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ABSTRACT

This report describes a computer program which will adjust the
parameters of an arbitrary function to fit a set of observed values by the
method of least squares. The form of this function is to be defined in
terms of & subroutine prepared by the user. The derivatives needed for
the method of least squares are either obtained numerically by the program
or calculated analytically by the user's subroutine. Most of the program
is written in the Fortran language tc facilitate any desired modifications
and to permit its use on variocus machines. Instructions are included for

the use of the program, which is available in cerd form from the authors.



INTRODUCTION

The computer program to be described will adjust the parsmeters of an
arbitrary function to obtain a least-squares fit to a set of observations.
The function involved may have any form which can be defined by a subpro-
gram, prepared by the user, to obtain its value for a given set of trial
parameters and independent varisbles. The derivatives needed for the
method of least squares are either obtained numerically by the program or
calculated analytically by the user's subroutine.

The input data to each job include a set of observations, each with
its corresponding independent variables, and, if desired, its estimated
standard error. The latter determines the weight of the observation unless
the use of unit weights is specified. The program also reads a set of
trial parameters and an indication of which of these are to be adjusted.
If numerical differentiation is to be performed, a parameter increment to
be used in this process is associated with each parasmeter to be varied.

More then one cycle of refinement will be required to converge on the
final solution unless the function to be fitted happens to be linear in
the varisble parameters. The program allows the user to specify the number
of cycles to be performed in each job and also permits him to provide a
test to terminate the calculation after fewer cycles if appropriate. Pro-
vision is made to transfer the parameters from one job to another by means
of either magnetic tape or punched cards.

A list comparing the observed and calculated function is put out
together with an over-all agreement factor before each cycle of refinement
and once more after the last adjustment. The old and new parameters with
their calculated standard errors are listed after each cycle, and the
correlation matrix is put out at the end of each Jjob.

The program has been used successfully for crystal structure refine-
ments involving more than ninety varisbles and over two thousand cbserva-
tions. Most of it is written in Fortran to facilitate any desired
modifications and to permit its use on various machines. Both symbolic
and column binary cards are available from the authors.



GENERAL DESCRIPTION

It is expected that the Fortran listing and the glossary of symbols
which are provided will serve as a complete description of the program.
The form of the input is described in detail in a separate secticn, and
an example of such input, together with the corresponding output, is also
given. This section is therefore intended to serve only as a brief summary
of the method.

Of fundamental importance is the user's subroutine CALC which, during
each cycle, is entered once for each observation to obtain Y¥C, the value
of the function based on the current parameters and the NX independent
variables associated with the observation. For each observation the pro-
gram stores in the array DV the derivatives of YC with respect to those
perameters P which are to be varied. If the user elects to have these
derivatives obtained numerically, he must associate with each P(I) a param-
eter increment DP(I). For each of the NV variables the program adds DP(I)
to P(I) and re-enters CAIC to obtain YD, the function based on the param-
eters with one incremented. The required derivative is then taken as
(1) = (¥Yp-¥C)/DP(I).

Alternatively, the user may elect to include the analytical calecula-
tion of the derivatives in subroutine CALC, and this will save appreciable
machine time in problems with complicated functions and many wvariables.

In this case the subroutine is entered only once for each observation, and
the derivatives with respect to every possible variable are stored in the
array DC at the same time that YC is calculated. The program later selects
from this array the derivatives with respect to those parameters to be
varied in a particular job.

It is possible to use a combination of numerical and programmed
derivetives by specifying numerical derivatives but setting to zerc the
parameter increments associated with some variables. When the program
finds such a zero increment, it assumes that a programmed derivative is to
be used for that variable.

Additional flexibility is provided by an optional user's subrcutine
PRELIM which is entered once at the beginning of each job. This may be
used to read various constants, make preliminary computations, and other-

wise prepare for the fuuction calculation. It may also be used fur data



processing, weight calculation, or other modification of the observation
input.

For each cycle the matrix and vector of the normal equations are
stored by computing tpe contributions of one observation gt a time. The
calculated function and the required derivatives are obtained as described
above, and & line of output comparing the observation with its calculated
value is put out. The term (SQRTWXDV(J))*(SQRIW*DV(K)) is then added to
AM(JK), the J,Kth element of the matrix, where SQRTW is the square root of
the weight of the observation. The contribution to the vector element
V(J) is (SQRTW*DV(J) )*(SGRTW*(YO-YC)), and that to the agreement factor
SIG is (SQRTWX(YO-YC))**2. Here YO is used as an abbreviation for YO(I),
the Ith observed vealue of the function.

This process is repeated until the contributions from all the observa-
tions have been obtained. At this point an agreement factor, the standard
error of an observation of unit weight, SQRTF(SIG/(NO-NV)), is computed
and put out.

The storage scheme used for the matrix AM is described in the glossary.
To make efficient use of memory space, only the upper triangular part of
this symmetric métrix is stored. Furthermore, to conform to the require-
ments of the existing matrix inverter, SMI, the matrix is stored forward
in core or backward in the normal Fortran indexing system.

Before the matrix is inverted it is tested for zero diagonal elements
which would indicate a singular metrix with one or more zero row-columms.
This would be the result if the derivatives with respect to the corres-
ponding paremeters were zero for all observations. A singular matrix due
to the attempt to vary sets of parameters with one or more redundancies
will be found in the course of the inversion. In case of either type of
singularity, the job is terminated with the appropriate  comment.

The matrix inversion procedure is described in detail elsevhere
(W. R. Busing and H. A. Levy, Comm. ACM, 1962. To be published.) It in-
volves the diagonalization of the matrix by a series of congruent trans-
formations, inversion by teking reciprocals of the diagonal elements, and
&8 sequence of reverse transformations. Upon completion of the process the

inverse matrix has replaced the original one in the array AM.
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The vector is then multiplied by the inverse matrix to obtain the
parameter changes, PD. An estimated new value of the agreement factor SIG
is obtained by subtracting from it PD(I)*V(I) summed over the NV variebles,
and a reviseg SQRTF(SIG/(NO-NV)) is computed. The entire 1list of param-
eters is then put out showing the changes which were made and the estimated
standard errors associated with these variables. The latter are computed
as SQRTF(DIAG(J)*SIG/(NO-NV)) where DIAG is an array of the diagonal ele-
ments of the inverse matrix. It should be noted that these estimates are
exact only if the function is linear in the parameters, are approximately
correct for converging nonlinear functions, but may be grossly incorrect
if the calculation is diverging.

At this point the program enters a subroutine TEST which may be pro-
vided at the option of the user. This routine may be used to determine
whether the new parameter values are reasonable, modify them if necessary,
or terminate the job. It may also be used to test the agreement factors
from several cycles so that the job may be terminated when convergence is
achieved. Unless the job is ended by TEST or because of a singular matrix,
the ebove procedure will be repeated for the specified number of cycles,
and then a final calculation and output of YC will be made.

At the end of the job, unless a singular metrix has been found, the
program computes the correlation matrix by dividing each inverse matrix
element AM(IJ) by SQRTF(DIAG(I)*DIAG(J)). Only the upper triangular part
of this symmetric matrix is reported, and the other elements appear as
zero in the listing.

DATA INPUT

*The limitations marked with an asterisk depend only on the dimensions
with which the program is compiled.

1. Title card. FORMAT (1246)
Columns
1-72 TITLE consisting of any desired Hollerith informa-

tion. This will be put out as a heading on each
section of output.

2. Control card. FORMAT (713)
Columns
1-3 NC, the number of cycles to be run on this job. Cal-

culated values of YC will be listed NC + 1 times. If
NC = O one list of calculated YC will be put out, but
no refinement will be made.



3.

4-6

7-9

10-12

15-15

16-18

19-21

NV, the number of parameters to be varied. If
NC = O then NV is irrelevant. 1 < NV < 100.%

NX, the number of independent variaales assocliated
with each observation. 1 £ NX < 5.

ID, the derivative indicator. ID = O indicates that
the required derivatives have been prograxmed by the
user. ID = 1 indicates that the required derivatives
will be calculated numerically except for parameters
which have DP(I) = O.

IW, the weight indicator. IW = O indicates that indi-
vidual standard errors will be supplied by the user
for each observation. IW = 1 indicates that the pro-
gram is to weight each observation at unity.

IP, the parameter input indicator. IP = 0 indicates
that trial parameters are supplied as input data.

IP > O indicates that the program is to read the
input paremeters from a private tape using those from
cycle IP of a previous Job.

