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ABSTRACT

A computer program using an iterfi.tive deconvolution
algorithm for the generation of genuine /instrument-independent/
spectra and for the improvement of resolution is described.

PE3IOME

B cTtatbe onuceiBaeTcsa nporpamvma 39BM, pa3paboTaHHasa And
NOJly4eHUsA WUCTUHHLIX /HEe3aBUCUMbIX OT rnpubopa/ CMNeHTpPoOB, a Takxe
ONA  YyNy4lWeHUs paspelweHnsa Mnpu MnoMoWnm WTepaTUBHONO anropmrtva

pa3BepTbiBaHUA -

KIVONAT

Szamitogéepi programot ismertetink, amely valédi /ké-
szuléktdl fuggetlen/ szinképek eldallitasara és a felbontas
mesterséges javitasara szolgal. A médszer iterativ dekonvolu-
cios algoritmussal dolgozik.
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1. INTRODUCTION

This program written in FORTRAN IV language using ICT 1900 machine
representation eliminates instrumental distortions of convolute type from
experimental data and/or improves the resolution by use of the deconvolu-
tion method described by J. Sz6ke in Chem. Phys. Letters, 1972. 5, 404.

*

The program is suitable also for solving other than spectral dis-
tortion deconvolution problems /e.g. chromatogram analysis/. A prerequisite
is that the digital data be essentially free from experimental /systematic/
errors. Random errors usually do not interfere with the calculation, nev-
ertheless, it is advisable to smooth the experimental data by methods which
are insensitive to formal distortions of the processed data, such as e.g.
the least squares method of A. Savitzky and M.J.E. Golay, Anal. Chem. 1964.
36, 1627. In the present program this method is applied after each decon-
voluting cycle.

The deconvolution method can be applied also to calculate the con-
volute of an experimental data block.

2. INPUT, OUTPUT AND INSTRUCTIONS

a/ INPUT

The first set of the input data on the card or tape contains the
basic entries which are

NT Number of tasks to be solved /16/

NA Number of characters naming the task /spacings included/ in less
than 72 characters /16/

NAME/1/ Name of the task in any number of characters below 72

NY Number of elements in the data block /maximum number 512/

/9F8.1/ or /9F8.3/
IT Number of iterations in subroutine DECONV /proposed number 10//16/
KM KEY to mode of operation /16/

EQ 1: Calculation of the genuine spectrum

EQ 2: Improvement of resolution

EQ 3: Calculation of genuine spectrum with subsequent improvement of
resolution



KQ
NS
KY

Key to prepare punch tape for least squares computation /16/
Maximum allowed number of smoothing cycles /16/
Key to read-in of data block /16/

EQ Is Read-in by 9F8.1
EQ 2: Read-in by 9F8.3
EQ 3: Read-in by subroutine ANAL in character form, each word terminates

DX
CS

CcJ

Y/1/

YK/Z1

NK
M

GS
KJ
KP

with
Abscissal scale factor /9F8.3/
Limit of smoothing given by the ratio of two successive standard
deviations /proposed value 1.2 /1.05-1.50/ /F8.3/
Limit of deconvolution given by the ratio of two successive
standard deviations /proposed value 1.2 /1.05-1.50/ /F8.3/
Data array of points equidistant on the X coordinate scale given
in F8.1, F8.3 or an integer with arbitrary number of numerical
characters

/ Data array of deconvoluting function containing maximum 100 data
points with a scale factor DX, the same as that of Y/1/ /9F8.1/
Number of data points in the deconvoluting function /16/
Serial number of the maximum point in the deconvoluting function
/16/
Variance of the calculated gaussian deconvoluting function /F8.3/
Number of deconvoluting cycles, maximum 9 /16/
Punched tape for analyzer /System KFKI1/ /16/

EQ O: Don"t punch

NE

b/

3/

a4/

0: Punch

OUTPUT

The program writes out its name before starting with the calculation:
PROGRAM FOR CONVOLUTION AND DECONVOLUTION and specifies the name of
the task /maximum 72 characters/.

It writes out the type of the method used: GENUINE SPECTRUM or IMPROVE-
MENT OF RESOLUTION.

In a new line it specifies the input parameters iIn the arrangement
employed in the input protocol by use of MASTER C4.

Values of integral, maximum, its position, minimum, its position are
written out by use of MASTER C5/e.

The convoluting array YK/1/ is printed out as plotted by the line
printer controlled by MASTER C6/i.



5/ The program writes out cyclically
a/ CALCULATION OF THE ith DECONVOLUTE by use of MASTER C7/a

b/ CONVOLUTE and convolute array C/1/ only in the first cycle of
DECONV iteration by use of DECONV c2/e.

¢/ INFORMATION ABOUT DECONVOLUTION, NUMBER OF ITERATIONS, STANDARD
DEVIATIONS by use of DECONV C4

d/ DECONVOLUTE the non-smoothed value is punched by use of DECONV C5
e/ STANDARD DEVIATION OF SMOOTHING by use of SR. SMOOTH C2
f/ THE NUMBER OF ITERATIONS IS EXHAUSTED if this is the case

6/ The results of the calculation /genuine spectrum, spectrum with improved
resolution/ are printed out as plotted by line printer.

c/  INSTRUCTIONS

Loading and running of the object program

The program PSCD is loaded into the memory from AF tape. The run
starts from ffGO # 20, The program requires a memory capacity of
23011 words.

Hardware requirements

INPUT 1: Tape reader
OUTPUT 2: Line Printer
OUTPUT 3: Punch

Consol messages

The program does not provide for error protection and therefore comes
to a halt in every case of "ERROR"™. The output message at the end of
the run with error reads HALTED : EE

without error HALTED : FH

3, SCHEME OF PROGRAM OPERATIONS

The program operations are performed by the MASTER and 17
SUBROUTINES in the sequence as follows.



A. LlBRARY routines and COMMON FlELDS

The program uses the following ICT Library routines: TIME, INONE,
OPEN ICT TR, CLOSE TR, RUNOUT

19 /1/ array is in the COMMON FIELD /CHAR/, which is used in the MASTER
and the subroutines: FITOUT, ANALYZER, CURVE and CHARACTER.



5. ORGANIZATION OF THE PROGRAM



6, DESCRIPTION OF THE PROGRAM

6.1 MASTER

The MASTER performs 12 steps of the program, specified from

Cl to Cl12 in the listing

Cl  The general information about the task is read-in as follows:
a/ Number of tasks into NT
b/ Number of characters in NAME into NA
c/ Characters specifying task into NAME
d/ Input parameters NY, IT, KM, KQ, NS, KY, KP, KPUNCH, DX,

Cs, CI

C2 Reads experimental data
9F8.1, 9F8.3 or subroutine ANAL, as specified by the position of
switch KY, into Y/I/ and it is transferred into BASE/1/.

