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CURFIT

DECUS Program Library Write-up DECUS No. FOCAL8-63

Abstract: CURFIT is 2 program written in the FOCAL language
which fits weiphted or unweighted data to a
straieht line on a Cartesian, log-log or semilog

" graph. It calculates the slope and intercept of
the line, the standard error in these values, plus
other measures of the "goodness" of fit, Values
may be added or deleted from the data list easily,
and there is no 1limit to the number of sample

data pairs.
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Operating Procedure:

14

2)

3)
b)

6)

7)

8)

9)

Ioad the FOCAL system, keeping the extended functions,

Type TRASE ALL, then load the CURFIT source tape using either reader,
2 ) High-speed readsr: Place tape in reader, type * and RETURN,
b) Teletype reader: Place tape in reader, flip reader switch to START.

The program tape supplied has inserted blanks which preveant the

T
P

reader from gatting ahead of the printer. If you use a copy
without the blanks, occasionally flip switch OFF (every 10 lines or so)
walt a second, then turn to 3TART again. ‘When tape has fed

ynanl

through, turn switch to FREE and remove taps.
Type GO and RETURN,

Program will ask for your choice of options. e + 1 for NEW data
g o z 9

§ for OLD data modification, then SPACE, If you typed ¢, go to step 7.

Program will ask for type of fit. Type @ for LINSAR, +1 for
LOG=L0OG, =1 for SEMILOG, then SPACE,

Program will ask for weight option. Type @ if you wish to enter the
weight Wy for each data pair, <+ 1 if you wish to choose the
EQUAL WT option and set all weizhts equal to unity, or -1 if
you desire the COUNT WT option for counter data with a Poisson

distribution.

Enter the data pairs Xy 0¥y to be alded to the data list as the program
asks for them, SPACE after each entry., If the WEIGHTED option
has been chosen in step 6, you will be asked to enter W after
you have entered Xy and Vie You may enter the numbers with or
without a deecimal point, or in exponential power-of-ten notation,
(Thus 100 ; 100,0 ; 1E2 ; 1.0B4R are all valid

and equivalent data entries.)

If you make a typing error and discover it before you enter the number
by spacing, you may erase it by typing & immediately, then

space and re-enter the correct value,

You may delete a value from the data list (perhaps bhecause you later
discovered that it was in error) by one of the following procedures:
a) WEIGHTED OPTION, If you discover an error after you have entered
x; and y,, but before you enter w,, enter P for w, and that

line will be ignored, Re-enter correct value on next line,
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b)

d)

WEIGHTED OPTION, To delete a previous line, retype the Xs

and s exactly as you entered them before (including the

error, if any) but enter as Wy the negative of the previous
welght, This line will exactly cancel the effect of the previous

line, and the value of N will be ad justed accordingly.

COUNT WT OPTION. To delete a previous line, r~t.pe it with
the same X, but the negative value of the count Yy

ZUAL VT OPTION. You are stuck., The easiest thing to do is
start over by pressing CTRL~C and then typing GO again, If
you do not want to waste the time you have spent entering data,
a procedure is piven in Appendix C which will enable you to

recover your error and delete a previously entered data pair,

10) When all data pairs have been entered, type TOTAL when asked for

the next Xy then SPACE,

11) The parameters and criteria of fit will be typed out immediately.

See the following pages for their definitions and interpretation,

12) Samples of the printout for several option choices ars shown in

Appendix A,

13) After the printout, the program begins again at step 4. If the OLD

RUN option is now chosen, you may add or delete data pairs

from the previous data list. An example is given in Appendix B,
(Since it is easier to delete data pairs if the VLIGHTED option
is chosen, it is sugpested that you select this option if you

intend to modify the data list on a second run.)

14) To escape from the program and return to FOCAL command mode, press

the CTRI~C keys simultaneously,






Weiphted Fits:
CURFIT will evaluate the slope B and intercept A of the straight line

which is the "best” fit (by the criteria of least squares) to N data points

Xio Fyo sach with a weighting factor Ve The following well=known

<l

formulas are used, which assume that the uncertainty in A is much larger

than that in xiz

b

-

DX = LY EW,X = (D,E)% then

i i1
) .2 , .
= (L W. Y. 5w - 2 2 3
A= (2 Wy ¥, XS 2 X, z.diXiYi)/Dx 1)
- (f "'T vr:- - - S Q 24 2 .
B=(uW, DLY 2 X, LW, Y, ) /DX (2)

The standard error in the coefficients is given by
BN EY
SA =8 (% wixi/nx)z SB= S (T W, /DX)? (3)

where .
S=(zw (Y,=A - B xi)z/(m-z))? (4)

is the best estimate of the standard deviation of the data points from

the straight line, The desired relation between X and Y is thus
T=(A+SA) + (B+SB) « X (Linear Fit) (5)

To sketch the straight line, two points on the line are needed. These
can be the points (0,4) and (X,Y), whers

X=LWX /5 T=2wWY /x Wy (6)
Criteria of Fits - -

The correlation coefficient R = & Ni(Xi-X)(Ii-Y) . (7)
is in many ways the best (. -.a'i(Xi-f)zﬁJi(Yi-T)z ¥

indicator of a linear relation
between two variables, It is gzero for no correlation and unity for
perfect correlation.

