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ABSTRACT
An interactive program package is described which provides a tool
for evaluating a functional form defined by the user, for plotting it
over a user-specified range, for comparing the form with experimental
data specified by the user, and for carrying out least-squares fits of

the functional form to the experimental data points.
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1. INTRODUCTION

Tt is not uncommon to be faced with one of the following tasks:

(i) To evaluate a particular function y = f({x) for a range of
values of a single independent vafiable ¥, with f(x) having a
specified analytic form.

(ii) To plot the function f(x) for the given range.

(iii) To compare the function values with a set of experimental
values of y, often to see simply whether or not the functional
form is a reasonable representation of the experimental values.

(iv) To determine values of coefficients in the function f(x) for

which the functional form best fits the experimental data -
the goodness of the fit being often measured by a least-
squaresg criterion.

Provided time, a desk calculator and graph paper are available, the
first three of these tasks can be carried out by conventional methods
and, for the fourth task, direct techniques are available if the func-
tional form f(x) is linear in the coefficients or can be made so by a
suitable transformation. For a complicated function, or one with many
values of ¥ for which the function has to be evaluated, the first three
tasks become exceedingly tediocus. It then becomes tempting to use a
digital computer for the function evaluations and to use some sorf of
graph plotting system rather than pencil and paper. For the fourth
task, a computer will be necessary for most non-linear least-squares
fitting jobs.

In most installations having the necessary computing hardware,
subprograms will probably be available for all these tasks. However, to
carry out any of the four tasks, some sort of program to use the sub-
programs has to be written before the tasks can be carried out. This
program will usually have the functional form f{x) coded into it explicitly
and, if the forxrm f(x) is to be changed, the program will need to be
modified.

In a normal batch processing computer system, this program writing
and modification may take several runs o©n the computer, and what should
be a simple job can easily take more than a day to carry out.

SUPERFIT was conceived and developed in an attempt to remove these
difficulties by providing, in one package, a set of routines for carry-
ing out the tasks listed above while leaving the user with the responsi-

bility of specifying only the functional form y = f£(x), the set of x



values to be evaluated, the initial values of any coefficients in the
form, and the experimental data values (if any) with which it is to be
compared.

2. STRUCTURE OF THE PROGRAM

With any program able to carry out the tasks described in Section
1, a user will most likely want to modify his ideas - say about the form
of the function f(x) or typical coefficient values - after he has some
results. 1In designing SUPERFIT, it was decided, therefore, that it
should operate in an interactive fashion and allow the user to do all
his modifications in the one session with the program. The program is
thus designed to operate from any terminal attached via the AAREC Dataway
system to the IBM360 computer but it should be transportable to other
terminal systems. The program has four segments.

2.1 Control Segment

The control segment converses with the user, allowing him to enter
data and the commands for processing these data and then to edit, plot
or print the data and the results of his calculations.

Part of the user-supplied data must be a description of the func-~
tional form f(x) which is to be evaluated. This description takes the
form of a block of FORTRAN statements which assumes that the variable X
has some numerical value and defines a corresponding value for the

variable Y. As a simple example, the sequence could consist of one line
Y = SIN (B*X)+(C0OS (X*2.0))**2 (1)
which is the FORTRAN equivalent of the statement:
y = sin(bx) + cos?® (2x) ,

where b is some coefficient. The control segment surrounds the user-
supplied statements with a shell of additional FORTRAN statements so
that the whole block forms a complete FORTRAN program.

2.2 Compile Segment

The second program segment compiles the total user program and
converts it into executable code. The FOREX compiler of Robinson
(1968] was chosen to perform this process. The compile segment also
executes the compiled program when it is free of errors and stores the
results of the calculations in locations accessible to the control
segment.

2.3 Plot Segment

The third segment plots the results of the calculations. For



terminals which have an interactive graphics capability, the resulting
plot is‘displayed immediately on the display screen. For terminals
without this capability (e.g. teletypes), the plot will, at the user's
request, be transmitted to the CALCOMP for pen and paper plotting. The
XYPLOT package of Trimble [AAEC/E report in preparation] is used for
this task.

2.4 Fitting Segment

The shell of coding which the control segment wraps around the
user-supplied FORTRAN statements includes a COMMON area which contains
locations for twenty coefficients denoted by the variable names A to T
inclusive. The program adheres to the standard FORTRAN convention that
1,J3,K,L,M and N can have only integer values, whereas the other coef-
ficients can have the full range of real values. During his conversation
with the control segment, the user may define values for all these
variables and refer to them in his function definition statements. In
the statement example given in Section 2.1, the variable B is a coefficient
over which the user has control. In a typical gituation, the user might
tentatively vary this and other coefficients in an attempt to make the
function give a better fit to his experimental data points.

The fitting segment varies specified coefficients in such a way as
to seek the best fit to the data points; the goodness of fit is deter-
mined by a least-squares criterion. Only those coefficients which take
real values are allowed to vary in this way. The fitting segment treats
the integer coefficients I,J,L,M and N as fixed. The fitting segment
must handle linear and non-linear functions and makes use of the Harwell
Scientific Library subroutine VAO6A developed by Powell [1970]. If we
denote by X 0¥y the set,of experimental data values to be fitted by
£(x), then the error in the fit can be written as:

E? = ? woly,~Ee, )% (2)
where the w, are weights associated with the individual data points.
Here, strictly speaking, the functional form depends on the coefficients

a,b,...t, so that
y = flx;a,b,Cr-0enal)i
these coefficients are to be varied until

T % dc T ’



In describing the functional form, the user must then also des-
cribe, by FORTRAN statements, the derivatives of the function with
respect to each of the varying coefficients, These derivatives are

denoted by the FORTRAN variable names
DYDA, DYDB, D¥DC, .... etc.,

which are held in the common area defined by the program shell produced
by the control segment. This shell includes the coding necessary to
perform the sum indicated in Equation (2) and the sums associated with

the eguations

d o _ 3

3a E° = 2? wi (Yi-f(xi)) 3a f(xi)

L E? = 28 w, (y.-f(x.,)) 3 f(x.) ete
3b ;i b I R TN L] ceeeSRC

Unless the user specifies differently, the weights wi are set to unity,
and an unweighted fit is thus produced. However, the user may include
in his coding a statement which defines a weight for the point (x,y) and
this weight is coded as the FORTRAN variable WEIGHT. If, for instance,
the weight is to be set equal to the fitted value Yir the user's coding
would include, after the statements defining y as a function of x, the

statement
WEIGHT = Y .