IT, the auxiliary output indicator. If IT = O the
corrected parameters are not to be saved for later use.
If IT = 1 the corrected parameters are to be written
on a private tape. If IT = 2 the corrected perameters
are to be written on an auxiliary output tape to be
punched on cards off-line.

Trial parameter cards. FORMAT (I3/(8F9.4))
These are to be provided only when IP = 0 on the control card.

First card.
Columns

1-5

Second card.
Columns
1-9

10~-18

19-27

6ls-T72

NP, the total number of parameters to be read (includ-
ing those to be varied and those to be held constant).
1 < NP < 200.%

P(1), the trial value of the first paremeter, etc.
P(2)

P(3)

»(8)



Third cerd.
Columns

1-9 P(9)
10-18 P(10)

P(1P)

4. Observation cards. FORMAT (I1,E8.h4,7E9.4/(8E9.4))

Include one or more cards for each of NO observations. 1 & NO K 999,*

Columns
1 Blank
2-9 Y0, the cbserved value of the dependent variable.
10-18 SIGYO, the standard error of this observation. If
IW = 1 on the control card this field is irrelevant.
19-27 X(1), the first independent variable.
28-36 X(2), the second independent variable.

. X(NX), the last independent varisble. Note that
these fields can be used to input any numbers which
pertein to an individual observation. (If it is
desired to make NX > 5 then the program must be
recompiled with altered dimension statements. If
NX = 6 then a second card which is blank must be
supplied for each observation unless the FORMAT
statement is changed.)

5. Observation termination card. FORMAT (I1)
Column
1 ISENT = 1 as sentinel for end of observation deck.
(If NX > 6 then blank cards must be added so that the
termination includes as many cards as an observation.)
6. Key integer cards. FORMAT (72I1)

These are omitted if NC = O. Otherwise one card is included for each
72 trial paremeters (or fraction thereof) read.

First card.

Column

1 KI(1) = 0 if P(1) is not to be varied. KI(1) = 1 if
P(1) is to be varied.



2 KI(2) associated in the same way with P(2), etc.
T2 KI(72)
Second card.
Column
1 KI(73)
KI(NP)
7. Parameter increment cerds. FORMAT (8E9.4)

These cards are included only if both NC > 1 and ID = 1, that is, if
some of the least squares derivatives are to be computed numerically.

Pirst cards.

Columns

1-9 DP(1), the parameter increment associated with P(1).
If the derivative of YC with respect to P(1) is to
be determined numerically, DP(1) is the parameter
increment which will be added to P(1). If KI(I) =0
then DP(I) is irrelevant. If KI(I) = 1 and DP(I) = 0O
then the program will expect the derivative with
respect to P(I) to be calculated by the user's sub-
progrem, CAILC.

10-18 DP(2), the parameter increment associated with P(2),
etc.

64-T72 P(8)

Second card.

Columns

1-9 DP(9)
DP(NP)

8. Any data to be read by the user's subroutine PRELIM.

TAPES REQUIRED

Listed here are the monitor tape control cards required for operation
at the Oek Ridge Central Data Processing Facility. At other installations
the necessary tapes should be specified appropriately.



¥TAPE(4, Reel number, SAVE)
This is required only if IP > O indicating that the initial values
of the trial parameters are to be taken from this tape, which was
written on a previous Jjob.

*TAPE(5, POOL, SAVE)
This is required only if IT = 1 indicating that the adjusted param-
eters are to be written on this tape after each cycle, This tape is
initially rewound and an end-of-file is written upon completion of
the Jjob.

¥TAPE(6, AUXOUT)
This is required only if IT = 2 indicating that the adjusted param-
eters are to be written on this tape after each cycle. Cards suitable
for input to another job will then be punched off-line. This tape is
not rewound and no end-of-file is written on it by the program.

*TAPE(9, OUTPUT)

¥TAPE(10, INPUT)

SUBROUTINES TO BE SUPPLIED BY THE USER
SUBROUTINE CAIC(XI,Y,P,D)

This subroutine must be supplied by the user to evaluate the function
and to calculate the necessary derivatives if these are to be programmed.

The argument XI is used as a vector of the NX independent variables
for one observation. This vector represents column I of the two dimen-
sional calling program array X, and the CALL statement for observation I
uses the érgument X(1,I). If NX > 1 then XI must be included in a
DIMENSION statement. Note that this array mey be used to convey to the
subroutine any information which pertains to a particular observation.

Y is the single valued function to be calculated. The calling pro-
gram uses either YC or ¥D as the corresponding argument.

P is the array of trial parameters some of which are to be varied.
It should be included in a DIMENSION statement. This array may also be
used to convey constants or instructions to the subroutine, but such
parameters should not be adjusted.

D is the array in which derivatives are to be stored if they are

calculated by this subroutine. It is in one to one correspondence with
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the array P. The calling program refers to it as DC or DD. The array
should be included in a DIMENSION statement.

If COMMON storage is used for ccmmunication with subroutine PRELIM
(see below) then care should be taken to include the COMMON and DIMENSION
statements from the calling program.

The user must program the calculation of Y from the independent
variebles XI and the parameters P. If derivatives are programmed, then
OY/OP(J) should be stored in D(J), etc. Only derivatives with respect to
parameters to be varied need be programmed, but storing derivetives which
will not be used is permitted. Programming the derivative calculation
will save appreciable machine time on problems with complicated functions
and many variables. The derivative programming can of‘ten be checked by
comparing the results of a least-squares cycle which uses it with those of
the same cycle using numerical differentiation.

The usual RETURN and END statements are added, and the compiled
program is inserted before the transfer card in the program deck.

SUBROUTINE PRELIM

This optional subroutine is entered once after all the input has
been read but before the initial values of the trial parameters are put
out. It may be used to read additional input, meke preliminary calcula-
tions, and otherwise prepare subroutine CAIC for the function computation.
In its present form the mein program provides no arguments for PRELIM, and
it is expected that COMMON séorage will be used to communicate with CAIC.

The subroutine must include COMMON and DIMENSION statements exactly
as they appear in the main program, preceding any COMMON statements
inserted by the user.

The usual RETURN and END statements are added, and the compiled pro-
gram is substituted for the dummy program which is included with the card
deck provided.

SUBROUTINE TEST

This optional subroutine is entered once at the end of each cycle
after the parameters have been adjusted and listed but before they are put

out on tepe or cards for use in ancther job. It may be used to test
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whether the new parameter values are reasonable, modify them if desired,
or terminate the job. It may also be used to test for convergence of the
least-squares procedure.

No arguments are provided by the calling program in its present form,
but communication may be made by means of COMMON storage.

The subroutine must include COMMON and DIMENSION statements exactly
as they appear in the main program, preceding any COMMON statements
inserted by the user.

Before TEST is called, the main program sets ISTOP to zero. If the
Job is to be terminated, TEST should set ISTOP to a non-zero integer.
When & Job is terminated in this way, the value of ISTOP is given in the
output listing so that it may be used as an indicator to identify one of
several reasons for stopping.

The array SQSIG may be used as the basis of a test for convergence.
When TEST is called, SQSIG(1l) contains the estimated agreement factor
SQRTF(SIG/(NO-NV)) for the new parameters. For comparison SQSIG(2) con-
tains the same quantity from the previous cycle. On the first cycle of
each job SQSIG(2) is zero.

The usual RETURN and END statements are added, and the compiled pro-
gram is substituted for the dummy routine which is included in the card
deck provided.

CARD DECKS PROVIDED

Symbolic Column

card binary card
Subprogram Type numbers numbers”™
Calling program Fortran 1 - 384 691 - T56
PRELIM (dummy ) Fortran 385 - 389 757 - 7158
TEST (dunmy) Fortran 390 - 39h4 759 - T60
SMI FAP 395 - 647 761 - TTh
CALC (example) Fortran 648 - 666 775 ~ T79

Library subroutines to be inserted here if not supplied by monitor system.

Transfer card 667
Data for example 668 ~ 690

¥These column binary cards were compiled or assembled on an IBM 7090. For
use on & TO4 the calling program should be recompiled, but the remaining
subprograms which are included here should be satisfactory.



12

LIBRARY SUBROUTINES

At the Oak Ridge Central Data Processing Facility all necessary
subroutines, except those described above, are supplied from the monitor
library tape. At other installations the following subroutines should
be provided: Fortran input-output routines, SQRT, FPTRP, ERROR, and EXIT.

FPTRP initializes a floating trap routine so that underflows are
set to zero and overflows cause a transfer to ERROR. ERROR terminates
the calculation and initiates an optional memory dump. A job is normally
ended by calling EXIT.

