P b
PRINT 53, I» NYONI(T) ‘ ”1Ar U GRAG .
53 FORMAT (//4A95HNYOM(,12v2H)~vA109?X;14HPPES NOT Exlsr) : "~ GRA
TUTTUNENDE=Y T T T Gar
G0 TO 711 GRA
713 TF (NDT.NE.2) GO T0 124 GRA. .
TTTT PO 125 K=)sMR T T T T ST T e e T _ TTTGRA. .
0O 125 L=1,MNR L EL R R R
§=0.0 GRA .
HL=T ) o e T GRAa
IF (NXN(1).EQ,NMD) ML=n GPAs .
PC 126 M=3,ML GRAA .
“126 S=S+Z (Kb yt1) R WSS EER I S e e e S R
AX (KaL) =5 % . GPASsa
125 7(K,L,3)=5 GPA4A
124 Np=MTEYO(Ty2) — - - - e GOAL4
NT=MTEYO(I,3) iy 0
NZ=MTFYO(]:4) EZ?Z?,
"!T'——'“’?TFYO(I,S) b Gaﬂ'*l)t
DC 714 M=N1,M2 GRALL
NG 714 K=1,MR GPAS4!

S=0.4 SR m e o i
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20 DO 715 L=1,NR GPAS4
32 715 §=S+Z (KybLyM?} GRAS
43 . M6 72K yMy=s ,,”__mw_"rA,w,_mww__~,Gga*j
=3 DO 717 Jd=1sNR GRALA
&5 IF (N1.EQ.,N2) GO Tn 71é GRA4Y
87" s=2,0 L o i GRALY
o DO_718 L=N1sN2 GRALS
i” 718 5=5+Z(Jsl,L) GRASS
%0 YOUI, IV =Z0dstyN0) /s  _GPA4S
33 G0 TO 719 GRALS
{?7 716 YO(Jy1)=Z(Js1sND) GRA44
L 719 IF (YO(UsI)4EQ.0.0) YO(JsT)=1.0E=30 _  _  _ __ ___ GRA4A
L4 60 TO (7205721) oMY SRAGA
lv2 720 YOU(JsI)=ALOG(YO(JsT)) GRAGS
fgl 721 NYON(I)=NyOM(I) GPA44
133 717 CONTIMUE GRA4S
136 DO 722 L=1sNR GRA4A
17 DO 722 M=lyNR . _Goahs
Bl DO 722 M=1,4NZ iy : , e GRA&4]
B! 722 Z(LoMoNI=Z1 (LoMeN) > GRALS
32 711 CONTINUE o e : GRA A
i5 ‘ DO 731 I=1,NYD GRA44
T no 732 J=1,NZ GRA44
+7 IF (NYDN(I)o.EQ.NZN(J)) 60 TO 733 o S GRA4S
'z 732 CONTINUE T T GRAsA
v PRINT 544 T2 NYDMI(T) . , ; 1 GRAsa
£ 54 FQRMAT (//AX.SHNYDN(,I?,ZH) =2A10,2%X,14HNOES NOT EXIST) - GRA4S
04 NEND=1 GRAGS
15 G0 TO 731 ] GRAS:
g 733 IF (NDTeME-2) GO TO 127 S S  GRA4S
s DO 128 K=),NR : GdALs
. no 128 L=1,NR - GPAbA
3 128 7(KsL33)=QX{K,L) S GRALS
t1g" T 127 NO=MTFYD(1,2) 7 T T GRASS|
Fp NI=MTFYDI(I,3) GRA4 4
2 N2=MTFYD(I,4%) GDAGLY
13 MY=MTFYDI(I,5) ~ T oo o TTTGRAGA]
gt N0 734 M=N1,N2 GRAG 4
‘7 DO 734 K=1,.NR ~ L . ‘ GRALA]
0T S=0.0 GRAS4!
1 DO 735 L=1sNR GPALAY
13 735 S=S+Z(LsK3M) e GPAS 4
M4 T T34 Z0) 4 KgMy=g T T T T T : GRAS
5 nO 737 J=1,MNR : GRALS
"7 IF (N1.EQ,N2) GO Tn 734 e GRALAT
ia : §=8%.0" ~ T T T GRAL Y
ke DO 738 L=N1,N2 GRA4 4
403 738 $=5+2(15J,L) _ GPRAGS
T N o WO B ) T A 5 I 1 T 3 2 - F Y
it 3 GO TO 739 , GRALSH
¥4 736 YD(Js1)=7Z(19JsND) GRAALY
W4 o 739 IF (YDUJSI)WEQ,050) YD(JsT)=1,06-10" ~—~ — o GAALh
i, GO TO (T40,741), MT GRAL4
iy * 760 YD(JsI)=ALOG(YD(JrT)) GRALL
i 741 NYDMN(I)=NYDMIOT) 7 GRA4s
o, 737 CONTINUE ‘ CRASLL
his - DO 742 L=1,NR 693471
6 DO 742 M=1,4NR T T GRALL”
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DO 742 N=1,MZ Go
742 Z(LaMyM)=Z1 (LyaMyN) Gr
731 CONTINUt i GR
T 1F {NDT.EQ.2) G0 Tn 129 Ga-
DN 272 I=1.NZ GH -
1F (NDVNLEQ.MZN(I)) GO TO 29l L GRA
272 CONTINUE ' oh -
PRINT 55, NDVN _
55 FORMAT (//4X>5HDEP VAR =9A10»22214HDOES NOT FXIST) . g
1=\ B A B ¢
IF (NENDL.EGs)) GO TO 1000
291 NO 273 K=1,NR I _GRs -
Do 273 L=1.NR 6B
273 OX(KeL)Y=Z Kol 1) GR.:
129 no 274 K=1,NR G2
S=040 GR.: -
D0 275 L=1,NR GP -
275 S=5+QX (KoL) _7 S - R L.
274 QO(K)=S ) - -
No 276 L=1,NR <LE
S= ﬂ n T S R o G?é
“pn 277 K=1,Np GRA
277 S= S*OX‘K»L) GRx
276 antL)=S ) - o GRs
o IF IND2.NE.1) GO T0 408 T T R U T i ¢ 7
PRINT 10 TR S Tl e e SR R T
DO 407 I=1sNX - B _Gpo
T PRINT 28s I (JsJ=14NR) Gr:
28 FORMAT (//4Xy2HX (sT151H)/9X,10(8Xa1H(»T2s1H)) /9X,10(a%s1H(51251H)) G2
Ry Gpa
DO 408 J=1,NR — T TT o . Y - P,
408 PRINT 29» Js (X (JsKsI)eK=1,NR) . e
29 FORMAT  (/5X31H{,12,1H)410F12.4/9%X,10E17,4) . GR A
40T CONTINUE GR
PRINT 305 (JyJ=1,4N G-
30 FCRMAT (///4X,5X,1n(ﬁn,3HYO(,I?'lH))/9X.10(6X 3HY0(,12.1H))/4X) 6o,
DO 409 I=1,NYC T o T : . “GR 2
4G9 PRINT 295 Is (YO(J5I) e =1,NR) : A
PRINT 31, (Jsd=1,0R) o R © o GRA
T 31 FORMAT (//74X95X5y1n (EX ,3HYn(*I?,lH))/QX?Tﬁ75x.3HYDf“I£;1HT1/KX) GR A
DO 419 _I=1>NYD 6P
410 PRINT 295 Is(¥YD(JsT),yJ= 19M9) GR ..
406 PRINT 1p— — — ST e s o T GE
PRINT 32, (I,I1=1,NR) W
32 FORMAT (4x.4Hax —//9X910‘8X91H(91291H))/9X¢10(8X,1Hf912»1H))) Go
T 7 Do 411 I=THNR - T ' B GaL
411 PRINT 33, Is(GX(Is.1)gd=1aNR) GRA®
33 FORMAT (/5A,1H(912,1H),10F32.5/9X,10F1? 51 GRA™
7 PRINT 3%y (I3I=1,NR)Y 777 T o - TTGRAT
34 FORMAT (///5X,4HQ0 ~,10(8X¢1H(;IZ,1H))/QXvIO(SleH(91291H))) GRAZ-
PRINT 355 (QO(I)»>I=14NR) GRATS
35 FORMAT (/9% 10F12+5/9%X,10F12.5) o o GRA3
PRINT 36, (I,1=1,NR) GRAZF
36 FORMAT (///5X,4H0D —,]n(ﬂX;lH(;I?,lH))/QXelﬁ(BX;lH(yI?elH))) GPA7E
| PRINT 35, (OD(I)sI=15NR) ST GRA3E
KTN=0 et
1701 DO 289 I=).NX GRAD:
289 8X(I)=9.0 » e s e A

-117- . U
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MSTP=§ Gpim“r
IF (KTN,EQ.1) GO Tn 281 GPA?jn
- 0C 282 I=1.NYO e B GQAggy
NYN{T)SNYONIT) G2A23n
282 cY(I)=0.0 Gpapgi
nO 223 J=)s.NR , e GDA?‘;':]
DO 283 K=1,NYQ (‘ngz‘w
283 Y (JyK)=YO(JK) GBA?jd
. NY=NYC . . e (3_9)23&1
IF (IXl.EQ, 1) GO TO 1003 GRA?3A

GO Tn 284

281 hN 285 I=),.NYD _
NYMCT) =NYDM(T)
285 CY(I)=0.9
DO 286 JZ1,.NR

S=QD (J)
AD (Y)Y =00t
aatJ) =5 - s S - S
 no 286 K=1,NYD
286 Y(JaKI=YD(Jr9K)
~ NY=NYD e . ;
DO 289 M=1,NX GQA?47
po 70l I=1,NR GRA245
N=I+1 e GRAD?4q
" TIF (NJGTWNR) GO TO TD1 o . . | GRA2Sp
DO 702 J=NsNR . . , . 6PRA25Y
o S=XATIadoM)y L o . E, GRAZ52
X(TyJeM)=X(JsTsM) GPRA253
702 X(JsIsM)=S GRA25%
701 CONTIMUE e o T <1 Y1 -
289 CONTINUE ‘ - GRA25<
DO 297 I=1,NR GRA2S=
N=T+1 o - L - GRAZ5;
" IF (NeGT.NR) GO TO 299 GRAZ5=!
Ng 703 J=NsNR Gpn?sw
S=AXtIsd) S GRAPES
AX{I.J)=0X(JdsTy T T E i Aeo;?sJ
703 NX(Jy1)=S 3 GRAZSS
290 CONTINUE B , A . GRA2S=
T IF (IX.EQL.1) GO TO 1003 GRAZSS
284 MUL=1 _
561 CALL ESTIM (NXsNYsND,MSTP,MODsINIT,B0,RT,B2,RZ9FGO>FGLsFG2,FG3, GRAZ5A
1FGZ9yFHO9FHYFH2,FHV>NIRS»5455L X, MX;rLOszoN‘(N'rNYN’NR’NUl,NU9) T GRAZST
IF (MSTP.EG.1) GO TO 1400 - GRA25T7
N2=ND#ND GRADS7!
1003 CALL RESULT (NXyNY, NDyNSTPoNODaINITaN?a”OaBIaFGO;FGl,FHI’rHE;FHVs TTGRADSA
1L XoMX 3 SEeTVeFLOsKTN YT 9 NXMaNYNsNRyNUL s N2 9 IX) GRAZ59
IF (MSTPL,EQ.1) GO TO 1000 GRA259
IF (KTNW.EQ.O) GO To 1gn2 ~~ ~— 7 . GRAZ60
IF (NRO.NE.1) GO Tn 1000 GRAZ5"
IF (NIT.EQ.0) GO Tn 1709 GRAZAT
CIF (IX.EAVI) GO TO 199 T T oo o : - GRAZAL
READ 1y NP, (NRD(I),I=14NR) rpA?an
READ 29 NDVNys (NXNIT) T=1aNX) s (NYOM(TI)2T=15NY0) » (NYDN(I)a1=14sNYD) GRAZAT|
TX=1 T GRaA2AYl
GO 70 4n1 GOAZAY
1002 KTN=1 GRA2A™

