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ABSTRACT 

. 
' r r  

This report  describes a computer program which w i l l  adjust  %he 

parameters of an arb i t ra ry  function to fit a set  of observed values by the 
method of least squareso 
terms of a subroutine prepared by the user. 
the  method of l e a s t  squares are  e i ther  obtained numerically by the program 
or calculated ana1yticall.y by the user*s  subroutine. 
i s  writ ten i n  %he Fortran l a x p g e  t o  f a c i l i t a t e  any desired modffications 
and t o  permit i t s  use on various machilzes. Instructions a re  included fo r  
the use of the program, which i s  available i n  caxd form from the authors. 

The form of th i s  function i e  t o  be defined i n  
The derivatives needed fo r  

Most of the progrem 

* *. 
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INTRODUCTION 

The computer program t o  be described will adjust  the parameters of an 
arb i t ra ry  function t o  obtain a least-squares f i t  t o  a set of observations. 
The function involved may have any form which can be defined by a subpro- 
gram, prepared by the user, t o  obtain i t s  value for  a given set of trial 
parameters and independent variables. 
method of least squares are e i ther  obtained numerically by the program or 
calculated analyt ical ly  by the user 's  subroutine. 

The derivatives needed fo r  the 

The input data t o  each job include a s e t  of observations, each with 
i t s  corresponding independent variables, and, i f  desired, i t s  estimated 
standard error.  
the use of uni t  weights i s  specified. 
t r ia l  parameters and an indication of which of these axe t o  be adjusted. 
If numerical different ia t ion is  t o  be performed, a parameter increment t o  
be used i n  t h i s  process is associated w i t h  each parameter t o  be varied. 

The l a t t e r  determines the weight of the observation unless 
The program also reads a set of 

More than one cycle of refinement w i l l  be required t o  converge on the 
final. solution unless the function t o  be f i t t e d  happens t o  be l inear  i n  
the variable parameters. 
of cycles t o  be performed i n  each job and a l so  permits him t o  provide a 
test  t o  terminate the calculation after fewer cycles i f  appropriate. Pro- 
vision is  made t o  t ransfer  the parameters from one job t o  another by means 
of e i ther  magnetic tape or punched cards. 

The. program allows the user t o  specify the number 

A l is t  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. 
t h e i r  calculated standard e r rors  are l is ted after each cycle, and the 
correlation matrix is put out a t  the end of each job. 

The old and new parameters with 

The program has been used successfully for c rys ta l  s t ructure  refine- 
ments involving more than ninety variables and over two thousand observa- 
t ions.  Most of it is writ ten i n  Fortran t o  f a c i l i t a t e  any desired 

modifications and t o  permit i t s  use on various machines. 
and column binary cards axe available from the authors. 

Both symbolic 
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GENERAL DESCRIPTION 
0 

1 . .  

b . .  .. 

* .  
. L  

It i s  expected that the Fortran l i s t i n g  and the glossary of symbols 
which w e  provided w i l l  serve as a complete description of the program. 
The form of <he input i s  described i n  d e t a i l  i n  a separate section? and 
an example of such input, together with the corresponding output, i s  also 
given. 
of the method. 

This section is  therefore intended t o  serve only as a brief summa3-y 

O f  fundamental importance i s  the user 's  subroutine CALC which, dwing 
each cycle, i s  entered once for  each observation t o  obtain YC, the  valse 
of the function based on the current parameters and the NX independent 
variables associated with the observation. 
gram stores  i n  the array DV the  derivatives of YC with respect t o  those 
parameters P which a re  t o  be varied. 
derivatives obtained numerically, he must associate with each P( I) a pmam- 
e t e r  increment DP(1). 

t o  P(1) and re-enters CALC t o  obtain YD, the  function based ora. the param- 
e t e r s  with one incremented. 

For each observation the pro- 

If the user e l ec t s  t o  have these 

For each of the NV variables the pro,gr.eura adds W ( I )  

The required derivative is then %&kea as 
m(1) = (YD-YC)/W(I).  

Alternatively, the  user may e l ec t  -to include the analyt ical  cahcula- 
t fon of the derivatives i n  subroutine C A E ,  and th i s  w i l l  save appreciable 
machine time i n  problems with compllcated functions and many ;raPiables. 
In  t h i s  case the subroutine i s  entered only once for  each observation, and 
the derivatives with respect t o  every possible variable are stored. in  the 
array DC a t  the  same time t h a t  YC i s  calculated. 
R.om t h i s  array the derivatives with respect t o  those parameters t o  be 

varied i n  a par t icular  job. 

The program later se lec ts  

It is possible t o  use a combination of numerical and programmed 
derivatives by specif'ying numerical derivatives but  s e t t i ng  t o  zero the 
parameter increments associated with some variables. 
f inds such a zero increment, it assumes t h a t  a programmed derivative i s  t o  
be used for  tha t  variable. 

When the  program 

Additional f l e x i b i l i t y  i s  provided by an optional user 's  subrcutine 
PRELIM which i s  entered once a t  the beginning of each job. 

used t o  read various constants, make preliminary computations, and other- 
wise prepme for the fwlction calculationo 

This may be 

It, may a160 be used f u r  data 
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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 we contributions of one observation at  a time. 
calculated function and the required derivatives me obtained as described 
above, and a l i n e  of output comparing the observation w i t h  i t s  calculated 
value i s  put out. 
AM(=), the J,Kth element of the matrix, where SQRTW is  the square root  of 
the weight of the observation. 
V ( J )  is (SQRTW*DV(J))*(SQRTW(YO-YC)), and that  t o  the agreement factor 
SIG is  (SQRW(YO-YC))*2.  
the I t h  observed value of the function. 

The 

The term (SQRTW*W( J))*( SQRTWIN(K)) i s  then added t o  

The contribution t o  the vector element 

Here YO i s  used as an abbreviation for  YO(I), 

This process is repeated until the contributions *om a l l  the observa- 
t ions have been obtained. A t  t h i s  point an agreement factor,  the standard 
error  of an observation of uni t  weight, SQRTF(SIG/(NO-NV)), is computed 
and put Out. 

The storage scheme used for  the matrix AM i s  described i n  the glossary. 
To make e f f i c i en t  use of memory space, only the upper t r i a q u l a r  pa r t  of 
th i s  symmetric matrix i s  stored. 
ments of the exis t ing matrix inverter, SMI, the matrix is stored forward 
i n  core or  backwwd i n  the normal Fortran indexing system. 

