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GENFIT
A GENERAL LEAST SQUARES CURVE FITTING
PROGRAM FOR MINI-COMPUTERS

S. Shaley *

ABSTRACT

Genfit is a BASIC data processing program, suiiable for small on line computers. Although initially
programmed for an HP2116C computer with a 16 K magnetic memory punched tape input, teletype controi and an
HP graph plotter, it may be used with a wide range of similar mMmini computers.

In essence the program solves the curve fitting problem using the non-linear least squares method, the theory
for which is given in some detail. A data set consisting of 2 series of points in the X-Y plane is fitted 10 a selected
function whose parameters are adjusted 10 give the best fit in the least squares sence. The library of functions included
in the program is easily extended.

Appropriate ersors are specified for both the X and VY directions and each psrameter in the fitting function
may be designated as variable or constant. Convergence may be accelerated by modifying (or interchanging) the values
of the constant parameters in accordance with results of previous calculations.

1 - INTRODUCTION

GENFIT is a data processing program suitable for small on-line computers. it was programmed
for a HP2116C computer, with 16 K magnetic memory, puached tape input, teletype control and an
HP-graph plotter, but is equally suitable for a wide range of similar mini-computers. The language is
HP-BASIC.

Essentially the program solves the curve-fitting problem using the non-linear least squares
method. A data set, consisting of a series of points in the X-Y plane, is fitted to a selected function
whose parameters are adjusted to give the best fit in the least squares sense. A library of functions is
incorporated in the program, and the addition of other functions is extremely simple. A variety of
options are available for data input and output.

The points comprising the data set are weighted according to their relative precisions. For this
purpose standard errors may be specified in both the X and Y directions.

Each parameter in the fitting function may be designated as variable or constant. Furthermore,
the vaiue at which a given parameter is held constant may be determined from a previous calculation in

which it was variable. In this way convergence can usually be reached even for quite intractable
non-linear functions.

2 - INPUT

There are two types of input instructions in the program, DATA INPUT, aaxd CONTROL

*IAEA Technicai Assistance Expert, Division of Nuclear Engineering, Instituto de Ensrgia Atdmica, Sdo Paulo, Brasil.



INPUT. In the former, the data set of N points is provided, each point consisting of X and
Y — coordinates and errors [variances) 'n the X and Y — directions. Control input consists of instructions
concerning the choice of function, number and mode of parameters, output instructions for printing
intermediate and final results, and the type of graph required. Input instructions are of the
conversational type, where the operator responds to reqguests tor information from the computer. In
most cases the data input routines are self-checking, rejecting information which is meaningless or
inappropriate

The maximum number of data points is 150. However, options 2 and 3 provide the possibility
of grouping uata, so that although the final number ot grouped points must be less than 150 there is no
restriction on the number of ungrouped points.

2.1 - DATA INPUT

Three aptions {index L3) are incorporated in the program. All require the operator to state the
number of data points, and they provide difterent possibilities of inputting the data set.

OPTION

Teletype — This is the most general option, and also the simplest. The operator is asked to
provide the number of points N, and for each point the {X,Y) coordinate and the errors {variances) in
the X and Y directions. There are no restrictions on the values of X or Y, on the crder in which the
points are input, or on the errors {except that data with zero error on both the X and Y axis will be
rejected). Regular spacing between the points is not necessary, and more then one point may have the
same X {or Y) value. However, since the least squares method is used, there must be more points than
variable parameters.

OPTION 2

Punched tape - This option accepts punched tape through the optical reader. It is assumgd
that this tape has been obtained from a multichannel analy::r, and consists of Y-values only, in
increasing order along the X-axis. The first value is assumed to have special importance and is printed out
without being transferred to the data set. The operator is asked to provide the number of points N, the
first X-value {corresponding to the second Y-value on the tape), the X-step (difference between
consecutive X-vaiues) and the variance on all X-points {assumed to be equal for all the points). Points
may be grouped, and the group size L1 is requested (,iiinimum value = 1). Values of L1 and N will not
be accepted which result in a number of groups greater than 150.

OPTION 3:

Data Instructions — This option is useful where several calculations are to be made on the
same set, but no punched tape is available. The data is stored in the program in the form of data
instructions (starting at line 6000), and read from there as required. Otherwise, the instructions are the
same as Option 2.

2.2 - CONTROL INPUT

The operator is asked to denote a function number (H) and tie number of parameters (K). The
functions are stored in the library with index numbers in the range 1 — 8 {see section 4). Many functions
are in the form of series, and may be truncated after one, two or more terms. Hence it is
important to choose s number of parameters corresponding to whole terms in the series. The maximum
number of parameters is 10, Lut this may be changed by a altering lines 70, 196 and 197.



The next control index (H1) gives three options with respect to the initial values of the
parameters. If the function is linear, and errors have been specified only on the Y axis, then the program
will probably converge even it all the parameters are initially se* equal to zero. in other cases, it will be
necessary to give an initial value for each parameter. if a previous calculation has been made, the final
results of which are acceptable as initial values for the current calculation, this possibility is allowed for
under the heading space *‘parameters held over”.