GLOSSARY OF SYMBOLS
¥Indicates input data.

A. Single Storage Variables

* NC Number of cycles of refinement to be performed
in this job. The program puts out ¥YC, the
values of the calculated function, NC + 1 times.
If NC = 0, YC is calculated, but no refinement
occurs. :

¥ NV Number of parameters to be varied. If NC = O then
NV is irrelevant.

* NX Number of independent varidbles associated with
each observation.

* 1D Derivative calculation indicator. If ID = O it is
assumed that the user's subroutine CAIC calculates
the derivetives and stores them in DC. If ID =1
derivatives are to be calculated numerically
(except for those perameters for which DP(I) = 0).

* IW Unit weight indicator. If IW = 1 all observations
are assigned unit weights. If IW=0 then the
weights are taken as 1.0/SICYO(I)¥*2.

* IP Parameter input indicator. If IP = O the param-
eters P are to be read from cards. If IP > O then
the parameters are to be taken from the magnetic
tape output of cycle IP of a previous Jjob.

* IT Parameter output indicator. If IT = O parameters
are not to be written on tape for later use, if
IT = 1 they are to be written on a private tape,
and it IT = 2 they are written on the monitor
asuxiliary tape in such a way as to yield punched



* NP

NO

IC
NCY

SIG
SQRTW

XC

YD

PSAVE

SIGP

ISTOP

* ISENT

PDI

1J

IJD
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cards. The private tape is initially rewound and
is terminated by an end-of-file while the
auxiliary tape is not.

Total number of parameters including those to be
varied as well as those to be held constant.

Number of observations.

Identifying number of a particular cycle in this
Job.

NC + 1, the number of cycles plus one. This is
the number of times the list of YC will be put out.

(SQRTW*(YO-YC))**¥2 summed over all observations.
Square root of the weight for each cbservetion.

Calculated value of the function stored by sub-
routine CAILC.

Calculated value of the function as stored by sub-
routine CAIC for computing numerical derivatives.

YO-YC
(Yo-yc)/s16Y0(I)

Parameter saved while original 1s incremented for
numerical differentiation.

(nv#(NV + 1))/2, the number of elements in the
matrix.

Standard error of a parameter.

Stop indicator set # O by subroutine TEST to indi-
cate that no further cycles are to be run on this
Job. Otherwise ISTOP = O.

Sentinel set at 1 to end observation deck.

DP(K) saved for derivative calculation.

PD(1)

Index used so that AM(JK) is &y

Index used so that AM(IJ) is 8y 4

Increment subtracted from IJ to step down a
column of matrix AM(IT).



POLD

II

I1D

ISING

NPCD

NT
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Parameter before correction is added. Saved for
output.

Index used so that AM(II) is diagonal element &iy.

Increment subtracted from II to step down diagonal
of matrix AM(II).

Singularity indicator set at 1 if a zero dlagonal
element is found in the original matrix or if a
diegonal element becomes zero or negative during
inversion by SMI. Otherwise ISING = O.

Multiple of 8 greater than or equal to NP.

Number of private or auxiliary tepe used for out-
put of paremeters to be saved.

B. Arrays With Their Minimum Dimensions.

* TITLE(12)

* P(NP)

* DP(NP)

* KI(NP)

* X(NX,NO)

* YO(NO)
* SIGYO(NO)

AM( (V¥ (v+3) ) /2)

Alphanumeric title read at start of problem and
transcribed to the output.

List of NP parameters, some of which will be varied.

List of increments to be used if numerical differ-
entation is to be performed.

Key integers corresponding to the parsmeters.
KI(I) = 1 if P(I) is to be varied. Otherwise
KI(I) = o.

NX independent variables for each of NO observe-
tions.

NO observed dependent variables.
Standard errors of the NO observations.

Matrix of the normal equations. This area 1s also
used for the inverse matrix. Only (NV*(NV+l))/2
words are used for the matrix, but NV more are
used by the inverter. Only the upper right
triangle of the matrix is stored, and this is
stored forward in the memory - i.e., backward in
the Fortran indexing system. If 44 represents a

matrix element than ajj is at AM((NV¥(NV+1))/2),
ajo at AM((NV*¥(NW+1))/2 - 1), etc., app is at
AM((Nvx(NV+1))/2 - NV), and ayy,nv 1s at AM(1).

For example if NV = Lk the storage is as illustreted:



V(W)
DC(NP)

V(NV)

PD(NV)

DIAG(NV)

DD(NP)

sQs1a(2)

ROW(NV)
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&1 7 81p = | 813 = | &) =
AM(10) AM(9) AM(8) AM(T)
8op = 823 = o) =
AM(6) | AM(5) | AmM(4)
333 = a
AM(3) AM(2)
auy =
AM(1)

Vector of the normal equations.

Calculated derivatives of YC with respect to P.
If derivatives are programmed they are stored here
by the user's subroutine.

Derivatives of those parameters which are to be
varied multiplied by the square root of the weight.

Calculated parameter changes for those parameters
which were varied.

Diagonsl elements of the inverse matrix. These are
used for calculating the standard errors of the
parameters which were varied.

Irrelevant derivatives calculated by CAIC on entry
for numerical derivaetives. This array is needed
because both numerical and calculated derivatives
may be used in the same problem.

5QSIG(1) is the error of fit, SQRTF(SIG/FLOATF(NO-NV)).

SQSIG(2) is 8QSIG(1) saved from the previous cycle
of this job. 8QSIG(2) will be set to zero for the
first cycle of each Job.

A row of the correlation matrix ready for output.



«TYPE(FORTRAN) CRGLS

c OR GLSs; GENERAL FORYRAN LEAST SQUARES ' CRGLS
COMMCN NCoNVoNX, ) IDyIWsIPoIT NP ISENTNO,NM NCYZIC3SIG,YC ORGLS
COMMON SQRTWsDY WDY UPKyPSAVE; YOy JKy ISINGoIIIIDsPOIsIJsIJ0,POLD  ORGLS
COMMCN SIGP,ISTCP,NT(NPCD CRGLS
COMMCN TITLEGPoXYCsSIGYOsKIoDPoSQSIGoAM,V,LCC,DV,CD,CIAG,PD,ROW CRGLS

. ORGLS

C DIMENSIONS FOR NVIMAX)#ICO,NP(MAX)#2CO,NC{MAX) #1000 ,NX{MAX) #5 CRGLS
DIMENSION TITLE(12),P(200)X(5,1CCC),YC(I0C0),SIGYCLI000),KI{200) CRGLS
DIMENSICN DP{200),SQSIG(2),AM(5150),V(ICC),DC(2C0),CV(10C),LCCT200)CRGLS
DIMENSION CIAG(1C0),PC(IC0),ROW{100) ORGLS

CRGLS

c FCRMAT STATEMENTS CRGLS

OCECS1 FCRMAT(12A6) CRGLS

CCCSZ2 FORMATEIHIL2A6) CRGLS

OCCS3 FORMAT(24132) CRGLS

COO54 FORMAT({22HONUMBER CF CYCLES IN THIS JCB ISI12/37THONUMBER CF PARAMETORCGLS
1ERS TO BE VARIED ISI3/SIHONUMBER CF INDEPENDENT VARIABLES PER COBSEORGLS

2RVATICN ISI2) CRGLS
CCO58 FORMAT{31HCCERIVATIVES PROGRAMMED BY USER) CRGLS
CCOS9 FORMAT(S7HONUMERICAL DERIVATIVES UNLESS PARAMETER INCREMENT IS ZERORGLS
§0) ORGLS
CCO61 FORMAT(2IHCWEIGHTS TC BE SUPPLIED BY USER) ORGLS
00062 FORMAT(34HOUNIT WEIGHTS TC BE SET BY PROGRAM) ORGLS
00063 FORMAT{36HCPARAMETERS TO BE REAC AS INPUT DATA) ORGLS
0C064 FORMAT(34HCPARAMETERS TO BE TAKEN FRCM CYCLEI2,i16H CF PREVICUS JOBORGLS
N ORGLS
CCO066 FORMAT(IZ,8IX/{BF9-4;512X]) ORGLS
OC067 FCRMAT{29HCNUMBER COF PARAMETERS READ ISI3) ORGLS
CC068 FORMAT(I1,EB.UoTEF-4/IBEI.L)) CRGLS
00069 FCRMAT(3§1HONUMBER COF OBSERVATICNS READ ISI4) ORGLS
OCO7T0 FCRMAT(7211) ORGLS
OCO71 FORMAT(8E9.4) CRGLS
00072 FORMAT({46HOCALCULATEC Y BASED CN PARAMETERS BEFCRE CYCLEI2) ORGLS
CCO73 FORMATY(59HO Y{0BS) Y(CALC) 0BS-CALC SIGIC)Y (0-C)/SIGIC) XORGLS
LEI)Y /71 ) ORGLS
CCO79 FORMAT{IH 11FIC.4) ORGLS