Furthermore, t o  conform t o  the require- 

Before the matrix i s  inverted it i s  tes ted  fo r  zero diagonal elements 
which would indicate a singular matrix w i t h  one or more zero row-columns. 
This would be the result if the derivatives with respect t o  the corres- 
ponding parameters were zero fo r  a l l  observations. 
t o  the attempt t o  vary set6 of parameters with one or  more redundancies 
w i l l  be found i n  the course of the inversion. 
singularity, the job is  terminated with the appropriate comment. 

A singular matrix due 

In case of either type of 

The matrix inversion procedure i s  described i n  detail elsewhere 
(W. R. Busing and H. A. Levy, Comm. ACM, 1962. 
volves the diagonalization of the matrix by a series of congruent t rans-  

formations, inversion by taking reciprocals of the diagonal elements, and 

To be published.) It in- 

a sequence of reverse transformations. 
inverse matrix has replaced the or iginal  one i n  the array AM. 

Upon completion of the process the 

e 
a _  

L '  

b 



5 

. .  - 

The vector is  then multiplied by the inverse matrix t o  obtain the 
parameter changes, PD. An estimated new value of the agreement factor  S I G  
i s  obtained by subtracting from it PD(I)*V(I) summed over the NV variables, 
and a revisn4 SQRTF(SIG/(NO-NV)) i s  computed. 
eters is then put out showing the changes which were made and the estimated 
standard errors  associated with these variables. The l a t t e r  are  computed 
as SQRTF( DIAG( J)*SIG/(NO-NV)) where DIAG i s  an array of the diagonal ele- 
ments of the inverse matrix. It should be noted that these estimates are  
exact only i f  the function i s  l inear  i n  the paraneters, are approximately 
correct for  converging nonlinear functions, but may be gpossly incorrect 
i f  the caLculation is  diverging. 

The ent i re  l i s t  of param- 

A t  t h i s  point the program enters  a subroutine TEST which may be pro- 
vided a t  the option of the user. 
whether the new parameter values a re  seasonable, modify them i f  necessary, 
or terminate the job. 
from several cycles so that the job may be terminated when convergence is  
achieved. 
the above procedure w i l l  be repeated fo r  the specified number of cycles, 
and then a f i n a l  calculation and dutput of YC w i l l  be made. 

This routine may be used t o  determine 

It may also be used t o  t e s t  the  agreement factors  

Unless the job i s  ended by TEST or because of a singular matrix, 

A t  the end of the job, unless a singular matrix has been found, the 
program computes the correlation matrix by dividing each inverse matrix 
element AM(1J) by SQRTF(DIAG(I)*DI.AG(J)). 
of t h i s  symmetric matrix i s  reported, and the other elements appear as 
zero i n  the l i s t i n g .  

Only the upper tr iangular par t  

DATA INPUT 

m e  l imitat ions marked with an asterisk depend only on the dimensions 
w i t h  which the program is  compiled. 

1. T i t l e  card. FORMN' (12A6) 
Columns 
l- 72 TIT= consisting of any desired Holleri th informa- 

t ion.  
section of output. 

This w i l l  be put out as a heading on each 

2. Control card. FORMAT (713) 
Columns 
1- 3 NC, the  number of cycles t o  be run on th i s  job. Cal- 

culated values of YC w i l l  be l i s t e d  NC + 1 times. If 
NC = 0 one l i s t  of calculated YC w i l l  be put out, but 
no refinement w i l l  be made. 
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4-6 

7-9 

10-12 

13-15 

16-18 

19-21 

NV, the  number of parameters t o  be vasied. 
NC = 0 then NV i s  irrelevant.  

If 
1 6 NV 4 loo.* 

NX, the  nutuber of independent var ia i les  associated 
with each observation. 1 Q  NX < 5. 
ID, the derivative indicator. ID = 0 indicates that 
the required derivatives have been programmed by the 
user. 
w i l l  be calculated numericallCy except for  parameters 
which have DP(1) = 0. 

ID = 1 indicates that the required derivatives 

IW, the weight indicator. 
vidual standard e r rors  w i l l  be supplied by the user 
fo r  each observation. 
gram is  t o  weight each observatfon a t  unity. 

IW = 0 indfcates that  indi- 

IW = 1 indicates t ha t  the  pro- 

IP, the parameter input indicator. 
that  t r ia l  parameters are supplied as input data. 
I 2  > 0 indicates that  the program is t o  read the 
input parameters from a private tape using those from 
cycle IP  of a previous job. 

IP  = 0 indicates 

IT, the auxiliarpy output indicator. 
corrected parameters are not to be saved for  later use. 
If I T  = 1 the corrected parameters are t o  be writ ten 
on a private tape. If I T  = 2 the corrected pmameters 
are t o  be written on an auxiliary output tape t o  be 
punched on cards off-l ine.  

If I T  = 0 the 

3. T r i a l  parameter cards. FORMAT ( 13/(8Fg 0 4 ) ) 
These are t o  be provided only when IP = 0 on the control card. 

F i r  st card. 
Columns 
1- 3 NP, the t o t a l  number of pairmeters t o  be read (includ- 

ing those t o  $e vasied ana those t o  be held constant). 
1 4 NP < 200. 

Second card. 
Columns 
1-9 

10-18 

19-27 

P(1), the tr ial  value of the first parameter, etc.  

. 
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Third card. 
Columns 
1-9 p(9 1 
10-18 

4. Observation cards. FORMAT (11,~.4,,739.4/(8E9.4)) 
Include one or more caxds for each of NO observations. 16 N O <  999. * 
Columns 
1 Blank  

2-9 YO, the observed value of the dependent variable. 

10-18 SIGYO, the  standard error  of t h i s  observation. If 
IW = 1 on the control card th i s  f ie ld  is irrelevant.  

19-27 X(l), the  first independent variable. 

28-36 X ( 2 ) ,  the second independent variable. 

X(NX), the last independent variable. Note that 
these f i e l d s  can be used t o  input an;y numbers which 
per ta in  t o  an individual observatfan. (If it i s  
desired Lo m a k e  NX > 5 then the prqpm must be 
recompiled with a l te red  dimension statements. 
Nx = 6 then a second card which is ts.lank m u s t  be 
suppl.ied for each observation unless the FORMAT 
statement is changed.) 

If 

5-  Observation termination card. FORMAT (11) 

Column 
1 ISENT = P as sent ine l  fo r  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 intgger capds. FaRMAIT (72Li-I 
These &e omitted i f  HC = 0. 
72 tr ial  parameters (or f ract ion thereof read. 

Otherwise one card is  included fo r  each 

F i r s t  card. 
Column 
1 KI(1) = 0 i f  P(1) is not t o  be vmied. 

P(1) i s  t o  be varied. 
KI(1) = 1 if 

’ t  
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2 KI(2) associated i n  the same way with P(2), etc.  . 

