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INTRODUCTION

FIT is a Fortran 77 program which fits a smooth curve to raw data. The program
finds the trends inherent in the data (the peaks, valleys, slopes, etc.) and produces a set
of modified data points, which can be plotted using any available graphics package.
Figure 1 illustrates the improvement this program can make. The scatter plot
represents the raw data before using the program; while, the curve represents the
smoothed data afterwards. However, care must be taken in using this program, since
the input data must meet certain criteria explained in a later section.

This report is intended to teach the use of the program. It is structured to guide
the reader through input preparation (with sample inputs provided), output expectation
(sample outputs provided, as well), and technique explanation. No user manual would
be complete without a program listing located in the appendix.

INPUT

Basically, the data file is composed of an options line, maybe another line with a
single number. followed by N (up to 750) data points, one pair per line. The program
expects the points to be sequential, i.e., the independent variable of each is ineremented
by a constant between pairs. Even though a few data points are missing, the program
can still be used; however, these points need to be filled in (which the program can do
for vou when you select a certain option). Let us begin by explaining the various
options.

The program can be run in various modes by selecting options from the following
list: "e,” "f," "n,” ”s,” and/or "x.” The "e” option echoes the input data; while the "f"
option fills in missing data. A smoothing of the errors is not to be done with the "n”
option; while smoothing of the data and the errors is to be done with the "s™ option.
The "x" option causes extra printing of the partially smoothed data after each step of k
the process. All five options can be chosen in many combinations; however, the "n”
option is uscless unless the "s” option has been chosen. The options may appear any-
where in the first 40 columns of the first line of the data file in lower case, in any order,
separated by blanks or commas, as desired. Single quotes are not necessary, e.g., esx is
a legitimate input line.

The data points should be of the form (independent variable, dependent variable).
Both the independent and dependent variables must contain decimal points and must be
separated by a comma, e.g., (123.,456.789). If no data points are missing, it is not
necessary to list each independent variable; instead, a zero or any other number can be
substituted (0.,456.789).

Table 1 lists an example of an input file where no data points are missing: in par-
ticular, this is the file used to generate Figure 1. The first line lists the options. For
this case, we want the program to echo the input and smooth both the data and the
eriors. Lines 2 through 30 list the 29 sets of data points in proper format. It is not
necessary to count the data points; the program automatically counts them and stops
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reading data when it reaches end-of-file.

Table 2 gives another example. In this instance, some of the data are missing.
Line one of the file asks for the missing points to be filled in as well as for the input to
be echoed, for the data to be smoothed, and for the errors not to be smoothed. The
sccond line, one number which must contain a decimal point, specifies the maximurm
number of data points to be filled in between raw data values. (Please note, this
number is not the total number of missing points) This line is used only when the "f”
option is'chosen -- don’t forget it. Lines 3 through 27 list the sets of data points.

Table 1. Sample Data File I (No Missing Values)

| Line Number | Data in File | Explanation

01 es Options
02 1.,138., Data Points
03 2.,62., d
04 3.,138., »
05 4.63., ”
06 5.,20., »
07 6.,4., »
08 7.,29., »
09 8.,130., »
19 9.,304., »
11 10.,223., »
12 11..876., 7
13 12.563., "
11 13.,696., ”
15 11.,508., K
16 15.,384., »
17 16.,255., »
18 17..139., »
19 18.,529., K
20 19..336., »
21 20.,492., ”
22 21.,530., "

g 23 22.,498., ”

. 24 23.,403., »

- 25 24.,550., ”

% 26 25.,434., ”

. 27 26.,747., K

3 28 27.,721., ”

29 28..747 ., ”

- 30 29.,1122., N
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1 Table 2. Sample Data File II (Missing Values)
E Line Number | Data in File Explanation
01 fesn Options

H 02 5. Between raw, max # filled-in
o 03 1.,138,, Data Points
L 04 2.,62., »
{ 05 3.,138., »
b 06 5.,20., ”
07 6.4., »
a 08 7..20., »
09 R.,130., "
- 10 9.,304., »
= 11 10.,223., »
F 12 11.,876., »
= 13 12.,563., »
= 14 13.,696., »
. 15 16.,255., »
. 16 17.,439., »
‘i 17 18.,529., »
o 18 19.,336., ’
3 19 20.,492., "
20 22.,498., »
= 21 23.,403., ”
h 292 24.,550., »
S 23 25.,434., »
21 26.,747., »
- 25 27.721., »
= 26 928.,747., »
p 27 29. 1122, »
{ OuUTPUT

