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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 functiomns and
derivatives on data which can be read directly from ORELA-
data-format (ODF) files. LSFOLF can be used with any
user supplied function and derivatives; has its storage
requirements specified in this function; has P-search
and n-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.




I. INTRODUCTION

The need for a generalized nonlinear least-squares curve iitting
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-secarch and n-search

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

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 variablas
which have ne uncertainties. The dependent variable is calculated from
parameters in FCTN(X,Z) and least-squares fitted by varying these parameter
tQ 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 code OPRODF .?2
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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 FCIN(X,Z). Section IV gives complete
descriptions of ﬁive test cases or examples. Finally, the Appendix gives

a complete listihg of LSFODF.



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 (yi, x

zi) where £ = 1, 2, ..., n and that these data can be characterized by

the function

y = f(X.z;px.pz,--.,pm) s

i

(1)

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

P1,P2,...p  are parameters which describe the function and form the
vector ;. We wish to minimize the quantity ¢ defined by
n .
6 = El wilyy - f(xg,259)1%

->
with respect to the vector p where the w, are weights associated with

i
each vy- Under normal operation LSFODF follows standard practice and
sets the wi equal to the inverse of the variance of yig that is,

w, = l/Ayi2 where Ayi is the uncorrelated standard deviation of \7E

To minimize ¢ the function f is expanded in a first order Taylor
series around ;' the initial guess for ;:
> "A L -
£(x,2;p) = £(x,2;p7) + ) [3£/3p, 1(p, - P")
k=1
Substituting equation (3) into equation (2} one obtains
n

m
¢ = w [y, - f(x,,2 ;3‘) - (3f,/9p,)d, 12
12;1 it74 1°%4 1?;1 ik kK

(2)

(3)

(4)



vwhere d, = (pk - p’k)/n with n = 1. The symbol afilapk implies the
partial derivative of f with respect to pk evaluated at xi,zi;;'. Setting
§¢ = 0 and rearranging terms one obtains the following m simultaneous
linear equations

n

-> n m
1Z=:1 wilyy = £(x,y,5P ) 1(0F,/3p) = z :IY:‘; wy (3F, /3p) (31, /3p )y (5)

which can be written in matrix notation as

v = Md (6a)
where
n g
v, = 1};'1 wily; - £0x,,y,35p7) 1031, /3p,) (6b)
n
My = El wy (3F,/3p,) (3£, /3p,)) (6c)

Invertingsthe matrix M the previously defined vector 3 is determined,
v ., (6d)
from which a new parameter vector is obtained

=p"+nd . (6e)

2%

For all functions linear in ;, 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 ;’ input by the user and iterates through equations (6) replacing

>
;‘ by p after each iteration until the convergence criterion

Pney < RATIO * 0594 7

> ->
is not met, where ¢old and ¢new'are computed from equation (2) using p” and p



for the oid and nev 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
n can be input; 1f n is input as zero, a default value of 0.75 1is used.
To aid the convergence of non-linear cases LSFODF has various P-search
and ‘n-search options which follow closely those contained in the computer

code MULTI desicribed 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 3. This is accomplished
by addiung a constant term to all diagonal elements of the matrix M; if the
added constant is small it has little effect on E, and i1f the added constant
is large it dominates E. Therefore, a range of constants, Pz are added
using the maximum diagonal element of M, BMax® 25 2 reference magnitude.

Specifically Pl is increased following a geometric progression from P,

to P in the equation

np
M + 921)3 =V (8)
where
P,Qc'f'l = rPl (8a)
1/ (np-1) '
r (CMax/CMin) ’ (8b)

P1 = CMin * BMax ° (8¢c)

Pnp = cMax * BMax (8d)



Equations (8) are solved for 3 which is inserted into equation (6e)
to compute ;, which in tu~n is used to compute ¢. The P-search parameters

C C » and np can be input; if they are input as zero, the default

Min®> “Max

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 Pz and continues with the Pz which produced the smallest ¢.

If IP2 = 1, LSFODF computes ¢ sequentially, starting with P; 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 falls to produce

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

C. n-Search

LSFODF also has the option of keeping the direction of d fixed and
searching on its magnitude to minimize ¢ by varying n. Three values of
n, defined to be M, N2 and n3 and the corresponding (M), ¢(nz) and
$(ns3), are required. Initially n,, nz2, and n3 are set to zero, the input
n and twice the input n, respectively. Without the n-search $(n;) and
$(nz) have been computed. With the n=-search ¢$(ny) is computed and stored
and a parabolic fit of ¢ vs n a:lows the vertex of the parabola, nv, to
be determined. If either the absolute difference between nv and ny is
less than 0.1 n,» or if the abzolute difference batween ¢(nv) and ¢(n2)
is less than (1 - RATIO) ¢(nv) the search terminates. If neither of
these conditions is met, the n-search continues by setting n; to the
maximum previous n which is less than nv, N2 to nv and ns to ZnV - Ni.
The new $(n;) and $(n2) exist, ¢(n3) is calculated, and a new parabolic

fit of ¢ vs n allows a new nv to be computed. This procedure continues



in an iterative manner until either n, or ¢(nv) 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 ;' and ; which are the old and new least-squares estimates
of the function parameters. From the inverted matrix, M_l, an estimate

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

olp) = VM X° (9

where X2 = ¢/(n - m), n being the number of data points and m being the

number of parameters. The covariance between pj and Py is given by
Cov(py,py) = Mt X (19)

From which the correlation matrix element is

MO 32
k
Cov(pj,pk) ] (11}

o(p)0(py)
The switch IF3 gives the option to have the correlation matrix printed for

the last iteration, for each iteration, or not at all.



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).
LSFCDF produces the output file L.SFODF.PRT and if desired, by setting the
IF2 switch, ODF file(s) which can be plotted with either of the existing

programs OPRODF? or PLTODF.

A. FUNCTION FCIN(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 /F5*N)

COMMON /FCN /N, M, INTIAL,P(18)
COMMON /DER/DFDP (18)

IF (INTIAL.EQ.1) Go to 999

INTIAL = 1



999 DFDP(1) f 1 [X,Z;P(1),P(2)y...,P(M)1/3P(1)

DFDP(2) f,[X,Z;P(1),P(2),...,P(M)]/3P(2)
BFDP(M) = 3f[X,2;P(1),P(2),...,P(M) /3P (M)
FCTN = f(X,Z;P(l),P(Z).,,,.PQ{)]

RETURN

END

In FCTN(X,2), FCTN is returned as the dependent variable corresponding
to the data points Yy with errors Ayi, 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 FCIN as shown. Likewise the derivative of the function with respect to
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the variable parameters P(1), 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,
1¥2,IF3,IPS,IP2,1IES ,NPSM,RATIO,ETA,CMIN,CMAX

OPTIONAL CARD #2A FORMAT(A10,216,413) FILE,ISC,IEC,IDS(1),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 LSFODF.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, ¥, 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.
1F1 = =1, input data and curve will be printed for the

zeroth and last iterationm.

0, print above for last iteration only.
1, print above for each iteration.

2, never print above data,



IF2

IF3

IPS

IP2

IES

NPSM

RATIO

CMIN

CMAX

11

-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.

0, print correlation matrix for last iteration
only.

1, print matrix for each iteration.

2, never print matrix.

=1, no P-search.
0, P-search only when X2 does not decrease.
= 1, P-search each iteration.

0, LSFODF calculates a table of X2 for each
value of Py specified and continues with the
value of B which gave the lowest 2.

1, LSFODF continues with the first value of
B which causes x> to decrease.

-1, No n=search.
0, n-search only when x2 does not decrease.
1, n-search every iteration.

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

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

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

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

OPTIONAL INPUT TO READ DIRECTLY FROM AN ODF FILE.

FILE
1sC
IEC
IDS(1)
IDS(2)
IDS(3)

IDS(4)

Name of ODF file from which data is read.
Starting channel of data in ODF file.
Ending channel of data in ODF file.

Data set to read x from.

Data set to read y from.

Data set to read Ay from.

Data set to read z from if needed, i.e., IFDM = 2,
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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 x2 which is the ¢ of equation (2) divided by
n-m, the values of the parameters, and their corresponding errors of
equation (9). 1In 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 contalns 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 OPRODF? 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 polvethylene."

The second example is a fit to the data of example omne
with vwo exponential time decays assuming the decay constants are known.

In this 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
glves 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%%U.® The resulting
parameters, errors, and correlation matrix are identical to those obtained
from an equivalent least-squares fit with the computer code SIOB’ 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 measured® gamma~ray spectrum. For each example, the file LSFODF.INP,

the FUNCTION FCIN(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

-p2X
y = pre P2 4 py
where
y = the transmitted flux in arbitrary units |,
X = the flight time in microseconds ,

P:,P2,P3 ™= parameters to be varied .

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

dy/dp, = e P2¥ |

3y/3p2 = -xp1e P2%,

dy/dps = %%: =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 1life of 17.4 usec.



FLUX IN ARBITRARY UNITS

1 1 R B
TEST CASE 1:
- ORELA FLUX THROUGH 10.2 CM OF POLYETHYLENE -
- ]
' :
| .
3 E
E a
[
L | I 1 l
0 50 100 150 200 250 300

TIME (MICRGSECGNDS)

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.