G0 TC 1001 T gRARAY

i
{
|
i
{
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1080 STOP GRa
END o GRA
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SUBRCUTINE ESTIM (NX,NYsNDyMSTPsNODsINIT+BO5R1,A2,BZsFG0rFG157G2>» ETMDY)
IFGBorGZ,FHQ-FHl,FH?pFH/y01959S+S,LX,HX;fLOeWTaNXVqNYNvNR,NUI9NU21_Niigﬂﬁ
 NIMEN3ION y-;;".”lU),nﬁ {101582¢10)¢BZ110),Fa0{10),762¢10)+FG2t10), E‘FNQ"_J?
1563 (10) ,FGZ(10) ,FHO(10,10),FH1 (10,10),512(10,10),FHY (10,10), ETMOD
2DTRS(10)554S(10) sLX(10) sMX(10) sHWT (14) 4NXN(5) JNYN(10) ETMON

~128- B

COMMON /AAL/ X(1491455)5Y(24910) sP(14014) QX (14+1%) »0D(14)5Q0(14) 5 Granl
1R2(1N) s FHXLI051D) 5Y0(14510) 3 YD (14,419) |
FOMMON /AA2/ AR(190)»STR{4) W NAX(14518) sNGD(14) oOXPl1as14)s 0
1NGXP (14,14) »NQOP (14) \NODP (15) 9NG0 (14) 5NOXPL (14,14) »BT1(10),8T2(10) GRAD H

COMMON /AA3/ BX(5),CY(10) XM (14,5) YM(14,10) 4 XXM(14+5+5) 9XYM(14,5 Gpﬂn'
1910) 5YYM(14410010)sDAP(14414)9NNP(14) 4NXM(14,14,5) sDYM(14514510) 9 ¢ GEAQ1

205X (1435) sDSY (14510) o NDYW GRPAD]
pRINT 10 ;
10 FORMAT (#1%94X%,17H1 06 0OF ITERATIONS) - , g
18=0 .
NQ=9 ETMO]
N=0 e e ETMNL
T DO 287 I=1,NX » TETMOT
M=N+1 ETMOY
287 ROIN)=BX(1) e . _ETMBl]
T po 288 I=1,NY ETMOY.
N=N+1 ETMOY
288 B0 (N)=CY(T) B o L ETMQ)!
TOUINIT=DS TR TR T ' T ETMO2
591 NG=) ' ' - ETMn2|
ND=NX->NY L 7 ] _ ETMN2.
T N2 =NDRND ETMO?]
5=1 FTH02
A1 . o [ . . ETM02.
NAP=n ' o
CALL GRVMND (LNIvaGyN#;NXvNYaND NR2BNFLOIFGOaFHD»WTaNUTLINUD) ETMN2
FSUM=FLD o - L
T IC:O_“W'—” T T
DO 301 I=4,NR
1c=1c+1 ~ T e
IF (IC.GT.ND) GO Tn 305
301 X(Js1s5)=80(IC) ) B
T 30D §=0,60
C PUT NAP=1 HERE,
IF (NAP NE,1) GO Tn 201
NO 202 I=)14ND o T - o
na 202 J=) s ND
IF (1.NE,.J) FHO(I,U) =0, 0
IF (1.E0.J) FHO(IS N =1,0/FHO0(I,0y  —~ ~— 7 T T —
202 CONTINUE
GO TG 29)
201 S=0.0 o T o T T T —
CALL MINV (FHOsND2NsLXsMXaN2) F,H{)?:
IF (D.NE.3) GO TO 291 FTM02
PRINT B 7' 7 7 T T T T e e e s,
8 FORMAT (//4X344HHESSTAN SINGULAR AT INMTTIAL PARAMETER VALUES) FTMOP1
291 NC 451 J:I’ND E'}l\‘aql
. no 401 I=1,ND S T ETMDT
£0) FHY{I+J)=FHO(1.J) ETMDY]
MOD=1 ESTN
MOD=2 = 2 e



TOIVUNTUIUIT VIR 32 15
PWN=~ 2N W ! w

o 121~ i

PUT #MOND=2% HERE, L

INTT=1 EST™
o tcoNv=y S _ESTa -

ITR=2 l:‘an 7

NQ= 6 Fg:ﬂ“

JK=0 o o I Fsrnv

J5=0 ) ESTa?

JT=0 ESTA2
 GM=0.0 ESTOZ

NU2=0

FLMX=FLO o

JITR=ITR+1 e EST0?

1F (FLMX.EQ.FLD) 60 TO 121

MNUZ=D

FILMX=FLQ o

GO TO 122

NUZ=NU2+1

122

1

-
o

IF (NU2.LE.3) GO To 127

"PRINT 49 ITR

NOD=4
G0 TO 497

$=0.0

FORMAT (///4%321HSUMMARY OF ITERATIONS)
FORMAT (//4X,4X926HCONVERGENCE ACHIEVED AFTER;ISr13H

T15X930HRONT MEANT SQUARE OF GRADIENT =,F15,7)

ITERATIONS.9 ESTh .

3 FORMAT (//8X,STHTERMINATION DUE TO UNDFDFLON IN CALCULATION OF LIK E§|<

T4
1993

30:
304

614

610

611

CIF (JKa.EQ.1) GO TO 810

15LIHO0D) i V-:EQT(
FORWAT"17/8X927HCONVEHGENCF NOT_ACHIFVFH IN915912H ITERATIONS) EQTﬂf
JK=0 EQT*
MND=2 ) EsT"
CALLL NLMAXH (ND2sITR»ICONVINRINXINY»MSTPeINITNH»FLLO03R0YBY»B2+RBZs T,
1FGO,FGI$FGZ»FG3’FG7,rH]9FH29FHV!D7959=4:9LX9MX7JK1JSQJTvGM9NODDWTt FT“
2NAPSNUL,NU2) EST
IF (FLO LE,FSUMY G0 70 304 T T -

1€=9

N0 305 I=4,NR

DO 305 J=15NR
1C=1C+1 )
IF (ICsGT.ND) GO To 3pa

XS 195V =BRCIC)
5=9.,0
IF (JS.FR.1) GO TO 6193

IF (ITR.LF.19) GO TO 614

PUT =IF (ITR-LE-**) GO TO 614% HFRE.

NOD=4" T T T
GN TO 6190
IF (JT.NE.1) GO TO S)g

IF (JS»FQ,.1) GO TO 611

IF (JK'EOCI) GO TO 612 EQTO?
IF (MODHSEQe4) GO TR 13 —~ 7 T ez e e F<7h4
PRINT 25 ITR,GM FSTG4
G0 TO 407 EST4.
PRTNT 6 - ’”"'"“"”EQTWA
FORMAT (//4X943HTERMINATION DUE TO ABSENCE OF MAXIMUM POINT) FSTHe
MSTP=1 ESTO::
GO TO 407 e e

TPRINT 1 TTTT T T s e

TTESTH-



-122-
612 PRINT 5, ITR

ESThac

X ‘ E Iz TY HESSIAN MATRIX A ESTas/
5 FORMAT (//4%X63HTERMINATION DUE TO SINGULARI _?fﬁﬁ_ ”._-—4d____w_mE$Ihij

1T ITERATION NUMSER, I5)._.
T omsTPEL

GO TO 407
613 PRINT 4, ITR

P

ET"{! i
EST05-
e ST 5

V ) 3 e E5T05£
407 RETURN ESTA5S
END



=] 23=
SUAROUTINE GRVMOD (IMIToNGsNHyNXaNYoNDsNR3A2SUMFGeFHWTsNU1HNU2) Curi

) DIMENSION ACLO)»FGILIQ) +FHIID210) 1WT(14) . ] BMD I
3 C COMMON 7AALS XR14s5i4, 5)11(las»f,tU)H—'\lqvi-’s)iﬂ‘i(lé'fltﬁa’j(i 41 560014) GQA"E«
21 cowMON /Ap3/ BX(G)-CY(TO)oXM(14’5)~YM(14910)yXXN(14'§95)aaYV(I495 GDﬁQ
1,10) 9YYM(14410510),DQP(14514)9D0P(14)5NUM(14,1445) 9DYM(14914910)0 GQAOT
2DSX(1455) 5DSY (14410) gNDYW GRA N
2] IF (INIT.EQ.0) GO YO 25y . _ E061
32 N=n GMD R |
23 DN 190 I=1,NX GMDP'
Ja M=N+1 e - e cup_n
26 190 BX{IV=A(M) ‘ GMD A |
313 DO 191 I=1,4NY GHD R
4 N=N=+1 o GMN B
16 191 cY(I)=A{M) GMDq
53 251 no 2(_)1 IT=14NR GMD O
4G no 2p2 J=1,NR e S , GMN ]
s%& 52040 3 * ' L aMpe
47 DO 203 K=1,NX : - . GMDr
51 203 S=5+X(IyJsK)*BX (K). R . GME
24 T=0.0 GMD
85 Nno 2n4 K=1,NY GMD
Gy 204 T=T+Y(IaK)¥*CY(K) GMD Y |
77 T P(I =Sy T T T T R, L. IOy T T M
04 202 CONTTNUE =T : _ : s Lk
6 201 CONTINUE DT : o B e s s Y Gngéi
1e PMAX=P(1,1) GMDD
11 PMIN=P (1,1) GMD 0
12 DO 101 T=1,NR e - - __GMDA-
14 DN 191 JSYI,NR T o : : eMnn
15 IF (D(I.J).LE PMAX) GO TO 101 .o . GMDo-
2 pPMAR=P(I,y) . . - i N » GH{}'!’)_’."
24 1ol CONTINUE GMD D
31 DO 3192 I=1,NR GMDO"
32 no 1e2 J=1,NR S o GMD O
33 I (P{TsJ) .GE,PMINY GG TO 1n2 T PR 1T I
40 PMIN=P(TsJ) I ' L me L R R aMI -
42 102 CONTINUE R : R e R L oy S S
87 T T pUSABSIPMAXY T T T T GYO0-
= PL=ABS{PMIN) GMD Q-
=3 T==PMIN GMD O
34 . TUIF {PUSGELPL) T==PMAX T T T = — —GNDR:
37 DO 103 I=1,NR o © GMDD-
51 DO 1n3 U=1,NR . BupAS
22 S=P (T Jysy =~ T 7T T T T T e GMDD2
& 103 P{I,J)=EXP(S) GMN Y3
05 No 205 J= 1oNR GMD 2
e £=0g8 -~ T T TS em s mmnmsmn o e GML03
ny _ DO 206 I=15NR GMD 3
1 208 $=S+P (1) GMp 03
1 ““ B ZEFCIR] SR e cmammmey v mameeemsm smes e s e GO
22 207 PUI,J)=P(I1,J)/5 GME D
37 205 CONTINUE GMD D3
14 N0 208 K=1,NX ) e Uty
15 DO 209 J=1,NR GunY*
25 S=0.0 GMDDY
17 DO 210 L=1,NR B 19T, -



210
209
208
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et
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214
213