The output files vary depending on the options chosen as well as on the data. In
general. the first few lines deseribe the options; while, ensuing lines list the subroutines
as entered. an explanation of the procedure, and the data at various stages. Table 3
gives the output for Sample Data File I from Table 1. The smoothed data you would
use for further study is listed under the column "new x(i)” near the end of the listing.
The column labeled orig x(i)” list the original input data and "err (i)” represents the
errors between the original and the new data. The "Sigma of err(i)” is the standard
deviation of the errors.

b Table 4 gives the ontput for Sample Data File I. Now, when the program enters
4@ the input subroutine, it first reads a value, "m0, which represents the maximum
number of filled-in points between real data points, before it reads the data points.
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Table 3.

Echoing input
Smoothing data

In input subroutine

i t(1) x(1)
¢ 1.0000e+00 1.3800e+02
1 2.0000e+00 6.2000e+01
2 3.0000e+00 1.3800e+02
3 4.0000e+00 €.3000e+01
4 5,0000e+00 2.0000e+01
5 6.0000e+00 4.0000e+00
6 7.0000e+00 2.9000e+01
7 8.0000e+00 1,3000e+02
8 9.0000e+00 3.0400e+02
g 1.0000e+01 2,2300e+02
10 1.1000e+01 8,7600e+02
11 1.2000e+G1 5.6300e+02
12 1.3000e+01 6,9600e+02
13 1.4000e+01 5.0800e+02
14 1.5000e+01 3.8400e+02
15 1.6000e+01 2.5500e+02
16 1.7000e+01 4.3900e+02
17 1.8000e+01 5.2900e+02
18 1.9000e+01 3.3600e+02
19 2,0000e+01 4,9200e+02
20 2.1000e+01 5,3000e+02
21 2.2000e+01 %,9800e+02
22 2.3000e+Ct 4,0300e+02
23 2.4000e+01 5.5000e+02
24 2.5000e+01 L,3400e+02
25 2.6000e+01 T7.4700e+02
26 2.7000e+01 7.2100e+02
27 2.8000e+01 7.4700e+02
28 2.9000e+01 1.1220e+03

In smuothing routine

A g o e Bl Il S e A-Eaht il 2 A e A B el il e

Output File for Sample Data File I

Perform 3R<SH smoothing on the x(i) values,
i.e., smr..h by repeated medians of 3 (3R)
up to 3 times, split two-point peaks and valleys
twice (doing 3R after each split), then hann.
Subtracting the smoothed data from the original data
yields some errors -- called the rough

- In median routine

- In median routine

- In median routine

- In splitting routine

- In median routine

~ In median routine
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Table 3.

splitting routine
median routine

In median routine
hanning routine

In

e b eh b wd = b —d -
OVO~TAANTEWN=200VO~TOUVN EWN —=OH

NN
N =0

[ASINAS ST AV I V)
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28

original
1.3800e+02
6.2000e+01
1.3800e+02
6.3000e+01
2.0000e+01
4,0000e+00
2.9000e+01
1.3000e+02
3.0400e+02
2.2300e+02
8.7600e+02
5.6300e+02
6.9600e+02
5.0800e+02

- 3.8400e+02

2.5500e402
4.3900e+02
5.2900e+02
3.3600e+02
4,9200e+02
5.3000e+02
4.9800e+02
4.0300e+02
5.5000e+02
4.3400e+02
T.4700e+02
T.2100e+02
7.4700e+02
1.1220e+03

smooth
6.3000e+01
6.3000e+01
6.3000e4+01
6.3000e+01
6.3000e+01
6.3000e+01
7.9750e+01
1.3650e+02
2.2000e+02
3.4850e+02
4,9825e+02
5.6300e+02
5.4925e+02
5.0450e+02
4,5625e+02
4,3900e+02
4,3900e+02
4 ,5225e+02
4.7875e+02
u . 93 50e+02
4.9650e+02
4.9800e+02
4,9800e+02
5.1100e+02
5.7975e+02
6.8475e+02
T.4050e+02
7.6000e+02
7.9900e+02

rough
T7.5000e+01
-~1.0000e+00
7.5000e+01
0. e+00
=4,3000e+01
=5.9000e+01
-5.0750e+01
=6.5000e+00
8.4000e+01
-1.2550e+02
3 07775e+02
0. e+00
1.4675e+02
3.5000e+00
-T7.2250e+01
-1.8400e+02
0. e+00
7.6750e+01
-1.4275e+02
-1.5000e+00
3.3500e+01
0. e+00
-9,5000e+01
3.9000e+01
-1.4575e+02
6.2250e+01
-1.9500e+01
~1.3000e+01
3.2300e+02

