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ABSTRACT 

The Fortran-10 program LSFODF has been written on 

the ORELA PDP-10 in order to perform non-linear least-

squares curve fitting with user supplied functions and 

derivatives on data which can be read directly from ORELA-

data-format (ODF) files. LSFODF can be used with any 

user supplied function and derivatives; has its storage 

requirements specified in this function; has P-search 

and ri-search capabilities; and can output the input 

data and fitted curve in an ODF file which then can be 

manipulated and plotted with the existing ORELA library 

of ODF programs. A description of the fitting formalism, 

input instructions, five test cases, and a program listing 

are given. 

v 



I. INTRODUCTION 

The need for a generalized nonlinear least-squares curve fitting 

program which uses as input and output ORELA Data Formated (ODF) files 

for use on the ORELA PDP-10 has been apparent. LSFODF is an attempt to 

fulfill this need and will perform, using the so-called method of Guass, 

linear and nonlinear curve fitting with user supplied functions. For the 

nonlinear case convergence is aided by various P-search and n-search 

options which follow closely those used in the computer code MULTI.1 

To operate LSFODF the user must supply a Fortran-10 FUNCTION FCTN(X,Z) 

which must return the values of the function and its derivatives (from either 

analytic or numerical methods) with respect to the variable parameters, all 

evaluated at X, Z and the current variable parameters. In principle, any 

function with its derivatives which can be Fortran-10 coded can be used to 

least-squares fit input data. A user may collect a library of FCTN(X,Z) 

to be used with LSFODF. The storage requirements of the input data and 

fitted curve are specified in FCTN(X,Z). 

LSFODF is limited to a fitting function of two independent variables 

which have no uncertainties. The dependent variable is calculated from 

parameters in FCTN(X,Z) and least-squares fitted by varying these parameter 

to measured dependent variables whose uncertainties must be uncorrelated. 

The data to be fitted can be input from either an ASCII or ODF file. The 

output consist of an ASCII printable file which, if desired, list the 

covariance matrix of the variable parameters. Also, if desired, an ODF 

file of the input data and fitted curve may be produced which can be easily 

plotted and manipulated with the existing codeOPRODF.2 

1 
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The next section of this technical memo gives the formalism of the 

fitting procedure. Section III describes the input and output and the 

requirements for the FUNCTION FCTN(X,Z). Section IV gives, complete 

descriptions of five test cases or examples. Finally, the Appendix gives 

a complete listihg of LSFODF. 
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II. FORMALISM AND FITTING PROCEDURE 

A. Method of Gauss 

LSFODF employs the well-known and commonly used so-called method 

of Gauss which is reviewed below and contains P-search and n-search 

options. Assume that we have data in the form of n observations (y^, x^ 

z^) where i = 1, 2 n and that these data can be characterized by 

the function 

y = f(x,z;pi,p2,...,pip) , (1) 

where y is the dependent variable, x and z are independent variables and 

pi»p2,...pm are parameters which describe the function and form the 

vector p. We wish to minimize the quantity <J> defined by 

n 
* = E w,[y. - f(x z ;p)]2 , (2) 

i=l 1 

with respect to the vector p where the w^ are weights associated with 

each y^. Under normal operation LSFODF follows standard practice and 

sets the w^ equal to the inverse of the variance of y^; that is, 

w^ = 1/Ay^2 where Ay^ is the uncorrelated standard deviation of y^. 

To minimize <p the function f is expanded in a first order Taylor 
. -V series around p the initial guess for p: 

f(x,z;p) = f(x,z;p') + £ [9f/3pk](pk - p \ ) (3) 

lc® *L 

Substituting equation (3) into equation (2^ one obtains 

n. ^ m 
<t> = £ * ±ly ± - f(x i,z 1; P0 - £ ( 3 f i / 8 V d k 1 2 • ( 4 ) 

i=l k=l 
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where = (pfc - P^k)Al with n = 1. The symbol 9 f i/9p k implies the 

partial derivative of f with respect to p^ evaluated at x^.z^jp^. Setting 

% = 0 and rearranging terms one obtains the following m simultaneous 

linear equations 

wi[y ± - f O v y ^ p O K a ^ / a P k ) = E w ± O f i / S p j ) < a f i / 3 p k ) d k < 5 ) 

which can be written in matrix notation as 

V = Md (6a) 
where 

V k = £ wi[y1 - f(x ±,y 1;pO]Of i/3p k) (6b) 

M j k - wi(9fi/8pj)(3f1/3pk) (6c) 

Inverting3the matrix M the previously defined vector d is determined, 

d = M - 1V , (6d) 

from which a new parameter vector is obtained 

p = p' + nd . (6e) 

For all functions linear in p, equation (3) is the exact Taylor 

expansion of f and consequently equation (6) gives the exact solution 

with n • 1. For the non-linear problem LSFODF starts with the initial 

guess p** input by the user and iterates through equations (6) replacing 

p1" by p after each iteration until the convergence criterion 

1 a* 1 1 0 • fold ' (7> 

-y 't-
is not met, where <t> and <f> are computed from equation (2) using p^ and p oxa new 
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for the ojd and ner iterations, respectively. RATIO can be input; if 

RATIO is input as zero, a default value of 0.999 is used. Usually for 

the non-linear case the correction vector is overestimated; consequently 

H can be input; if f) is input as zero, a default value of 0.75 is used. 

To aid the convergence of non-linear cases LSFODF has various P-search 

and r|-search options which follow closely those contained in the computer 

code MULTI described in reference 1. 

B. P-Search 

For non-linear problems the first-order Taylor expansion of equation 

(3) is not exact and does not guarantee convergence. The P-search aids 

convergence for some cases by simultaneously decreasing the magnitude 

and changing the direction of the correction vector d. This is accomplished 

by adding a constant term to all diagonal elements of the matrix M; if the 

added 

constant is small it has little effect on d, and if the added constant 

is large it dominates d. Therefore, a range of constants, P^ are added 

using the maximum diagonal element of M, g ^ ^ , as a reference magnitude. 

Specifically P^ is increased following a geometric progression from Pi to P in the equation np 

(M + P^I)d = V (8) 

where 

(8a) 

1/(np-1) (8b) 'Max' Min » 

P l * S i n ' < M n • (8c) 

P = C • o np Max °Max <8d) 
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Equations (8) are solved for d which is inserted into equation (6e) 

to compute p, which in turn is used to compute The P-search parameters 
CMin' CMax' a n d n p c a n b e i nP u t5 they are input as zero, the default 

values 0.001, 1.000 and 5 are used, respectively. The switch IP2 gives 

two P-search options. If IP2 • 0, LSFODF computes <|> for each of the np 

values of P^ and continues with the P^ which produced the smallest (J). 

If IP2 = 1, LSFODF computes (f> sequentially, starting with Pj and continues 

when the convergerce criterion of equation (7) is met. The switch IPS 

gives the option to use the P-search only when condition (7) is not met, 

for each iteration, or not at all. If :he P-search fails to produce 

convergence LSFODF will either stop or proceed with an ri-search. 

C. r|-Search 

LSFODF also has the option of keeping the direction of d fixed and 

searching on its magnitude to minimize $ by varying r|. Three values of 

n, defined to be rii» Tl2 and n3 and the corresponding <J)(rii), 4>(t12) and 

<|>(Ti3)» are required. Initially rii» 12, and n3 are set to zero, the input 

H and twice the input ri, respectively. Without the n-search <j>(Tli) and 

<j>(ri2) have been computed. With the Tl-search 4>0la) is computed and stored 

and a parabolic fit of <J> vs r| allows the vertex of the parabola, riv» to 

be determined. If either the absolute difference between ri and n? is 

less than 0.1 f^, or if the absolute difference between 4*0^) and <J>(ri2) 

is less than (1 - RATIO) <Kr)v) the search terminates. If neither of 

these conditions is met, the n-search continues by setting ni to the 

maximum previous ri which is less than nv» H2 to n y and ri3 to 2nv - Hi. 

The new (J>(tu) a n d ^ o l z ) exist, ({>(113) is calculated, and a new parabolic 

fit of 41 vs n allows a new n to be computed. This procedure continues 
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in an iterative manner until either n or <J>(i"lv) changes by less than the 

required amount. The switch IES gives the option to use this method only 

when condition (7) is not met, for each iteration, or not at all. 

D. Parameter Errors 

For each iteration, defined to be the calculation of a new matrix M, 

LSFODF prints p' and p which are the old and new least-squares estimates 

of the function parameters. From the inverted matrix, M 1, an estimate 

of the standard deviation of p'k is printed and given by 

o(Pk> = > K k X2 (9) 

where x 2 = (n - m), n being the number of data points and m being the 

number of parameters. The covariance between p. and p is given by 
j K 

Cov(Pj,Pk) = X2 (10) 

From which the correlation matrix element is 

x 2 

Cov(p ,p ) = ( I D 
o(pk)a(Pj) 

The switch IF3 gives the option to have the correlation matrix printed for 

the last iteration, for each iteration, or not at all. 
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III. PROGRAM OPERATION 

LSFODF requires three additional PDP-10 files for execution: a file 

containing FUNCTION FCTN(X,Z) which gives the user supplied function and 

derivatives which must be written In FORTRAN 10; a file named LSFODF.INP 

which contains control input and the initial guesses for the variable 

parameters; and a file containing the input data to be fitted which can be 

either a data file in ODF format with any name or a specially prepared 

ASCII data file named LSFODF.DAT. 

If the file containing FUNCTION FCTN(X,Z) is named FCTN.F4, LSFODF 

is executed by EX FCTN, LSFODF where FCTN must precede LSFODF since the 

storage requirements for the input'data are given in FUNCTION FCTN(X,Z). 

LSFODF produces the output file LSFODF.PRT and if desired, by setting the 

IF2 switch, ODF file(s) which can be plotted with either of the existing 

programs OPRODF2 or PLTODF. 

A. FUNCTION FCTN(X,Z) 

The user must supply a FORTRAN 10 file containing the FUNCTION 

FCTN(X,Z) which contains the fitting function and its derivatives with 

respect to the variable parameters. This function should be of the 

form: 

FUNCTION FCTN(X,Z) 
COMMON/DAT/P5*N) 
COMMON /FCN /N ,M, INTIAL, P (18) 
COMMON/DER/DFDP(18) 
IF(INTIAL.EQ.l) Go to 999 • 

INTIAL = 1 
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999 DFDP(l) = 3f1[X,Z;P(l),P(2),...,P(M)]/3P(l) 
DFDP(2) = 3f2[X,Z;P(1),P(2),..•,P(M)]/3P(2) 

DFDP(M) = 3f[X,Z;P(l),P(2) P(M)/3P(M) 
FCTN = f(X,Z;P(1),P(2).,,,.P<M)1 
RETURN 
END 

In FCTN(X,Z), FCTN is returned as the dependent variable corresponding 

to the data points y^ with errors Ay^, x is the independent variable (time, 

neutron energy, etc.) and Z is a second independent variable (sample thick-

ness, gamma-ray energy, etc.) which may or may not be used. The array F of 

labeled common DAT contains the input data and fitted curve and must be 

dimensioned greater than five times the number of data points. The variables 

M and N of labeled common FCN are the number of variables and the number 

of data points respectively which correspond to the m and n of Section II. 

In LSFODF INTIAL is set to zero and can be used to initialize as shown. 

Data stored in the array F can be accessed as follows: F(ID) = x coordinate, 

F(ID+1) — measured y coordinate, F(ID+2) = standard deviation of measured 

y coordinate, F(ID+3) = calculated y coordinate, and F(ID+4) = z coordinate 

if used, where ID runs from ID = 1 to ID = N*5 in steps of 5. In many 

cases INTIAL is not needed and the statements containing INTIAL are not 

needed. 

For each iteration and each value X (or X and Z), LSFODF calls 

FUNCTION FCTN(X,Z). The value of the function evaluated at X and Z with 

the parameters in the array P(18) of labeled common FCN must be returned 

as FCTN as shown. Likewise the derivative of the function with respect to 
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the variable parameters P(l), P(2),...,P(M) must be returned in the 

array DFDP(18) of labeled common DER as shown. The derivatives are 

evaluated at X and Y with the parameters contained in P(18). 

B. FILE LSFODF.INP 

CARD #1 FORMAT (16A5) TITLE 

CARD #2 FORMAT(213,16,712,13,4F10.6) M,IT2,N,IFDM,IF1, 
IF2,IF3,IPS,IP2,IES,NPSM,RATIO,ETA,CMIN,CMAX 

OPTIONAL CARD #2A FORMAT(A10,216,413) FILE,ISC,IEC,IDS(l),IDS(2), 
IDS(3),IDS(4) 

CARDS #3 -»• //3+M FORMAT(E12.6) Guesses for initial parameters, 
one per card. 

TITLE Any alphanumeric characters written on this 
card will appear on the top of LSFODF.PRT. 

M Number of variable parameters. 

IT2 Maximum number of iterations whose default 
value is 10, that is if columns 4 to 6 are left 
blank, LSFODF will set IT2 =10 

N Number of data points. If N>0 LSFODF assumes 
the input data to be fitted will be read from 
the file LSF0DF.DAT. In particular, LSFODF.DAT 
will contain N data points, one per card with 
FORMAT(4E12.6). On each card will be in order 
x, y, Ay and z (optional). For this case LSFODF.INP 
LSFODF.INP cannot contain CARD #2A. 

If N=0 LSFODF assumes the input data to be fitted 
will be read directly from an existing ODF file 
which must be specified on card #2A. 

IFDM • 0 or 1, only the independent variable x will 
be used. 

= 2, both independent variables x and y will be 
used. 

IFl » -1, input data and curve will be printed for the 
zeroth and last iteration. 

= 0, print above for last iteration only. 
= 1, print above for each iteration. 
= 2, never print above data. 
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IF2 = -1, create ODF file for plots of the zeroth 
and last iterations. 

= 0, create plot file for the last iteration. 
= 1, create plot files for each iteration. 
- 2, create no plot files. 

IF3 • 0, print correlation matrix for last iteration 
only. 

» 1, print matrix for each iteration. 
= 2, never print matrix. 

IPS = -1, no P-search. 
0, P-search only 
1, P-search each iteration. 

= 0, P-search only when x 2 does not decrease. 

IP2 » 0, LSFODF calculates a table of X 2 f°r each 
value of Pg, specified and continues with the 
value of fy which gave the lowest X2• 

= 1, LSFODF continues with the first value of 
fywhich causes X 2 t 0 decrease. 

IES = -1, No ri-search 
0, ri-search onl; 
1, ri-search every iteration. 

= 0, ri-search only when X 2 does not decrease. 

NPSM « Number of P-searches per iteration. The np 
of eq. (8b). (Default value is 5.) 

RATIO Convergences criterion of eq. (7). (Default 
value is 0.999.) 

CMIN Determines the minimum value of fyfrom eq. (8c) 
for the P-search. (Default value is 0.001.) 

CMAX Determines the maximum value of IJj, from eq. (8d) 
for the P-search. (Default value is 1.0.) 

OPTIONAL INPUT TO READ DIRECTLY FROM AN ODF FILE. 

FILE Name of ODF file from which data is read. 

ISC Starting channel of data in ODF file. 

IEC Ending channel of data in ODF file. 

IDS(l) Data set to read x from. 

IDS(2) Data set to read y from. 

IDS(3) Data set to read Ay from. 

IDS(4) Data set to read z from if needed, i.e., 
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C. Output 

Output files generated by LSFODF are LSFODF.PRT examples of which are 

shown for the test cases in the following section and ODF plot files as 

determined by the switch IF2. At both the start (OLD VALUE) and end (NEW 

VALUE) for each iteration, defined to be the calculation of a new matrix 

M, LSFODF.PRT has listed the X 2 which is the <J> of equation (2) divided by 

n-m, the values of the parameters, and their corresponding errors of 

equation (9). In addition, the switch IF1 allows the input data and curve 

to be printed, and the switch IF3 allows the correlation matrix of 

equation (11) to be printed. 