C3 Reads convoluting function
as determined by the position of switch KM, into YK/I/ KM = 1 or
3 stands for calculation of the genuine spectrum, then NK experi-
mental points of the instrumental function YK with identifying
number IM are read
KM = 2 stands for improving the resolution by deconvolution with
a Gaussian function, then it reads the standard deviation GS
of the Gaussian along with the allowed number of iterations and
calls subroutine GAUSS to calculate the points of the convoluting
function.

C4 Writes out the inputs
a/ 1fF KM = 1 or 3 CALCULATION OF THE GENUINE SPECTRUM

if KM= 2 IMPROVEMENT OF RESOLUTION

b/ INPUT PARAMETERS in the same format as read-in without iden-
tification |

5
c/ EXPERIMENTAL DATA as #ead into Y/1/ iIn an extended format
using 120 characters in a line

d/ ITf KPUNCH is not equal to zero Y/1/ is punched out for a sub-
sequent data processing.
C5 Searches for max-min values and calculates the integral of the
experimental points in Y/I/
a/ Checks whether the number of the experimental points is
odd: NY1 = NY or even: NYl = NY -1

b/ Uses DO 7 to transfer the points from array Y/1/
- into array D/1/ to calculate the deconvolute, and
- into the integer array 1A/1,1/ to plot the function NINT/Y/1//



C6

Cc7

c/

d/
e/

Calls MAXMIN to search for the maximum and minimum values
and their serial numbers in the array D/1/

Calls SIMPSON to integrate the array D/1/
Writes out the results as INTEGRAL.... MAXIMUM ...
AT MINIMUM AT

Normalizes and plots the convoluting function

a/

b/
c/

ds

e/

Tt/

a/

h/
i/

Calls SIMPSON to calculate the integral of the convoluting
function YK/1/

Normalizes the integral of YK/1/ to 1.0

Calls MAXMIN to search for the maxima and minima and their
serial numbers in YK/1/

Writes out the type of the convoluting function

for KM = 1 or 3 NORMALIZED EXPERIMENTAL INSTRUMENTAL
FUNCTION

for KM = 2 NORMALIZED GAUSSIAN DECONVOLUTING FUNCTION

Writes out the elements of the array YK/1/ in extended format
using 120 characters

Writes out the results of the operations on YK/I/ as
INTEGRAL=... MAXIMUM ... AT _.. MINIMUM ... AT ..__.

Normalizes YK/I/ setting minimum = 0, maximum = 100
for the plot by line printer

Transfers the normalized function YK/I1/ into JA/1,1/

Plots YK/1/ by use of line printer.

Calculates the deconvolute by use of DO 15 and plots the values

by
a/
b/
c/

d/

e/

/
a/

use of line printer.
Writes out: CALCULATION OF THE ITH DECONVOLUTE
Calls DECONV to calculate the deconvolute

Uses DO 12 to transfer the points from arry E/I/ into Y/1/
and D/1/

Calls MAXMIN to research for the maxima and minima and their
serial numbers in D/1/

Calls SIMPSON to calculate the integral of D/I/ and to re-
normalize it to the original Y/I1/ values

Transfers D/1/ without normalization into IA

Writes out D/1/ in normalized form with caption
"“NORMALI1ZED DECONVOLUTE™



6.2

hi IT KPUNCH is not equal to zero array D/1/ is punched out for
a subsequent data processing by using subroutine PUNCH

i/ Writes out the results of the operations on D/1/ as INTEGRAL...
MAXIMUM. ... AT.... MINIMUM.... AT _._.

Jj/ Calculates the normalizing factor for the plot of D/1/

C8 Punches by FITOUT subroutine the paper tape if a Gauss fit is
required for, if KQ is not zero.

C9 Plots the results of the calculation by use of line printer.
The details are listed under C7

a/ Writes out the title of the plot with captions chosen by
KM = 1 or 3 THE EXPERIMENTAL /1/ AND GENUINE /2/ SPECTRUM
KM = 2 IMPROVEMENT OF RESOLUTION
NUMBER 1 IN THE PLOT IS THE GENUINE SPECTRUM THE
OTHERS ARE THE SUCCESSIVE DECONVOLUTES

b/ Normalizes and transfer the array 1A/1,3/ into JA/1,J/
Uses DO 33 which normalizes 1A/1,3/ by the last normalizing
factor obtained in C7-i and transfers it into JA/1,J/

c/ Calls PLOT to plot the results of the calculation.

CI0 Punches tape for processing by subroutine ANALYZER, 1if KP Iis
nonzero.

Cll Calls new operation
D/1/ is fed into Y/1/ with the aid of DO 24.
If KM = 3, the next operation is to improve the resolution,
therefore it sets KM = 2 and the program continues from statement 4

C12 Calls new task
Adds 1 to the task counter and if it is less than the input number
NT the program continues at the statement 1, if not, it calls
CLOCK to terminate the program.

SUBROUTINE FITOUT

makes an input paper tape for the least squares program from the data
array.

Setting the minimum equal to zero, the maximum equal to 1000. The
elements of array D/1/ are transferred into the integer array 10 being
punched by the aid of the output FORMAT:

/6/18, 4H pon 1//, where 1" is the weighting factor for Gauss-fit.

The subroutine produces a fit hole tape about 10 cm long before and
after the output of the data block using subroutine RUNOUT. Array 10/1/
is in COMMON field.



6.3

6.4

Parameter list:

D/1/ Real array to be punched

N Number of elements used in arrays D/1/ and 10/1/ /maximum:512/
DM The highest value in array D/1/

DL The lowest value in array D/1/

SUBROUTINE ANALYZER

prepares the experimental data array Y/1/, the last deconvolute D/1/
and the convoluting function YK/I1/ applied in the calculation to
punch on paper tape by using subroutine CURVE for processing by a

KFK1 1024 channel analyzer. 1In the first step the procedure normalizes
the highest value of Y/1I/ and D/1/ to 60000 and their lowest value to
zero.

After punch Y/1/ and D/1/ the same normalizing procedure is applied
to the convoluting array JK/1/.

Parameter list:

J‘}Q % Real arrays to be punched

N Number of elements of arrays Y/1/ and D/1/
DM The highest value in arrays Y/1/ and D/1/
DL The lowest value in arrays Y/1/ and D/1/
1IK/1/ Convoluting function to be punched

NK Number of elements of array YK/1/

FM The highest value of array YK/1/

FL The lowest value in array YK/1/

SUBROUTINE PUNCH

produces a punched tape from a real array A/1I/ having N elements in
the following FORMAT:/9F8.1/. Before punch subroutine RUNOUT is called
for preparing about 10 cm long fit hole tape.

Parameter list:

A1/ Real array to be punched
N Number of elements in array A/1/



6.5

6.6

6.7
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SUBROUTINE MAXMIN

This subroutine searches for the maximum and minimum values of the
points in array Y/1/ and identifies their serial number.