Now, smooth the rough with 3RSSH

) o

etk il aews St en i el mate

Output File for Sample Data File I (cont'd)

Y

In median routine
In median routine
In median routine
In splitting routine
In median routine
- In median routine
- In splitting routine
= In median routine
- In median routine
. - In hanning routine




Re-rough the initial smooth by adding the smooth of rough

Table 3.

i.e., new x(i) =

O oO10WUN £2WN o oK

10
1
12
13
14
15

16 -

17
18
19
20
21
22
23
24
25
26
27
28

orig x(i)
1.3800¢ .n2
6.7000e+01
1.3800e+02
6.3000e+01
2.0000e+01
4,0000e+00
2.9000e+01
1.3000e+02
3.0400e+02
2.2300e+02
8.7600e+02
5.6300e+02
6.9600e+02
5.0800e+02
3.8400e+02
2.5500e+02
4,3900e+02
5.2900e+02
3.3600e+02
4.9200e+02
5.3000e+02
4.9800e+02
4.,0300e+02
5.5000e+02
4.3400e+02
7.4700e+02
7.2100e+02
7.4700e+02
1.1220e+03

Sigma of err(i) =

Output File for Sample Data File I (cont'd)

new x(i)
6.3000e+01
6.3000e+01
6.3000e+01
6.3000e+01
6.1375e+01
5.8125e+01
T7.3250e+01
1.3000e+02
2.1513e+02
3.4775e+02
5.0088e+02
5.6650e+02
5.5275e+02
5.0800e+02
4,5888e+02
4,3988e+02
4,3900e+02
}.5225e+02
4,7875e+02
4,9350e+02
4.9650e+02
4,9800e+02
4.9800e+02
5.0775e+02
5.7000e+02
6.7175e+02
T.2750e+02
7T.4700e+02
7.8600e+02

122.131

smooth of smooth + smooth of rough

err(i)
7.5000e+01
-1.0000e+00
7.5000e+01
0. e+00
-4,1375e+01
-5.4125e+01
-4.4250e+01
0. e+00
8.8875e+01
-1.2475e+02
3.7513e+02
-3.5000e+00
1.4325e+02
0. e+00
-7.4875e+01
-1.8488e+02
0. e+00
7.6750e+01
-1.42T5e+02
-1.5000e+00
30 350064’01
0. e+00
-9.5000e+01
4,2250e+01
-1.3600e+02
7.5250e+01
-6.5000e+00
0. e+00
3.3600e+02




e file e Aes Ahe-San aan e axe s o .o ]

Table 4. Output File for Sample Data File II

Echoing input

Equalizing data by filling in
Smoothing data

Not re-roughing the initial smoothed data
In input subroutine

max number of interpolated points

between real data points, m0 = 5.00000
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10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

In fill

t(1)
1.0000e+00
2.0000e+00
3.0000e+00
5.0000e+00
6.0000e+00
7.0000e+00
8.0000e+00
9.0000e+00
1.0000e+01
1.1000e+01
1.2000e+01
1.3000e+01
1.6000e4+01
1.7000e+01
1.8000e+01
1.9000e+01
2.0000e+01
2.2000e+01
2.3000e+01
2.4000e+01
2.5000e+01
2.6000e+01
2.7000e+01
2.8000e+01
2.9000e+01
subroutine
filled t(4i)
1.0000e+00
2.0000e+00
3.0000e+00
4.0000e+00
5.0000e+00
6.0000e+00
7.0000e+00
8.0000e+00
9.0000e+00
1.0000e+01
1.1000e+01

x(1)
1.3800e+02
6.2000e+01
1.3800e+02
2.0000e+01
4,0000e+00
2.9000e+01
1.3000e+02
3.0400e+02
2.2300e+02
8,7600e+02
5.6300e+02
6.9600e+02
2.5500e+02
4,3900e+02
5.2900e+02
3.3600e+02
4,9200e+02
4,9800e+02
4,0300e+02
5.5000e+02
4,.3400e+02
T7.4700e+02
T7.2100e+02
7.4700e+02
1.1220e+03

filled x(i)
1.3800e+02
6.2000e+01
1.3800e+02
7.9000e+01
2.0000e+01
4.,0000e+00
2.9000e+01
1.3000e+02
3.0400e+02
2.2300e+02

8.7600e+02
5.6300e+02

- OV EO~TONMEWN = O
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Table 4.

