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INTRODUCTION

The computer program discussed in Sections A and B was originally
developed by Charles Manski. It has since been slightly emended through
work by Jerry Hausman, David Wise, Raymond Hartman and Ralph Braid. The
latest adaptations reflect efforts aimed at energy demand modeling for
the Department of Energy. Section A of this user manual merely
duplicates the original Manski user instructions. Section B indicates
the most recent version of the program as designed and programmed by

Ralph Braid.
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A) THE CONDITIONAL/POLYTOMOUS LOGIT PROGRAM: ORIGINAL INSTRUCTIONS FOR

USE

1) General Remarks

This FORTRAN program employs the Newton-Raphson algorithm to

determine parameter values which maximize the 'conditional logit'

likelihood function for a sample of observed choices. The conditional

logit model was developed by McFadden (1973) and is a variant of Luce's

probabilistic choice model (1959). The expression for the choice

probability is as follows:

c Zie :E: 7.8
Pr(ieC)=e '/ e J  where Z; is a K-vector of

c
attributes for alternative j, C is an N element choice set and ¢
designates 'is chosen from'. The K estimated parameters 6 are
interpretable as the coefficients of a random utility function u =

e a random variable.

The program also provides maximum 1ikelihood estimates for the

classical binary logit model and its multi-population extension by

78 t+ €,

Nerlove and Press (1973), among others. In their 'polytomous logit'

model, the probability that an observation falls into the ith of N
populations is

Yo Yo

N
Pr(i/Y) =e '/ :E: e J where Y is an H component vector of

j=1

attributes for the observation and ¢j is the mean attribute vector for

members of the jth

is to estimate ¢j, =1, ..., N-1, the ¢y vector being set to zero

population. Given a sample of events, the problem
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to accomplish a necessary normalization. (Actually, Nerlove and Press
use a different normalization. The structure of this program requires
the ¢N = 0 one.) In order to perform polytomous logit estimation with
this program, the user must make the assignment problem 'look like' a

choice problem. This is accomplished as follows:

Define
1
6 = : , a KX 1 vector where K = H *'(N-1)
¢ N-1
Define Z; =[Y, 0, ... 0] , a series of 1 X K vectors. Here 0 is

al X H vector of zeroes.

Zy =1[0, ...,0].

We can then write

=

Yo Yo

j Z.9 2.9 c
Pr(i/Y) = e '/

+ e Jd =ely ed =pr(i e 0),
j=1 jeC

the N populations becoming a pseudo N element choice set. After the
conversion, the conditional and polytomous logit models are formally
equivalent. Only their interpretations differ. The user should be
advised that since this program was originally designed for the
conditional logit application, the data format required for polytomous

logit use is not an efficient one. For conditional logit and classical

binary Togit, however, it is efficient.
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Given the convexity of the conditional logit function, the
Newton-Raphson algorithm converges fairly quickly to the maximum whenever
one exists. In this program, near extreme collinearity of the data
causes a warning to be printed but processing continues. In the case of
extreme collinearity, processing terminates. See Jacoby, Kowalik, and
Pizzo (1972), among many other books, for details of the Newton-Raphson
method.

The program is not internally bounded as to number of parameters to
be estimated, number of alternatives in any choice set (choice sets may
also vary in size) or in number of observations processed. During
processing, data may be stored in core or read in from a secondary device
one observation at a time. Being non-conversational, the program can be
operated in batch mode or from a terminal.

Time requirements for processing increase fairly linearly with the
number of observations, the average size of choice sets and the number of
iterations performed and as the square of the number of parameters. As a
rule of thumb, each iteration on a purely binary logit problem requires
twice the time needed for a linear regression having the same number of
observations and parameters. Unless data are stored in core, core
requirements remain well under 100K.

The program utilizes two IBM FORTRAN Scientific Subroutine Package
routines, DSINV and LOC. If the SSP is not available, these routines

must be supplied by the user or replaced by analogous ones.
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2) Structure of the Program - User Supplied Routines and Inputs

a. Main Program

The main program dimensions vectors, establishes common blocks and
calls the subroutines which perform the computatfons and bookkeeping.
The appropriate main program structure is specified below:

COMMON/PRM/TOL , SQTOL ,K ,NN, ITEND,EPS, IVERGE,, IFIRST,ITER ,KK,N, ISET
COMMON/KKKK /K

COMMON/BETA/B

COMMON/DBETA/DB

COMMON/NBETA/BNEG

COMMON/NDBETA/DBNEG

COMMON/ERROR/BERR

COMMON/MOMENT /XX

COMMON/EXHWY /XY

COMMON/XE/EXB,XEXB

COMMN/XXE/XXEXB

COMMON/DATCOM/DATA

COMMON/NALT/KCASE

COMMON/VARNM/VNAME

DIMENSION DATA ( ),KCASE( ), VNAME( )
DIMENSION B( ),DB( ),BNEG( )DBNEG( ),
REAL *8 XX( ),XXEXB( ),XY( ),XEXB( )E
CALL BEGIN

1 CALL ITRAT

CALL COMP

CALL CALC(&1)

STOP

END

BERR( )
XB

Vector dimensions are as follows. Let K be the number of parameters
in the logit model. Let KK = K*(K+1)/2. Then
DIMENSION B(K),DB(K),BNEG(K),DBNEG(K),BERR(K), VNAME(2K)
REAL*8 XX(KK),XXEXB(KK),XY(K),XEXB(K),EXB

The dimensions for vectors DATA and KCASE are explained in Section

2d (SUBROUTINE READER).

b. Input Parameters

The user inputs, by card if in batch mode and from the terminal if
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in conversational model, values for a set of program parameters. These

include
TOL
SQTOL
EPS

K

NN
ITEND
IVERGE

IFIRST

ISET

used in test for algorithm convergence. See parameter IVERGE.
used in test for algorithm convergence. See parameter IVERGE.
a tolerance for loss of significance in inversion of the
log-1ikelihood sedond derivatives matrix. See IBM SSP
routine DSINV for details. On loss of significance, a
warning is printed but execution continues.
number of parameters in the logit model
number of observations in the sample

maximum number of iterations to be performed

options on test for algorithm convergence.

If IVERGE = 1, the test |ABj| < TOL, i=1, ..., K is
performed.

K
If IVERGE = 2, the test 1K * D (sB{)2<SQTOL is
performed. i=1
If IVERGE = 3, both tests are performed and convergence

requires satisfying both.

If IFIRST =1, the first iteration uses zero as an initial
value for the logit parameter vector. This option allows fast
computation of the first ijteration. The option IFIRST =0
signals that the user will supply an initial parameter vector
through SUBROUTINE COEF. This provides the capability for
interrupting computation after ITEND iterations and then
resuming it later.

If the observations are stored in core, set ISET = 0. If the
observations are stored on a secondary device, set ISET equal
to the data set number assigned.

The above parameters should be supplied in the sequence TOL, SQTOL,

EPS, K, NN, ITEND, IVERGE, IRFIRST, ISET. The format 3F5.4, 6I5 is

required.

In conversational mode, the user is prompted when the

parameters are to be input.



c. SUBROUTINE COEF

This subroutine must be supplied only if the option IFIRST = 0 is
selected. If so, COEF should contain the common block COMMON/BETA/B and
read the negative of the initial parameter vector into B.

d. SUBROUTINE READER

READER reads the raw sample data and transforms it, if required,
into a form compatible with the program's requirements. READER should
contain the common blocks
COMMON/PRM/TOL, SQTOL, K, NN, ITEND, EPS, IVERGE, IFIRST, TER, KK, N, ISET
COMMON/DATCOM/DATA
COMMON/NALT/KCASE

If the option ISET = 0 was selected, the user-supplied subroutine
READER is called at once and must, at that time, load the full sample
information into the vectors DATA and KCASE. If the secondary storage
option was selected, READER is called NN times and must load one
observation at a time into DATA and KCASE. The dimensions for DATA and
KCASE depend on the option selected.

i) Core Storage Option - Here KCASE is a vector of length NN such

that KCASE(t) is the number of alternatives minus one in the tth

observation. DATA is a vector whose length can be anything equal to

or greater than

NN

K* 2.  KCASE(t). Let oLy, be the kthattribute of the it
t=1

h

inferior alternative for observation t. Let c designate the chosen

alternative. Then the structure of DATA is as follows:
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DATA(J) = tfck ~ thik, where
t

b KCASE(h)]- KCASE(t) +K * (i - 1) +k
h=1

and where t =1, ..., NN, i =1, ..., KCASE(t) and k = 1, ..., K.
ii) Secondary Storage Option - Here KCASE is a vector of length (1)
such that KCASE(1) is the number of alternatives minus one in the
observation currently being processed. Let M equal the maximum
value of KCASE over the sample. Then DATA should be dimensioned to

have Tength M * K or greater. The structure of DATA is as follows:

VA z

DATA(J) = t°ck ~ t"ik, where

J=K* (i -1)+k and where i =1, ..., KCASE(1), and k =1, ...,
K.
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3) Structure of the Program - Provided Routines and Outputs

The provided program consists of five subroutines. Their names,

functions and outputs are as follows:

a'

b.