With the starting values ao,bo,co,... of the variable coefficients,
an initial pass is made through the total program produced by the user
and the control segment. As a result, values of E2 and its derivatives
with respect to any variable coefficients are available in the common
area.

In the fitting segment, a sequence of variables u;,u;... and a
function G(uj,u; ...) are constructed, related tc the user's coefficients

and the error function EZ by the equatiocons

= +
a ao oiu;

b = b0 + Oaus ete.,
G(uus...) = A*EZ2(a,b.c, ...}

with 005 ... and A chosen so that



G(0,0,0,+..) =1
and % {0,0,0 Yy =1 for all m
Bu [l A AL B - .

The VAOB6A subroutine is then given the task of changing the vari-
ables u so as to make all the derivatives BG/Bum less than 10™% in
magnitude . The evaluations of G and its derivatives are performed by
executing the total user's program with appropriate values of the user's
coefficients. The task of reducing the magnitude of the derivatives is
terminated if more than sixty passes have been made through the user's
program.

After this process (called a fitting iteration) is completed, those
values of the user's coefficients which gave the smallest derivatives of
G and hence of E® are used as starting values for the next fitting
iteration. If this process is repeated sufficiently often, loss of
significance in evaluating the error function and/cr its derivatives
often results. Within the VAO6A subroutine, it will appear that the E?
function cannot be reduced by changing the coefficients in a fashion
which should reduce EZ and the subroutine then transmits an error message
to the user. This inability to reduce the error E? would also be present
if the user had made certain errors in coding the function or its deriva-
tives, for instance, 1f the derivative had been coded with the wrong
sign. The error message suggests that the user check his function
coding but, at the end of a series of fitting iterations, it usually
means that the best possible fit has been achieved with the function
form chosen.

3. PROGRAM USE AND DATA INPUT

The program is available as a catalogued procedure, requires 120K
bytes of core storage and is invoked by the job control language state-

ment:
// EXEC SUPERFIT

The procedure has three steps, the first (PLT) prepares for plotting on
the CALCOMP and the second (GO) interacts with the user. When the GO
step commences, the user should log on at a terminal using the link task
$.READY and wait for instructions. The first is a request from the
program to know whether the user's terminal has a graphics capability,
after which the program enters the input phase of the control segment.

This is indicated by the program typing INPUT? at the user's terminal.



At this stage, the user must type in a keyword to indicate his wishes -
a list of the 29 allowable keywords and their function will have been
typed at the terminal by the program on initial entry to the control
segment. The keywords (only the first four characters of which are
significant) fall into three classes: data entry, data output and
command.

The third step cancels all printed output for the job. It is not
executed if, during the GO step, the user has requested ocutput on the
line printer.

3.1 Data Entry Keywords

Each of these keywords instructs the program to accept data of a
particular kind and the program responds by typing instructions to the
user as to how the particular data should be entered. The individual
keywords and their significance are now described.

POINT ig used to initiate the entry of the user’'s 'experimental’

data points if any. A maximum of 200 point pairs can be
entered for any one case. The number of points is first
requested, then the set of x values and finally the set of y
values. These are read with the SCAN subroutine of Bennett &
Polliard [1967] as ig all other data entered.

CURVE. signals to the program that the user wishes to enter a set of

% values (again 200 is the maximum number) at which he wants
his function evaluated. If he gets a plot of his results, it
will include a curve joining the points thus determined.

COEF prepares the code to accept values for any of the allowable 20

coefficients. The code types instructions for this entry to

the user who might respond by typing the line
A=1.2 N=25 B =14 c=1 T = 3. Z

the Z being a signal that no more coefficient values follow.
Unless the user specifies otherwise, all coefficients are

initially set to zero.

1

signals the code to accept the sequence of FORTRAN statements
which define his function y = f(x), the derivatives of y with
respect to any coefficients and the weight associated with the
point (x,v}. Up to 150 statements can be inserted and the
user should signal that he is finished entering them by typing

END after his last statement has been entered.



PAPE

VARY

FIX

CORRECT

EDIT

is used to prepare the code to accept information about the
form of plot to be produced. With instructions from the code,
the user may specify linear or logarithmic scales for his
graph axes and define a heading for his plot as well as for
the % and y axes.
is the keyword used when a fit to the data points is to be
made. When requested by the code, the user types in the names
of the coefficients (any of A,B,C,... etc. but not I1,J,K,L,M
or N which are integers) which the least-squares fitting
routine can vary. In some situations, it may be necessary to
restrict variations in the coefficients which the code may
make during any one interaction. In such a case, the absolute
value of the allowable variation should be entered immediately
following the coefficient letter. Such a situation may arise
when the coefficient appears in an exponent - say ebx - when
too large a variation in the coefficient b is likely to cause
arithmetic overflow in calculating the exponential function.
The effect of the VARY keyword is cumulative so that the
sequence of entries:

VARY

ABO.Ll C2ZA

VARY

D
ig the same as the single entry:

VARY

ABO.1C23%
Once a coefficient is allowed to vary, it remains variable
unless its allowable variation is set to zero or it is reset
to be a fixed coefficient by the use of the next keyword.
prepares the program to accept a string of coefficient letterxs
(again terminated by Z) which are to be treated as constants.
is a keyword which lets the user modify the data point pairs
(x,y) which he has previously entered. Under instruction by
the code, he may correct or delete any points or add new ones.
is the keyword which lets the user change or add to the
sequence of statements he has entered to define his function.
A full description of the edit procedure is given in Section

3.4. At this point we simply remark that the facilities are a



subset of those available with the $LOGON program of Backstrom
[l976].

3.2 Data oOutput Keywords

These keywords instruct the program to 'list any data items which

have been entered from the terminal or been produced by the user's

function coding. The keywords are formed from the corresponding data

entry keywords by preceding them with ? or P. Those beginning with ?

produce a listing at the user's terminal whereas those beginning with P

produce a listing on the IBM360 line printer. The specific ? keywords

are:

?F

?PAPLE

VARY

?COEF

?CURV

?POINT

N

produces a list of the statements defining the user's func~
tion.

produces a listing which describes the plot scales, the plot
heading and the labels on the x and y axes.

produces a listing of those coefficients which have been
nominated as variable, together with the derivative of the
error function E? with respect to those coefficients.
produces a listing of the values of those coefficients which
are non-zero.

produces a tabulation of the user-defined function at the x
values entered with the CURVE keyword.

produces a tabulation of the data values entered after the
POINT keyword, together with the y values calculated from the
user's function and the difference between the calculated and

experimental y values.