The ODF plot files are created by the SUBROUTINE ODFGEN and have the 

name FORXX.DAT where XX is the iteration number which occurred before the 

file was created. These ODF files contain 5 data sets if two independent 

variables are used and 4 data sets if one independent variable is used 

and contain a "number of channels" equal to the number of data points. 

Data set 1 contains the input x-coordinates, data set 2 contains the 

corresponding measured y coordinate, data set 3 contains the absolute 

standard deviation of these measured y coordinates, and data set 4 contains 

the calculated y coordinate. Data set 5 contains the corresponding z 

coordinate if used. These files were designed to be plotted with the 

existing programs OPRODF2 or PLTODF. 
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IV. EXAMPLES 

Five examples or test cases using LSFODF are presented. The first 

example is a three parameter fit of 9 exponential time decay and a 

constant background to the measured ORELA flux transmitted through 10.2 cm 

of polyethylene.k The second example is a fit to the data of example one 

with t;wo exponential time decays assuming the decay constants are known. 

In thia case the function is linear with respect to the parameters, and with 

n = 1, the fit converges in one iteration as expected. The third example 

is a three-parameter, two-dimensional test case from Ref. 5 for which LSFODF 

gives Identical parameters, errors, and correlations. The fourth example 

is a three-resonance fit with eleven parameters to the measured transmission 

of 0.5 to 55.0 eV neutrons through 1.475 inches of 2 3 8U. G The resulting 

parameters, errors, and correlation matrix are identical to those obtained 

from an equivalent least-squares fit with the computer code SIOB7 to the 

same data. The fifth example is an eleven parameter fit of a linear back-

ground and three unresolved Gaussians integrated over finite channel widths 

to a measured6 gamma-ray spectrum. For each example, the file LSFODF.INP, 

the FUNCTION FCTN(X.Z), the file LSFODF.PRT and a figure of the fitted data 

with curves from the initial and converged parameters are given. 
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A. Test Case One 

The transmission of the ORELA flux through 10.2 cm of polyethylene 

was measured at 150 m as a function flight time'* as shown in Fig. 1 and 

is fitted with a three parameter function of a time decaying exponential. 

The fitting function is given by the equation 

y = pie r + p3 

where 

y = the transmitted flux in arbitrary units , 

x 31 the flight time in microseconds , 

P1»P2»P3 • parameters to be varied . 

The derivatives of y with respect to the variable parameters are: 

Sy/8pi - e" P 2 X , 

3y/3p2 - -x P le" P z X , 

9y/3p3 = 1*7 - 1 • 

The smooth curve In Fig. 1 is the resulting least-squares fit to the 

measured transmission and the histogram is the calculated function from 

the initial parameters. The next page gives the input file LSFODF.INP 

and the FUNCTION FCTN(X,Z) followed by a listing of the output file 

LSFODF.PRT. The decay constant of 0.03974 gives a half life of 17.4 ysec. 



TIME (MICROSECONDS) 
Fig. 1. LSFODF least-squares fit of an exponential decay and 

a constant background to the measured ORELA flux through 10.2 cm of 
polyetheylene. The histogram is from the initial-guess parameters 
and the smooth curve is from the converged parameters. 
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TEST C A S E 1: OR3LA FLUX THROUGH 10.2 CH CP POLYETHYIENE 
3 77 -1 

.1130 0QE+05 

.(1010 00E-01 

.278000E+03 

FUNCTION PCTH(X,Z) 
COHHON/DAT/P(500) 
C O n H C H / P C N / n r N # I N T I A L # P ( 18) 
COHHOH/OER/DPDP(18) 
T=EXP (-P (2)*X) 
DPDP (1 )=T 
DPDP (2)--X*T*P (1) 
DPDP (3)«1. 0 
PCTN=P (1)*T*P (3) 
RETURN 
END 
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TEST CASE 1 : OREL* FLUX THROUGH 1 0 . 2 CH OF POLYETHYLENE 

5 0 . 9 9 9 COO 0 . 7 5 0 0 0 0 0 . 0 0 1 0 0 0 1 . 0 0 0 0 0 0 
CONTROLS -

3 10 7 7 0 0 - 1 0 0 0 0 

NOHBER OF DATA P O I N T S = 7 7 
NOBBER OF PAEANETE RS » 3 

ITERATION NORBEB 

OLD C H I SQOARE = 1 . 7 9 1 E » 0 2 
PARAMETERS 

NOHBER OLD VALUE 
1 1 1 3 0 0 . 0 
2 . 4 0 4 0 0 0 E - 0 1 
3 2 7 8 . 0 0 0 

NEN C H I SQUARE = 9 . 6 3 4 E + 0 0 

NER V A 1 0 E 
2 1 8 0 1 . 4 
. 3 9 2 7 1 H E - 0 1 
2 7 9 . 6 5 9 

ERBOB 
0 1 7 E * 0 3 

2 . 3 6 7 E - 0 3 
1 . 3 5 0 E + C 1 

I T E R A T I O N NOHBER 

OLD C H I SQUARE = 9 . 6 3 U E + 0 0 
PARAHETERS 

BOBBER OLD VALOE 
1 2 1 8 0 1 . 4 
2 . 3 9 2 7 1 U E - 0 1 
3 2 7 9 . 6 5 9 

NER C H I SQUARE = 1 . 6 5 2 E + 0 0 

NER VALOE 
2 * 4 1 7 . 5 
. 3 9 6 6 0 7 E - 0 1 
2 7 9 . 9 7 4 

ERROR 
3 . 9 4 7 E * 0 2 
4 . 6 7 8 E - 0 4 
5 . 6 3 1 E « 0 0 

I T E R A T I O N NONBER 

OLD C H I SQ0ARE - 1 . 6 5 2 E « 0 0 
PARARETERS 

NONBER 
1 
2 
3 

OLD VALOE 
2 4 4 1 7 . 5 
• 3 9 6 6 0 7 E - 0 1 
2 7 9 . 9 7 4 

NEW C H I SQUARE = 1 . 1 0 5 E » 0 0 

NEH VALOE 
2 5 0 8 1 . 1 
. 3 9 7 2 0 1 E - 0 1 
2 8 0 . 0 6 4 

EH BOB 
3 . 3 0 2 E + G 2 
3 . 5 1 5 E - 0 4 
4 . 5 9 4 E + 0 0 

I T E R A T I O N N0HBER 

OLD C H I SQOABE 
PARAMETERS 

NOHBER 
1 
2 
3 

1 . 1 0 5 E + 0 0 

OLD VALOE 
2 5 0 8 1 . 1 
. 3 9 7 2 0 1 E - 0 1 
2 8 0 . 0 6 4 

NER C H I SQOABE = 1 . 0 7 0 E » 0 0 

NER VALUE 
2 5 2 4 7 . 9 
. 3 9 7 3 4 0 E - 0 1 
2 8 0 . 0 9 1 

ERROR 
3 . 2 6 1 E + 0 2 
3 . 3 8 3 E - 0 4 
4 . 5 20E + 00 

I T E R A T I O N NOBBER 

OLD C H I SQOABE = 1 . 0 7 0 E » 0 0 
PARAMETERS 

NONBER OLD VALOE 
1 2 5 2 4 7 . 9 
2 . 3 9 7 3 4 0 E - 0 1 
3 2 8 0 . 0 9 1 

NEH C H I SQOABE - 1 . 0 6 8 E * 0 0 

NEH VALOE 
2 5 2 8 9 . 7 
. 3 9 7 3 7 6 E - 0 1 
2 8 0 . 0 9 8 

ERBOR 
3 . 2 € 0 E * 0 2 
3 . 3 6 1 E - 0 4 
4 . 5 1 5 E * 0 0 
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i t e r a t i o n n o ( 1 b e e 6 

e s e a r c h 
n p S p c h i SQUARE 

0 0 . 0 0 0 e - 0 1 1 . 0 6 8 1 e + 0 0 
1 6 . 6 2 8 e + 0 4 1 • 0 6 8 2 e * 0 0 
2 3 . 7 2 7 e * 0 5 1 . 0 6 b 2 e * 0 0 
3 2 . 0 9 6 e * 0 6 1 . 0 6 8 2 e * 0 0 
ii 1 . 1 7 9 e * 0 7 1 . 0 6 8 2 e + 0 0 
5 6 . 6 2 8 e * 0 7 1 • 0 6 8 2 e * 0 0 
0 0 . 0 0 0 e - 0 1 1 . 0 6 8 1 e * 0 0 

e t a s e 
e t a 

o . o o o e - o i 
7 . 5 0 0 e - 0 1 
i . o o o e * o o 

c h i s q u a r e 
1 . 0 6 8 3 e + 0 0 
1.0681E*00 
1. 06812*00 

o l d c h i s q o a b e = 
p a h a h e t e r s 

w o n p e r 
1 
2 
3 

1.068E*00 
o l d v a l u e 

2 5 2 8 9 . 7 
. 3 9 7 3 7 6 e - 0 1 
2 8 0 . 0 9 8 

n e w c h i s q u a r e - 1 . 0 6 6 e + 0 0 

HEW 7ALOE 
2 5 3 0 3 . 8 
. 3 9 7 3 8 9 b - c i 
280.101 

c o r r e l a t i o n m a t r i x 

( 1) 1.00 
| 2 ) 0 . 9 2 1 . 0 0 

< 3 | 0 . 2 8 0 . 3 9 1 . 0 0 

( 1> (2) (3) ( 

e r r o r 
3 . 2 6 0 1 * 0 2 
3 . 3 5 6 e - c u 
4 . 5 1 5 e * 0 0 

x a x i s t e x p t e r r o r t c a l c 
2 . 7 1 5 0 e * 0 1 9 . 0 1 3 5 e + 0 3 6 . 7 1 3 2 e * g 1 8 . e 8 2 e e * 0 3 
2 . 8 2 5 0 e * c 1 8 . 3 3 5 0 e * 0 3 2 . 0 4 1 5 e * q 2 8 . 5 1 4 6 e * 0 3 
2 . 8 4 5 0 e * 0 1 8 . 3 1 5 0 e * 0 3 2 . 0 3 9 0 e * q 2 8 . 4 4 9 4 e * 0 3 
2. 8 6 5 0 e * 0 1 8 . 3 0 0 0 e + 0 3 2 . 0 3 7 2 e * q 2 8 . 3 8 4 - « e * 0 3 
2 . 8 8 5 0 e * 0 1 8 . 2 5 0 0 e * 0 3 1 . 9 6 2 8 e * 0 2 8 . 3 2 0 6 e * 0 3 
2 . 9 0 5 0 e * 0 1 8 . 2 2 0 0 e * 0 3 2 . 0 2 7 3 e * c 2 8 . 2 5 6 9 e * 0 3 
2 . 9 2 5 0 e * 0 1 8 . 1 9 5 0 b * 0 3 2 . 0 2 4 2 e * q 2 8 . 1 9 3 8 e * 0 3 
3 . 1 4 5 0 e * 0 1 7 . 3 9 5 0 e * 0 3 1 . 9 2 2 9 1 * 0 2 7 . 5 3 1 3 e * 0 3 
3 . 3 6 5 0 e * 0 1 6 . 8 2 5 0 e * 0 3 1 . 8 4 7 3 e * 0 2 6 . 9 2 4 3 1 * 0 3 
3 . 5 8 5 0 e * 0 1 6 . 3 6 5 0 e * 0 3 1 . 7 8 4 0 e * c 2 6 . 3 6 8 1 e * 0 3 
3 . 8 0 5 0 e * 0 1 5 . 3 9 5 0 e * 0 3 1 . 6 4 2 4 e * q 2 5 . 8 5 8 4 1 * 0 3 
4 . 0 2 5 0 e * 0 1 5 . 2 1 5 0 e + 0 3 1 . 6 1 4 8 e * c 2 5 . 3 9 1 4 e * 0 3 
4 . 2 4 5 0 e * 0 1 4 . 9 4 0 0 b * 0 j 1. 5 7 1 6 e + 0 2 4 . 9 6 3 6 1 * 0 3 
4 . 4 6 5 0 e * 0 1 4 . 5 4 0 0 e * 0 3 1 . 5 0 6 7 1 * 0 2 4 . 5 7 1 £ e * 0 3 
4 . 6 8 5 0 e * 0 1 4 . 1 8 5 0 e * 0 3 1 . 4 4 6 6 e * 0 2 4 . 2 1 2 3 1 * 0 3 
4 . 9 0 5 0 e * 0 1 4 . 0 3 0 0 e + 0 3 1 . 4 1 9 5 1 * c 2 3 . 8 8 3 1 e * 0 3 
5 . 1 2 5 0 e * 0 1 3 . 6 4 0 0 e * 0 3 1 . 3 4 9 1 e * 0 2 3 . 5 8 1 5 1 * 0 3 
5 . 3 4 5 0 e * 0 1 3 . 3 3 0 0 e + 0 3 1 . 2 9 0 3 1 * 0 2 3 . 3 0 e 1 e * 0 3 
5 . 5 6 5 0 5 * 0 1 3 . 2 4 0 0 e * 0 3 1 . 2 7 2 8 e * 0 2 3 . 0 5 1 9 e * 0 3 
5 . 7 8 5 0 e * 0 1 2 . 9 1 0 0 8 * 0 3 1 . 2 0 6 2 e * 0 2 2 . 8 1 9 6 e + 0 3 
6 . 0 0 5 0 e + 0 1 2 . 6 1 o o e * 0 3 1 . 1 4 2 4 e * 0 2 2 . 6 0 7 2 e * 0 3 
6 . 2 2 5 0 e * 0 1 2 . 2 7 0 0 e * 0 3 1 . 0 6 5 4 e « c 2 2 . 4 1 2 4 e * 0 3 
6 . 4 4 s 0 e * 0 1 2 . 2 1 5 0 b * 0 3 1 . 0 5 2 4 e * 0 2 2 . 2 3 3 9 1 * 0 3 
6 . 6 6 5 0 s * 0 1 2 . 0 2 5 0 e * 0 3 1 . 0 0 6 2 e * 0 2 2 . 0 7 0 4 e * 0 3 
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6 . 8 8 5 Q E * 0 1 
7 . 1 0 5 0 E * 0 1 
7 . 3 2 5 0 3 * 0 1 
7 . 5 4 5 0 E * 0 1 
7 . 7 6 5 0 8 * 0 1 
7 . 98 50 E* 0 1 
fl.2050E*01 
8 . 4 2 5 0 8 * 0 1 
8 . 6 4 5 0 E * 0 1 
8 . Q 6 5 0 E * 0 1 
9 . 0 8 5 0 E * 0 1 
9 . 3 0 5 0 E * 0 1 
9 . 5 2 5 0 E * 0 1 
9 . 7 4 5 0 8 * 0 1 
9 . 9 6 5 0 E * 0 1 
1 . 0 1 8 5 E * 0 2 
1 . 0 4 0 5 E * 0 2 
1 . 0 6 2 5 E * 0 2 
1 . 0 8 4 5 8 * 0 2 
1 . 1 0 6 5 E * 0 2 
1 . 1 2 8 5 E * 0 2 
1 . 1 5 0 5 E * 0 2 
1 . 1 7 2 5 E * 0 2 
1 . 2 0 7 5 E * 0 2 
1 . 2 5 1 5 E * 0 2 
1 . 2 9 5 5 E * 0 2 
1 . 3 3 9 5 E * 0 2 
1 . 38 3 5 E * 0 2 
1 . 4 2 7 5 B * 0 2 
1 . 4 7 1 5 E * 0 2 
1 . 5 1 5 5 E * 0 2 
1 . 5 5 9 5 E * 0 2 
1 . 60 35 E* 02 
1 . 6 4 7 5 E * 0 2 
1 . 6 9 1 5 E * 0 2 
1 . 7 3 5 5 E * 0 2 
1 . 7 7 9 5 E * 0 2 
1 . 8 2 3 5 E * 0 2 
1 . 8 6 7 5 E * 0 2 
1. 9 1 1 5 E * 0 2 
1 . 9 5 5 5 E * 0 2 
2 . 0 1 7 5 E * 0 2 
2 . 10 55 E* 02 
2 . 1 9 3 5 E * 0 2 
2 . 2 8 1 5 E * 0 2 
2 . 36 95 E* 02 
2 . 4 5 7 5 3 * 0 2 
2 . 54 5 5 E * 02 
2 . 6 3 3 5 2 * 0 2 
2 . 7 2 1 5 E * 0 2 
2 . 8 0 9 5 E * 0 2 
2 . 89 7 5 E* 02 
2 . 9 9 9 5 E * 0 2 