C.

d.

BEGIN -

ITRAT -

COMP -

CALC -

requests input of program parameters, calls
subroutine COEF if an initial logit parameter vector
is supplied, calls READER if data are to be stored in
core, initializes an interation counter and prints a
heading.

prepares for commencement of an iteration by
initializing various variables used later and by
updating others. If data are stored on a secondary
device, ITRAT rewinds the data set.

processes the sample observations, accumulating the
log-Tikelihood's first derivative vector and second
derivative matrix. If data are stored on a secondary
device, COMP calls READER when each observation is
required. On the first iteration, COMP outputs a
count of the number of observations (NN) and choices

NN

( :E% KCASE(t)) processed. In all iterations, it
t:

prints the value of the Tlog-likelihood using the
parameter estimate obtained from the previous
iteration.

calls the IBM SSP routines DSINV, which inverts the

matrix of second derivatives and LOC, which performs
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CONV -
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bookkeeping. A check for matrix invertability is
made. CALC calculates changes in parameter estimates
from the preceding iteration and produces new
estimates. It then calls subroutine CONV. If
convergence has been obtained or if the maximum
number of iterations has been performed, CALC prints
the final logit parameter estimates, the change in
the estimates from the preceeding iteration and the
asymptotic standérd errors of the estimates. Control
then returns to the main program where execution
terminates. If processing is to continue, control is
transferred to ITRAT via the main program.
tests for algorithm convergence according to either

or both of the two convergence options.
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B) EXTENSIONS AND EMENDATIONS TO THE MAXIMUM LIKELIHOOD LOGIT PROGRAM

A few minor changes have been made to the Manski program discussed
in Section A to make it slightly more general and easier to use for our
purposes. In order to motivate the program changes, we begin with a
discussion of the logit log Tikelihood function, followed by a
description of the program changes. This discussion is meant to
supplement the Manski writeup.

Logit is a technique designed to model choices made by individuals
or other micro units. Suppose the logit program is applied to data at
the individual level. Let Xi be the vector of explanatory variables

th

relevant to the choice of the i*" individual, which includes the

attributes of the various choices and (possibly) individual
characteristics. Let ki denote the choice made by the jth
individual. The probability that individual i will make choice ki is

given by

i
Pei = P, Ky 8)

1 1

where g is a vector of coefficients to be estimated. The functions Pj
take special forms under the logit assumption (the exact form depending
on what kind of logit is assumed), but for the purposes of the present
discussion there is no need to write them out explicitly. The likelihood
function for a sample of NN observations is given by

NN
L8 = 7 P (%08

i=1 1
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and the corresponding leg 1ikelihood function is given by
NN _
<(8) = Y Tog Py (Xy,8) (1)
i=1 !
This is the log 1ikelihood function maximized by Manski's program.
Suppose the logit program is applied to aggregate data. Let there

be M groups of individuals (each characterized by a value of the vector

X) and Tet N;; be the number of individuals in group i making the jth

choice. Assuming there are J possible choices, the log 1ikelihood
function will be

M J
X(g) = :E; :E; N;s Tog P;(X;,8) (2)
ST

If this were written in the form of equation (1) the necessary value of

NN would be

M
NN = }E:
i=1

M-

j=1

It follows that if the Nij

is a much more compact way to write the log likelihood function for

are on the average quite large, equation (2)

aggregate data than equation (1).

In order to more easily handle aggregate data, a vector OBS which
represents the repetition number of each observation was added to the
program. If the program is applied to individual data, then each element
of O0BS should be set equal to one, and the Manski program will proceed
exactly as originally written. If the program is applied to aggregate

data, the elements of OBS should be set equal to the appropriate values
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of Nij as described in the last paragraph. The program then calculates
the log Tikelihood function and its derivatives in the form of equation
(2) rather than equation (1). The main advantage of this change is that
it makes the DATA vector somewhat easier to construct and far less

wasteful of computer space when the program is applied to aggregate data.

DIMENSION STATEMENTS

The dimension cards used in the various subroutines of this version
of the program are listed below. Following the conventions in Manski's

program description (Section A), let

K = number of logit parameters

i = KK + 1)

NN = number of observations (individual data)
number of groups * number of choices (aggregate data)
L = number of choices available minus one.