The use of Option H1° © (parameters initially set to zero) is forbidden in the case of zero
errors on the Y-values. In this rather unlikely case, it is necessary to use H1 =1 and provide non-zero
initiai values for the parameters.

The index K is equal to the total number of parameters to be used in the function. Each parameter
may be held at a constant value or be considered variable, with a final value to be determined by the least
squares fitting procedure. This option is controlled by index W1. which is the number of parameters to he
heid constant. Obviously 0 < W1 < K. Far the case where W1 is not zero, the operator will be asked to give
the index value of each constant parameter, and the value at which it is 1o be held constant.

The type of output is determined by the indeces B2 and B1, which permit the printing of the
matrices or the parameter values during each iteration, if this is required. If convergence is not resched
in 20 iterations, the program will stop. After convergence, the final values of the parameters are printed
with their errors, together with the sum of the squares of the residuals. Further options permit the
tabulation of all the input data, fitted curve and residuals {index B3), and a graph plotted with a linear
or logarithmic ordinate scale {Index E5). A final option gives the choice of plotting each point, plotting
the fitted function, and also plotting the error curves (index B4).

3 — THE FUNCTION LIBRARY
Nine functions may be incorporated in the library, and called into use by means of the control

index H. The program has been writen in such a way that the addition of functions is a relatively simple
procedure. Each function has been allocated a s. ction of the memory:

Funclion Memory i Permitted Number
Number Location | Function of parameters
{index H) {Index X)
10 .
1 100-1199 | v =t pX'"' 1,234,56,789,1
i=1
4
2 1200-1299 | ¥ = P1 + Z Pzie)(p(P2i . .X) 3,5,7,9
=1 ’
3 1300 - 1399 | spare
9 P
4 14001499 | v = =_psin(L1T 24,6810
=2 1
.7 X
5 15600 ~1599 | Y = P, Sin(5=) + P 3
P, 3
6 1600 — 1699 | Spare
7 1700 ~ 1799 | Spare
- .
8 18001899 | Spare
\ 9 1900 - 1998 | Spare
[ -~




The input control indeces H and K define the choice of function and the maximum number of
parameters to be used. Of course, the value of K must be a permitted value (see above table).

The addition of new functions to the library entails inserting the appropriate instructions in the
reserved memory locations. The first instructions should be in the first reserved location (i.e. 1600 for
function number 6) and the last instructions should be “GOTO 1020”. in addition, instructions should
be given defining the function F(1}), its differentials G(}) with respect to each parameter P{J), and its
differential (2} with respect to X.

4 — CURVE FITTING BY THE METHOD OF LEAST SQUARES

4.1 - Statement of Problein
We start with a set of 1 Jats points in 1 + 1 dimensional space (.‘(H, Xzi, Cee Xii, ey Xm, Yi)

wherei=1, ... m and with an assumed functional relationship with n independent variables and
P parameters

Y =f(x1,xz,...,xn,a1,a2,---.ap\ .

We are interested in tinding the values of the p parameters which will give a “best fit” to the data.

“Best fit"” is defined as follows. With each value of each variable there is an assoc.iat.ed
uncertainty o {X.}) wherei-:1,...,m, {=1,... ,n. The reciprocals of the squares of these uncertainties
are defined as the weights:

1

w(Y) =
™EE
W(X) = —1— .
| o?(xj)

The residual R, (x.) is defined as the difference between the observed value of the variable and its value
as computed from the fitting function f.

i
<
i
<

Riy) =

Ryix )

]
>
|

The parameters which give the best fit to the function are those which minimize the function S defined
83 the weighted sum of the squares of the residuals:

[W,Y)R y)+ T W, (XIR? (x;) ] (n
1 i=1

wn
1
43



4.2 — Summary of Mathematics of solution®

To solve the problem we must make initial guesses of the parameters. The initial guess of the
k'™ parameter is denoted as ay,,. If the problem is linear, that is if the function f is linear with respect
to the parameters, then the initial guesses are of no importance and convergence to a solution is reached
in one iteration regardless of their value. In nonlinear problems choice of initial guesses can be critical
and drastically affect convergence.

The conditional function is defined as

Fl=y —Hx X0 - 00 Xjis -+ Xoio Aps s ) 2
and
Fl=0 fori=1,2,..., m.
The estimated value of F' is
FLo= Y = HXg s Xy 8y e v 03 ) (3)

Py
Where Xj' and Yi are the data points and

Flo#0fori=1,2,...,m.