221
220
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-124- : .
S=S+P (LsJ) #X (L sJrK) GMN A7
XM{deK) =S GMDOs
CONTINUE I S -.GMDAA
N 211 K=1.NMY GHDQé
NO 211 J=1,NR GMN04
S:O.ﬁ ~ _-_@_’iQQi
DO 212 L=1,NR GMDns
S=S+P({LyJ)#Y (LK) GMDD4
YMUdyK)=S e ~ _ GMROs
PO 213 K=1,NX GMD N4
NO 213 L=1,NX GMDO4
N 213 J=1,NR S _GMNNS
$=0.0 GMD 05
no 214 I=1,NR 6GMN05
S=S+P(IaJ) v A(ToJeKI®X(TyJsL) GMDDS
XXM (JsKolL) =S GMD@S
DO 215 K=1,NX GMNNS
PO 215 L=yeNY e . . GMDO5S
DO 215 J=1,NR GMD05
S=0a0 GMD %
DO 216 I=1,NR R 1.2 12 L 1
S=S+P(TsJ)¥X(IsJeKI*Y(ToL) GMNO0g
XYM (JaKsL)=S GMN 08
no 217 K=1,NY . GMD 0%
PO 217 L=),NY S GMRD&
DO 217 J=1,NR GMDO%
S=0.0 ) o e o ___ GMDnbs
DO 218 I=1,NR GMDD A1
S=S+P (I2J)#Y (1K) *Y(TsL) GMDOA
YYM(JoKaL) =5 GMDOg
DO 219 I=1,NR T T - T T T GMDO A
no 219 J=1,NR GMNO7
nOP(IaJ)~OX(TaJ)/ﬂn(J)~P(I9J) S ) _ __ _GMDoY?
PO 220 I=1,MNR GMDO77
S=0.0 GMDA7
no 221 J=1sNR S GMD (74
S=5+P (I, ¥AD(Y) ~— i T GMDO07S
NOP(I)=0Q0(I) -5 : GMD A7
GO TO (1901,1002,1403), Nyl GMA0D]
5= 0’0 - B 007
NO 391 I=1,NR 00]
D0 301 J=1,NR nn.
T=100,07Q%X(I5J) T e o - ) TGuMIn
IF (QX{T4J) eLEelDen) T=100.0 G 30
IF (NDW.EQ.0) T=1l.n G 13p
S=SH{DATCTy Sy #up)» 7~ T T - TG T34
SUM==-5 00;
IF (NG»EQ.g) GO TO 245 00"
DO 302 K=)YsNX ~T o T T T T o
no 302 J=1,NR 0n-
no 322 1=1,NR 01
DXMAT s JrKY=XCTTUeKY=XM(UsKY ~ 7 777 77 T e e 01"
DO 383 K=1,NY A
N 373 I=1,4NR Nl
NO 303 J=1,NR _ 51,
DYM{TsJeaK)=Y (T oK) =YMEJaK) 5@
pn 324 K=1,NX 0y,



N LW PP W N D )

55

T IF (X (I, LLELJIDL D) TTEI00.0 T T T

310 FHIKyNX+D) ==2,0%(51=82) "~

S 312 FHINA+JS L) =FHUILNXFYY

_ . -125- e
DO 3p5 T=1,NR
DN 305 J=13NMR
T=100,0/0%X (1) L

i

15 0R{1s0) cLE.19:3) T=185.5

IF (NDWLEQLC) T=1.n
305 5=S+DAP(I+J) #*P (T o J)#DAMITI»JpK) #T

-

304 pGiK)=2,085
no “oo x=1,NY

gaki, _
Do 357 I=1,NR

Do 397 J=1,NR
T=100 O/Q~(I9J)

K53 (OX(I;J).LE 10,0y 7=100,0"

1F (NDW.,EQ.O0) T=1,0
307 S=S5+DOP (T J)#P(T9J)#DYMIT o JoK)*T
308 FG(NX*K)=2.U*S

TF (NH.E0,0) GO TO 245

N0 308 K=1.NX

[o X0 X ko)

PO 303 L=1,NX
S1=0,0
S2=0,9

DO 309 I=1;NR
NO 309 J=1,NR
T=100,6/0%(1.J)

IF (NDW,.EQ.0) T=1.n
S1=S1+(PIaJ)##2)BnXMT, s K)#DXM(T 50, ) #T

309 §7=52+DAP(TsJ)*P(I4J)* (DX M(ItJaF)*DXH(I;J»L’+XM{J9K)*XM(J’L)-
IXXMCJaKolL)) =T

308 FHIKsL)==2.0%(S1-52)
DO 319 K=1,Nx
DO 310 L=1,NY
S1=2.0

DO

GO 0 W DIDIDIDIIIIDIDW W W DD IS

(9 N0

- - e e e e e W

S2=0.0
DO 311 J=1,NR
npn 311 I=1,NR

T=130,0/QX(T,0) " T
IF (OX(TsJ)eLE.10-0) T=100,0
TF (NDW.FQ,0) T=1.4

- S1=S1+(P(T,J) %D )*DXH(IvJvK)“DYM(IaJaL)%T
311 S§2=S2+D0P(IsJ)#P(I,J)#(DXM(IoJoK)¥DYMIToJdol) ¢ XM (JoK) BYMIJsL) =
IXYM(JeKobl) ) #T

mammbq

DO 312 I=1,NX
NO 312 J=1,NY

DO 313 K=1,NY
DC 313 L= lvNY

s1=0. 0
S2=0.¢
ND 314 J=),NR

no §i4 T=1..NR Tt o e e
T=100.0/0X(15J)

IF (AX (19 J) oLE,1Dan) T=100.0

TF (MDY,.EQ.D) T=1an
SI=ST+(PUIIod)#22)¥nYMUT,JaK) *DYMLY s o) »T

314 &2= 32+DQP(J9J)“P(qu)*(OYM(IoJaK)¢DYV(ToJaL)*YM(J;K)*YM(JsL)*

1YYMig,Keby

OO

T 7
W W NW W DD DIT DI DD DI

i

it 1y Fguny wel

s

A

- - G___~
G =&
- 7
G 3]

- G _ 3

W A h IS Th YR

e O I & R R
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252

223

225
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FHINX+KyNX+L)==2,05(51-52) 051
GO TQ 245 LY
S20eD. DA
T=050 GMDN78
NG 252 1=1sNR GrMOA7Y
S=S+(DOP (1) ##2) »WT(I) N B ruroqn
NO 252 .J=1,NR GMP AR
T=T+DQPI{T, ) 2 GMD A2
msUM—-(T+S) o R B o PMOQR}
IF (NG.EQ,0) GO TO 245 GMDA R4
No 222 K=1,NX GMDNAs
DO 222 J=1,NR - B o GMDNAaA
Ng 222 I=1,3NR G”DQ&%
PAM(TaJdsK) =X (T o dyK)=XMNLJsK) GMDORA
DO 223 K=1,NY GMDNRA
DO 223 I=1,NR GMD090
DO 223 J=1,NR GMDN91
DYM(IanK)=Y(IaK)“Yﬂ(goKl___ B B ) o ___v__mgﬂgp97
nNC 224 K=1,Nx GMDNa3
S=0+D GMD 94
DO 225 I=1,NR _m o o B GMBI95
DO 225 J=1,NR GMN 094
5=5+DAP (1,J) #P (1,J) *DxM (1, J, Ky GMD2397
T=0sD - GMDN9A
DO 226 I=1sNR ~ RS, e T4 -fGHnnoq
U=0,0 © GMPYDA
No 227 J=1,NR 4 - _ o L GMD18Y
UsU+aD (D) #p Ty P enxM T, oK) GMD10?
DSX(I.K)=U GMD103
T=T+WT(I)#DOP (1) *U L i GMDYn4
FG(Ky=2.,0%(5+T) 77 ) R N < L S L
DO 228 K=1,NY GMD] A4
S=n.0 e GMD167
DO 229 I=1LNR GMDI0A
0 229 J=1.NR GMpl0a
=S+DGP (1, )*P(Ivd)*DYM(IoJ K) GMD110
T D.0 I TN N R T A I e ”Gﬁﬁjii
DC 230 I=1,NR GMD117
U=0.0 GMN1 1)
NO 231 U=1+NR GMD114
U=U+QD (J) #P (T 5 J) #DYM (T yJsK) GMD11E
DSY(I,K)=y GMD11+4
T=T+WT{D)»poPID)y»y——— " T cngl,v
FGINX+K)=2.0#(S5+T) : k UPUIIF
NA=1 GMBl1c
CIF UINHL.EQGS0) GOTO 235 R GMDT27
DO 232 K=1,NX GMN1?1Y
DO 232 L=1,NX GMD127
] I e "1 7
S2=0,D GMD1 P4
DO 233 I=1,NR GMDY 2
NO 233 J=lgNR™ T o o T B e — GNp1 2.
S1=S)+(P(1,J)#82)*NAM(T9JsK) #DXM (T sL) GMD127
233 §2=S2+DOP(TeJ) 2P (T, ) #({DXM(IsJoK)#DEM(ToJdoL) + XM (JeK) XM (Jsl) = GMD1
IXXM(JoK L)) "~ eupioc
S1=2.0%{S1-S2) GMDTBF
53=0,0 GMD1 3
S4=0,.0 uny



-127- L o

DO 234 I=1,NR GMD

§3=53+WT (1) #DSX (I9K) BDSX{TaL) G~n

- 65=0.0 e R L : Gur
no 235 J=1,MR , GHy -
235 $5=255+AD Y ¥ {P{T, I #nAMIT o, K) #DXHTT s Joi ) «P T S #IXMITsKIBRAMIJrLi ~ GMO
IXXMOdsKs1))) o , N [ € 1. |
234 S4=54+WT(1)*DOP (1) #S5 GMpl
232 FHIK,L)==51-2,0%(53-54) : , G¥pl
no 236 K=1,NX GMR L
Do 7236 L=1,NY GMD}

S1=0.§ GuD1

T s2=0.0. L I GMNY

no 237 J=1,NR S GMDY
No 237 I=1,NR GMn -
51=51+(P(1,J)#32)B#DXM{TeJsK) ¥DYM(TsJsL) . GuR

237 §2=52+DAP(I>J) 4P (T9J) ® (DXM(T2JdsK) 2DYM(Todsl) ¢ XM(JoK) HYM(Jol) = GMP
IXYM{JaKsL)) GMD

33 D o 0____" e i . BMr

S4=0,0 - S ‘ . a o R A e o < L1

DO 238 I=1,NR : S T Ve e R el T ¢

i S7*53+HT(I)*DSX(IaK)*DQY(I:L) oy : W7l GME

S5=0.0 GMD

PO 239 J=1,NR GNp -

239 S5 S%*QD(J)*P‘IvJ’*(DXM(I,Jo )*DYM(iyJoL)*XM‘JyK)*YM(J,L)—XYM(J,K, GMN

i . . . Lo L Gmr

238 S4=S546+WTII)*DOP(I)#S5 2 e me S M

236 FHIK)NA+L)=-2, N®(S51=52+53-54) : 8 8 e ST gl

T ‘no 240 1= I,MX“”‘ i

240 FH(INRA +JvI) FH(I;NA#J) e GMr

DO 241 K=1-MNY L A N T H

N0 241 L=1,NY . vy 1L T Gui

- Sls= D 0 o , L . 1 B LGN

S$2=0.0 GMn

DO 242 I=1,NR L Sl

sl= 51*‘P(IsJ)**2)*DYM(T9J’K)*DYM(IoJ,Li ) o T M

242 §2= S’#DQP(IoJ)*P(I;J)*!DYM(I,JyK)*DYH(TvaL)*YM(J;K)*YM(J;L)*YYM(J Gur

, L 1sKebyy o , o ‘ L gMp
"07 53=GDO GMN
,‘50 S4=0, D GMD
121 Nno 243 I=1,NR GMD
=2 T S3=53+WTATI*DSY(IsK)I#OSY(TsL) oo . N TV 4
53 85=0.0 ) ok § O e gMp
YA NO 244 J=1,NR : L GMOY
A5 T Pas S§5=S5+QDTU)FP (T d) »(nYM( T J,K)»QY M(I,J»L)*YM(J,K)*YH(JsE)JYYMtJTK, GO
f L *GMD Y
‘36 243 S4=SA4+WT(I)®DCP(T)»S5 GMDY
47 77T 241 FHINA+KeNX+L) ==2,0#(51552383=84) T T — - =TT Gan Y
85 60 TQ 245 - . M-
55 1(’63 5=0.0 5
E 245 RETURN T T T e e e = GG T
27 FAD 6GMn3
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=0
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SUBROUTINE MINV (AHyNsDsLostyN2) INvVar
DIMENSION AH'10,10),L¢70) ,M(10) . I e INVAR
CAMMON ZAA2/ Atl102) TNYaa
K=0 INVNA

DO 27) T=1.N o o . ~ o _INVAR

po 201 J=l,Nn 1avan
K=Ks1 INvV O 0
20 A‘K’*AH(J)L e - o - !Nvog
D=1.0 INVOO
NK==N INVOO
DO 80 K=le,N i . e _INVDY
 NK=NK+N O 1wvm

L (K) =K INVD]
M(K) =K INVDI
KK=NK +K INVOelY
RIGA=A (KK) Inyn}

DO 20 J=KsoN S - _Inwval
IZ=N»(J=1) ruvo)

00 20 I=K,N IMVal
17*1 e - e INVn!

s ABS(A(IJ)) INVOI
T=A8S(BIGA) INVO1

10 IF (T=S) 15+20,2) ) o i INVD2
15 RIGA=A(IJ) INV02
LK) =1 INVO2
MiK) =J - o i INYO2

T 20 CONTINUE IE
J=L (x) INVD?