ST
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TEST CASE 1: ORELA FLUX THROUGH 10.2 CM CP POLYETHYIENE
3 77 -1
« 1130 00E+05S
- 4040 00E-01
«278000E+03

FUNCTIION PCTN (X,Z)
COMNON/DAT/F (500)
COMMCN/PCN/N,N,INTIAL, P (18)
COMMON/DER/DPDP ( 18)
T=EXE (=P (2) *X)

DPDP (1)=T

DFDP (2) == X*T#*P (1)
DPDP(3)=1.0
PCTN=P (1) *T+P (3)
RETURN

END



TEST CASE 1: ORELA PLUX THROOGH 10.2 CM OF POLYETHYLENE

CONTROLS =
3 v 77000000 5 0.999C00 0.750000 0.001000

NOMBER OF DATA POINTS = 77
WUBBER OF PARAMETERS = 3

ITERATION NOUNBER 1

OLD CHI SQUARE = 1.791E¢02 NEW CHI SQUARE = 9.6 34E+0QQ]
PARANETERS

HUn BER OLD VALUE NEW VALOE ERROR
1 11300.0 2180t.4 1-017E+03
2 «404000E-01 « 3927 14E-01 2.367E-03
3 278.000 279.659 1. 3S0E+C1

ITERATION NUMBER 2

OLD CHI SQUARE = 9.634E+00 NEW CHI SQUARE = 1.652E+400
PARANETERS
¥ON BER OLD VALUE NEW VALUE ERROF
1 2180 1.4 24u17.5 3.947E+402
2 « J92714E-01 «396607E-01 4.678 E-04
K} 279. 659 279.974 5.631E+00

ITERATION NUONBER 3

OLD CHI SQUARE = 1.652FE«¢00 NEW CHI SQUARE = 1.105E+00
PARARETERS

NORBER OLD VALUE NEW VAIUE ERBOK
1 244172,5 25081.1 3.302E+02
2 «396607E-01 «397201E-01 3.515E-04
3 279.974 280. 064 4.594E+00

ITERATION NUMBER 4

OLD CHI SQUAFE = 1,10S5E+00 HEW CHI SQUARE = 1.070E+QG0
PARAMETERS

NUA BER OLD VALUE NE®W VALUE ERBOR
1 2508 1.1 25247.9 3.261E+402
2 «397201E~-01 «397340E~01 3.383E-04
3 280,064 280.091 4.520E+00

ITERATION NOMBER S

OLD CHI SQUABE = 1,070E¢00 NEW CHI SQUARE = 1.068E+00
PARANETERS
NUR BER OLD VALUE REW VALUE ERROR
1 25247.9 25289.7 3.2€0E+02
2 «397340E-01 «397376E-01 3.361E=-04

3 280.091 280.098 4.515E+00

1.000000
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ITERATION NUMBER 6

F SEARCH
NPS P CHI SQUARE
0 0.000E-01 1.0681E+00
] 6.628B+04 1.0682E+ 00
2 3.727E+05 1. 06828+ 00
3 2.096%+06 1.0682E+ 00
4 1.179E+07 1. 0682E¢00
5 6.628E+07 1.0682E+00
0 0.000E-01 1. 0681E+ 00
ETA SEARCH
ETA CHI SQUARE
0.000E~0Y 1. 068 3E+00
7.500E-01 1.0681E«+ 00
1.0008+00 1. 06812¢00
OLD CHI SQUABE = 1.068E+00 NEW CHI SQUARE = 1_.06€E+00
PABAKETERS
NUNBRER OLD VALUE NEW VALOE ERROR
1 25289.7 25303.8 3.260E¢02
2 «397376E-01 «397389E-CY 3.3S6E-C0
3 280,098 280.101 4.,515E+00
CORRELATION MATRIX
("N 1.00
{ 2) 0.92 1,00
) 0.28 0.39 1.00
(D 22 (3 ¢
X AXIS Y ®XP Y ERROR Y CALC
2. T1S0E+ 01 9.0135E+03 6. 7132E¢ (1 B8.B882%E¢03
2. 8250E+C1 8.3350E+03 2.0015E+Q2 8.5146E+03
2. 8450F+01 8.3150E+03 2. 0390E+(2 8. U4 SUE+O3
2. 8650E¢01 8.3000E«03 2. 0372E¢ (2 8. 38UGE+03
2. 8850E¢01 8.2500E+03 1.9628E+02 8.3206E+03
2. 3050 E+01 8.2200E+03 2. 0273Ee (2 8. Z5€SE+03
2. 9250R¢01 8.1950E+03 2.02U42E+(Q2 8.1938E+03
3. WWS0E+O" 7.3950E+03 1. 9229E+(2 7. £313E+03
3. 3650R+0) 6.8250E+03 1.8473E¢02 6.9243E+03
3. 95850R+01 6. 3650E+03 1. 7840E+ (2 6.3681E+03
3. 805001 5. 39508+ (3 1. 64248402 5.6584%+03
4, 0250E¢01 5«.2150E+03 1o 61UBES(2 5.3914E+03
4, 2050E+01 4.9400E+03 1.5716E+02 4.9636E+03
4, 46502+ 01 4.54002+03 1. 5067E+02 - ST1EE¢03
4, 6BS50E+01 4.1850E+03 1. 44 66E+02 4.2%23E¢03
8. 9050E+01 4.0300E+03 1. 4195E+(2 3.8821E+03
5., 1250E+01 3.6400E+03 1.3491E+402 3.5815E+03
S. 3450E+01 3.3300E+03 1. 2903E¢02 3.30%1E+03
5. 5650=2¢01 3.2u00E+03 1.2728E¢Q2 3.0519E+03
S. 7850ER+01 2.91008+03 1. 20 €2E+ 02 2. 819€E+03
6. 0050E+01 2.6100B+03 1. 1424E¢02 2.6072E+03
6. 22507+ 01 2. 2700E+03 1. 0654E+(C2 2« $124UE+0Q3
6. B850E+01 2.21502+03 1.0524E¢02 2.2339E+03
6, 6650%+01 2.0250E+013 1. 0062E+02 2. 0704E+03



6. 88508+01
7« 10508+ 01
7. 325GE+01
T« S5450E+ 01
7. 7650E+01
T7.9850E+01
f.20502+01
8.4250F+01
8. 6450E+01
B.8650E+01
9.0850E+0Y
9. 3050E+01
9,5250E+01
9.7450E+01
9.9650E+01
1. 0185E¢02
1. 046 0SE+02
1. 06 25E+02
1. 0845E+02
1. 1065E+02
1. 1285402
1. 1505E+02
1= 1725E¢02
1. 2075E+02
1. 2515E+02
1. 2955E¢02
1. 3395E+02
1.3835E+02
1« 42752+ 02
1. 47 15E¢02
1. 5155E+02
1. 5595E¢02
1. 60 35E+ 02
1. 6475E¢02
1.69715E8+02
1. 73558402
1. 7795E+02
1. B235E402
1. 86 75E+02
1. 9115E¢02
1. 9555E¢02
2. 0175E+02
2. 1055€+02
2. 1935E8¢02
2.2815E+02
2.3695E+02
2. 45758+ 02
2. 5455E+02
2. 6335E+02
2.7215E¢02
2.8095E¢02
2.89758+02
2. 9895E+02

1.9050E+03
1.5900P+03
1.6000E+03
1.5650E+03
1.3600E+03
1.3550E+03
1.2800E+03
1.0950E+03
1.0750E+03
1.1150E+03
1.0850E+ 05
B.6500F+02
9.5500E¢02
7.3500E+02
9.30002+02
T.4500E+02
6.9500E¢02
6.6000E+02
S.4500E+02
6.5000E+02
6.0500R+02
5.5500E+02
6. 2500E+02
5. 1000E+02
4.5750E+02
4.6500E+02
3.4750E+02
3. 4250E+02
3.7750E+02
3.5250E+ 02
4.0500E+02
3.4750E+02
3.5250E+02
3.0500E+02
2.9250E+02
3.7750E+02
3.0500E+02
2,.8500B+02
3.0000E+02
3.1000E+02
2.7750E+02
2.87508+02
3.0375E+02
2.9625P+02
2.75002+02
2.5500E+02
2.58 75E+ 02
2.6875E+02
3.0375B+02
2.7750E+02
2.9625E+02
2.6875E+02
2.6750E+02
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9.7596E+01
B8.9163E+01
8.94U3E+01
8. 8459E+C1
8.2u62E¢01
8. 2310E+01
8.000CEe¢01
7. 3953E+01
7.3314E¢01
7o U666E4C1
7.3655E¢01
0. 5765E+ 01
6.9101E+01
6.0622E+C1
6.8191E+01
6. 1033E+ 01
5.8949E+01
SeTUU6E+CY
5.2202E+01
S« TOC9E+C1
5.5000E+01
5. 26 7BE+C1
5. 5902E+ 01
3.57C7E+01
3. 3819E«(C1
3.4095E+01
2. 94 75E+Ct
2.9262E¢01
3. 0721E+01
2.9686E401
3. 1820E+01
2.9475E+ 01
2. 968B6E+ 01
2.7613E+01
2. T042E+CY
3.CG721E+01
2. 76 13E+01
2.6693E+01
2. 738B6E+C1
2.7839E+01
2. 6339E+(1
1.8957E+01
1. 94 86E+C1
1. 924UE+ 01
1.8540E+01
1. 7854 E+C1
1.7984E+21
1. 8329E+(C1
1. 9486E+01
1. 8625EF+ 01
1.9244E+01
1. 8329E¢(C1
1.2930E+01