IfFis expanded in a Taylor series about the data points and initial guesses of parameters and terms of
higher order are neglected:

i i GOF aF F
0=F =7 + v, ly,—Y)+ ? ox (x;; = X;) + E %, (a, ako)
and therefore
(- a_F' a_F' a_F' (4)
Fo dy, Ry + ‘? ax” Ri‘xi) * E da, Ax
where
A o ~—a . (4a)

* For a fuller sxposition ses WOLBERG, J. B. Pradiction analysis. New York, Van Nostrand, 1867,



The residuals in equation ([4) can be varied slightly with a consequent variation in the
parameters but in such a way that the FL do not change because they are not functions of the residuals.
The differential of equation (4) is therefore:

oF' n o oF 2 oF .
% sR 9 sRx)+ £ Z-5A =0 ;i=1,....m 5
v R'(y}+j=1axjiaa'(x‘)+k=1aak " ! &)

Considering equation (1), since S is to be minimized, small variations of the residuals will not affect it,
therefore:

5=0= F WIVIRMERY + £ WIX)Rx) B x)] (®)
i=1 i=

Since we are considering an extreme problem where eguation (6) is to be minimized and equations (5)
are the mrestrictions, we will use the method of Lagrange multipliers to arrive zt the solution,
Multiplying equations (5) by :n Lagrange multipiers, hi(i =1, ..., m) and subtracting these m equations
from equation (6) we get:

(W Y)R()-?\QF—J'IGR()+2"“(W(¥‘H( )‘R'@‘E‘i’ SR (x.)}
- ¢ Y By, Y IR ¥ 3x; L

i
'E‘?Aag{:’“‘k =0 @

In order that this equation be satistied, each coefficient must equal zero.

oF!
i dy; .
R;(y) WY i=1...,m (8)
aF!
),"_—‘
i Ox.. -
_ ji i=1 ., m
Ri(xi) Wa(xj) i=1....n )]
i
TaE -0 k=1,....p (10)
1=1 aak
Substituting (8) and (9} into equation (4) we get:
A i A i i
ALY SR N I - ,
Fo Wiv) (By’.) ',-[’w.(x.) bxﬁ) * Eaak Ay i=t....m an

L)



Equation; (100 and (11) are a set of m + p equations. Solving for A, in equations (11) and substituting it
into equation (10) gives the set of p normal equation needed to solve for the p Ak’s.

Fi, Fi, Fi, Fay FirFop  _FagFy
A + — 4.t z =X
' “l“ Li A? ? Li AD i Li i Li
(12)
i i gl i i i g
AlZFpF,'+ Fap Faz | A 2:|=,pr,p= Fi o
i L i Li L Li i Li
where
-
F“k - aak
aFi 2 ( aFI ’2
) L
L= _i__ z ) = 1' ,m
' Wi(Y) i=1 W(Xi'
n i
=iy + £ to0x) 2y (13)
i=1 %ji
where
BF _ .
ay, = 1 from equation (2).
The p normal equations (12 can be written in matrix form
CA =\
where
1] F'OQ F'I‘
Chg = C = 2 —— (14



i g
v = § b as)
kTS L
The Au" are then easily solved for by inverting the matrix C:
cl'ca=A=cCc'V
or
P -1
Ac= 6 Y k=1,....p. (16)
i= )
From equation (4a) the parameters a, are:
a =3 ~—A . (17)
k L k

As mentionad earlizr, if the problem s non-linear, these a, will not be the final solution bl:l! sre taken
as the first guesses of the next iteration. The problem is said to have converged to a solution when the
condition

A
’_'_‘_|<e k=1,...,p
3

is satistied for all of the parameters far some arbitrary value of . To speed ¢ "wergence, an acceleration
factor v is sometimes used and the new values of the parameters are:

a =8~ A 0<y <1, (18)

4.3 ~ Estimation of Uncertainties of the Parameters

It is often of interest to know the uncertainties (or standard deviations) in the values of the
parameters found by the least squares fit method, The uncertainties are defined as

o'k E\/(ak—ak)ﬂ: k=1,...,p {(19)

where

h-J
]

number of parameters
a, = the calculated value of the k'" parameter

= the true value of the k" parameter.

2
x
[



Becsuse the observed values of the variables ditfer from the true values, the a, differ from o, . In the
sbove equation m denotes the mean value of the square of the difference if the experiment is done
many times.

The derivation of the expression for Ok is long and tadious and will not be presented here”. It
depends, however, on two assumptions: first, that the second and higher order terms in the Taylor series
expansion of

WXy oo X0 8y, e, ap) ol | FROUIE S Gp)

are negligible where £, is the exact value of the k™ independent varisble st the i*" point and
a, is the true value of the k'™ parameter. This is 8 ressonsble sssumption unless the errors ere
lerge. The second assumption is that the errors in the variables sre uncorrelsted, which is ususlly
the case.

The equstion for o.k finally obtained, is

P s - =
o.k—\/n—;—p- v ckk‘ k=1,...,p (20}

This is an approximation since an sctual mean value is not used but only an unbissed estimate,
that is the value taken from the current experiment. In equation (20} S is the weighted sum of
the squares of the residuals and is equal to

(21)

m is the number of dets points, p is the number of paramaters, and C,,~' is the k™ element in
the disgonal of the inverse of the matrix C. m—pis the number of degress of fresdom of the
problem.