The corresponding information is listed on the line printer as job

output if the ? prefix is replaced by a P.

The entry of the prefix ? or P alone produces a complete listing as

if all the ? or P prefixed keywords had been entered successively.

HELP

is the last keyword in this particular class. It produces a

list of the keywords and their uses at the user's terminal.

3.3 Command Keywords

These keywords transfer control from the conversational segment of

the program to one of its other segments and thus carry ocut one or other

of the tasks described in the Introduction.

GO

causes the user's program to be compiled and then executed if

there are no compilation errors. (The compilation phase is



PLOT

FIT

SUSPEND

STOP

actually bypassed if the user's coding has been successfully
compiled following a previous GO statement.) After execution
of the program, the user's function f(x) will have been evalu-

ated at any of the x wvalues enteréd with a POINT or CURVE

keyword and the error function E? evaluated according to
Equation (2). If experimental data values have been entered,
the value of E? is typed back at the terminal before the code
re-enters the conversational mode by typing the message
INPUT?. 1If the terminal has an interactive graphics capability,
the code will automatically send to the terminal a plot of the
experimental and calculated data points and the curve through
those points calculated for the x values is entered with the
CURVE keyword. If the user has defined weights for his fit,
these will be interpreted as inverses of the variances on the
experimental data points and these points will be plotted with
one standard deviation error bars.

is the keyword which sends the equivalent graphics information
to the CALCOMP for pen and paper plotting. The information is
noxmally spooled in the Q output queue which allows the user,
if he wishes, to inspect it using one of the interactive
graphics terminals.

is the keyword used to begin a sequence of fitting inter-
actions with the VAO6A subroutine as described in Section 2.
The user must, when the program reguests it, specify the
number of iterations to be performed. At the end of each
iteration, the least value of the error function achieved so
far is typed back at the user's terminal so that he may monitor
the progress of the fitting. When the sequence is finished,
whether by completion of the requested number of iterations,
by the inability of the VAOBA routine to reduce the erroxr
function or by use of the interrupt procedure described in
Section 3.5, the program produces the same output as that from
the GO keyword.

is a keyword which suspends operation of the program and the
terminal, thus freeing the terminal for someone else to use.
The user may reactivate and carry on the program with no loss -
of the stored information by logging on again at any terminal.

is the final keyword and this closes down the terminal and
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terminates execution of the program. Unless the user has
requested printed output, the catalogued procedure then causes
HASP output for the job to be cancelled. The user should note
that if the program detects that only a few seconds of the
user's job time remain at any stage of entry to the conversa-
tional control segment, it automatically processes the key-
words P and STOP, thus giving the user sufficient output to
enable him to carry on with his job at another session.

3.4 EDIT Facility

EDIT is the keyword which lets the user modify the sequence of
function statements entered earlier. After detecting the keyword, the
program attaches a line number to each statement and lists the state-
ments - each preceded by its line number - at the user's terminal.
Editing can then begin.

Two modes of editing are available to the user - input mode and
command mode - with the program initially in command mode. An immediate
carriage return changes the mode from command to input and vice versa.
The simpler input mode is described first.

Input Mode

In this mode, lines containing up to 72 characters may be entered
sequentially. Line numbers are generated automatically and appear with
a trailing blank at the left hand edge of the page. After the user
types in his next statement, it is appended to the segquence of state-
ments already defined and a new line number is generated. The process
continues until the user changes to command mede.

Command Mode

Readiness of this mode is signified to the user by the appearance
of a prompting hyphen at the left hand edge of the page and the user
must respond with some command. At this stage the program will respond
normally to any of the SUPERFIT keywords (except STOP and F) described
earlier, first leaving the EDIT phase and then processing thé keyword.
If the user types any of the commands E, F, END or STOP, the edit phase
terminates and returns to the control segment of SUPERFIT.

In addition, the following command words are recognised in this
mode :

LIST (alias L), RENUMBER (R), CLEAR (CL), DUPLICATE (D},
MOVE (M), INSERT (I) and CHANGE (C).

In the following description, the symbols m,n are any numbers and usually
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line numbers while the double quotes "" are used to identify the command

string but they should not be typed at the terminal.

LIST:
"L" on its own lists the entire sequence of statements. The single
line m, or the lines in the range m to n, may also be listed by the
commands

" m" or "L m n"

RENUMBER ¢
"R" on its own renumbers the present sequence of statements in
steps of ten gtarting from ten. The step size may be changed,
however, by using the command "R n".

CLEAR:
"oL" on its own is not recognised.. Line number m or all lines in
the range m to n inclusive may be removed from the sequence by the
commands

"¢cL. m" or "CL m n"

DUPLICATE:
The command "D m n" inserts a copy of the line numbered m into_the
sequence at position n. If a line numbered n already exists it
will be replaced by the duplicated line.

MOVE :
The command "M m n" has the same result as "D m n" except that the
line originally numbered m is removed from the sequence.

INSERT:
The command "I m n" allows statements to be inserted (as if in
input mode) beginning with line number m and continuing at lines
m+n, m+2n, etc. If the increment n is omitted, it is assumed by
the code to have a value of 1.

CHANGE :

The command "C m /ABC/DEFG" causes the first appearance of the
string of characters ABC in line m to be deleted and the string
DEFG to be inserted in their place. Instead of the slash /, any
non-blank character can be used to delimit the strings which can be
of any length. After the command is executed, the changed line is
typed back at the terminal for user verification.

The user may respond in command mode by typing a line beginning

with a sequence number m and trailing blank. If nothing else‘follows,
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this is treated as a command to clear line number n. If a string follows
the trailing blank, it is inserted in the sequence of statements at a
position determined by the line number. If line number n is already
present, it is replaced by the new line. _

3.5 Interruptions to Boring Monologues

At various stages, the conversation with the program may have the
appearance of a monologue with SUPERFIT doing all the talking {(or typing).
For example, the user who knows the various keywords will find it tedious
when, at program start time, SUPERFIT begins by typing the list of
keywords at his terminal. If he has made an error in his function
coding and the compiler segment has detected it, the user may resent
having to wait while the whole program with error messages is typed at
his terminal, particularly if he is aware of the nature of the error.