1.3000e+01
1.4000e+01
1.5000e+01
1.6000e+01
1.7000e+01
1.8000e+01
1.9000e+01
2.0000e+01
2,1000e+01
2.2000e+01
2.3000e+01
2.4000e+01
2.5000e+01
2.6000e+01
2.7000e+01
2.8000e+01
2.9000e+01

e
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Output File for Sample Data File II (cont'd)

6.9600e+02
5.4900e+02
4,0200e+02
2.5500e+02
4,3900e+02
5.2900e+02
3.3600e+02
4.9200e+02
4,9500e+02
4.9800e+02
4.0300e+02
5.5000e+02
4.3400e+02
7 .4700e+02
T.2100e+02
T7.4700e+02
1.1220e+03

In smoothing routine
Perform 3RSSH smoothing on the x(i) values,

i.e., smooth by repeated medians of 3 (3R)

up to 3 times,. split two-point peaks and valleys
twice (doing 3R after each split), then hann.
Subtracting the smoothed data from the original data

e,

yields some errors -~ called the roygh
- In median routine

~ In median routine

= In median routine

- In splitting routine
- In median routine

- In median routine

- In splitting routine
- In median routine

- In mediah routine

~ In hanning routine

i original smooth rough

0 1.3800e+02 7.9000e+01 5.9000e+01
1 6.2000e+01 7.9000e+01 -1.7000e+01
2 1.3800e+02 7.9000e+01 5.9000e+01
3 T7.9000e+01 7.9000e+01 O, e+00
4 2.0000e+01 7.9000e+01 ~5.9000e+01
5 4,0000e+00 7.9000e401 =7.5000e+01
6 2.9000e+01 9.1750e+01 -6.2750e+01
7 1.3000e+02 1,4050e+02 -1,0500e+01
8 3.0400e+02 2.2000e+02 8.4000e+01
9 2.2300e+02 3.4850e+02 -1.2550e+02

« - = L. .
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- R

~

17

‘-_4,_.-< R
LN




. R e L R e B e R Sl B

Table &4,

10 8.7600e+02
11 5.6300e+02
12 6.9600e+02
13 5.4900e+02
14 4,0200e+02
15 2.5500e+02
16  4,3900e+02
17 5.2900e+02
18 3.3600e+02
19 4,9200e+02
20 14,9500e+02
21 4,9800e+02
22 14,0300e+02
23 5.5000e+02
24 4,3400e+02
25 T7.4700e+02
26 7.2100e+02
27 T7.4700e+02
28 1.1220e+03
Sigma of err(i) =

...............

W NN TNNELTRTTRT TR WM e

Output File

4,9825e+02
5.6300e+02
5.5950e+02
5.4550e+02
5.0750e+02
4,5950e+02
4.3900e+02
§,5225e+02
4,7875e+02
4,9275e+02
4.,9425e+02
4,9500e+02
4,9575e+02
5.1025e+02
5.7975e+02
6.8475e+02
7.4050e+02
7.6000e+02
T.9900e+02
123.050

for Sample Data File II (cont'd)

3.7775e+02
0. e+00
1.3650e+02
3.5000e+00
-1.0550e+02
~2.0450e+02
0. e+00
7.6750e+01
-1.4275e+02
-7.5000e~-01
7.5000e~01
3.0000e+00
=-9,2750e+01
3 . 97 50e+01
-1.4575e+02
6.2250e+01
-1.9500e+01
-1.3000e+01
3.2300e+02
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Then, the program continues into the fill subroutine where "m0” is tested. If this value
had been too small, the program would have printed an error message and stopped (See
Table 5). Given that this has not happened, a new set of data points are printed. The
original data have not been altered; just additional points have been added. The pro-
gram continues through the rest of the subroutines as before, but, since vie asked for no
smoothing of the errors, it stops earlier. Now, the smoothed data to be used for further
study is listed under the column "smooth” near the end of the listing; whereas, the
column “rough” represents the errors between the smooth and the original data. The
standard deviation of the rough is given by "Sigma of err(i).”