If there is any funetional relationship between Y and X, the slope
of the line ought to differ from zero., The T-statistic for the Student
Test of a significant departure from zero slope is given by

T = B/SB (8)
for N-2 degrees of freedom, (When SB is zero, the fit is perfect, and
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neither R nor T is calculated by CURFIT to avoid possible error messages. )

Forced Fit Through Origins
Ozcisionally it is known with certainty that for X=0, ¥=0. In addition
to the "best £it" line, CURFET calculates the slope of a line passing

through the origin which best fits the given data, the standard error
in this slope, and the corresponding T-statistie for a significantly
non=-zero slope (with N-1 degrees of freedom) from E@e formulass
B - z:wixixi/z:wixf ; SB_ = (Lwié - Bi 2“;i’gi) "
(1) Z ixi
If this feature will never be used, 1t can be suppressed by changing
line 5.3 in the FOCAL program list to

To = BO/SBO (9)

5.30 GOTO 1,1

Aeighting Factors:

If all data samples are of equal significance, then they should be
weighted equally. CURFIT assigns a welcht of 41 to each data pair if
the user chooses the EQUAL /T option, so the user does not have to enter
the weight himself. '/hen some data samples are drawn from a more reliable
distribution, they should have higher weight, The least-square formulas
used assume that the weights are inversely proportional to the variance in
the distribution from which the samples yy are drawn, that is,

w, = constant/Si (10)

Y1
where Sy is the standard deviation in 21l similar ¥s samples., In

practlce} usually one can make only an estimate of the proper wl, but
this can significantly improve the values of A, B, SA and SB. The constant

in (10) may be chosen to be any convenient value, perhaps + 1.

Plotss

24
it

made
Semilog and log-log graphs arqapy plotting not the original raw data

X0 Vg but the converted data pairs Xi,Ii obtained as follows:






Graph Xi: Yi: Equation corresponding to Y = (AiSA)+(BiSB)-x

- S(A£SA) o(Bi5B)*x

Semilog Xy ln(yi) v (exponential)
Log-Log ln(xi) ln(yi} v = e(AiSA) . x(aibB) (power law)

Jhenever a log-conversion is made, the value of eA is automatically
included in the output,

If the weights were allowed to remain the same, the deviations of 1n(yi)
from the straight 1line on a log plot will be minimized during the least
squares fit, This is what most experimenters mizht do when making an "eyeball"
fit to a semilog or log-log graph, but is not correct of the weights Wy of
the raw data reflect the proper estimated variance in y; as in (10). The

Veriance of the converted data is

SYi = syi (aY/dy) = Syi (1/yi) (11)

so that the converted welgrhts should be

Ta -— 2 - 2 —
W, = Ay = 1/SY = yi/S =w_ y (12)

2
'] 5 TS
This conversion is made automatically by CURFIT whenever a SUMILOG or
LOG-LOG ontion is specified. The higher weicht for larger v Just
reflects the fact that the log scale is 'squeezed together” at hicher

Values of y so the fitted line must 1ie nearer the data points with large y.

Counting Statisticsg

Data from particle counters and other samples with a Poisson distribution

have a variance proportional to the number of counts Vi so

:’Syi = constant (yi)% | (13)

and the proper welghting factor will be
W, = constant/yi (or just 1/yi) (s)

This value will be selected automatically if the COUNT option is chosen,
so the CURFIT user does not have to calculate or enter the welphts himself,
Tor zxdmple, whan finding the deecsy curve of a railoactive isotope, the

user would select the SEMILOG andi COUNT options, enter the time after the
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tart of the experiment as Xy and the count accumulated during a constant

[

ntervel starting at that time as Yy Then the mean decay life of that
isotope would be 1/B, whers B is the slope of the exponential curve

fitted to the data.

Modifying the Data List:

If after calculating the best fit to a set of data pairs, you wish to
see 1f the fit improves when certain data is added or subtracted to *he
data 1ist, you may choose the OLD RUR option when the program is ready
for new instructions. MNew data points may be added to the previous list
by simply typinz them in when new Aata entry is requested. Data points
may also be deleted from the previous list by following the procedure
under ZRROR CONRTCTION in the operating instructions,

It is difficult to delete Aata if the WUAL “T option has been chosen,
so if you anticipate that this will be necessary, you may choose the

welirhted option and enter 1 for each weicht during normal data entry.