1 . 9 0 5 0 E * 0 3 
1 . 5 9 0 0 ? * 0 3 
1 . 6 0 0 0 E + 0 3 
1 . 5 6 5 0 E * 0 3 
1 . 3 6 0 0 E * 0 3 
1 . 35 5 0 E * 0 3 
1 . 2 8 0 0 E + 0 3 
1 . 0 9 5 0 E * 0 3 
1 . 0 7 5 0 8 * 0 3 
1 . 1 1 5 0 E * 0 3 
1 . 0 8 5 0 E * 0 j 
8 . 6 5 0 0 B * 0 2 
9 . 5 5 0 0 E * 02 
7 . 3 5 0 0 E * 0 2 
9 . 30 00E* 02 
7 . 4 5 0 0 E * 0 2 
6 . 9 5 0 0 2 * 0 2 
6.60001*02 
5 . 4 5 0 0 E + 0 2 
6 . 5 0 0 0 E * 0 2 
6 . 0 5 0 0 E * 0 2 
5 . 55 0 0 E * 0 2 
6 . 2 5 0 0 E * 0 2 
5 . 1 0 0 0 E * 0 2 
4 . 5 7 5 0 E + 0 2 
4 . 6 5 0 0 E * 02 
3 . 4 7 5 0 E * 0 2 
3 . 42 5 0 E * 0 2 
3 . 7 7 5 0 E * 0 2 
3 . 52 50E* 02 
4 . 0 5 0 0 E * 0 2 
3 . 47 50 E* 02 
3 . 5 2 5 0 E * 0 2 
3 . 0 5 0 0 E * 02 
2 . 9 2 5 0 E * 0 2 
3 . 7 7 5 0 E * 0 2 
3 . 0 5 0 0 E * 0 2 
2 . 8 5 0 0 E * 02 
3 . 0 0 0 0 E * 0 2 
3 . 1 0 0 0 E * 0 2 
2 . 7 7 50 E * 0 2 
2 . 8 7 5 0 E * 0 2 
3 . 0 3 7 5 E * 0 2 
2-9625E+02 
2 . 7500 5 * 0 2 
2 . 5 5 0 0 E * 0 2 
2 . 58 75E+02 
2 . 6 8 7 5 E * 0 2 
3 . 0 3 75E* 02 
2 . 7 7 5 0 E * 0 2 
2 . 9 6 2 5 E * 0 2 
2 . 68 75 E* 0 2 
2 . 67 5 0 E * 0 2 

9 . 75 96 E * 0 1 
8 . 9 1 6 3 E * 0 1 
8 . 9 4 4 3 E * 01 
8 . 8 4 5 9 E * C 1 
8 . 24 6 2 E * 0 1 
8 . 2 3 1 0 E * 0 1 
8.00 00 E*01 
7 . 1 9 5 3 E * 0 1 
7 . 3 3 1 4 E * 0 1 
7 . 4 6 6 6 E * C 1 
7 . 3 6 5 5 E * 0 1 
6 . 5 7 6 5 E * C 1 
6 . 9 1 0 1 E * 0 1 
6 . 0 6 2 2 E * C 1 
6.8191E*01 
6 . 10 33E* 0 1 
5 . 8 9 4 9 E + 0 1 

' 5 . 7 4 4 6 E * C 1 
5 . 2 2 0 2 E + 0 1 
5 . 7 0 C 9 E + C 1 
5 . 5 0 0 0 E * 0 1 
5 . 2 6 7 8 E + C 1 
5 . 5 9 0 2 E * 0 1 
3 . 5 7 C 7 E * 0 1 
3 . 3 8 1 9 E * C 1 
3 . 4 0 9 5 E * 0 1 
2 . 94 7 5 E * C 1 
2 . 9 2 6 2 E * 0 1 
3 . 07 21E * 01 
2 . 9 6 8 6 E + 0 1 
3 . 1 8 2 0 E * 0 1 
2 . 9 4 7 5 E * C1 
2 . 9 6 8 6 E * 0 1 
2 . 7 6 1 3 E * 0 1 
2 . 7 0 4 2 H * C 1 
3 . G 7 2 1 E * 0 1 
2 . 7 6 1 3 E + 0 1 
2 . 6 6 9 3 E * 0 1 
2 . 7 3 8 6 E + C 1 
2 . 7 8 3 9 E * 0 1 
2 . 6 3 3 9 E * C 1 
1 . 8 9 5 7 E * 0 1 
1 . 94 8 6 E * C1 
1 . 9 2 4 4 E * 0 1 
1 . 8 5 4 0 E * 0 1 
1 . 7 8 5 4 E * C 1 
1 . 7 9 8 4 E * 0 1 
1 . 8 3 2 9 E * C 1 
1 . 9 4 8 6 E * 0 1 
1 . 8 6 2 5 1 * 0 1 
1 . 9 2 4 4 E * 0 1 
1 . 8 3 2 9 E * C 1 
1 . 2 9 3 0 E * 0 1 

1 . 9 2 0 5 E * 0 3 
1 . 7 8 3 2 E * 0 3 
1 . 6 5 7 3 E * 0 3 
1 . 5 4 2 C E * 0 3 
1 . 4 3 6 < I E * 0 3 
1 . 33 5CE* 03 
1 . 2 5 0 9 E * 0 3 
1 . 1 6 9 € E * 0 3 
1 . 0 9 5 2 E * 0 3 
1 . C 2 C S E * 0 3 
9 . 6 4 4 3 E * 0 2 
9 . 0 7 1 4 E * 0 2 
8 . 5 4 6 5 E * 0 2 
8 . 0 6 5 5 E * 0 2 
7 . 6 2 4 8 E + 0 2 
7 . 2 2 1 C E * 0 2 
6 . 8 5 1 0 E * 0 2 
6 . 5 1 1 S E * 0 2 
6 . 2 0 1 3 E * 0 2 
5 . 9 1 6 € E * 0 2 
5 . 6 5 5 8 E * 0 2 
5 . 416 6E* 02 
5 . 1 9 7 9 E * 0 2 
4 . 8 8 6 6 E * 0 2 
4 . 5 5 2 1 E * 0 2 
4 . 2 7 1 2 E * 0 2 
4 . 0 3 5 3 E * 0 2 
3 . 8 3 7 3 E * 0 2 
3 . 67 11E* 02 
3 . 5 3 1 5 E * 0 2 
3 . 4 1 4 3E+02 
3 . 3 1 5 9 E * 0 2 
3 . 23 33E* 02 
3 . 16 4 0 E * 0 2 
3 . 1 0 5 6 E * 0 2 
3 . 0 5 6 9 E * 0 2 
3 . 0 1 5 E E * 0 2 
2 . 9 8 1 4 E * 0 2 
2 . 9 5 2 0E+02 
2 . 9 2 8 1 E * 0 2 
2 . 9 0 7 7 E * 0 2 
2 . 8 8 4 4 E * 0 2 
2 . 8 5 9 6 E * 0 2 
2 . 8 4 2 5 E * 0 2 
2 . 8 3 0 2 E * 0 2 
2 . 8 2 1 ( E * 0 2 
2 . 8 1 5 5 E * 0 2 
2 . 6 1 1 2 E * 0 2 
2 . 8 0 8 2 E * 0 2 
2 . 8 0 6 1 E * 0 2 
2 . 8 0 4 6 E * 0 2 
2 . 8 0 3 £ E * 0 2 
2 . 80 281*02 
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B. Test Case Two 

Example two shows the operation of LSFODF for a linear function. 

The data from example one are fitted with two exponentials whose time 

constants are assumed known. In this case the function can be written 

as 

y = Pie _ X l* + p2e~~A2X + p3 , 

where = .03735 and X2 ~ -2005 are assumed known. The 

derivatives of the function with respect to the variable parameters 

are: 

ay/api - e~xix 

3y/3p2 = e~^2x 

8y/3p3 = 1.0 

The initial guesses for the variable parameters are all zero. Because 

equation (3) is exact for this example; that is, the second order derivatives 

are all zero, with n = 1, the variable parameters converge in one iteration 

to their corresponding values obtained in the previous example. The 

next page gives the input file LSFODF.INP and the FUNCTION FCTN(X,Z) 

followed by a listing of the output file LSFODF.PRT. The second 

iteration is not required, but demonstrates convergence in one iteration. 
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TEST CASE 2: LI NEAR FONCTION 
3 81 2 2 1. 

0.0 
3.0 
0.0 

FUNCTION FCTN (X, Z) 
COHHCN/DAT/F (<M0) 
COHNON/FCN/N ,INTIAL, P ( 18) 
C0MH0N/DER/DFDP(18) 
IP (INTIAL-EQ. 1) GOTO 5 
INTIAL = 1 
A1=-3.73«83E-2 
A2=-2.0049IE-1 
DPDP <3)=1. 

5 DPDP (1) =EXP ( A 1*X) 
DPDP(2) SEXP(A2*X) 
PCTN=P (1) *DPDP (1) 4-P (2) *DFDP ( 2) •P«3) 
RETURN 
END 
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TEST CASE 2 : L I N E A R FONCTION 

CONTROLS 
3 10 8 1 0 2 2 0 0 0 0 5 0 . 9 9 9 0 0 0 1 . 0 0 0 0 0 0 C . 0 0 1 0 0 0 1 . 0 0 0 0 0 0 

NUHBER OP DATA POINTS = 8 1 
NUHBER OP PARAHETERS = 3 

I T E R A T I O N NOHBER 

OLD C H I SQUARE = 2 . 0 4 3 E + 0 3 
PARAHETERS 

NOHBER OLD VALUE 
1 .000000 
2 .000000 
9 .000000 

NEK C H I SQOARE = 1 . 9 4 5 E * 0 0 

NEB V A L U E 
2 1 4 1 4 . 9 
2 7 8 7 8 1 . 
2 7 4 . 1 7 6 

ERROR 
1 . 8 3 8 E + 0 2 
7 . 4 2 9 E » 0 3 
5 . 6 4 0 E » 0 0 

I T E R A T I O N NUMBER 

NPS 
0 
1 
2 
3 
4 
5 
0 

P SEARCH 
P 

0 . 0 0 0 E - 0 1 
6 . 5 3 0 E - 0 5 
3 . 6 7 2 E - 0 4 
2 . 0 6 5 E - 0 3 
1 . 1 6 1 E - 0 2 
6 . 5 3 0 E - 0 2 
0.000E-01 

C H I SQUARE 
1 . 9 4 4 9 E » 0 0 
1 . 9 U 4 9 E » 0 0 
1 . 9 4 4 9 E + 0 0 
1 . 9 U 4 9 E » 0 0 
1 . 9 4 4 9 E » 0 0 
1 . 9 4 4 9 E * 0 0 
1 . 9 4 4 9 E « 0 0 

ETA SEARCH 
ETA C H I SQUARE 

0 . 0 0 0 E - 0 1 1 . 9 4 4 9 8 * 0 0 
1 . 0 0 0 E * 0 0 1 . 9 4 4 9 E » 0 0 
5 . 0 0 0 8 - 0 1 1 . 9 4 4 9 E » 0 0 

OLD C H I SQOARE = 1 . 9 4 S E » 0 0 
PARAHETERS 

NUNBER OLD 7ALUE 
1 2 1 4 1 4 . 9 
2 2 7 8 7 8 1 . 

3 2 7 4 . 176 

CORRELATION MATRIX 

< 1) 1.00 

< 2) - 0 . 8 3 1 . 0 0 

( 3» - 0 . 2 3 0 . 1 3 1 . 0 0 

NEH C H I SQOARS = 1 . 9 U 5 E + 0 0 

NEN TA LUE 
2 1 4 1 4 . 9 
2 7 8 7 8 1 . 
2 7 4 . 176 

ERROR 
1 . B 3 8 E « 0 2 
7 . 4 2 9 E « 0 3 
5 . 6 M 0 E 4 Q 0 

( 1) C 2) (3) ( 
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C. Test Case Three 

Example three is a two dimensional test case taken from Ref. 5 

where statistical fluctuations with a standard deviation of 0.1 were 

generated for the function 

y * 3x + 3e - z / 2 . 

The constants 3, 3 and 2 were then treated as parameters to be obtained 

by a least-squares fit. Consequently a function 

y = pjx + p2e~ p 3 Z 

with derivatives with respect to the variable parameters 

3y/3pj = x 

3y/3p2 = e p3 z 

8y/ap3 = - Zp 2e" P 3 Z 

are used. Using n = 1 and the input data and initial parameter 

guesses of Ref. 5, LSFODF follows the fit of Ref. 5 and gives identical 

converged parameters and covariance matrix. The next page gives the input 

file LSFODF.INP and the FUNCTION FCTN(X.Z) followed by a listing of 

the output file LSFODF.PRT. Note that the switch IFDM is set equal to 

2 for two independent variables. 
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TEST 3ASB 3: TWO DIHENSIONS 
3 13 2 2 

2.97 
2-93 
- . 0 1 

FUNCTION PCTN(X,Z) 
COHNCN/DAT/F (3000) 
COHHGN/FCN/H # N r I N T I A L # P ( 18) 
COHNON/DEB/DFDP(18| 
DPDP(1)=X 
DPDP (2)=EXP (P (3) *Z) 
DPDP (3) =Z*DPDP (2) »P (2) 
FCTN= P (1) *!• P (2) •DFDP(2) 
RETURN 
END 
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TEST CASE 3 : THO D M P P 3 I O N 5 

CONTROLS -
3 10 13 1 0 2 0 0 0 0 5 0 . 9 9 9 0 0 C 1 . 0 0 0 0 0 0 0 . 0 0 1 0 0 0 1 . 0 0 0 0 0 0 

NUMBER OF DATA POINTS = 13 
NUMBER OF PARAMETERS * 3 

I T E R A T I O N NUMBER 

OLD C H I SQUARE = 5 . 0 3 3 E - 0 2 
PARAMETERS 

NEB C H I SQUARE = 1 . 6 C 8 E - 0 2 

NOHBER OLD VALOE NEH VALOE ERROR 
1 2 . 9 7 0 0 0 3 . 0 1 7 9 9 3 . 6 7 6 E - 0 2 
2 2 . 9 3 0 0 0 2 . 9 5 6 9 3 7 . 8 6 2 E - 0 2 
3 - . 4 1 0 0 0 0 - . 5 1 3 1 0 1 2 . 4 7 7 E - 0 2 

I T E R A T I O N NOHBER 2 

OLD C H I SQUARE = 1 . 6 0 8 E - 0 2 NEH C H I SQUARE = 1 . 5 7 0 1 - 0 2 
PARAHETERS 

NOMBER OLD V ALOE NEH VALUE ERROR 
1 3 . 0 1 7 9 9 3 . 0 1 7 3 8 3 . 6 54 E - 0 2 
2 2 . 9 5 6 9 3 2 . 9 5 8 3 0 7 . 8 0 9 E - 0 2 
3 - . 5 1 3 1 0 1 - . 5 2 2 1 9 7 2 . 9 2 0 E - 0 2 