Assuming the core storage option is selected, the appropriate dimension
cards are

MAIN PROGRAM

A. DIMENSION DATA (K * L * NN), KCASE(NN), OBS(NN)

B. DIMENSION B(K), DB(K), BNEG(K), DBNEG(K), BERR(K), VNAME(2K)
C. REAL * 8 XX(KK),XXEXB(KK), XY(K), XEXB(K), EXB

SUBROUTINE BEGIN

Cards A, B, and C of MAIN PROGRAM and
REAL * 8 REXB,RREXB, R, XB.
SUBROUTINE READER

Card A of MAIN PROGRAM and one or two additional cards dimensioning
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variables necessary for reading the data and constructing the DATA vector.

SUBROUTINE COEF

DIMENSION B(K)
SUBROUTINE ITRAT

Card C of MAIN PROGRAM
SUBROUTINE COMP

Cards A, B, and C of MAIN PROGRAM and
REAL *8 REXB, RREXB, R, XB

REAL * 8 RDATA, RXEXB, LHOOD
SUBROUTINE CALC

Card B of MAIN PROGRAM and
REAL * 8 XX(KK), XY(K), ZY
SUBROUTINE CONV

DIMENSION B(K), DB(K)
The SSP subroutines DSINV and LOC, which are mentioned in Section A, are
included in the card deck.
The interpretations of the variables dimensioned in the main program
are listed below.
DATA a vector storing all of the explanatory variables in a
manner described in Manski's instructions (section A).
KCASE number of choices available minus one. If each household
chooses among 0il, gas, and electric heating, KCASE will
be a vector of 2's. KCASE is not necessarily constant

across observations in all uses of Manski's program. If
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it is not constant, then the DATA vector cannot be
dimensioned simply as K * L * NN, since L is not well
defined.

0BS a vector storing the repetition number of each
observation, as discussed earlier in this section.
Manski did not use this variable in the original version
of his program. It would be a vector of all 1's in many
applications of the program.

BNEG logit parameter estimates

B negative of BNEG

DBNEG change of BNEG between iterations

DB negative of DBNEG

BERR standard errors of coefficient estimates

VNAME names of explanatory variables

XY vector storing first derivative of log likekihood function

XX vector storing second derivative matrix of log likelihood
function

XXEXB, XEXB, EXB variables used in construction XY, XX.
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C) LISTING OF PROGRAM

A printout of the program is provided in the following pages,
including the main program, all of the subroutines, and the first few
data cards. As illustrated here, the program is applied to aggregate
data on household heating fuels. The parameters used in forming the
dimension statements are

K = 2— two explanatory variables, fuel price and capital cost

k= KK 1) g
NN = 612 = 204 * 3 — 204 states (rural and urban for two census

years) and three choices of heating fuel: gas, o0il, and electricity

L = 2 = number of choices minus one.

In applying the program to another problem, the whole READER subroutine
must be rewritten. Otherwise, only dimension statements and the data
section have to be changed.

Even though it is specific to this problem, the READER subroutine is
included for illustrative purposes. The numbers of households in each
state using the three different heating fuels are read into the matrix
HT(204,3). Fuel prices and capital costs for each state are read into
the matrix ZR(204,6), and divided through by the price index DEFL(204).
The matrices Z and V, and the vectors K1 and K2, are used in intermediate

stages of construction of the data vector.
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CONDITIONAL/POLYTOMOUS L.
COMMUN/PHM/TOLsSQTOL-NM,
COMMON/KKKK /K :
COMMON/BETA/B
COMMON/DBETA/DR
COMMON/NBETA/RBNEG
COMMON/NDBETA/DBNEG
COMMON/ERROR/RERR
COMMON/MOMENT /XX
COMMON/ZEXWHY /XY
COMMON/XE/EXB . XEXB
COMMON/XXE /XXEXB
COMMON/DATCOM/DATA
COMMON/NALT/KCASE
COMMON/0BSNUM/0OBS
COMMON /VARNM/ VNAME
DIMENSION DATA(2448) +KCASE(H612)40BS(512)

DIMENSION 3(2)+4DR(2) «RNES(2) ¢DBNEG(2) s BERR(2) y VNAME (4)
REAL#®8 XX (3} +XXEXB(3) o XY (2) ¢XEXB(2)+EXB

CaLL BEGIN

CatL ITRAT

Call COMP

CaLL CALC(s))