Parameter list:

DM Maximum point in thearray Y/I/

DL Minimum point in thearray Y/1/

MD Serial number of the maximum point
LD Serial number of theminimum point
Y/1/ Real array to be investigated

N Number of elements in the array 1/1/

SUBROUTINE ANAL

reads the experimental data in characters of integer form by use of
the INONE ICT library routine made in KFKlI which converts the charac-
ters into real numbers of array Y/1/

Parameter list;

Y/I/ Real array
N Number of data points in the array

SUBROUTINE CURVE

This subroutine normalizes the points of the array A/I/ to its lowest
point, multiplying them by a normalizing constant C before transfer

to the array of integers 16/1/ and calls subroutine CHARACTER to punch
the points of 10/1/ in character form using the 20 cm long tapes sup-
plied by the RUNOUT library routine. The array 10 is in common field
/CHAR/ .

Parameter list:

A/1/ Real array to be punched
N Number of points in array A/1/
C Normalizing constant

D The lowest point in array A/1/



6.8

6.9

6.10
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SUBROUTINE CLOCK

This subroutine writes out the exact time by use of the TIME library

routine, as

THE TIME 1S NOW ... HOURS/MINUTES/SECONDS

SUBROUTINE SIMPSON

This subroutine calculates the integral S of the array Y in which the
number of points N is odd and the points are equally spaced on the

abscissal scale DX.

Parameters list:

Y/V/ Real array to be integrated

N Number of points in array A/1/
S Integral as calculated

DX Abscissal scale

SUBROUTINE CONVOL

This subroutine calculates the convolute C/1/ of the one dimensional
array Y/1/ of NY points with a numerical convoluting function YD/1/
of NK points by using SIMPSON quadrature. The two functions have iden-

tical abscissal scales. The identifying number of the YK/I1/ points
is IM. The algorithm of the calculation is
NK
C/1/ = I W «F/J/ =
J=1
= F/1/+4 _F/2/+2-F/3/+. . +2-F/NK-2/ +4-F/NK-1/ +
+F/NK/

F/1/ contains the products obtained by multiplying all the corres-
ponding overlapping points of Y/I/ and YK/1/

a/ F/3/ = Y/K/ x YK/I/
where
J=1 _..NK
K=1-1IM+J
b/ F/J/ is integrated by use of subroutine SIMPSON.
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Parameter list:

Y71/ Real array of the convoluted function

NY Number of points in Y/1/ and C/1/

YK/Z1/ Real array of convoluting function

NK Number of points in YK/1I/

c/71/ Real array for the convolute

M Identifying element of YK/I/

DX Spacing of abscissal scale

LP Last point in the convoluting calculation

6.11 SUBROUTINE PLOT

This subroutine displays the points of the array IA of M dimensions
in a plot made by line printer. The maximum number of curves to be
plotted in a figure is 10.

The normalized positive integers constituting the points stored in
1A/1,3/ are used by the subroutine to print the plots taking 100
points per line represented from by the loth to 110th characters of
the line printer, thus the values in 1A/1,J/ must be kept between 0

and 100.

Cl: Calculation and print of the ordinate

C2: Calculation of the plotting characters belonging to the
subsequent abscissa

C2A: Calculation of abscissal markers

C2B: Calculation of adequat points of the curves

c2cC: Write out the plotting line

C2D: Replacing of the calculated characters by "blank'

Parameter list:

1A/1,3/ M-dimensional integer block containing the curves to be

plotted
N Number of points in a column of 1A/1,J/
M Number of columns in 1A/1,3/

6.12 SUBROUTINE DECONV

This subroutine calculates the deconvolute of the input curve A/1/
with the convoluting function B/I/. It continues the iteration up
to an input number of cycles IT, or up to a deconvolute D/1/, deviat-
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ing from the points of the input curve A/1/ by a factor less than

CJ.

Cl:

C2:

C3:

C4:

C5:
C6:

C7:

C8:

The algorithm is

D/1/ = D/1/ x A/1/ 7/ C/V/

The length of the front and back tail is calculated and the
array elements are transferred into a new, .long array.

The deconvolute is calculated cyclically. Cycle counter: IT.

a/ The front and back tail elements are computed in all
cycles except of the second cycle.

b/ The deconvolute is improved by using of the following
algorithm:

D2 = D3-1 x Aq /iC4L1
IT D? is negative NR = 1.
In the first cycle step b/ is omitted,

c/ The convolute is calculated by using subroutine CONVOL.

d/ Subroutine COMPAR computes the standard deviation between
the original array and the convolute of the deconvolute
array -

e/ After the first cycle the CONVOLUTE is written out.

/ If the quotient of the last two standard deviation less
than CJ or the last standard deviation higher then the
previous one the deconvolution comes to an end.

The deconvolute is prepared for smoothing. The front and back
tail elements of the arrays A/l/ and E/I/ are reduced to 4.

Informations and results of the deconvolution is printed and
punched out before smoothing.

Writes and punches out the deconvolute before smoothing.

The original and the convolute of the deconvolute is compared
by subroutine COMPAR and standard deviation is calculated.

The array length of deconvolute is reduced to original
dimension.

IT the i1teration number of deconvolution is exhausted THE
ITERATION NUMBER IS EXHAUSTED is written out.



Parameter list: -

AL/ Real array of the function to be deconvoluted

B L Real array of the convoluting function

M Number of points in B

cm Arfay of the convolute

DI/ Array of the deconvolute

B U Auxiliary array to save the last deconvolute

IT Number of iterations

M Identifying number of array B

DX Abscissal scale unit

NR Flag signalling the presence of 4 negative value in A

NS Number of smoothing cycles

N1 Number of points in arrays A/I1/, C/1/, D/1/ and E/1/
original number of data points + NK-1

cJ Factor of improvement by deconvolution

6.13 SUBROUTINE COMPAR

This subroutine compares the arrays A/1/ and B/1/ from the element
L to the element M and calculates the sum of square deviations S, as

M

S=13 (A/1/ - BU/)2
1=L

and the standard deviation R, as
R = /(s7T(M-L))

Paraméter list:

AL/ 1

B/I/ J Real arrays to be coraparized

L Serial number of the Ffirst calculated element
M Serial number of the last calculated element
N Number of elements of arrays A/l/ and B/1/

R Standard deviation of the calculation.

6.14 SUBROUTINE SMOOTH

This subroutine uses the Savitzky-Golay /Anal. Chem. 1964 , 3%, 1627/
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nine point quartic least squares method to smooth the one-dimensional
data array Y/I/
CIA: Calculates front and back tails /both consisting of 4 points/

C2B: The algorithm of the smoothing is
Ct - 2.33X.H0"3 15(1.~ + V1+4) - 55(yx 3 + ~t3) t

3°(Vi 2 + V1+2) + + Y1+1) + 179

The calculations are performed in double precision and the
results are transferred into array C/1/.

CicC: It calculates the sum of the standard deviations in arrays
Y/1/ and C/1/ by using subroutine COMPAR.

C1D: It transfers C/I/ into Y/1I/ and a new smoothing cycle begins

CIE: IT the divergence between the two last standard deviations
is less than a given value CS, the smoothing comes to an
end, if not.