I T E R A T I O N NUMBER 3 

P SEARCH 
DPS P C H I SQUARE 

0 0 . 0 0 0 E - 0 1 1 . 5 7 4 4 E - 0 2 
1 3 . 8 6 7 E - 0 2 1. 5 7 44 E - 0 2 
2 2 . 1 7 5 E - 0 1 1 . 5 7 4 4 E - 0 2 
3 1 . 2 2 3 E + 0 0 1 . 5 7 44 E - 0 2 
4 6 . 8 7 7 E * 0 0 1 . 5 7 4 4 E - 0 2 
5 3 . 8 6 7 E + 0 1 1. 5 7 4 4 E - 0 2 
3 1 . 2 2 3 E + 0 0 1 . 5 7 1 4 E - 0 2 

ETA SEARCH 
ETA 

O.OOOE-OI 
1»OOOE*00 

C H I SQUARE 
1 . 5 7 4 4 E - 0 2 
1 . 57 4 4 E - 0 2 

OLD C H I SQUARE = 1 . 5 7 4 E - 0 2 
PARAMETERS 

NOHBER OLD VALOE 
^ 3 . 0 1 7 3 8 
2 2 . 9 5 8 3 0 
3 - . 5 2 2 1 9 7 

NEH C H I SQUARE = 1 . 5 7 4 E - 0 2 

NER VALUE 
3 . 0 1 7 1 3 
2 . 9 5 8 1 6 

- . 5 2 1 9 5 8 

ERROR 
3 . 6 5 5 E - 0 2 
7 . 8 1 1 E - 0 2 
2 . 9 6 7 E - 0 2 
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COBBELATION HATHIX 

< 1) 1.00 
( 21 - 0 . 4 5 1 . 0 9 

C 3» - 0 . 5 5 - 0 . 19 1 . 0 0 

( 1> C 2) (3) ( 

X A X I S T EXP T 
0 . OOOOE-OI 2 . 9 3 0 0 E * 0 0 1 
0 . OOOOE-OI 1 . 9 5 0 0 E * 0 0 1 
0 . OOOOE-OI 8 . 1 0 0 0 E - 0 1 1 
0 . OOOOE-OI 5 . 80 OOE-01 1 
1. 0 0 . 0 0 E * 0 0 5 . 90OOE+OO 1 
1. OOOOE^OO 4 . 7 4 0 0 E * 0 0 1 
1. OOOOE+OO 4 . 1 8 0 0 E * 0 0 1 
i . 0 0 OOE* 0 0 t . 0 5 0 0 E * 0 0 1 
2 . a 0 0 0 E * 0 0 9 . 0 3 0 0 E * 0 0 1, 
2 . OOOOEfOO 7 . 8 5 0 0 E * 0 0 1 
2 . 0 0 0 0 E * 0 0 7 . 2 2 0 0 E * 0 0 1 
2 . 5 0 0 0 E * 0 0 8 . 5 0 0 0 E * 0 0 1, 
2 . 9 0 0 0 E + 0 0 9 . 81 OOE*00 1 

EBROB T CALC Z A X I S 
OOOOE*00 2 . 9 5 8 2 E * 0 0 0 . OOOOE-OI 
0 0 O O E * 0 0 1 . 7 5 5 2 E * 0 0 1 . 0 0 0 0 E * 0 0 
0 0 0 0 E * C 0 1 . 0 4 1 ? E * 0 0 2 . O00OE*OO 
0 0 O O E * 0 0 6 . 1 7 9 8 E - 0 1 3 . OOOOE^OO 
OOOOE^OO 5 . 9 7 E 3 E * 0 0 0 . OOOOE-OI 
OOOOE^OO 4 . 7 7 2 4 1 * 0 0 1 . 0O0OE*OO 
OOOOE*00 4 . 0 S 8 6 E * 0 0 2 . 0 0 0 0 E * 0 0 
00 0 0 1 * 0 0 4 . 0 5 8 6 E * 0 0 2 . 0 0 0 0 £ * 0 0 
0 0 O O E * 0 0 8 . 9 9 2 4 E * 0 0 0 . OOOOE-OI 
0 0 O O E * 0 0 7 . 7 8 9 5 E * 0 0 1 . 0 0 0 0 8 * 0 0 
0 0 0 0 £ * 0 0 7 . 0 7 5 7 E * 0 0 2 . 0 0 0 0 £ * 0 0 
0 0 0 0 E * Q 0 8 . 5 8 4 3 E + 0 0 2 . OOOOE+OO 
0 0 0 0 £ * 0 0 9 . 9 0 5 8 E * 0 0 1. 8 0 0 0 E * 0 0 
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D. Test Case Four 

Example 4 is a three resonance fit to the measured6 neutron trans-

mission of 0.5 to 55.0 eV neutrons through a n • 0.1754 atom/barn thick 

sample of 2 3 8U. Assuming no resolution broadening the transmission can 

be expressed in terms of the total cross section as: 

T(E) = e" n a ( E ) , 

where assuming no Doppler broadening the total cross section 0(E) can be 

expressed as: 

CT(E) = 47TR2 + P£nf 7 5' 0 " E1 + - r T J L - 4kRD ] /B. 
LE + 20.OJ k 2 n i 1 1 i 

where 

r n i ^ r ° n i 

F = r n i + r
Y i 

B ± = (E± - E)2 + T i
2/4 

k = 0.0021874Vf 

D i - E± - E . 

We desire to fit the data shown in Fig. 2, allowing the effective 

radius R, the strength function parameter P, and the three sets of' r ° ni 
I* ± and Ej all to vary. The derivatives of the transmission with respect 

to the variable parameters are 

2 
H = ( 8 * R + T £ r n i V B i ) nT 
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8T 
317 - 7 7 rni [ 4 R k^ 2 Di 2 - Bi> - 2Diri]nT/B 
8T 
dE i i i 

2 

l Bi ( ri + rni " A R k D i ) + rni ri ( 2 R k Di ' ri/2)]nT/B ni i i 

i 

The input file LSFODF.INP and the FUNCTION FCTN(X.Z) are given on the 

next page followed by a listing of the file LSFODF.PRT. The switch IF1 

was set to zero so no printouts of the 500 data points and fit occurred. 

In FUNCTION FCTN(X,Z) and LSFODF.PRT, the variable parameters R,P,Ei t r ° t 

F, ,E2 r° ,E3,r° ,r are ordered sequentially from one to eleven. Yl "2 Y2 n2 Y3 

The dependent variable y is T and the independent variable x is E. LSFODF 

gave identical converged parameters and covariance matrix as the least-

squares-fit computer code SIOB7 using the same cross section formula to 

fit the same input data. 



Fig. 2. LSFODF least-squares fit of three resonances with eleven 
parameters to the measured neutron transmission of 0.5 to 55.0 eV neutrons 
through a 0.1754 atom/barn of 2 3 8U. The calculated transmission from the 
initial parameter guesses and converged parameters are shown. 
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C P I L E LSFODF. I N P FOB TEST CASE 4 
TEST CASE 4 : NEUTRON TRANSMISSION TH BOUGH 2 3 8 U 

11 25 5 0 0 2 - 1 7 . 0 0 0 0 1 - 1 
9 . 0 0 0 0 0 0 E - 0 1 
0 . 0 0 0 0 0 0 E - 0 1 
6 . 0 0 0 0 0 0 8 * 0 0 
5 . 7 0 0 0 0 0 E - 0 4 
2 . 3 0 0 0 0 0 E - 0 2 
2 . 1 0 0 0 0 0 E + 0 1 
2 . 8 0 0 0 0 0 E - 0 3 
2 . 3 0 0 0 0 0 E - 0 2 
3 . 4 0 0 0 O O E + O I 
5. 000000E-01 
2 . 3 0 0 0 0 0 E - 0 2 

FUNCTION PCTN ( X , Z) 
C O H H O N / D A T / F ( 3 0 0 0 ) 
CONNON/FCN/H ( N t I N T I A L ( P ( 1 8 ) 
COHNON/DEB/DFDP(18 ) 
D IMENSION G ( 3 ) , G N ( 3 ) , D ( 3 ) , B ( 3 ) ,C (3 ) 
SE=5QRT(X) 
F K * 2 . 1 8 7 4 E - 3 » S E 
R H O = P M ) * F K 
FK=1./PK 
P O K 2 - 3 . 1 4 1 5 9 * F K 
T = 0 
D F D P ( 1 ) * 0 
DO 10 L = 1 f 3 
G N ( L ) = S E * P ( L * 3 » 1 ) 
D ( L ) « P ( L » 3 ) - X 
G ( L ) = G N ( L ) * P ( L * 3 * 2 ) 
C ( L ) = (G ( L ) - 4 *RHO*D (L ) ) * F K 
B ( L ) * D ( L ) * D (L» *G ( L ) * G ( L) / 4 
T ~ T * G N (L ) * C ( L ) / B ( L ) 
C ( L ) * P C K 2 * F K / ( B ( L ) • B ( L I ) 

1 0 DFDP ( 1 ) = D F D P ( 1 ) - G N ( L ) »D ( L ) / B ( L ) 
T = T * P O K 2 
D F D P ( 1 ) = D F D P ( 1 ) * P O K 2 * 4 * 2 5 . 1 3 2 7 4 » P ( 1) 
D F D P ( 2 ) = A L O G ( ( 7 5 . - X ) / ( X * 2 0 . ) ) 
T = T * 4 * P O K 2 * F H O * P ( 1 ) * ? ( 2 ) » D F D P ( 2 ) 
POK2-PCR2*FK 
T=EXP ( - • 1 7 5 4 » T ) 
FCTN=T 
T = - . 1 7 5 4 « T 
D F D P ( 1 ) = D F D P ( 1 ) * T 
D F D P ( 2 ) = D F D P ( 2 ) * T 
DO 2 0 1 * 1 , 3 
C ( L » » C ( I ) * T 
D F D P ( L * 3 ) * C ( L ) » G N ( L ) » ( 4 » B R O » (2«D ( L ) * D ( L ) - B ( L ) ) - 2 » D ( L ) * G ( L ) ) 
D ( L ) - D ( L ) » R H O 
G 1=G ( L ) • (D ( L ) »D ( L ) - G ( L ) / 2 ) 
D F D P ( L * 3 + 1) » C ( L ) * S E * ( B ( L ) » (G ( L ) + G N ( L ) - 4 * D ( I ) ) « G N ( L ) * G 1 ) 

2 0 DFDP ( L * 3 * 2 ) = C ( L ) *GN ( L ) • ( E ( L ) »G1) 
RETORN 
END 
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TEST CASE 4 : NEUTRON TRANSMISSION THROUGH 2 3 8 U 

CONTROLS = 
11 25 5 0 0 0 2 - 1 0 0 0 0 7 0 . 9 9 9 0 0 0 0 . 7 5 0 0 0 0 0 . 0 0 0 0 1 3 0 . 1 0 0 0 0 0 

NUMBER OF DATA POINTS = 5 0 0 
NUMBER OP PARAMETERS = 1 1 

I T E R A T I O N NUMBER 1 

OLD CM I SQUARE = 3 . 2 9 6 E » 0 4 NEW C H I SQUARE = 1 . 5 1 6 E * 0 < 4 
PARA HETERS 

NUNBER OLD VALUE NEU VALUE ERROB 
1 . 9 0 0 0 0 0 . 9 1 5 4 9 1 1 . 2 6 6 E - 0 2 
2 . 0 0 0 0 0 0 . 6 5 7 1 8 8 2 . 6 5 3 E - 0 1 
3 6 . 0 0 0 0 0 6 . 0 3 3 6 3 3 . 6 4 0 E - 0 2 
4 • 5 7 0 0 0 0 E - 0 3 . 9 7 6 9 8 1 E - 03 6 . 6 4 2 E - 0 5 
5 . 2 3 0 0 0 0 E - 0 1 . 7 0 8 7 5 4 E - C2 3 . 5 4 3 E - 0 3 
6 2 1 . 0 0 0 0 2 0 . 9 0 9 6 8 . 3 5 5 E - 0 2 
7 . 2 8 0 0 0 0 E - 0 2 . 2 4 7 4 4 7 E - C2 2 . 7 5 2 E - C 4 
8 . 2 3 0 0 0 0 E - 0 1 . 2 3 4 2 1 6 E - 01 4 . 0 2 3 E - 0 3 
9 3 4 . 0 0 0 0 3 4 . 5 8 4 7 2 . 2 6 8 E - 0 1 

10 . 5 0 0 0 0 0 E - 0 2 • 6 1 2 5 9 4 B - 02 3 . B 9 2 E - 0 4 
11 . 2 3 0 0 0 0 E - 0 1 . 2 8 8 8 3 4 E - 01 7 . 2 2 9 E - 0 3 

I T E R A T I O N NUMBER 2 

OLD C H I SQUARE = 1 . 5 1 6 E * 0 U NEH C H I SQUARE = 4 . 9 7 7 E * ( 
PARAMETERS 

NUMBER OLD ? A L n E NEfl VALUE ERROR 
1 . 9 1 5 4 9 1 . 9 0 8 5 2 3 8 . 2 0 6 E - 0 3 
2 . 6 5 7 1 8 8 1 . 0 0 4 6 0 1 . 6 3 2 E - 0 1 
3 6 . 0 3 3 6 3 6 . 1 8 5 6 6 1 . 7 5 2 E - 0 2 
4 . 9 7 6 9 8 1 E - 0 3 . 1 0 5 6 5 2 E -02 3 . 4 3 1 E - 0 5 
5 . 7 0 H 7 5 4 E - 0 2 . 9 9 4 5 1 0 E - C2 4 . 6 7 4 E - 0 4 
6 2 0 . 9 0 9 6 2 0 . 8 6 1 8 5 . 2 6 9 £ - 0 2 
7 . 2 4 7 4 4 7 E - 0 2 . 2 2 5 9 78 E - C2 1. 4 5 9 E - C 4 
8 . 2 3 4 2 1 6 E - 0 1 . 2 3 6 0 6 8 E - 0 1 2 . 6 5 5 1 - 0 3 
9 3 4 . 5 8 4 7 3 5 . 3 8 3 9 1 . 5 5 1 E - C 1 

10 . 6 1 2 5 9 4 E - 0 2 . 6 4 8 9 9 4 E - 02 2 . 8 9 3 E - 0 4 
11 . 2 8 8 8 3 4 E - 0 1 . 3 7 9 2 7 1 E - 0 1 4 . 8 6 0 E - 0 3 
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I TBSAT ION NUMBER 3 

OLD CHI SQUARE = 4.977E»03 
PARAMETERS 

NU1BER OLD VALUE 
1 .908521 
2 1.00 460 
1 6. 18566 
4 . 105652B-02 
5 .99451QE-02 
6 20.8618 
7 .225978E-02 
8 .236068E-01 
9 35.3839 
10 .648994E-02 . 
11 .379271E-01 

NEK CHI SQUARE = 1.770E+03 
NEW VA LIE ERROR 
. 892322 5. 1 19E-03 
.966786 1.019E-01 
6. 397 34 1.343E-02 
.908573E-C3 2.9B5E-05 
. 1444 86F-C1 4.354E-C4 
20.8771 3.172E-02 
. 216889 E-C2 8.168E-05 
. 255762E-01 1.690E-03 
36.2078 1. 152E-01 
.617251E-02 2.123E-C4 
. 420932E-C1 3.809E-03 

ITERATION NUMBER 4 

OLD CHI SOI ARB = 1.770E+03 
PARAMETERS 

NUMBER OLD VALUE 
1 .892322 
2 .966786 
3 6. 39 734 
4 .908573E-03 
5 . 144486E-01 
6 20.8771 
7 .216881E-02 
8 .255762E-01 
9 36.2078 
10 .617 251E-02 
11 .U20932E-01 