§ — IDENTIFICATION OF BASIC CHARACTERS

Some BASIC charactsrs are given s constant velue, end remsin unchanged throughout the
program (s.g. A@ =x). Others are input values, and mey be changed by the operator .9.9. K = number of
perameters). A number of characters are used 8s internai flags {e.g. E2 = number of iterstions), or
ss loop indeces (I, J, L). Meny cheracters serve as temporary storage (e.g. B, L1etc.). The following
cherscters can be correlsted with the mathematical expression of section 4,

® For details ses Wolberg, pp 564-60
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BASIC Mathematical BASIC Mathematical
characters expression characters expression
X{ X, ML) Ceo
Yih Y A{J) A
ai ! cuLL) c:!

o} (X) ki
R - N m
a2 (¥)
F() F K P
G F '.k D1 B
oF
2 o, AB Y
viJ) v, 82 S

6 — SUGESTIONS AND HINTS

The program GENFIT should be used with the R P T object tape, which permits the input of
punched paper data tapes. If the RPT tape has not been read, then error messages will be given for
lines 5060 and 5073 when the program is read in. If no punched data tapes will be used, these error
messages may be ignored,

The convergence criterion D1 is set to 10™2 in line 84. In some cases it may be desired to
change this value (D1 is the maximum permitted percentage change in the parameters for convergencs).

The acceleration factor A8 is set to 1 in line 88. For cases where convergence cannot be reached
dus to instability in the iteration process, it may be an advantage to reduce A8 to 0.5 or some other
value. Naturally the number of iterations will then increase, and the maximum number permitted (set
t0 20 in line 481} may have to be modified.

RESUMO

GENFIT ¢ um programa bésico de processamento de dados, sproprisdo para pequencs computadores atusis.
Apssar de ter 3id0 programado inicisimente pers um computador HP2118C com memdria megnética de 18 k, entrads por
fite perfuracs, teletipo ¢ com “plotter” HP, o programa pode ser utilizedo numa sxtenss gems de mini-computadores
similares.

Em essincia, © programa resolve o problems de asjuste de curves, utilizendo o método de minimos quedredos
nlo-linesr, send0 a te0ria spresentads com sigum detalhe. Um conjunto de dados, Gue consiste numae sérle de pontos no
plano X-Y, & ajustado por uma funco selecionads, cujos perdmaetros fornecem o maihor sjuste possivel no critério de
minimos quadrados. A bibliotecs de fungBes do programa pode sar estendids faciiments.

880 especificacios erros aproprisdos pers ¢ direcSes X e Y ¢ cade perémetro ns funcéo de sjuste pode ser
tomedo como veridvel ou constante. A convergéncis pode ser aceierads modificsndo (ou intsrcambisndo) os valores des
constantes, de acordo com rasultados de céiculos prévios.
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1

REN GFNFIT A GENERAL LEAST SQUARES FITTING PROGRAN

REM USE WITH RPT OBJECT TAPE

PRINT

PRINT ™GENFIT CURVE FITTING BY LEAST SQUARES"
PRINT

DIM X[1521,Y(1503,00158),R(150),FL150), TL158)
DIM SL151),21)58)

pIM ACUI01.GLI0),PE10),V(10),W(18),CL10,010),MC18,10)
LET Di=}].00000E-@2
REM D1 15 THE CONVERGENCE CRITER1ON
LET ABa} .
REM AB = ACCELERATION FACTOR
LET A9=3.14159
LET L9«0
REM L9 CYCLES DATA REJECTION <(SUB S886)
LET J9s} :
REM J9=3 SUPRESSES INPUT FOR DATA REJECTION CYCLE
LET E2w)

LET E920

REM E9 INDICATES CONVERGENCE

1F L9>9 THEN |@8

PRINT “DATA FROM TELETYPE(1)>. PUNCHED TAPE(2) OR READ(JI)>™3
INFUT L]

IF L3=) THEN ll@

1F L3>3 THEN 104

GOosSuUR 5070

GOTO 172

LET J9=)

PRINT "NUMBER OF DATA POINTS"™:

INPUT N

1F N<255 AND N>| THEN 120

1F N<2 THEN 1}1)

PRINT "MAXIMUM NUMBER OF POINTS 1S 295~

GOTO 111

sTOP

PRINT *FOR EACH DATA POINT GIVE X,XVAR, Y.YVAR"™
PRINT

FOR I=} TO N

PRINT I3

INPUT XC11,2013,YC1),R(1)

IF 0C1) @R RCI) THEN 139

PRINT “ZERO ERROR ON BOTH X AND Y NOT PERMITTED™
GOTO 127

NEXT 1

17 J9=@ THEN 319

PRINT

PRINT “FUNCTION NO.™)

INPUT H

1F M<] THEN |82

IFr H>9 THEN 182

PRINT "NUMBER OF PARAMETERS o)

INPUT X

IF K<)} THEN i192

IF¥ K<l THEN 199
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197 PHINT ** MAXIMUM NUMBER OF PARAMETERS 1S 10"
198 GOTO 192
199 REM

