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A USER'S GUIDE FOR TWO PROGRAMS TO ESTIMATE AND ANALYZE THE

MULTINCMIAL LOGIT ALLOCATION MDDEL.

I. Iatroduction

This guide describes two programs for estimating and analyzing multi-
nomial logit allocation models, The first program (MIML) performs the
maximum likelihood estimation of the model and produces estimates of the
parameters, their asymptotic standard ervors and t-values, and the deter=
minant and information limit to their variance-covariance matrix, The
second program (MLAM) performs sensitivity analyses on an already-estimated
multinomial logit medel, Tt produces tables and graphs of the changing
allocations and elasticities of the model over user-~specified ranpes of the
explanator{ variables, BRoth programs assume that a model is defined by
equations:
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where . is the probability of an allocation to the i'th greup,

fi(x) = bioxo + bilxl Foeee F biKXK 9

and X o= gk(y), k=0, ..o, K, a specific transformation of the set
of explanatory variables y (e.g. Xk = In{y)).

In large samples, the estimating equations can be approximated by

1 ‘ = - ;

(L Inog/w ) =B X+ BR) + o0+ BXp tde
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1 .

It is assumed throughout that the user is alveady familiar with the
multinomizl logit model, If not, see Tyrrell and Mount, “An Application of
the Multinomial Logit Model to the Allocation of Budgets im the U.S, Consumer

Expenditure Survey for 1972", Cornell Agricultural Economics Staff Faper
No, 78-20,

.
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where Bik = bik - bck and w, is the proportion actually allocated to group i,

The difference between (1) and (2) is whether a common denominator or a comaon
numerator is used to deflmne the N-1 equations, For the maximum likelihood
estimator the default normalization is that the N'th share is a common denominator,

IT. A _Maximum Likelihood Computer Program for Estimating the Multinomial Logit
Allocation Model (MIML)

The multinomial logit model can be applied to many different allocation
problems, The correct maximum likelihood estimation procedure for the parameters
depends on the assumed relationship between observations, The assumption here
is that-all-observations -are weighted-equally;, - For—-a-discussion of the altermatives
see Chapter II1 of "An Application of the Multinomial Logit Model to Predicting
the Patterns of Food and Other Household Expenditures in the Northeastern United
States", T, J, Tyrrell, unpublished Ph,D, thesis, Cormell University, 1979,

1. The Algorithm

The program described here searches for the maximum of the likelihood of
the multinomial logit model, The log likelihood function is given by:

£l T { 210 h
(3) 1In(L) = constant + Lw, 4f (XY - 1In( e )t
g=1 i=1 TELATE =1

where T is the number of observations,

First order conditions are given by:

T
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i=1, ..., Nand k=1, ,,,,K
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where 1,
i

Second order conditions are given by

L2 T
(5) 3 In(ly =

3B, 3B, "tzlxiktxik'tf”it”l)”it
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where both parameters (Bik and Bik') appear in the same equation, and

== Ex X,.' I TTD
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where each parameter comes from a different equation (i # j).

The search employs both first and second order devivatives in an
extended Newton-Raphson procedure, If the matrix of second order partials
is singular because the same variable appears in each equation, the parameter
of the last (Nth) equation is constrained to zero, Therefore, the maximum
number of parameters to be estimated is no greater than R X (N=-1),

Coefficients can be initialized by the user and the default values are
that the constant term of each equation is initialized at the logarithm
of the average budget share and other coefficients are initialized at
zero, At each iteration the vector of coefficients is adjusted by the
vector of changes given by:

-1
I 321n(L) j 31n(L)
(7) 8B=- 1 4 %8, 08, | OB,
| PP g B

where braces {1} indicate a typical element of the matrices and all
derivatives are evaluated at the vector of coefficients of the previous
iteration,

The non-constant portion of the log likelihood function ie computed at
each iteration, As long as this computed value is increasing iterations
continue until the absolute relative change in the log-likelihocod is less
than the tolerance level set by the user, If the computed value decreases
at any iteration the vector of changes is multiplied by {1/33Y where
y=1, .,.,, 10, or until the likelihood increases,

Final output consists of a vector of estimated coefficients; first and
second order derivatives of the likelihood function with respect to each,
asymptotic standard errors and t-statisties,

2, Program Input

The user is expected to run the Fortran source deck of MLML {at least
the first time) to set the waximum dimensions of the arraysin the program,
This is done to economize on space since the program holds all observations
in main storage rather than on temporary disk storage like most maximum
likelihood estimation programs, As a result, the program is quite efficient
for small and medium sized problems, but may exceed storage capacity of
some machines for large problems.
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The model dimensions are sPec1f1ed on four cards in the main program
(each begins in coluwm 7):
REAL*8 B(NU) , W(N,N@BS) , X(NA,N@BS) , XO(NB), EF(N)
REAL*8 G(NU) , GG(NU,NU) , WW(N) , XX(NA) , BR(NR) , BO(NU)
INTEGER IU(NA,N)
NUMAX = NU
where the user’s problem determines the arguments:
NU is the number of unrestricted parameters =~ those to be estimated,
If two ox more coefficients will be constrained to the same value,
count the parameter only once,
N is the number of allocationm groups,
N@PBS is the number of observations,
NB is the number of data items in the input data list for each observatlon
including allocations and explanatorv variables (this is used for
reading primary input),
NA is the number of explanatory variables in the model after transfor-
mations, If a transformed explanatory variable is found in more than
one estimating equation, count it only once,
NR is the number of restricted parameters - those set to speéified levels,
The dimensions set by these'cards must equal or exceed the values read
on the first input card (see below}, The user must also provide a fortran
subroutine (TRAN) to transform the input data list {storved in NB locations of
30 for each ohservation) into N allocations W (which sum to unity) and NA
explanatory variables stored in X,

In addition to the data there are five types of control cards for the

program. These are described on the following pages, Table 1 shows how to
set up the card deck,
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TABLE 1 Input for MIML®

Hasp Job Card

/¥LIMITS_REGI@N=115K,CLASS=A

//_EXEC_FTG1CLG, PARM, FRT="DECK'

//FYRT, SYSPUNCH_DD_SYSQUT=(F ,MLML) ' ; :
‘ ‘ first run only

Fortran Deck of MIML ‘ .