The user who has given the ?POINT or ?CURVE keyword may only be interested

in one or two values whereas the program will, if left alone, type all
of them at this terminal.

A final example is the situation where the user has requested a
large number of fitting iterations but can see, from the first few
values of E? typed at his terminal, that the fitting process has pro-
ceeded far enough for his present purposes. BAll of these monologues and
a few others can be interrupted if the user presses the ? key at hig
terminal. This usually brings the program back to a true conversational
mode and it will signal this by typing INPUT? at the user's terminal and
waiting for a keyword. The exceptions to this occur when the program is

responding to the ?POINT or ?CURVE kevwords. The ? character then

simply suspends the list typing and the program types CONT.... at the
terminal and waits to ac¢cept an integer number. The user's response as
read by SCAN is treated as the number of items in the list to be skipped
over from where the interruption occurred and the program continues to
process the previous keyword. A negative number is treated as a request
to go backwards in the list before restarting the keyword processing.
This provides the user with the opportunity of examining a few data
values if he so wishes. If the number of items to be skipped (or back-
spaced) could cause the keyword processing to restart out of its range,
the processing is terminated.

The interrupt facility can be very useful if the user's function
‘coding or the coefficient values which he has entered are such as to

cause arithmetic overflows or divide checks since ten of these errors
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cause his job to be terminated. The FORTRAN messages signalling these
errors are sent directly to the terminal; if they appear, the user
should try to interrupt immediately and examine the data he has entered
to see what is going wrong. The interrupt attempt may not be successful
since its presence is only checked at certain stages of the program, but
the user may be lucky enough to save his job from aborting.

4. FUNCTIONS AND SUBROUTINES AVAILABLE TO THE USER

When writing the sequence of statements which define the functional
form y = f(x), the user may refer to any of the following mathematical
functions:

(i) the direct and inverse trigonometric functions SIN{X) ,C0S(X),

TAN(X),COTAN(X),ARSIN(X),AﬁCOS(X),ATAN(X),
{(ii) the hyperbolic functions
SINH(X) ,COSH(X) ,TANH (X),

(iii) the exponential and logarithmic functions
EXP (X) ,ALOG(X) ,ALOGLO(X),

(iv) the uniform random number function
RAND (X} , for which O<RAND<1 , and

{v) the arithmetic functions
ABS (X) ,SQRT (X},
as well as the arithmetic operations

4+ - * / and ** of standard FORTRAN.

The user's access to subroutines is very restricted. He has access
to the free input subroutine SCAN and to the linear equation-solving
subroutine SID. He also has access to the FORTRAN input/output subroutines
and he may include in his coding any normal input output statements. In
this context he should-note that in SUPERFIT, FORTRAN logical units 5
and 6 are reserved for direct input and output at the user's terminal.
Finally, the user has access to a simplified form of the AEBUF sub-
routine which allows him to do a limited amount of in-core writing. The

subroutine is called in the fashion:

CALL XYBUF (BUF, NCH, FMT, VBLE)
where VBLE is the single variable to be written,
FMT is the name of dimensioned array containing the appro-
priate FORMAT for writing,
BUF is the name of the array to which the variable is to be

written, and

l
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NCH (which is returned by the subroutine) will be the number
of characters in BUF occupied by the writing of VBLE.
This subroutine was made available to the user's program mainly to
allow the construction of a suitable plot heading from within the pro-
gram; an example of its use in this fashion is given in Section 6.3.

5. STATISTICS OF THE FITTING PROCESS

Part of the shell which the control segment wraps around the user's
function statements is a section of coding which calculates the matrix

of elements

NPOINT dy, oy
.Z Yi B v ’
i=1 nm n

il

{VARMT}
m,n

where yi is the ith fitted y value,

wi is the weight attached to this wvalue, andr
vl,v2,v3,.. are the coefficients a,b,c,... which the user has
decreed will be variables for the fitting process.

After a sequence of fitting iterations, the control segment inverts
this matrix and stores the diagonal element of the inverse in an array
labelled VARNCE. If, in his function statements, the user has included
a definition of the weights which sets the W, equal to the inverse of
the variances of the point y variables, the elements of the VARNCE array
will be the squares of the standard error in the estimates of the coef-
ficients Vo which the fit has produced. The inverted matrix is printed
when the user enters the command PCOEF.

6. EXAMPLES OF SUPERFIT USE

Several examples of runs with SUPERFIT are given below, the listings
being those cobtained at a DECWRITER terminal. To make the action clear,
the user's input is typed in lower case and the responses from SUPERFIT
are in upper case. '

6.1 Tabulating and Plotting a Simple Function

This is the simplest use for SUPERFIT where the user wishes to

tabulate the funct%on
y = X/Y, g

for x in the range 0 to 1,

and t having the values 0.3 and 0.2.
The terminal listing includes a S$LOGON job to submit SUPERFIT, use of
the $#CONSOLE to monitor the progress of the job and the initiation of
the $5.READY link task. In entering his function, the user erred by
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providing a mixed mode statement. After his first GO command, the
compiler segment detected the error, and typed the full program listing
at the terminal. For this example, it is simpler to retype the function
than to go through the edit procedure and this was done by the user.

The rest of the run was uneventful. The plot produced is shown in

Figure 1.

EXAMPLE 1

SRCONEOLE

Ins

2 L DG ON
JOBNAMES BECFLT

TARE 0.
GO0 A/RECFIT JOR ¢ ororsolol  D0OFH T O e NLY s R B CLANGY
Q010 // MEBGLEVEL=(2v0) v CLASSmAy T ME=Z
0020 /RROUTE  PRINT PHYS
0030 SRJOBPARM L=l y Ka=0
o040 £/ EXER SUPERFIT»8YSOUT=F
-SUBMIT
RECETIT SUBMITTEDR AT 14.%0.06
=N
FNTELOGON
wlt REGFIT '
BECFIT GO JTU=00OMO0 . 26 TTE=001M59 .26 RE=120K y UUC=004K
wENT
ENDG CONGOLE
% cREADY
n:
JOBNAME ¢ BECFIT
0K