Second card. 
Column 
1 KI(73) 

7. Parameter increment cards. FORMAT (839.4) 
These cards are  included only i f  both NC 3 1 and I D  = 1, that is, i f  
some of the l e a s t  squares derivatives a re  t o  be computed numerically. 

F i r s t  caxds. 
Columns 
1-9 DP( l), the parameter increment associated with P( 1) 

If the derivative of YC w i t h  respect t o  P(1) is  to 
be determined numerically, DP(1) i s  the p a m e t e r  
increment which w i l l  be added t o  P(1). If KI(1) = 0 
then DP(1) i s  irrelevant.  
then the program w i l l  expect the derivative with 
respect t o  P(1) t o  be calculated by the user 's  s a -  
program, C A E .  

If KI(1) = 1 and DP(1) = 0 

10-18 

. 
64:72 

DP( 2), the parameter increment associated w i t h  P( 2), 
etc.  

Second cmd. 
Columns 
1-9 W 9 )  . 

8. Any data t o  be read by the user's subroutine PRELIM. 

TAPES REQUIRED 

Listed here are the monitor tape control cards required for  operation 
A t  other i n s t a l l a t ions  at  the Oak Ridge Central Data Processing Faci l i ty .  

the necessary tapes should be specified appropriately. 
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VAPE(4, Reel number, SAVE) 
This is  required only i f  IP  > 0 indicating t h a t  the i n i t i a l  values 
of the t r i a l  parameters a re  t o  be taken from t h i s  tape, which was 
writ ten on a previous job. 

jcTAPE(5, POOL, SAVE) 
This is  required only if IT = 1 indicating t h a t  

e t e r s  are  t o  be writ ten on th i s  tape a f t e r  each 
i n i t i a l l y  rewound and an end-of-file i s  written 
the job. 

wAPE(G, AUXOUT) 
This i s  required only i f  IT = 2 indicating %hat 
e t e r s  are t o  be writ ten on th i s  tape a f t e r  each 

the adjusted parrun- 
cycle. This tape i s  
upon completion of 

the adjusted param- 
cycle Cards sui table  

for input t o  another job w i l l  then be punched off- l ine.  
not rewound and no end-of-file i s  writ ten on it by the program. 

This tape i s  

q A P E ( 9 ,  OUTPUT) 

SeTAPE(10, INPUT) 

. J :  

SUBROUTI1\ES 

SUBROUTINE CAIX: (X1,Y ,P, D) 

To BE SUPPLIED BY TKE USER 

This subroutine must be supplied by the user t o  evaluate the f’unction 
and t o  calculate the necessary derivatives i f  these are t o  be programmed. 

The argument X I  i s  used as a vector of the NX independent variables 
for  one observation. 
sional c u i n g  program array X, and the CALL statement for observation I 
uses the argument X ( 1 , X ) -  
DIMENSION statement. 
subroutine any information which per ta ins  t o  a par t icular  observation. 

This vector represents column I of the  two dimen- 

If NX > 1 then X I  must be included i n  a 
Note that t h i s  array may be used t o  convey t o  the 

Y i s  the single valued function t o  be calculated. The ca l l ing  pro- 
gram uses e i ther  YC or YD as the corresponding argument,. 

P is the array of trial paraneters some of which are t o  be varied. 
This axray may a l so  be It should be included i n  a DIMENSION statement. 

used t o  convey constants or  instruct ions t o  the subroutine, but such 
parmeters  should not be adjusted. 

D i s  the asray i n  which derivatives a re  t o  be stored i f  they w e  
calculated by t h i s  subroutine. It i s  i n  one t o  one correspondence with 
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the array P. 
should be included i n  a DDENSION statement. 

The ca l l ing  program refers t o  it as DC or  DD. The array 

If COMMON storage is  used for  communication with subroutine PRELIM 
(see below) then care should be taken t o  include the COMMON and DIMENSION 
statements from the ca l l ing  programs 

The user must program the calculation of Y from the independent 
variables XI and the parmeters  9. 
AY/dP(J) should be sLored i n  D(J), etc .  Only derivatives w i t h  respect t o  
parameters t o  be vwied  need be programmed, but  s tor ing derivatives which 
w i l l  not be used is permitted. 
w i p l  save appreciable machine time on problems with complicated functions 
and many variables. 
compaxing the results of a least-squares cycle which uses it w i t h  those of 
the sane cycle using numerical different ia t ion.  

If derivatives a re  programmed, then 

Programming the derivative calculation 

The derivative progranrming cam often be checked by 

The usual RETURN and END statements are added, and the compiled 
program is  inserted before the t ransfer  card i n  the program deck. 

SUBROUTINE PRELIM 

This optional subroutine i s  entered once after all the input has 
been read but before the i n i t i a l  values of the t r ia l  parameters are put 
out. 
t ions,  and otherwise prepare Subroutine C A I C  fo r  the function computation. 
In i t s  present form the main program p roedes  no arguments for  PRELIM, and 
f t  i s  expected that COMMON storage w i l l  be used t o  cammunicate with CAIC. 

me subroutine must include COMMON and DIMENSION statements exactly 

It may be used t o  read additional input, m a k e  preliminary calcula- 

as they appear i n  the main program, preceding any COMMON statements 
inserted by the user. 

The usual RETURN and 3END statements are added, and the compiled pro- 
gram is substi tuted fo r  the dummy prograa which is included with the card 
deck provided. 

SUBROUTINE TEST 

Thls optional subroutine is entered once at  the end of each cycle 
after the parameters have been adjusted and l is ted but  before they are put 
out OE. tape or cards for  use i n  mother Job. It may be used t o  t e s t  

. 
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whether the new parameter values are reasonable, modify them i f  desired, 

or terminate the job. 
least-squares procedure. 

It may a lso  be used t o  t e s t  for  convergence of the 

No arguments are provided by the cal l ing program i n  i t s  present form, 
but communication may be made by means of COMMON storage. 

The subroutine must include COMMON and DIMENSION statements exactly 
as they appear i n  the main program, preceding any COMMON statements 
inser ted by the user. 

Before TEST i s  called, the main program s e t s  ISTOP Lo zero. If the  
job is  t o  be terminated, TEST should set ISTOP t o  a non-zero integer. 
When a job i s  terminated i n  t h i s  way, the value of ISTOP it; given in the 
output l i s t i n g  so that it may be used as an indicator t o  ident i fy  one of 
several  reasons fo r  stopping. 