0C0O80C FORMAT{S51HOCAGREEMENT FACTORS BASED ON PARAMETERS BEFORE CYCLE 12/ ORGLS

N S o s e s G a e e W
OVONOCNEUWNN=>DODDNOCNE WN =

NN
NN -

NN
own &

WWWWWWWNONND
CPUVEWN-OOOQCO~N

W W
o ~

o1



20HOSUM (W= (C-Cl*#%2) IS E11.4/3SHOSQRTF{SUM{W=a{0~C)#22)/{NO-NV))

2 FiCo.4h) ‘
DODB1 FORMAT({6CHOESTIMATEL AGREEMENT FACTORS BASED ON PARAMETERS AFTER CORGLS
IYCLE 12/20H0SUM{W=(0-C)=%2) IS E11.4/35HOSQRTF({SUM(W*{0-C)=+2)/(NOORGLS
2-NV)) IS Fi1C.u)
0CC83 FORMAT{62H MATRIX HAS A ZERO DIAGONAL ELEMENT CCRRESPONDING TC PARQORGLS

!
gcess
00ooss

1
GCres
cooee

CCO90 FORMAT(66HOSUBRCUTINE TEST INDICATES THATY JOB IS TC BE TERMINATED

!
CCC92
CCa93
OCC94
0CC9s
CCO96
Cceov
CCcCcos

C

00204

0C206
gcgcacr
pozace

AMETERIZ3, 16+ CF THOSE VARIED)

FCRMAT(40H SINGULARITY REYURN FRCM MATRIX INVERTER)

FORMAT(37THOPARAMETERS AFTER LEAST SQUARES CYCLEI2/743KH0
CHANGE . NEW ERROR/1IH )

FORMAT({IH I3,FIC.4,ICX,Fi0.4)

FORMATI{IH TI3,4F10.4)

FCR REASONL2)

FCRMAT{ I 1HDINPUT DATA/3CHE I PLI) KI(I) CPLIN/ZiH )
FCRMAT{IH I13,Fi0oU,Ik,3X,E1iol)

FCRMAT{SiHOCGRRECTED PARAMETERS NCT TC BE SAVED FCR LATER USE)
FCRMAT{51HOCORRECTED PARAMETERS TC BE WRITTEN CN PRIVATE TAPE)
FORMAT(5IHCCCRRECTEDC PARAMETERS 70O BE WRITTEN FCR CARD CUTPLT)
FORMAT{19HOCCRRELATICN MATRIX)

FCRMAT(IFOI3 ICFP.4/7{1H 3X,10F9.41))

REAC TITLE AND CONTRCL CARD

REAC INPUT TAPE {C,CCOS51,(TITLE(I) 1#1,12)
WRITE CUTPUT TAPE 9.,COCS2,(TITLE(I),1#1,12)
CUMMPY#FPTRPF( Cy-1) A

REAC INPUT TAPE IC,CLOSZ,NC NV NXyICsIWsIP,IT
WRITE CUTPUT TAPE 9,CCCSL NCyNV,NX
IFLICICC2C6,C02Cu,CC20¢6

WRITE OUTPUTY TAPE 9,CO0OCS5E
GC 10 GGeO7

WRITE CUTPUT TAPE 9,LDCS9
IF{IwWICC210,CC2CE,C021C

WRITE CUTPUY TAPE 9,CLC00¢1

ISORGLS

CRGLS

ORGLS

ORGLS
ORGLS
ORGLS
CRGLS
ORGLS
ORGLS
ORGLS
ORGLS
ORGLS
ORGLS
CRGLS
ORGLS
CRGLS
CRGLS
CRGLS
CRGLS
ORGLS
CRGLS
ORGLS
ORGLS
ORGLS
ORGLS
ORGLS
ORGLS
CRGLS
ORGLS
ORGLS
ORGLS
CRGLS
ORGLS
CRGLS
CRGLS

39
40
41
42
43
Ly
45
46
L7
48
L9
50
51
52
53
Sy
55
56
57
58
59
60
61
&2
63
6y
65
66
67
68
69
70
71
72
73
L
75
76

LT



cgz2ta
0c211¢
00212

0c2iu
go21s
00216

go218

00221

Qo301
slstAe))

Cosot

00503
CC601

GO 10 00211
WRITE CUTPUT TAPE 9,L0062
IF(1P)I0C212,00212,00214

WRITE OUTPUT TAPE 9,00063
GO TO 00215

WRITE QUTPUT TAPE 9,00064,I1P
IFLIT-1)00216,00218,C0221

WRITE QUTPUT VAPE 9,C0094
GO TC 0030t

WRITE CUTPUT TAPE 9,C0095
REWIND 5

GO 70 003201

WRITE CUTPUT TAPE 9,C0096

REAC TRIAL PARAMETERS
IFLIP)ICOLOY,00401,00501

READ INPUT TAPE IC,CCD66 NP, (P{I}I#1,NP)
GO TO 08¢0

REWIND 4
DC C0CS03 Jy#i,1P

READ INPUT TAPE 4,00066¢NP(P(I)oI#1.NP)
WRITE OUTPUT TAPE 9,00067,NP

READ OBSERVATICNS TC SENTINEL
J#0

ORGLS 77
CRGLS 78
CRGLS 79
ORGLS 80
ORGLS 81
ORGLS 82
ORGLS 83
ORGLS 84
ORGLS 85
ORGLS 86
ORGLS 87
ORGLS 88
CRGLS 89
ORGLS 90
ORGLS 91
ORGLS 92
ORGLS 93
ORGLS 94
ORGLS 95
ORGLS 96
ORGLS 97
ORGLS 98
ORGLS 99
ORGLSICD
ORGLSIC!H
ORGLS 102
ORGLS103
ORGLSIOH
ORGLS1OS5
ORGLS106
ORGLSIO7
ORGLSID8
ORGLS109
ORGLSIH10
ORGLSI 1!
ORGLS112
ORGLSI113
ORGLSI 1N

gt



odsct

girici

01301

01501

01601

01653

gi8st
01852

NENE S
READ INPUT TAPE IC,CCO68,ISENT,YCU(J) 4SIGYO(J) 4 X Iod) 181 4NX)
IF{ISENT)CDECI,CCEOt,01101

NC#J-1|
WRITE QUTPUT TAPE 9,CDC69,NO

READ KEY INTEGERS ANC PARAMETER INCREMENTS IF SPECIFIED
IF(NCIDI601,C1601,01201

READ INPUT TAPE IC,CCO7C,(KI(I),I#!,NP)
1FCIDY0IS01,016C1,01501

READ INPUT TAPE IC,0CC71s(DP{I)sI#i,NP)

INITIALIZE PRCBLEM AND ENTER SUBROUTINE PRELIM IF PROVIDED
NM#(NV=(NV+L1)) /2
SQSIG(1)#0.0
CALL PRELIM
PUT OUTVTRIAL PARAMETERS, KEY INTEGERS; AND PARAMETER INCREMENTS
WRITE CUTPUT TAPE 9,C0092
DO C1653 I#1,NP

WRITE OUTPUT TAPE 9,COB93,1,PLI),KItI1},DP{I])
START LOOP TC PERFORM NC CYCLES AND CNE FINAL CALCULATION OF Y
NCY#NC+ 1
DC C8501 IC#I1.NCY

CLEAR ARRAYS AM AND V EXCEPT CON LAST CYCLE
IF{IC-NCY)D1851,C20C1,02CCH

CC C1B52 I#1,NM
AM(T)#C .G

DO C19C2 I#1,NV

ORGLS {5
ORGLS116
ORGLS 117
ORGLS 118
ORGLSI119
ORGLS120
ORGLS!21
ORGLS 122
CRGLS123
CRGLS124
CRGLS 125
ORGLS126
ORGLS 127
ORGLS 128
ORGLS 129
ORGLS 130
ORGLSY 31
ORGLS 132
ORGLS 133
ORGLS1 3y
ORGLS 135S
ORGLS 136
ORGLS137
ORGLS138
ORGLS! 39
ORGLS 140
ORGLS1 4}
ORGLS 142
ORGLS143
ORGLS 1 4y
CRGLSI45
ORGLS146
ORGLS 147
CRGLS1I148
CRGLS149
ORGLS150
ORGLS1S5!
CRGLS152

6T



g1902

ca2o01

02201

02501

C2601

02701

03001

V(I)#C.CO

ORGLS 153
ORGLS 154
ORGLSI55

INLTIALIZE FOR CYCLE IC AND PUT OUT CAPTICN FCR LIST OF Y(CALC)IORGLSISé

SQSIG{2)#SQSIG(1)

SIG#C.0 .