1.920SE+03
1. 783ZE+03
1.6573E+03
1 S42CE+ 03
1.4364E+03
1. 33S€E¢ 03
1.2509€¢03
1. 165€E¢ 03
1.0952E+401
1. C2€SE+ 03
9, 6443E+02
9.07 14E+02
8.5465E+02
8.0655E¢ 02
7.62uB8Ee02
T.221CE¢02
6.8510E¢02
6« S115E+02
6.2013E402
5« 916€E+02
5.6558E402
5. U1E6EE+02
5.1979E¢02
4.8866E402
£.5521E¢02
4.2712F+02
4.035:E+02
3.8373F«02
3. 6711E+02
3.5315E¢02
3. 4143E+02
3. 3159E+02
3.23338+02
3. 16U0E+02
3. 105EE+02
3.0569E+02
3.015€E+02
298 14E+Q2
2. 9524E+02
2.9281E+02
2.9077E+02
2.88445+02
2.859¢E+402
2.8U425E+02
2.8302E+02
2. 821€E+02
2.8155F¢02
2. B112E+ 02
2. B8082E+02
2. 8061E+02
2.8046E402
2. 803%E+02
2.8028E5+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
—A1X —AoX
y = pie 17 + pe 27 4+ p3 ,

where A; = .03735 and A, = .2005 are assumed known. The
derivatives of the function with respect to the variable parameters

are:

ay/ap; = e 1%
ay /3pp = e 12X
dy/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 FCIN(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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CASE 2: LINEAR PUONCTION
81 2 2 1.

FUNCTION FCTN (X,2)
COMMCN/DAT/F (410)
COMNON/PCN/R ,N,INTIAL,P (18)
COMNON/DER/DPFDP ( 18)

IF (INTIAL.EQ.1) GOTO 5
INTIAL=1

A1=-3.73483E-2
A2=-2.00494E-1

DFDP (3)=1.

DPDP (1) =EXP(A1%X)

DFDP(2) =EXP(A2%X)

FCTN=P (1) *DPDP (1} ¢P {2) *DFDP (2) *+P (3)
RETURN

BND



TEST CASE 23 LINEAR

CONTROLS =

3 10 810220000 5 0.999000

22

PUNCTION

NUABER OF DATA POINTS = 81
NUMBER OPF PARANETERS = 3

ITERATION NUMBER 1

OLD CHI SQUAERE = 2.043E+03

PARANETERS
NUNBER OLD VALUE NEW VALUE
1 000009 21414.9
2 - 000000 278781,
3 000000 274,176
ITERATION NUMBER 2
P SEARCH
NPS P CHI SQUARE
0 0.000E-01 1.94 U9E+ 00
1 6.530E-05 1. 9449E¢ 00
2 3.672E-04 1.9049E+00
3 2.065E-03 1. 94492+ 00
5 6.530E-02 1.9449E+00
0 0.000E-01 1. 94492+ 00
ETA SEARCH
ETA CHTI SQUARE
0.0002-01 1. 34492+00
1.0002+00 1. 9449 8+00
5.000E-01 1. 94 49E+00

OLD CHI SQUABRE = 1.9
PARANETERS

4SE* 00

NU% BER OLD VALUE NEW VALUE
1 21414,.9 21414.9
2 278781. 278781,
k) 274. 176 2. 176

CORRELATION MATRIX

Y 1.00

(2 -0.83 1,00

(Y =0.23 0.13
tn 2y «

1. 00
3

1.000000

NEW CHI SQUARE = 1,9u4S5r«00

ERROR
1.838R402
7. 429803
5.6U40E+00

MEW CHI SQOUARE = 1.945E+00

ERROR
1.8382¢02
7.4292403
S5« 640B+00

€.G01000
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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 + 36—2/2 .

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

by a least-squares fit, Consequently a function
y = p1x + pye P32

with derivatives with respect to the variable parameters

3}’/3])1 x

P32

3y/3py = e

3y/3p3 = ~zppe P3%

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 1s set equal to

2 for two independent variables.
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TEST CASE 3: TWO DIMENSIONS

3
2.97
.93
-. 41

13 2 2

PONCTION FCTN (X,Z)
COMMCN/DAT/F (3000)
COMMCN/PCH/N,N,INTIAL,P(18)
COMMON/DER/DPDP (18)
DPDP(1)=X

DFDP (2)=EXP (P (3) #Z)

DPDP (3) =Z*DFDP (2) *P (2)
FCTN=P (1) #X¢+ P (2) *DFDP (2)
RETURN

END

1.
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TEST CASE 3: TWO DIMPNSIONS

CONTROLS =
3 v 131020000 S5 0.99900C 1.000000 0.001000 1.000000
NUNBER OF DATA POINTS = V3

NUMBER OF PARAMETERS = 3

ITERATION NUMBER 1

OLD CHTI SQUARE = 5.033E-02 NEW CHI SQUARE = 1.6CEE-02
PARANETERS

NOMBER OLD VALUE NER VALOE ERROR
1 2.97000 3.01799 3.676E-02
2 2.93000 2.95693 7.862E-02
k] -, 410000 -.513101% 2.477E-02

ITERATION NUMBER 2

OLD CHI SQUARE = 1.608E~02 NEW CHI SQUABE = 1.574E~02
PARAMETERS

NUNBER OLD VALDE NEW VALUE ERBOR
1 3.01799 3.01738 3.654E-02
2 2.9569) 2.95830 7.809E~-02
3 -.513101 - 522197 2.920E-02

ITERATION NUMBER 3

P SEARCH
NPS P CHI SQUARE
0 0.000E-01 1. 5744B-02
1 3J.867E-02 1. STU4E-02
2 2.175E-01 1.STHUE=-02
3 1.,223E+00 1. 5TU4E~- (2
4 6.877E+00 1.574uE=02
5 3.867E+01 1. 5TU4E~02
3 1.223E+00 1.57TQUE=-02
ETA SEARCH
ETA CHI SQUARE
1.000E+00 1. 5744E=-02
OLD CHI SQUARE = 1,574E-02 NEW CHI SQUARE = 1.574E-02
PARAMETERS
NUMBER OLD VALUOE NEW YALUE BERROR
1 3.01738 3.01713 3.655E-02
2 2.95830 2.95816 7.811E-02

3 -+ 522197 -.521958 2.967E~-02
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CORRELATION MATRIX

(G} ) 1.00

{2 =0.45 1.09

( 3' ‘0- 55 '0. '9 1. 00

(MY 22 3 (

X AXIS Y BXP Y ERROR
0. 00002-01 2.9300E+00 1. 0000k« Q0
0. 0000£-01 1.9500E+00 1.0000E+00
0. 00002-01 8. 1000E-01 1. 0000E+CD
0, 0000E-01 5.8000E-01 1.0000E+00
1. 00.002+00 5.9000E+00 1. 0000E+ 00
1. 00002+00 4.7400E+00 1. 0000E+00
1. 0000E+00 4. 18002+« 00 1.0000E¢(0C
1. 0000£+00 4.0500E+00 1. 0000E+00
2.00008+00 9.0300E+00 1. 0000k« Q0
2. 0000E+00 7. 8500E+00 1.0000E+Q0
2.0000E+00 7.2200E+00 1. 0000E+00
2.5000E+00 8.5000E+00 1. 0000E+ 00
2. 9000E+00 9.A100E+00 1.0000E+00

Y CALC

2.958B2E+00
1. 7552E+00
1. 04 15E+ 00
6. 17982-01
5.97¢12+00
4.7724E400
4. 0586E+00
4.05862+00
8.99 24E+00
7.7895SE+00
7.07572+00
B. S843E+00
9.9058E+00

Z AXIS

0. 0000E-01
1. 0000 £+00
2.0000E+00
3. 00002400
0.0000E-01
1. 0000E+00
2.0000E+00
2.0000E+00
0.00008-01
1. 0000 B+00
2. 0000+ 00
2. 00002+ 00
1. 8000 E+00
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D. Test Case Four

Example 4 is a three resonance fit to the measured® neutron trans-
mission of 0.5 to 55.0 eV neutrons through a n = 0.1754 atom/barn thick
sample of 2%%y, Assuming no resolution broadening the transmission can

be expressed in terms of the total cross section as:

T(E) = e—nc(E) ,

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

expressed as:

3
) 75.0 - E f _
O(E) = 4mR* + Plz,n[ ] + 2 Z I“ni[r'i AkRDi]/Bi

E + 20.0

=1
where
Ty =VE T4
T o=+
B, =(E -E) +T,2/4
k = 0.0021874VE

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'F°ni,

ryi and E1 all to vary. The derivatives of the transmission with respect

to the variable parameters are

3

T 4m

3R (81TR + m ZrniDi/Bi)nT
i=1
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%ﬁ_ - 1n[75'° - E]nT

E + 20.0J
3?_ =L T _[4Rk(2D,2 - B ) - 2D,T, ]nT/B,?2
9By 2 '°l i i i'd i
T _ E}éin ] . i
T, e ey * Ty - ARKDy) + Ty Ty (RKD, = T, /2) JnT/By
aT =T B P -
3FY1 - K2 ni[ 1t 1(2RkDi - 1/2)]nT/Bi

The input file LSFODF.INP and the FUNCTION FCTIN(X,Z) are given on the
next page followed by a listing of the file LSFODF.PRT. The switch IF1l
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,E;,I°

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

nz

gave identical converged parameters and covariance matrix as the least-

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

fit the same input data.