//_EXEC_FTG1LG

/ /LRED, SYSIN_DD_*

? subsequent runs
J*T_MIML I
/* |
//G®. SYSIN_DD_*
1, Size and Definitions Card (1015,D10.0)
2, Parameter Restrictions Cards (4012) (¥ of these)
3, Restricted Parameter Values Cards (8F10,0) (optional)
f, TInitial Parameter Estimates Cards (8F10.0) (optional)
5, Data Format ( 20A4)
Data Cards
%
/!

aAlphabetic #'s are slashed; zeros (0) are not.
Blanks are denoted by _,
Right=ad just everything,

The JCL is specific for the Cornell University computer system,



Description of Input Cards 1, = 5,

1. Size and Definitions Card

(Format = (1015,D10,0))

Internal
Col, Label Description
1-5 NB number of data items >
6-10  NA number of X's after transformations2
11-15 - NgBs number of observations>
16-20 N number of group32
21=25 NU number of unrestricted parameter32
26-30 NR ' number of restricted parameters>
31-35 INIT indicator for reading initial values of unrestricted
' parameters, Zerxo or blank means initialize parameters
at zero, Nonzero means read NU initial values on
Card 4,
36-40 ITMAX maximum number of iterations to be performed {ten
‘ has been more than enough for problems tested,)
41=45 NC the number of the constant term in the variable
list after transformations,
46+50 NP the number of observatirns to be printed after
tranformations, :
51-60 TOL tolerance criterion for absolute relative change
in the likelihood function (1,0D~05 has worked

well, right adjust),

2The values given on input card 1 may describe problems less than or
equal to the size of the dimensions of the maim program,



9, Parameter Restrictions Card (4012)

There are N of these cards, one for each £ (X) of the model,
Together they contain all positive integers from 1 to NU (corresponding
to the unrestricted parameters) and all negative integers from -1 to
-NR (corresponding to the restricted parameters.) The NA columns (of
width 2) correspond to the set of transformed explanatory variables,
The location of an integer on a card 1inks the parameter to an explana-

" tory variable for an equation, A parameter may appear in more than one
equation (an integer may appear on more than one card) in oxder to impose
constraints across equations, All variables needn't be used in every
equation (some of the NA columns may be blank) in order to constrain
some parameters to ZzZexo, Negative integers fix a parameter at its
initial value given on card 3.

Internal

Col, Label Description

1-2 . v - parameter which is the coefficient of X(1)
in this equation

3=4 parameter which is the coefficient of X(2)
in this equation

2NA-1 - ZNA parameter which is the coefficient of X(NA)

in this equation

3, Restricted Parameter Values Card (optional) ‘ ‘ (8F10,0)

This card is read when NR on Card 1 is not zero. These restrictions
may be used to identify parameters of the model (in the econometric sense),

Internﬁl
Col, Label Description
1~10 BR(1) value for First restricted parameter
11-20 BR(2) value for second restricted parametler

-2

_th
BR(NR) ~ value for NRt restricted parameter
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4, 1Initial Parameter Estimates Card {(optional) (8F10,0)

If INIT on Input Card 1 is not zero thenm initial parameter estimates
will be read (eight-to~a-card) corresponding to the NU parameters, Since
the model is identified only up to differences between two parameters, when
a variable is present in all equations these initial values will be converted
to differences from the value of a'corresPonding parameter in the last
equation of the model,

Internal
Col Label Description
1-10 BO(1) | initial value for first parameter
11-20 - L BO(2) initial value for second parameter
_ th
? BO(NU) initial value for NU = parameter
5, Data Format (2044)

This card describes the input of all NB values for input on each observa-
tion, It is a Fortran-type format beginning with a left parenthesis and '
ending with a right parenthesis, :

3. An Example Run of MLML

To illustrate the use of the programs, the input for and output from MLML
are presented in Tables 2 and 3 for a household budget allocation model, To
summarize: total expenditures for 456 households were allocated into six
expenditure groups: Food at home, Food away from home, Clothing, Transpox-
tation, Housing and Other Goods and Services, Forty five parameters were

estimated defined by five (N-1) functions with nine parameters each as desg-
cribed by:

(8) fit == Bi0 -+ Billn(Mt) + Bi2ln(st)

Sm 5%

+ = 3 * L(a)+ v B v L.(a)
r=1,2,4 i2r gm] T8 r=1,2,4 i2(r+4) g=] T 8.

where M_ is total expenditure, S_ is household size and L (as) are Lagrangian
interpolation variables“(see Tyrrell, 1979, op. cft,, Chapter IV,)
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Input is shown in Table 2, Output is shown in Table 3 and consists of: %
1, Verification of the Size and Definitioms Card,

2. The first 20 observations on allocated shares amd the average
shares over all observations, :

3, 'The corresponding first 20 observations on the explanatory
' variables and the average values over all observations,

4, A verification of the parameters to be estimated, the initial
value of the likelihood function, and the initial parameter
estimates,

5, At each iteration: the value of the non-constant portion of
the likelihood function for the estimates from the previous
iteration and the absolute relative change in this value (TOL)
between iterations,

6, The parameters, efficient scores (first order derlvatlves), and
negative of the estimated information limit to the variance-
covariance matrix (second order derivatives) for the last
iteration as well as a summary of the parameters and asymptotic
t-statistics,

‘This particular run from the object deck of the MLML program used a
region of 114 K, 39 CPU seconds and 9 I/0 seconds on Cornell’s IBM 360,

TABLE 2 Example Input for MLML

B— M e aem e e

101112131415161718
192021222324252627
282930313233343536
373839404142434445
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IIT. A Computer Algorithm for Computing Elasticities and Performing
Sensitivity Analysis on the Multinmomial Logit Allocation Model QMLAM)

1. The Algorithm

The program described here calculates the elasticities and allocations
from estimated coefficients of the multinomisl logit model at userw~speci-
fied levels of the explanatory variables, The user provides estimates of
the coefficients and indicates the normalization which was used in their
estimation,