C2: Writes out the STANDARD DEVIATIONS of the smoothing cycles
/not more than 201/

Parameter list:

Y/V/ Real array to be smoothed the first and last 4 points are zero
cs1/ Empty auxiliary real array for the convolution

NS Number of smoothing cycles

CS Limiting factor of smoothing

N1 Number of points in Y/1I/ and C/1/

6.15 SUBROUTINE TAIL

calculates the "tails™ of the one-dimensional data array A/1/ if its

extension is required.

The algorithm first determines the differences between the two First
At and between the two last AU points of A/1/. The additional points
to form the tail are calculated as follows:

if the first or last points of A/I/ have values:

a/ Higher than the number of points J x AL of the front or J x AU
of the back tail, the points of the front tail are evaluated as
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I first A pointl - I XAL and those ofthe back tailas
Ilast A pointl - I XAU.

b/ Lower than or equal to J X AL and JL X AU, the sum S and the
reciprocal R of the integers 1....J and 1....J1 are calculated
and the points of the front and back tails evaluated as

[first A point?) - A(1)/S(l), where 1 =1,J

and

[last A pointj - A last R{) where 1 = 1,J1,
respectively.

Parameter list;

A1/ Real array to be tailed

N1 Size of the extended array

M lIdentifying number of the convoluting function
NK Number of points in the convoluting function.

SUBROUTINE GAUSS

This subroutine calculates the distribution function of the convolu-
tion /e.g. approximation to an experimental instrumental function or
a deconvoluting function for improving the resolution/ using the
algorithm

kx = exp [(*-x0)2/2aZ]

2
where xq and a are the maximum abscissal point and the variance of
the distribution function, respectively.

Parameter list;

A/1/ Real array for distribution function
N Number of data points in array A/1/
GS Sigma parameter

DX Abscissal scale factor
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SUBROUTINE CHARACTER

This subroutine converts the integer form points of the normalized
integer array 1G/1/, the maximum value of which must be less than
65000, into characters so that every word has 5 characters. The thus
obtained work array 1Y/J,L/ where L = 1,5 1is then punched on tape,
each word being terminated with /:/ and can be read by KFKI type
analyser. In the first step the subroutine compares the number of
points up to J in the array of integers 10 with 10000, then uses

DO 3 to convert the binary words of 10 into characters of maximum

5 points each, and transfers the characters successively into the
work array 1Y/1,3/ as follows.

1/ If the comparison of the J-th point in 19 with 1000 gives

a/ a negative value or zero, the character is zero and is
transferred as such to the corresponding point of the
1Y/J ,L/ integer array

b/ a positive value, the transferred point must be greater than
zero and its value is given by the value of J/10000. The
numerical value of the character will be substracted from
that of J in the calculation of the following character.

2/ The character at the place of the next digit is calculated by
comparison of the J-th point of 19/1/ with 1000, 100, 10 and
finally 1.

3/ On termination of the calculation, 1Y/1,L/ is punched out in
the form
n(5Al, 1H:)

The program uses two given arrays 1Y/512,5 and IDIG/10/ the latter
being contained in the DATA block Which accepts the characters to
be used. The integer array 19/1/ is called from the COMMON field.

Parameter list:

N Number of points in 19/1/
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rOMmON/ r;haR/ T(>( 51 2 >
C PRO».RAM FOR TT'pMIVE DETONVOI UTI(iN OF SPFECipa
r UPI'TEN RY I>»..1.S/UKr CFNTPAlI BiAFApfH 1VS~ TIITF pfp pHyilFS
C WUD.,PF SI. 1«71-1972, FIUST VFRSION

up IT F(2+?00)
MKS :)
NT1--0
nDI 11*5*1 2
4y CsB10O
MYAn (1 «202) UT

1 MIBMNK+1
KF*0
NFALI (1*?207)NA
OFAi(1,201) (NAMI (r>,1=1,NA)
W«ITF(2f201)fNAMF;(1),1*1»NA)
Pl-A0<1»?07?) 1IV»I| T «KF I fO#NS*KY *KP | KPYNI'M
BFAh(1#?0T)ijy.CS.rJ

cr

LO TO(0,7.3.1V).XV
PFAN(1.20A)(v(T),I131,MY>
rO 10 A

2 pFAh(1 ./03)(v(Il).t=1,NY)
O 1O A

3 rAl, ANLI(Y,NY)
O rO A

1Y WFAL(1,?222)(V (1) . 1»1 ,NY)

A *() ,7 IB1,NY

17 RAS' (1 )=y (N

?4 mSTe1
TF(NY.GT. ?56)NST =7

C3

r,0 TO(0,5 .0)KM
vIBI
PFAN(1, 202>NY, I'm
Pl An<1,20A) (yK(T>. =1, NK>
rO 10 6

5 pFAn(1,?03)Cs
pFAi. (1 ,20?)K.I
NKa100
»'All  GAUSS (YK »NK . fM, .S, DI)

6 rl) rO<0,?3,li>KM
HUITF <2.718)
ri 70 2/
73 ijpl TF (2,?15)
?F wnITF(2.713)
uwi ,FQ ,?0?)MV ,Nk .il,IM ,KO ,NS KV ,1« ,VB_k1,kihNOn
WPItF (2,70 3) nX »«iS .1.5, r.l
UP|7 F(2.707)
WPITF(2,70S;fv(i).1-1,NY)
N (, PHNinh .NI n)Cs11l Pl UTM (V,IlvlI
C5
MY 1 mNY
wY7-NY/ . *2
IF(.Y?," 1) .N7) kV1l-1Y-1
"OV 1= | Ny
P(LI=Y(1)

20



cn

C8

cv

1«
11

22

12

13
14

15

20
21

TA(,,1)-NINCEY(Mi

roL: MAXM TN<pM, p
-Van .

I.,Mp,ip,Y-NY)

r1ll SIMPSOU (V .HY1 ,SY ,P¢
UPI rF(? ,270)4Y, PM,u|>pl, I P

4 =0.

FAl'l sIUPSON Fy* »NF fs, rX)

n 4 |»1 ,NK
YK(1)=Yk (1) /r
rONT!INIDF

if (-1 .)p,n,n

FAIl MAyMI N(FM.Fl , Ml 1F,YK ,NY)
If (*M,EIl).?)GO TO 1]

URITF(2.2n9)

f,0 'i0 1,
UPITF(2,20«)
UPITF (?,210) (YK(

1) /1r1,NK)

UPITI(?,220>S,FM,Mf ,11 ,IF

YY=100./ (FM-T' | >
no ;>2 1 1.NK
rYa(YV:(')-FLI*YY
IN(1,1)=NINTfl Y)
UPn r<2,706)
WPITF(2,21 4)
r ALI P2111T (JA, Nf ,

UPITF (2, ?0A)

WL*isY*M -1

-0 15 11=1,K)
UPITr<?.221) 1L
MisilLel

FAI'l r>ErONV(VFYKfNF.C.DtF*ITtIM,nX«NSt CSfr:J »»'1»KPf,NCH)

MO 12 Jpal, Ky
V(Jl)=f (.IP)
r(Jp)BF(Jp)

FAtl. MAxm IN(pm. DI .