-] -] M
r 1,Ez r nz’FYz’E3’r ’rYa are ordered sequentially from one to eleven.

n;’

LSFODF
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TEST CASE 4: NEUTRON TRANSMISSION THROUGH 238 U

Z
0
—y
(]
w2
f —
=
({p)
<
(v g
E

—

=

0.0 6 16 26 36 Us

NEUTRON ENERGY ({eV)

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 238U, The calculated transmission from the
initial parameter guesses and converged parameters are shown.

62
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C PILE LSPODF.INP POR TEST CASE ¢
TEST CASE 4: NEOTRON TRANSHISSION THROUGH 238 U
11 25 500 2-1 7 - 00001 -1

3.000000E~01

0.000000E-01

6.000000E+00

5.700000B-04

2.3000002-02

2.100000E+01

2.800000E~03

2.300000E-02

3.400000E4+01

5.000000E~03

2.300000E-02

PUNCTION PCTH (X,Z)
CONNON/DAT/P (3000)
CONMON/PCNM ,N ,INTIAL,P (18)
COMMON/DER/DFDP ( 18)
DINENSION G(3),GN(3),D(3),B(3),C(3)
SE=5QRT(X)
PK=2. 1874E-1¢SE
RHO=P{ 1) *PK
PK=1./FK
POK2=3.141598PK
T=0
DPDP (1)=0
po 10 L=1,3
GN (L) =SESP (L¢3e1)
D(L)=P (L*3)~X
G (L) =GN (L) +P (L*3+2)
C(L)= (G (L) =4 *RHO*D (L) ) *FK
B(L)=D (L) *D (L) +G (L) *G (L) /b
T=T+GN (L) *C(L) /B (L)
C (L) =ECK2+PK/ (B(L) *B(L))
10 DPOP (1)=DPDP (1) =GN (L) *D (L) /B (L)
T=T#POK2
DPDP (1)=DPDP (1) *POK2¢4+25, 1327usp (1)
DPDP (2) =ALOG ((75.-X) /(X+20.))
T=Te 4SPOK 26RHO*P (1) *P (2) $DFD P (2)
POK2=PCK2*PK
T=EXP (=. 1754 ¢T)
PCTN=T
T=-_ 1754 T
DPDP (1) =DPDP (1) *T
DPDP (2) =DFDP (2) *T
DO 20 1=1,3
C{L) =C (L) *T
DPDP(1#3) =C(L) *GN (L) * (3*RRO® (2#D (L)*D (L) ~B (L) }=2#D (L)*G (L))
D(L)=D (L) *RHO
G1=G(L) ® (D (L) +D (L) -G (L) /2)
DFDP(L®*3+1)=C(L) *SE* (B (L)* (G (L) *GN (L) =4*D (L) ) +GN (L) *G1)
20 DPDP (L*#342)=C (L) 8GN (L) * (B(L) #G1)
RETURN
END



TEST CTASE 4:

CONTROLS =
1 25

NUMBER OF DATA POINTS = 500

31

NEUTRON TRBANSHNISSION THROUGH 238 U

5000 210000

NUNBER OF FARAMETERS =1

ITERATION NUMBER 1

OLD CHI SQUARE = 3.296E+04

PRRAMETERS
NUM BER

M OVWOYNNNE @N =

-t ol

OLD VALUE

- 900000

. 000000

6. 00000
«570000E~03
«230000E-01
21.0000

- 280000E-02
«230000E-01
34,0000
«500000E-0Q2
-230000E-01

ITERATION NUMBER 2

OLD CHI SQUARE = 1.S516E+04

PARANETERS
NUNBER

S OWDNAVNEWN-

- b

OLD VALNE
«9150491
«657188
6.03363
«976981E-03
-« JTORTSUE=02
20,9096
«287447E-02
« 2384216E-01
34.5847
« 612594E=-02
« 288834E-01

7 0.999000 0.750000 0.000012 0.100000

NEW CHI SQUARE = 1,516E+04

NEW VALUE
- 915491
.657188
6.03363
«976981E-03
- 708754E~C2
20.9096
« 2074 U4T7E-C2
«234216F=01
34,5847
«612594 =02
- 288834 E-01

NEW CHI SQUARE

NE® VALUE

« 908523
1.00460
6.18566
«105652E-02
«994570E=-C2
2G.8618

« 225978E-C2
+«236068E-01
35.3839
«648994E-02
« 379271E-01

ERROR

1. 266E=-02
2,653E-01
3.640E~02
6.642E~05
3.543E-03
8.355E~-02
2.7%2E=-Cu
4,023%-03
2. 268E-01
3.892E-04
7.229E-03

W

U.977E+03

ERROR

8. 206E-03
1.632E-01
1.752E-02
3,431E-05
4,.674E-04
5.269E-02
1. 459E-C4
2.655E~-03
1.551E~C1
2,893E-04
4,.,860E-03



ITERATICN NUMBER 3

OLD CHI SQUARE = 4.977E¢03

PABAMETERS
NOM BER

B OOVDNONE -

- =h

QLD VALNE
908523
1.00460
6. 18566
.« 1056528-02
«994510E-02
20.8618
.225978P=02
» 236068E-01
35.3839

«688994E-02 .

«379271E-01

ITERATION NONBER 4

OLD CHI SQNARE =

PARAMETERS
NUNBER

A OWONDIPNE LN -

-

OLD VALUE
892322
«966786
6.3973u
+908573E-03
« 144 UB6E-01
20.8771
«216883E-02
» 255762E-01
36.2078
«617251E-02
«420932E-D1

ITERATION NONBER 5

OLD CHI SQUARE = 3,028E+9)2

PABARE TERS
NUMBER

A QOB NPNE W =

-t s

OLD VALUE

- 898179

.- 769941
6.56822

- 687370E-03
« 191425E-01
20.8852

-« 208678E~02
« 268813E-01
36.8256
«559707E-02
«33B657E-01Y

1.770E¢03
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NEW CHI SQUARE

NEW VALNE

- 892322

.« 966786
6.397 34
+908573E~-C3
- W44 86F-C1
20.8771
«216889E=-(C2
. 255762E-01
3J€. 2078
«617251E-02
« 4209 32E-0)

NEW CHI SQUARE

NEW VALOE

- 888179
769941
6.56822
+687370E-03
- 1914 25E-C1
20.88%2

- 2086 78E-02
»268813F~C1
36.8256
«559707E-02
« 3386 57E-CY

NEW CHI SQUABE

NEW VALUDE

« 893022

- 663771
6.64469
«590952E-03
- 222269E-01
2C.A901

« 2067 37E-02
«276800E~01
36.7152
+563964E~02
- 2265212-01

= 1.770E+03

ERROR
$-.119E-03
1.019E-01
1.343E-02
2.985E-05
4. 3ISUE-CY
3.172E-02
B. 168F=05
1.690E-0)3
1. 182E-01
2.123E-Cy
3.809e-03

= 3,028E¢02

ERROPR
2. 101E-Q)
4. 177E-C2
6.232E-03
1.456E-C5
3.0z1E~CU
1.320E~C2
3.381E=~05
7.729E~04
5.350E-02
9.270E~05
1. 9CBE~03

= 4.0U0E*G

ERROR
T«0U0E-~OQU
1.469E~02
2. 236E-~013
S« 143 F=06
1. 763E-04
“.798 E°°J
1. 2CBE~Q5
2.996 E=04
1.060E~02
3.033E-05
S« 855E~CU



ITERATION NUMBER 6

OLD CHI SQDARE = 4,04Q0E+01

PABAMETE RS
NON BEB

@ OVD-NANEWN -

- -

OLD VALUE
«893022
«663771%
6.64469
«590952E~-G3
«222269E-01
20.8901
.206737E-02
«2768002-01
36.7152
+563964E-02
«226521E-01

ITERATTION NUMNBER 7

OLD CHI SQUARE = 2.718F+01%

PARAMETERS
NUMBE®R

B OOVRYIPONEWN -

-b b

OLD VALUE
+«893904

« 645932

6, 66289
«5713B0E-03
«233053E-01
20.8910

« 206 2708~-02
«278520E-01
36.6947
«565334E-02
«217190E-01

ITERAT YON NUNBER A

OLD CHI SQUARE = 2.,650E+¢01

PARANE TSRS
WOMBER

A ODOVDRB NP NE W

- =d

OLD VALUE
«894147

- 682348
6.66683
-567306E~03
«235700E-01
20.8911

« 206 190E~0D2
«278841E~01
36.6899
«5365747E-02
«270928E-01
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NEW CHI SQUARE = 2.7 18E+01