NEK CHI SQUARE = 3.028E*02 
NEW VALUE ERROR 
. 888179 2. 101E-03 
.769941 4.177E-C2 
6.56822 6.232E-03 
• 687 370E-03 1.456E-C5 
. 19 14 25E-C1 3.021E-C4 
2 0.8852 1.320E-02 
. 20 86 78 E- 02 3.351E-C5 
.268813E-C1 7.729E-04 
36.8256 5.350E-02 
•559707E-02 9.270E-05 
• 3386 57E-C1 1.9CBE-03 

ITERATION NUHBER 5 

OLD CHI SQUARE = 3.028E+02 
PARAMETERS 

HUH BBR OLD VALUE 
1 .898179 
2 .769941 
3 6.56822 
4 .687 370E-03 
5 .191425E-01 
6 20.8 852 
7 .208678E-02 
8 .268813E-01 
9 36.8 256 
10 .559707E-02 
11 .33B65"»E-01 

NEW CHI SQUARE = 4.040E+G1 
NEW VALUE ERROR 
. 893022 7.040E-04 
.663771 1. 4 69 E»02 
6.64469 2. 236E-01 
. 5909 52 E-03 S.149P-06 
. 222269E-C1 1.763E-04 
2C.8901 4.7981-03 
. 20 6 7 37E-02 1.2C8E-05 
.276800E-01 2.996E-04 
36.7152 1.060E-02 
• 563964E-02 3.033E-05 
.226521E-01 5.855E-C4 
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ITERATION NUMBER 6 

OLD C H I SQUARE = 4 . 0 4 0 E * 0 1 NEW C H I SQUARE = 2 . 7 1 6 E + 0 1 
PARAMETERS 

ROM BEB OLD VALnE NEH VALUE ERROR 
1 . 8 9 3 0 2 2 . 8 9 3 9 0 8 5 . 5 7 0 E - C 4 
2 . 6 6 3 7 7 1 . 6 U 5 9 3 2 1 . 1 8 7 E - 0 2 
3 6 . 6 4 4 6 9 6 . 6 6 2 8 9 1 . 7 4 5 E - 0 3 
4 . 5 9 0 9 5 2 E - C 3 . 5713 80 E - 03 4 . 0 5 5 E - 0 6 
S . 2 2 2 2 6 9 E - 0 1 . 2 3 3 0 5 3 E - C 1 1 . 8 5 9 E - C 4 
6 2 0 . 8 9 0 1 2 0 . B 9 1 0 3 . 9 5 4 E - 0 3 
7 • 2 0 6 7 3 7 E - 0 2 . 2062 7 0 E - 0 2 9 . 8 4 6 E - 0 6 
8 . 2 7 6 8 0 0 E - 0 1 . 2 7 8 5 2 0 E - 0 1 2 . 5 1 5 E - 0 4 
9 3 6 . 7 1 5 2 3 6 . 6 9 H 7 7 . 0 2 8 E - 0 3 

10 . 5 6 3 9 6 4 E - 0 2 . 5 6 5 3 3 4 E - 0 2 2 . 3 3 4 E - 0 5 
1 1 • 2 2 6 5 2 1 E - 0 1 . 2 1 7 1 9 0 E - C 1 3 . 2 5 8 E - 0 4 

I T E R A T I O N NUMBER 7 

OLD C H I SQUARE = 2 . 7 1 8 E * 0 1 
PARAMETERS 

MEM C H I SQUARE = 2 . 6 5 0 E * 0 1 

NONBER 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

OLD VALUE 
. 8 9 3 9 0 8 
. 6 4 5 9 3 2 
6 . 6 6 2 8 9 
. 5 7 1 3 B 0 E - 0 3 
. 2 3 3 0 5 3 E - 0 1 
2 0 . 8 9 1 0 
. 2 0 6 2 7 0 E - 0 2 
. 2 7 8 5 2 0 E - 0 1 
3 6 . 6 9 4 7 
. 5 6 5 3 3 4 E - 0 2 
. 2 1 7 1 9 0 E - 0 1 

NEH VALUE 
. 8 9 4 1 4 7 
. 6 4 2 3 4 8 
6 . 6 6 6 83 
. 5 6 7 3 0 6 E - C 3 
. 2 3 5 7 0 0 E - 0 1 
2 0 . 8 9 1 1 
. 2 0 6 1 9 0 E - C 2 
. 2 7 8 8 4 1 E - C 1 
3 6 . 6 8 9 9 
. 5 6 5 7 4 7 E - C 2 
. 2 1 4 9 2 8 E - 0 1 

ERROR 
5 . 5 0 5 E - 0 4 
1 . 1 7 4 E - 0 2 
1 . 7 1 7 E - 0 3 
3 . 9 9 8 E - 0 6 
1 . 9 8 2 1 - 0 4 
3 . 9 1 3 E - Q 3 
9 . 7 2 0 E - 0 6 
2 . 4 9 9 E - 0 4 
6 . 9 4 6 1 - 0 3 
2 . 2 9 6 E - 0 5 
3 . 1 2 0 E - 0 4 

I T E R A T I O N NUMBER 8 

OLD C H I SQUARE = 2 
PARAMETERS 

NUMBER 
1 

6 5 0 E * 0 1 NEB C H I SQUARE = 2 . 6 4 6 1 * 0 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

OLD VALUE 
. 8 9 4 1 4 7 
. 6 4 2 3 4 8 
6 . 6 6 6 8 3 
. 5 6 7 3 0 6 E - 0 3 
. 2 3 5 7 0 0 E - 0 1 
2 0 . 8 9 1 1 
. 2 0 6 1 9 0 E - 0 2 
. 2 7 8 8 4 1 E - 0 1 
3 6 . 6 8 9 9 
. 5 6 5 7 4 7 E - 0 2 
• 2 1 4 9 2 8 E - 0 1 

NEW VALOE 
. 8 9 4 2 1 1 
. 6 4 1 6 1 8 
6 . 6 6 7 6 9 
. 5 6 6 4 4 3 E - 0 3 
. 2 3 6 2 7 7 E - 0 1 
2 0 . 8 9 1 1 
. 2 0 6 1 7 7 E - C 2 
. 2 7 8 9 0 2 E - C 1 
3 6 . 6 8 8 8 
. 5 6 5 8 6 9 E - 0 2 
. 2 1 4 3 5 7 E - C 1 

ERROR 
5 . S C 2 E - 0 4 
1 . 1 7 4 E - 0 2 
1 . 7 1 7 1 - 0 3 
3 . 9 9 7 E - 0 6 
2 . 0 1 7 E - 0 4 
3 . 9 1 2 E - 0 3 
9 . 7 1 4 E - 0 6 
2 . 5 0 0 E - 0 4 
6 . 9 4 2 E - 0 3 
2 . 2 9 2 E - 0 5 
3 . 0 9 5 E - 0 4 
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ITERATION NUMBER 6 

P SEARCH 
WPS P C H I SQUARE 

0 0 . 0 0 0 E - 0 1 2 . 6 4 6 2 E + 0 1 
1 6 . 4 05 E* 0 7 2 . 6 4 6 3 E + 0 1 
2 2 . 9 7 3 E » 0 8 2 . 6 4 6 4 E + 0 1 
3 1 . 3 8 0 E * 0 9 2 . 6 4 5 1 * * 0 1 
4 6 . 4 0 5 E * 0 9 2 . 6 4 6 4 E » 0 1 
5 2 . 9 7 3 E * 10 2 . 6 4 6 4 E * 0 1 
6 1 . 3 8 0 E * 1 1 2 . 6 4 6 4 E * 0 1 
7 6 . 4 0 5 E * 1 1 2 . 6 4 6 4 E + 0 1 
0 O . O O O E - O I 2 . 6 4 6 2 E + 0 1 

ETA SEARCH 
ETA 

0.000E-01 
7 . 5 0 0 E - 0 1 
9 . 7 6 9 E - 0 1 

C H I SQUARE 
2 . 6 4 6 4 E * 0 1 
2 . 6 4 6 2 E * 0 1 
2 . 6 4 6 2 E + 0 1 

OLD C H I SQUARE = 2 . 6 4 6 S * 0 1 NEW C H I SQUARE - 2 . 6 4 6 E » 0 1 
PARAMETERS 

NUMBER OLD VALUE NEW VALUE ERROB 
1 . 8 9 4 2 1 1 . 8 9 4 2 34 5 . 5 0 3 E - 0 4 
2 . 6 4 1 6 1 8 . 6 4 1 4 24 1 . 1 7 4 1 - 0 2 
3 6 . 6 6 7 6 9 6 . 6 6 7 9 3 1 . 7 1 7 E - 0 3 
4 . 5 6 6 4 4 3 E - 0 3 . 56 62 05 E - 0 3 3 . 9 9 8 E - 0 6 
5 • 2 3 6 2 7 7 E - 0 1 . 2 3 6 4 3 4 E - C 1 2 . 0 2 5 E - 0 4 
6 2 0 . 8 9 1 1 2 0 . 8 9 1 1 3 . 9 1 3 1 - 0 3 
7 . 2 0 6 1 7 7 E - 0 2 . 2 0 6 1 7 4 E - C 2 9 . 7 1 4 E - 0 6 
8 . 2 7 8 9 0 2 E - 0 1 . 2 7 8 9 1 6 E - 0 1 2 . 5 0 1 E - 0 4 
9 3 6 . 6 8 8 8 3 6 . 6 8 9 5 6 . 9 4 1 E - 0 3 

10 • 5 6 5 8 6 9 E - 0 2 . 5 6 5 9 1 4 E - 0 2 2 . 2 9 2 1 - 0 5 
11 . 2 1 4 3 5 7 E - 0 1 . 2 1 4 1 6 6 E - 0 1 3 . 0 8 8 E - 0 4 

CORRELAT ION MATRIX 

c n 1 . 0 0 

( 21 - 0 . 7 9 1 . 0 0 

( 31 - 0 . 0 1 - 0 . 2 5 1 . 0 0 

C 4 ) - 0 . 19 0 . 5 0 - 0 . 56 1 . 0 0 

( 5» 0 . 0 8 - 0 . 4 5 0 . 7 3 - 0 . 8 4 1 . 0 0 

( 6 ) - 0 . 2 8 0 . 1 5 0 . 0 6 - 0 . 0 5 0 . 07 1 . C 0 

( 7 ) - 0 . 0 5 0 . 3 3 - 0 . 09 0 . 2 1 - 0 . 15 - 0 . 1 2 1 . 0 0 

( 8 | - 0 . 2 7 0 . 0 6 0 . 1 0 - 0 . 12 0 . 13 0 . 7 6 - 0 . 3 6 1 . 0 0 

{ 9 ) - 0 . 4 0 0 . 3 7 - 0 . 0 2 0 . 1 1 - 0 . 07 0 . 1 3 - 0 . 0 4 0 . 1 5 1 . 0 0 

( 1 0 ) - 0 . 0 6 0 . 3 4 - 0 . 08 0 . 17 - 0 . 13 0 . 16 0 . 1 1 0 . 1 8 0 . 3 8 1 . 0 0 

( 1 1 ) - 0 . 44 0 . 2 9 0 . 0 1 0 . 0 6 - 0 . 0 3 0 . 0 9 - 0 . 11 0 . 1 1 0 . 7 8 0 . 0 5 

( 1) ( 2 ) ( 3 ) ( 4> ( 5 ) ( 6 ) ( 7 ) ( 8 ) ( ) ) ( 1 0 ) 

1.00 
(11) 
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E. Test Case Five 

Example five is a shape fit to three unresolved gamma-ray groups 

in a Li(Ge) spectrum obtained from an ORELA 238U(n,n'\) measurement.8 

The data to be fitted is shown in Fig. 3 where the total number of counts 

for each gamma-ray group is desired. We assume the y-ray groups to have 

Gaussian line shapes and, because the FWHM of the Gaussians are only about 

two channels wide, the counts for each channel must be taken as an integral 

over the line shape. These integrations can be accomplished with the 

error functions ERF.9 In particular, the number of counts y in a channel, 

spanning energies from E = E~ to E = E+, produced from a gamma-ray group 

with total area = A, centroid energy = e, and FWHM = W is 

Consequently, assuming a linear background of the form ME + B, we 

chose a fitting function 

and allow the parameters M, E, and the three sets of A^, e^ and W^ to 

vary. The derivatives of y with respect to the variable parameters are 

y = A[ERF(§+) - ERF(§~) ]/2 , 

where 

§ = 2v£n2 (E - e)/W . 

3 
y = ME + B + 1/2 A±[ERF(§+) - ERF(§^) ] 

3y/3M = E 

3y/3B = 1 

3y/3Ai = [ERF(§*) -ERF(§p]/2 
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3y/3e± = 2V£n2 A^EXF 2 (-§+) - EXP2 (-§")]/VrT W ± 

ay/sw^ = -A^ii" EXP(-§~) - EXP(-§+)]VT w . 

The next page gives the input file LSFODF.INP and the FUNCTION 

FCTN(X,Z) followed by a listing of the output file LSFODF.PRT. Figure 3 

shows the beginning and final fit to the measured spectrum. In this 

example N = 0 and the data is read directly as channels 927 to 952 from 

sections 1, 28 and 28 of the ODF file UCSPEC.ODF. Note that the spectrum 

is also inputed into the error locations of the array F and that INTIAL 

in FUNCTION FCTN(X,Z) is used to take the square root of the contents of 

these locations so the spectrum has the correct errors prior to the least 

squares fit. Also note the use of INTIAL to calculate an initial table of 

§ + and § . The parameters are ordered sequentially from one to eleven as 

El, Wx, Al, e 2, W2, A2, £3, w 3, A 3, M and B. 



CE z: 
u 
QC 
LxJ 
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GflMMfl RflT ENERGT (KeV) 

890 

Fig. 3. LSFODF least-squares fit of three exponentials integrated 
over channel widths and a linear background to a measured Ge(Li) spectrum 
from a 238U(n,n'y ) measurement. The histogram curve is the final fit and 
the other curve is from the initial guesses. 
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TEST C A S E 5: PEAK FITTING 
11 - 1 

UCSPEC.ODF 927 952 1 28 28 
«881500E»03 
• 1800 00E+01 
.1600 00E+04 
.885200E+03 
• 1800 00E*01 
.8000 00E*0<4 
.8885 O0E4O3 
. 1800 OOE + O1 
.9000O0E«O3 
.0000 00E+P0 
.210000B»03 
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FUNCTION FCTN (X, Z) 
COHHON/DAT/F (3000) 
COHMON/DTA/CHIN» (IV2, DOF, PO ( 1 8) 
COIHON/FCN/M « N , INTIA L,P(18) 
COHHON/DER/DFDP( 18) 
DIMENSION XO (500) ,XL(500) 
IF ( INTIAL.2Q. 1) GOTO 5 
DO 7 TD=1,N*5,5 

7 F(ID»2)=SQBT (F(ID+2) ) 
DO 6 ID= 1 r N *5 -5 , 5 
J=( ID+U)/5 
XO (J) = (F (ID) •F ( ID+5)) * . 5 
P(ID*U)=PLOAT(J) 

6 XL (J*1) = XtJ (J) 
F(N*5) =FLOAT (N) 
XO (N) = 2. *P (N*5-tt) -XL (N) 
XL (1) = F (1) *P <1)-XU (1) 
Z=1. 
L=3 
INTI AL = 1 

5 IZ= IF IX (Z ) 
T=0 
TL2=1» 6651 1 
DO 10 1=1,L 
ZP=TL2* (XO ( IZ ) -P (1*3-2) ) /P (1 *3 -1 ) 
ZH=TL2*(XL ( I Z ) - P (1*3-2) ) / P ( 1 * 3 - 1 ) 
DFDP (1*3) = ERF (ZP)-ERF (ZH) 
Y=T#P (1*3) *DFDP (1*3) 
S=P ( 1 * 3 ) * . 5641896 
EP=EXP(-ZP*ZP) 
EH=EXP (-ZN*ZH) 
DFDP (1*3) =DFDP (1*3) * . 5 
DFDP (1*3- 1)=S*(EH*ZM-EP*ZP) / P (1*3 -1 ) 