IF (J=K) 351535.25 ) o CINVO2

25 KI=X=N S INVA2
N0 30 I=1,N 1NvA?2
KI=KI+N e S 1Nva2

T HOLD=<A(KI) T INVD3
JI=KI=K+J INVO03
A(KI)=A(JT) ) S xgyna
T30 A(JI)=HOLD® Tt T - S INVe3
35 1=M(K) INV03
IF (I-K) 45945,38 1NVYD3
JP=N#»(1=1) INVD3

DO 4n J=1,N INVe3
JK=NK+J S - NVl

BN ENI-TN A - }_:NVnﬁ
HOLD==A (JK) INVO4
ACJKY=A(JT) o - INVOS

40 A(JI)=HOLD N T AV
T=ABS(BIGA) INVO4

45 IF (T=1.0E=20) 46,4654A e . INVO4
T46 D=n.3 T T T T TNV D4
RETURN NV

48 DN 55 I=1,N e INVQ6
IF (I-K)Y '503,55,5p I IV

S0 TK=NK+I TNVO4
ACIK)=ALIK)/(-RIGA) INVO4

55 CONTINUE BEVLE
DO 55 I=1,N INVQE
TK=NK+ 1 WQULE
HOLD = A(IK) TINVAE
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1J=1-N INVY
DC 65 J=1,N NV,
) IJ =TJd*«N TNVf
IF 1=K} $996%559 Lk
60 IF (J=K) 62165952 INV{
62 KJ=1J-1+K o S 1,11
© A(TJ) =HOLD*A(KJ) «A (1) MV
65 CONTINUE Iave
; L e S S, . INWE
no 75 J=1sN INVY
KJ=KJ+N EvE
IF (J=K) 70975970 B [ 411}
70 ASKJY=A(KJ) /BIGA INVe
75 CONTINUE TNV
D:D"’BIGA !NV.
~ A(KK)=1,0/BIGA TNy
80 CONTINUZ Iy
K=N S - o __INVh
TT100 K=tK-1)T _ 1NV
_IF (K) 1501535105 INVe
105 1= (K) e - TNVO
U7 OUIF tI-K) 1295125,108 INVE
108 Jo=N#{K=1) INVe
JR=N#(I1-1) TN
T pl TIE LT L A Em s ok NV
JK=J0+J 1NV
HOLD=A {JX) - TNV
T JI=JRred T INV
ACUKY==A{JI) igs_\/
110 A(JI)=HOLD Ny
120 J=M(K) T T T TR LT T TR R
IF (J=K) 100,100,125 TAL
125 KI=K-N e 1y
© N0 139 I=1.N T T 1N
KIZKT+N I~
HOLD = A(KI) I
TOJIERI=Key T T T T e e e TN
COA(KI) ==AJT) i TN
130 A(JI)=HOLD T
TGO TOTID0 T ™
15¢ K=0 IN-
NO 202 1=1sN N
ST DD 2027 0=l,N e e o 1V
K=K oy
202 AHUJ, 1) =A LK) Y
T RETURN T T T e e e e N T i"N‘(,‘ :
END INVI
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_ 103

607
104

602

2

603
5

604
601

120
119
319

123
122
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SUBROUTINE RESULT (NXeNYsNDyMSTPsNOD»TNYT9N2,BDsR1sFG0»FG1>FHYoFH2 RLTON'

1oFHV )LX’MX’SE"TVQFl QoKTNsWT o NXNINYNsNRaNUTINU2 5 I X) N & L,_Q_Oz
DIMENSION 80(10)y81(10)9FGO(10)vFGI(lo).FHl(lo,lo)’FHZ(IO'IO)a RLTOD"
U"HV(IO’ i0)sLAL1O) wMA{10) 9SF(LG) 5 lV('i(J) JHETHISY s NANIS) yNYNILO) "L?u?

COMMON ZAALY X(1437455)9Y(14910)9P(14514) 90X (146514)90D(14)900(14)s GRADLY
1BRI10) »FHX(10510)9Y0(14510)5,YD(14,10)

COMMON ZAAZ/ AR(10D),STRI4) 3NAX(14,14),8aD(14) ,0%P(14914), GRADT:
INQXP (14514) 5HAOP (14) 4NODP (14) 5NGN(14) oNAXPL (14414) 9BT1(10)+BT2(10) GRADY"

I\\

COMMON /AA3/ BX(5),CY(10)2XM(1445) ,YM(14510) 9 XXM (149595) s XYM (14,5 GéAﬂll
1,10) s YYM(14910,5,10) ,DAP(14414) sDOP(14) 4DXM(14,14,5) ,DYM(14,14410) GQAOI‘

znsxt1425),oSY<14,1o),an N 1-7-Y: A I
IF (NX.EQ,N) GO 70 102
N=0 F‘LTOIF
DO 606 I=1,NX RLTAYLC
N=N+1 RLTO02¢
BX(1)=Bp(N) RLTO21
IF (NY.EQ.0) GO TO 104 e e
DO 607 I=1sNY RLTn2¢
N=Ns1 RLT027
CY(I)=BpiN) _ R RLT02f
IF (NOD.EN,3.0R.NOD.EG.4) GO TO 601 RLTO11
PRINT 1 RLTO1Z
FORMAT c///4x,24HCGNvEpGENrE NOT ACHIEVED) RLTO1:
PRINT 2 RLTOLs
FORMAT (//AX;SQHTHF FDLLOwING ARE THE ESTIMATES OBTAINED BEFORE TE RLYATE
1RMINATION/4X) B o - RLTAlf
" IF (NX.E0.0) GO TO 6n3 RLT017
PRINT 49 ((I9BX(I))sI=T7aNX) RLTO?Z
4 FORMAT (/0XeT(5Xs2HB(51202H)=9F56,3)//9%,7(5X»2HB (512,2H)=9F643)/  RLTO23
14X) oo T . R RLEL
IF (NY.EQ.0) GO T0O 604 RLTH2E
PRINT S ((I2CY(I))sT=7eNY) ) e _ RLTO?C
FORMAT (/9Xs7(5X32HC(5T252H) =9F6.3)//9%XsTISX 2ZHC (9 1252H) =9F643) /7  RLTO3TN
14X) RLTO3Y
GO TO 1000 - S ) o RLT03?
NH=1 RLTN3:
NG=1 RLTO34
D=1.0 RLTO32
" 'N2=ND#ND B - S RLT03¢
INIT=1 RLTO034
IF (IX+EQ.1) GO TO 31§ RLTN 3
NN 119 T=1,ND = "7 T T T T T T T A T3
IF (KTN.EQ.D) GO Tg 12@ RE, TO3:
RT2(I)=By(1) RLTD3¢
"GO0 TOT119TT T o T T RLTOIE
ATI(I)=B4(I) RLTO3¢
CONTINUE . RLTD34
IF (IXeNE,1) GO TO 121 B B [ ’“‘““_“””—RLTHHA
nO 122 I=1,ND RLTA3:
IF (KTM.EQ,D0) GO Tn 123 PLTOY:
8N (Iy=RT2()"~ T T T T s s e —RLTGY
GO TO 122 RLTO3.
RN (I)=BT1(I) RLTQ3:
CONTINUE "RLT03:
S=0.0 RLT0:

121

IF (TXaEQal) INIT:2
CALL GRVMOD {(INITsNGyNHy

NXoNY s NDsNRePOSFIOsFGOsFH2 o WT»NUT »NU2) ~ RLTHA:



4 . 13- s v . g oo g 2]
=3 NnO 5n7 I=1,5ND

50 ne 507 J=1,ND

3} 507 FHV(IsJ)==FH2{1,d) Ty A o o

77 cAllL MINY (EHYSNDsNat XaM%oND)

04 MH=§

ng K0=0 o L o o - o

06 IF (D.NFaN.0) GO TO %0A

12 PRINT 6 :

16 6 FORMAT (BX,7THHESSTAN SINGULAR AT CONVERGENCE, INDICATING THAT THE Ry
1 cowSTRAINTR ARE JUST MET)

16 IF (D.EQR.NL.0) MM=1

24 IF (MM.EQ,1) GO TO 608 o o o

26 60 TG 602

27 608 N1=0 _

a0 S1=0.0 .

31 T=0,0

32 V=D.0 _

23 NG 609 I=1sNR L o

34 N:O :

25 DO 612 J=)sNR

37 ) AmnA(J;I)=OX(J91)*0 s

46 510 N=N+NQX(J,1)

=2 NGD (1) =M

54 DO 611 J=1,NR - B

- g1 =S51+ (Pl IV ENADUIT) =QX (U 1Y) T T o

&6 V=V+(QX(JsT) =P (JsI)#NQN(T) ) 282

76 611 T=T+(QR(J2T) =P (Jy 1) #*NGN(T) I #¥2/(P (U, 1) 2NOD(I)) o

o 0 Nl=plenonr) -

16 609 CONTINUE

70 N=N= 2*NR

22 N1= ST - ) IR

22 S= n 0

23 DO 612 I=1»NR

4 S nl=N1+NOD(T) T T T T T T

26 No 618 J=1,MNR

39 N2=P (JaT)#NGD (1) +9,5

37 - TI=NBX(JaY)=N2 ~~ T T T T T e

46 IF (Tl.LT.0.0) GO TO 618

45 5=5+T1 ~

47 7618 CONTINUE

=2 612 CONTINUE

S4 IF (K0O.EQ,1) GO TO 621

56 ©OPCP=S/NI®*1Q0.Q T s

61 FRM=S1/ (NR*NR) ;

65 PM2R=V/ (NR*NR) - :

71 CT T RMPR=SQRTIAM2R) T T : -

74 SRX2=T

75 U=(NR=1) % (NR=-1)

N1 ST pF=U=ND T R T o e - - - - T

N7 CF=U/DF -

10 SR2=V

12 DO 701 JU=1,NR™ ~— - B

13 NO 701 I=1,MR

14 AXP(I+J) =P (1) #NAN ()

3 7()1 MQXPfIaJ’zt)XF’(IgJ)+0.S TToTTmETTT T

13 DO 702 I=)+NR

14 pl=n

15 MP=0
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N3=9 RLTOT.
DO 703 J=1,NR RLTQT7
MLI=N1+NQXP(I4d) ~ o e PLIOT
M2=N2MNAXP {Us 1) RLTA
N3I=N3+NAX (I J) RITO?
NAOPLT) =NY i .. ____BRiLTa7:
NODP (]I) =N2 RLTna
NAO(T)=N3 RLTOA'
Si=9.0 S R _ _RES3IN
§2= g 0 RFES3m
S3=0.0 RES3Im
no 201 J=1,NR N o B . _ __u_““m-_»_RFimm
T T=NQD (J) ~NQX{dad) RFS3Y"
DQ 202 I=1,NR RES39;
IF (I.EQ.J) GO Tn 202 RES30¢
51=51+(NQXP (T, J)~NaX(T1,J)) RES311
52352+ INOXP (19 J) =NaX (T44) ) #52 RES3]T
93 S3+(T/ (MR- 1)—NQX(I.J))**2 i o ) _ _MRFS?L
CONTINUE RFS3Y.
CONTINUE “ RFS31¢
TRM=S1/ (NR¥NR=-NR) o e RES3)*
'§=52/ (NR*NR=NR) RES3}¢
TRM2=S0QRT(S) PFS31;
S=53/ (NR#»NR~NR) o RESIs
TAM20=SORT(S) 7~ - » RESILe
TR2=1,0-52/S3 RFS321
G0 TO 622 o . RLTOA;
SRX20=T RLTQA"
FRMO=S1/ (NR®*NR) IREGER
RM2RE=V/ (NR¥*NR) RLTO8"
RM2RE=SORT(RM2RO) ~—~ 7 T - TR A B
sR20=V RLT R
IF (KTN.FQ.D) SR21=V L RLTDA"
PCPO=S/NL12#150,0 ~ T RLTOA.
1F (KO.EQ.1) GO TO 623 RLTO8/
IF (MM.EQ.)) GO TO 301
GO TO 624~ 7 T TTITTTITITT T m T e 5 ~ RLTAa!
IF (MM.FE0.1) GO TO 626 RLTQ9"
NO 625 I=1,ND & RLTNG:
gl =000 RLTO9"
DO /25 J=1,D RLT09:
altI)—HI(I)+FH7tI,J)*Frltd) RLT09¢
GO TO 626" : o - "“““”"“‘”“"*”_‘*“—“‘"—“RLTlm
DO 619 I=1sND RLT1A
S=FHV{(I»Y)=CF RETE&
IF {§elTafal) §=2g > ~ = ——-—7—77= == ° T
SE(I)=SQRT(S) RLTTH
V(I)—BO(I)/SL(I) RLT1 0.
s=0,0 - e IR T T e e - - T
DO 620 I=1,ND Rtflm
R1(1)=0,9 RLT10
NH=1 . o T e o RLYTA
NG=1 RLTYD
CALL GRVMOD (INITaNGoNHaNXsNYsNDsNRyBYIsFLIaFGYsFH) sWTaNULsNU2) RLUTT A
CALL MINV (FHY,NDyDs| XyMX,N2) RITY
Ko=1 ‘ RLTTY
GO TO 6783 RT3