NEW VALUE

- 893908

- 6u5932
6.66289
«571380E~03
- 2)3053E-C1
20.8910

« 206270E-C2
» 278520E-01
36,6947
»565334E~-02
« 2171908-C1

NEW CHRI SQOARE

NEW VALUE

- 898147

« 642348
6.66683

« 567306E-C3
«235700E-01
20.8911
«2061908=~(2
- 2788U1E~-C1
36.6899
-565747E=C2
«214928E=01

NEW CHI SQUARE

WEW VALDE
«894211
«6u1618
6.66769
« 566443E-03
«236277E-01
20.89 11
«206177E-C2
« 278902E-C1
36.6888
- 565869E~-02
« 214357E=-C

EREROR

5-570E-04
1.187E-02
1. 7USE-03
4.055E-06
1.859E~C4
3.954E-03
9.846E-06
2.515E-04
7.028E-03
2. 334E-(S
3. 258!'0“

= 2.650E201

ERROR
5. 505E-04
1. TI4E-02
1.717E-03
3.998E-065
1.982E-04
3.913E-03
9,720E=06
6., 9U6E=-03
2.296E=05
3.120E-04

2.6UEED

ERROR
S.5C2E-04
1. ‘7“3'02
1.717E-03
3.997E-06
2.0 17E=-04
3.9 12E-03
9.7 14E=-06
2.500E-04
6.942FE-03
2.292E-05
3.095E-0u4



ITERATION NUNBER 9
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NEW CHI SQUARE = 2.646E+01

P SEARCH
NPS P CHI SQUARE
0 0.000E~-01 2.6462E+¢01
1 6. 405B+07 2. 6463E+ 01
2 2.973E+08 2.6464E+01
3 1.380E+09 2. 6454700
4 6.4058+09 2.6464E+01
S 2.973E+10 2. 6464E+01
6 1.380E+ 11 2.686UE¢01
7 6.805E+11 2. 646UE+ 01
0 0.000E=-01 2.6U62E+01
ETA SEARCH

ETA CHI SQUARE
7.5002-01 2. 6462E<01
9.7692-01 2. 6462E¢01

OLD CHI SQUABE = 2,6462+01
PARAME TERS
NOA BER OLD VALUE NEW VALUE

1 .896211% - 894234
2 + 641618 «6U10 24
3 6.66769 6.6679)
) +566443E~03 »566205E-03
5 «2362772-01 -« 2366342-C1
6 20,8911 20.89M
7 -206177E-02 2061 74E=-C2
8 «278902E~-01 «278916E~01
9 36.6888 36. 6895
10 «565869E2-02 «565914E=-02
” «210357E-01 «2181662=-01

CORBELATION MATRIX

(" 1.00
{2y -0.79
(3 =-0.01
(4 =0.19
) 0.08
(6) =-0.28
(7 -0.05
(8 =0.27
(9 -0.40
(10) -0.06
(19 -0.44
«"n

1.00
-0.25 1.00

0.50 -0.56 1.00
-0.845 0.73 -0.84 1,00
0.15 0.06 -0.05 0.07

0.33 =0.09 0.21 =0.15 =0.12
0.06 0.10 -0.12 0.13

0,37 =002 0.11 =0.07

0.34 ~0.08 0.17 -0.13
0.29 0.0 0.06 -0.03

(2) (3 (W9 (5 (6)

1.C0

0.76
.13
0. 16
0.0C9

ERBOSB
5.503E-04
1.1742~02
1.717E-03
3.998E-06
2. 0258‘0“
3.9132-03
9.7 14E=06
2,5012-04
6.941E~03
2. 292E-05
3.088E-04

1.00
=0.36 1.00
-0.04 0.15
0.1t 0.18
=0s 11

(n 8

0. M

(

1. 00

0.38 1.00

0.78 0.05
» (10)

1.00
(1)
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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’y) measurement.®
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.® In particular, the number of counts y in a channel,
spanning energies from E = E o E = E+, produced from a gamma-ray group

with total area = A, centroid energy = €, and FWHM = W is
y = A[ERF(§+) — ERF(§D)1/2 ,

where

§ = 2Vin2 (E — e)/W .

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

chose a fitting function
3

y =ME + B + 1/2 ; Ai[ERF(sp - ERF(§P]

and allow the parameters M, E, and the three sets of A €, and Wi to

1° 71

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

9y/M = E

3y/9B = 1

oy/oA, = [ERF(§I) ~ ERF(s)1/2
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3y/de; = Min2 A'i[EXPZ(—§-;:) — EXP2 (=5 ) AT Wy
= —AL[E gy — g 5T
9y/oWy = —Ay[§; EXP(=5,) — 5" EXP(-S)IAM W .

The next page gives the input file LSFODF.INP and the FUNCTION
FCIN(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 INTTAL
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
57 and § . The parameters are ordered sequentially from one to eleven as

€1, Wi, A1, €2, W2, A2, €3, W3, A3, M and B.



COUNTS PER CHANNEL

4000 T T T |
TEST CASE S: PERK FITTING

3000} _
2000 —
1000 -

1
875 880 885 890

GAMMA RAY ENERGY (KeV)

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 2%®U(n,n"Y ) measurement. The histogram curve is the final fit and
the other curve is from the initial guesses.

LE
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TEST CASE 5: PEAK PITTING
1 =1
UCSPEC.ODP 927 952 1 28 28
-881500E¢03

+« 1800 00E+01

«-160000E+ 04

«885200E+013

- 1800 00E+01

.80J0000E+0U

-888500E+03

« 1800 00E+0 1

«900000E+03

.000009%E+00

«210000E¢03
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PUNCTION FCTN (X,7Z)
COMMON/DAT/P (3000)
CONMON/DTA/CHIN,NV2, DOF, PO (18)
COMNON/PCN/M ,N,INTIAL,P (18)
COMMON/DER /D FDP ( 18)
DIMENSION X0 (500),XL(500)
IP (INTIAL.ZQ.1) GOTO 5

po 7 TID=1,N*5,5
F(ID*2)=SQRT (F(ID+2))

DO 6 ID=1,N¢5-5,5

J= (ID+U) /5

XU (J) = (F (ID) +F (ID*5)) *.5
P(ID+4)=PLOAT (J)

XL (J+1)=X1 (J)

P(N*5) =FLOAT (N)

XU (N) =2. *P (N*5-4) -XL (N)

XL (1) =F (1) #F (1) =XU (1)

z=1.

L=3

INTIAL=1

IZ=IFIX(2)

Y=0

TL2=1.66511

Do 10 I=1,L

ZP=TL2#% (X1 (1Z) =P (I%3=2)) /P (I%3~1)
ZN=TL2#% (XL (IZ)-P (I$3-2)) /P (1 %3-1)
DFDP (I#3) =ERP (ZP)-ERP (ZN)
Y=Y+ P (I*3) D PDP (I*3)

S=P (I*3)%,.564 1896

EP=EXP (-ZP *2P)

EN=EXP (=ZN%ZN)

DFDP (I*3)=DFDP (I*3) *.5

DFPDP(I*3~1)=S*(EN*ZM-EP*2P) /P (I*3~1)

DPDP (I1*3-2)=S*TL2% (EM-EP)/P (I#3~1)
Y=Y*,5

DFDP(L#3+1) =X

DPDP (L*342)=1.

FCTN=Y+P (L#3¢1)%#X+P (L*3+2)

RETURN

END
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TEST CASE S: PEAK PITTING

CONTROLS =
11 10 26 0 0-1 00 0 0 5 0.99900C 0.75
ODP CONTROL = UCSPEC.ODP 927 952 1 28 28

NUNBER OF DATA POINTS = 26
NUNBER OF PARAMETERS =11

ITERAT ION NUMBER 1

OLD CHI SQUARE = R.264E+01 NEW CHI SQUARE

PARANETERS

NUNBER OLD VALUE NEW VALDE
1 881, 500 AB1.665
2 1.80000 2.335€4
h | 1600.00 2210. 67
4 885, 200 885,305
5 1.80000 2.06726
6 8000.00 7103. 85
7 888. 500 888,446
8 1.80000 2.61213
9 900. 000 1169. 14
10 - 000000 -1.11429
L) 210. 000 1193, 12

ITERATION NUNBER 2

OLD CHI SQUARE = 1.261E+0 1 NEW CAI SQUARE

PARANETERS

NUNBER OLD VALUE NEW VALUE
1 881, 665 ggt.688
2 2.33564 2.43000
3 2210.67 2441,40
L] 885, 305 8AS. 402
5 2.06726 2.20509
6 7103.85 6957, 90
7 888, 446 888,592
8 2.61213 2.50064
9 1169. 14 1108.71
10 -1. 11829 -1, 48151
1 1193. 12 1516.39