When TEST is  called, SQSIG(1) contains the estimated agreement factor 
SQRTF(SIG/(NO-NV)) for the new parameters. 
t a i n s  the same quantity from the  previous cycle. 
each job SQSIG(2) i s  zero. 

The array SWIG may be used as the  basis of a t e s t  for convergence. 

For comparison SQSIG(2) con- 
On the first cycle of 

The usual RETURN and END statements a re  added, and the compiled pro- 
gram i s  substi tuted for the dummy routine which i s  included i n  the card 
deck provided. 

Subprogram 

CARD DECKS PROVIDED 
Symbolic Column 

card binary cw*d 
numbers numbers 

Calling program Fortran 1 - 384 691 - 756 
PRELIM (dunmry) Fortran 385 - 389 757 - 758 
TEST (dumrsy) Fortran 390 - 394 759 - 760 
SMI FAP 395 - 647 761 - 774 
CALX: (example) Fortran 648 - 666 775 - 779 

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

Transfer caxd 
Data for example 

667 
668 - 690 

q h e s e  column binary cards were compiled or assembled on an IBM 7090. For 
use on a 704 the ca l l ing  program should be recompiled, but the remaining 
subprograms which are included here should be sat isfactory.  
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LIBRARY SUBROWINES 

A t  the Oak Ridge Central Data Processing Fac i l i ty  a l l  necessary 
subroutines, except those described above, are supplied from the monitor 
l ib rary  tape. 
be provided: 

A t  other ins ta l la t ions  the following subroutines should 
Fortran input-output routines, SQRT, FPTRP, ERROR, and EXIT. 

FP'I'RP i n i t i a l i z e s  a f loat ing t r a p  routine so tha t  underflows are 
set t o  zero and overflows cause a t ransfer  t o  ERROR. ERROR terminates 
the calculation and initiates an optional memory dump. 
ended by cal l ing MIT. 

A job is normally 

GLOSSARY OF SYMBOLS 
*Indicates input data. 

A. Single Storage, Variables 

* NC 

* N v  

* N x  

*ID 

*Iw 

Jc IP 

* m  

Number of cycles of refinement t o  be performed 
i n  th i s  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 0 

Number of parameters t o  be varied. 
MI is  irrelevant.  

If NC = 0 then 

Number of independent variables associated with 
each observation. 

Derivative calculation indicator. If I D  = 0 it is 
assumed that the user 's  subroutine CAIX: calculates 
the derivatives and stores  them i n  DC. If ID = 1 
derivatives are t o  be calculated numerically 
(except fo r  those parameters fo r  which DP(1) = 0). 

&it weight indicator. 
are assigned uni t  weights. 7;f I W = O  then the 
weibts are taken as l.O/SIGYO(I)W. 

E IW = 1 a l l  observations 

Parameter input indicator. If IP = 0 the param- 
eters P are t o  be read from cards. If IP > 0 then 
the parameters are t o  be taken from the magnetic 
tape output of cycle IP of a previous job. 

Parameter output indicator. 
are not t o  be writ ten on tape for  later use, i f  
IT = 1 they are t o  be writ ten on a pr ivate  tape, 
and it IT = 2 they are writ ten on the  monitor 
auxiliasy tape i n  such a way as t o  yield punched 

If I" = 0 parameters 



NO 

IC 

NCY 

SIG 

SQRTW 

YC 

YD 

m 

SIGP 

ISTOP 

* ISENT 
DPK 

PDI 

JK 

IJ 

IJD 

cards. 
i s  terminated by an end-of-file while the 
auxiliary tape i s  not. 

The private tape is  i n i t i a l l y  rewound and 

Total  n'mober of parameters including those t o  be 
varied as well as those t o  be held constant. 

Number of observations . 
Identifying number of a particular cycle i n  t h i s  
job 

NC + 1, the number of cycles plus one. 
the n W e r  of times the list of YC will be put out. 

This is 

(SQRW(YO-YC))W2 summed over a l l  observations. 

Square root of the weight for  each observation. 

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

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

Yo-YC 

(YO-YC ~)/SIGYO( I) 

Parameter saved while or ig ina l  i s  incremented for 
numerical different ia t ion.  

(NV*(NV + 1))/2, the number of elements i n  the 
matrix. 

Standard e r ror  of a paxameter. 

Stop indicator set # 0 by subroutine TEST t o  indi- 
ca te  that  no further cycles are t o  be run on this 
job. Otherwise ISTOP = 0. 

Sentinel s e t  a t  1 t o  end observation deck. 

DP(K) saved fo r  derivative calculation. 

Index used so that AM(=) i s  ajk. 

Index used so that AM(15) is arj. 

Increment subtracted from IJ t o  s tep down a 
column of matrix AM(m). 
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POLD 

I1 

I I D  

Ism 

Parameter before correction is  added. Saved for  
output 0 

Index used so that AM(I1) is  diagonal element aii.  

Increment subtracted from I1 t o  s tep  down diagonal 
of matrix AM(II). 

Singularity indicator set a t  1 i f  a zero diagonal 
element is  found i n  the or ig ina l  matrix or  if  a 
diagonal element becomes zero or  negative during 
inversion by SMI. Otherwise ISING = 0. 

NPCD Multiple of 8 greater than or equal t o  Np. 

m Number of private or auxiliary tape used fo r  out- 
put of parameters t o  be saved. 

B. Arrays With Their Miniman Dimensions. 

* TITU(12)  

* X(rVx,NO) 

Alphanumeric t i t l e  read at  start of problem and 
transcribed t o  the output. 

List of NP parweters ,  some of which w i l l  be verried. 

List of increments t o  be used i f  numerical differ- 
entation i s  t o  be performed. 

Key integers corresponding t o  the pwweters. 
KI(1) = 1 if  P(1) is t o  be varied. Otherwise 
KI(1) h 0. 

M[ independent variables fo r  each of NO observa- 
t ions 

NO ob served dependent variable s o  

Standard errors  of the NO observations. 

Matrix of the normal equations. 
used for  the inverse matrix. 
words are used for  the matrix, but NV more are 
used by the inverter. 
t r iangle  of the matrix i s  stored, and this  is 
stored forward i n  the memory - i.e., backward i n  
the Fortran indexing system. If aij represents a 
matrix element than a l l  i s  a t  AM((NV*(NV+1))/2), 
a u  a t  AM((NV*(NV+~))/~ - l), etc . ,  9 2  i s  at  
W(NV*(Nv+1))/2 - .w, and aw,m is  a t   AM(^). 
For exemple i f  3N = 4 the storage is  as illustmted: 

This area is also 
Only (NV*(NV+1))/2 

Only the upper right 



. .  - 

ROW( W) 

Vector of the normal equations. 