7¥® PRINT **PARAMETERS SET TO ZERO(®) OR 1INPUT(1) OR HELD OVER(2)"}
Jd2 INPUT HI

243 IF Hl=1! THEN 234

286 IF Hi=2 THEN 25%

207 IF Hi#2 THEN 2092

210 LET EB=@

21t FOR =) TO N

212 IF RUIDe® THEN 216

214 LET E&=}

216 NEXT I

217 IF EBeg THEN 258

C2€¢ PRINT

221 PRINT "ZERQO Y ERRORS NOT PERMITTED WITH THIS OPTION"
223 GOTOU 26é@

238 FOR J=1 TO K

232 PRINT J3

234 INPUT P(J]

236 NEXT J

240 GOTO 25%

258 FOR J=1 TO K

251 LET PlJ)=0

252 NEXT J

25% FOR J=1 TD K

256 LET VW(J1=@

257 NEXT J

262 PRINT *"HOW MANY PARANETERS TO BE HELD CONSTANT *3
263 INPUT WI

264 IF Wi=@ THEN 300

265 1IF K-Wi>2 THEN 268

266 PRINT "ALL PARAMETERS MAY NOT BE CONSTANT"

267 GOTO 262

268 PRINT *"FOR EACH CONSTANT PARAMETER GIVE 1TS INDEX AND VALUE"
278 FOR Jel TO WI

272 INPUT L.,B

273 1IF L>3 AND L<K+] THEN 276

274 PRINT *INVALIOD INDEX”

275 GOTO 272

276 LET VIL1=]

277 LET PLL)=B

278 NEXT J

328 PRINT *PRINT EACH ITERATION ? NO=@ YES=1 "y
342 INPUT B2

364 IF B2=i THIN 310

386 1F B2s3 THEN 300

308 LET Bls=g

389 GOTO 316

3318 PRINT *“PRINT THE MATRICES ? NO=@ YESw#) "3
312 INPUT B!

114 IF Bil<¢® OR Bi>l THEN J)@

316 IF J9=0 THEN 319

3317 GOSuB 390



319
ana
RISS |
RO
LK
NERA
33
331
ERYL.)
332
347
34l
ALY
352
LR |
359
J64a
365
37
Ing
372
80
381
422
4248
a2c
a3s8
a1 9
415
417
422
421
422
425
426
428
439
431
432
4724
4237
438
439
446
459
452
4%
A84
453
436
457
458
459
460

LE? L=K-wi

MAT A:-CERILY
Mp3y Y ERELY
Ma¥ Ca2FERCL,L)
415! MeTERFL.L)
1LE1T GoxiA

LI YA YYD

| Ha SUB 1003 PREPARES MATRICES M,V

LF 213@ THEN )52

FRlie

PRINT “MATRIX H"

MaT PRINT M

MAT CeINU(M)

MAT A=Cwevy

LEY L2=F2al

I¢ Ri=a THEN 372

PRINT “MATRIX C*

MAT PRINT C

PRINT “VECTOR A*

MAT PRINT A

LET 5229

6GOsU8 1832

REM SUB 1888 CALCULATES T(I)
1F E2>2 THEN alS
PHINT

FRINT *"PAYMAMLTER
PRINT ™
PRINT
LET E=Q
LET S1=352/7(N=-KeWl)

LET B=@

LET Js]

FOR L=] TO0 K

1F WiLI=1 THEN 455

LET B=P(L)~ALJ)*AS

1F PCLI=0 THEN 417

LET D=AlJ)*180/P(L)

LET D=ABS(D)

IF D<D) THEN a)9

G0TO 438

LET D=1080

LET Est

LET S3=SAR(SIsClI»J]I)

I¥ E9=3 AND B2s@ THEN AS2
PRINT L,PIL)-B,S3

LET P(L)=B

LET JeJel

GOTO a57

3F E9e@ AND BRe@ THEN .57
PRINT L,PCL),"CONSTANT"
NEXT L

1F B2e@ THEN Aa468

PRINT

IF E=@ THEN 5@9

NLD VALUE
ERROR (ST.DEV)*

NEW"}



46) IF E2<280 THEN A6S

462 PRINT

463 PRINT "DOES NOT CONVERGE AFTER 20 ITERATIONS™
26a STOP

465 REM RE-ITERATE

466 GOTO 319

598 REM CONVERGED

58S 1F E®>@ THEN S1@

506 LET E9=]

587 GOTO 39

518 PRINT

512 PRINT “CONVERGED 1IN, E2~-1,"1TERAYIONS"
513 PRINT

515 1F B3s8 THEN 682

520 PRINT

522 PRINT * X Y YFITTED"3
523 PRINT * Y-YF1TTED FIT ERROR™

530 PRINT

549 FOR 1=} TO N

545 LET B=SQR(SI*T(1))

5580 PRINT X{1),Y(3).F(1),Y(1)-F[1),B
560 NEXT 1

408 PRINT .

632 PRINT "SUM OF DEVS.SQ ==,82
6% PRINT "SIGMA S5Q. =", 51
618 PRINT

718 IF ESs? THEN 998
723 GOSUB 30ed

998 PRINT

991 PRINT

992 LET J9e0

995 GOTO 180

1000 FOR I=1 TO N
1086 LET F{1)=sT(]1=8
1807 LET 2=6

1611 IF H=] THEN 1100
1812 1IF H=2 THEN 1200
1813 1F H=3 THEN 1300
1814 1F H=4 THEN 1480
181S 1IF H=S THEN 1500
3846 1F H=6 THEN 1606
1017 1IF M=7 THEN 31768
1618 1F H=8 THEN 008
1919 IF H=9 THEN 1900
1620 LET J=I}