For example, Suppoge that the model was normalized by comstraining
all parameters of the N equation to zero. (This is equivalent to using
the N© category as the dencominating allocation when a least squares
approxim%ﬁion is used,) The ratio of each of the other N=1 allogations
to the N*' allocation is predicted from the input coefficients (Bik) and
specified levels of the explanatory variables (Xk): '

N ~ N -~ .
(9) In(ayfag) = B, X, + B X+ .. ¥ B X 1= 1,,.., N-1
The NP aliocation is predicted by

T
~ N-1 1n(wﬁ/wN)
(10) w, = 1/(1+ Te )

N gl
and the other N-1 allocations ave predicted by:
AN
~ ~ 1n(wi/wN)
{11 Wj = W@ : : J=1,,.., N=l

For the budget allocation application, price (PN)ﬁ expenditure (M)
and other (Pﬁ.z,et;,) elasticities for the ¥Eh good are predicted by:

. N1, ?F Lif y =M,
(12) = ey YW, + -l if y = P, and

'n kit
Ny j=1 1oy 0 otherwisg,

and for other N-l goods by:
8%,

13 iy B T by e j = -
( ) TlJ:V ‘T]Ny yay N 15@&99 N 1

f. - Au e &8

3 F 3 (331X1+BJZK2+ *BjKKK)

whe ve w - ;
ay

AY

and gy = MyPiyees, By or 4,
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The calculation of the elasticities requires the derivatives of the function
f. with respect to each of the explanatory variables, To accomplish this, the
dérivatives of a number of commonly-used transformations are built into the
program, Thus the calculations are currently imited to functions £, which are
linear in the variables themselves, their logarithms, their inverseS and a
cubic Lagrangian interpolation polynomial, Additional tramsformations may be
added only by editing the Fortran source program,

The output of the program consists of a verification of the input coeffi-
cients of the model, and tables and graphs of the calculated elasticities and
budget shares,

2, Program Input

The input for the program MLAM consists of 9 types of control cards in
addition to standard job control language., The program currently allows for up
to 20 allocation categories, 20 explanatory variables and 10 terms in each
equation, The control cards are described on the next few pages; Table 4
shows how &o set up the card deck when the source deck of MLAM has been
previously stored in the user’s library,

TABLE 4 Input for MLAM®

Hasp Job Card

/*L;MITS_REGI@N*GOK,CLASS=A

//_EXEC_FTG1CLG |

{*1MLAM

//GB, SYSIN DD_* |

1, Size and Definitions Card (3I4)

. Group Labels Card (20A4)

. Average Group Allocations Card (10F3,0) (1 or 2 of these)
Variable Labels Card (20A4)

Average Variable Values Card (10F8,0) (1 or 2 of these)

. Types of Variables Card (20I4)

. [Equation Definitions Card (2I4)
. Coefficients Card (8(F6,0,212))
. Sensitivity Analysis Card (2I2,2F8,0,20I2,2F10.0) (Cptional number of these),

:}N-l pairs of these

[N I S e RS B - T VS N1

/7

a

Alphabetic §'s are slashed, zeros (0) are not,

Blanks are denoted by_,

Right=adjust everything except labels of cards 2 and 4,

The JCL is specific for the Cornell University Computer System,



Description of Input Cards 1, = 9

1, Size and Definitions Caxd (Format = 3I4)
Intemal
Col, Label Description
1-4 N-1 number of estimated equations
5-8 ND number cf different variables (before transformation)
< 20
9-12 c number of the common group, positive if a common

denominator (equation (1)), negative of a common
numerator (equation (2)), c¢ = N for estimates from
MIML,

Group numbers correspond to the labels of the next card,

2, Group Labels Card , (2044)
Internal
Lol, Label Description
1=4 ALAR four charécter label for group number 1
5~8 BLAB four character label for group number 2
77-80 TLAR four character label\for group numﬁer 20

The first letters of these labels are used as the symbel for the group in
the plots of shares and elasticities, so at least make the first letters
different,

3, Average Group Allocations Card {10F8,0)
Internal
Card Col, Label : Degcription
1 1=8 w{l) approximate value of share allocated to group 1,
1 9-16 w(2) approximate value of share allocated to group 2,
2 73=80 w{20) approximate value of share allocated to group 20,

The second card is only needed .if there are more than ten groups. These values
should add to unity, At present these values are not used in the calcularions
so they may be rough estimates,
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4, Variable Labels Card ( 20A4)
Internal
Col, Label- Description
1-4 ANAM name of the lst untransformed varilable
- .. th o,
77-80 TNAM name of the 20 untransformed variable
5, Average Variable Values Card (10F8,0)

and allocations will be computed {(maximum 20),

These are average or typical valuves of the variables at which elasticities

For sensitivity analysis, these

define the initial fixed levels of variables not under analysis - they may be
changed later,

These are values of the untransformed variables,

Internal
Card Col, Label Description
1 1-8 VALA typical value of lst variable
1 9~16 VALB typical value of 2nd variable
. th .
2 73~80 VALT typical value of 20 wvariable
6. Types of Variables Card (2014)

also included on the right-hand side (e.g. w,
£(X) =
affected,

If the dependent variable (allocation) is composed of varisbles which are

P.Q./M, or w, R /R where

f(P,,M, or R,)) the corresponding elastLC1%1es and bu&get shares will be

These spé01a1 cases can be handled
(14) correspond to the NA variables,

using this card, The 20 columns

If the j = explanatory variable is also a

multiplier in the numerator of the i~ dependent share w(i) (e,g, X(j) = and
W, Q /M) then put an "i" in the i column of this card., If the jth eXplana-
tory variable is a multiplier in the denominator of every dependent allocation,
~then a "~1" should appear in the nt® column (e.g. X(j) = M and w, = PiQi/M)'
Internal

Col, Label Description

1-4 IVCa i, Y-1" or blank indicating type of first variable,

5-8 IVCB "', "«1" or blank indicating type of second variable,
77-80 IVeT AE AL LI FT "blank indi . ’ th .

i, or blank indicating type of 20 variable, where i

is the number of the share where this variable is 1n the
numerator,



wP] =

7. Eguation Definition Card (214)

There are N-1 pairs of cards 7. and 8, This card describes the equa-
tion whose coefficients are given on the next card,