STOR

END

KKeNsISET
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100

20

SUBRUUTINE BEGIN. .
COMMON/PRM/TOL +SOTOL sMN s LTENDsFPSsIVERGE s IFIRSTeITERsKKaNoISET
COMMON/KKKK /K ' '
COMMON/BETA/B
COMMON/DATCOM/DATA
COMMON/NALT/KCASE
COMMON/ZOBSNUM/0BS
COMMON /VAINM/ VNAME
DIMENSION DATA(2448) sKCASE(612)40BS(612)
DIMENSION 3(2),DB(2) yBNEG(2) 4DBNEG(2) #BERR(2) « VNAME (4)
REAL®8 XX {3) «XXEXB(3) 9 XY (2) 4 XEXB(2) 2EXB ,
REAL®E8 KEYBRREXB.RXB -
PRINT 600 '
FORMAT (1X9 * INPUT TOL9SQTOLSEPSsKsNNsITENDs ' *IVERGE s IFIRSTSISET,
TUSE FORMAT(3F5,44615),%)
READ(54100) TOL+SQTOLsFPSaKsNNeITEND ¢ IVERGE 4 IFIRSTZISET
FORMAT (3FS5,.4461I5) '
WRITE(6971)TOLsSATOL oFPSaKaNNeITEND s IVERGE 4 JFIRSTLISET

71 FORMAT(1Xe3F5,446I15)
Cu* s READ VARIABLE NAMES

f

T

£

200

1190

~
g

DO 10 I=lex —
Ki=(2#1)~1 .
Kz=2%]

READ(5,200) (VNAME (J) 9 J=K1eK2)

WRITE(6+72) (VNAME (J) o J=K11K2)

FORMAT (1Xe2A4)

CONTINUE '

FORMAT (2A4) —
WRITE (6473)

FORMAT (v THINGS ARE OKAY HEADING INTO READER?) . —
IF(IFIRST.53.1) GO TO 1

CALL COEF

IF(ISET.EQ,0) CALL READER

KK=K¥* (K+1) /2 ,
WRITE(69110)NNISET oK IVERGE y ITEND9E?SyIFIRST 7~
1TER=0

RETURN - e
FORMAT (///1Xs VCONDITIONAL LOGIT ANALYSIS BYts1X,
1INEWTON=-RADHSON METHOD'/1Xs IS5, DATA RECORDS WILL BE READ FROMY, —
11X *X DATASET 91340,/
21X9'THE MODEL CONTAINS *913,1 EXPLANATORY VARIABLES.'/
31X+ *CONVERGENCE OPTION vs13sv HAS BEEN CHOSEN AND A MAXIMUM?,1X,
490F '913e0 ITERATIONS WILL BE PERFORMED.'/1Xs'EPS TOLERANCE' 41X,
S1HAS BEEN SPECIFIED AS 'eF 74490 AND THE INITIALTZATION OF Bt,1Xs o
6115 HANDLED BY OPTION "4I39%,1) B

END fe—
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SUHRUUTINE READER
COMMUN/ZPRM/TOL «SOTOL oNNe ITEND oFEPS s IVEIKGE s IFIRST 4 ITERWKK e N4 ISET
COMMON/KKKS /K ' :
COMMON/DATCOM/DATA
COMMON/NALT/KCASE
COMMUN/ZORBSNUM/0BS
NIMENSTON DATA(2448) 4KCASE(H172),08S(012)
DIMENSION 7R(20446) 472 (20%49392) 4V I(6129242)
DIMENSION “H{204) sHT(P0493) o DEFL(204)3K1(3) 4K2(3)
DATA K14K2/24345)039142/
READ(54501) HH4HTDEFL
501 FORMAT(10FR,2/10F8,.2/10F8.2/10FB.2/10F8,2/F8.2)
QEAD IN EXPLLANATORY VARTARLFS AND CHANGE NOMINAL PRICES TO REAL PRICES
READ(54501) ZR
D0 405 I1=1.204
G0 405 J=1.46
4085 7R{Ied)=/ZR(TI« ) /DEFLL(T)
WRITE (64612)
WDITg(Ggéo?) HH-HT;DEFL-Z?
FiowM Trg 72 MAaT2IX
NG 41l I=1.204
3G 41l J=1.3
50 417 wN=l.7
Az 3E (N=1)+)
317 Z(IeJaN)=Z22(] 4M)
411 CONTINUE
DIFFERENCE THE RIGHT HAND SIJE VARTABLFES APPROPRTIATELY
bz
DO 4U7 I=1.2064
DO 407 J=103
M=Me ]
ORS{MY=HT {T+J)
D0 407 N=1l.K
Vi(MdalgN)ZZ(TeJaNI=Z(TaK1(J)eN)
V(MeZeNISZ(TeJgN)=Z(TaK2(J)sN)
407 CONTINUE
CONSTRUCT THE 2ATA VECTOR
ND=0
DG 408 NB=1aNN
DO 48 MB=1.2
DO 408 LLB=1.K
ND=NU+ ]
DATA(ND) =V (NBsMB,LB)
404 CONTINUE .
CONSTRUCT THE <CASE VECTOR
D0 409 L=14NN
KCASC (L) =2

)

L,

g9 CONTINUE

QUTPUT SECTION
W ITE (646048)
wRITE(A45607) DATA
507 FORMAT(1Xs17F7,2)
506 FORMAT (1H1.*THE DATA VECTUR?')