JOR 283 BECFIT NOW REATDY (251D

T8 PLOTTING FOSSIRLE AT YOUR TERMINALT
ANSGWER YES OR NO
(1w
~TATA ENTRY RKEYWORISG ARES-
F TO ENTER LUSERS CONLNG
FAFE TO ENTER XYFARE ARGUMENTS
EOIN TO ENTER FOINT COORDINATES
CURV TO ENTER CURVE X-COORDINATES
COEF TO ENTER COEFFICIENT VALUES
VaRkY TO ALLOW COEFFICIENTS TO VARY
FI¥X T STOP THEM VARYING
~NATA ENGUIRY KEYWORDS
TO FIND PR NT VALUES OF DATA
FRECEDRE KEYWORD RY 7 (E.G. T2
JINT FRESENT VALUES OF DATA
CEDE KEYWORD &Y F
POOR P OALONE GIVES ALL INFORMATION
~COMMAND KEYWORDS ARE -
ENLT  TO MODIFY USERS COLMING
Go TO COMPTLE AND RUN USERS CODE
FIT TO TRY LEAST SGUARES FIT TO FOINTH
CORRK  TO CORKECT OR DELETE FOINT DATA ENTERED
FLOT  TD BET CALCOMP F.0OT
HELF  WHICH WRITES THIS MESSAHGE




le

SUSFEND TO SUSPFEND TERMINAL SESSTON

HSTOF  TO TERMINATE JOR

= TG ACCESS Ok GaTd RBLOCKS MELD IN LIBRARY
SAVE (WITH A JOBRNAME  » IF DESIREDD

DELETE " .
THEAVE TO LTSET THOSE DATA BLOCKS alREADY SAVEN

INPUT?

%Qman cdata rrocedure dgnbores all lines starbing with sstorisl

¥Eamele 1. Evaluaters Labhulate and slol a8 simele Funchion.
ey

ENTER NUMBER OF POINTS FOR CURVE (200 MAMNIMUM)

101

ENTER X-COORDINATES OF FOINTS FOR CURVE

0.000.0121.0 '

INFLT R

ENTER FORTRAN STATEMENTS TO DIEFINE
Y= (X3
YA DYNRy v ee  ETC. LF YOU WANT TO FIY
WEIGHT IF YOU WANT A& WEIGHTED FIT
AVOILD STATEMENT NUMBERSG 99949999
NO MIXED MOBE STATEMENTS PLEASE
YOU MAY USE ANY COEFFICIENTS (A-T)y THEY ARE IN COMMON
END IN COLUMNSG 1-3 TO FINESH
wege (30K /0 ) Asard (4KE)
el

INFUT?
g0
COMMON Ay RyCrUrEsFeGrHyTo Je KoL sMsNeOvFyQeRe S T XVALUE CA00) » YUALUE(
1400 s NVALDE » DESQANC L4 s BYDA» DYDR » DY DC o YDy BYGE s DYDF y BYRGy DY DH « TFYT
20¢0YDF e DYDQ e OYORy DYNS e OYRT o NFOINT y YPOINT (200 ¢ ERRRSA s VARMT (149 140
SHEADERCLE) o XLLABREL (18 v YLLABEL CL8) oy NHEAR y NXLABL y NYLARL » XFOINT (201)
DIMENSTON BYDCOFC14) » COEFFT (20 o PUAR 200D
EQUIVALENCE (DYDCOF CLY»DYDA) » CCOEFFT (L) oA » (XFOINT (ZQL) e FUAR L )
N0 9996 1C0F=] 14
DESQANCCTTOF ) =0,
OYOLCOF CXCOF =0,
nga 99946 JCOF=is14
9996 VARMT (JCQOF » TCOF ) =0,
ERRESQA=0 .
DO 9999 TUALUE=Ly NVUALUE
Y0
K= XQALUE CTVALLUE)
WEILIGHT=1 .
G e USERS CODENG FEGING o oorse oo s oo o st o e s o o s 0
Y=EXF(-XEX/T)/8QRTCAXT )
0 o LGRS DUILUE NS NI o e o oo b v s e e e s s st o o 1 i s i s 1 10 11 30
EVERITY 4
MIXED MOOE EXFRESSLON
TFCIVALUE . BT.NFOINTY GO TO 999%
ERROR=Y-YFOINT CLVALLIE}
ERROW=ERRORYWE LGEHT
ERRRSQ=ERRESQ+HERRORRERROW
RO 9998 ICOF=1ls14
IF(YRCOFCICOEE) L EQR. 0. ) G TO 9998
NESQRE CLCOF Y =0ESQUC ( LCOF Y +EREQWXOYDCOF (IO 2 %2, 0
Do 9997 JCOF=1,14
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Ay UﬁRMT(JCUFpIGUF)“UARMT(JCUFPICUF)+MEIGHT*HYH&UF(JCDF)*DYUEUF(ICHF)
%998 CONTINUE

FUAR VAL UED) =WETEHT
9% YUALUE CTVALLKE ) =Y

AR

COMPILATION ERROR. R

SENTER Yaf (X))

ITNFUTT

*imelest wewy Lo correct Lhio sreor 1 L0 vaeprrber Furnetion.
3

ENTER FORTRAN STATEMENTS TO ViR
Y ()
BYLAs YRy o oee  ETO. IF YO WANT T FLT
WETGHT TF YOU WaNT n WEIGHTEN LT :
AVOID STATEMENT NUMBERS R e
NO MIXED MODE STATEMENTS LA
YOU MAY USE ANy Cf FICTENTS (a~Tirs THEY ARE TN COMMON
ENT IN COLUMNG 3070 FINESH
wmmaie (el ) Znart (4. 088D

et

TNFUTE
coel
ENTER COEFFTOLIENT (RINGLE LETTER) % Vablk (F G A=l.0)
ENTER LETTER 2 T0 FINIGH
T g

TNPUT?
0

INFLTT

KComed Lation was succoessTul .

gtabulate sart of Fuarction al tevrminal

Fars

7 WILL INTERRUPT TYPING QF

CUHRVE COOMRIINATES
0.0 I L R SR
1 00O00E G2 T e
2. 00000E~02 Gl LA! ]
E . 00000E 02 91013 01
4, 00000E (2 Y. 0B01L&Z-0L
5L, 00000802 @, ONRPEE -

CONT o 490  to see whal values arae like at far end.
G GGO00E-DL Ay BRI PE-
9. 70000FE~01 3. 96568
2. 820000E-01 F.7041L1
. 90000E~01 B ATV
1+ OOO00E40Q 3 RN6GHE~-02