Number of Data Points:

There is no practical maximum 1limit on the number of data pairs
you may  enter, However, you must enter at least three data pairs

for the least squares formulas to be valid,






*C APPENDIX A: SAMFLES OF CURFIT OUTPUT
*G

ENTER CURFIT OPTIONS

NEWC1) OR OLD(@) RUN: 1

LINEAR(@)> LOG-LOGC(1)s OR SEMILOG(-1) FIT: @
WEIGHTED(2)> EQUAL-WT(12s OR COUNTER(=-1) DATA: 1

ENTER DATA> THEN TYPE 'TOTAL®
Xel Y5
X2 Yz
X:3 Yl
XsTOTAL
Formula of Fitted Curve
iN= 3
A = 0.200030E+H1 +- SA= DeQUDAVBE+BD ¥ =20 + 3.0 x
B = 2.300002E+31 +- SR= DDADOPOE+GD
X = 0.200003E+01 Y = U.300000E+21
R = 0.10000GE+31 S = B.AGABGOE+RD

FORCED THROUGH ORIGIN:
B = #.385714E+01 +~- SB= Be24T441E+D()
B/SB= 0.155881E+p2

ENTER CURFIT OPTIONS

NEWC(1) OR OLDC(I) RUN: 1

LINEAR(®)> LOG-LOG(1)s OR SEMILOG(~-1) FIT: 1
VEIGHTED(3)s EQUAL-WT(1), OR COUNTERC-1) DATA: ©

ENTER DATA> THEN TYPE 'TOTAL'

X3l Yi4 Ws2

R Y:16 Wel2

X232 Y:36 Ws1

X: TOTAL

N= 5

A = D.138630E+H]1 +- SA= 1.321066E-02 2.0
FEXP(A)= §.400002E+01 y = 4.0 x
B = 0.199999E+01 +- Sh= 0.323698E-02

X = 0+966681E+00 Y = G+331966E+01

B/SF= 0.617857E+03

R = 0.100000E+01 S = 9.398397E-01

FORCED THROUGH ORIGIN:
B = 0e336217E+01 +- SB= .2213A5E+00
B/SB= 0«151925E+p2

ENTER CURFIT OPTIONS
NEWC1) OR OLD(M) RUN:?01.40 @ @1.20

* 8






¥  APPENDIX B:
*G

ENTER CURFIT OPTIONS
NEWC1) OR OLD(@) RUN: 1

SAMPLE OF DATA MODIFICATION

LINEARCA) > LOG-LOG(1)» O SEMILOGC(-1) FIT: -1
WEIGHTED(®)»> EQUAL-WT(1)s OR COUNTERC-1) DATA: -1

ENTER DATA, THEN TYPE °TOTAL®
Kl Y1860

X2 Y500
X:3 Ye:24@
Ke 4 Y:130
X:TOTAL
N= 4

A = BeT59931E+81 +- SA= 0.259878E-¢1
FEXPC(A)= (.199681E+04

B =-0.693678E+00 +- SB= 0.132075E-01
X = B«173262E+01 Y = 0+639743E+21
B/SB==3.525215E+22
R ==)+999638E+20 S = 0.532626E+20
FORCED THROUGH ORIGIN:

B = 0.270712E+61 +- SB= 0.105682E+@1
B/5SB= 0.256156E+01

ENTER CURFIT OPTIONS
NE®C(1) OR OLD() RUN: @

ENTER DATA, THEN TYPE 'TOTAL®

Xs1 Y:=1000

X1 Y:1100

X:TOTAL

N= 4

A = JeTT2648BE+31 +- SA= (0.499077E-01
FEXP(A)= (.226760BE+04 '

B ==0«737233E+00 +- SB= §.258555E-@1
K = 0e169543E+01 Y = 0«64T655E+011
B/SB=-0.285136E+p2

R ==0.998772E+G0 S = 2.195890E+@1

FORCED THROUGH ORIGIN:
B = 0.277863E+01 +- SB= Nel110478E+01
B/SB= #.251510E+81

ENTER CURFIT OPTIONS
NEW(1) OR OLD(@) RUN:

¥ = 1997 exp(=.6937 x)

0ld Run option selected

Other options automatically chosen
same as on previous run, :

Remove original data pair

Substitute correct pair

¥y = 2268 exp(=,7372 x)






APPIIDIX C 1 To Delete 2 Data Pair Then Using 2UAL T Option,
2

1)

2
<

L)