‘ Internal

Col, WLabel - . Pescription

1~& i number of uncommon share in the estimating equation
(i#c)

5-8 R{i) ‘ number of terms in the estimating equation (including
the constant), ~ 10,

8., Coefficients Card (8(F6,0,212))

This card always follows a card of type 7. For each term in the ith

equation it gives an estimated linear coefficient,a transformation code
and the original variable code number, There will be two of these cards
for one card no, 7 when K{i) = 8,

Internal :
Col, Label Description
1l=6h . COEF1 coefficient of the first term in this equation
7-8 N transformation code (see below)
9=10 v variable number (according to card 4,)
11=16 COEF 2 coefficient of the second term
17-18 FN transformation code
19-20 v variable number

Transformation codes available at the present time are:

Code Transformation _ Description

1 ¥=1,0 ‘ - Constant

2 X =y linear

3 2 = ln(y) logarithmie

4 X = 1/y inverse
2-8 Ly (y) - Ly (v} logarithmic interpolation variables for

a cubic function with reference points
at 0,0, 2,7568, 3,0796 and 4,6225
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9, Sensitivity Analysis Card - (212,2F8,0,2012, 2F10,0)

The above cards completely specify the model and one level of each
variable for calculations of a typical or average level for allocations
and elasticities, This card permits changes in the fixed levels of the
variables if ID = 0, or directs output of the tables and graphs of 50 allo-
cations and elasticities over a user-specified range of the abscissa of one
variable (From X1 to X2) if ID = 1, 2 oxr 3., For most visually appealing
graphs design the range X2-X1 to be equally divisible by 49, (e.g. 200, to
10000, ,  rather than 0, to 10000,) The PA-PT permits the user to choose the
order for cumulative share plotting, Default for plotting (all blanks) is
the order implied by card 2, El and E2 define the range of the ordinate for
plotting elasticities, : .

Internal

Col, Label ] Description

1-2 1D idenﬁification code (see below) \
3-4 Iv variable code number (sce cafd 4,)

512 X1 minimum of X(IV) or new fixed value

13-20 X2 maximum of X(IV)

21-22 PA no, of share to be plotted first

23-24 PB no, of share to be plotted second
59-60 PT no, of share (if 20) to be plotted last
61-70 El minimum of range for plotting elasticities
71-80 E2 maximum of range for plotting elasticities

Tdentification codes !

ID Definition

0  set fixed value of X(IV) to X1 and print all own and
crogs elasticities at the new set of fixed values,

1 compute and print .table of 50 allocations and elasticities
varying X(IV} from X1 to X2,

2 same as 1 but graph instead of table output,

3 same as 1 plus graph of results,
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3, An Example Run of MLAM

To illustrate the use of this program, the complete output from
MLAM is presented in Table 6 for the analysis of the model estimated

using MIML in Part II,

Six categories of expenditures were defined by equation (8)
three explanatory variables: total expenditures, household size
age, The single age variable limits this analysis to households
same-aged individuals, but permits easy calculation of household
elasticities, Constants were generated by transformation number

with
and
of
age

1, the

total expenditures variable was transformed into its logarithm by trans-
formation number 3, and the age variable was transformed into two pairs
of three Lagrangian interpolation variables for males and females,

In addition to the automatic output of predicted budget shares
and elasticities for average values, a semsitivity analysis was requested
on total expenditures (INCM) for the range of values from $500 to $25000,

Input is shown in Table 5., The output presented as Table 6
of:

consists

1. A verification of the input share categories, average values

and codes; the input variables and codes; and a listing
currently available transformations and their codes,

2, A verification of the complete model with coefficients,
formations and variables,

of

trans-

3, Predicted allocation shares and elasticities with respect to
each variable for each category evaluated at the initial values

of the variables,

4, Tables of all allocated shaves and elasticities with respect

to INCM over the range from $500 to $25000,

S, A plot of cumulative shares over the range $500 to $25000
where incremental shares are designated by the first letter

of their iabel,

6., A plot of INCM elasticities for the range from $500 to $25000

with the range of the ordinate specified as ,52 to 1.5.

The GO step for this partiéular run used a region of 58K for 1,5 CPU

seconds and 2,5 I/0 seconds on Cornell's IBM 360,
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TABLE 5 Sample Input for MLAM

- moemem g ——

F@PDAWAYHPUSCLTHTRNS@THER

__.1790___.0479___.1960___.0794___.1596__ .3381

INCMS1Z2EMAGEFAGE
__10000.__ ___4._____ 45.
1 .9

_0.780_1_0-.0985_3_1-0.297_3_2_0.192_5_3_.0766_6_3-0.711_8_3-0.469_5_3_.0249_6_3
_.0171_8_3.
4 9

~0.703_8_3

-1.964_1_0_0.165_3_1_.0645_3_2_0.841_5_3-0.686_6_3-0.300_8_3-0.655_5_3-.0035_6_3
-1.047_8_3

_3.1___500.0_25000.0 __0.52 1.50

et = b o o Al S o T T W P o e (i Ay L L i S - M o A s e
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TABLE 6 (continued)

ALLOC. SHARES AND ELASTICITIES WRT INCM FROM

TANS

CLTH .