PRINT 7 ' T QLTT\
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T FORMAT

=183~

(¥1#23X518HESTIMATINN RESULTS//4%+19HPARAME TER ESTIMATES//
111X+28HYARPTABLE s 7TX9AHVARIABLE 910X 355L0GTIT 27X s AHSTANDARD > 13X 92HT~/

RL. :ll’
Q!Ti

213X,5HNUMBER, 11X,4HNANF96¥,9HESTIMA'Opy‘OX,3HcPROR7oX99HSTATIST{CL_RLL I

34X)
N=10
1F
1F

(NXsEQan) >
(MMaNEL1) GO TO 302

GO TO 627

Do 303 I=1,NX

CON=N+D
PRINT 8»

RLT: 1
RLT 1l
RLY

TaNXN(I) 9RO (N)

GO 1O 306

S=0»7
DO 628 1=

1oMNX

DO 305 T=1>NY - Y

629
25

11
12
13

14

55

101

T

~ PRINT 13,

2Fl5.

M=N+1 _ .

PRINT 8T sNXN(I)sBNIN) 4SE(N) s TV (N)
FORMAT (14X92HB(»12,1H),5X,41054F15,5)
S=0.0

PRINT 9

FORMAT (& #)
IF (NY.EQ.0) Go TO 629
IF (MMWMNE.1) GO TO 304

N=N+1 i '
PRINT 109 IvNYN(I) BO(N) )
S=9.0 .

bo 630 I= lsNY

PRINT YGs TsNYN(I),BOIN)oeSE(N)yTV(N)
EORMAT (11A,3x,2Hct,12.1H>,Sx,Axo.4F1= 3oL I
PCP=10M.0~PCP ek g y
PCPN=100.D-PCPO
PRINT 25
FORMAT ~ <//4x,zaHAuxILIARY STATISTICS/358% ¢ 14HAT CONVERGENCE;IBX;
Y7HAT ZERO/4X)
PRINT 11,FLOsFL]
FORMAT (9X,19HVALUE OF L FUNCTION,7X,F15
PRINT 12,SRX2,SRX20 P i
FORMAT (99X, 19HRESIDUAL CHI-SGUARE,7x,F15.5,5x9F15.5/4x)"'
SR25,SR20 . _
FORMAT (9X.24HSUM NF SNUARED RESIDUALS)2XsF15.5+5X3F15.5/4X)
PRINT 14, DF,0DF
FORMAT™ (9X+ 1BHDEGRFES 0OF FREEOGN 8XsF15.5y" sx,F15.5/4x)‘-
PRINT 15,PCP,PCPD : :
FORMAT (9Xs2THPERCENT FORRFCTLY PREDTCTFG,¢X.F1n.5alox;Flo,5/4x).
IF (SR20.EGaD.0) GN 7O 101 7 -
R2=1,0-5R2/5R20
PRINT 19,R2 _
FORMAT "(9X,Z28HCOEFFICIENT OF DETERMINATION»23X,F15,574X) T
PRINT 53, FRM,FaMpy ;
FORMAT t/9x,?2HwFAn FORECASTING ERRGOR»4X»F15, 5.5x,F15.5)
PRINT S4s RM2R;RM2pg ~ 7~
EORMAT (/9X934HROOT MEAN SOUARE ERROR OF FORECASTsF15,5,5X,F15,5) RLTIA
PRINT 55, TRM,TRM2, TR2 _ RES32|
FORMAT (//9X,3CHFOP OFF-DIAGONAL ELEMENTS ONLY//12X,22HMEAN FORECA RE532|,
VSTTNG ERROR»12X5F15,5//12X+34HR00T MEAN SGUARE ERROR OF FORECAST, RES32
5//12X.£8HCOEFFICIENT OF DETERMINATICN»6X»F15,5) RESI>
PRINT 20, (1,I=1,ND) ~--QLT143

.5;5*5?15:57@X) oL

LT14




s 20 FORMAT (#1#53X13HMOMENT MATRIX//9Xs 7 (115 1H(512,1H))/9X»7 (11X, RLTIS¢
T1H (5125 1H))) RLTIS:
4 __  nne3l 1=l,ND R T152
1 Do 632 INES IR T, RLTISY
2 632 FHY (1+J) ==FH2 (T,J) RLTY5:
6 631 PRINT 45, Is (FHI(T5J),J=1,ND) e RITsE
0’ 45 FORMAT (/4XslH(912,1H) 3 7E15,6/8X,TEL5.6) RLT15¢
0 21 FORMAT (/4Xs1H(512, IH).BIIS) PLT15¢
0. _ IF (MM,EQ,}) GO YO 3p8 ‘_ S
2 PRINT 22y (I,I=1,NN) ) ) RLT1S®
5 22 FORMAT (///4Xs)THCOVARTANCE MATRIX//9X»7(11Xs1H(51251H))/9X,T(11Xy R 715
XMHGTI20Hyy RIT15¢
5 PO 633 I=1,ND ' RLTIAR
2 DO 634 J=1,ND ' RLT1A'
3 634 FHV(I,JY=CF2FHY (I, ) , _ RLT1A2
2 633 PRINT 45s Is(FHV(IyJ)»J=1sND) RLT]&‘
& 308 5=0,0 o
5 IF (NR.GT,7) GO TO 131 e m'rm'.
1 T T T PRINT 3Ys (IsI=1,NR) ' 8 5 RLTlﬁl
3 31 FORMAT (#1#/4X,15HPREDICTION sEST//9x919ﬁ1vTFR—REGIONAL rLow//9x.‘ RLT143
18(11%91251H))) o .~ RiT1lss
3 T UIF (KTNLEQ.C) GO Tn 711 RILT16)
b DO 712 T=1,NR RLT169
? PRINT 21y Is (NOXP(JsI)aJ=19NR)sNGDPII) RLT1AY
3 7712 PRINT 32y (NGX(U5TIY5J379NR)SNGDIT) - : . T RETYITG
2 PRINT 33, (NQCP(J),J=1,NR) i S HRD S
5 PRINT 34, (NQO(J)s.J=1,NR) s : _ RiTIZE
1 60 To salT T T RLT174
5 711 DO 707 I=1,NR RLT17;
7 PPINT 21, I3 (NOXP{T,U),J=1sNR) NQOPI(T) RLT17¢
7 707 PRINT 32y (NOX(I,J)sJ=T1sNR)HGNAOLT) 7 T T Ty g
5 32 FORMAT (8X%,8115) ' PLT17:
5, PRINT 335 (NQDP(J),Jd=1,NR) . RLTI7"
0 PRINT 344y (NanrJ),J 1sNR) RLT17¢
4 33 FCRMAT (/4Xs4HSUMP,8115) RLT17¢
4 34 FORMAT (4Xe4HSUMTAI15) _ RLTIAS
4 801 GO TO 1327 TTTTTTT T e FEr RLYIRT
0 131 PRINT 31, (I,I=1,8) . Al L RLTéq
1 IF (KTN.EQ.G) GO Tn 133 S S ___RLTAS
6 T T DO 134 I=15NR o RL705<
0 PRINT 21, Is(Nnxp(J,r);J=1,a) RLT66!
] 134 PRINT 32, (NQX(Js1)»J=1,8) RLT66
o PRINT 3337 (NQOP(J),J=158) " 7 7w o e TRLTA
1 PRINT 34, (NOO(J)sJ=1,m) W RLTaﬁ
3 PRINT 31, (I,I= =9, Np) RLT641
& TTDO 135 T=1,MRTTTT T T - RL 764
3 PRINT 21, I,(NQXP(JaI).J=97NR),NQDP(I) RLT66:
4 135 PRINT 325 (NQX(JsI)sJ=93NR)sNGD(T) RPLT66"
3 T PRINTT 33, (NOOPUY) yd=g,NR)™ 7 ~ 7 7 T e e e e i,
6 PRINT 345 (NOC(J) s J=9,4NR) RLT&‘)
2 GC TO 132 pLT67(
6 T133 DO 136 I=15NR T T e e s e e “RETRT
n. PRINT 21y Is{NAXP(T5J)sJ=1,8) RLTA7:
5 136 PRINT 379 (NGX(IsJ),J=1,8) RI T67"
B PRINT 33, (NQDP(J) 4J=1,8) Rl Ta7:
7° PRINT 34, (NGD(J), %1,8) PLTET:
1 PRINT 315 (I,1=9,NP) RLT&~
4

-134-

PG 137 T=1,NR ' SR T Lo



0

W= N> WD NI S WD P W

137

CPRINT 33, (NQGDP(J)#J=9,NR)

132

35

709

36 FORMAT (///4Xs91HCHI-SOUARE VALUE WAS NNT CALCULATED SINCE ONE OF

710

112

150

113

153

153

154

152

-135-
PRINT 21 I (NGXP(T2J)»J=9»NR)HNGOP(T)
PRINT 32, (NAX(I,J),J=9:NR),NGQO(I)

_mpf"

R"

POINT 34 (NODLUY 5 =9 .NR)
g«

DO 708 I=1,NR
DO 708 J=1sNR ‘
T=(NOXP (T 9J) =NOX(T,J)) 552

IF (NEX(I,d).,LEL5) GO 70 Tp9 _
s3s+1/7axX {194)

X2P=S

DFX2P=(NR=~1)%(NR=-Yy

pn.
RL

BRI

PLT
RLT

'PLTI

PLT!
RLTl'
RLTY

PRINT 35S, X2P,0FX2p

FORMAT (///4X326HCHI-SAUARE FOR PREDICTION=,F15. 5/4X;19HDEGPEES oF

1 FREEDOM=,F15,5)
GO YO 710
PRINT 34

1cELL FREAUENCIES WAS FOUND TO BE 5 0R LFS5S)
PRINT 37

37 FORMAT (//4X+89HROW NUMBERS INDICATE THE REGIONS OF ORIGIN, AND CO RL

an?-
RLT"

_RLT-

RLT"
RLT ©

Rt
N

RLT

1LUMN NUMBERS THE RFGICANS OF DESTINATION/IéX;QéHFOR EACH ENTRY THE RL
2UPPER FIGURE DENOTFS THE PREDICTED VALUF, AND THE LOWER FIGURE THF PL:
3 TRUE VALUE//#X SZHLAST ROW AND COLUMN FLEMENTS ARE THE RESPECTIVE QL.
4 SUMS) . RLY
IF (KTN.NELD) GO TN 150 RL
D0 112 I=19NR L e - Rl :
PO 112 J=1sNR RL
NAXPY (JsT)=MAXP(Ts.)) RL™
GH To 1500 S ) Ri_:
1C= f‘ -G RLY
1C=0 !
R B S
1C=2 T
PUT #IC=1% FOR HIGA METHOD QR ®IC=2%» FNR FURNESS METHOD RLY
NIiDl=6
NID=29 S . ® . o= EE B
PUT #*NIN=XX* HERE FOR THF NUMBER OF ITERPATIONS. E
DO 112 I=1,NR LT
“no 113*351;NR _ RLT:
QXP(IsJ)=(NGXP(I,J)+NGXPL1(T,J)) /2.0 RLY-
IF (IC.EQ.1) GO TO 151 o RIT#
o=e : RLT.
DO 152 J=1,NR PLT“’
s=N,0 - o ) e RL!F' 4
DO 133 I=1,NR o RLTS
S=S+QAP(1,J) Rl Tﬁ L
DC 154 I=1,NR RLTﬁ'
NXP(T, ) =0XP{I,)y=NQD Y)Y/~ ~ 77 RLTSJ
CONTINUE RLTH
no 155 I= lyNR PlT"
qonlg J NR S B F'U'ﬁ2
n 5 J=1,
S=S+QXPT,4) Sf;g'
DO 157 J=1,HR o P;Tﬁ
OXP T+ D) =QRP (1 5J)¥MNGDIT) /S p"
COMT INUE PIT%Q
0D=ID+*1 S— E— Iy
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161