Calculated derivatives of YC with respect to P. 
If derivatives w e  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. 

Diagonal elements of the inverse matrix. 
used for calculating the standsrd errors of the 
pamaeters which were varied. 

These are 

&relevant derivatives calculated by CAIX: on entry 
for numerical derivatives. 
because both numerical and calculated derivatives 
may be used in the sue problem. 

SQSIG(1) is the emor of fit, SQRTF(SIG/F~ATF(NO-NV)). 
SQSIG(2) is SQSIG(1) saved f r o m  the previous cycle 
of this job. SQSIG(2) will be set to zero for the 
first cycle of each job. 

This array is needed 

A row of the correlation matrix ready for output. 
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I 

.. ; < 

1 2 U H O S U P i k + ( C - C ) t * 2 1  IS E t l o 4 / 3 5 h O S Q R T F ( S U ~ [ ~ ~ ~ O - ~ ) ~ * 2 ~ / ~ ~ ~ - ~ V ) )  I S O R G L S  39 
2 F I C 0 4 1  ORGLS 40 

130081 F O R M A T 1 6 0 H U E S T I M A T E C  AGREEMEhT F A C T O R S  EASE0 ON PARAMETERS A F T E R  CORGLS 41 
l Y C L E  I 2 / 2 0 H O S U M I W + ( O - C ) t * 2 )  I S  E I 1 * L I 3 S H O S Q R T f 1 S U M ( ~ ~ ~ O - C 1 * ~ Z ~ / ( N O ~ R ~ l S  42 

O R G L S  43 2 - N V ) I  I S  F i C . 4 )  
OOG83 F O R t 4 A T I 6 2 H  C A T R I X  H A S  A ZERO D I A G O N A L  E L E M E N T  C C R R E S P O N D I N G  T O  P A R O R G L S  44  

I A M E T E R I 3 r l 6 P  OF THOSE V A R I E D 1  O R G L S  45 
OCC85 F O R I U A T ( 4 0 H  S I N G U L A R I T Y  R E T U R N  FRCW M A T R I X  I N V E R T E R )  O R G L S  4 6  
00086 F O R R A T f 3 7 H O P A R A H E T E R S  AFTER LEAST SQUARES CYCLE12/43HO OLD O R G t S  47 

I CHANGE NEk, E R R O R / I H  1 O R G L S  48 
O R G L S  49 

ilEQ89 F O R P A T (  !fi 13,4F10e4) O R G L S  50 
OC090 F C R Y A T 1 6 5 H C S ~ B R C U T I h E  T E S T  I N D I C A T E S  T H A T  JOB I S  T C  OE T E R M I h A T E C  O R G L S  51 

1FGR R E A S O N L Z )  O R G L S  52 
OC092 F C R Y A T 1 O I H C I N P b T  DATP/3CHC:  I P I 1 1  K I ( 1 )  C P ( I l / 1 H  1 O R G L S  53 
OC093 FCRMAT(IH I3rF10*4,f4p3XsEls,4) O R G L S  54 
OCG94 F C R V A T # S I H G C G R R E C T E D  PARAP 'ETERS NCT 'TC BE S A V E D  FCR L A T E R  U S E )  O R G L S  55 
O G C 9 5  F C R Y A T ~ S 1 H U C G R R E C T E O  P A R A R E T E R S  T O  B E  k R I T T E h  CIV P R I V A T E  T A P E )  O R G L S  56 
GCD96 F O R P A f ( 5 l h C C O R R E C T E C  P A R A M E T E R S  TO B E  k R I T T E h  F C R  CARD O l ~ T P t 1 9  O R G L S  57 

OfC88 F O R Y A T ( I k  1 3 r F l C . 4 ~ 1 C X q F I 0 - 4 )  

CC097 F O R Y A T ( t 9 H E C C R R E L A T I C N  PATRIXI ORGLS sa 
C C C 9 8  F C R ~ A T ~ 1 ~ 0 1 3 , l C F 9 , 4 / ~ ~ ~  3 X o l C F 9 - 4 ) )  O R G L S  59 4 

P 

O R G L S  60 
C REbC T I T L E  AND CONTRCL CARD O R G L S  61 

K E A C  I K P U T  TAPE ~ C p C C D 5 l r Z T I T L E l I ) o I # 1 , 1 2 )  C R G L S  62 
h ' R I f E  O G T P L T  T A P E  9 c C O C 5 2 , ( T I ~ L E ( I ) , I # l 9 1 2 ~  O R G L S  6 3  
C U F Y Y # F P T R P F (  E 9 - i )  O R G L S  54 

O R G L S  65 
L t R I T E  CLTPUT T A P E  9vfOC549NCoNVTNX ORGCS 66 
I F ( I C B C C 2 ~ 6 p C G 2 C 4 9 C G 2 Q ~  ORGLS 67 

O R G L S  68 
O02Ct h R I T E  OUTPUT T A P E  9 9 C O G 5 E  O R C L S  0 9  

GO T C  002Ci7 ORGCS 7P 
O R G L S  7 1  

RC206 h R I T E  CUTPUT T A P E  90CQc159 ORGCS 72 
O R G L S  73 

OC2C7 I F Q I W ) O C ~ ~ O ~ C C ~ C ~ P C O ~ ~ C  O R G L S  74 
C R G L S  75 

002C8 h R I T E  OUTPUT T A P E  9 9 c O n 6 l  O R C L S  76 

REAC IhPliT T A P E  1 0 p e C U 5 3 9 N C r h V o N X 1 I C p f k c l P , J T  



GO TO 00211 

002Lll #RITE OUTPUT T A P E  9.00062 

002118 1F~xP~oc212Qoo212Qoo214 

002 I2 WRXTE O U T P U T  T A P E  99130063 
GO TO 00215 

00214 X R X T E  O U T P U T  T A P E  9,00064.1P 

002 I6 h R I T E  OUTPUT T A P E  9,00094 
GO T O  0 0 3 0 1  

002 I E W R I T E  C U T P U T  T A P E  9 p C O O 9 5  
R E M I N D  5 
GO TO o u m  

0022 I Y R I T E  OUTPUT T A P E  9pC0090 

C R E A C  T R I A L  PARAMETERS 
003Ql IF~IP~O04Olp130401~013SOS 

0040 I R E A D  XMPUT T A P E  ICpOC066*NPp(P(IBel#l.~P~ 
GO TO ODbOI 

OD50 1 R E W I M O  4 
DO I3G503 J # l r  I P  

OC608 W R I T E  OUTPUT T A P E  9gCiOQ67,NP 

C REAL? O B S E R V A T I O N S  TO S E N T I N E L  
J#O 

ORGLS 77 
O R G L S  78 
O R G L S  79 
O R G L S  80 
O R G L S  81 
ORGLS 82 
O R G L S  83 
O R G L S  84 
O R G L S  85 
O R G L S  86 
O R G L S  87 
O R G L S  88 
O R G L S  09 
O R G L S  90 
O R G L S  91 
ORGLS 92 
O R G L S  93  
ORGLS 94 
O R G L S  95 

O R G L S  97 
ORGCS 98 
O R G L S  99 

ORGLS 1 C I 
O R G L S  !02 
O R G L S i 0 3  
O R G L S  I04 
O R G L S 1 0 5  
O R G L S  IO6 
O R G L S  I 07  
ORGLS 108 
O R G L S  I09 
O R G L S l  10 
O R G C S I  1 1  
O R G L S I  12 
O R G C S I  I3 
O R G L S l l 4  

I-J O R G L S  96 (33 

ORGLS I no 

' 
. .  