HOUS

AHAY

f000

ELAST SHARE ELAST SHARE ELAST SHARE ELAST SHARE ELAST

SHARE

THCH
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Table 6 (continued)

500.00 TO 25000,00

ALLOC. SHARES AND ELASTICIVEIES WRT ENCM FROW
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Appendix A, The Fortran Listing of MIML

The program for the maximum likelihood estimator was written in Fortran,
and was compiled by the G~level compiler in 2,5 CPU seconds with 2,7 T/0 seconds
in a region of 122 K on Cornell's IBM 360, The Fortran listing is given in
Table 7, '

TABLE 7 A Fortran Listing of the Maximum Likelihood Program

c R
C - MAXIMUM L IKELIHOOD ESTIMATOR FOR-THE MuyTINOMIAL -LOGIT MOQEL
c T.J, TYRRELL.: MaY 16, 1978
c DEPT. OF AGRICULTURAL ECONOMICS
c CORMELL UNIYFRSITY
Cc
REAL®g Lo FoSEFEFFoTOL s TOLAWL g eDETTE+FAC OB
REAL =y FMT{20}
INTEGER=®4 T
c .
C THIS PRUGRAM HOLDS Apj, OUBSERVATIONS IN mAIns THEREFORE IT
C 15 DESTREABLE aND IN SOME CASES NECESSaRY TO SET DIMENSIONS
C As CLOSE AS POSSIBLE TO THE SIZE OF THE PROBLEM, THE FOLLOWING
c FOUR STATEMENTS SHOULD AGREE WITH THE FIRST CARD OF INPUT.
C PROBLEMS MAY BE LESS THAN THE gI1ZE SPECIFIED IN THESE CARDS.
c )
C REAL#8 B{NU) .W(NEQ,NORS) +X{NANOBS} X0 (NB) ,FEF (NEQ)
o REAL 28 GINUI1GEINUNUY s (NEQ) o XX{NA) +BRINR) « B0 (U}
¢ INTEGER  IUINAWNE®R)
< NUMAX =NU
C

REAL*8 BiU45) eW{Br 456} X (F0456)X0(14) ,EFlg)

REAL®A G(45) G645 ,45) ayyw{6) oxx{9) BRI1IBO(HS)

INTEGER IU(946)} :

NUMAXZ4S

READ{%+1000) NB+NANOBS:NEQeNUNR:IT+7TMAX: NCaNPeTOL
1000 FORMATI1015.01040)

1]

"WHERE NB THE NUMBER of VARIARLES BEFOURE TRANSFORMATIONS
NA THE NUMBER OF VARIABLES AFTER TrhANSFORMATIONS
NOBS = THE TOTAL NUMBER oF OBSERVATIONS
NE@ = THE NUMBER OF ALLOCATION ALTERNATIVES (EQUATIONg)

i

NU = NO. OF UNRESTRICTED (FREE} PARAMETERS {+'S)
NR = NO. OF RESTRICTED PARAMETERS (=%S)
IT = NON-2ERD YO READ INITIAL VALUES QF BiyW)

ITMAX = MAXIMUM NUMBER OfF ITERATIONS TO Br PERFORMED
NC THE NUMBER OF THE CONSTANT WARIABLE

NP THE NUMBER OF OBSERVATIONS TO BE PRINTED

YOL = TOLERANCE CRITERIQN FQR (L=LO}/L

M H

THE USER MWST aLs0 SUPPLY A *TRAN® PROGRAM (SEL BELOW)

OO OO 00000 ey

WRITE (91011 )NBeNAJNOBS NEGoNUNRIToITHMAX NC NP 10L
1011 FORMAT ("1 SIZE AND DEFINITIONS CARDO./+1X.1015:010.3,7//}
IEND=1
0O 4 p=ienA
4 XX(1)=0.0p0
==3000000080,000
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TABLE 7 (continued)

[Nz Xgl

0O % N=1.NEQ
B eNb=0.0D0
S READ(S.1001){IU( N} ofRLoNA)
1001 FORMAT(40I2)
IFINR}9P,417,10 .
10 READ(S.1002}(BRII)I=1sNR)
1Na2 FORMATIBF10,0 }
17 IF({IT19+18:9
S READ{5,1002)iBtIl Iz1NY}
6o Y0 20
18 DO 19 I+ieNU
19 B(I1}50,000

20 READIS+1003)FMT
1003 FORMAT(20A4)
WRITE (691014} : :
1014 FORMAT(°1 ALLOCATED SHARES Yoz /7 /)
Do 30 T=1eNnBS
READ(S FEToENU=99) (X0(I }eI=1eNB)
CALL TRAN(NBINASNER:X0(1)su(leTIoX(1e7))
DO 32 I=1.Np
32 AXEIIaxXiTrextfeT)
DO 35 NSlWNEQ
35 HNEN!:NH(NJ+N(NIT)
- IFLT,GT.NPI60 TO 30
WRETE (61015 (W(NsT)sN=1+NEQ)
3015 FORMATU(1X.9D14.7}
E0 CONTINUE
T1=NOBS
DO 31 N=l«NEQ
31 EWiN)zWMINI/TL
DO 3% 151sNa
a4 XXLEIzXACI) /T
WREITE(&+1023)
1023 FORMAT{//+° AVERAGE VALUES®)
. HRITE(501BIBI(WWINIvN=1-NEQI
1018 FORMAT(//:1%.9D14,7)
WRITE(6+1017)
1017 FORMAT("1 EXPLANATORY VARIABLES AFIER TRANSFORMATIONS? e/ //)
DO 40 T=1.NP
60 WRITE(g:1015) (X(1Thelz1eNA)
WRITE(&:1023)
WRITE (691038 (XX(1)sI=iNA)

CONSTRAIN LAST PARAMETER TO 0.0 If SAME TERM Is IN ALL £QUATIONS

KK=0
DO 14 1=1NA
NBS=0
DO 12 N=1«NEQ
IB=IU{I«N}

22 IF11B)1212411

11 NBS=NBS+L
IF‘IwN[eNCJGO TO 12
BLIRIzpLOGiwWiND)
DO 16 J=1«NA
IFtJ.EQ.1360 TO 16
KBEIU{JeND
EFlKB}1Se16u16

15 B(IB?:B(IB)wBH(°KBJ#KX(J)

16 CONTINUE

12 CONYINUE
IF(NBS,NENEQIGO TO 14
DO 13 N=i¢NED
JREIU I ND

313 B{JB)=B(JB)-B(IB}
NRSNR+]
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TABLE 7 (continued)

L Y

s NaNasNeNalel

IUCT cnER) E=NR

DD 21 NB1.NEQ

PO 21 J=1.Na

JBEIUJe N}
IFIUB.6T.1B)IU(JeN}=JB=]

23 CONTINUE
WRITE(6:102231.NEG
1022 FORMAT(/+® COEFFICIENT OF VAR, ?+12¢% TN EQUATIUN ND,*,12,

2 *HAS BEEN CONSTRAINED TO ZEROv./)