111
119

165

1863

160

. T

174

170
169

173
172

165

171

1746

-136- - .
IF (ID.LE.MID) GO TO 158 RIT &
IF (IC.EQ.2) GO 70 171 R1_T59¢
10=06 _ L e . o _Hv,_______,______‘PL‘Um
no 1&0 J=13NR RLT73
IE':C' _ RL]‘TUr
L= el __RLITH;
$2=0.0 RLT70¢
DO 161 I=1,4NR RLT7AC
IF (GXP(I?J) oLEoﬂoﬂ) CXP(IsJ)=0.,0_ o o F’L_Tj'ﬁj
IF (QXD(IQ\”.EQOOOO) GO TO 161 pLT?OA
§1=51+0x%XP(14J) R|T7os
s2=52+MNQO(I) o _____RLT70S
CONTINUE ?LT?EE
S3=NQD (.J) =51 » RETTT
IF (53.LE.N.0) GO TO 110 RLT71-
52=0.0 RLY71:
Do 111 I=1,NR RLT714
52=52+NQ0O (1) o ) . . _RLT7Ie
IF (S3,L7.0.5.AND,53,67,~-0,5) GO TO 167 RLT71¢
DO 183 I=IeNR - 9LT77'
IF ($3.G6T.0.0) GO TO 165 - o RLT71£
IF (AXP(T,J)-E0.0.0) Go TOo 163 RLT71¢
QXP(IsJ)=QXP(I9J)*S3%NNO(T) /S2 RLT??(
CONTINUE o e . pLT7?1
IE=TE+1 T - TRUTTR?
IF (IEsLE.NID) 6o 10 a4 PLY 77
CONTINUE . e RLT??A
No 166 I=1,NR RLT77¢
1E=0 RLY77¢
S]_:Q.Q ) B N N VA__RLTT?l
S2=00 RLT72¢
DO 167 J=1sNR o i RLT72¢
TF {QAP(I,0) OLEOO-O) QXP‘I?Q’=93>9_______7_7“ o __RLT??(
IF (QXP{I,J)-EQ.0.0) GO TO 167 RLY731
§1=51+QXP(I1sJ) RLT??,
§2=S52+Man tJ) RLT??_
CONTINUE™ 7 B p o D RL?v?q
S3=NGO(I) =51 - , RIIch
IF {(53.LE.0.0) GO TO 149 RLT73:
S2=0.07 RLT735
DO 170 J=1,NR RLT735
52=S2+NQD(J) RLT7?<
IF (S3.LTN+5.ANDSS3S c7.~o 5) GO TO Y7y T T T T "WL?7Ar
DO 172 J=1sNR “ RLT741
IF (S3.GT.0.0) GO TO 173 RET74:
TF (QXPIT54) .EQ.D.N) Gn To 1727 777 T T T p1774'
QAP (14J) =QXP{I,J)+53#N0D () /52 RLT'HM
CONTINUE RI.T74c
L o — RUT74¢
IF (IE-LF.5) GO TC 174 RLY74%
CONT TMUE RLT74-
1N=J0+1 o o T T N - - RLT74¢
IF (ID-LEL3) GO TO 175 RLT757
no 176 I=1,MNR RLT751
ng Y76 J=1,NR Qla?%‘
NOXP (T, J)=0RP(IsJ)+0,5 RI.T75"
no 177 I=1,NR pLY 75/

510.0

PLT7S:



52=6!0 R_L.T 2
DO 178 J=1.NR LT
sl=S1+QXP(I>J) R PLT™
178 §2252+0XP(J: 1) ALy~
NQOP (1) =51+0,.5 RIL.T7
177 MADP(I)=S2+0.% S F?L_,?r
q;_-nng pLT-h
DO 118 1I=1.MNR RLT=
118 §=S+MNADP(T) N - o _ P TA
NQTP=5 RLTE
S1=0.0 RITE
S2=0,0 _ Rl T¢
_ S3= 0:0 . QLT;-’
T=0a0 PLTA
PO 116 I=1.NR , . _RLTr
ng 1l J=1,NR RLTH
T=T+NQX(I,J) quz
5= Noxptx,d’-wox(rgd),_“ o S _ RFS "
$3=53+S LT T TR T R
S51=51+Su#p _ T AT e SR gy
IF (5.LT.0.9) GO To 116 o ) L . : e RLT:
§2=52+5 Bl T+
116 CONTINUE RIT
PCP=100.D0~52%100.0/T RI_¥
R2=1,0=8Y/((SR213SR20) /2,0y~ 7 T ~ P - T
FRM=53/ (NR*NR) _ T .
pM22=S1/ (NR¥NR) ' : S Rl
- RM2R=SQRT (RM2R) RL 7
NATT=T Ri.*
S1=0.{ e BE
52=0.0 ST e N EEEL g
S3=0,0 - o Cpps PET
no 203 J=1.NR e ! , - S RE™
T=NQD (J) =NQX(J5d) RE 3
NO 204 I=1,NR RE =
1F (1,EQ.J) GO TO 204 e RES
S)=S1+(MAXP(I,J)=NAX(I, )Y T T T T RS
S2=52+ (NOXP(I54) ~NOX (I4J)) 242 g ' £ el et CRES:
53=SA+(T/(NR=1)=NQX(TyJ)) #»2 . S T TRl e T 8 S5 Sy " RES”
204 CONTINUE RES:
203 CONTINUE RFSA
TRM=S1/ {NR#NR=NR) PFS™
§=S52/ (NR#NR=-NR) ~ T T oo o i Tt
TPM2=SQRT(S) : oo T R
$=53/ (NR#NR=NR) S e
TRM20=SQRT(S)Y T T o T o e RF =
TR2=1.0~S52/53 RES
IF (NR.GT.7) GO TO 138 RLT#:
PRINT 51, (I,I=1sNR)" T T T e e RLTA
51 FOPMAT (#1%,69HPREDICTTON WITH TWO METHADS COMBINED, AND DOUSLE €O PLTA
INSTRAINTS IMPGSED,//9%s8(11Xs1H(912,1H))) Py T
po 117 I=3},MNR T I RET
PRINT 219 T9(NQXP{JsT1)sJ=1eNR)sNODP(T) RLTS .
117 PRINT 32, ‘NOX(J,1),U=TyNR),NAD (D) RLTA:
PRINT 33+ (NOOP(J),J=]1sNR) ,NOTP T T RiTe
PRINT 34, (NOO(J)» =14NR) NQTT - RL_T6'
138 PRINT S51s (T41I=1,8) e <11 Y
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140

-

141

139

PN WAN*YWW~N WP NWNY NNVNDDN NN ™
—
(=]
D
2

PRINT

no 140 I=14NR
Iy (NQXP(JsT)5d=15g)

PRINT 21,

PRINT 32,

PRINT 33,
PRINT 349
PRINT 51,

PRINT
PRINT
PRINT
PRINT

c).’
32,
33,
34,
37

PRINT 52

(NOX(J?I)
(nngp(y),
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o J= 198),_
J=1,8)

{NQO {J) s J=1+8)
(Ts1=9,NR)
Nn 141 I=1,NR

Ty (NQXP( J5 1) 4 J599NR) s NGDP(T)
y J= QaNP)vNOD(I) R

(NQA (ST
TINQOP (J) 5

J=9eNR) »NATP

(NQQO (J) »J=9sNR) s NQTT

FORMAT (//7)

PRINT 15,
PRIMNT 19,
PRINT 53,
PRINT 54,

PRINT 55,

RETURN
END.

pCP
R2
FRM
RM2R

TRMsTRM2,

TR2

1
RLTARY
RLTA3:

e RLTSA]

DLT%Q?
Rl Toﬂ‘

_ R!Tsou

PLTSQ
RIT69,

RLTA9;
RI_T69/
RLTkO®
RLYA9¢

RLT%S
RLTéaz
PL|6W‘
RLT65E
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SUBROUTINE NLMAXH (NDsTT»TCONVsNRoNXsNY o MSTPINTTyNHoFLO»B0+B1,B25

1RZ,FGD»FG) 9FG29FG3,FGZyFH1sFH2yFHY DIP;S45LX MYy UKsJ5»JToGMaNODy
2HT s NAP N e NU2)Y ’ Mar -

DIMENSION B0 (10),B1(10)»82(10)+87(10),F60(10).F61(10)sFG2(10), )
1FG3(10) 9FGZ(10) sFHI (10510) 9FH2(10,10) sFHV (10,10 »DIR(10)954¢10)y
2LX010) o MX(10) s WT(14) - Makaog

COMMQON /AAY/ x<14¢]4;5)»Y(1»’10)9P(14’14)9OX(14’14)yOD(14)700114)9 GPA
1RR(10)9FHX(10 10),v0¢14,10),YD( 4,10y ol ]
" COMMON /ZAAZ/ ARI(100),5TR(4)

COMMON /AA3/ BX(5)4CY(T10) 9XM(1455) 3 ¥YM(14510) 9XXM(149595) 9XYM(1495 GRAG]
1,10)2YY™(14510910) 4DOP(14514) 5DOP(14) sDXM(14,1445) 90YM(14914910)5 GRAD!
205X (1455) ,0SY{14,10) yNOW GRAD |

TA=1 MAXp.

JV:é . e n oo ”é"i’

nOo 531 T=15ND MAXD:

FGZ(I)=FGOI(T) MAX QY

Rz(Iy=8p¢1y ____ MAXe

FLZ=FLO 3 pr ~ ' ~ 2 - T OMARD ]

DO 5a2 I=1sND ~ : ' - Maxy ]

5=9,0 _ ; . HAXf=

DO 533 J=15ND | - MAXE:

S=S+FHV (I,4) *FGO (J) MAXD
2 DIR(I)=S "539
CNH=§ T S T LT s U ki ote BANAS

DG 201 I=1,ND wd _ _ o5 £ O MAXA

FG1(I)=Rn(I1) Hal e ' ot MAX 7 4
TSIR(Y) =FLO Maxni

JJ=) MAXD 4

5T1=1.9 R L _ _ _MHaxoy

5T2=5T1+ST) | CoMaxad

DG 2p2 I=1,ND ) : o MAUN

FC?(T)~FG1(I)+5T1*DIP(I) e . e __MAXS

NG=D T MAXC

CALL GRVMOD (INITsNGoNHsNXaNYsNDsNRsFG29FL1sSasFHLaWTsNUL sNU2) MAXD 1

slr(2) =FL} S ) MAXA

IF (FL1-FLO) 101,162,103 . T Hee o, - Maxpn

ST1=-5T1 ‘ » SEE. e o MAXAD

NO 284 T=1eND 3 vl . MAXBT

FGB(I)"FGI(T)¢STI*UIP(I) MAXQ

CALL GRVMOD (INIToNGsNH,NXyNYsNDoNR,FGIsFL29S4sFH1 o WT,NUL s NU2) MAHo

IF (FL2.GT.FLO) 6O To 311 o MAX 0™
© §T23=ST1 T a  MaXgo

ST2=S5T1+ST]  MAXNDT

DO 312 I=1,ND  MAXp"

ga{I)=FG2¢1) -~ " T T o TmTm e e e e ) ! AXO.

RI(1)=FG1(I) MAXD™

R2(1)=FG3(71) o ) MAX O
S FL3=FL2 ~ T T MAXp3,

FL2=FLO - Mnxna.