WRITE QUTPUT TAPE 9,CO052, (TVITLE(I) I#1,082}
WRITE QUTPUT TAPE 9,00072,1IC

WRITE OUTPUT TAPE 9,C0073

START LGCP THROUGH NC UBSERVATIONS
CO GS10! I#1,NO

ENTER USERS SUBROUTINE TC COMPUTE Y{CALC) AND CERIVATIVES
CALL CALC(XUIoI)eYC,PoCC)

OBTAIN WEIGHT AND CALCULATE QUANTITIES FROM Y(CBS)-Y(CALC)
IF({IWY026C1,02501,026C1

SQRYW#1.0/SIGYC{I)
GC 10 D2701

SIGYO{I)#1.C
SQRTW#1 .0

DY#Y0{1)-YC
WOY#SCQRTWeLY
SIGHSIG+RDYsWDY

PUT CUT Y{CALC) AND OTHER INFORMATION FCR ONE CBSERVATICN
WRITE QUTPUT TAPE 9,CC0CT9,YO0({I)}oYCsDY SIGYOUI) WOY (X {JyI)y
J#1 ¢NX)

BY-PASS CERIVATIVE ANC MATRIX SET-UP ON FINAL CALC OF Y
IF(IC-NCY)D3CD?,C5101,05101

START LCOP TO STORE AN ARRAY OF NV DERIVATIVES
J# i

ORGLSIS57
ORGLS158
ORGLS159
ORGLS160
ORGLS 161
CRGLS162
ORGLS163
ORGLS 164
ORGLS16S
ORGLS1 66
ORGLS 167
ORGLS168
ORGLS169
ORGLS170
ORGLS!ITH
ORGLSI172
ORGLSIT3
ORGLSI 7Y
ORGLSITS
ORGLS176
ORGLS!t 77
ORGLS1T78
ORGLSI79
ORGLS 80
ORGLS 18!
ORGLS 182
ORGLS183
CRGLS 84
ORGLS18S
ORGLS186
ORGLS187
ORGLS!188
ORGLS 189
ORGLS190

oe



CO CHICH K#1,NP CRGLS1G

CRGLS192

IF(KI{K))I0O4I1C1,C4101,03201 ORGLS193

CRGLS194

C32Ci IF{LICID3uCt,C33C 1,034 0 ORGLS 195
CRGLS196

C CB1AIN CERIVATIVE FROM THCSE PRCGRAMMEC BY USER ORGLSI97
£33C1 CVIJI#SQRTw*CC{K) ORGLS 198
GC 70 CuiCH ORGLS 199

ORGLS200

C CBTAIN DERIVATIVE NUMERICALLY UNLESS PARAMETER ORGLS20!
C INCREMENT IS ZERC ORGLS202
C2uyCy DPK#CP(K) ORGLS203
IF{DPK)C32¢C:,C3301,03601 ORGLS204

ORGLS205

C3601 PSAVEAP{K] ORGLS206
P(K)#PSAVE+DPK ORGLS207

CALL CALC{X{1,1),YC,P,0D) ORGLS208

DV{J)I#SQRTw*{YD~-YC}/DPK ORGLS2C9

P{K)#PSAVE ORGLS21D

ORGLS211

C4BC1 JEI+ ORGLS212
CuiCi CONTINUE ORGLS213
C ENC LCOP TO OBTYAIN DERIVATIVES ORGLS21Y
ORGLS215

C START LCCP TO STORE MATRIX AND VECTOR. SEE GLOSSARY FCOR ORGLS216
c STORAGE SCHEME ORGLS217
JKHNM ORGLS218

DC CSCCt J#ioNY ORGLS219

ORGLS220

Ou430Ct IF(CVIJ))IONECtCuuCl 04501 ORGLS221
ORGLS222

C BY-PASS IF DERIVATIVE IS ZERC ORGLS223
Ouult JKH#IK-NV+J-1 ORGLS224
GO Y0 O5CCH ORGLS225

ORGLS226

CusCt CO CLED! K#J,NV ORGLS227

ORGLS228

e



ous0t

gs5cot

05101

G54t

05601

805701
05801

AMUJK) #AM{JIK)+DVJ) =DV (K)
JK#IK-1
CONTINUE

VISIHVIJI)I+DVIJ) #WDY
CONTINUE
END LOOP TG STORE MATRIX AND VECTGR

CONTINUE
END LCOP THROUGH NC OBSERVATIONS

COMPUTE AND PUT COUT AGREEMENT FACTORS
SQSIG(I)#SQRTIF(SIG/FLOATF(NC-NV))
WRITE OUTPUT TAPE 9,C008C,IC,SIG,SQSIG(1)

BY-PASS MATRIX INVERSION AND PARAMETER QUTPUT CN FINAL CYCLE
IF(IC-NCY)}0O5uBi,08TC!,087014

START LOCP TO TEST FOR ZERQO DIAGONAL ELEMENT
ISING#C

TI#NM

I1ID#NY

CO 05801 I#1.NV

IF(AM(II)})OS7CL,05601,05701

ISING#I
WRITE QUTPUT TAPE 9,00083,1

IT#11-110
I1IO#110—-1
CONTINUE
END LOOP TO TEST FCR ZERO DIAGONAL ELEMENT

TERMINATE J0B [F ZERO DIAGONAL ELEMENT WAS FOUND
IF(ISING)10301,06C0t,10301

ENTER SUBROUTINE TO REPLACE MATRIX WITH INVERSE

ORGLS229
ORGLS230
ORGLS231
ORGLS232
ORGLS233
ORGLS234
ORGLS235
ORGLS236
ORGLS237
ORGLS238
ORGLS239
ORGL S240
ORGLS241
ORGLS242
ORGLS243
ORGLS2uY
ORGLS245
ORGLS2u6
ORGLS247
ORGLS248
ORGLS249
ORGLS250
ORGLS25 |
ORGLS252
ORGLS253
ORGLS254
ORGLS255
ORGLS256
ORGLS257
ORGLS258
ORGLS259
ORGLS260
ORGLS261
ORGLS262
ORGLS263
ORGLS26h
ORGLS265
ORGLS266

ce



06001

06201

063C!t

ge701

ce801

ce9nt
GtCot

Cr201

CALL SMI{AMINM) NV,ISING)
IF(ISING)C6201,06301,06201

TERMINATE JCB IF SINGULAR MATRIX WAS FCUND
WRITE CUTPUTY TAPE 9,DDC8S
GO 10 1C301

START LOCP FCR MATRIX VECTOR MULTIPLICATICN FOR
PARAMETER CHANGES
CC D721 I#1,NV

PCI#C.0
TJENM-T+1
TJD#NV~-]

CC C7Ca1 J#1.NY

PCI#PCI+ANMI{IUI=V(J)
IF{J-11067C1,C68C1,06901

I1J#19-140
I1JC#IJ4C-1
GC 10 C76C!

SAVE CIAGCONAL ELEMENTS CF INVERSE MATRIX
DIAGII}#AMIIY)

IJ#13-1
CONTINUE

PCUIY#PC1

SIG#SIG-PLI=v(I])

CONTINUE

END LCOP FOGR MATRIX VECTCR MULTIPLICATICN

RECOMPUTE AGREEMENT FACTCR USING MCDIFIED SIC
SQSIG{I)#SQRYF(SIG/FLOATF(NC-NV))

PUT OUT CAPTION FOR LIST CF CCRRECTED PARAMETERS

ORGLS267
ORGLS268
ORGLS269
ORGLS270
ORGLS271
ORGLS272
ORGLS273
ORGLS27Y
ORGLS2T5
ORGLS276
ORGLS277
ORGLS278
ORGLS279
ORGLS280
ORGLS281
ORGLS282
ORGLS283
ORGLS284
ORGLS285
ORGLS286
ORGLS287
ORGLS288
CRGLS289
ORGLS290
ORGLS291
ORGLS292
ORGLS293
ORGLS294
CRGLS295
ORGLS296
ORGLS297
ORGLS298
ORGLS299
ORGLS3CO
ORGLS 301
ORGL S 302
ORGLS303
ORGLS 30y

¢e



a7601

grron

caoot

08201
08202

WRITE CQUTPUT TAPE 9,00052,(TITLE(I),I#1,12)
WRITE QUTPUT TAPE 9,00086,1C
START LOOP TO CCRRECT AND PUT OUT PARAMETERS

J#
DC 08001 I#1,NP

IF(KI(1))07601,07601,C07701

WRITE OUTPUT TAPE 9,00088,1,P{I},P(I)
GO 70 08O0Ct

POLD#P(I)
P({I)#POLD+PD(J)
SIGP#SQRTF(DIAG(J))*SQSIG(!)