000¢C

= 1.261E+01

ERBOR
1.285E-01?
3.078E-01
2.268E+Q2
3.9392-02
9.338E-02
3. 399E+02
2,076 E-01
5.044E-01
2. 116 E+02
1-594E+00
1.403E+03

EBRROR
T+.772E-02
1.885E-01
1. 487202
3.634E-02
9.095E-02
2.607E+02
2. 3E-01
4.916E-01
2. 150 E+02
9.053E-CY
7.965E¢02

0.001000

3.593E+00

1.000000



ITERATION NORBER 3

JUD CHI SQUARE =

PARANE TERS
NUN BER

@S OPDCAPONE WN -

OLD VALUE
881, 689
2.43000
241,40
885, 402
2.20509
6957.90
888. 592
1108.71

~%.4815%
1516.39

YTERATION NTUHMBER 4

OLD CHY SQUARE = 2,752E¢00

PARANE TERS
NUN BER

OLD VALUE
881.691
2, 45842
2507.81
885,450
2.26282
7001.85
888.727
2.30322
1013.56

-1.50209
1533.813

YTERATION NUMBER S

OLD CHI SQDARE = 2,681E+00

PARANETERS
NUNBER

B OWDNAAVIEWN =

-bd ab

OLD VALUE
881.692
2.47074
2527.69
8B5. 464
2. 27705
7010,09
888. 767
2. 25091
9913.7a1

-1.51830
1547.79

3. 5932+00
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RE® CHI SQUARE = 2.752E+00

NEW VALUE
881.691
2.45842
2507, 81
885.450
2.26242
7001.85
A8B.727
2.30322
1013. 56

“'.50209
1533, 83

NEW CHRI SQUARE

NEW VALUE
881.692
2.47078
2527, 69
885.464
2.27705
7C10.09
888.767
2.25091
993.7u1

-'¢51330
1547.79

NEW CHI SQUARE

NEW YALOE
881,692
2.47541
2533. 19
8685.468
228175
7013.72
8 88. 780
2.23491
987.784

-1.52428
1552.96

ERROB

6.830E-02
1.638E-01
1. 380E+¢02
3.523e-02
9. 377E-02
2.375E+02
2.018E-01
4.195E-01
1.855E+02
7.931£-01
6. 978E+Q2

ERFROR
6.727E-02
1.608E-0?
1.378E402
3.320E-02
9.226E-02
2. 1852402
1.7 12E-01
3. 712E-01%
1.566R+02
7.7564E-01
6.823E402

= 2.675E+00

ERROR
6.7 29E-02
1.606E-01
1.382E¢02
3.278E~02
9.178E-02
2. 145E402
1.6 21E-01
3.587E-01
1.499E+02
7.729E=01
6.802E+02

2.681E+00



ITERATION NUNBER 6

F SEARCH
NPS p CHI SQUARE
0 0.000E-01 2,67 43E+00
1 6.326E+01 2.6T46E+00
2 3.557E+02 2.6747E+00
3 2,000E¢03 2.6748E+00
L] 1.125E+04 2. 6TU9E+00
5 6.326E+04 2.6749E+00
0 0.000E-01 2.6743E+00
ETA SEARCH
ETA CHI SQUARE
0.000E-01 2. 6750E+00
7.500E~-01 2.67432+00
1.180E+00 2. 6Tu42R¢00
OLD CHI SQUAEE = 2.675E+00 NEW
PARBANETERS
HUNBER OLD VALUE NEW VALUE
1 881,692 881.692
2 2.47541 2.47841
3 2533.19 2535, 69
u 885. 468 885,469
5 2.281715 2.28424
6 7013.72 7016, 18
7 888. 780 888.787
8 2,23491 2.22653
9 987. 784 984.573
10 -1.52428 -1.52723
11 1552.96 1555, 50
CORRELATION BMATRIX
(" 1.00
(2 0.46 1,00
(3 0. 41 0.61 1.00
(% 0.19 0.22 0.6 1.00
[4 5’ -0.50 =0.46 -0.46 0.18 1.00
( 6) “0.42 -0.40 -0.36 0.15 0.66
‘ 1’ =0.25 =0. 22 -0.23 0.45 0. 65
( 8’ o. 20 0021 o- 25 '0.““ -0555
(9 0.24 0.25 0.30 -0.43 -0.62
(10 -0.05 -0.01 0,05 0.07 0.05
(Y 0.05 0.01 0.05 -0.07 -0.05
(N (2 (3 (4) (5)
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CHI SQUARE =

1.00
0.55
-C.u48
-0.49
-0.00
0. 00
(6)

-OI 63

-0001
«7)

2.674E+00

ERROR
6.736 E~02
1. 6C8E-01
1. 38U E+02
3.266E~-02
9.160E-02
2. 133E+02
1.606E~-01
3.5u8e-01
1.478E+02
Ta724E-01
6.798E+02

‘.oo

1.00

-0.63 0.80
0.01 ‘0.26 -

0.25
«(8) (

1. 90
0.32 100
0.32 -1.00

9) (1)

1.00
(1

(



I AXIS

8. 70732+02
8. 71662402
8. 7260E+02
8. 73542402
8, T887E+02
8. 7S41E+02
8. 76342+ 02
8. 7728R+02
8.7822p+02
8. 7915E+02
8. 8009E+02
8. 81032+02
8. 8196E+02
8. 8290E+02
8.8383E+02
B. 84772402
8. 85712402
8. 866uEe02
8.8758E+02
8. 8852E+02
8. 8945R+02
8.90398+¢02
8. 9132E+02
8. 92268402
8. 9320E+02
8.94138+02

Y EXP

2.0748B¢02
2.2835E+02
2.3453B4+02
2. 10672+ 02
2.0227E+02
2.28178+02
2.0103E+02
2.10202¢02
2.77312+02
3.12612+02
4.8673B+02
9.0281R+02
1.1178E+03
T. 49458402
1.0221E+03
2.2952E+03
2.7120E+0)
1.55328+03
6.8256E+02
5.696TB+02
5.0331E+02
3.0527E+02
1. 7627E¢02
2.0131E402
1.7952E+ 02
2.0877E402
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T ERROR

1. 48 04+ CY
1. 5111E+01
1. 5314201
1. 45142+ 01
1o 42222401
1.5105£+01
Te 41785401
1. 4498E+01
1. 66532+ (1
1.7681%+01
2.2062F+01
3.0047E+¢01
3. JU28E+CH
2.7376E401
3. 1970E+01
4.79082+01
5« 2077E+C1
3.94 112401
2. 6126E+ 01
2.3868E¢01
2. 24358+ C1
1.74728¢01
1.3277E+01
T 41882+ 01
1.3398E+01
1. 4U49E+01

Y CALC

2.256%E+02
2,2426E¢02
2. 2203R¢02
2:23141E002
2« 199€E+ 02
2. 1855E¢02
2. 1712202
2.14%3%¢02
2. 19U4€Re02
2.6974E¢02
5.056 12402
9.3224F¢02
1. C59CE+03
7.7762E+02
1. 0278E+ 023
2.2649%¢03
2.73%¢2+03
1.5573E+0)
6.6628E+02
S.8480Ee02
4.9568E+02
2,9527E+02
2.0762E+02
1« 9352B+ 02
1.91392¢02
1. 8995E+02
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APPENDIX

REAL %8 FN,FO
DOUBLE PRECISION PILE
COMNON/VAR /PN (210)
CONMON/DAT/P (V)
CONNON/DTA/CHIN,NVY2,DOP,PO(18)
CONMON/PCH/N,N,INTIAL,PN (18)
COMNON/VARI/PO(210)
DIMENSION IDS({4) ,TITLE(16)
OPEN (DEVICE=*TTY®*,UNIT=6)
OPEN (UNIT=20,PILE=*LSPODF.INP?)
READ (20,401) TITLE
READ (20,402) M,IT2,N,IFPDM,IP1,IF2,IP3,IPS,IP2,IES5,NPSH, RATIO,
1ETA,CHIN,CHAX
IEC=0
IP (N.EQ.0) READ (20,403) PILE,ISC,IEC, (IDS(I),I=1,3¢IPDN)
DO 10 WNV=1,m
10 READ (20,404) PN (NV)
CLOSE (UNIT=20)
IP (N.EQ.0) GOTO 30
OPEN (ONIT=21,PILE=*LSFODF.DAT®)
DO 20 ID=1,N¢5,5
IP (IPDN.LT.2) READ (21,404) P {ID),P(ID+1),F (ID+2)
20 IF (IPDM.GT. 1] READ (21,004) P (ID),F(ID+d) ,P (IDe1) ,FP(ID+2)
CLOSE (ONIT=21,PILF=*LSFODP.DAT?)
GOTO SO
30 N=IRC-ISC+1
INS=341IPDN
CALL CDPIO(20,PILE,IPB,INS,INC,IT,J,1)
po 40 1=1,3
J=I
40 CALL INODF (20,IPB,INS,IDS(J) ,ISC,N,P({J),5)
IF (IFDHM.EQ.1) CALL INODFP(20,TPB,INS,IDS(J),ISC,N,F(5),5)
C INITIALIZE CONSTANTS AND PIRST ITERATICN
50 IP (IT2.EQ.0) IT2=10
IF (NPSNH.2Q.0) NPSH=S
IP (RATIO.EQ.0) RATIO=0.999
IF (ETA.EQ.0) ETA=0.75S
IF (CMIN.EQ.0) CHIN=.001
IP (CHAX.PQ.0) CHAX=1{1.
R=(CHAX/CNIN) *%* (1, /PLOAT(NPSH-1))
OPEN (UNIT=22,PILE=*LSPODP.PRT')
WRITE (22,401) TITLE
WRITE (22,806) M, ,IT2,N,IPDN,IPV,IF2,IP3,IPS,IE2,IBS,NPSH,
1RATIOLETA,CHIN,CHAX
IF (IEC.NE.0) WRITE (22,407) PILE,ISC,IBC, (IDS(I),.I=1,3+1IPDN)
WRITE (22,408) u,n
DOP=1. /FPLOAT (N=H)
INTIAL=0
IT=0
ITS=0
IP3=1IF3-1
CALL PHICHI
BViz=fe
Av2z=ns(Ne3) /2
NV4=HNY2+ N
IP (IP1¢#IPV.EQ. 1) WRITE (22,409) 1IT
IP (IF2¢IFP2.BQ.1) CALL ODFGEN(IT,N,IPDH)
IF (IF1%IFP1.EQ.1) GOTO 350