B07 FORMATI1X41EFT,2)

612 FORMAT(//1xs?'INPUT DATAY)
RETURN
END
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SUBROUT INE COEF
COMMUN/KKKK /K
COMMON/RBETA/B
DIMENSION 2(2)
READ(S1) (B(J)ed=14K)
FORMAT (SF16.0)

DO 5 I=1sK
B(Il)==1%8(1)

RETURN

Fai

SUBROUTINE ITRAT

COMMON/PRM/ZTOL «SATOL NNy LTEND4FPS e IVIRGE s IFIRSTH ITERGKKWN4 ISET

COMMON/KKK < /K '
COMMUNZMOMENT /X X

COMMON/E XWHY /XY

COMMON/XE /T XR e XEXB

COMMON/ X XE /X XEXR

REAL®B XX (3) «XXEXB(3) o XY (2) 4 XEXB(2)9seXxB
EXR=1,D0

NO 10 I=1le<

XY {1)=0,00

XEXE{1)=0.D0

B 15 I=14.4X<

X (11=0,00

AXEXAB{I)=0,00

ITER=ITER+]
IF{ITER NE ,1.0R IFIRST4NZel) IFIRST=U
IF(ISETGNEL0) REWIND ISET

RETURN —=
Enbd
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SUBROUTINE COwMP

COMMON /PRVM/TOL+SATOL NN ITEND sEPSeIVERGE s TFIRSToITERGKK NG ISET
COMMON /KK<K/ K

COMMON/RETA/R

COMMON/MOMENT /X X

COMMON/EXW-AY /XY

COMMOMNZXE/EXBy XEXR

COMMUN/XXE /X XEXB

COMMON/ZDATCOM/DATA

COMMUN/MALT/KCASE

COMMON/ZOHSNUM/NOBS

NIMENSION DATA(244R) «XCASE(A12)0B5(D12)

DIMENSION 2{2)4sDB(2) «RNF35(2) 4DBNEG(2) sBERR(2) s VNAME (4)
REAL¥A XX {3) 9 XXEXR(3) 4 XY (2) o XEXB(2) 9EXB

&

i

1

AVEEAY)
~ U

Ut

REALYA RPEXZsRPFXR R4 XA
REAL®R RDATASRXEXB.LHNND
TCASE=D

LCASE=0

LITExR=[TER-]

LHODU=0,00

K =0

00 2 II=1sNN

L=0

IF{ISET.EQ.O0) GO TO 3
CalLL READER

N=KCASE (1) #K

50 TO 4

M=KCASE (11 #K
IF(IFIRST.AD,.,1) GO TO 5§
(0 22 JJ=1e.NsK
Jl=Jd=1+NNK

AR=0.00

DO 10 I=1lax

J1i=Jd1+1
AR=XH+DATA(JLIT) #53 (1)
[FlAB.LTa=170.00) GO TO 22
IF(X83.06T:170.,00) 6O TO 13
a0 TU 11

JaJd=JJ+NNK

GO TO 50

R=DEAP (XB)

EXBzE xR+

DO 25 T=lex

J1I=J1+1 \
RODATA=DATA(J1IT) #=2
XEXB{I)=XEXB{])+RDATA

DO 22 J=lseT

L=+l

Jli=Jdi+J

AXEAB (L) =XXEXB (L) +RDATA#*JATA(JL1J)

CL=0

GO TO 32

L CASE=LCAST+]

DO 42 JJ=1NeK
ICASE=ICASE+]

J1=dd=1+MNN¥

EXB=EXx8+1

DO 35 I=1l.x

J1T1=d1+]1 ‘
AEXBLI)=XEXB(I)+DATA{(JI])
DN 35 Jd=1s1
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L=L+1

Jld=dJdl+J

AXEXS (LY =XXEXB(L)+DATA(JLI) #DATA (UL D)