1, M>1M)

, 1P, r>»NY)

rAll SIMP5AJ(0rNY1*5p, PX)

IF(IY-SIMn.H.n
ny=;0/sy

M a.>l /| OY

DO 11 11=1,MW
n(li)sO(l1J)/pY
?A( 1,1 =NINT(I)
WPI"Fi2.211)

(11>-M)

UPITF <2,205) (D< K> »“m=1.NY)

I F(>PIINi H.NF.0)
FAIT MAXMIN(pM, (

r All. PUNCH( 0, NY)
| .Mp, 1D, p#NY)

UPIrF(2,220)%0,0U.MP,pl,IP

0=100 ./ (PM-Im )
rONriIMJf

TI (1O . NI .0) (ALL

UPITF(2,20A)

rO TO(0.7?0,0)KM
URLITF (2,21 2)

ro ro 21

UPITF <2,21 1S

no 33 J=1, lii
10=)

PO *3 lal.NY.N5T
Lalf ¢1

F1TOUT (M, NY . rM.

)

21



Cto

TS IA(IG»J)SIAQ *1)* >
rAL1 PH'T (1A KV, IH»i M)

tE(KP ,N| -MCAIT INATV/FM (BA Wi =T MV »BM»L VK Mi =Fu ,F1 )

Cl1

TS IF(kM .N]-O T Tu 10
WRItE<2,?PA)
nd a I=1.NY
w Y(Dab<l)
KVB;>
o 0O 2S

c17

C

EN

20 NT1-MT1+1

WRIT £(2.706)
O TN 1
16 FA11 CLUCK
rALY EX,T
FORMATS
?00 rORuUuAT (1HL ,/ .4?H PROGRAM FOR IONVOHITION AND IECONVOMITION ,//7)
?D1 rOPnAT (*HO,/NN1)
?02 rORIIATdPtA)
?04 IORMAT WFp, 51
0 FORMAT (gF«.1)
?pb rORI"AT (W?F10. @
20> rORMAT (111)
?02 rOPuNT<1HO#0 HINPUI 6NTN)
?0H rORMAT (1HO ,4 ?HBIQUMA 11 SFMT GAUSSIAN LWEFONVD LUT ING FUNCTION)
20V FORi AT MM ,ATHNORMA n STP EXPFKIMFNTA|] InsTRUmFNt FUNCTION)
?10 rORITAT(8FU.S)
?11 FORMAT (/ ,2?X1?3HNoRMA| T5Kf) 0OFCUNVOIUTFj )
?1r format (1 MO»ASHthe experimental m oMo gfnuujf (?) spfctrum)
?13 TrORI-ATd mO»1AHINPUT PARAMETERS)
?10 rOPnAT (/)
?1b rOPMAT (// ,1HO . ZSMI MpROVFMENT MF pFSOIDTION ,/.1X .10M— ——————— ,
11SH- — ———————— - >
?16 rORMAT (a1 no .T'SUIHPRIWV/AMFhT OF rf;»JUtTON ,/,1y.
14VHTHE NIMUp 1 IN THE plot is the CIFNUINF SPECTRUM,,
/.64 THE OTHERS DENOTE THE SFO<UT.TIA] PFCONVIM NTTC)
?1H FORhAT(//,1X_.3T>HC,U Till ATION OF THE fiFNUtNF SPFCIRUM,/,1X,
1T—————— />
?1y rOgMAT (CX,ABMRESUI T: of THE IMRAVFMENT Or RESOLUTION AFTER,
113,AHCY I FS)
??0 TOPUNT (SX<L@HINTETPal s,F1? .4 ,Sy ,OHMAXIMHM =,F1? .A,5Y ,%HAT B. 14,
1ISX*PHM I§IMUM =_¥1?.4,SX,4HAT =,</.)
2?1 rORmAT (/ ,1HO .1«HCa IT mAT ION OF TME»1?*VIUN. FCOnvOUITF)
??2 rORMAT(nF1?.S)
END

P Of SEGMENT, |1 NOTH KOC, NAME PFfi?

22-



23

SltftpOUT INF Ft TOUT i 1). N. DM, DL)
nIM»NSIUN D(N)
rOMMON/ OHAR/TO(517? )
FAlIi PUNOUT(T)
r>s* 1000 ./ (DM-DL )
nO 1 I*1 ,N

1 10<r>sNTNT((D<I1)-Dn*DS>
URITF(3.?2)(in(1),f-1,N)
FALi RLDfjOOT (1)

2 FORMAT <0( 18, AH 1))
RETURN
FND

END OF SECM NT. LENOTH 7%, NAML FT TOOT



24

SUBKOUT INF ANAIY7KR<Y.RB»N,DM,[H,YK»NK,FM.FU
BIH NSIUUM V(N)»h(N> (YF(NK)
rOMMON/CMAR/TO(517?)

r>f BAOOON . / (|)M-D L)

FAll CUPVF(Y,N,nr,DI)

rAll CUpvF(U.N.DO, DL)

«0an000Om. / (EM-F )

TALI CURVE (Yir»NkrOI>, FI >
return

FNO

ENr Of SEGMFNt, wuwm GTH S7, name ANl YzFR



25

SUPhOUTJNF PUNCH CJl #bl)

I Hr NSTUN A(M)

rAll RUuOUTM)

DRITF (3.1 )N

WRITF(3,?) (N(1)f1=1, N>
1 fORmAT (uS)
2 eOR(IAT(<?F8.1)

PE TURN

PNO

ENP Of. SFhMENT, U nGTH A8. NAME PUNCH



26

SUBKOUTi NF MAXMIN(nii,DL,MD#Ilr>,Y.N)
dimrnslhn Y(n)
DMBV (1)
>l Bv (1)
MP)»1
1Del
Mo ? 1B1,N
|[F<nM.6T.V(1))GO O 1
nMsY (1)
MO* 1
CO TO 2
1 IF(nl.IT.YCn)0O TO 7
ni»Y (1)
1Ma l
r r ONTI NUf
PF-TIIRN
rMo

ENO Ok SEGMENT, 1length 101. name Msxm | N



SUBIOMTINC ANaLCY -N)
pEAL (NOVA
EIM*NSbM V(H)
i OP:NTIFTTR(O0)
FO 1 Ial,N
1 YCI>=TWOWF (J)
NM11 einslTK ro)
PF TURN
rp>

FFOAD O SFOMFNT. 11 MGTH LL« NJ/IMK »NAl



28

SBOUT W njRVF (A .bl,r,r)
DIM® NS low A (M)
rOMION/IT HAR/TO (S1?)
RO ? 1=1,M

r lo(t)=0
MO 1 1% 1,K
F=(,\(1)-nlI*C

1 TOCI)BNIUT (t>
FAl.] PUMOUT(4)
rnLl1 PUfOUT (M)
FNL> CHaraCTFR(N)
pYTUPN
FND

END Uf SEGMENT, I1EmGTH 7?2 = NAME  CIJPVE



29

cURrQUT tMT Ctork
rall TIf'F (T1M)
UPL1lIf (2.4 >TJIm

A FORMAT (1 8M (THP TfMK tS NOU (AS8«1H) >
N TURN

FMO

FNr Of SF'.MFNt. | 1MGTH 1*. NAMF nnrk



ENO Of

30

CnByOUT | I STMPsON<Y,N#S»f>X>
DIMt NS1ON Y (N)
AsY(1)+Y(N)
R=0 .