10 DPDP (1*3-2 ) = S*TL2* (EH-EP)/P ( I * 3- 1) 
Y=Y*.5 
DFDP (L*3+1) =X 
DPDP (L*3 + 2 ) s 1-
FCTN=Y *P (L*3 • 1) * X»P (L* 3+ 2) 
RETORN 
END 
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TEST CASE 5 : PEAK P I T T I N G 

CONTROLS = 
11 10 26 0 0 - 1 0 0 0 0 5 0 . 9 9 9 00C 0 . 7 5 0 0 0 0 0 . 0 0 1 0 0 0 1 . 0 0 0 0 0 0 

OOP CONTROL = OCSPEC.ODF 9 27 9 52 1 28 2 8 

NUMBER OP DATA POINTS = 26 
NUHBBR OP PARAMETERS = 1 1 

I T E R A T I O N NUMBER 1 

OLD C H I SQUARE = 8 . 2 6 4 E » 0 1 NEW C H I SQUARE = 1 . 2 6 1 E + 0 1 
PARAMETERS 

NUMBER OLD VALUE NEH VALUE ERROR 
1 8 8 1 . 500 8 8 1 . 6 6 5 1 . 2 8 5 E - 0 1 
2 1 . 8 0 0 0 0 2 . 3 3 5 6 0 3 . 0 7 8 E - 0 1 
3 1 6 0 0 . 0 0 2 2 1 0 . 6 7 2 . 2 6 8 E+02 
4 8 8 5 . 2 0 0 8 8 5 . 3 0 5 3 . 9 3 9 E - 0 2 
5 1 . 8 0 0 0 0 2 . 0 6 7 2 6 9 . 3 3 8 E - 0 2 
6 8 0 0 0 . 0 0 7 1 0 3 . 85 3 . 3 9 9 E * 0 2 
7 88 8 . 5 0 0 8 8 8 . 4 46 2 . 0 7 6 E - 0 1 
8 1 . 8 0 0 0 0 2 . 6 1 2 1 3 5 . 0 4 4 E - 0 1 
9 9 0 0 . 0 0 0 1 1 6 9 . 1 4 2 . 116 E * 0 2 

10 . 0 0 0 000 - 1 . 1 1 4 2 9 1 . 5 9 4 E + 0 0 
11 2 1 0 . 0 0 0 1 1 9 3 . 12 1 . 4 0 3 E » 0 3 

I T E R A T I O N NUMBER 2 

OLD C H I SQUARE = 1 . 2 6 1 E * 0 1 NEH C H I SQUARE = 3 . 5 9 3 E * 0 0 
PARAMETERS 

NUMBER OLD VALUE NEH VALUE EBROR 
1 8 8 1 . 6 6 5 8 8 1 . 6 88 7 . 7 7 2 E - 0 2 
2 2 . 3 3 5 6 4 2 . 4 3 0 0 0 1 . 8 8 5 E - 0 1 
3 2 2 1 0 . 6 7 2 4 4 1 . 4 0 1 . 4 8 7 E » 0 2 
4 8 8 5 . 3 0 5 8 8 5 . 4 02 3 . 6 3 4 E - 0 2 
5 2 . 0 6 7 2 6 2 . 2 0 5 0 9 9 . 0 9 5 E - 0 2 
6 7 1 0 3 . 8 5 6 9 5 7 . 9 0 2 . 6 0 7 E + 0 2 
7 8 8 8 . 4 4 6 8 8 8 . 5 9 2 2 . 3 1 4 E - 0 1 
8 2 . 6 1 2 1 3 2 . 5 0 0 64 4 . 9 1 6 E - 0 1 
9 1 1 6 9 . 14 1 1 0 8 . 7 1 2 . 1 5 0 E * 0 2 

10 - 1 . 1 1 4 2 9 - 1 . 4 8 1 5 1 9 . 0 5 3 E - C 1 
11 1 1 9 3 . 12 1 5 1 6 . 3 9 7 . 9 6 5 E»02 
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ITERATION NUMBER 6 

i LD C H I SQOARE = 3 . 5 9 3 E « 0 0 NEB C H I SQOARE = 2 . 7 5 2 E » 0 0 
PARAHETERS 

NUHBER OLD VALUE MSB VALUE ERROR 
1 8 8 1 . 6 8 8 8 8 1 . 6 9 1 6 . 8 30 E - 0 2 
2 2 . 4 3 0 0 0 2 . 4 5 8 4 2 1 . 6 38 E - 0 1 
3 2 4 4 1 . 4 0 2 5 0 7 . 8 1 1 . 3 8 0 E « 0 2 
4 8 8 5 . 4 0 2 8 8 5 . 4 5 0 3 . 5 2 3 E - 0 2 
5 2 . 20 5 0 9 2 . 2 6 2 4 2 9 . 3 7 7 E - 0 2 
6 6 9 5 7 . 9 0 7 0 0 1 . 8 5 2 . 3 7 5 E * 0 2 
7 8 8 8 . 5 9 2 8 8 8 . 7 27 2 . 0 1 8 E - 0 1 
8 2 . 50 0 64 2 . 3 0 3 2 2 4 . 1 9 5 E - 0 1 
9 1 1 0 8 . 7 1 1 0 1 3 . 5 6 1 . 8 5 5 E + 0 2 

10 - 1 . 4 8 1 5 1 - 1 . 5 0 2 0 9 7 . 9 3 1 1 - 0 1 
11 1 5 1 6 . 3 9 1 5 3 3 . 8 3 6 . 9 7 8 E + G 2 

I T E R A T I O N NUHBER tt 

OLD C H I SQOARE = 2 . 7 5 2 E + 0 0 NEB C H I SQOARE = 2 . 6 8 1 E » 0 0 
PARA HETERS 

NUNBER OLD VALUE NEB VALUE ERROR 
1 8 8 1 . 6 9 1 8 8 1 . 6 9 2 6 . 7 2 7 E - 0 2 
2 2 . 4 5 8 4 2 2 . 4 7 0 7 4 1 . 6 0 8 E - 0 1 
3 2 5 0 7 . 8 1 2 5 2 7 . 6 9 1 . 3 7 8 E + 0 2 
4 3 8 5 . 4 5 0 8 8 5 . 4 6 4 3 . 3 2 0 E - 0 2 
5 2 . 2 6 2 4 2 2 . 2 7 7 0 5 9 . 2 2 6 E - 0 2 
6 7 0 0 1 . 8 5 7 C 1 0 . 0 9 2 . 1 8 5 E « 0 2 
7 8 8 8 . 7 2 7 8 8 8 . 7 6 7 1 . 7 1 2 E - 0 1 
8 2 . 30 3 2 2 2 . 2 5 0 9 1 3 . 7 1 2 E - 0 1 
i 1 0 1 3 . 5 6 9 9 3 . 7 4 1 1 . 5 6 6 E + 0 2 

10 - 1 . 50 2 0 9 - 1 . 5 1 B 3 0 7 . 7 5 4 E - 0 1 
11 1 5 3 3 . 8 3 1 5 4 7 . 7 9 6 . 8 2 3 E + 0 2 

I T E R A T I O N NUHBEF 5 

OLD C H I SQUARE = 2 . 6 8 1 E * 0 0 
PARA METERS 

• on BER OLD VALUE 
1 8 8 1 . 6 9 2 
2 2 . 4 7 0 7 4 
3 2 5 2 7 . 6 9 
4 8 8 5 . 4 6 4 
5 2 . 27 7 0 5 
6 7 0 1 0 . 0 9 
7 8 8 8 . 7 6 7 
8 2 . 2 5 0 9 1 
9 99 3 . 7 4 1 

10 - 1 . 5 1 8 3 0 
11 1 5 4 7 . 7 9 

NE» C H I SQUARE = 2 . 6 7 5 E » 0 0 

NEB VALUE ERROR 
8 8 1 . 6 9 2 6 . 7 2 9 E - 0 2 
2 . 4 7 5 4 1 1 . 6 0 6 E - 0 1 
2 5 3 3 . 19 1 . 3 8 2 E » 0 2 
8 8 5 . 4 6 8 3 . 2 7 8 E - 0 2 
2 . 2 8 1 7 5 9 . 1 7 8 E - 0 2 
7 0 1 3 . 7 2 2 . 1 4 5 E * 0 2 
8 8 8 . 7 8 0 1 . 6 3 1 E - 0 1 
2 . 2 3 4 9 1 3 . 5 8 7 E - 0 1 
9 8 7 . 7 8 4 1 . 4 9 9 E * 0 2 

- 1 . 5 2 4 2 8 7 . 7 29 E - 0 1 
1 5 5 2 . 9 6 6 . 8 0 2 E * 0 2 
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ITERATION NUMBER 6 

F SEARCH 
HPS P C H I SQUARE 

0 0 . 0 0 0 E - 0 1 2 . 6 7 4 3 E + 0 0 
1 6 . 3 2 6 E * 0 1 2 . 6 7 4 6 E + 0 0 
2 3 . 5 5 7 E » 0 2 2 . 6 7 4 7 E » 0 0 
3 2 . 0 0 0 E * 0 3 2 . 6 7 4 8 E + 0 0 • 1 . 1 2 5 E » 0 4 2 . 6 7 4 9 E + 0 0 
5 6 . 3 2 6 E + 0 U 2 . 6 7 4 9 E * 0 0 
0 O . O O O E - O I 2 . 6 7 4 3 E » 0 0 

ETA SEARCH 
ETA 

O . O O O E - O I 
7 . 5 0 0 E - 0 1 
1 • 1 8 0 E » 0 0 

C H I SQOARE 
2 . 6 7 5 0 E * 0 0 
2 . 6 7 4 3 E » 0 0 
2 . 6 7 4 2 E * 0 0 

OLD C R I SQOABE = 2 . 6 7 5 E + 0 0 
PARAHETERS 

NER C H I SQOARE = 2 . 6 7 « E * 0 0 

NOHBER OLD VALOE NEW VALUE ERROR 
1 8 8 1 . 6 9 2 8 8 1 . 6 9 2 6 . 7 3 6 E - 0 2 
2 2 . 4 7 5 4 1 2 . 4 7 8 4 1 1 . 6 C 8 E - 0 1 
3 2 5 3 3 . 1 9 2 5 3 5 . 6 9 1 . 3 8 4 E + 0 2 
4 8 8 5 . 4 6 8 8 8 5 . 4 6 9 3 . 2 6 6 E - 0 2 
5 2 . 2 8 1 7 5 2 . 2 8 4 2 4 9 . 1 6 0 E - 0 2 
6 7 0 1 3 . 7 2 7 0 1 6 . 18 2 . 1 3 3 E + 0 2 
7 8 8 8 . 7 8 0 8 8 8 . 7 87 1 . 6 0 6 E - 0 1 
8 2 . 2 3 4 9 1 2 . 2 2 6 5 3 3 . 5 4 8 E - 0 1 
9 9 8 7 . 7 8 4 9 8 4 . 5 73 1 . 4 7 8 1 4 0 2 

10 - 1 . 5 2 4 2 8 - 1 . 5 2 7 2 3 7 . 7 2 4 E - 0 1 
11 1 5 5 2 . 9 6 1 5 5 5 . 5 0 6 . 7 9 8 E 4 0 2 

CORRELATION HATRIX 

( 11 1 . 0 0 

< 2) 0 . 4 6 1 . 0 0 

( 3) 0 . 4 1 0 . 6 1 1 . 0 0 

< ») 0 . 19 0 . 2 2 0 . 16 1 . 0 0 

( 5 | - 0 . 5 0 - 0 . 4 6 - 0 . 4 6 0 . 1 8 1 . 0 0 

( *> - 0 . 4 2 - 0 . 4 0 - 0 . 36 0 . 1 5 0 . 6 6 1 . 0 0 

( 7) - 0 . 2 5 - 0 . 2 2 - 0 . 23 0 . 4 5 0 . 6 5 0 . 5 5 1 . 0 0 

( 8) 0 . 2 0 0 . 2 1 0 . 2 5 - 0 . 4 4 - 0 . 5 5 - C . 4 8 - 0 . 6 3 1 . 0 0 

( 9) 0 . 2 4 0 . 2 5 0 . 30 - 0 . 4 3 - 0 . 6 2 - 0 . 4 9 - 0 . 6 3 O . B O 1 . 0 0 

cio» - 0 . 0 5 - 0 . 0 1 - 0 . 0 5 0 . 0 7 0 . 0 5 - 0 . 0 0 0 . 0 1 - 0 . 2 6 - 0 . 3 2 1 . 0 0 

c m 0 . 0 5 0 . 0 1 0 . 05 - 0 . 0 7 , - 0 . 0 5 0 . 0 0 - 0 . 0 1 0 . 2 5 0 . 32 - 1 . 0 0 

( 1 ) C 2) < 3) ( <0 ( 5 ) ( 6 ) ( 7 ) < 8 ) { 9 ) ( 1 0 ) 

1 . 0 0 

(11) ( 
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I AXIS 
8 . 7 0 7 3 8 * 0 2 
8 . 7 1 6 6 8 * 0 2 
8 . 7 2 6 0 8 * 0 2 
8 . 7 3 5 4 8 * 0 2 
8 . 7 4 4 7 8 * 0 2 
8 . 7 5 4 1 8 * 0 2 
8 . 7 6 3 4 8 * 0 2 
8 . 7 7 2 8 8 * 0 2 
8 . 78 2 2 8 * 0 2 
8 . 7 9 1 5 8 * 0 2 
8 . 8 0 0 9 8 * 0 2 
8 . 8 1 0 3 8 * 0 2 
8 . 8 1 9 6 8 * 0 2 
8 . 8 2 9 0 8 * 0 2 
8 . 8 1 8 3 8 * 0 2 
8 . 84 7 7 8 * 0 2 
8 . 8 5 7 1 8 * 0 2 
8 . 8 6 6 4 8 * 0 2 
8 . 8 7 5 8 8 * 0 2 
8 . 8 8 5 2 8 * 0 2 
8 . 8 9 4 5 8 * 0 2 
8 . 9 0 3 9 8 * 0 2 
8 . 9 1 3 2 8 * 0 2 
8 . 9 2 2 6 8 * 0 2 
8 . 9 3 2 0 8 * 0 2 
8 . 9 4 1 3 8 * 0 2 

T EXP 
2 . 0 7 4 8 8 * 0 2 
2 . 2 B 3 5 E * 02 
2 . 3 « 5 3 E * 0 2 
2 . 1 0 6 7 E * 0 2 
2 . 0 2 27 E * 0 2 
2 . 2 8 1 7 B + 0 2 
2 . 0 1 0 3 E * 0 2 
2 . 10 20 E* 0 2 
2 . 7 7 3 1 E * 0 2 
3 . 1 2 6 1 E * 0 2 
4 . 8 6 7 3 8 * 0 2 
9 . 0 2 8 1 8 * 0 2 
1 . 1 1 7 4 E * 0 3 
7 . 4 9 4 5 E * 0 2 
1 . 0 2 2 1 8 * 0 3 
2 . 2 9 5 2 E * 0 3 
2 . 7 1 2 0 E * 0 3 
1 . 5 5 3 2 E * 0 3 
6 . 8 2 5 6 E * 0 2 
5 . 6 9 6 7 8 * 0 2 
5 . 0 3 3 1 E * 0 2 
3 . 0 5 2 7 E * 0 2 
1 . 7 6 2 7 E * 0 2 
2 . 0 1 3 1 8 * 0 2 
1 . 7 9 5 2 E * 0 2 
2 . 0 8 7 7 E * 0 2 