KKZKK+1
14 CONTINUE
WRITE(6£1016)
1016 FORMAT(']l POSITIVE INDEXES FOR PARAMETERS TO BE ESTIMAIED'./)
NK=NU=KK

DO 2% ME1.NFQ
25 WRITE(G+10L2){IUIT 4N} eI=1anNA)
1012 FORMAT(IX 40I3) -
WRITE{€1010)L '
1020 FORMATC/." INIVIAL LIKELIHOOD = 2:D1%,7+/)
WRETE (8110091481 BCI)aI=1eNU
1009 FORmAT(/ " INITIAL PARAMETER ESTIMATES? +/ 401X 122X D14.7,7))
IFINR)99.49,48
u8 WRITE(6e1024)
WRITE (6210250 (1 BRIE)+J=LNR}
1025 FORMAT (/801X eI2e2X+DA%oT o/}

COMMENCE ITERATIONS

49 I17=0
WRITE(§:1021)
1021 FORMAT(*1®)
50 1T=1T+}
LO=L
FaC=1,000
51 DO &0 I=1+NK
G§1y=0,0p0
pa 60 J=i141
60 6G{T+J1=0,0pn0
L=0.0D0

CALCULATE FIRST AND gECUND ORDER DERIVATIVES OF LIKELIHGOD

FUNCTION(GINK) AND GGINKNKIT AND COMPUTE VALVE OF NON-CONSTANT

PORTION OF LIKELIHOOD FUNCTION FOR INIyIaL OR PREVIOUS SET
OF PARAMETER ESTIMATESS

DO 10p T=1.N0BS
SEF=0,0D0
DO 70 N=1lNEQ
F=0,0pn0
00 &8 I=1apNA
IB=FU I +N)
IF(IB1&6.68,.65

66 FaF+BRI=IBIaX{1.T)
60 YO &8

65 FeF+B{IBaX(IT)

&8 CONTINUE :
Lal+FeliNeT)
IFIFol.T.=150,0DB}G0 TO 69
IFIF-6T.150,0D0)F=23150,0p0
EF{N)=DEXPIF)

: &0 YO 70

&% EFIN!=0.0D0

T SEF=SEF+EFIM)
L5L=DL OG{SEF}

T2 DO B0 N=21.NEQ
IFLEF NI GLE,0,0D0)G60 TO 73
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TABLE 7 (continued)

Yy

OD=DLOGC(EF (N} 1 =DLOG{SEF )
IFIDD.LT-=150,0D0)EF (n)=0.0D0
EF (N)=FF (N} /SEF
F3 DO 80 I=1+NA
IBFIUIvN)
IF{1B8180.80,71
71 GllBI-GﬁIB){(H(NvTJ-EFtNl)leIuTJ
0O 79 wnizl.pER
CO 79 J=ie«Np
JBSTU[JeNL)
JIFTUB) 79479, 70
¥ IF(IB=yB})79.76+76
76 EFF=EF(N)=EF (N1}
IF(N=N1)T9:7T7:«78
77 EFF=EFF=EF{n}
78 GGIIR . JBI=GL(IBeJB)+X (T VI aX(Je TIBEFF
79 CONTINUE
A0 CONTInNUE
100 CONTINUE
IF(L-L0)}95+101+101
9% DO 97 I=1+Ry o
97 Bil)=p.5sB(I) ¢+ 0.5«B0(I)
FAC=FAC20.500
JF(FAC=0,01p0)102¢51+51
in2 IEND=3
1n1 TOLA=nABS(1,0D00=-L/L0)
WRITE (pel004) 7oL, TOLAFAC
1004 FORMAT(/ Tx,*ITERATION NUBBER® (14, /,* VALUE OF NUN=- CONSTANT %,
2 * pOrRTION OF THE LIKELIHOOD FUNCTION S ep15eTe " TOLERANCE =0y
3 DL5,7+%s FAC S9,D15,7+/)
00 10g I=i.pK
108 plizy=ati)
IF{IT=1199¢112+109
109 IF{Y0L GE.VOLAIIEND=2
IFUET.6E.ITMAX)IEND=]

EISHER SCORING (NEWTON=RAPHSON) CA CULATION FOR CHANGE (D) YO PARAM (B}

112 DO 120 Is2WnK
It=l=-]
DO 120 J=ieyl
120 GGIJe1I=G6(Fed)
CALL INVERT(GGDET o NK  NUMAX)
IF(DET.E0.0,000)Gg To 199
DO 12% I=lapK
p=0.0p0
DO 124 Jd=LlenK
124 D=D+GEIIJ1eGlU)
i2% B{Ij=go(I)-D
IF(IEND=1199:50.126
126 WRITE(6+1005)DET
1005 FORMAT(
2 Fat PARAMETERS: FFF,SCORE®<10Xs*= ESTIMATED INFORMATIQON®,
3 % LIMIT TO THE VARIANCE-COVARIANCE MATRIX (UET T *eD14:7.%}°)
DO ils I=1.mi
115 WRITE(6«1006)BEINGIL e (BGII v suziel)
1006 FORMAT(1X+2n14,7¢4X17D14+7e5(/032Xs 7014, TN
GO TO¢s0.130+140):1END
130 WRITElevIOOTIIOLA-TOL

1007 FORMAT{//:8%+ TOLERANCE OF *9015.7s * MEETS CRITERION OF *.pis,7!

140 WRITE(6¢100p)ETITMAX

1008 FORMAT(///ivEsersn PROGRAM EnDED  AFTER JTERATION NG o T4y
2 Yo MAXIMUM ALLOWED =P4IlU¢f smessugit)
WRITE(g+101%)

1019 FORMAT{®1%eyse® 1 PARAMETEKS STANDAKD LRHORS T=VALUES?®)
DO 130 I=lenK
GEI)}=p508RT=GG(I:1))
G111 1=B (1) sG]
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TABLE 7. (continued)

150
1020

. .155
- 1824

160
[-1-]

199
1026

165

WRITEI6+1020)4,BLI1)6(1)46611,1)
FORMAT{IN 122X 3014%,7)

IFINR}D9.9%.155

WRITE(613024)