Table 5. Saiiple Output File When Inadequate Fill-In Parameter Given

Echoing input

Equalizing data by filling in

Suoothing data

Not re-roughing tne initial swoothed data
In input subroutine

wez number of interpolated peints between real data points, w0 = 1.00000
i t(i) x(1)
0 1.,0000e+00 1.3800e+02
1 '2,0000e+00 6.2000e+01
2 3.0000e+00 1.,3500e+02
3 5,0000e+00 2.,0000e+01
4 6.0000e+00 4.0000e+00
5 7.0000e+-00 2.9000¢401
6 0.0000e+00 1.3000e+02
7. 9.0000e+00 3.0400e+02
8 1.0000e+01 2.,2300e+02
9 1.1000e+01 8.7600e+02
10 1.2000e+01 5.6300e+02
11 1.3000e+C1 6.9600e+02
12 1.6000e+01 2.5500e+02
13 1.7000e+01 4,3900e+02
14 1,3000e+01 5.2900e+02
15 1.9000e+01 3.3600e+02
16 2,0000e+01 4,920Ce+02
17 2.2000e+01 4.,9600e+02
1o 2.3000e+01 4.0300e+02
19 2.4000e+01 5.5000e+02
20 2.5000e+01 4,3400e+02
e 21 2.6000e+01 7.4700e+02
no 22 2.7000e+01 7.2100e+02
9. 23 2.8000e+01 7.4700e+02
o 24 2.3000e+01 1.1220e+03
el In fiil subroutine

is _reater

- Equalizing step size is iupossible;
e 3.00000

taan 1.0 = 1,00000

............
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METHODOLOGY

he program described above uses the 3RSSH method of Tukey for smoothing the
data.” First, we will decipher the acronym and, then, describe the techniques. 3R
stands for Repeated medians of 3. SS is Splitting of two-point peaks and valleys -- done
twice; while H is Hanning.

r T~
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With 3R, the program takes the first three dependent values (0, 1, and 2), finds the
median, and stores that in a new array as point 1. Next, it takes points 1 through 2,
finds the median, and stores that as new point 2. This process continues until it takes
points N-2, N-1, and N and stores their median in point N-1. To complete the new
array, the program just copies points 0 and N onto it. If this new array is equal to the
original array, 3R is stopped; otherwise, this process continues until no changes take
place or a total of three times, whichever comes first. However, the second iteration
starts with point 1 and continues through N-1 (copying on points 0, 1, N-1, and N);
while the third iteration starts at point 2 and goes to N-2 (copying points 0, 1, 2, N-2,
N-1, and N). Whenever 3R is completed, these copicd-on, end values need smoothing
which is done by finding the median of the end value, the last smoothed value, and the
difference between thrice the last smoothed value and twice the next-to-last smoothed
value. For example, if 3R has been performed three times, the points 0, 1, 2, N-2, N-1,
and N all need smoothed. For point 0, the formula would be:

new point 0 == median(point 0, point 3, 3*(point 3) - 2*(point 4)).
For points 1 and 2, the same formula applies with just the substitution of these points
for point 0. To find points N-2, N-1 and N, just substitute each of these, in turn, for
point 0 and change point 3 to point N-3 and point 4 to point N-4.

To perform the splitting portion of 3RSSH, the program examines the 3R data to
see if there are any peaks or valleys consisting of just two, equal data points. If so, they
are split apart and end-point smoothing (the same formula as previous paragraph) is
performed on each point as if it were the last. In this case, however, the last and next-
to-last smoothed data points are now adjacent to the end points, i. e., if the peak values
are i and i+1, then we would use points i, i-1, and i-2 to determine the new point i, and
i+1, i+2, i+3-to determine the new point i+1. When all such pairs have been exam-
ined. another 3R is done on the data. This entire process is repeated with another split
and 3R. However, if there were no splits, the program immediately goes to the hanning
subroutine, since no changes have occurred in the data.