T ERROR 
1 . 4 4 0 4 1 * C I 
1 . 5 1 1 1 E * 0 1 
1 . 5 3 1 4 1 * 0 1 
1 . 4 5 1 4 E* 0 1 
1 . 4 2 2 2 1 * 0 1 
1 . 5 1 0 5 1 * 0 1 
1 . 4 1 7 8 1 * 0 1 
1 . 4 4 9 8 E * 0 1 
1 - 6 6 5 3 1 * C 1 
1 . 7 6 8 1 1 * 0 1 
2 . 2 0 6 2 1 * 0 1 
3 . 0 0 4 7 1 * 0 1 
3 . 3 4 2 8 1 * 0 1 
2 . 7 3 7 6 E * 0 1 
3 . 1 9 7 0 1 * 0 1 
4 . 7 9 0 8 8 * 0 1 
5 . 2 0 7 7 1 * 0 1 
3 . 9 4 1 1 E * 0 1 
2.61261*01 
2 . 3 8 6 8 E * 0 1 
2 . 24 3 5 E * C 1 
1 . 7 4 7 2 E * 0 1 
1 . 3 2 7 7 E + 0 1 
1 . 4 1 8 8 1 * 0 1 
1 . 3 3 9 8 E * 0 1 
1 . 4 4 4 9 1 * 0 1 

T C M C 
2 . 2 5 6 S E * 0 2 
2 . 2 4 2 6 E * 0 2 
2 . 2 2 8 3 8 * 0 2 
2.21411*02 
2 . 1 9 9 € E * 0 2 
2 . 1 8 5 5 E * 0 2 
2 . 1 7 1 2 8 * 0 2 
2 . 1 4 1 3 1 * 0 2 
2 . 1 9 4 6 8 * 0 2 
2 . 6 9 7 4 1 * 0 2 
5 . 0 5 6 1 8 * 0 2 
9 . 3 2 2 4 1 * 0 2 
1 . 0 5 S C E * 0 3 

7 . 7 7 6 2 1 * 0 2 
1 . 0 2 7 8 E * 0 3 
2 . 2 6 4 9 1 * 0 3 
2 . 7 3 5 E E * 0 3 
1 . 5 5 7 3 1 * 0 3 
6 . 6 6 2 8 E * 0 2 
5 . 8 4 8 0 1 * 0 2 
4 . 9 5 6 6 E * 0 2 
2 . 9 5 2 7 1 * 0 2 
2 . 0 7 6 2 E * 0 2 
1 . 9 3 E 2 E * 0 2 
1 . 9 1 3 9 1 * 0 2 
1 . 89 9 EE* 0 2 
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APPENDIX 

REAL * 8 F N , F O 
DODBLE PRECIS IOH F I L E 
C O R H O N / V A R / F N ( 2 1 0 ) 
C O R N O N / D A T / F ( 1 ) 
C O R R O N / D T A / C H I N , H V 2 , D O P , P O ( 1 8 ) 
COHRON/PCN/R, N , I N T I A L , P H ( 1 8 ) 
C O R R O N / T A R I / F 0 ( 2 1 0 ) 
D IMENSION I D S ( 4 ) . T I T L E ( 1 6 ) 
OPEN ( D E ¥ I C B * * T T T » , U ! I I T = 6 | 
OPEN ( D « T = 2 0 , F I L E = » L S F O D F - I N P « ) 
READ ( 2 0 , 4 0 1 ) T I T L E 
READ ( 2 0 f 4 0 2 ) R , r r 2 , N , I F D H , I F 1 , I F 2 , I F 3 , I P S , I P 2 , I E S , N P S H , E A t I O , 

1 E T A , C R I N , C N A X 
I E C - 0 
I F ( M . E Q . 0 ) READ ( 2 0 , 4 0 3 ) F I L E , I S C , I E C , ( I D S ( I ) , 1 = 1 , 3 « I F D H ) 
DO 10 N ? 3 1 , f l 

10 READ ( 2 0 , 4 0 4 ) P N ( N » ) 
CLOSE ( 0 R I T s 2 0 ) 
I F ( N . E Q . O ) GOTO 3 0 
OPEN ( 0 N I T S 2 1 , F I L E 3 ' L S F O D F . D A T * ) 
DO 2 0 I D * 1 , N » 5 , 5 
I F ( I F D N . L T . 2) READ ( 2 1 , 4 0 4 ) F ( I D ) , F ( I D + 1 ) , F ( I D + 2 ) 

2 0 I F ( I P D H . G T . 1) READ ( 2 1 , 4 0 4 ) F ( I D ) , F ( I D + 4 ) , F ( I D + 1 ) , F ( I D * 2 ) 
CLOSE (UNIT= 2 1 , F I L E 9 * LSFODF. D A T ' ) 
GOTO 50 

3 0 N = I E C - I S C * 1 
I N S = 3 * I F D H 
C A L L O D F I O ( 2 0 , F I L E , I F B , I N S , I N C , I T , J , I ) 
DO 4 0 1 = 1 , 3 
J=I 

4 0 C A L L I R O D F ( 2 0 , I F B , I N S , I D S ( J ) , I S C , N , F ( J ) , 5 ) 
I F ( I F D H . E Q . 1 ) CALL I N O D F ( 2 0 , I F B , I N S , I D S ( J ) , I S C , N , F ( 5 ) , 5 ) 

C I N I T I A L I Z E CONSTANTS AND F I R S T I T E R A 1 I C N 
5 0 I F ( I T 2 . E Q . 0 ) I T 2 = 1 0 

I F ( N P S N . E Q . 0 ) NPSR=5 
I F ( R A T I O . E Q . O ) R A T I O = 0 . 9 9 9 
I F ( E T A . E Q . O ) E T A * 0 . 7 5 
I F ( C H I N . E Q . 0 ) C H I N 3 . 0 0 1 
I F ( C R A I . E Q . 0 ) CHAX* 1 . 
R = ( C H A X / C H I N ) • • ( I . / F L O A T ( N P S R - 1 ) ) 
OPEN ( D N I T * 2 2 , P I L E a * L S F O D F . P R T * ) 
N R I T E ( 2 2 , 4 0 1 ) T I T L E 
N R I T E ( 2 2 , 4 0 6 ) H , I T 2 , N , 1 F D R , I F 1 , I F 2 , I F 3 , I P S , I E 2 , I E S , N P S R , 

1 R A T I O ETA CRIM CflAX 
I F ( I E C . N E . O ) WRITE ( 2 2 , 4 0 7 ) F I L E , I S C , I E C , ( I D S ( I ) , I S 1 , 3 + I F D N ) 
WRITE ( 2 2 , 4 0 8 ) N , H 
D O F » 1 . / F L O A T ( N - R ) 
I N T I A L * 0 
I T = 0 
I T S=0 
I F 3 = I F 3 - 1 
CALL P H I C H I 
R » 1 * H * 1 
H T 2 » H » ( H * 3 ) / 2 
HV4*RV2»H 
I P ( I P 1 * I F 1 . EQ. 1) N R I T E ( 2 2 , 4 0 9 ) I I 
I F ( I F 2 * I F 2 . E Q . 1 ) CALL O D F G E N ( I T , N , I F D H ) 
I F ( I P 1 * I F 1 . E Q . 1 ) GOTO 3 5 0 

C 
C START I T E R A T I O N ; ZERO NEW RATRIX 

6 0 I T = I T * 1 
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I F ( I F 2 . N E . 1 ) TTPE 4 0 0 , I T 
WRITE (22 , 4 0 9 ) I T 
C H I O * C H I N 
DO 7 0 N V * 1 , f l 
P O ( M f ) ®PN (NV) 

7 0 P N ( N V ) = 0 
DO 8 0 NV«HV1 ,MV4 

8 0 PR ( N V ) * 0 
C COMPUTE VECTOR A I D M A T R I X ; STORE NEW MATRIX 

C A L L PHINEQ 
DO 9 0 N V * 1 , M V 2 

9 0 PO. (NV)*PN (NV) 
CALL S L V ( f l ) 
CALL PHI PPM (ETA) 

C 
C ENTER P-SEARCH OR DIAGONAL ELEMENTS O r MATRIX 

C H I ' C H I N 
I P ( I P S ) 1 6 0 , 1 0 0 , 1 1 0 

1 0 0 I P ( C H I N . L E . R A T I O * C H I O ) GOTO 1 6 0 
1 1 0 R R I T E ( 2 2 , 4 1 0 ) 

NPS»0 
NP»0 
P 1 « 0 
• R I T E ( 2 2 , 4 1 1 ) N P S , P 1 , C R I N 

C SET P TO LARGEST DIAGONAL ELEMENT 
P=0 
L*0 
DO 120 N V * H V 1 , 2 , - 1 
L = L * N V 

1 2 0 I ? ( P . L T . F O ( L ) ) P = P O ( L ) 
P«P*CHI1 I 

C ADD P TO HATRIX DIAGONAL 
1 3 0 L - H V 1 

DO 1 4 0 N V = 1 , H 
DO 140 N V P * N V , M 
F N ( L ) = F O ( L ) 
I P ( N V P . S Q . N V ) F N ( L ) = F N ( L ) » P 

1 4 0 L = L » 1 
NPS*WPS*1 

C I N V E R T HATRIX AND COHPUTE NEB C H I SQUARED 
C A L L S L V ( H ) 
CALL P H I P R H ( E T A ) 
WRITE ( 2 2 , 4 1 1 ) N P S , P , C H X N 
I P ( P . E Q . P 1 ) GOTO 1 6 0 
I P ( I F 2 . E Q . 1 . A N D . C H I N . L E . R A T I O » C B I O ) GOTO 1 6 0 
I P ( C H I . L E . C H I N ) GOTO 1 5 0 
C H I ' C H I N 
P 1 * P 
NP«NPS 

1 5 0 P * P » 1 
I P ( N P S . L T . N P S H ) GOTO 1 3 0 
P=P1 
N P S = N P - 1 
GOTO 1 3 0 

C 
C ENTER ETA SEARCH ON SOLUTION VECTOR LENGTH 

160 I P ( I E S ) 2 2 0 , 1 7 0 , 1 8 0 
1 7 0 I F ( C H I N . I E . R A T I O * C H I O | GOTO 2 3 0 
1 8 0 ETA 1 * 0 

ETA 2*ETA 
ETAS*ETA 
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E T A 3 « E T A » E T A 
C H I 1 « C H I 0 
W R I T S < 2 2 , 1 1 2 ) ETA 1 , C H I 1 , E T A 2 , C H I N 

1 9 0 C H I 2 = C H I N 
C A L L PHTPRH(ETA3) 
C H I 3 = C H I N 
ETATN=ETA 1 * 0 • 5 * E T A S * ( C H I 3—4. * C H I 2 + 3 . * C H I 1 ) / ( C H I 3 - 2 . * C H I 2 + C H I 1 ) 
C A L L EH IPRH(ETATN) 
• R I T E ( 2 2 , 4 0 5 ) E T A T N , C H I N 
I P ( A B S ( E T A 2 - E T A T N ) . L T . 0 . 1 * E T A V V ) GOTO 2 2 0 
I P ( A B S ( C H I 2 - C H I N ) . L T . ( 1 . - R A T I O ) * C H I N ) GOTO 2 2 0 
I F ( E T A T N . L T . ETA3) GOTO 2 0 0 
E T A 1 * E T A 3 
C H I 1 = C H I 3 
GOTO 2 1 0 

2 0 0 I F ( E T A T N . L T . ETA2) GOTO 2 1 0 
E T A 1 * E T A 2 
C H I 1 = C H I 2 

2 1 0 E T A 2 * E T A T N 
E T A S - E T A 2 - E T A 1 
E T A 3 « E T A 2 • E T A S 
GOTO 190 

2 2 0 I F ( C H I N . G T . R A T I O * C H I O ) I T S = 1 
C 
C HOLTXPLY HATRIX BT C H I SQUARED 

2 3 0 I F ( N P S . E Q . O ) GOTO 2 5 0 
DO 2 4 0 N V = R V 1 , H T 2 

2 4 0 F N ( N V ) = F O ( N T ) 
C A L L S L V ( H ) 

2 5 0 DO 2 6 0 N T = H V 1 , H V 2 
2 6 0 F N ( N T ) = F N ( N T ) * C H I N 

C F I N D ERBORS, STORE I N SOLUTION VECTOR 
L 1 « B T 2 
L * 0 
DO 2 7 0 N T » H T 1 , 2 , - 1 
L - L 4 - N T 
L 1 = L 1 » 1 

2 7 0 FN ( L 1 ) —DSQRT (FN ( L ) ) 
C COHPOTE CORRELATION HATRIX 

L ' N V I 
DO 2 8 0 N T = 1 , H 
DO 2 8 0 N T P = N T , H 
P N ( L ) = F N ( L ) / ( F N ( H T 2 * N T ) * P N ( N T 2 »NTP) ) 

280 L*L*1 
C 
C P B I N T PARAHETERS, ERRORS 

W R I T E ( 2 2 , 4 1 3 ) C H I 0 , C H I N 
DO 2 9 0 N T * 1 , H 

2 9 0 W R I T E ( 2 2 , 4 1 4 ) N T , P O ( N T ) r P N ( N V ) , F N ( N T * H V 2 ) 
C P B I N T CORRELATION H A T R I X 

I F ( I T . G E . I T 2 ) I T S = 1 
I F < I F 3 ) 3 0 0 , 3 1 0 , 3 3 0 

3 0 0 I F ( I T S . E Q . O ) GOTO 3 3 0 
3 1 0 W R I T E ( 2 2 , 4 1 5 ) 

DO 3 2 0 N T * 1 , H 
3 2 0 W R I T E ( 2 2 , 4 1 6 ) N T , (FN ( R + N T * ( N T P ~ 1 ) • ( 2 * H - N T P ) / 2 ) , N T P « 1 , N T ) 

W R I T E ( 2 2 , 4 1 7 ) ( N T , N T * 1 , N | 
C P B I N T I N P O T DATA AND F I T 

3 3 0 I F ( I F 1 - 1 ) 3 4 0 , 3 5 0 , 3 6 0 
3 4 0 I F ( I T S . E Q . O ) GOTO 3 6 0 
3 5 0 T F ( I F D H . E Q . 0 ) WRITE ( 2 2 , 4 1 8 ) 
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I P ( I F D H . E Q . 1) S H I T E ( 2 2 , 4 1 9 ) 
I F ( I F D M . E Q . O ) WRITE ( 2 2 , 4 2 0 ) ( ( F ( I D * I ) , I ® 0 , 3) , I D » 1 , N * 5 , 5 | 
I F ( I F D H . E Q . 1 ) B B I T E ( 2 2 , 4 2 1 ) ( < P ( I D » I ) , 1 = 0 , 4 ) , I D = 1 , N » 5 , 5 ) 

3 6 0 I F ( I F 2 - 1 ) 3 7 0 , 3 3 0 , 3 9 0 
3 7 0 I F ( I T S . E Q . 0 ) GOTO 3 9 0 

C HARE ODF F I L E FOR PLOT 
3 8 0 C A L L C D F G E N ( I T , R , I F D H ) 
3 9 0 I V ( I T S . E Q . 0 ) GOTO 6 0 

CLOSE ( U N I T = 2 2 , F t L E = ' L S F O D F . P R T ' ) 
c 

4 0 1 FORMAT (16AS) 
4 0 2 FORMAT ( 2 1 3 , 1 6 , 7 1 2 , 1 3 , 4 F 1 0 . 6 ) 
4 0 3 FORMAT ( A 1 0 , 2 I 6 , 4 1 3 ) 
4 0 4 FORMAT ( 4 E 1 2 . 6) 
4 0 6 FORMAT ( / ' C O N T R O L S = • / 2 I 3 , 1 6 , 7 1 2 , 1 3 , 4 F 1 0 - 6 ) 
4 0 7 FORMAT ( / ' O D F CONTROL = ' , A 1 0 , 2 1 6 , 4 1 3 ) 
4 0 8 FORMAT ( / ' N U M B E R OF DATA P O I N T S = • , I 4 / » N U N B E R CF PARAMETERS = * I 2 ) 
4 0 9 FORMAT ( / / ' I T E R A T I O N N U M B E R ' , 1 4 / ) 
4 0 0 FORMAT ( ' I T E R A T I O N * , I 2 ) 
4 1 0 PORHAT ( / 1 2 X , ' P S E A R C H * / 4 X , ' M P S ' , 6 X , ' P » , 1 2 X * C H I SQUARE*) 
4 1 1 FORMAT ( 1 6 , 1 P E 1 4 . 3 , 1 P E 1 6 . 4 ) 
4 1 2 FORHAT ( / 1 0 X , ' E T A SEARCH * / 8 X , * E T A * , 9 X , ' C H I S Q U A R E ' , 