INFUT

EFrimt bhe teabulation on the Lime primbers
PO
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INPLT?
¥ oand srint the coefficiernt value (L) for convenience.
rooet

LNFT
¥ lot the function after setting ur slobt parer to suil PUTFOBES.

e G 6
XLBCALE LOGARITHMICT ENTER YES QR NO

rie :

Y-SCALE LOGARITHMICT

e

ENTER NEW PLOT HEAER COR TMMERLIATE GoR.2
7E PO ) Seart (A%

ENTER MNEW X-aXI5 LAREL (OR ITMMEDIATE C.FR. 2

ENTER NEW Y-AXIS LABFL (OR IMMEOTATE C.R.:
W with L+0.3

INFLT?
=lot

INFUT?
¥riow chansdge value of G
coet
ENTER COEFFIGCIENT (SINGLE LETTER) & VALLE (E.G. A=l.0
ENTER LETTER 2 TO FINIGH
o= 0,2

INPUTT
fi{ng

LINPUT?
X and tabulate this alt erinter
F) T

INFLIT?
Feoel

LINPT
¥row all Ffimitshed
sd o
ENI OF RUN
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6.2 Fitting the Sum of Two Exponentials to a Set of Data

output for this example starts where SUPERFIT first began to inter--
act with the user. Liberal use has been made of the monologue inter-
ruption feature described in Section 3.5. In entering his data wvalues,
the user made two mistakes and these were corrected before proceeding
further. Two fits were made, one unweighted, the second weighting the
values by 1/y - the normal procedure if the variance of the data is due
gsolely to counting statistics. The plot of the fitted function (shown
in Pigure 2) seems reasonable, but the value of E?2 is still too high for

a satisfactory fit.
EXAMPLE 2

OB Z01L BECFIT NOW READY  (2%51)

16 PLOTTING POSSTRLE AT YOUR TERMINALT
AMBWER YES QR NO

Fie

STATA ENTRY KEYWORDS ARE -

S TO ENTER USERS COENG

FafE TO ENTER XYFAPE ARGUMENTS

TNFLT?
* A 7T wes used Lo drntereuet bhe listing of keyworas
¥ Eamele 2. Frbbineg oats roinbs with bwo exeronentials
IR A A
ENTER NUMBER OF FOINTS TO BE FITTEDR (200 MAXIMUM)
1.9
ENTER X-COORDINATES OF FOINTS
200200360
ENTER Y-COORDINATES OF FOINTS
EEAOE 4VEEY 441960 IV9L0 BEHEEQ ZIZXAR RQEFO IOV 2778V
mAAWT nmagn awanz 214971 21131 20304 L93IB2 18300 1G99 LHA0R

TN :
% The thire and Lhirbeenth w-values were entered wrornsgly
b and have Lo bhe correcled
oOrT
HOW MANY FOINTS TO BE CORRECTED?
]

éNTEW FOINT NUMBER
5
OLE XeY ARE  &:.00000E+01L  4.41960E4+0%
ENTER NEW X & Y

HO 41960

ENTER FOINT NUMBER

13

OLI XeY ARE  2.60000E4+02 2. 11971LE+H0G
ENTER NEW X & Y

260 21971

HOW MANY FOINTS TO BE MELETEDT

O
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INFLUT®

1.‘

ENTER FORTRA
YaF (X))
DYDaeN
WETGHT

AVOIET STATEM

MO MIXED MOD

YOU MAY USE
N 0L

FNT

dn
NECFED a Y]
@

INFUTY
oo

ENTER COEFFI
ENTER LETTER

20

NTS TO RE ADDEDT

N OSTATEMENTS TO DEFINE
Yy
IF
ENT NUMBERS 99949999
ESTATEMENTS FLEASE

ANY COEFF

UMNG 13 TG FINISH
Ry $T9

F4TE St Ta )

sl

+ et

o 473 SR LRI

ifadoXelwce

CTENT (STNGLE
A TO FINISGH

LEYTERY &

a=40000 h=-0,004 c=2000 d=-1, 3a-4

INFUT?
LT
ENTER
20
EENTER
OCR02380

INFT?
VETW
ENTER
FOLLIOW EalH
EMTER 2 TO F
g b H.e4
X beltler

ot
N

IWeuT T
20
ERRRS8Q =

TNFT?
¥ Comes i led
it
HOW MANY
7 oowill do T
T OWTLL INTER
ERREESE =
ERRESEQ =
FRERSE =
FRERSE

TTE

NUMBER (F

X-COORDINATES OF

FOTNTS FOR CURVE

BY MAX.
TNTSH
¢ oo lee-5

et allow the edeFonents

VARTATION IF

1. 126308408

correchly s

RATIONG?

O MW

RUFPT
1.:19630E4+08
24051 63EAH07
2. 296HAEFOTV
G 7RAPGELOL

ETCo TF YOU WANT TO FIT
YOS WaNT & WETGHTEX FIT

oINS COMMON

Uil UE

y
K

(200 MAXIMUM)

PFOINTS FOR CURVE

NEW (ANDZOR 0T VARYING COEFFICITENT LETTERS
DES

TRED

o ovary too wildly

g row btre a fit.

(E:Gs A=l 0)

to start.
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H.H7V90EA04

ks Y. APRBOEL0E
TN TROUBLE-MAY BE ROUNDOFE
LT CHECK YOUR FLUNGTION COTRENG

ERRERGE = 5 ARHI0EH0A

R i
oo
MOMN-2ERO COEFFICTENTS (AT FOLLOW
foom 193461 AE+04 :
RN E = P AR21E400
B =2, AQSARE -0
R = Lo PASE-T
o= A, AR 4
RN FLEFREAQ0
o= il HOSTBE-OF
LI N T o Sel2PE-14

Lprs

Yvariasnces are mearningless with all

weishts sel to unitw

Kao no wmodlfy erograme (user s Punotion)

gl

=010 FINGUEI IR e
0020 LY IR AR T T
=030 Y D= B (T )
~QOA0 THY T N0y T
QI Yo KTV DA+ DY I

=& weaiiled O/
=007

10}

SO COMPLETE

CRERGE = 2o BAAANE QR

TNPLUTP
¥row refit with the weisbts in the
it
HOW MAMNY LTERATLONST
&
T OWILL INTERRUFT
FERRRSGO = 234444+ GL
ERRREA = 2 30HIVEH0R
VAOHA TN TROUKLE-MAY BE ROUNDOFE
BUT GHECK YOUR FUNCTION CORING
FERRRSE = 2 ROUAPESOR