FORMAT(/.° {RESTRICTED PARAMETERS)®s/)
No 160 I=1l.pR . ,
WRITE(6+1020)1«BR(3}

CONTINUE :

sTOP

WRITE{60°1026)

FORMATI"1%c/o" I  PARAMETERS EFF. SCORE®./)
DO 165 IzlenK

WRITE(E 102002 .8(1),6(1)

60 TO 155

Enb

SUBROUTINE THNVERT{A+DET «NalMAX)

kBRI E NPT AR S E R R E A S R RS R AR AR A Y AR AP A A IR RN KBTI RN B AR I F D a F & &

C
C

INVERTS A (NXNY MATRIX (A} INTO (A) ApD RETURNS THE DETERMINANT
({DET) OF (A} « NMAX IS THE DIMENSION oF {a) IN THt CALLING PROGRAM

Cvgs**a#!#**#*ﬁktt*#$$#*#$$*ﬂt*###n*ta*t**#t*tsttt*#&tt‘tit#t*stw&smtt

140
15

20
25

30

%
ud

IMPLICIT REAL#BLA=H.0=Z)
LOGICAL COL

DIMENSION A(NMAX.NMAX)Y«NROwilpn).COLL1pOQ)
pET=1,000

DO 5 §=Ll:«N

NROW (1) =]

COL{l1=.FALSE,

DO 40 p=1.N

PIVOT=0.000

DO 15 Ju1eh

§F(COLiJINGD TO 15

DO 10 K=1eN
IF(CO_(K)oORs {DABS(A(J K} LT .DABS{PIy0T}I}I160 TO 10
PIVOT=pldek)

JROW=

KEOL=K

CONTINUE

CONTINUE .

PET=DETepIVQT
IF(DETL,E£0.0.000160 10 61
IFIJROW.EQ.KCOLIGO TO 25
DET==pFET

MEMP=NROWIKCOL )
NROW{RCOL ) =pROW (JROW)
NROW ( JROW) SNEMP

DO 20 K31sN
TEMP=a { JROW K}
L{JROWKI=A{KCOL oK)
ALRCOL (K )=TEmP
COLIKeOL )=« TRUE,

A{KCOL (KCOLy=2,000

00 30 K=1.M

A{KCOU  Ky=a(KCOL Ky /PIVOT
DO 40 J=1M
IF{JeEQKIO0LIE0 TO 40
TEMPsatJoKLDLY
aidsHeot.y=0,00D0

DO 35 KZieN

Bl K eAlJoK)=AIKCOL K aTEMP
COMNT INUE

DO 60 JELM

IF(NROWIY ), EQ@,J)60 TO 60
DO 4% KaJdeN



~35-

TABLE 7 {continued)

ub
50
85
60

61

I=K

IFINHOWIK J,E@.JIGD TO 50
CONT InUE

DO 5% K=4«N
TEMPSA (Ko J)

AlK Ji=ALKeY)
AlKo 1) =TEMP
NROWL T Y =NROW (W]

CONT INUE

RE TURN

WRIVE(6+2003 )JROKCOL

ippl FORMAT(//.* DETERMINANT = po.D. PROGRAM STOPSe. PARIIALLY INVFRTED?® .

alaNalalnl

2

63
lon2

10

* IyFORMATION MATRIX FOLLOWS, (JROW,KCOLIE *4213//)
PO &3 K=iN .
WRITE (6+1002) (A (JeK)edz=g N}
FOHMAT({LX SD14:7) '
RETURy
£ ND

SUBROUTINE TRANINDB«NA«NF@esX0ewsX)
REAL®8 XOoleXeMsT
DIMENSTON ‘XO(NB) oW (NEQ) « XU NA)

INPUT DATA IN X0 NEEDS TO BE TRANSFORMED INTDISHARES (W} AND VAR. X
WHERE W(1) 4 W{2) + .0 + WINEQ) SHOULD EWUAL 1+ AND
THE XS ARE THE SPECIFICALLY TRANSFORMED X0*S FOR FIx}*S

(131,000
Xi2)=lO0G(Xo(k) )}
X{Z)1=xo12)

GO 10 I=1+6
XiE+3)=X0(1+2})
W{L)=X0{I+8)
RETURN

END
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Appendix B.

A Portran Listing of MLAM

v

The program for the analysis of the multinomial logit was written in

Fortran with a Main routine, a Block Data segment, four subroutines

The Fortran listing is given

(RD, WRT, COMP, and PLT) and a function (F).
Table &,

in

TABLE 8 A Fortran Listing of MLAM

e (15T
) ot
M il
L=
o=t w
[ g
m ['F} Pt
b ]
=3 AN Eer
[T [FEL ST N{T VN (V1§
a Dttt e UL S
& def fufp= O
o &f et 10}
+* BBISE
vt e 40 Y
1] = L)
[=} bl ecd UHAIEL
[=] o ol ol o b1l
(X} gl L P
c WLl
=] -4 .
L) =B e
E ZZm
= e LY f -
e = -] b—tn
[~ 7T A it CT e
~ (=] b b e A )
-t L] ot LLILLI O ok
[- N s IR I -
E = E TS alal ]
e O W =2IDZ 0
> ™ HeNO@
o B -4 =S
bnd e g} i [ e B
L L ig gl >= WECZ A
[- N = - LT L )
A S L, Pl -t bt =l N - )
& EE -l > xZFe oX
@ When Fuoat L0 = <lat =
P Zih QO s F>O [-% B oo oegy
Mol EVCIUS met ) = ~SAAAA
N TS e odOom el - T OO 6, €2
N ALy FQ O N WP
w F oo Wyt efNNIe WemF (SECCEL
73] P ==l T ) e s {7
EHAFEe o0 - WD QOO
QS B el O af P 2¢O I WD MU iAW
b T e ] L] o
o Tad- 27 F0 L bt
-t A »OOddn ) € r
 F oo ZTIE [ K] W
"} T E © ol = alh, o
B QI OO e e oy [
® DEFacM>OOH - [=1'y] [N =
3 e D o oG g b [T
b E R Dt ood <3 -4
2 ABULOENMOORO [ E~] we o o
b AN A S N e L e [=To [
@ b o b o o (0 e O ZMm i E N
[T VIV Y T e k- ap-a Y Wi, [ Lo L] [ I ]
[T 0o ETNLY i 116 i Ec o MU 3 o o x| ety O
F 1A rmny Oty =Qmd o e i P e ]
ool o] 3o o LMY oo o womed w027 2 ) U om e Prf o o sk
T Tt R S O E tvew £, D mg e - e B fmt & Sowe
o Ve S, R Y, o, Tl B b e e T e ot 0N oldve 3 CFb O = e O
. o e (30 O e O e el I e D
F FPEEZTEFESUL BB s UL OE el &
[alelelwlalat L1 L] g afd&Eey O 9O 3=
FTEEETLE AL wdad o d OE 2 et T e B e Bt ] P L bt e
FEEELZT Tt ool ol and mad L P e et b d 2 Q0
CORORQWEE < gailicy o o (00 b el by L ) Ol 2
EMHadd L) E e LK) (o3 O e e T () bt 40 A DD LAEM
W o8 L3 =] @ -
=i d (27 o
«
L
WFLIP Ly (S8 18 & 5 % 8 )