. r  I .  



i .< , . '  

OllCt NO#J-I 
W R I T E  OUTPUT T A P E  9pC00699MO 

C R E A C  K E Y  I N T E G E R S  ANC P A R A P E T E R  I N C R E Y E K T S  I F  S P E C I F I E D  
1 F ~ N C ~ R 1 5 0 t ~ 0 1 6 0 1 t 0 1 3 0 1  

C I h l I T I A C I Z E  PROBL€M Ah0 E N T E R  S U S R O t l T f N E  P R E L I M  IF P R O V I D E D  
01601 NM#(NV+(MV+111/2 

SQSIGt I ) # R e 0  
C A L L  P R E L I M  

C P U T  OUT T R I A L  PARAMETERS, K E Y  INTEGERS? AND P A R A P E T E R  I I U C R E E E K T S  
W R I T E  OUTPUT T A P E  99cno92 
DO C 1 6 S 3  I#ItNP 

C S T A R T  COOP TO PERFORP NC CYCLES AND Chi€ F I N A L  C A L C U L A T l C b  OF Y 
NCY #NC+ 6 
DO C E S O i  f C # l p N C Y  

C C L E A R  ARRAYS AM AND L E X C E P T  Clu LAST C Y C L E  
I F I I C - N C Y ) O I B S l p C 2 0 C 1 , 0 2 C C I  

01851 CO Cite52 I # l p N M  

0 I 8 5 2  A M I I ) # C . G  

ORGLS t 15 
ORGLSI 16 
ORGLS I I7 
ORGLS I 1 8  
ORGLSl 19 
ORGLSIZO 
O R G t S  I2 1 
ORGLS I 2 2  
C R G L S  I23 
ORGLS 124 
ORCLS i 25 
ORGLS126 
ORGLS I 2 7  
ORGt S I 28 
O R C L S  I29 
ORGLS I30 
O R G L S l 3 1  
O R G t S  I 3 2  
ORGLS I33 

O R G L S  I35 
O R G L S  I 3 6  
ORGLS 137 
O R G t S  138 
ORGLS i 39 
O R G L S l 4 0  
O R G L S 1 4 1  
ORGLS I 4 2  
O R G L S  143 
O R G L S i  44 
O R G L S I  45  
ORGLS 146 
ORGLS I 4 7  
ORGLS J 48 
ORGLSI 49 
ORGLS 1 SO 
ORGLS IS 4 
O R G L S  i 52 

P O R G t S  134 u) 



n 1902 
C 
0200 I 

c 
0220 I 

C 

c 

0250 I 

0260 f 

02701 

C 

I 

C 

C 
0300 I 

I F 9 1 ~ 9 ~ 2 6 C S ~ C 2 5 0 1 ~ 0 2 6 ~ I  

S Q R T W # I , O / S f G Y O I f l  
GO TO 0 2 7 0 1  

S I G Y O (  I 1 # 1  o C  
SURTH#I,O 

B Y # Y O l  I I - Y C  
WDY#SCRTk+CY 
S I G # S I G + k O Y * W C Y  

PUT OUT Y ( C A L C 1  Ani0 OTHER I N F O R Y A T I O h i  FOR ONE 

O R G L S  I53 
V (  I I R C I I J  ORGLS i 54 

O R G L S  1 55 
I N Z T I A L I Z E  FOR C Y C L E  IC AND PUT OLT CAPTICM FCR L I S T  OF Y e C A L C t O R G L S I 5 6  

O R G L S  157 S Q S X G ( 2 ) # S Q S I G 6 1 )  
S I G # O , 0  ORGLS I58 
k R I T E  OUTPUT TAPE 9 p f 0 0 5 2 0 % T I T L E i I ) c I # 1 9 t 2 %  ORGLS I59 
W R I T E  OUTPUT 1 A P E  9,COff7291[C O R G L S t b O  
W R I T E  OUTPUT TAPE 9oC0073 ORGLS 16 I 

ORGL S 1 62 
S T A R T  LOCP THROUGH NC O B S E R V A T I O N S  O R G L S  I63 
GO aslot  i#l*MO O R G L S  I 6 b  

ORGLS i 65 
ENTER USERS SUBROUTIRE TO COMPUTE Y B C A L C )  AND C E R I V A T I V E S  O R G L S 1 6 6  
CALL C A L C (  X I  I 9 I 1  9 YCpP PCC ) O R G L S  157 

ORGLS I68 
O B T A X h  WEIGHT AND C A L C M A T E  QUANTITIES F R O M  Y(OBSI-YlCALC1 O R G L S 1 6 9  

ORGLS 1 70 
O R G L S  I7 J 
O R G L S 1 7 2  CD O R G t S  173 0 

ORGLS I74 
ORGL S I 75 
ORGLS 176 
O R G L S 1 7 7  
O R G L S l 7 8  
ORGLS 179 
ORGL S 180 
ORGLSIB! 