ORGLS305
ORGLS306
ORGLS307
ORGLS308
ORGLS309
ORGLS310
ORGLS311
ORGLS312
ORGLS313
ORGLS3 U
ORGLS315
ORGL$316
ORGLS317
ORGLS318
ORGLS319

WRITE QUTPUT TAPE 9,00089,1,PCLO,PC(J)P{1),SIGPORGLS320

J#J+
CONTINUE
END LOOP TO CORRECT AND PUT CUT PARAMETERS
PUT QUT ESTIMATEC AGREEMENT FACTORS
WRITE CUYPUTY TAPE 9,00C8BI4IC+SIG,SQSIG(})
ENTER USERS SUBRCUTINE TC TEST AND MODIFY PARAMETERS
OR END JCB
ISTCP#O
CALL TEST

WRITE CORRECTED PARAMETERS CON AUXILIARY TAPE IF
DESIRED
IF{IT)D8202,083C1,08202

NT#IT+Y4
NPCO#B=((NP—-1)/8+1)
WRITE OUTPUY TAPE NT,CO066NP,{P(1),1#1NPCD)

TERMINATE JOB IF INDICATED BY USERS SUBROUTINE TEST

ORGLS 321
ORGLS322
ORGLS323
ORGLS324
ORGLS325
ORGLS326
ORGLS327
ORGLS328
ORGLS329
ORGLS330
ORGLS331
ORGLS332
ORGLS333
ORGLS334
ORGLS335
ORGLS336
CRGLS337
ORGLS338
ORGLS 339
ORGLS340
ORGLS3u1t
ORGLS342

e



ge3gt IFCISTOP)YO8BUEY,C85C1,08uC ORGLS343

, ORGLS 34N

ocsugl WRITE OUTPUT TAPE 9,CCC9C,ISTCP ORGLS3u5
GC TC 0g7Cy ORGLS34s

ORGLS347

085C1 CCNTINUE ORGLS3u48
c END LCOP THRCUGH NC CYCLES ANC FINAL CALC OF Y ORGLS349
CRGEL S350

C TERMINATE JCB CRGLS351
08701 IFUINC)IDS0L,10501,08801 ORGLS352
ORGLS353

c CALCULATE AND PUT OUT CORRELATICN MATRIX ORGLS 354
g8soi WRITE CUTPUT TAPE 9,C0052 . (TITLE(I),I#1,12) ORGLS355
WRITE QUTPUT TAPE 9,C0097 ORGLS356

CC C9i01 I#1,NV ORGLS357

CRGLS358

CIAG{IYH#1.C/SQRTFI(DIAGI(I)) ORGLS359

ceiC1 CONTINUE ORGLS 360
ORGLS 361

IJ#NM ORGLS362

CO 10201 I#14NV ORGLS363

ORGLS364

CC O096C! J#1gNV CRGLS365

ORGLS366

RCWtJ)#C.0 ORGLS367

C9601 CCNTINUE ORGLS368
ORGLS369

CC 1CCCH1 J#I,NV ORGLS370

ORGLS3T71

RCOW{J)I#AM(TJS)=CIAGL{I)*DIAGL{J) ORGLS372

[1J#1J-1 ORGLS373

1CCOt CONTINUE ORGLS374
ORGLS375

WRITE CUTPUT TAPE 9,CCCI8,I:(RCK{J)oJI¥INV) ORGLS376

tcacit CCNTINUE ORGLS377
ORGLS378

10301 IF{IT-1)i0S0C1,ICuCE,1CSCH ORGLS379

ORGLS380

qe



tou01 END FILE 5

10501 CALL EXIT
END(O51,08,0,0)

*TYPE(FORTRAN)

c DUMMY SUBROUTINE PRELIM
SUBROUTINE PRELIM
RETURN
END

#TYPE (FORTRAN)

c DUMMY SUBROUTINE TESTY
SUBROUTINE TEST
RETURN
END

*TYPE(FAPR)

CCUNTY 230

REM SYMMETRIC MATRIX INVERSE-
REM FCR USE ON 704, 7C9,
REM WRITTEN IN FAP FOR ASSEMBLY CON 7C9 OR 7C9C.

ENTRY SMI
SMI1 SXC Ti13,1

SXC Tlh,2

LFIM

TNG %+

CAL o4

CCM

PAX 0,2

TXI #4251

CLA 2:4

SEE GLOSSARY FOR STORAGE SCHEME.
CR 7C9C.

OVERFLOW TOGGLES

ORGLS 381
ORGLS 382
ORGLS 383
ORGLS384

ORGLS385
ORGLS386
ORGLS387
ORGLS388
ORGLS389

ORGLS390
ORGLS391
ORGLS392
ORGLS 393
ORGLS394

ORGLS395
ORGLS396
CRGLS397
CRGLS398
ORGLS399
ORGLS400
ORGLSu0!
ORGLS402
ORGLS4O3
ORGLS40Y4
CRGLSHOS
ORGLSKO6
CRGLSu0O7
CRGLSu08
ORGLSU409

9e



Yi

Y2

Yi

Y1
Y8

YIiO

STA
CLA
STA
STA
LA
PCX
STC
SxC
SXC
SXC
SXC
572
S¥2Z
LXC
SXC
CLA
SSP
FSB
™I
cLA
SSP
STC
SXC
TIX
HIR
TNX
TX1I
CAL
ACC
PCX
CLA
STC
TSX
LXE
CLA
TZE
™I
CLA

Yi
3,4
Y28
SING!I
C

Oy
Y271
Ti,4
Y25,1
T2,1
T3,2
Th
T5s,
T4,y
Y741
0,2

T4
Y7
0,2

Th
TS,4
YEy2,0
Y8
YiOsisd
YUl
T3

T2

Cou

5

Ok
Xtk
13,2
0,2
SING
SING
FLCNE

ACD SEY

Y2

Y3

Yy
¥5

Yé

Y7 CEC SET YL ,DELTA

Y8
Y9
YiG

YHi
Y12

Yi3

ORGLS410
ORGLSL 1]
ORGLSH4 12
ORGLSL13
ORGLSL4IY
ORGLSH1IS
ORGLS4 16
ORGLSu17
ORGLS418
ORGLS419
ORGLS420
CRGLSL 21
ORGLS422
ORGLSY23
ORGLS42Y
ORGLSH25
ORGLSYu26
ORGLS427
ORGLS428
ORGLS429
ORGLSH 3D
CRGLSL 31
CRGLSH 32
ORGLSH33
ORGLSH3Y
ORGLSHL35
CRGLSH36
ORGLSuL37
ORGLS438
ORGLSH439
ORGLSuLD
ORGLShHu
ORGLS4uH2
ORGLSH43
CRGLSuu4Y
ORGLSu4uS5
ORGLSLYG6
CRGLSHu7T

L2



Yis
Yié

YI6A
cTi
Yi7

Yi9
YIQA

FDP
STQ
cLsS
STO
cLA
SUB
ARS
STA
STA
CLA
sue
ADD
ARS
STA
STA
LXD
LXD
cLA
SuUB
POX
TNX
LCQ
FMP
TNO
SXD
TSX
LXD
STO
TNX
TNX
PXD
PDX
LDQ
FMP
TNO
SXC
TSX
LXC

YiT:)e!}
0,1

T6
Yi6A
Ti2:4
OFL, 4
Ti12,4
Ot
Yi5,0,C
Y242, 1
02

Ot

D1l

B.2
YI9B
Ti244
OFL L
Ti2,4

Yiu

Yi5
Yié

Yi7
Yig8

Yi9

SETS ADDRESSES
AT M

SETS ADDRESSES
AT M+N

ADC SET YIih,M#N

ADD SET Yiu.M
DEC FOR TI1,C(INH)