1022 FOR L=) TO K
1024 IF WwiL)=] THEN 1927
1825 LET G(JI=GIL)
1086 LET J=Jel

1827 NEXT L

1029 LET O=Fl[1)-Y(})
1830 LET LinZ»sZe0(1)
1631 LET L2"R(1)

1835 LET Bsl/(LI+L2)
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1das
1850
1852
1055
10e0
1070
1875
12929
1a9%9
|10e
1121
1134
1185
1106
V139
1135
1 140
1148
115¢
115%
1160
1465
1167
1178
1199
1200
1201
1225
1210
1228
1225
1226
1227
1230
1240
1258
1268
1265
1270
1299
)30
1400
1402
1804
1485
14206
1407
1430
143}
14)8
1436
1437
1 448

FOR Jsl TQ K-W1

FOH Lst 10 K-W)

LET miJ,L)=aMIJ,L)eBeGCJISGIL Y

LEYT TI11=T{1)sGIJI»GCLI*CLJLL]

NEXT L

LET VIJ1=v(J)1+B=0eGlJ])

NEXT

LET S2=52+0%0ep

NEXT §

RETURN

I™ F2>1 OR 1>1 THEN 1139

IF J9=2¢ THEN 1130

PRINT

PRINT “FUNCTION IS Y u P} + P2.X ¢ P3X12 + 60"
PRINT

FOR Jrf TO K

LET G(JY=@

IF ¥(1)7=0 THEN 1130

LEY GLJI=X(§)2(J=1)

LET GOl =]

LET FE1)=eFT11+PCJY»G(JI])

NEXT J

FOR J=} TO K-|

LET Z2=74J4P[J*1)eGCJ)

NFXT J

GOTO 10209

1F E2>1 OR 1>1 THEN 1225

1F J9=0 THEN }228%

PRINT

PRINT "FUNCTION IS Y ® Pl + P2, EXP(PIX) ¢ PRAEXP(PSeX) ¢ oo™
PRINT

LET GLI1ls]

LET 220

LET FLI)=sP(1}

FOR J=§ TO (K-1)/2

LET GU2¢J)aEXP(P(2%J¢]1)sX(1])

LET GL2%J¢} )P (20 J )X IISEXP(P(20J+8)2X([))
LET ZoZ+P(23J)eP(28J¢ ] I2EXP(P(28J+]]8X(11])
LET FLII=F(1)+P(25J)sEXP(P(2aJ+]1]eX(1))
NEXT J

GOTO 1029

GOTO 182

IF £2») OR 1>} THEN 1430

IF J9s0 THEN 1430

PRINT

PRINT “FUNCTION IS Y = P2,SINCPX/PI) ¢ PI.SIN(24:X/P)) 4 20"
PRINT * WHERE # = 3.141%9"

PRINT

LET GL11=0

FOR J®*2 TO K

LET B=COSC{J~])*A98X(I]/P(] 1)

LET Co(J=1)3A98X(11*PLJI/(P[}1102)

LET G{11=G(])-Be(

LET GILJIsSIN(CJ-1)2A9*X{ J1/PL1 D)
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tags
t a2
iare
N A
1598
1522
1584
13035
1506
1537
1520
1 s2
1539
1536
1537
1540
1545
1550
1568
1599
1 620
1708
1808
1990
1792
aeg2
28]
3235
3810
3e1s
1929
3925
033
30232
3¢3a
3036
3840
Jese
Joed
3470
Jend
3090
Jied
Jitd
31:0
319
1ok
31a2
Ji1a4
3146
3148
3150
3160
Jr1e5

LEY FUI)=FC(L131+P(J)sGIJ]

LET Z=Z+(J-1)sPLJ)s(A9/PL1))8COSC(I=2)"AISXLLId/PL ) ]))
NFXT J

GOTO 1020

1F E2>) OR I>1 THEN 1538

IFf J9=@ THEN 1530

PRINT

PRINT “FUNCTION 1S ¥ = P2.SIN(#.X/PLY + P3™
PRINT * VHERE # = J.lA)S%e”
PRINT

LET GCI2=8

LET J=2

LET B»COSL(J-1)sA9eXC)I/PL1))
LET C3(J~1)3A9aX[13sPLJSI/(PLI}*2)
LET GU11=GL1)-BeC

LET GUJI=SINC(J=1)2A0XIII/PLLY)
LET Fi1)Y=F[1J+PLJ12GTlJI+PLI)
LET Z=Z+(J=1)3PLJIRCAS/P(13)8COS(II-1)3AIeXLITI/PUI DD
LET G[3])»}

GOTO 1020

GOTO 18C

GOTO 182

GOTN 182

GOTO0 182

REM PLOTTING SUBROUTINE

LET 06=220

LET 1323

LET M1=[12=M3=}4sl]

FOR 1= TO N

LET S(13=Y{1)+SQR(R(1))