The strategy is to change to the .JIGHTED option, then delete the

data pair as in step 9(b) of the operating instructions,
When you discover that you need to delete a previous x, 11750
press CTRL~C to enter command mode.
Iype the following lines STT WS = $ ; GOTO 2,2 Press RSTURN,
Re-enter the incorrect line to be deleteds When W, is requested, tyve <=1,
Continue entering data. Since you are now using the WEIGHTED option,

enter + 1 for the welght of each data pair te be added to the data dist,

APPENDIX D Frogram Variahles,

A
B
DX

)4

N
SA

SB
SW
s
W

WS

New or 01d Run switch, Later used as value of Intercept of best-fit line,
Slope of best-fit line,

. 5 oy N ; :
E Wy X Jixi - (2 ﬂixi) as used in equations (1) (2) (3)

U or o Y 2
LWL nin (Z diYi) used to simplify calculation of S,

Number of data pairs entered - rumber of pairs deleted,
Standard error in A
Standard error in B
oW,
i
Type of fit switch., @ for linear fit, #1 for log-log, =1 for semilog,

Raw weight w If TS # @, it is converted to Wi as in equation (12).

i

YWeight option switch, g or Jeighted option, +1 for Hqual Wt., =1 for Count Wt

XY Originally the raw data X;9¥50 If TS # @, they are converted to X5 Y

XX
XY
b §
SX

SY

B/SB T statistic for Student Tes

R
S

as shown on pape 4, Later used for average values X, Y in prlntout

zrxz

2, NiYi

t
These only appear in ou tput,
Correlation coefficient

Standard deviation of data pairs from fitted line. Ses equation(4),

10
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APPENDIX E : PROGRAM LISTING

*WRITE ALL
C-FOCALs1969

2110
D120
D130
J1 « 49
D150

V235
D210
P2 .20
02«30
22« 40
@250
B2 60
2.7

7310
73 « 30
g3.4®
D3 « 50
B373
@3 « 80
0390

B410
0420
G430
B4 6 40
D450
D460
B4.70
D480
D490

0510
DS «20
25.30

D610
06«20
k

*

*(

*C

*C

*C

*C

*C

*

e I 2R DD W DD D -

e e B B IR o I O I S IRV I

O wno

PILIENTER CURFIT OPTIONS

!"NEWC1)> OR OLDC(Z) RUN",A

(Ad2e15201

!"LINEAR(®), LOG-LOGC(1)s OR SEMILOG(-1) FIT">TS
!"WEIGHTED(@)> EQUAL-WTC1)s OR COUNTER(-1) DATA" > WS

N=03S5 SW=03S SX=03S SY=03S XX=03S YY=03S XY=0
!!"ENTER DATA, THEN TYPE °'TOTAL'®

W=13A !152X?231 (X-BTOTAL)Y2.3,4.1

? Y231 (-WS)2:752.6

(Y)2.553.9

W=1/Y3S Y=FABS(Y}3G 2.7

? W?

(W)3¢152+.25S NN=N+13G 3.3

NN=N-=1
(TS5)3e553+753-4
(X)3¢953.93S X=FLOG(X)
(Y)3e95395S W=li*Y*Y3S Y=FLOGCY)
N=NN3S SW=SW+W3S SX=SX+W*X3S SY=SY+Wx*Y
KA=XK+W*xX*kX3S YY=YY+WkY*Y3S XY=XY+WkX*Y3G 2.2
"VALUE MUST BE +"3G 2.2
%451l s ?N?
K=SX/SVW3S5S Y=SY/SW3S DX=SW*XX-SXt23S DY=SW*xYY-SYt2
B=(SW*XY-SX*S5Y)/DX3S A=Y-E*X
S=FSQT{(FABS((DY=-B*B*DX)/ ((N-2)%SW)))
SA=S5*FSQT(XX/DX)3S SB=S*FSQTC(SW/DX)3T %Zs!1s2A 2," +- "5 ?2SA?
(TS)4eT75408
S?2FEXPCA)Y?
!152B 25" +- ",?25B?
F572X 257 Y ?
63T !'"R ",B*FSGT(DX/DY)»? S ?,!!"FORCED THROUGH ORIGIN:"
B =XY/XX3S SB=FSQTC(YY-B*B*XX)/((N=1)%XX))
4683D 635 1.1

(SB)6e256.235T !5?2B/SB?

R

GROUP 1 REQUESTS CHOICE OF OPTIONS

GROUP 2 IS DATA ENTRY AND WEIGHT SETTING ROUTINE

GROUP 3 CONVERTS DATA FOR LOG OPTIONS AND INCREMENTS SUMS
GROUP 4 CALCULATES THE PARAMETERS AND CRITERIA OF FIT

GROUP 5 CALCULATES THE PARAMETERS OF LINE FORCED THRU ORIGIN
GROUP 6 IS SUBROUTINE USED TO PRINTOUT T STATISTIC
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