ADD SET Yii.M
ADD SET Yl4,M+N

ORGLSLUB
ORGLSLU9
ORGLSH50
ORGLSUS1
ORGLSUS52
ORGLSLS3
ORGLS45Y
ORGLSUS5S
ORGLSUS6
ORGLSU57
ORGLS458
ORGL S459
ORGLSY460
ORGLSU6!
ORGLSUO2
ORGLSU463
ORGLSU6M4
ORGLSH65
ORGLSK 66
CRGLSU6T
ORGLSu468
ORGLSU69
ORGLS47D
ORGLSHUTH
ORGLSHT2
ORGLS473
ORGLSHTY
ORGLSHTS
ORGLSUTS
ORGLSLTY
ORGLSU78
ORGLSHT9
ORGLS480
ORGLSu81
ORGLS482
ORGLSUB3
ORGLSU8Y
ORGLSL85

ge



YI9B

Yi9C
Y20
Y2y
Y25
Y26

Y26A
Y27

Y28

Y29
Y29A

FAC
TINO
SXC
T8X
Lxe
STC
TXI
TNX
TNX
LXD
LXC
TNX
TIX
HTR
X1
SXe
TXL
LXD
LXD
L XD
sS12

EFTM

TRA
TXI
SXC
SXe
CLA
SuB
ARS
STA
STA
STA
STA
STA
CLaA
sus
ACC
ARS

Os4
Yi9C
Ti2,4
CFLs bl
TE2:04
Ook
YZUHM"I
YIiTe1,1
Y19,0,C
13,2
T2,1
Y2641, 1
Y252-0
Y2

Y26A 14!
Y29,
Y2951 ,0
Fioh
Ti3,1
Tike2

g

ol
Y29A,2,C
T3,2
T2,

PON

13

18

Y35

Y38

Y39

Y398
Y39C

PON

13

T2

18

y2Q

Y24

¥25 ©CEeC SEV ¥2
Y26

Y27 CEC SET Yi0O
Y28

ADD SETY

NORMAL RETURN

Y29 DEC SET Y26

Y3C

SETS ADCRESSES
AT M

ORGLSY486
ORGLSL87
ORGLS488
ORGLS489
ORGLS490
ORGLSU491
ORGLSY92
ORGLSu93
ORGLS49Y
ORGLSY495
ORGLSY96
ORGLSH97
ORGLS498
ORGLSU99
ORGLSS500
ORGLS501
CRGLSS502
ORGLS503
ORGLSSDH
ORGLS505
ORGLS506
ORGLSS507
ORGLSS508
ORGLS509
ORGLS510
ORGLSS511
ORGLSS512
ORGLSS 13
ORGLSS5 14
ORGLS515
ORGLS516
ORGLS517
ORGLS518
ORGLS519
CRGLS520
ORGLS521
ORGLS522
ORGLS523

62



Y31

Y3u

Y35

Y36

Y36A

Y37
Y38

Y388

STA
STA
STA
STA
STA
STA
cLA
suB
PCX
POX
3 ¥4
TIX
CLA
suB
POX
PXD
PCX
LDQ
FMP
TNO
SXD
TSX
LXD
FAD
TNC
SXC
TSX
LXD
STO
TXI
TNX
LbQ
FMP
TNC
SXD
TSX
LXC
FAC

Y37vu"’l
Y3954
Gyt

Os4
vyigs
TI12,U4
CFL U4
Ti2.4
0,2

Y3i
Y32
Y33

Y3y

Y35

Y36

Y37
Y38

SETS ADDRESSES
AT M+N

SETS INDEXES
AT M-N
ADD SET Y30 ,M¢N

ACD SET Y30,M

ADD SET Y30,M¢N

ADD SET Y30,M+N

ADD SET Y30,M

ADD SET Y30 M+N

ORGLSS24
ORGLS525
CRGLS526
ORGLS527
ORGLS528
ORGLS529
ORGLSS530
ORGLS531
ORGLS532
ORGLSS533
ORGLS53%
ORGLES3S
ORGLS536
ORGLS537
ORGLS538
ORGLS539
ORGLSS4D
ORGLS5u1
ORGLS5U42
ORGLSS543
ORGLSS5u4Y
ORGLS545
ORGLSS5u46
ORGLSS547
ORGLSS548
ORGLSS549
ORGLSS550
ORGLS551
ORGLSS552
ORGLS553
ORGLSS554
ORGLSS555
ORGLSS556
ORGLSS557
ORGLSS558
ORGLS559
ORGLS560
ORGLSS561

o¢



Y38C

Y39
Y39A

Y398

Y39C

CTi12
SING

SINGH

CFL

TNG
SXD
TSX
LXD
STC
TNX
LDQ
FMP
™G
SXD
TSX
LXC
FAD
TNC
SXC
TSX
LXC
STC
TIX
CAL
ACD
PCX
cAL
SLKW
TSX
LXD
LXC
TNX
PXC
LXD
LXD
LXD
cLA
STO

Y38C
Ti2,U
OFL 4
Ti2el
0,2
Y35,0,0
0,2
0,2
Y398
Ti2:4
CFL b
Ti2e«h
0
Y39C
T12,4
OFL 4
Ti2eH
{8}
Y3424}
T3

T2
Col
Cot
75
Xlol
13,2
T241%
Y26,C,C
C.2
Ti3,i
Tike2
Tigl
ONE

8}

EFTM

TRA
ARS
PBY

Bk
|

ADC SET Y30 ,M#+N

Y39 ADD SET Y30O,M
ACD SET Y30 ,M+N

ADD SET Y3C,M

ADD SET Y30yM
yud GG 7C v5C
Y50

Y51
Y52

CEC FOR T12
SINGULARITY RETURN

ACC SET

ERRCR RETURN
CVERFLOW-UNDERFLCW

ORGLSS62
ORGLS563
ORGLSS564
ORGLS565
ORGLSS566
ORGLSS567
ORGLS568
ORGLS569
ORGLS570
ORGLSS571
ORGLS572
ORGLS573
ORGLSS57Y
ORGLS57S
ORGLS576
ORGLS577
ORGLS578
CRGLS579
ORGLS580
ORGLS581
ORGLS582
ORGLSS583
ORGLSS8k
ORGLSS585
ORGLS586
ORGLSS87
ORGLS588
CRGLS589
ORGLS590
ORGLS591
ORGLS592
ORGLS593
ORGLSS594
ORGLS595
ORGLS596
ORGLS597
ORGLS598
ORGLS599

T¢



CTi3

LTIy
X1

X3

X6

X8

X8A
X9

TNX
PXD
TRA
PXC
SSM
TNX
LA
TZE
SXC
LXC
LXD
CAL
sus
PCX
STD
CAL
LOQ
SLW
STQ
TNX
SXe
TXH
CAL
STC
TIX
HTR
TxI
LXD

© LXD

CONE
FLONE
PCN

CAL
LEQ
SLW
STQ
LXC

TRA

PZE
DeC
PCN

OFL+5,0,0
GQU'U

ol

Oy b

SING+1,C,C
T5

Iold

Tt2:4

X9.l;l
X8, 1
X842,0
CNE

X8
X8Ao4,C

8 W OV e W W

ooosNnNNEE
o -
-

o
-
-
v}

X1

X2

X3

X4
X5
X6
X7

x8

X9

Xia

CNE
FLONE
LGNO

CEC FOR Ti13,C(I1)

DEC FOR Ti4,C(12)

DEC SET X2

DEC SET X5¢X7

ORGLS600
ORGLS60!1
ORGLS602
ORGLS603
ORGLS604
ORGLS605
ORGLS606
ORGLS607
ORGLS608
ORGLS609
ORGLS610
ORGLS6 1
ORGLS612
ORGLS613
ORGLSO6 1L
ORGLS61S
ORGLS616
ORGLS617

_ORGLS618

ORGLS6 19
ORGLS620
ORGLS621

- ORGLS622

ORGLS623
CRGLS6H24
ORGLS625
ORGLS626
CRGLS627
ORGLS628
ORGLS629
ORGLS630
ORGLS631
ORGLS632
ORGLS633
ORGLS6 34
ORGLS63S
ORGLS636
ORGLS637