LET Z(1)=Y(13}-SQR(RI(1IY)

IF ES5=] THFN 3348

LET YI11=LOGLY(1ID)

LET S{3])=L0G(S[1))

LET Z{1)=L0G(Z11))>

LET FLI)=LOGC(FCLI])

IF YU1)>YIM1) THEN 2060

LET Mi=]l

IF YII)<Y(M2) THEN 3088

LET M2=]

1F FCI1>FIM™Y THEN 31020

LET M3=]

IF FCIJ<F(MA) THEN 3120

LET M4s]

NEXT 1

LET N1=s2[M1]

LET NO®S(MR])

1F NUi<FIM3] THEN 3146

LET NI=sFIMJ)

1F N2>FIMa) THEN 3150

LET N2wF(M4)

LET MisM2m)

POR (=1 TO N

IF XC1)>XIMI) THEN 3175



179
317s
jise
3iss
3200
3210
321
J2182
3214
3216
3218
3200
3228
3238
323s
32’0
3250
3255
3256
aass
3262
3262
3320
3305
3310
3330
3340
3ise
3360
3319
3apd
3425
3418
3a15
3420
3425
3430
3465
3473
3478
3480
3481
3484
3a86
3487
3488
3499
3495
3500
3se2
3ses
asie
3ss
.3%22

Vi

LET Mi=1

IF XC3Y<Xin2) THEN 385
LET M2=]

NEXT 1

LET NSsXIM11-US5«SQRCQ(MID)
LET NE=XIM21+USsSQRCQIN2))
LET N7=N6-NS

1F aiMI1>@ THEN 3216

LET N5=N5-N7/20@

IF QIM2)>@ THEN )220

LET N6=N6oNT/20

PRINT “XMAX='",N§

PRINT "XMIN=", N5

PRINT YMAX=", N2

PRINT “YMIN®",N)

IF E5=) THEN 3255

PRINT “GRAPH HAS LOG SCALE ON Y-AXIS"™
LET N7=N&6-N5

LET N9=X(M2) X(Ml1)

LET N8sN2-NI

LET ul=0

LET U2=9999

PEM DRAJ FRAME

PRINT "PLTL"

PRINT INT(UL+)FINTC(ULI+1)
FRINT INTCUL+1)SINT(U)
PRINT INTC(U2)5 INTCU2)
PRINT INTC(U2)3INTC(UL)
PRINT INT(ULI)ZINTCUL)
PRINT *PLTP”

REM PLOT POINTS AND ERROR BARS
FOR 1=l TO N

LET Us(X£3)-NS)>sU2/N?

LET U3=5QR{QC1))*»U2/N7
LET Y=Y(1)-NI

LET Yi=SCI)=-N}

LET Y2=Z(1)~-Nl

LET Y=YsU2/NB

LET Yi=YisU2/N8

LET Y2sY22U2/N8

I1F U3e3 THEN 3488

REM PLOT SQUARE IF XERRaD
GOSuUB 3850

GOTO 3540

REM PLOT BAR VITH VIDTH = XERR(ST.DEV)
PRINT INT(U-UJI)SINT(Y)
PRINT "PLTL"

PRINT INT(U+U3)JINTCY)
PRINT "PLTP™

FEM PLOT BAR WITH HEIGHT = YERR(S5T.DEV)
PRINT INT(UYSINTLYD)
PRINT ""PLTL"

PRINT INTC(U)SINT(Y2)
PRINT "PLTP*
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355 NEXT I

3553 REM PLOT FITTED FUNCTION
31551 1F BAas} THEN 3699

3552 LET N3=4@

3553 REM N3 15 NUMBER OF STEPS
2555 FOR I=] TO N3

1564 LET XTI13=X(MI)+(C(I=-1)*N9/(NI-1))
3S6Y  LET RC1)=Rl1)w])

1562 LET Y(1)=1

3565 NEXT 1

3566 LET N3NJ

3563 GOsSnn 1gaoc

3570 PRINT "PLTL"

3572 FOR I=t TO N3

35373 LET T(l11=SQR(SI=TLI])
3574 LET A=F(1)

3575 IF ES=} THEN 3578

3576 LYT A=LOG(A)

3578 LFT vY=A-Nt

3584 LET U=(XU11-NS)SU2/NT
A582 LET Y=T#UR2/NB

3594 PHINT INTODIINT(Y)

3585 NEXT ]

3599 PRINT "PLTT*

323 RE1 PLOT ERROR CURVES
3671 1+ Bae} THEN J699

3645 PLINT

3606 PRINT CHANGE PEN COLOUR. TYPE ANY NUMBER TO START™
IAAT  LUPLT A

3638 PHLINT "PLTL"

3613 FOR I=1 TO N3

3611 LET Y=F{1l+T(1)

3613 IF ESx1 THEN 3616

3614 LET Y=LOG(Y)

3616 LET Y=vY-Ni

31617 LET UJacX{11-N5)=U2/NY
3626 LET Y=Y2Ue/N8

3628 PRINT INTC(UYSINTIY)

3630 NEXT 1

3635 PRINT "PLTT”

J€36 PRINT "PLTL"