DO | Is?, N-1 ,I
n=R+Y (L>

n=A+B

=0

no p» M»3,N-2_.2
rrc*Y (M)
«arC+I+A+ 1
ssS*D*/3

OFTIIRN

"NO

$FIMFNT , LENGTH 100» NAME

SIMPSON



31

CUHI10UT !'KF COMVi>l. <Y, 49V, YIf IMK. I *|
NI NSTiA™ Y (DY), YL (LN SC(NY), k(200>
till /15 1M, 13>
Ti=1-1M
no ¢ j=i,NK
val'+]
I'(J)sV(0+YK(J)

1 rOM .
el STUPSON <f *N™ (W rrtx)
r(ll:W

corOn L Iniil

3 »ITURN
rfio

FNh Of ff MFNT> LITHGTH 04, HAitfc rO»-p/'y



32

SMRwWOUTIMF N OT(1 A. N, M, NRI' M)

MM)-NS I(IN TAFNOIM.Mi ,A(120) (1B (20) «0T6(10)

NATA P,S,R,U/1H+.1H*,1H ,1H./

MATA Ol<<1>»01G(2 1«l>1 G(3) ,DIT,<4),PIG(S),plG(A)«TL<7>, RIG(H),
1nlLa9),PTH(1n)/1H1.1H?,1H3.1 4,1 HS-1H6*1H/ f1HR.1HO, 10O/

N »0

nm 1 1*1,0
H1 )OR

1 AQ10*I )«H
no 7 1*10,110

r n(t)=d
no 1 1*1,9
11*10*1*1 0

3 A<1ll)*DrIG<I)
N (120) *1n
WHITF(2.?21) (A<1),1*1,120)
TBO
>0*0
?0*0
no 4 1=10,110

& A(I1*R

Cc2
MnMo 13 1*1 ,N
C2A

IC* IC*1
IF<:C.NE.10)I,0 TO 6
»[*0
Tnal p*1
TF<r0.Eo0.5)Go TO 4
T.k IP.NF.10)(50 TO 7
10*1Gel
Lo TO 9

6 A(91*P
A(111>*P
TR<1)*9
TR(7)*111
1*2
rO 7O 10

7 a(8)*S
n)*s
A<111)»S
A(112)*S
Tp @ )=A
»P (7)»9
TN(0*1 11
»B<4)*11r
11*4
00 TO 1O

n adaM r(5)
n(9 )mPlo<10)
A(111)«S
A(l112)»S
fR<1)*8
»R<2)*9
TP (0 *111
TP(4)*11?
11*4
(0] O 10 10

9 4(7)»010{1G)
N(AY*011,(10)
A<9)*MIT(10)



c2B
10

11
ca2r

ero

12
13
20
21

33

A(111)*S
A(112)BS
A( 113) «S
rB(1)"7
TB (?)al
TB (4)*9
IB<4)ml1lll
TB<5)ell2
tB(1)B113
den

0 11 Jal»M

1B 1A(I]l,j)

Is11¢10

IB<Il+J)alL
TF(TAi!.J>,E0.0) co TMm 11
A<L)mDI 5<J)

rONTINtN

MPTTE(2,?21) (a(L >, 11.1,120)

ro 1? Kel,J1*M
Tl MB( K)
N<11)*B
TB<<)BO
rONTINUF
FONT I NUI
FORMAT (/)

FORMAT(120A1>
PETURN
FND

END OF SEOMFNT, LENGTH 514, NAME

PLOT



Cc2

C4

C5

Co6

C7

Cc8

10

12

50
51
52

34

SUBROUTINE DFCOnV (A,B,M,C »D,F,IT.|M,nx,NS,CS.CJ.wl , KP)
M M-NSION A(NI> n(N1).C(NI)»B(M).0t20)»F(NI)

N=N1-M+1
tpaml-M+1M

l1amM1l

NKsl

Mla fM»1

nO 1 I'“1IN
t4»N*1e |

t 3mNe | M- !
N<13>eA('A)
»F(1.r,T.M >GO TO 1
n(l)=0.

MI3)*A(U)

no Q 11a1,IT

nlrFo0.
IF<11 . E0.2>G0 TO 3
FAM TA!l (O,NL.IM ,M)
IF(11.Eo.1)CN TO S

no U | m< M#U*

n(1 V> (1 )*A(T )/C (1>
»F<O(!'>.LT.0)NR»-1

FONT! NUc

AL, CONVOKn.N1 ,H,M,I, IM.DX.LP)
rAK COMPAR(A,C,IM»LP.N1 ,R)
0(1". >=R

1F(11.GT.1)00 TO 7
WRITF(2,50)
WRITF(2.51)(r(1)»13IM.LP>
T?2«!'1.1

Mo ;! K*1,N1

F(K)*M(K)

1f(11.60.1>G0 TO 9

tF(0(1 1) .0T.0<IP>.UR.0(12)/Q<11).LT.TJ)GO To 10
rONTINUI

nO 12 Kai,N
A(K+4)»A(K+M1 )
f(K+A)"E(KeH1)
N2mNe38

ur 1t F(2.5A)
WRITF(2,53)1?,Nr
WRITF(2.5?2)<0(1). 1=1,12)

url TE(2, SA)
URITF(2,41)(F(1).1*5,N+4)
IKKP.NF.OCALI PUNCH(1(5) , LP-M1 >

1F(NS . Er).0)Gft TO n

rALj SMOOTH(r.D,NS.CS,N?)
CALL COmpAP(A,F,5,N+4,N?,R)
UR1TE(2,57)R

nO 11 1=5, N+A
P(1-4) al (D)

TF(i2.Fo0.1T)URT TE(2,55)
FORMAT (?X .10 hCONVOL 11t P))
rORMATd 2F10.2)
rOR"AT(l0X.9M2.4)



35

53 FORMAT (SV,?ftuNUMPFMN OF OECONV |TFBATIONS*,13.$X B/INR.,t3,/,5¥%,
1 4YAH STANDARD rF.VIATIOMS OF DFCONVOI 1<TJON)

54 rORnAT(/(AX.36HINFOPMATIONS AHOOT THF OFTFTONvnlIUTTON)