¢



T2 P2e 0,0,0 T2, N ORGLS638
T3 P2E 0,0,0 13,—M ORGLS639
T4 PZE 0,0,0 T, X Té,-8B11 ORGLS6UD
15 PZE 0,C,0 15,J ORGLS6HI
T SYN DT Ctiu) ORGLSO6U2
16 SYN T4 -8l ORGLS6U3
Ti2 SYN DT12 C(Ih) FOR SR ORGLS6u4Y
T13 SYN DT13 Ct1t) ORGLS6US
TiY SYN DT1Y ct12) ORGLSO6US
ENC O ORGLS6UT
*TYPE(FORTRAN) ORGLS6LSB
c EXAMPLE. FITTING A CURVE WITH A SEQUENCE OF STRAIGHT LINE SEGMENTSORGLS6U9
ORGLS650

c P{!} ANC P{2) ARE FIXED PARAMETERS. ORGLS651
C P{13 IS THE X VALUE CF THE FIRST ENC PCINT. ORGLS652
c P(2) IS THE INTERVAL IN X CCVERELC BY EACH SEGMENT, ORGLS653
c P{3),P{U4); ETC. ARE THE Y VALUES OF THE END POINTS. THESE ORGLS65
C WILL BE ACJUSTED BY LEAST SQUARES. ORGLS655
ORGLS656

SUBRCUTINE CALC{X,YsP,C} ORGLS657
ORGLS658

DIMENSICN P{i0;} CRGLS659
CRGLS660

I#X~-Pi1} ORGLS661
I#2/P(2} ORGLS662
F#Z/7P(2)-FLCATF{I)} ORGLS663
Y#P{1+33+{P{I«U)-PL{I+3)}«F CRGLS66U
RETURN ORGLS665

ENC CRGLS666

#DATA ORGLS667
EXAMPLE. FITTING A CURVE WITH A SEQUENCE OF STRAIGHT LINE SEGMENTS. ORGLS668

6

1 1 1 € C

ORGLS669

14



OOV~~~ eEeso
6 8 o & 8 8 o 8 5 &
EROUNNNO ==

12.1

§
it

ORGLS670

17.30RGLS6TI

ORGLS672
CRGLS673
ORGLS6TU
ORGLS675
ORGLS676
ORGLS6T77
ORGLSH78
ORGLS6T9
ORGLS680
ORGLS681
ORGLS682
ORGLS683
ORGLS68YU
ORGLS685
ORGLS686
ORGLS687
ORGLS688
ORGLS689

C.0I0RGLS690
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EXAMPLE. FITTING A CURVE WITH A SEQUENCE CF STRAIGHT LINE SEGMENTS.
NUMBER OF CYCLES IN THIS J08 IS 1

NUMBER OF PARAMETERS TO BE VARIED IS 6

NUMBER OF LINDEPENDENT VARIABLES PER OBSERVATION IS 1

NUMERICAL CERIVATIVES UNLESS PARAMETER INCREMENT IS ZERC

UNIV WEIGHTS TO BE SET BY PROGRAM

PARAMETERS TO BE REAC AS INPUT DATA

CORRECTED PARAMETERS NOTY 70 BE SAVED FOR LATER USE

NUMBER OF PARAMETERS READ IS 8

NUMBER OF OBSERVATICNS READ IS 16

INPUT DATA

1 PLLI)Y KILI) DP{I)

{ 10.0CC0 C C.

2 5.0008C G C.

3 4.40CC ! t .00COE-0B2
4 5.5000 | 1 .COCBE-D2
5 8.4000 } 1 .00CRE-DB2
] 13.200C i 1.COCOE-C2
7 16.3000 i 1 .CCCOE-D2
8 17.300C ! 1 .CODOE-D2

14



EXAMPLE, FITTING A CURVE WITH A SEQUENCE OF STRAIGHT LINE SEGMENTS.

CALCULATED Y BASED CN PARAMETERS BEFORE CYCLE |

¥{0BS) Y(CALC) oBs-CaLC SIG(O) (0-C)/SIGIO) X(I)
4,.,70C0 4.5760 0-1240 {0000 B.1240 10.8000
4.7000 4.8840 -0.1840 i .0000 -0.1840 12,2000
5.1000 5.2360 -0.1360 i .0C00 ~-0.1360 13.8000
5.6000 5.848C -0.24E0 ! - 0000 ~-C.2480 15,6000
6.50C00 6.8920 -0.3920 { . 0000 -0.3920 i7.4000
71.20C0 T.4720 -0.2720 i .CC00 -0.2720 18,4000
8.,3000 8.284C 0.0160 t . 0000 0.0160 t9.8000
9.9000 97440 C.1560 1 . 0000 B.1560 21,4000

10.4000 10,5120 -0.1120 1 .0C00 -0.1120 22.2000

12,1000 §2.2400 -0.14C0 { .0000 -0. 1400 24 .C000
13,4000 13.3240 0.0760 1 .CC00 B.0760 25,2000

§i5.1000 f4.5640 0.5360 t - 0000 D.5360 27,2000
15,9000 §5.5560 C.3440 } .CCO0 D.3uu0 28,8000

16,2000 16.3000 -0.i0C0 1 .0000 -0.1000 30,0000

17.0000 i16.7u00 0.2600 i -CCOO G.2600 32,2000
17,1000 §7.8u400 -0.0u4C0 1.C0C00 -C.DuCD 34,2000

9¢

AGREEMENT FACTORS BASED CN PARAMETERS BEFCRE CYCLE i
SUM{wW={C-C)=*=2) IS 0.9042€ CO

SQRTF{SUM(W=(0O~C)#=2)/{NO-NV)) IS 0.3007



EXAMPLE. FITTING A CURVE WITH A SEQUENCE CF STRAIGHTY LINE SEGMENTS.

PARAMETERS AFTER LEAST SQUARES CYCLE

O~NOCNEWN =

ESTIMATED AGREEMENT FACTCRS BASELC CON PARAMETERS AFTER CYCLE !

SUM{W#{C-C)=x2)

OLD

iC.00CC
5.000C
4.4000
5.50C0
8.40C0
13,2000
16.30CC
17,3000

CHANGE

C-1615
-0.3648
-0.C886

0.§295

0.2280

NEW

10.0000
5.0000
4.5615
5.1352
8.3114

13.3295

16.528C

17.2933

IS 0.4651e-C0

SGRTF{SUM{W={0~C)=#22)/{NO-NV}} IS

ERROR

0.2275
Co1767
Do 1486
G.1552
B-15€8
02372

0.2857

LS



EXAMPLE. FITTING A CURVE WITH A SEQUENCE CF STRAIGHT LINE SEGMENTS.

CALCULATED Y BASED ON PARAMETERS BEFORE CYCLE 2

Y{0BS)} Y(CALC} cBS-CALC SIGI(C) (0-C)/SIGICY X(I)
4,7000 k.6533 C.0u67 1 .0000 C.0u67 i0.,8000
MOYUDU 3498339 ‘008839 ﬂeGUGD —Go!i39 ,ZOZUDD
5. 1000 4.9975 0.tC025 t . 0CC0 0.8025 13,8000
5.6000 5.5163 C.0837 t.C0C0 0.0837 15.6000
6.5000 6.,6598 -0.1598 1.0000 -0, 1598 17,4000
7.2000 7.2950 -0.0980 i -0C00 -0.0950 i8.4000
8.3000 8,1843 01157 1 .0C0C C.8157 19.8000
9.90C0 9,716k C.1836 i - 0000 0.1836 21,4000

{0.4C00 105193 -0.1193 t . 0000 -0.1193 22.200D

£2.3000 12,3258 ~0.2258 i 0000 -0£.2258 24,0000

13.4000 13,4574 -0.0574 { -00CD -0.057y 25.2000

t5.4000 tho7368 0-3632 ! .CO00 Cc.3632 27.2000
15.9CC0 {5.7604 0.1396 1 .00D0 £.1396 28.8000
i6.2CC0 i6-.5280 ~0.3280 f 0000 -£.3280 30,0000
{7.00CC 16,8647 D-1353 i -0000 01353 32.2000

i7.1000 17.1709 -0.0870C9 1 - 0000 -0.0709 34,2000

AGREEMENT FACTORS BASED ON PARAMETERS BEFORE CYCLE 2
SUM{W#(0-C)*%2) IS O u651E-C0O

SQRYF{SUM(W={0-C )22} /{NO-NV)) IS BD.2157



EXAMPLE. FITTING A CURVE WITH A SEQUENCE

CCRRELATION MATRIX

§

> W s W N

1.0000
0.
B.
Co
C.

C.

-0.u062
1 .00C0
0.

C.
o.
0.

C.1268
-C.3120

1.0C00

C.

C.

C.

-0.0353
0.0869
~-0.2787
1 .CCCO
0.
C.

CF STRAIGHT LINE SEGMENTS.

C.C083
~-0.0204
C.0652
-0.2341
1.0000
Loe

-0.0022
0.0058
-0.0185
C.0664
-0.283¢
! .00CC