e CCue > v -
ERTL e 6] B e T
A o oyeOge = o

AL eI P e
EARm oD oo

WP e OOO™C -

Z e =AM Oe

SEFE & oW 6w me - =
BT SO O s B
DOZOMEOYH = 28 O
Bl BT oMOOE PN
TP et BPICa B Ty
ABUCIFEHO% & & o oo
T, s F P o OO

S b, ey e B e LS
LI HA o VT B gt o
TRECTERITY fee T8 [T THE [ i et

O P O bt () T i e, Y
gl el Mo o 20
e i LANDE o o TH
oy Ty T, e e o G ad o ow )L
=1 o e E 2
ERBEFZ W Uetn

wOaCODOl GOerad

LIS OQOOQF I E
LI L e I b 3
e @ Y

END



w37

TABLE 8 (countinued)

Vo NPE20Y

Sel
163
(2, 209

a8 =«F0

| Ded 3 e afNOE
oaF ol Fihelommr o o
< S L B 5 CHA OO
v, w2 O DO
o Sl o, e e @ e (O
BVHIIAVNOT ZEZE
BEADWILN I Tyl L -~

{NAMBUDI{N] o N=1 NOBUD}
ALBUDENY «N=L . NOBUD}

FNENg 1o NEN(RN,2)

rd=l o NF}

e o IFNIN28J-18 o IFN{N,2%])

ot Pl O 00 i s < BN N Y @D N U oF o o o

[T Sl T e e |

OFTOAQULOCOuw O8O

ZEZP=AL LSOO~ LD000OCO0MO o =
E..lr.lr.rof.fuuk. - T L Bl NP P P ey N T - T 210 R
L oo T s e o @ oL et o )

loonf

L1062
10063

1065

rUNNNNNQEESTzﬁTSTSSST 2 b T
S0O000 & U wral 12 o o we o owr sowr s @ (O awe LL e 2F oy’
JINHHHHLEEDHUDHDMDDDHIDNDHIU
BEFEIFT A Ol d oy o LD
DEOCHD O Z 2 0 O Dl O W S O WL W O O F
RSO e e L T L L R XU O F L el

O
P

2 .
vl

L] e @&

° D W

(-9 [-REE] L

o=l & o a

oo LT " 4

il @ aflhd

=l = wom 3 | o

& WEad <

T Gl 3

OZFud L =

o el O - <

S | o w, wlli =

A < = e Ay Ll

-t - [B3-4 ] bt =L

- (=3 Coome Lol 4

=] o~ o e E L) e

O - ol 4 e = = -4

= a = ot - b s

4 Z = wour Wi -3

-] - O Uy @ EFE I

e > N b 30 Fdd &
& a3 [Lpelit ] Tid = -

123 O [an 1) W EH o

[ Vg oo wd I P o T4

o, 8 «sZ2 O O o 2 = &
o W ™ I N N
) O XNE o & S 2 Ll 32 ()
) Wien Fasa] L T w L e 2
B OO e ZF > Th=tAN Ot oM
L ZWOMD & 0w wate Daf
mFO e ade= Pt v, ZoOT
gLy 2O =)0 = o U = e Do @
Z e WO BN N —r Zo b ] ot
Y O e e @ o -l D o WD e 2 Y
EAZL «0x O F 20 ¢ ZJdOuU ext
ol o Bl N e Fx 2 COLE~a

WD HIE edww® w O = OGS Aafa Dt
ZF A pale o £ Z we O ) Tl el
el Do OCAL ) o M oeala) O D
O2 &« aQNNIFFE F O IR JIJW Ooa® De
& eOFT &P e AR P = P el
AT WONfea o e eow e T
TEIDAFONKZO O QO At Xeo «\CdPZ
fem B e e aN NOZO I O s I
Ol & e f W, tute L3
ZFqIUDEMOODOD Qe & o =AY Yal
o T T Nt T e, S T O, D0 e A 0 e e

weoalld F %, oD *
& VWA JWVCT@AE O eI e s o) e
B DUWIU D S arll, F O e (U N b A
O¥F Jomiina 0 Zdg@ w0 o O T0oo -«
Lyl of «f e e ) O «De T ONALT Tt
ZaAZ DAl PP oo X O Nttt s T N
— e Dl B B et e 0D el O 2P
| and XL W E Do ol Bers = WD
DmZ FEFIFZ LT Y b UG wwee & 83 e
o COooOO® GO0 OO O o)t bdad 2 s e Uy
EHFETITEI WU Z T OWC ¥ O M -2
O EFTEXTEApapmimrpnd mZL T o o o= —tein e

NOOQOQOOWEZZZRAAOXAIe oA ] =4
[(RANEIRISTRIS[EY- Lol el L1 1Y B =z
-t oA LarLaa L
. = &5
- wslly L=
=] [=]
o a8

(%]



-38=

TABLE 8 (continued)
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TABLE 8 (continued)

TICITY CALCULATIONS
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TABLE 8 (continued)
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