L=0 '
REXR=1.D0/5X8

D0 45 I=]ex

HXEXB=XEXB(T) #REXB

XY (I)=XY (1) +RXEXB*ORS (T

DO as J=lel

L=+l

A (L) =X (L) + (XXEXB (L) ~=RXZXB#XFXB(J)) *~EXB%¥0RBS(T1)
LHOOU=LHOOD+DLOG(REXR)Y #0355 (1)

G0 7O 24

0O 51 I=lex

JIJII=dgd=-1+1

XY (D) =XY (1) +DATA(JIILT)

EXB=1,.D0

DO 34 I=l,.x<

XEXB(1Y=0.00

D0 46 [=1ex<K

XXEXB(I)Y=0,D0

IFLISETLEQ,.D) NNXK=NMNK+N

CONT INUE

IF(ITERLEQ.IIYWRITE (641640)LCASELICASE

WRITE(64141) LITERLLHOOD

KE TURN

FORMAT (1XsThev CASES CONSISTING OF tsl8s' CHOICES WERF READ')
FORMAT (1Xs v THE LIKELIWOND USING BETA FROM ITERATION '4I5e* IS t,
D11e9)

EnD
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SUBROUTINE CALC (#)
COMMON/PRM/TOL +SATOL oNN ITEND9yEPSy IVERGE s IFIRSToITER9yKK¢Ne ISET
COMMON/KKKK /K '
COMMON/BETA/B
- COMMON/DBETA/DB
COMMUN/NBETA/BNEG
COMMON/NDBETA/DBNEG
COMMON/ERROR/RERR
COMMON/MOMENT / X X
COMMON/ZEXWHY /XY
COMMUN /VA3INM/ VNAME
T DIMENSION 2(2) 4DB(2) 4RNEG(2) yDRNEG(2) »BERR(2) 9 VNAME (4)
REAL¥B8 XX (3) ¢XY(2)42ZY
ICIN=0
IF(IFIRSTNEL]DY GO TO 70
DO 50 I=zlex

=0 5(I)=0a
70 CaLl DSINV(XXeKeEPSHIFR)
"""" IF(IER.NELD) GO TO 98
12 CONT INUFE
- DO 72 I=14x
DB(I)=0,

o DO 7 J=1K
CALL LOC(T4JeIRsKeKo1)
DR(I)=DR(I) =-xXX(IR)#XY(J)
72 CONTINUE
Do 75 Izle(
7% B(L)=B(I11+0B(I)
DO 76 I=lex
- ANEG(I)==B(])

[ DBNEG(I)==DB (1)
— CalLlL CONV(&99)
50 TO 97

20 RETURN 1
39 WRITe (64110}
WRITE(6410)) IVERGE
- ICIN=]
GO TA 18
WRITE(64102) IER
GO 70 12
9A WRITE(64103)
RETURN
97 WRITE(64110)
110 FORMAT (1)
T IF(ITER,GE,ITEND) WRITE(6+104)
HY L=0
- LL=0
DO 500 I=1.K
=L+l
Li=LL+L
ZY=XX(LL)
300 BERR(I)=DSIART(ZY)
' IF(ITER.GE,ITEND.ORJICINeNESO) WRITE(6,107) ITER
“" IF(ITERLLT,ITEND.AND.ICINSEQ.0) WRITE(64108) ITER
WRITE (5.105)

— DG 16 I=lyx
J1=(2%1) -1
— Je=2¥%1

16 WRITE(6+106) 1o (VNAME (J) s J=J14J2) ¢BNEG(I) +DBNEG(I) +BERRI(I)
IF(ITER.LT.ITENDLANDTICINSEQ.D) GO TO 20

g 2
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PETURN
FrRMAT (/// 771X YCONVEPRGENCE ACCORDINS TO CONVERGENCE OPTION v,
X13et HAS BrEN COMPLETFDY)
ing FORMAT(///7/1Xs VWARNING. LOSS OF SIGNIFICANCE. IER = 14134, EXFClI
XT1ON CONTINUES,.') '
FOmMAT (A / /771X PEXECUTION TERMINATED. MOMENT MATRIX CANNOT RE INVE
ARTED OR K -4AS 8EEN MISSPzCIFIFEDY)
16g CORMATA L/ /7771 X« VEXECUTION TERMINATED. MAXIMUM NUMBER OF ITERATIONS
MAS BEEN 2ERFORYMED ANMD THE DESIRED LCVEL OF CONVERGENCE'«1X.
¥ HAS NOT RBTEN ACHIEVEN.t)
107 FORMAT(1XetEXECUTION TERMINATEND AFTE<'4I4¢t ITERATIONS,')
198 FORMAT(IXe1ESTIMATED COEFFICIENTS AFTER'9 44t ITERATIONS®)
105 FWNMAT e T e VWARTABLF 1 e %A 9 "WARTABLE Y911 X9 tBETAY 912X,
*CHANGE TN BFTA® 96X
PSTANDARD ERRORT 3/ 61X s "NUMBERY 96X e "NAME 14 /41X g VSt sttt 0 44X,
Qx*wwk*éi',;x,!% WA BT g ] (X g Vi ettt g 65X,
LI R R R R R R R | ./)
106 FORMAT(PAeT30RX e 204 eRX g1l eDelNXsF11eDe9X9F11.5)