) In the hanning technique, the program, first, runs through the data set and finds
T the mid-range between every other data point, which becomes a tentative new value for
- the intermediate data point. Then, it finds the mean of the original, intermediate value
‘ and the tentative value. This mean becomes the newest value for each data point in the
) set. For example, let the original data set be the values 4, 5, 6, & 11. The mid-ranges
would be (4+6)/2, (5+8)/2, (6+11)/2. The means, the averages of the mid-range and

I jorn w. Tukey, Ezploralory Data Analysis, Reading, Massachusetts, Addison-Wesley Publishing
| ] , Company, Inc., 1977, pp 204-2536 and 523-542.




the original number, would be (5+5)/2, (6.5+6)/2, (8.5+8)/2. Therefore, the final set of
values would be 4, 5, 6.25, 8.25, 11.

Hanning finishes the 3RSSH process and its resultant data set is called the smooth.
This smooth is then subtracted from the original data to obtain the errors, also known
as the rough. To obtain a better smooth, it is a good idea to perform 3RRSSH on this
rough. The smooth we obtain from the rough is then added to the first smooth yielding
a final smooth and a final rough.

SUMMARY
The FIT program enables you to smooth sequential data to observe the inherent

trends. It is easily used without much knowledge of the underlying techniques and can
be employed repeatedly to the subsequent smoothed data sets to achieve whatever

smoothness 1s desired.

REFERENCES

1. John W. Tukey, Exploratory Data Analysis, Reading, Massachusetts, Addison-

Wesley Publishing Company, Inc., 1977, pp 204-236 and 523-542.
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Appendix: Program Listing

Purpose: Fit data

logical ECHO, FILLIN, SMOOTH, XTRA, NRERUF
logical isarg

character®*t arg

dimension arg(40)

common /misc/ ECHO, FILLIN, XTRA, NRERUF
format(40at)

read(5,1) arg

ECHO = isarg('e',arg)
FILLIN = isarg('f',arg)
SMOOTH = isarg('s',arg)
XTRA = isarg('x',arg)

NRERUF = isarg('n',arg)

if (ECHO ) print ¥, ' Echoing input'®

if (FILLIN) print ¥, ' Equalizing data by filling in'
if (SMOOTH) print #, Smoothing data!'

if (XTRA ) print #*,

if (NRERUF) print ¥,

~call input(em0)

call equalizing routine to fill in missing data
if (FILLIN) call fill(em0)

if (SMOOTH) call smoth

END

LOGICAL FUNCTION IS ARG (ACHAR, ARG)

Return true iff achar is in arg
character#1 achar

character®*! arg

dimension arg(40)

is arg = .FALSE,
Loop through each element of arg until ACHAR is found.
DO 30 narg = 1,40
IF (ACHAR .eq. arg(narg)) THEN
is arg = .TRUE.

ENDIF
CONTINUE
CONTINUE
END

SUBROUTINE INPUT ( emO )

logical sorted, ECHO, FILLIN, XTRA, NRERUF
common/data/tt(0:749),x(0:749),n

common /misc/ ECHO, FILLIN, XTRA, NRERUF
format (i8,2(1pe12.4))

print #,'In input subroutine’
format(2f12.4)

1

1

' Extra printing of intermediate results'

' Not re-roughing the initial smoothed data'

GOTO 99
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if FILLIN is true (FILL is used), then
read em0, where em0 is the maximum number off interpolated
points between real data points
IF (FILLIN) THEN
read 2, em0
if (ECHO) print *, ' max number of interpolated points'
1 s 'between real data points, m0 =', em0
.ENDIF
if (ECHO) print %, i t(1) x(1)!
DO 10 i = 0,749
read(5,2,END=500) tt(i), x(i)
if (ECHO) print 1, 4i,tt(1),x(1)
CONTINUE
n=1--1
DO 20 i = 1,n=1
sorted = .true,
DO 30 nn = O,n=-1
if (tt(nn) .le. tt(nn+1)) go to 30
temp = tt(nn)
tt(nn) = tt(nn+1)
tt(nn+1) = temp
temp = x(nn)
x(nn) = x(nn+1)
x(nn+1) = temp
sorted = ,false.