55 FORMAT ($M()»3 3HTHF ITERATION NUMRFR IS EXHAUSTED}

56 FORMAT $&X.?RHDECONVO| IITF BFFORF SMOOTHING)

57 cORMAT(5X.36HSTaNOAMD OFVIATIOM AFTER SMOOTHING e, I1?.S)
PFT1IRN
FNO

FNO Of SEGMENT. LENGTH 537. NAMF  OFTONy



36

SUBROUTINE (;OMPaK(A,b .1.M,N,R)
IMFNSIQN A<M).B (V)
y«0.
M) 1 l«l.,M
me AT\ )»B (!)
MH« M* N
1 4BS+HH
¥rMv-1.
dbSoRT(S/<)
OCTURN
FNB

ENB OF SEGMENT, 1length 73. NAME COMpAR



C1

ClA

Cip

Clc

C1D

37

SUBPOUT[NF SMOOTH(Y,r,NS,CS#NI )
nOUtUE PRECISION CB

nNIMFNSION Y(wl),C(N1),0(20)
wBN1-4

IpaNeA

N1*0

no 3 I1T=1,NS
s2*0,

FA11 TA fl <Y,n15»B)

no 1 I*S#LP
FB*I5.D0*(Y(T-A)+Y<I*A>)-55.D0*(V<I-3>+Y<1*3))+30.D0*
T(Y<1-2)+V(1+?) )*1 3* _|>n*(Y< 1-1 )eV<I+1 ))*1 79 .BO*Y(T)
rBe(B*0.2331002331D-2

r(1)»CB

rAL. COHPAR(V»C»SrLPfNI«SD)

NI*NI*1

0 (N 1)*Si)

no ? 1*5. LP

Fry(n*c (i)

ClF

C2

11
12

TF<ul!.E0.1)60 TO 3

TF<O<NI-1>/UCN1).01T.rS>G0 TO A
rONTINUF

WRITE(2,11)

WRETE(2,12>(0(1).1*1 .N1)

FORMAT<5X,32MSTANMHf> DEVIATIONS OF SMOOTH INO)
fOPnAT(L0X.9F12.4)

PETORN

PNR

END Op SEGMENT, LENGTH 30A, NAME  SMOOTH



38

SURrOUTINF TAILCA ,M ,IM,NK)
nIMINSION A(NL)

lalM 1

1 S1IK-1IM

V=N1 »NK+jM

W a0

KII*0

nLag<!'M+1)-4 M M)

| F(NL..LT.0,)rL0 TN 7
TF(A(IH)@j*AL)0,0.2

1 Yl*1

sa0 .

HO T 11=1 ,J
3 s=S+1./m

ALmA(!M)/S
2 AUeA(K-1)-A(Y)
IF(aU.LT.0.)60 TO 8
TF(A(K>-J1*AU)0T0»4
8 HIs"i
p=0 .
no S J3b1,J1
®» U=R41./J3
Alls A (K) /R
4 12-=1
no 1 1*1,1
m* IH- 1
IF(kL,E0.1)17?b |
1 as<M)=A(M+1)-AL/1?
12«1
no n i»,J1
| =K4-1
tf(ku.Eq.1)j?-i
b /1A )*A(] -1)-AU/J2
RETURN
FND

EMN Of SEGMENT, LENGTH 271, NAMF Tati



39

«UHDOUT INF GaUSS<A»N,|M,GS#DX>
LWM( NSIUN A(N) ,B(AV)
t=n.
1=0
1 p=p+0X
ppBpP* P
GGmGS* Gs* 2
pG* r P/ GG
TF(1.FQ.69)Go TO 2
IC,|+1
n(J\aFXp(- PC>
fF(R(J)-0.001>0,1 ,1
1 IMa Jel
PO 3 1*1,J
AN N+1)aR(1)
3 A(In-1)«M1)
\(1IM> 01 .
N=IM+J
PFTIURN
FND

ENP OF SEGMENT, LENGTH I3P, NAME GAUSS



40

SUBROUTINE T.HAKAT TR R(w)

nNiM MSIUN 1Y<512,M.!P1G(10)

rOM|,ON/fHAR/TO(S1 2)

NATAn IDIG( ), I >1Gt2) , tnNi&s<1l),1MIL(4),Inlr(5,,ImTL(A),10lr<7),

1 M)Ig (1) ,1OHi (9), Inlr, ((10>/1 HL . 1H1,1H3.1 HA, 1H, . 1M1. 17,1 Hil ,i HO, 1H>"

no < JB1*N
tAal0(J)
t0“ 10000

M < 1*1,5
IF(!'A-10>1,0.0
IRsiAllu
1A* | A- | H4 To
ro (02

1 IB» "0

2 tY<i.L)*Inlu<lW)
»0alQ/1t

1 roNrl Nut
UPITr{S,S0)(<IY(K.I#NI>iNI*1,S)*KJI»1#N)

SO fORMAT(1024(SA1,1H:))
pfthrn
FNO

FNM Of SFOMFEMI, [1INIGTH 9A, NAMF CHARACTER



NN N NN NN NNNN NNN NN NSNS NN NNNN N NN N NSNS NSNS NNNY NSNS N0 NN VT

ENI) OF StJBEII. F

M NISH
55 250 1156 1217 220S <i757 11717 17717 20007 53713 4
533 6740003 60634344 54743 1172 4

41002330
33007261
13017/17
33002267
41014172
4101 4477
41011705
41002330
41011410
3023743

4101 2241
41004556
41010555
41004331
41016516
41004411
41004762
41005263
41006317
41004127
41004740
41004747
41015341
2012064

2011741

41015357
41017140
41004637
41011127
41 01 1205
41 » 11401
41010767
41 01 6511
41005126
41010136
41007343
41007454
41016551
41015515
41016623
23001156
7300115/
23001161
23001204
33002271
2012066

3300727'
33007275
2011705

201 1710

2011713

2012741
6101/147

XXV.f 4
XFMARK 4
XFI101NF 4
XfTOLIST 4
XFIOPT 4
Yf TOLP 4
XFFPROR 4
PS02 4
3FNP4 4
CHAR 4
XFINOUT 4
ANAl1l 4
GAUSS 4
PUNCH 4
NTNT 4
MAYMI N 4
SIMPSON 4
PLOT 4
DECO NV 4
F1TOUT 4
ANMLY2[9 4
CLOCK 4
FX 1T 4
XFEPNO 4
XFRI. 4
XFARHD 4
RUNOUT 4
CURVE 4
OPP N! CTTR
I NONF 4
CLOSETR 4
CHARACTER
TIME 4
convol 4
TATI 4
COnpAR 4

SMOOTH 4
SORT 4
YUFO0p 4
FXp 4
TALLA 4
MIST 4
XLIO 4
XFMC 4
XF1 4
XFER 4
XFrevy 4
XF1TFR 4
FTRNP
FREbFT
XFLMNC

XF10 AIIX
YFCTOD 4

A A D

41



42

3300777m XFFR 4
33007311 XFf)IS
33007313 XAcl0S
33007314 XFpoO
33007315 %FOWVK
401 A1 2/ XFINF
73001207 XF1OLEN
1301773m XF 10RIIF
73001211 XFMTP
73001712 XF1K 4
73001713 XFINIH
33007316 XF1ftz
7013004XFIOF
701 3151XFIOF
7013760 XFlor
7013372 XFI0A
?015S30XFlor
7013577 XFI 06
7013721 % F lor»
25001 71/, XF10PER 4
?0146 44XF 1 ONP 4