TNFLTT
¥hvw one more Lime
it
HOM MANY LTTERATIONST
-y

TOWILL INTERRURT
FRRERHA = 2. J0HIVEH0D

funetion definition
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Unda T TROURLE-MAY BE ROUNDOFF
BUT CHECK YOUR FUNCTION CODING
ERRRESQ = 2. 30BAPELOL

TNRLT?
Tl
HON-ZERD COEFFIGTENTS (Aa-T) FOLLOW
4 I 1.93825E4049
L M e 3. RAPEHOL
7o @ FERFLBEAGR
AV TT R S L E 2.804E-06
i, = 4, A9 740404
VAN E = L DA2EAO
0 owm wd s FREVIE0F
VRN E = Y.931E-10

INFLIT?

e 3 gy

X-SCALE LOGARITHMICY ENTER YES QR N

113

YHGalk LOGaRTTHMICT

LG

ENTER NEW PLOT HEATIER (OFR IMMERIATE CoR.?
it to double saeronestisl

ENTER NEW X-AXIS LAREL (OR IMMEDIATE C.R.)
tLime {(seconds)

ENTER NEW Y-AX1S LABEL (O IMMEDIATE G.R)
courts

LTNFUT T

#lot

ERERREGE == 2 JOBIAPEL02
INFUT?

¥eerdint everwtbing

f.‘;

INFLT?
g1, 0
ENTE O RUN

6.3 A Fitting Problem Showing Use of XYBUF Subroutine

In this example, the square-wave function
y = 1 O<x<1l
y = 0 x=0
y = 0 X =1
is approximated by a discrete sequence of point pairs entered as data
after the POINT keyword. The user's function is the partial Fourier

series

a, sin [(28 - 1)mx]
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Instead of referring directly to each of the COMMON variables
A,B,C,... which are the coefficients in the sum, use is made of the
array COEFFT which is equivalent to +hese variables, care being taken
not to reference the non-varying integer variables I,J,...N when stepping
through this array. On the first pass through the user's coding, when
IVALUE is one, the subroutine XYBUF is called. As coded, this has the

effect of writing the coefficient N onto the array HEADER using the

format defined in the array FMT. SUPERFIT uses the first NHEAD characters

of the array HEADER as a title for each plot. The XY¥BUF subroutine call
in the example thus automatically provides the appropriate heading for
the plots following the function evaluations made with different values
of N. In similar fashion, use can be made of the arrays XLABEL and
YIABEL from which NXLABL and NYLABL characters are used to label to x
and y axes of plots. The plots produced in this example are given as
Figures 3 and 4.

EXAMPLE 3
JOB 3RO RECFIY NOW READY  C253)

IS PLOTTING FOSSIRLE AT YOUR TERMINALTY
ANSWER YES O NO

e
~PETH ENTRY KEYWORDS ARED-
= TO ENTER USFRS COUING
FAFE TO ENTER XYFAPE ARGUMENTS
TNFLUT?
¥ etamme e F. ogrier® Til o seusre WBYEe.

gorirmt

ENTER NUMRER OF POINTS TO BE FLTTEDR (200 MAaXTMUM?
A4,

ENTER NUMBER OF FOINTS TO BE FLTTER (200 MAXIMUM)
41

ENTER X-COORDNINATES QF FOINTS

OO0 02%)1

ENTER Y-COQRDINATES OF POTNTS

O BNk O

INFUT?
. i.‘
CNTER FORTRAN STATEMENTS TO NEFINE
Yl (X)

dimension fml (8) _

data Ffmt /7 CidsLah ool narmonics)’/
data i /B.141893/

it Civalue.sh. 1) #o to l

calld s (hegdererhesds Totam)



24

1oty 3O dda=lvr
gris=miidiiel
siloargsgin(eiXsiel)
dudEi

LT GG st 8)Y  miitd
e Liis Jumies hhe
ciweleot (40 =aginarng
wswrbs i ansgXeoet FL (0D

ingjex over the
10
CIRTN

INPY e
coefft
ENTER COEFFICIENT (STNGLE
ENTER LETTER Z TOQ FINISH

e dld aml, =

INPFLT

b £ S, . S
Qhﬁﬁsu e 3. 09648E+00

INFLT?
¥ Comeiles
Wk

toarreet

ENTER NEW (ANDZOR OLID VARYING COEFFICIENT

FIHLOW EACH BY MAX.
ENTER Z 10 FINISH
a o de fdhor

UARTATION 1F REST

ar "

TNPUT?
it
HOW MAONY ITERATIONGT
3 :
POWTLL INTERRLIET
FERERGE 8.0945854+00
ERRREE = e 216E3E-0R
VAadsEA TN TROURBLE-MAY BE ROUNDORF
BUT CHEGCK YOUR FUNCTION CORING
ERRRSQ e 2 LOAOE 02

ENFUTS
Cury
ENTER
200
ENTER X~COORDINATES
QCG.005)1

NUMBER OF FOINTS FOR CURVE

OF FOINTS FOR CURVE

O ENPFLTR
e
ERRRGAQ = G2 HEOE~02
INPUT?
slot
ERRREHQ = G+ 21 L4002

INFUT T

(E . Ge

fined coefficients.

Pl Q) -

LETTERS

Q0 MAXTMUM)
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G

ENTER NUMRBER OF FOINTS FOR CURVE (200G MAXITMUM)

¥ Fitbimg loos does Taster if no curve soints bave Lo he evaluasted.
§)

INETT
s
EMTYER COEFFICIENT LETTERS TO BE FILXEDR
FMTER 2 TO FINLSH
0o oaor o

IMFUTT?
ot
ENTER COFEFFICIENT (STNGLE LETTERY & UALUE (.G, A=1.0)
ErYER LETTER £ T FINISH
i por

TNELT

£t

HUW MANY ITERATEONG?