CONTINUE

if (sorted) go to 40
CONTINUE
'CONTINUE
delta = (tt(n) - tt(0)) / n

END

SUBROUTINE FILL ( em0 )
logical sorted, ECHO, FILLIN, XTRA, NRERUF
integer p
dimension deltan(750),z(0:749),t(0:750),tp(0:749)
common/data/tt(0:749),x(0:749),n
common /misc/ ECHO, FILLIN, XTRA, NRERUF
print #,'In fill subroutine’
#RR8% store independent variable tt into t since t needs to be
#838% one longer
DO 5 nn = O,n
t(nn) = tt(nn)
CONTINUE
#8888 find the differences between each indep. variable
DO 10 nn = 1,n
deltan(nn) = t(nn) - t(nn-1)
CONTINUE
#8888 now sort these differences
DO 20 i1 = 1,nn=1
sorted = .true.
DO 30 nn = 1,n=1
if (deltan(nn) .le. deltan(nn+1)) go to 30
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temp = deltan(nn)
deltan(nn) = deltan(nn+1)
deltan(nn+1) = temp
sorted = .false.

30 CONTINUE
, if (sorted) go to U0
20 CONTINUE
c WRRR% noy find median and maximum of these "delta's"
40 IF (mod(n,2) .ne. 0) THEN
delmed = deltan(n/2 + 1)
ELSE
delmed = (deltan(n/2) + deltan(n/2 + 1)) / 2.
ENDIF

delmax = deltan(n)
ncapl = (t(n) - t(0))/delmed
if (ncapt! .ne. (t(n) - t(0))/delmed) ncapl = ncapl + 1
delta = (t(n) - t(0)) / ncapi
t(n+1) = 1.e20
if (delmax/delta .gt. em0) go to 100
o #BER¥ cqualize step size and fill in data
DO 50 p = 0, ncapt
tp(p) = t(0) + p*delta
DO 60 nn = O,n
if((t(nn) .le. tp(p)) .and. (tp(p) .lt. t(nn+1))) go to 70O

60 CONTINUE
70 z(p) = ((tp(p) -t(nn))*x(nn+1) + (t(nn+1) -tp(p))®*x(nn)) /
1 (t(nn+1) -t(nn))
50 CONTINUE
n = ncap?
print #, ' i filled t(i) filled x(i)'

DO 80 nn = O,n
x(nn) = z(nn)
print 1, nn,tp(nn),x(nn)
80 CONTINUE
RETURN
100 dlmdr = delmax/delta
print #, ' Equalizing step size is impossible; '
print %, dlmdl,
1 ' is greater than m0 =',em0
STOP
1 format(i8,2(1pel12.4))
END

SUBROUTINE SMOTH

logical done, ECHO, FILLIN, XTRA, NRERUF

dimension y(0:749), xhat{(0:749), err(0:749), z(0:749)
common/data/tt(0:749),x(0:749),n

common /misc/ ECHO, FILLIN, XTRA, NRERUF

format (i8,3(1pe12.4))
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print *,'In smoothing routine'
print ®, ' Perform 3RSSH smoothing on the x(i) values,'
print #, ' i,e,, smooth by repeated medians of 3 (3R)'
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print ®, ' up to 3 times, split two-point peaks and valleys'

print #, ' twice (doing 3R after each split), then hann,'
print #, ' Subtracting the smoothed data from the original data‘'
print #, 1 yields some errors -- called the rough' }
c Store a copy of x into y 1
J
|
|

call copy(n,x,y)
e Smooth by medians 3 times or until no more changes (3R)

.done = .false,

DO 10 i = 1,3
IF (done) GOTO 15
call median(n,y,done,1)

10 CONTINUE
15 CONTINUE
c Split twice or until no more splits (SS)

done = ,false,
DO 20 nsplit = 1,2
call split(done,n,y)
IF (XTRA) THEN
print #, ! i  new value'
DO 22 1ijk=0,n
print 1, ijk, y(ijk)

22 CONTINUE
. ENDIF
IF (done) GOTO 25
c If there's no splits then exit loop |
¢ Otherwise 3R the new split values
Do 23 i=1,3 i

IF (done) GOTO 24
call median(n,y,done,i)

23 CONTINUE
24 CONTINUE
done = .false.
20 CONTINUE
25 CONTINUE
IF (XTRA) THEN
print ®, ! i new value'

DO 27 ijk=0,n
print 1, ijk, y(ijk)

27 CONTINUE
ENDIF
c Hann the 3RSS data (H)
call haning(n,y,z)
c Store this 3RSSH smoothed data into xhat
- call copy(n,z,xhat)
i ) c Find the rough of the smoothed data
' c And, print the original and 3RSSH smooth & rough
print &, ! i original smooth rough'
sum sq = O.
DO 30 i=0,n

y(i) =z x(i)-xhat({i)
if (NRERUF) sum sq = sum sq + y(i)##2
print 1, i, x(i), xhat(i), y(1)

30 CONTINUE

IF ( .not. NRERUF) THEN

- - .’. {.
.......