c
C START ITERATION; ZERO NEW MATRIX
60 IT=IT+1
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IP (IF2.NB.1) TYPE 400,IT
WRITE (22,409) IT
CHIO=CRAIN
DO 70 NV=1,8
PO (NV) =PH (NV)
70 PN (NV)=0
DO 80 NVaRV1,NVQ
80 PN(NY)=0
COMPUTE YECTOR AND MATRIX; STORE NEW NATRIX
CALL EHINEQ
DO 90 NV=1,NMV2
90 PO(NYV)=PN (NV)
CALL SLY(M)
CALL PRIPRA(BTA)

ENTER P=-SEARCA ON DIAGONAL ELEMENTS OF MATRIX
CHI=CHIN
I? (IPS) 160,100,110
100 IP (CHIN.LE. RATIO®CHIO) GOTO 160
110 WRITE (22,410)
NPS=0
¥P=0
P1=0
WRITE (22,411} XPS,P1,CHIN
SET P TO LARGEST DIAGONAL ELEMENT
P=0
L=0
DO 120 NV¥=NV3,2,-1
L=LeNY
120 IP {P.LT.FO(L)) P=PO(L)
P=P*CAIN
ADD P TO MATRIX DIAGONAL
130 L=AV1
DO 180 NV=1,18
DO 140 NVP=NV, M
PN(L)=PO(L)
IP (NVP.EQ.NV) PN(L)=PN(L)eP
140 L=Le1
NPS=NPS¢1
INVERT NATRIX AND CONPUTE NEW CHI SQUARED
CALL SLV (M)
CALL PHIPRN(ETA)
WRITE (22,4%1) WPS,P,CHIN
IF (P.BQ.P1) GOTO 160
IP (IF2.2Q.1.AND.CHIN.LE.RATIO®CHIO) GOTO 160
IP (CHI.LE.CHIN) GOTO 150
CHI=CHIN
P1=p
NP=NPS
150 P=pei
IP (MPS.LT.NPSH) GOTO 130
P=P1
¥PS=NP=1
GOTO 130

ENTER ETA SBARCH ON SOLUTION VECTOR LENGTH
160 IP (IES) 220,170,180
170 IF (CHIN, LE. BATIQ*CHIO} GOTO 230
180 ETA1=0
ETA2=ETA
ETAS=ETA
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ETA3=ETA¢ ETA
CHI 1=CHIO
WRITE (22,412) ETAV,CHI1,ETA2,CHIN
190 CHI2=CHIN
CALL PHIPRN(ETA3)
CRI3=CHIN
ETAVN=ETA 140, S*ETAS® (CHI3~4, *CHI2¢3.9CHI1) /(CHI3=2.#CHI2 +CHI 1)
CALL EHIPRM(BTAVN)
WRITE (22,405) ETAVN,CHIN
IF (ABS(ETA2-ETAVN).LT.0.1*ETAVN) GOTO 220
IP (ABS(CHI2=CHIN).LT. (1.-RATIO) $CAIN) GOTO 220
IP (BTAVN.LT.ETA3) GOTO 200
ETAV=ETA3
CHIV=CHI3
GOTO 210
200 IP (ETAVN.1lT.ETA2) GOTO 210
ETAT=ETA2
CHI 1=CHI2
210 BETA2=ETAYN
ETAS=ETA2-ETA 1
ETR3=ETA2¢FTAS
GOTO 190
220 IP (CHIN,.GT.RATIO®CHIO) ITS=1

MULTIPLY WATRIX BY CHI SQUARED
230 IFr (NPS.EQ.0) GOTO 250
DO 240 WV=HVI AV2
200 PN(NV)=PO (NV)
CALL SLV(N)
250 DO 260 NVY=HVI NV2
260 PN(NV)=P¥ (NV) SCHIN
PIND BRRORS, STORE IN SOLUTION VECTOR
Li=RY2
L=0
DO 270 Nv=HV1,2,-1?
L=L+NYV
Li=L1e1
270 PN(L1)=DSQRT(PN(L))
CONPUTE CORRELATION HATRIX
L=NV1
DO 280 N¥=1,M
DO 280 NVP=NV,M
PN(L)=PN(L)/ (FPN(BV2+NV) ¢PN (NV2eNVP))
280 L=Le¢1

PRINT PARAMETERS, ERRORS
WRITE (22,413) CHIO,CHIN
DO 290 NV=1,H
290 WRITE (22,414) NV,PO(NV),PN(NV), Fl (KVenvV2)
PRINT CORRELATIOM NATRIX
IP (IT.GE.IT2) ITS=1
IF (Ir3) 300,310,330
300 IP (ITS.EQ.0) GOTO 330
310 WRITE (22,415)
DO 320 NV=1,H
320 WRITE (22,416) NV, (PN(MeNVe (NVP=1) ¢ (2#R-NVP) /2) ,NVP=1,NV)
WRITE (22,417) (WV,N¥=1,N)
PRINT INPUT DATA AND PIT
330 IP (IrP1=1) 340,350,360
360 IF (ITS.EQ.0) GOTO 360
350 TP (IPDM.EQ.0) WRITE (22,419)
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380
390

401
402
403
404
406
407
408
409
400
410
411
412

405
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IP (IPDBM.EQ.1) WRITE (22,419)

IF (IPDM.EBQ.0) WRITE (22,420) ((F(ID+I),I=0,3),ID=1,N*5,5)
IP (IPDN.EQ.1) WBITE (22,421) ((P(ID¢I),I=0,4),ID=1,Ns5,5)
IF (IP2-1) 370,383,390

IP (ITS.EQ.0) GOTO 390

HAKE ODF PILE FOR PLOT

CALL CDPGEN(IT,N,IFDH)
IV (ITS.EQ.0) GOTO 60
CLOSE (UNIT=22,FILE=°LSFODF.PR1T*)

PORMAT
FORNAT
FORNAT
PORMAT
PORMAT
FORMAT
FORMAT
PORNMAT
PORMAT
PORMAT
FORNAT
FORMAT

FORMAT

{16A5)

(213,16,712,13,4P10.6)

(A10,216,413)

{UB12. 6)

(/ 'CONTROLS =*/213,16,712,13,4FP10.6)

(/*ODF CONTROL = *,A10,2I€,4I3)

(/'NURBER OF DATA POINTS =*,I4/*NUNBER CF PARAMETERS =°I2)
//°ITERATION NOUMPER',I4/)

(* ITERATION *,I2)

(/12X,'P SEARCH® /4X,°"NPS*,6X,'P',12X*CHI SQUARE')
(16, 1PE14. 3, 1PE16.4)

(/10X,*ETA SEARCH*/B8X,'ETA?,9X,*CHI SQUARE®,

12(/1PE14,. 3, 1PE16.4})

(1PE14. 3, 1PE16. 4)

413 PORMAT (/°'OLD CHI SQUARE = ',1PE9.3,4X,°NEW CHI SQUARE = ¢,

4t
415
416
417
418
219
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FORMAT
PORMAT
FORMAT
FORMAT
PORMAT
PORNAT

11PE9. 3/ PARANETERS® 73X, * NUNBER', 4X, *OLD VALUB',6X,*NEW VALUE',9X,
2 *ERBOR?)