4

ERRRSO = 2.74932E-01

TNFLTE
it
HOW MANY LTTERATIONST
4
TOWILEL INTERRUFT
FReRFEGE 2o RARA2L QO
Ua0aA TN TROLURLE-MAY BE ROUNDOFF
BUT CHECK YOUR FUNCTION CORING
FRRRSQ == 2y AARIRE 0]

INFUTS
CLry
ENTER NUMBER OF FOINTS FOR CURVE (200 MAXIMUM?
200
ENTER X-COORDINAOTES OF POINTS FOR CURVE
RCo00E)1

INFLT?
g
ERRRGEQ = 2 7ARIRE~QL

INFLTT
elot
FRERSE = B AFARE-O ]

INFLTT
g rrerimt everwbhins

TNPLUT®
gb o
EMD OF RUN



26

7. THE SUPERFIT CCOMMON AREA

This area supplies the necessary connection between the user's
FOREX program and the rest of the SUPERFIT program, allowing them to
pass values of variables to one another. The meanings of many of the
variables have been described earlier in this report and, for most
applications, the user need not concern himself with the area. In any
event, much of the area's structure is self-evident from an example of
the program listing given in Section 6.1, but the following description
may be useful in special cases.

The NPOINT x,y values of the data points entered by the user are
held in the arrays XPOINT and YPOINT which are common. The NLINES x
values entered by the user after the CURV keyword are held in an array
XLINES; neither the XLINES array nor the variable NLINES are accessible
to the POREX program. When the user enters either of the keywords GO or
FIT, the NPOINT numbers from the array XPOINT are moved to the array
XVALUE and then followed by the NLINES numbers from the array XLINES.
The array XVALUE then contains NVALUE (=NPOINT + NLINES) numbers which
are the different x coordinates for which the user's function is to be
evaluated, the results being stored in the array YVALUE. After exe-
cution of the user's FOREX program, the calculated y values are ext;acted
from this array and stored in private arrays.

8. ACCESSING DATA AND PROGRAMS FROM DISC

8.1 Reading Point Data from Data Sets

A user with a large number of data values could find it tedious if
he had to enter these values into SUPERFIT by typing them in at a
terminal when they were already stored on magnetic tape or disc. Such
data can be made available to SUPERFIT by judicious design of the state-
ments which (nominally) define the user's function.

The user's function printed below provides an example of the way in
which data on disc may be accessed. The disc data set was previously

written as one record with the following layout:

Ny Ny
El, E2, N E185
Ul, 02, sesesanss 0185

in which Nl, N. were identifying numbers and the Ei and Ui were neutron

2
energy and cross section values. Before the compilation and execution

of the user's coding, it was necessary to define 185 dummy values of E,
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0 in the XPOINT, YPOINT arrays. On the first pass through the user's
code (when the variable IVALUE was set to 1), the correct values were

read into these arrays for use with a more practical user's function.

LIk Ay “ W F - K MeNsOgsPrOsPeSeTaXVALUF (400) s YVALUF (
1ERF:TEVQLLE?EE§%521?R::%§ﬁ3.Bhﬁn:nvné.&vno.gvns.nvnr.ovne*ovoﬂi2$n
20.nYNPsbYNNsRYNRADYDS s NYPT o MPOTNT s YPAINT (20 ) s FRRRSO+ VARM llAal Yo
BHEnDFDf]P)1anHEL(1ﬂ)yY%éR$H;A?l;vzg%gaﬁfLﬂHLiMYLAHLoXPnINT(2 )

MGTOK DBYDCOF{14) «CNEFF .
2A:§U§EFLFL ?ngnéAFt;)'DYDA}9ffﬂEFFTt1}oﬂ’olKPOINT(EUI’oPVAP(l')

nn “yun 1COF=1sl4
NesoDC{1COF =0,
AVACOF (1CHF ) =0,
Ry 99k JCNE=lela

9996 VARLT(JCLFe ICOF) =0,
FRPR&A=N,
nn 4939 TVALHF=T +MVALUF

Y=De
K=Y VALUF {TVALHE)
wETHRT=] .
¢ et SFRS CMOTHG REGTMS -
r QEAN Fe STHEA VALNFS FROM DTSE
TF(TVALIIF L GT.1) 6N _TO &4
REAN {16 FuD=2 s ERR=RINT 4Ny
RIYDOOTINT(IT)o11=192105)
HAYPNTRT LTI 2 TTI=1 0 145)
REWIR &

[ O 4
¢ Y FxIT Foar THIS AND DEFINE THE RFAL USFR'S FUNCTTON
WRtTE (A1)
g rR i  hn0n wHEN READINGs STOP FXTT TAKFNY)

STNP
4 CAMTTMF
C ====lISFLS COLING EMNS -
TF(TVALIF JATLNPATINTY GN TN 9999
FREON=Y=YPOTMT { [VALUF)
FoPNusFrRORRABFIGHT
EROKSI=F PPHMSU+ERRORSERPROW
o qqqg ;Q?E:};l?n Dy} GO TO 99%R
F{hYLCH sFRaDy 3 ,
gféﬂﬂC(ICOF)=UFSUDC(IrnF)+ERPouﬂDannFt!coF)“g.u
nn 8997 JLOF=1s14 . e
3997 VAR T (JCRF » TCOF) SVARMT (JCOF » TENF ) +WF TGHT#NYDCOF {JCOF) #DYDCOF ( 0f)
QQ9R CnnT TNYF )
PyYAE{TYLL UF ) SWE TGHT
RG99 Yyal DF (TVALUF) =Y
Fan .

8.2 Library of SUPERFIT Data Blocks

A facility is available by which a user may save his data (in-
cluding those statements defining the user's function) in a SUPERFIT
library; four special command keywords are recognised for this purpose.
The user may, at any stage, enter the keyword SAVE and follow it with up
to eight characters as.an identifying label. ©On recognition of the
keyword, SUPERFIT collects the user's function statements, point data
values, curve X-coordinates, plot labelling information and current
values of the coefficients A to T inclusive and writes these on magnetic
disc as a labelled entry in its library. During the same run or any
subsequent one, the user may recover this information by entering the
keyword LOAD (followed by the identifying label). Library entries can
be removed by entering the keyword DELETE and the library entry label.
The user who wishes to know what library entries have been saved may
enter the keywords ?SAV. In all cases, the label can be omitted if the
user wishes; in this event, SUPERFIT uses the user's job name as an

identifying label. When saving or deleting a library entry, the identi-
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fying label must begin with the user's initials but he may load library

entries saved by any other user.
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Y WITH T =8.3
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Y=EXP(-XX/T)/SQRT (LxT)
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FIGURE 1. PLOT OF A SIMPLE FUNCTION
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