PNU

e

NS
-
-~

Lad

LR N A 4

SUHROUT INE COMV (#)
COMMON/PRM/TOL o SATOL oMNs ITEND+EPSe IVIRGE s IFTRSTS ITERsKK 9N« ISET
CAMMON/KKK A /K
COMMUN/BRETA/R
COoMMUN/DBETA/DA
DIMENSION 2(2)4D3(2)
IFCIVERGE «T0.2) 6O TO 20
L=
N lu =<
A=08(11/8(1)
19 IF(ASS(A) RT.TOL) LP=)
IFILFLEQelY 5O TO &0
FIVERGE «F0.3) GO T0O 20
RETuUHRN ]
=}

i

:

X

30 I-’Ilw‘i'

A A=A + DR(IY*DR(1)/8(I1y/R(1)
Az=b/K
A=SOKT (A)
IF{AaGT.SQTOL) GO TO 490
RETURN ]

40 RETURN
EnD
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SUSBROUTINE LOC(IysJeIReNyYIMS)
Ix=1]

Jx=4

IF{MS=1) 10.20,30
IRX=N# (=]} +TX

60 70 346

IF(IA=UX) 22¢244¢24
IRX=IX+e (UX®JX=UX) /2

GO TO 36

IRX=JX+ (IX#IX-1X) /2

GO TU 36

I=%x=u

IF (T x=ux} 3643236
T=X=1x

IR=IrX

RETURM

END

SUBROUTINE DSIMV (AsNFPSs [ER)
DIMENSION 2 (1)

OOURLE PRECISION A«DINewIRK
Calll UMFSD(ANGEPS,IER)
IF(IER)Y Yelal

IPIV=N* (N1 /7

Teid=1FTv

BES T I=lev
DIN=I.D0/ZA(IFIV)
a(IrPIvy=DIN

MTN=N

KEND=T -1

LANF =hN=KEN)

IFIKEND) Se542

J=T1HMu

DO 4 K=]e<KEND
WORK=0,.D0

MIN=MIN-]

LeOR=TRPIV

LvER=J

D0 3 L=LANS eMIN
LVERSLVER+

LHOR=L HORS L
WQQKZWOQK*A(LVER)*A(LHDP)
A(J)==wWORK=DIN

J=J=MIN

IeIy=IRPIV-uvIN

IND=IND-1

DO R I=1s¥

IPIV=IRPIVsT

JziFly

0 B k=N

WORFK=0,0D0

LHOR=

o 7 L=KeN

LVER=SL HOR+<~]
WORK=WORK+ A (LHOR) #A (LVER)
LHOR={ HOR+ L

A (J)=WORK

J=J+R

RE TR

END

SUBROUTINE DMFSD(AWNsFPSeIER)
DIMENSION A(D)

27
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cnu%LF PRECISION DPIV.DSJMsa
=1 1241l

4 K=1 ¢\l

KUIV KPIv+x

IND=RKP IV

LEND=K=]

TOL=ABS (EPSHSNGL (A(KPTIV) )
Do o1l IT=K 4N

OSUM=0,.D0

TF(LEND) Pebks?

N 3 L=leEND
LANF=KPIV=_

LIND=IND-L

1 NSUMEDSUM« A (LANMF) %A (LTND)
& DSUM=A (THD)Y =DSUM ‘
FI~K) 1”-5;10

1F (SHGL (0S1M) =TOL) 64649
DS 1291297

1*9) B.5,40

o

o e i

4
>
O
b
(
O
[l
=
X

(DSUM)
{Kf:’].\!) =DP1V
DEIv=1.D0/0P1V
50 TO 11
(IND) =DSUM*DP TV
InU=IND+I
<ETURN
1o TFR==~]

o
=

Pt

RETURN
Enb
FrGL,EYSIN DD %
N0 001 4001 2 617 15 3

3
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