GO To 120 - & MAXﬂi

NG 313 I=ysNnD ~ ° 7 T oTT T m e MAueﬁ

FG2 (1) =FG3(I) Maxd T

FLLI=FL2 MAX DT,

§T2=ST1+ST1 TR ST e Maxn“

GO TO 1:3 MAXO‘

ST3=S5T1/2.p Maxnt

5T2=5T1 7

MA XD



™
.
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’ DO 216 I=1sND MAX 43
) 216 FGO(I)=FGL(I)+ST3I*NIR(T) ) MA% 043
b  CALL GRVMOD {INITINGoNHINXNYsMDaNReFGNIFL2,S4sFHL1sWTHNULNUZ2)  MAXDSA
y 1F (FL2.GELFLO)Y GO To 217 MAYD A4
- PRINT 10, ITH (FGO(I) s T=1aND) .
] 10 FCRMAT (//4X+47HTHE FUNCTION IS NOT CONCAVE AT ITERATION NUMBER,  Max0ap
- 175,32HAND/ /74X, 2HB=910F10.5) MAX049
> DO 218 I=),ND Maxn30
3. =2xsmatny=FG2() — MAX051
[ GO TO 1002 MAX D52
! 217 DO 219 I=1,ND MAXD57
3 @\dnmy=FGL(ry MAX054
4 A1{I)=FGO{I) MAX055
? 219 R2(I)=FG2(1) MAX0SA
) FLI=SIR(1) MAXD57
! FL3=S51R(2) MAXD5A
3 GO TO 120 MAX 059
3 1903 DO 295 I=3pNO . _MAXDAD
3 205 FG3I(I)=FG2(I)+ST2#*nIR(T) _ o § MAXDAL
5 CALL GRVMOD (INITsNG,NHsNX NYyNDsNR9aFGIsFLZ2,54,FHY s WT+NULINU2) MAXG‘)Z
) SIR(4)=FL2 o - Mqu_ég,
> 215 S1=S1R(2) MAX(45
b $2=S1R(4) MAX0AA
5 IF (S2-S1) 1119111,113 MAX0AT
3] 77111 §73=5T272,0° e T TV 17T
3 _ DO 206 I=1sND _ : : . T MAXOARY9
7 206 FGN(I)=FG2(I)+ST3I*NIR(T) - MAX070
} T 7 eALL GRVMOD (INIT,NG,NH.NX,NY,ND,NR,FGanL3,S¢9FH1.wT,NUI;NUZY__"’ﬁKthv
4 SiR(3)=FL3 MAX073
b IF (S1R(2).LT.S1R(3)) 60 TO 208 MAXO74
2 - DO 209 I=1,ND ' C T T T T T T T T T MaXpan
3 RAlI)=FGI(T) MEX(_}R‘«]
r Bl(I)=FG2(]1) S L Maxgg#
' 2p0 B2(I)=FGO(YY T T T o MAX 085
) FL1=SIR (1) Hszae,
] FL2=S1R (2} MAXOR7
] FL3=S1R(3) [ R B b P sy MAXORR
' GO TO 120 ' Bt ' MAX0R9
3 208 DO 210 I=1.ND - : © v MAX D91
r 7 O(I)—r(‘; () MAxOg‘
3 210 RE(I)=FG3<I) MAXD93
v I T = 5 - e A MAX 994
5 FLZ2=51R(3) : - MAX995
’ FL3=S1R (%) _ MAX094
) 60 YO 20— T T omonmn e mommemn e e e e e MAX0DT
' 113 DO 211 I=1sND MAXFER
! FGl(I)=FG2(I) MaX0Oag
211 FG2UTI=FGIIY - T e e e T T T UMAXT A
" SIR(1)=S1R(2) MAX1BY
i S1R(2)=51R(4) MAX10>
i STP=STZ+ ST T T T AR 103
» DO 212 I=1,ND _ MAXTHA
212 FG2(T)=FG2(1)+ST2*nIR(T) MaX10s
CALL GPYMON (INITsNGyNHaNXsNYoND I NRSFGI9FL29S545FHI s WToNUL yNUZ) MAXI0g
. s18(4)=FL2 . MAX1AR
g SNENNES! Max1i0a

IF (JJ.LE.6) GO TO 215 =m eaE Rk eya R E
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- 315

21

| ST425T3#1,0E-5
ST333T3+ST4

220
1002

121
4905

TNH=Y

_-141- : . ST T

JC,:i Mi\x
GG YO 1rDo MA
1A=IA+] s e MAL
TF (TA=GE.3) G0 TO 315

IF (IA-GEL.4) GO TO 318

PUT #IF (IA-GE.4) GO TO 315% HERE. - o
sT1=573/10,0 ' Maxt
Do 316 J=1,ND MAXY
FGL(1)=RBl(I) e L MAX]
FLn=FL2 May1
S1R(1)=FLp MAX:
GO To 317 o S MAX
R1=(FLI=FL2)/{=5T3) MAX
R2=(FL1-FL3})/(=5T72) MA X
5T5=5T3 ~ Ma

FORMAT (///6%s20HFLY1+FL2sFL39S5T29ST3=/9X+5E15.6)
PRINT 21, FL1WFL2,FL3,5T2,5T3
PUT #GO TO 121% HERE FOR _SKIPPING_ THE INTERPOLATION .

IF (RYL.NE.R2) GO Tp 301
IF (Rl.NE.0.0) GO TO 121

DO 302 I=1,ND
R1(I)=Bl(1)+ST4»DIR(I)

CALL GRVMOD (INITvNG.NH’NXyNYyNDrNP,BIyFL2¢S4,FH1,uT,NUI’NUZ)
RI=(FLI-FL2) /(-5T3) -
R2=(FLI-FL3)/(-5T2) -

5T5= 5T2/2 0-ST4
=0,

SCIS(RI*(~S|€))/(2 0% (P1-R2)) MAY T
po 220 1=1,Np o e Maxl
RO(I)=(RO(I)+B1(1))/2.0~-SCl#DIR(T) MAY?
NG=1 MA %
NH=] CrTTmm o rmmmm T e e e MA X‘
CALL GRVMOD (INITsNGsNHaNXsNYsNDaMRyBOWFLOsFGO»FHY»WT e NULoNU2) MA Y

IF (FLC.GE.FL2) GO To 404

DN 405 I=1,ND T T T T T
BO(I)=Bl(I)
NG=1

CALL _GRVMOD {INITyNGoNK,NXsNYsNDsNRBNeFL BsFGOsFHV e WTsNU19NU2)
S:U,O

S=ABS(BZ(1)-B0(I))

"NO 513 I=y.ND v
S=S+FGO(T)*FGO(Y) CMA
S=S/ND y MAX
IF (SL.E@S0,0) GO To 514 — 7 T T MA
S=SQRT(S) MAX: |
GM=5 _ MAXC |
S=0.0 S ) 1
DO 230 I=1,ND MAX D
S=S+(BY (1) ~BZ (1)) »»2 MAXO
S=S/MD T T e e MARD
IF (S.EG.D.0) GO Tn 221 MAXD
S=SQRT (S) MAXD
2;§:SABS(BZ( )=BO (1) T haRge

= 11-B0 (1)) <o

PO 231 1=1,ND o
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0

t 74 IF (S.LE.BMAX) GO TO 231 MAXD
25 RMAX=S MAX DA
25 .. 231 CONTINUE _ S - A . MAXDA
30 FLOH={FLZ=FL2} #153,0/7L0 HAaZDA
23 IF (NAP.NE.1) GO Tn 305
36" NO 327 I=1,ND B - ) e
37 DO 307 J=1,ND
40 IF (I.ME.J) FHV(I»)=0.0
45 ° _IF (1.E0.J) FHVU(I9 ) =1,0/FRVIINd) e
=3 307 cONTINUE
£0 G0 TO 528
80 3é6 S-"‘;U o0 B e e S o S
&) CALL MINV (FHVyNDwDslLXsMX9N2) MAX DR
&7 IF (GM.LE,}.0g-15) Go 1O 1005 o
76 JF (D.EQ.0.06) JK=1 MAX03
no 528 §=0,0 , ,
n IF (ABS((FLZ~FLO)/FLD),.GT,1.,0E~-6) GO TO 516 MAX0DS
o7 _ TF (BMAX,.GE.l,0E-6) GO TO 516 - MAX0NA
171 1005 nNOD=3 _ AL LT
13 JTEL MAXDa
14 ) GO TO 516 - MAXDNG
15 516 PRINT 11» IToSTZsBMAXsGMeFLOsFLCH MAXDO
35 11 FORMAT (//4Xs17HITERATION NUMBER 973,2X,16HNEWTON-HIGA MODE/8X, MAXN9
150HRO0T MEAN SQUARE OF CHANGE IN PARAMETER ESTIMATES=»G615.6/8Xs  ESTlg

T219HMAXIHUM ADJUSTMENT=,615.6/8%X929HRN0T MEAN SBUARE OF GRADIENT=,. Maxls
3G15.6/8X918RVALUE OF FUNCTION-.UIS 8/8%,2THFUNCTION VALUE INCREASE

1p BY»Gl9.3,2X99H PERCENT.) B o . : ;

ns 1000 RETURN Mixlo
36 END MAX1d

']1
);l
1!
i
I?
I
P

1

E
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APPENDIX C

POLYREG:

Computer Program for
Aggregation Function
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PRCGRAM POLYREG (INPUTyOUTPUT) PLYDODY
3 DIMENSION XXV(lu,lo)aLX(lo),MX(IO) PLYOD?
3 . COMMON 7Aa1/ YDU1D054):XD(1nQ0s4),Y 20).X4100210) XX (10210)sXYL1g) BLYDD3

1’3(10’4)185t(ln¢4)vTV(IO)vﬁE(loo)vYP(10094)9YPP{10094)’YA(5) PLYOODS
3 COMMON sAA2/7 A(lOD) PLY0OS
3 * N 7PEAD 1’ NTQNV’NALT R pLYOOé
5 NSET=1
6 . 302 DO igl 1=} 9NT PLYDO7
0 . 1,0L_R§-AD_2AL,.(YDA(Ia&l'-s.\l:L,NALT-).9~(7\D»(IvJJ-o-J: »MALTH ’ PLYO0DS
7 1 FORMAT (BI1l0) PLYO0ODO9
7 2 FOSMAT (BF10.0) PLYOL0
,7_ — _____.D,O_..3.0.LLL'—:L9 N v T e - A — i vmge s PLYO'i i
: NVI=11+1 PLYO11
3 ___.D0.1g2 J=1sNVL. R PLYD12
4 IF (J.EW.Y) GO TO 103 PLYO13
6 IF (J.EW.2) GO TO 1C4 PLYD14
0 N=d=-1 ] L .. . . _.pLypls
1 DO 105 I=1,NT PLYO16
2 105 X{(IeoJ)=XD(IoM)#®N PLYOD17
| GU T0. 1‘)2 - 5 mpmew mmemse dmm g 3 S R AL S . . ) PLYOl8
2 106 X(I9J)-140 PLY020
1 GO TO0 102 . - e ] N ___ _PLYOD21
1 lp4 DO 1g7 I=1.NT PLY022
3 107 X(IsJ)=XD(LIsM) PLY023
4 102 CUNTINUE S PLY024
7 T po 291 I=1,NT PLY0Z4
D 201 Y(I)=YD(I M) PLYO24
7. DY 1p8 I=dpNVI o _PLY025
. Do 1¢8 J=1,nNVI PLYDZ 6
2 S=0,0 PLYD27
3 ) . DO 1 079»‘6‘_1_9NT s . o —PLYOZB
3 139 S= :+X(K,I)*K‘hgd) PLYDZ29
) 108 XX (I.J)=S PLYN30
) _ b0 dle I=1oNVvY _ o __ _PLY@31
L S=0.0 PLY032
? DU 11]. K= 19NT PLYO:}_’!
’ 7______1_1_14__5 S"’x (K b I)%Y (K) ~ o L o i L PLYO34
: DO 112 J=_1,?_’§‘_Y_1_, L . . PLYQ3T
- 112 XXV UI,JV=XX{I,J) PLY038
3 N2=NV1#NV) PLYo39
3 CALL MINV (XXV4NV1,D,LXy"XsN2) ) . PLYg40
oo T DO I13 I=1NV1 oLY041
5 520.0 PLY042
7 DO 114 J=}ehV1 ) . PLY0D43
I 114 S=SEXAVII L) EXY (D) PLY 044
2 113 B{IlsM)=S BLY 045
7 DO 117 I=1,NT . PLY045
U S=0.0 PLY047
z 0V 118 J=1,Nv1 PLY 4R
3 118 S= 9°X(19J)*b(uyM) PLYO49
5« YP{IsM) =5 PLYDS0
2 117 RE(I)I=YL(I)=-S PLY051
> 5=U.0