3RSS and Hann the rough of initial 3RSSH

Smooth by medians 3 times or until no more changes
print ®%, ' Now, smooth the rough with 3RSSH!'
done = .false,

DO 321 =1,3

IF (done) GOTO 34
call median(n,y,done,1i)
CONTINUE
CONTINUE

Split twice or until no more splits
done = .false,
DO 35 nuoplit = 1,2
call split(done,n,y)
IF (XTRA) THEN
print %, ' i  new value!
DO 36 ijk=0,n
print 1, ijk, y(ijk)
CONTINUE
ENDIF
IF (done) GOTO 39
If there's no splits then exit loop
Otherwise 3R the new split values
: DO 37 i=1,3
IF (done) GOTO 38
call median(n,y,done,i)

e
Ve

37 CONTINUE
38 CONTINUE
done = .false.
g 35 ) CONTINUE
39 CONTINUE
IF (XTRA) THEN
print #, ! i  new value'

DO 41 ijk=0,n
print 1, ijk, y(ijk)
i1 CONTINUE
ENDIF
e Hann the 3RSS of the rough
call haning(n,y,z)
IF (XTRA) THEN
print #, ! i smooth of rough'
DO 43 1ijk=0,n
print 1, ijk, z(ijk)
43 CONTINUE
ENDIF
sum 8q = O.
Re-rough by adding the smooth of the rough to the initial smooth
to find the final smooth
c and find the error between orig. data and final smooth

Caee 4
AL
el
[e]

[¢]

{j print #, ' Re-rough the initial smooth by adding the smooth of rough'
tTv print # ' j e., new x(i) = smooth of smooth + smooth of rough'

ki print ®, ¢ i orig x(i) new x(i) err(i)?

- DO 40 i=0,n

: xhat(i) = xhat{(i) + z(i)

13 err(i) = x(i) - xhat(i)

¢
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sum sq = sum sq+err(i)ee2
print 1, i, x(i), xhat(i), err(i)
x(i) = xhat(i)
40 CONTINUE !
ENDIF '
sigma s = sqrt(sum sq/n)
print #, 'Sigma of err(i) = ', sigma s

. END
c .
SUBROUTINE MEDIAN(n,y,done,k)
6 e .
c Smooth by taking medians of 3
real medin E
logical done,mdone,ECHO,FILLIN,XTRA,NRERUF |
common /misc/ ECHO, FILLIN, XTRA, NRERUF
dimension y(0:749),2z(0:749)
1 format (i8,2(1pel12.4))
c
; print %,'- In median routine’
i mdone = .true.
!‘. c Copy on the end input values
DO 5 i = 0,k-1
[ . z(1) = y(1)
. 5 CONTINUE .
DO 10 i = n-k+1,n
z(i) = y(i)
10 CONTINUE
c Start the median-taking at the k-th element

DO 20 i=zk,n-k
z(1i) = medin(y(i-1),y(i),y(i+1))
if( z(i) .ne. y(i) ) mdone = .false.
20 CONTINUE
Smooth end input values when medians of 3 are finished
either when no more changes have taken place or when
c k reaches 3
IF (- (mdone) .or. (k .eq. 3) ) THEN
DO 32 i = 0,k-1
z(1i) = medin(3%z(k)-2%z(k+1),y(1),z(k))
32 CONTINUE

00

DO 37 i = n-k+1,n
z(i) = medin(z(n-k),y(1),3%z(n-k)-2%z(n-k-1))
37 CONTINUE
ENDIF
if (XTRA) print %, i old value new value'
DO 40 i=0,n
if (XTRA) print 1, i, y(i), z(i)
y(1) = z(1)
& 40 CONTINUE
p done = mdone
) END
O 3 ¢
1 SUBROUTINE SPLIT(done,n,y)
- c --------------------------
P d] perform splitting of data at plateaus
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logical