{3%,13,71,612.6,31,612.6,2X,1PE12.3)

(/*CORRELATION MATRIX')

Ve (,I2,°)',21,20F6.2)

(/5%, 18(2X,* (*,I2,°) '))

(74X, 'X AXIS',8X,°Y EXP',9X,'Y ZRROR',7I,'Y CALC®)
(/4X,'X AXIS',BX, 'Y EXP',9X,°Y ERROR',7X,'Y CALC®,8X,

AXISY)

420 PORNAT (4 (1PE14,4))
421 PORMAT (S5(1PET4.4))

C CoONPUTE

10

END

SUBROUTINE PHAINEQ

REAL *8 FY

CONNON/VAR/FR (210)
CONACN/DAT/E (V)
CONNOB/DTA/CHIN,NV2,DOF, PO(18)
COMAON/PCHN/M,R,INTIAL,PN (18}
CONBCN/DER/DPDP (18)

VECTOR AND MATRIX

DO 10 ID=1,N%5,5

X=P (1ID)

Z=F(1ID+4)

P{(IDe¢3)=PCTN (X,2)
¥=1./(F(1D¢2) *F (ID+2))
T1=F (ID+1) ~F (ID+3)

L=He1

PO 10 Nv=1,M

PN (NV)=FN (NV) +WST 15DFDP (NV)

DO 10 NVP=NV A

PN (L) =PN(L) ¢ WSDFDP (NV) *DFD P (NVP)

L=Le1
RETURN

ENTRY PHIPRHM (ETA)
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C COMPUTE NEW PARAMETERS
DO 20 WV=1,M
20 PN(WV)=PO(NV)+BTASPN (NV+AV2)
c
ENTRY PHICHI
C COMPUTE CHI SQUARED, TC-NEW
PHI=0
DO 30 ID=1,N#*5,5
X=P(1D)
=P (ID+h)
F(ID+J)=PCTN (X,2)
Ti= (P (ID¢ 1) =P (ID43))/F (I1D+2)
30 PHI=PHI¢T1¢T1
CHIN=PHI®*DOP
RETURN
END

SUBBOUTINE SLV({N)
IAPLICIT REAL * 8 (A-H,0-Y)
CONNOR/VAR/F (210)
IP(N-1) 1,2,3

1 WRITE (6,101)

107 PFORMAT (VHO,*MEGATIVE ABRGUNENT IN SLV?)

RETURN

2 P(2)=1./T(2)
POAY=P2V¢P (1)
RETURN

3 K=Ne
po 10 H*'.I
fi1=8-1
DO 10 L=H,N
A=0
IF(A1.LE.0) GO TO 6
Kiz=NelL
KH=Nen
DO 5 LB=1,M1
A=A ¢P(KL) *P (KN)
JzN-18
KL=KL#J

5 KN=KfeJ

6 T=P(K)-A
IP(LaGT. M) G0 T0 9
IP{T.GT.0) GO TO 7
WRITE (6,102) T

102 PORMAT (1HO,*PAILURE IN SLV T=9,620.5)

T==T

7 D=DSQRT(T)
P(X}=D
GO TO 10

9 P(X)=T/D

10 K=K+ 1
K=Ne 1
P(K) = 1. /7 (K)
DO 12 L=2,N
K=K+N~-L*2
T=1./F (K)
P(K) =T
Li=L~-Y
KL=NeL
KN=N
po 12 #=1,L1
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LK=KL
A=0
DO 11 LA=Nn,LY
I1=Kne LN
A=A~-P(KL) *P(I V)
11 KL=KL+ N-LA
P(LK)=A®T
J=N=-H
KL=LK+J
12 KN=KHNeJ
K=Ne 1
DO 14 n=1,N
KL=K
DO 14 L=N,N
KN=K
A=0
It=N-Le1
90 13 LM=1,I1
A=A+ P (KL) ¢F (K1)
KL=KL+1
13 KasKN+1
P(K)=A
18 K=K+ 1
DO 18 L=1,N
A=0
IJ=NeL
J1=0
J=N=1
DO 17 N=1,M
JI=JI+
A=Ae P (1J) *F(JY)
IF(M.GE.L) GO TO 16
IJ=1J¢J
J=J=1
GO T0 7
16 IJ=1J3¢1
17 CONTINUE
P{K) =A
18 K=Ke1
RETURN
END

SUBROUTINE ODPGEN(IT, N, ISW)
DOUBLE PRECISION PILE

CONHMON/DAT/P (V)
IT ITERATION NOMBER
N NONBER CHANNELS
Isw {NUNBER DATASETS) -8

ENCODE (10, 11,PILE) IT
IP (IT.LT.100) ENCODE(10,v2,FILE)IT
IP (IT.LT.10) ENCODE(10, 13, PILE) IT
OPEN (UNIT=20,PILE=PILE,ACCESS=°SEQOUT’)
CLOSE (UNIT=20)
NDS=l s ISV
TYPE 14,PILE,N,NDS
CALL ODPIO(20,PILE,3,NDS,N,3,-1,3)
DO 10 I=1,NDS
J=I

10 CALL CUTODP(20,3,%DS,J,1,N,P(J),5)
RETHRN

11 PORNAT(*POR* ,I3,'.DAT?)
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FORMAT (*FOR' ,I2, *. DAT?)

FORMAT(® POR® ,I1,'.DAT')

FORMAT (* CREATING ',A10,I5,' CHANNELS',iI4,* DATASETS')
END

SUBROUTINE ODFPIO (IUNIT,PILE, IPB, INS, INC,INODE,IENER,IRUN)
DIMENSION ARRAY (1)

DOUBLE PRECISION PILE

DIMENSION BUF (125), IBOP(125)

BQUIVALENCE (BUP (1) ,IBUP (1))

DATA ZERO/0/

OPEN (UNIT=TUNIT, PILE=PILE, ACCESS='RANDON®, RECORD=126)
READ (IUNIT#1,END=12) IBUP,JUNK

INS=(IBUPF(8) .AND.”374000000000) /"4 000000000
IP (IBUP (8).LT.0) INS=INS+1

IPB= (IBUP (8) .AND.%003770000000) /®10000000
INC=IBUP(8) . AND, 7777777

IRODE= (IBUP (2)« AND. *30000000) /* 10000000
IENER=IBUF (8)

IRUN=IBUF (2) . AND. ®7777777

I=(INC/125) +1

IP (I1*125. NE. INC) I=I+1

IBLK=IFB+ (I*INS)

READ (IGNIT#IBLK,END=1) JUNK,IBOP

RETUEN

RETURN

ENTRY OUTODF (IUNIT,IFPB,INS,ISN,ISC,INC,ARBAY,INDEX)
IP (INS.LE.0) RETURN

IP (ISN.LE.O) RETURN
IP(ISN.GT.INS) RETURN

I? (ISC.LE.0) RETURN
IF(INC.LE.Q) RETUBN

IBC=1

ILC=INC

IBLK= (ISC~1) /125

I=ISC=- (IBLK® 125)
IBLK=(IBLEK®INS) +IFRe¢ISN=1
I?P (T.EQ. 1)GO TO 3

READ (IONIT#IBLK) JUNK,IBOP
L=I+ILC=-1
IF(L.GT. 125) L=125

po 2 J=I,L

BUP (J) =ARRAY (IBC)
IBC=IBC+INDEX

WRITE (IONIT#IBLK) ZERO, IBUF
ILC=ILC- (L-T+1)
IP(ILC.E2Q.0) RETOBN
IBLK=IBLK+INS

1=ILC/125

IP(I.20.0)GO TO 5

DO 4 J=IBC,IBC-1¢(I*125¢INDEX) ,125*INDEX
WRITE(IUNIT#IBLK) ZERO, (ARRAY (K) ,K=J,J+ (125¢I NCEX) , INDEX)
IBLK=IBLK+INS
IBC=IBC+(I*#125¢INDEX)
TLC=TLC~-(I#*125)

IP (ILC.EQ.0) RETURN

READ (TUNIT#IBLK) JUNK,IBUP
Do 6 J=1,ILC

BUP (J)=ARRAY (IBC)
IBC=IBC+INDEX
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WRITE (IUNIT#IBLK)ZERO,IBOP
RETURN

ENTRY INODF(IUNIT,IPB,INS,ISN,ISC,INC,ARRAY,IKDEX)
IP(INS.LE.0) RETURN

IP (ISN.LE.0) RETURN

IP(ISN.GT.INS) RETORN

IP (ISC.LE.0Q) RETURN

IP(INC.LE.0) RETURN

IBC=1

TLC=INC

IBLK= (ISC-1) /125

I=15C=- (IBLK® 125)
IBLK=(IBLK®INS) ¢ IPB+ISN-1

IP(I.EQ.1)GO TD 8

READ (IONIT#IBLK) JUNK,IBUP

IBLK=IBLK+INS

L=I+¢ILC-1

IP(L.GT.125)L=125

po 7 J=I,L

ARBAY (IBC)=BUF (J)

IBC=IBC+INDEX

ILC=ILC-(L-I¢1)

IP (ILC.EQ.0) RETURN

1=ILC/125

IP (I.EC.0)GO TO 10

DO 9 J=IBC,IBC-1+(I*125¢INDEX) ,125I ¥DEX
READ (IUNITSIBLK) JUNK, (ARRAY (K) ,K=J ,J~1¢ (125¢IKLEX) , INDEX)
IBLK=IBLK+INS

IBC=IBC+ (I*125¢IHDEX)

ILC=ILC-(I*125)

IP (ILC.2Q.0) RETURN

READ (TONIT#IBLK) JUNK,IBUP

DO 11 J=1,ILC

ARRAY (IBC)=BUP (J)

IBC=IBC+INDEX

RETURN

DO 13 I=1,125

IBUP (1)=0

IP(IPB.LE.2) IPB=3

IBUP (1)="176000001

IBUP (2) = (INODE*® 10000000) . ORI RUN

IBOP (7) ="2000000

IBOUP (8)=INC. OR. (IFB*"10000000) -OB. {TNS**8000000000)
IP(IENER.LT.0) IBUP (8) = (IBUP (8) .OB. "4 00000000000) ~* 4000000000
WRITE(IONIT# 1) IBUP,ZERO

I= (INC/125)¢1

IP(I#125.8E, INC) I=I+1

IBLK=TPBe (I*INS)

WRITE (IOMIT#IBLK)ZERO, IBOP

RETURN

END
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