PLY052



B DOYIO T=LaNT e .
0 119 s=S+RE(1)s#2 T RLe
5 SRZ=5 FLY
6 . VARSS/ZANT-NVLY , , Sl
2 SE=SURT (VAR - S PLIGS
& DO 115 I=1,NV1 il
5. IF (XXYALSI)sEQsCan) GO_T0. 116 . - . Ly
0 BSE(I1yM) =SQART (VARBEXV (T,1) ) - FLras
1 TVII)=B(1,M)/BSE(1,M) PL Y05
6 _goTto s PLYQ>
7 116 BSE(IsM)=g.0 e o o PLYGS
3 115 CONTINUE FL Yo
& S=C0«1 LY -
7 DO 120 I=1,NT e T e e —PLYO -
0 120 S=5+Y(I) PLYO "
4 ymtMmi=s/nt. LY
7 $=0,0 S o o o e e e e MREEES s e sses e o QLY
7 DO 121 I=1sNT il
1 121 S%_S__*(YU)»YM(M))#%E PLYC "
7 =1.0~-SR2/S T e e e PLY O
2 PRINT 10, NSET PLYO
0 10 FORMAT _(#1#,4X,1GHDATA SET =»13) FLYg
¢ PRINT 11, NTsI) I T T T o
0 11 FORMAT (//76X98X%X12HNT 94X, 6HDEGREE/ /4% 9271 0) PLYO
0 ___PRINT_12 . P '
: 12 £S§x$T1§///4x’ \HDATA/ /4% 1345 THDEP VAR»23X, THIND VAR) Pt:g:;
0 N=D PLYO
i PO 122 I=19NT e PLye
3 N=N+) ’ PLYC"
S IF (N.NE.6) GO !0 122 PLYQ"
7 PRINT 13 T T T e o Eatane L TR - PLYOR
2 13 FORMAT (# %) PLYD?
> N=v ’ PLYD"
3 122 PRINT 14, LaY(I),XD(I,m) wisem e s vmwgﬁxg,
4 14 FORMAT (4X41H( 13 H 5 YOO -
> pRrInNT S A0 45 2B L5 1 e 85 PLYDH -
5 15 FORMAT (%1%54%, LOHPARAMETE IMATE - PLYgS:
AL I ik R ESTIMATES///lQX-SHCOEFF,BXoTHST.LqR,, LYgs
3. D0 _123 I=1,Nvl_ . PLYO"
7 123 PRINT 165 IsB(IsM)sBSE(IsM)sTV(T) = = === - PLyos:
1 16 FORMAT (4X91H(9l3’1H)13F15 6) PLYQ% "
i PRINT 17, SE PLYOS”
5 17 FORMAT (//4X,18h=STIMAT = £16 g1 e TN p— ] I, 4 11- I
5 PRINT 18, R2 & OF SIGHA=,F15.6) PLY09
4 18 FORMAT (//4Xy29HCOE g PLYD9 3
‘. 1B STERIE 2 »29HCOEFFICIENT OF DETEAMIMATION=,F15.6) Dl
) 19 FORMAT (#1%,4X,13HMOMENT MATRIX/) PLY09
) DO 12% I=1,NVl PLY0G
) 124 PRINT 205 13 (XX{T5 ) v uS NIy~ —— — 77— e o PLYO9Y
> 20 FORMAT (4Xs1H(si3y1H) ,8E15.6) PLY1On
> PRINT 21 . PLY10:
; 21 FORMAT (77/74X51 (HCO\ ; - : - PLY1O®
; il Rl Ao VARTANCE MATRIX/) PLY104
r o Do 126 J?I!NVI PLY1D
' 126 XXVAIIsJ)Y=XXV(L,J)®*yAp _PLY10S
125 PRINT 20s Is(XXY(I4d)yJ=14NV1) PLYLDA
PLY107

PRINT 22
PLY10R
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22 FORMAT (#1%#54X,+5H4ESTIMATES CF DEFPENDENT VAREABLE AMD RESIDUAES//A PLY109

14X512X98HDEPs VAR 36X GHEST OF DVy 7Xs BHRFSIDUAL) PLY110
-N=0 e e - - PLY112
. DO 127 L—lvﬁl PLYIIR
L N=hk+1 PLY114
s _IF_(N.NE.p) GC TO 127 . Lo PLY1lS-
: PRINT 13 PLY11l6
N W=l PLY117
127 PRINT 2Cs_IaY L) YPlIaM)sRECLY . - - — PLYI}&
. 200 CONTINUE pLY118]
S1=0.0 PLY119
s SE=0.u e e N -1 555 - &
S$3=0.0
D0 2v3 I=14+NT PLY121
S=0.0 SR ——— T — ] E -
D0 204 U= lvNAL" PLY123
IF (YP(I»J)eGT.1,0) YF(IvJ)=1 PLY1231
IF_(YP(lsJ) o LT.D.0) iF(IaJ)~,;&__“___u_m__-hwww, e PLY 123
DO 235 J=1sNALT PLY125
e YPPALa ) =YPAILUI/AS e - . —PLY}26-
S1=S1+(YD(I9J)=YPP(I,J))"e2 PLY1Z2T
§3=S3+(YD(IsJ) =L, 0/NALT) #¥2
205 S52=S2+(YD(IyJ)=YM(J) )52 e o ___PLYl2A
~ 203 CONTINUE PLY129
K=NT# (NALT=1) =NALT#NV] PLY130
. __VAR=S1/K B s .. _PLY13L
_ SE=SGRT (VAR) PLY13?2
. R2=1.0-51/52 PLY133
. ReP=1,0=51/53 L
T PRINT 30y (T5I=1,NALT},(JsJ=1aNALT) PLY134
30 FORMAT (#1%54X,57HADJUSTED ESTIMATES OF AGGREGATE MODE-CHOICE PRORB PLY1358
r 1ABILITIES//9Xs10HTRUE VALUE»35%,8HESTIMATE//OX,3(12XsI1H(s1151H) ), PLY136
23012X91H s I151H1)7) PLY137
N=g PLY138
_ D0 206 I=1»NT _ . - _ L _ . . PLYl39.
-~ N=h+l PLY140
IF (NoNE.6) GC O 206 PLY141
. N=1 o S . S PLY142
PRINT 13 PLY143
206 PRINT 319 Is(YN(IsJ) s =1sNALT) s (YPP([sd)sJ=1sNALT) PLY144
31 FORMAT (4XstH(s13y1H)s6F15,6) e ~ o C PLY14S.
~ PRINT 17,SE PLY145
PRINT 18y R2 pLqu-,
PRINT 23, RZP . : ; -
23 FORMAT (//4X545ACOEFFICIENT OF DETERMINATION IN PROAABILITY =,
1F15.6)
3¢l CONTINUE - e . . .
T NSET=NSET+1
IF (NSET.LEA2) GO TO 302
o - STCP [ oo n R e e o 3 pLYl[‘,g
ENC

PLY149
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SUBROUTINE MINV (AHyNsDrILaMeN2)
DIMENSION AR(1)916) 9L €10)aM(10)
e COMMON AAAZIqA(lonM., _
K=y
DO 201 I=19N
__.DCO_20) J=lsN R . _ o
K=K+l
201 A(K)=AH(J, 1)
D= lo e
NK==N
Dg 80 K=14N
N N e e ot v o
L{K)=K
MIK) =K
o KK=NKeK_
BIGA=A(KK)
DO 20 J=KsN
1Z=N%*(J~1)
DC 20 I=KsN
IJ=1zZ+1
___S=ABS(AlIY))
T=4ABS(BIGA)
10 IF (T=3) 15»2G+40
15 BIGA=A(IJ) o
L(K)y=1I

!
'

!
|
!

"CND‘O‘-&“L:JI\J"‘!“"‘

__20 COMTINUE

35935,25

JELK)
IF (J=K)
25 KI=K-N
DU 3 I=1,N
KI=KI+MN
 HOLD==A(KI) .
JIEKI=K+J
ACKI)=A(JT)
38 A(JI)=HOLD

|
|
|

T35 1= (k)
IF (I-R) 45545,33

38 JPEN*(I:AL“
DO 4p J=Y,N

JE=NK+J

v JI=JpP+Jd
TTTTTTTTTTHOUD ==ATUKD
ACJK)=A(JTD)
: 40 A(JI) =HOLD
T T T r=ABSUBIGAY T T
45 IF (T=1.0E=20) 46946948

T TR T TR T U T MR IOWORER T TR T EM e W TR e T WER TR A

R SAESNy W e

46 D=0,0
T RETURN T
48 DO 55 I=1sh
. IF {1=K) 56,55,50 .
5¢ IK=NK+1 - S

A(IR)=ALIK) /7 (~81GA)
55 CONTINUE ;
NO 65 I=14N
IR=NK+I
HOLD = A(IK)

INVO

INYD.

InNVO

Invp e

INVOE:

INVOD

INVDO

INVDO

e 21113
INVOO
INVEL
- INVO Y
IMVG!
INVO
5 LVE RS
INVO L
INVET,
o _INMVD:
NVl
INVODT:

. Invel-
INVOYl:
INVD2:
e IMVOR
INYg2:

INVEe?:
__INVp2-
INVQ2:

INVOZ -
e IMNRES
vz !
INVO2
_Invgad
INVo3ﬂ
INVD3

. INVD3

INVy3-

INVoZa-

... INVp&:
INVDa.
INVDS

. INV0%H
INvp42
INV043

e _INVO4&4
INV(45

INVQOSH

. e e INVYOSG
INY04A

INvVD4a

INVESo

INVDS1

INVDS?2

S IMVOGR3
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R £V L5 ) EE U —— sm = s s - INY0S-
DU 65 J=1,N IMV0573
IJ =IJ*N THY DS54
IR LI?K) _60965,00 L 1 me e . INVOST
69 IF {Jd~-R] B29565,062 18V 058
. 62 KJI=IJd=-I+K INVD533
3 o ALLY) =HOLD#A (K ) »A(TU) B - INVO&0
65 CONTINUE InNVE6L
1 & KJ=K =N INVDHD
_‘____, e .D,p_.~15., JEleN_ . e SINVOAS
KJ=KJeN INV0G4
To AKIY=AKI/BIGA . o INVBAS
75 CONTINUE INVORT
D=D*#BI1UA INVp6Aa
CAWRK) = e/8IGA . . INV05S
80 CONTINUE INVGTO
K=N INVQT]
2100 _K={K=1)_ — e B INVOT2
IF (K} 150515G,105 INVO73
105 I=L(K) INVOT4
eI (X-K)_120091209Y08 } R —-IMVOTS
108 JA=N#(K=-1) INVGT6
JR=N#(1~1) INVOT77
_ D0 Y1C g=lyn _ .. _InvOT78
JK=40+J INYDT79
WisdRey S : s e IMVOBY
A(JK)==A(JI) INVOa?
110 A{JI)=HOLD INV(033
cA2o g=wik) . : INVOS4

boeermnmey

’ IF (J~K) 100,100,125 INVOES
125 KI=K=N TNVRRS
o...DB® 130 l=1.N . _ ~INyo8s7

KIZKI+N INVQAR

H?LD = A(KI) INV0Aa9
A=K =R S — s s PP R LA LX) B
A(KI)==a(JI) INV(91

130 A(JI)=HOLD INVYQO2
o g,Q_TO___l_QO B e . ce=—e- oo - INV(093
150 K=¢ INVDG4
DO 202 I=1sN INVE95
D0 202 J=1,N U _ . _INV095
K=K =1 INVGY7
202 AR{J.1) =A(K) INVgoR
RETURNM . oy . . Invpasg

END INV1gQ




	Book
	Cover
	Front Matter
	Title
	Contents

	Body
	Back Matter
	Appendix