CBSERVATICN ORGLS182 

JSfloNXII ORGLS184  
O R G t S  185 

C A L C  O F  Y O R G L S 1 8 6  
ORGLS I 87 
ORGCS I 8 8  

S T A R T  L O O P  TO STORE AN A R R A Y  OF NV G E R I V A T I V E S  O R G L S  I89 
J#  I ORGLS I90 

o W D Y o B X ( d p I 1 ~  O R G L S 1 8 3  

B Y - P A S S  CERIVATKVE ANC M A T R I X  SET-UP ON FINAL 
I F ( f C - N C Y ) 0 3 C O E 1 G S B O B p 0 5 1 C I  
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048131  

OSGQ I 
C 

05lOU 
c 
C 

C 

C 
0 5 4 C  I 

0560 I 

0570 I 

0580 B 
c 
C 

C 

V I J ) R V ( J B + O V ( J ) + W D Y  
C O N T I N U E  
END LOOP TO STORE M A T R I X  AND VECTOR 

C O N 1  I N U E  
EMG L C O P  THROUGH NO O B S E R V A T I O N S  

COMPUTE AND P U T  OUT AGREEMENT FACTORS 
S O S I G ( l } # S Q R T F ( S a G 4 F L O A T F ~ N O - N V ) )  
& R I P E  OUTPUT TAPE 9 0 C 0 0 8 0 v I C g S I G , S Q S I G C l b  

BY-PASS M A T R I X  I N V E R S I O N  AND P A R A P E T E R  OU'TPUT CN F I N A L  C Y C L E  
I F B % C - M C Y % 0 5 4 0 a g O e ? C l o 0 8 7 0 1  

S T A R T  L O W  T O  T E S T  FOR ZERO D I A G O N A L  E L E M E N T  
i S I N G # O  
I I # N M  
r I D ~ V  
DO nsem I ~ I ~ N V  

I S I N G # B  
WRITE OUTPUT T A P E  9,000a3,i 

I I # I I - I I D  
I I O f 1  I D -  1 
C O N T I N U E  
END LOOP TO TEST f O R  ZERO D I A G O N A L  ELEMENT 

T E R W I M A T E  JOB IF ZERO DIAGONAL E L E M E N T  k A S  FOUND 
I F ( I S I N G ) 1 0 3 0 1 q 0 6 G O a ~ ~ U 3 0 ~  

E N T E R  SUBROltTI tc iE T O  R f P L A C E  M A T R I X  W I T H  ' INVERSE 

O R G L S 2 2 9  
ORGLS230 
ORGL S 2 3  I 
O R G L S 2 3 2  
O R G L S 2 3 3  
O R G L S 2 3 4  
O R G L S 2 3 5  
ORGLS236 
O R G L S 2 3 7  
O R G L S 2 3 8  
ORGLS239 
O R G I S 2 4 0  
O R G L S 2 4 1  
O R G L S 2 4 2  
O R G L S 2 4 3  
ORGL S 2  44 
O R G L S 2 4 5  
O R G t S 2 4 6  
O R G L S 2 4 7  
O R G L S 2 4 8  
O R G l S 2 4 9  
ORGLS2SO 
O R G L S 2 5  I 
ORGLS252 
ORGL 5253 
O R G L S 2 5 4  
O R G L S 2 5 5  
O R G L S 2 5 6  
O R G L S 2 5 7  
U R G l S 2 5 8  
O R G L S 2 5 9  
O R G L S 2 6 0  
O R G L S 2 6 1  
O R G L S 2 6 2  
O R G L S 2 6 3  
ORGL S 2  64 
ORGL $2 65 
ORGLS266 

Iu 
Iu 

'. , '_ + 



. .  . .  
: .  - .. 

0500 1 

C 
0620 1 

C 
C 
W C I  

0670 1 

c 
06813 I 

06901 
07GO I 

072C 1 
C 

C 

c 

T E R M I N A T E  J O B  I F  SIEiGlfLAR M A T R I X  k A S  FCLchiO 

GO T O  I C 3 0 1  
kRITE OUTPUT TAPE 9vD0085 

S T A R T  LOOP FOR HATRIX 'JECTOR MULTIPLICATION FOR 
P A R A M f T E R  C H A N G E S  

CC 072131 IIIpNV 

PCI#G.O 
IJ#hM-I+I 
I JC#NL- 1 
CC G7COI J # i T h i i  

IJYIJ-IJC 
IJC#XJCI-I 
GC TO C7OGl 

SAkE C I A G C h A L  E L E R E h T S  CF IbVERSE K A T R I X  
DIAG(I)#AY(IJI 

IJk13-i 
CC h T I &UE 

PCIIJhPCI 
SIG#SIG-PCI*V(I 
CGNTIhiUE 
EhD LCOP F O R  K A T R I X  V E C T C R  V U L T I P F I C A T I G K  

R E C O P P U T E  AGREEPENT FACTCR USING M C D I F I E C  SIG 
S Q S I G l e ) # S Q R T F 1 S I G / F l O A T f ( N C - ~ V ~ ~  

P U T  ObT C A P T I O N  FOR L I S 7  OF C O R R E C T E D  P A R A M E T E R S  

O R G t S 2 6 7  
O R G L S 2 6 8  
O R G L S 2 6 9  
O R G t S 2 7 0  
O R G L S 2  7 I 
O R G t S 2 7 2  
O R G t S 2 7 3  
O R G L S 2 7 4  
O R G L S 2 7 5  
O R G L S 2 7 6  
Q R G t  S277 
O R G L S 2 7 8  
O R G L  S279 
O R G L S 2 8 0  
O R G L S 2 8 i  
O R G t S 2 8 2  
O R G L S 2 8 3  
O R G C S 2 8 4  
O R G L S 2 8 5  

0 RGL S 2 87 
ORGLS288 
O R G L S 2 8 9  
O R G L S 2 9 0  
O R G L S 2 0  1 
O R G L S 2 9 2  
O R G L S 2 9 3  
O R G L S 2 9 4  
CRGtS295 
ORGtS206 
ORGLS297 
O R G C S 2 9 8  
O R G L S 2 9 9  
O R G L  S 3C0 
O R G L S 3 O J  
ORGLS302 
O R G L S 3 0 3  
ORGLS304 

O R G 1 . 5 2 8 6  Iu u 



C 

Q7601 

07713 I 

m o m  
c 
C 

C 
C 

C 
c 
08213 n 

08202 

C 

WRITE OUTPUT TAPE O v O 0 0 5 2 r ( T I f L E t I ) t I # l r 1 2 ]  O R G L S 3 0 5  
W R f T E  OUTPUT T A P E  9,00086rIC O R G L S 3 0 6  
START LOOP TO CORRECT AND P U T  OUT PARAMETERS O R G L S 3 0 7  

O R G L S 3 0 8  
O R G L S 3 0 9  J# I 

DO 08001 I#l.NQ O R G L S 3 1 0  
O R G L S 3 1  I 

I F B K I ~ I 9 ~ 0 7 6 0 1 ~ 0 7 6 0 1 g C 7 7 Q l  O R G C S 3 1 2  
O R G L S 3 1 3  
O R G L S 3  I4 

GO TO 0800t O R G L S 3 1 5  
ORGLf i3  I 6  

POLD#P( 13 O R G L S 3  I 7  
P ( I I # P O L D + P D ( J I  O R G L S 3  18 
S I G P # S Q R T F ( D I A G I J I ) I S a S I G o  ORGL 53 I9 
k R I T E  OUTPUT TAPE 9 v 0 0 0 8 9 9 1 p P C L O v P D ( J I ~ F ~ X ~ ~ S ~ G f ~ R G L S 3 2 U  
J#J+ I O R G L S 3 2 1  