3638 FON 1=1 TO N3

3639 LET Y=Fr1)~-T(1]

J6x? 1F ES5=1 THEN 3642

364l LET Y=LOG(Y)

3642 LET Y=Y-NI

3644 LET U=(X(11-NS)sU2/N7
3650 LET Y=Y*U2/NB

3652 PRINT INT(UWSINTCY)

3655 NEXT |

3668 PRINT “PLTT

3688 PRINT “CHANGE PEN COLOUR. TYPE ANY NUMBER TO START"
1682 INPUT A

3599 RETURN



TA5A
1'r @
ARG
CHTR
“RTS
.1
3885
3892
“A9%
J928
3501
ased
3922
3908
3919
3911
395
3923
JoPs
3926
3999
sSenn
5001
5002
591a@
sa11
5012
58123
s@i 4
5215
5¢17
5220
5922
5025
5027
50230
5831
5832
5933
5034
5839
5038
5040
5042
5045
5046
5047
5850
5051
50582
5055
5060
35062
50068
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REM  ©LOT SQUARE VITH SIDE M3

LET M3=50

PRINT *PLTL*

PRINT INTCU-M)3INTIYsND)

PRINT INTC(UM3)IINT(Y+NI)

PRINT INTCU+MI)3INT(Y-MJI)

PRINT INTCU-M3)JINTCY-M3)

PRINT INT(U-M3)3INT(Y+M3)

RETURN

REM

PRINT “PRINT FITTED DATA  ? NO=@  YES=l "3
INPUT B3

IF B3<@ OR B3>1 THEN 3902

PRINT DO YOU VANT A GRAPN ? NO=3 LINEAR=l LOGe2"}
INPUT ES

IF ES<@ OR ES»2 THEN 3910

IF ES=2 THEN 3999

PRINT "POINTS ONLY(1), FITTED FUNGCTTON(2), ERROR CURVES(3)";
INPUT B4

1¥ Ba<l OR B&»3 THEN 3925

RETURN

PEM  SUBROUTINE FOR READING DATA FROM TAPE OR DATA INSTRUCTIONS
REM L322 DATA FROM PUNCHED TAPE

IF L9>3 THEN 5255

PRINT “NUMBER OF DATA POINTS"S

INPUT NI

IF Ni>1 THEN S@14

GOTO 5018

PRINT

PRINT "FIRST X VALUE "y

INPUT X117

PRINT "X STEP "y

INPUT L&

PRINT “ERROR IN X (XVAR) “}

INPUT LS

PRINT “DATA POINTS TO BE COMBINED IN GROUPS OF 3”1
INPUT L1}

IF L1>¢ THEN S@35

PRINT “MINIMIM GROUP SIZE = 1

GOTO 5030

LET LB=INT(NI/L))

IF LB<) 58 THEN 5048 ,
PRINT "MAX. N@. OF GROUPED POINTS IS 158, INCREASE GROUP SI1ZE"
GOTO 5838

IF L3=2 THEN S058

READ A

GOTO 5852

CALL (1,A)

REM  FIRST NUMBER ON TAPE 1S CHANNEL ZERO

PRINT

PRINT "CHANNEL ZERO = ",A

FOR lef TO L8

LET Y(1)8

FOR Je) TO LI
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S367 IF L3x=2 THEN 527)

S078 REAL A

e GOTO 5@7S

€973 CALL (1.A)

SH7%  LET YC1l=Y[1leA

5% NEXT J

5081 NEXT 1

SAR3  1F L3#3 THEN 5093

S€fa  LET N2aNt-LIsLB

5455 {F 12<) THEN 5890

$4B6¢ FOR I=1 TO N2

5¢87 READ A

5988  NEXT 1

5099 LET XU11aXC1d+(Li-1)8L4s2
5120 FOR 1=2 TN L8

511@ LET XEI1=X(1=~11+L1eL4g

SH1IS LET 9C11=LS

5120 HNEXT 1

%125 LET QU1l1=LS

S5:6A PRINT

52035 PRINT *NUMHER OF POINTS TO BE REJECTED 3
5210 INS-UIT L6

5212 1F LAc<d DR L6>L8B-2 THEN 5210
5220 IF L6#0 THEN S240

€233 LET L9=0

5235 GOTN 5255

5240 FR1NT “NUMBER OF REJECTION STEPS (>2) 3
5245 INPUT LS

5246 IF L9>3 THEN 5255

5247 GOTO 5240

5255 LET L8aLB-L6

5256 LET N=L8

5260 FOR 1s] TO L8

5265 LET Jeol+L6

$2780 LLET X[1)eX(J]

5275 LET QrL11=Q(dJ)

5282 LET YI[1l=YLJ)

5298 LET R[I)=sY(1)

5293 LET F(11l=sTC1)=@

5295 NEXT I

$30@ LET L9=L9-]

€318 PRINT *NUMBER OF POINTS=",L8
5404 RETURN

6882 REM DATA STORAGE FOR INPUT ROUTINE 5000 (LJ3=3)
a0an END