1 2 ( / 1 P E 1 4 . 3 , 1 P E 1 6 . 4 ) ) 
4 0 5 FORHAT ( 1 P E 1 4 . 3 , 1 P E 1 6 . 4 ) 
4 1 3 FORHAT ( / ' O L D C H I SQUARE = ' , 1 P E 9 . 3 , 4 X , ' N E H C H I SQUARE = ' , 

1 1 P E 9 . 3 / ' P A R A H E T E R S ' / 3 X , ' N U M B E R ' f 4 X , ' O L D V A L U E ' , 6 X , ' N E H V A L U E ' , 9 X , 
2 ' E R R O R ' ) 

4 1 4 FORMAT ( 3 X , I 3 , 7 X , G 1 2 . 6 , 3 X , G 1 2 . 6 , 2 X , 1 P E 1 2 . 3 ) 
4 1 5 FORHAT ( / ' C O R R E L A T I O N M A T R I X * ) 
4 1 6 FORHAT ( / • ( ' , 1 2 , ' | ' , 2 X , 2 0 F 6 . 2) 
4 1 7 FORHAT ( / 5 X , 1 8 ( 2 X , ' ( ' , 1 2 , ' ) ' ) ) 
4 1 8 FORMAT ( / 4 X , ' X A X I S ' , 8 X , ' T E X P ' , 9 X , ' r E R R O R ' , 7 l , ' I C A L C ' ) 
4 1 9 FORHAT ( / 4 X , » X A X I S ' , 8 X , ' T E X P « , 9 X , ' T E R R O R ' , 7 X , ' X C A L C ' , 8 X , 

1 ' Z A X I S ' ) 
4 2 0 FORHAT ( 4 ( 1 P E 1 4 . 4 ) ) 
4 2 1 FORHAT ( 5 ( 1 P 6 1 4 . 4 > ) 

END 
C 

SUBROUTINE PHINEQ 
BEAL * 8 FN 
C O H H O N / V A R / F N ( 2 1 0 ) 
C O H H O N / D A T / F ( 1 ) 
C O H H O N / D T A / C H I N , M V 2 , D O F , P O ( 1 8 ) 
C O H H O N / F C N / H , N , I N T I A L , P N ( 1 8 ) 
C O H H O N / D E R / D F D P ( 1 8 ) 

C COMPOTE VECTOR AND MATRIX 
DO 10 I D = 1 , N * 5 , 5 
X * F ( I D ) 
Z = F ( I D * 4 ) 
F ( I D * 3 ) = F C T N ( X , Z ) 
• S 1 . / ( F ( I D » 2 ) * P ( I D * 2 ) ) 
T 1 = F ( I D * 1 ) - F ( I D * 3 ) 
L»H»1 
DO 10 N V = 1 , H 
F N ( N V ) = F N ( N V ) * * * T 1 » D F D P ( N V ) 
DO 10 NVP=NV,H 
FN ( L ) =FN ( L ) • f * D F D P (NV) • D F D P ( N V P ) 

1 0 L= L * 1 
RETURN 

C 
ENTRY P H I P R N ( E T A ) 
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C COMPOTE MEV PAHAHETERS 
DO 20 N V * 1 , N 

20 PN ( W V ) * P O ( N V ) •ETA*PM (NV *MV2) 
C 

ENTRY P H I C H I 
C CONPnTE C H I SQUARED, TC-NEN 

P H I * 0 
DO 30 I D = 1 , N * 5 , 5 
X = F ( I C ) 
«®P ( I D * 4 ) 
F ( I D * 3 ) = F C T N ( X . Z ) 
T I * (P ( I D » 1 ) - P ( I D * 3 ) ) / F ( I D * 2 ) 

30 P H I * P H I » T 1 » T 1 
C H I N * P H I » D O F 
RETORN 
END 

C 
SOBRODTINE S L V ( N ) 
I M P L I C I T REAL * 8 ( A - H , 0 - Y ) 
COMMON/VAR/P (210 ) 
I P ( N - 1 ) 1 , 2 , 3 

1 WRITE ( 6 , 1 0 1 ) 
1 0 1 FORMAT ( I H O , ' N E G A T I V E ARGUMENT I N S L V ) 

RETURN 
2 F ( 2 ) * 1 . / F (2 ) 

F ( 3 ) * F (2 ) * F ( 1 ) 
RETURN 

3 IC=N«-1 
DO 10 R « 1 , N 
M1=M-1 
DO 10 L=M,N 
A=0 
I P ( M 1 . L E . 0 ) GO TO 6 
Kl=N*L 
RH»N«H 
DO 5 LH= 1 , Ml 
A = A * F ( K L J * F ( K H ) 
J * N - I H 
K L * K L » J 

5 KH=KM»J 
6 T * F ( R ) - A 

I P ( L . G T . H ) GO TO 9 
I F ( T . G T . O ) GO TO 7 
WRITE ( 6 , 1 0 2 ) T 

1 0 2 FORMAT ( 1 H 0 , ' F A I L U R E I N SLV T=« , G 2 0 . 5 ) 
T = - T 

7 D=DSQRT(T) 
P ( K ) - D 
GO TO 10 

9 F ( K ) » T / D 
10 K«K*1 

K - N4-1 
F ( K ) » 1 . / F ( K ) 
DO 1 2 L = 2 , N 

T * 1 . / F ( K ) 
F ( K ) a T 
L 1 = L - 1 
K L = N * L 
KH*N 
DO 1 2 H * 1 , L 1 
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L K = K L 
A * 0 
DO 1 1 L H * H , L 1 
II* KB* til 
A=A-P(!CL> » f ( I 1 » 

1 1 K L * K L * N - L M 
P ( L K ) = A * T 
J=N-(1 
K L = L K * J 

12 K H * K H » J 
*=»• 1 
DO 14 II— 1 , W 
K L * K 
DO 14 L = N , N 
KH»K 
A * 0 
I 1 » N - L « - 1 
QO 13 L H = 1 , I 1 

K L - K L + 1 
13 K H * K M » 1 

r(K)»A 
1 4 1 

DO 18 L « 1 , N 
A«0 
I J > N » L 
J I * 0 
J«N-1 
DO 17 M - 1 r N 
J X > J I * 1 
A = A * r ( I J ) » F ( J I ) 
I F ( H . G E . L ) GO TO 16 
I J » X J » J 
J » J - 1 
GO TO 17 

16 I J = I J * 1 
17 CONTXNOE 

P ( K ) = A 
18 K = K * 1 

RETURN 
END 

SUBROUTINE O D F G E N ( I T , N , I S N ) 
DOUBLE P R E C I S I O N P I L E 
C O H B O N / D A T / P ( 1 ) 

E N C O D E ( 1 0 , 1 1 , F I L E ) I T 
I P ( I T . L T . 1 0 0 ) ENCODE ( 1 0 , 1 2 , F I L E ) X I 
I P ( I T . L T . 1 0 ) E N C O D E ( 1 0 , 1 3 , P i t E ) I T 
OPEN ( U N I T ~ 2 0 , P I L E * F I L E , A C C E S S - * SEQ0UT ' ) 
CLOSE ( U N I T 9 2 0 ) 
N D S * 4 » I S « 
TYPE 1 4 , P I L E , N , N D S 
CALL O D P I O ( 2 0 , P I L E , 3 , N D S , N , 3 , - 1 , 3 ) 
DO 1 0 1 * 1 , N D S 
J = I 

1 0 C A L L C 0 T O D P ( 2 0 . 3 , N D S , J , 1 , N , F ( J ) , 5 ) 
RETURN 

11 F O R H A T ( ' F O R * , I 3 , ' » D A T ( ) 

C 

C I T 
C N 
C I S H 

I T E R A T I O N N0HBER 
NUMBER CHANNELS 
(NUMBER DATASETS) - 4 



52 

12 FORMAT ( • F O R * , 1 2 , ' . D A T * ) 
13 F O R M A T ( , F O R * , 1 1 , ' . D A T ' ) 
14 FORMAT ( • CREATING ' , A 1 0 , I 5 , ' CHANNELS' , 1 4 , * DATASETS ' ) 

END 

SUBROUTINE ODFIO ( I t l N I T , F I L E , I F B , I N S , I N C , I M O D E , I E N E R , IRON) 
DIMENSION ARRAY(1 ) 
DOUBLE P R E C I S I O N F I L E 
DIMENSION BUF ( 1 2 5 ) , I B U F ( 125) 
EQUIVALENCE (BUF ( 1 ) , I B U F (1 ) ) 
DATA Z E R O / O / 
O P E N ( U N I T = I U N I T , F I L E = P I L E , A C C E S S ® ' R A N D O M ' , R E C O R D — 1 2 6 ) 
READ ( I 0 N I T C 1 , E N D = 12) I B U F , J U N K 
I N S = ( I B U F ( 8 ) . A N D . " 3 7 4 0 0 0 0 0 0 0 0 0 ) / " 4 0 0 0 0 0 0 0 0 0 
I F ( I BUF (8 ) . L T . 0 ) I N S = I N S + 1 
I F B = ( I B U F ( 8 ) . A N D . " 0 0 3 7 7 0 0 0 0 0 0 0 ) / " 1 0 0 0 0 0 0 0 
I N C S I B U F ( 9 ) . A N D . " 7 7 7 7 7 7 7 
I MODE® ( I B U F ( 2 ) . A N D . " 3 0 0 0 0 0 0 0 ) / " 1 0 0 0 0 0 0 0 
I E N E R = I B U F ( 8 ) 
I R U N * I B U F ( 2 ) . A N D . " 7 7 7 7 7 7 7 
I = ( I N C / 1 2 5 ) • 1 
I F ( 1 * 1 2 5 . NE. INC) 1 = 1 + 1 
I B L K = I F B * ( I * I N S ) 
R E A D ( I U N I T t I B L K , E N D = 1 ) J U N K , I B U F 
RETURN 

1 RETURN 

ENTRY O U T O D F ( I U N I T , I F B , 1 N S , I S N , I S C , I N C , A R R A Y , I N D E X ) 
I F ( I N S . L E . 0 ) R E T U R N 
I F ( I S N . L E . O ) R E T U R N 
I F ( I S N . G T . I N S ) RETURN 
I F ( I S C . L E . O ) R E T U R N 
I F ( I N C . L E . 0 ) R E T U R N 
I B C = 1 
I L C = I N C 
I B L K = ( I S C - 1 ) / 1 2 5 
I = I S C - ( I B L K * 125 ) 
I B L K = ( I B L K * I N S ) • I F B + I S N - 1 
I F ( I . EQ. 1) GO TO 3 
R E A D ( I U N I T t l B L K ) J U N K , I B U F 
L = I * I t C - 1 
I F ( L . G T . 1 2 5 ) L = 1 2 5 
DO 2 J - I , L 
BUF ( J ) = A R R A Y ( I B C ) 

2 I B C = I B C » I N D E X 
WRITE ( l O N I T i l BLK)ZERO, I B O F 
I L C = I L C - ( L - I • 1) 
I F ( I L C . E Q . O ) RETURN 
I B L K - I B L K + I N S 

3 I = I L C / 1 2 5 
I F ( I . E Q . 0 ) GO TO 5 
DO 4 J = I B C , I B C - 1 • ( I * 12 5 * INDEX) , 1 2 5 * I N D E X 
W R I T E ( I U N I T # I B L K ) Z E R O , (ARRAY ( K ) , K = J , J » ( 1 2 5 * 1 N C E X ) . I N D E X ) 

4 I B L K = I B L K » I N S 
I B C = I B C + ( I * 1 2 5 * I N D E X ) 
I L C = I L C - ( 1 * 1 2 5 ) 
I F ( I L C . E Q . 0 ) RETURN 

5 R E A D ( I U N I T i l B L K ) J U N K , I B U F 
DO 6 J = 1 , I L C 
B U F ( J ) * A R R A Y ( I B C ) 

6 I B C = I B C + I N D E X 
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WRITE ( I O N I T f l B L I C ) Z E R O , I B O P 
RETORN 

C 
EHTBT I N O D F ( I U N I T , I F B , I N S , I S N , I S C , I M C , A R R A Y , I K D E X ) 
I F ( I N S . L E . O ) RETORN 
I P ( I S R . L E . O ) RETOBN 
I F ( I S N . G T . I N S) RETOBN 
I F ( I S C . L E . 0 ) RETORN 
I P ( I N C . L E . O ) RETORN 
I B C « 1 
I L C - I N C 
IB1(C= ( I S C - D / 1 2 5 
I - I S C - ( I B L K * 1 2 5 ) 
I B L K * ( I B L K * X N S ) * I F B * I S N - 1 
I F ( I . E Q . 1 ) GO TO 8 
R E A D ( I O N I T # I B L K ) J U N K , I B 0 P 
I B L K * I B L K * I N S 
I r " I * I L C - 1 
I F H . G T . 1 2 5 ) L = 1 2 5 
0 0 7 J « I , L 
ARRAY ( I B C ) s B O F ( J ) 

7 I B C » I B C * I N D E X 
I L C » I L C - ( 1 - 1 * 1 ) 
I P ( I L C . E Q . O ) R E T O R N 

8 I * I L C / 1 2 5 
I F ( I . E C . 0 ) GO TO 10 
DO 9 J = I B C , I B C - 1 + ( I * 1 2 5 * I N D E X) , 1 2 5 * 1 I D E ! 
R E A D ( I O N I T t l B L K ) J D H R , (ARRAY ( K ) , K = J , J - 1 * ( 1 2 5 » I S E E X ) , I N D E X ) 

9 I B L K » I B L K * I N S 
I B C = I B C * ( I » 1 2 5 * I N D E X) 
I L C S S I I C - ( I * 1 2 5 ) 
I F ( I L C n E O . O ) RETORN 

10 READ ( I 0 M I T 9 I B L K ) J O N K , I B O P 
DO 1 1 J = 1 , I L C 
ARRAY ( I B C ) s B O F ( J ) 

1 1 I B C * I B C * I N D 5 X 
RETORN 

12 DO 13 1 * 1 , 1 2 5 
13 ZBOP ( I ) * 0 

I F ( I F B . L E . 2 ) I F B - 3 
1 BOP ( 1 ) * " 1 7 6 0 0 0 0 0 1 
Z B O P ( 2 ) * ( I H O D E * " 1 0 0 0 0 0 0 0 ) . O R . 1 RON 
X B O F ( 7 ) = " 2 0 0 0 0 0 0 
I B 0 P ( 8 ) * I N C . 0 R . ( I F B * " 1 0 0 0 0 0 0 0) . O R . ( I R S * N 4 0 0 0 0 0 0 0 0 0 ) 
I F ( I E N E R . L T . O ) I B O F ( 8 ) = ( I B O F ( 8 ) . O R . " t t 0 0 0 00 0 00 0 0 0 ) - " 4 0 0 0 0 0 0 0 0 0 
• R I T E ( I O N I T * 1 ) I B O F , Z E R O 
I » ( I N C / 1 2 5 ) • 1 
I F ( 1 * 1 2 5 . I E . I N C ) 1 * 1 * 1 
I B L K = I F B * ( I * I N S ) 
WRITE ( I O N I T i l B L R ) Z E R O , I B O P 
RETORN 
END 
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