O R G L S 3 2 2  
C O N T I N U E  O R G L S 3 2 3  

O R G t S 3 2 5  
PUT OUT E S T I M A T E O  AGREEHEM1 F A C T O R S  O R G L S 3 2 6  
& R I T E  OUTPUT TAPE 9 0 0 0 0 8 1 r I C r S I G 1 S Q S I G ~ ~ ~  O R G L S 3 2 7  

O R G t S 3 2 8  
ENTER USERS SUBRCUTINE TC TEST AND PODIFY PARAPETERS O R G L S 3 2 9  

OR E K E  J C B  O R G L S 3 3 0  
IS?OQ#O ORGLS331 
C A L L  T E S T  O R G L S 3 3 2  

ORGL S 333 
# R I T E  CORRECTED PARAMETERS ON A U X I L I A R Y  TAPE IF O R G L S 3 3 4  

DES I REO O R G L S 3 3 5  
O R G L S 3 3 6  
ORGC 53 37 

NT#IT+4 O R G L S 3 3 8  
N P C D # 8 * I ( N P - I  1/8+111 O R G L S 3 3 9  

O R G L S 3 4 0  
O R G L S 3 4 l  

T E R M I N A T E  JOB IF INDICATED BY USERS SUBROUTIKE T E S T  ORGLS342 

W R I T E  OUTPUT T A P E  9 g R 0 0 8 8 9 1 s P I I B v P t I l  

I\) END LOOP TO C O R R E C l  AND PUT CUT P A R A P E T E R S  O R G L S 3 2 4  F 

IF(ITI08202008301.08202 

W R I T E  OUTPUT T A P E  N T , C O O 6 6 9 N P p ( P l I ) g I # l o N P C D )  

. .  . - 
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c3 
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STA Y I  

S T A  Y 2 8  
S T A  SIMGI 

PCX 0 9 1  
S T C  Y27 
S X C  T I P 4  

C L A  394 

Y l  C L A  0 

Y 2  sxc Y 2 5 9 1  
S X C  7 2 9 1  
S X C  i s 2  
S T Z  f 4  
S T Z  f 5 9  
L X C  T 4 9 4  

Y 4  SXC Y790 
C L A  092 
S S P  
FSE f 4  
T # f  Y ?  
C t A  0 9 2  
S S P  
S T C  T 4  
S X C  T5 .4  

WTR Yl! 
Y7 T I X  Y89290 

ya  T h X  Y B E p l l p S  

T X I  Y 4 9 4 p l  
Y I O  C A L  T 3  

A C C  T 2  
PCX 094 
C L P  T S  
S T C  0 9 4  
T S X  X i 9 4  
L X C  7 3 9 2  
C L A  0,2 
T Z E  S I N G  
T N I  SING 
C l A  F L C M E  

ADD SET 

Y 2  

Y3 

Y 4  
Y 5  

Y 6  

Y 7  CEC SET Y 4 g D E L J A  

Y 8  
Y 9  
Y 1 0  

Y I  t 
Y i 2  

Y 1  

ORGL S 4  I O  
O R G L S 4  I 1 
O R G L S 4  I 2  
O R G L S 4 1 3  
O R G l S 4 i 4  
ORGL 54 I 5 
O R G L S 4 1 6  
O R G L S 4 1 7  
O R G L S 4  18 
O R G L S 4 1 9  
O R G L S 4 2 0  
O R G L S 4 2 J  
C R G L S 4 2 2  
O R G L  5423 
O R G L S 4 2 4  
O R G L S 4 2 5  
O R G L S 4 2 6  
O R G l S 4 2 7  
O R G L S 4 2 8  

O R G L S 4 3 0  
O R G L S 4 3 1  
O R G L S 4 3 2  
O R G L S 4 3 3  
O R G C S 4 3 4  
O R G L S 4 3 5  
O R G L S 4 3 6  
O R G L S 4 3 7  
O R G L S 4 3 8  
O R 6 1  5439 
O R G L S 4 4 0  
O R G l S 4 4  1 
O R G L S 4 4 2  
O R G L S 4 4 3  
O R G L S 4 4 4  
O R G L S 4 4 5  
U R G L S 4 4 6  
13RGLS447  

Iu O R G L S 4 2 9  -3 
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500 4-4 
lUo8 
1202 
1308 
15-6 

1804 
19,8 
2104 
22e2 
24013 
25,2 

1 7 0 4  

2702  
28.8 
3000 
32,2 
34-2 

0 0001 

O R G L S 6 7 0  

O R G L  S 6  72 
O R G L S 6 7 3  
O R G L S 4 7 4  
ORGLS675 
O R G L S 6 7 6  
O R G L S 6 7 7  
O R G l S 6 7 8  
O R G L S 6 7 9  
O R G L S 6 8 0  
O R G L S 6 8 1  
O R G L S 6 8 2  
O R G L S 6 8 3  
ORGtS684 
ORGLS685 
O R G L S 6 8 6  
O R G L S 6 8 7  
O R G t S 6 8 8  
O R G L S 6 8 9  

5.5 8 0 4  13,2 16-3 17- 3 0 R G L S 6 7  I 

0.05 0 . C I  o m  o m  C e O I O R G L S 6 9 0  

w 
4= 

I . _  .k *, ' -  



EXAMPLE0 F I T T I N G  A CURVE WITH A S E Q U E M E  t?F STRAIGHT LINE SEGMENTSO 

NURBER OF CYCLES I N  THIS  JOB IS I 

NUMBER OF PARAMETERS TO BE VARIED I S  6 

NUMBER OF lNOEPENOENT VARIABLES PER OBSERVATION IS 1 

NUMERICAL OfRXVATIVES UNLESS PARAMETER IMCREPENT IS ZERO 

UNIT WEIGHTS TO BE SET BY PROGRAM 

PARkMETERS TO BE REAC A S  INPUT DATA 

CORRECTED PARAMETERS NOT TO BE SAVED FOR LATER USE 

N U M B E R  01" PARAMETERS READ IS 8 

N U M B E R  OF OBSERVATIONS R E A D  I S  16 

INPUT DATA 

I t 0 e OOCG 
2 5 0 OOOC 
3 4 0 40GC 
4 5,5000 
5 8,40[313 
6 13,200C 

8 1703000 
7 16o3OOO 
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