A DD BDADAMADN

H D

ADMDD BADD

2014662 XFOtp 4
41 01/,635 XFINII 4
2014760 XOITA 4
410U717 XLPMT 4

7015161 EYT 4
201 6760 XFOPNRM 4
2.3001215 XIIRA 4

WYV N D YD) YY) YN ) 00 N N NN N NN NN NN N

PROGRAM MgMI «PSCD, Of)RE 73011 »LOWER AREA 1240*PRCGraM 7631

END Op COMPILATION - NO ERRORS
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8. TEST OF PROGRAM OPERATION

The test example illustrates the operation of the program which
analyses the environment of the 0.0 transition in the fluorescence
spectrum of ammonium-uranyl-tris-carbonate between 20000 and 19000 cm
The experimental instrumental function was measured at 508 nm using
the Cd line.

Applying the combined modes of operation the genuine spectrum was eval-
uated In the Ffirst and the resolution of the spectrum improved in the
second step in three cycles.

The set of serial numbers at the start and end of the protocol of the
input tape serves to the better understanding of the FORMAT structure.

NOTE

To protect the experimental data array from being too short or dis-
torted, front and back tails are needed which must be of the appropriate
length and low information content. If the values of the tails are high
relative to those of the array, the spectrum is easily distorted. It is
advisable to choose an interval of the experimental curve where both
ends tend toward zero because the algorithm of the TAIL produces tails
going to zero.
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8.1 PROTOCOL OF THE INPUT TAPE



8.2 RESULTS OF CALCULATION IN LP REPRESENTATION



PROGRAM FOR CONVOLUTION AND DECONVOLUTION

TEST - 9 rOMPONENTS

CALCULATION OF THE GENUINE SPECTRUM

INPUT parameters

151 29 10 3 0 20 A
1.U0O 0 .ono 1.050 1.050
INPUT DATA
87.53 108.89 133.82 163.09
617.35 682.7» 743.42 813.19
1229.15 1256. <4 1282.30 1308.91
1611.67 1634.55 1649.45 1655.32
1350.00 1296.50 1243.66 1192.48
926.05 521.53 922.90 927.58
1106.16 1148 .67 1197.10 1250.86
169a.36 1714.52 1723.49 1725.25
1581 .15 1543.38 149S.17 1444 .49
»21.95 780.62 751.06 733.85
»40.24 848.19 842.38 828.63
470.53 423.31 578.10 334.76
71 93 57.24 44 .97 34.90
integral - 0.148 7E U6 MAXIMUM =

NORMAI TSE_ EXPERIMENTAL

0.51993:-03 0.16796E-02 0.59786E-02
0 .<9620" 01 0.102"2E 00 0.10863E 00
0.29223:-01 0.219-5E-91 0.16406E-01
0.26094 -02 0.195- 6E-02 0.12997E-02

INTEGRAL = 0.1000E 01 MAXIMUM =

INSTRUMENT FUNCTION

1 1 1 0
196.58 234.75 277.42
876.01 935.86 991.84

1337.04 1367.48 1400.56
1651.60 1638.23 1615.67
1143.89 1098.74 1057.77
935.27 945.54 958.21
1308.83 1369.40 1430.61
1721 .54 1713.74 1702.97
1382.78 1313.96 1239.68
728.02 732.12 T4a.. 17
807.19 778.70 744.07
293.85 255.63 220.29
26.77 20.33 15.33
0.1725E 04 AT 88
0.15976E-01 0.28674E-01
0.1023SE 00 0.884206-01
0.119A7E-G1 0.85781E-02
0.6498AE-03 0.99977E-04
0.1086E 00 AT = 11

324.68 376.26 431.88
1043.27 1069.75 1131.11
1436.12 1475.4 1. 1511.35
1584.76 15«»0 .08 1508.75
1021 .66 990.90 965.85
975.38 991 .<*3 1018.98
1490.25 1546.11 1596.19
1689.94 1674.88 1657.44
1162.1 7 1064.09 1008.32
761.78 782.39 803.40
704.41 660 .«9 614.68
187.06 158.71 132.54

MINIMUM = 0.15 5XE 02 AT
0.45240E-01 0.5952 7E-01
0.709546-01 0.553978-01
0.64085E-02 0. «.77898-02

MINIMUM = 0.99V66-1J4 AT

491.05
1167.68
1548.25
1454.40

946.62
1038.80
1630 .87
1636.80

937.72

822.59

506.41

109.4i

151

0.7429 5E-01
0.40741F-01
0. 358926-402

29

553.
1200.
1582.
1403.

933.
1069.
1673.
.81

16n

874.
637.
.57
89.

518

13
05

32
04

12
65
08

69
24

27
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CALALATION (F TH™ 1. CECONVALUTE
COnVOIUTe :

2. .&2 15081 1. 212.66 248.73 288.75 8531.96
a0.66 7.0 157 S7 831.&4 B4 B7.683
1250 <O 126746 12o8.74 130.23 13302 133022 1418.98
155845 1511010 1537 a8 158166 15683« 154846
126,24 1781.58 12365, 11e8.23 15178 1113.17 10779
965660 A5 9513 B2 G570 97/9.48 .76
161 .32 12010 124515 1291 .10 133.74 133707 1434.98
1651.00 Ic67-J1 167845 168319 1682=10 167/6.53 16865.9
1515.13 147191 14598 13/5-3 1X0.78 1262 90 12X .83
AZ7. A Wl <4 84.15 7A.05 781.26 TAA 773.95
723 ~r.86 783.53 78390 3.8 7384 aA.G6
45563 A4.M 3321 33B51 5.0 230.10 226.8
63.14 a3. (4 513 4426 .18 2r. 78 21,76

inform;TIONS ABOJT THE DCECONVCLUTT N
NMER - CECONV ITERATIONS= 9 NR:z 1
stand ;7D CEVIATIONS - DECONVCLUTION
O B @ O0.1=FE@® 043FE 01 0. A 0.145EFE AL
CECONVALUTE B™FORF SVOOTHING
A6 _4< a2 9l 81.90 106.90 1365 171.07 211 .20
5744 a. O 72720 88.%56 878.53 YO 14 1013.81
1220.00 1238.30 125037 1266.00 12564 1212 99 134878
16/0.37 171104 13572 1751 .57 174907 173189 w/AQl 67
1374.3 1123 125135 1191 66 112426 108026 103089
TBA.62 1.5 8877 aB_*5 918D r3.08 B0
101961 10808 1114383 11771 1256537 1333.49 145_06
17/0.32 1777.C0 1771.&2 17824 1741 .03 1723.7° 170045
1677 O3 164.G63 1617 47 156343 14 4 140470 131 .55
72441 67470 MU &4 633.77 04 aR2.&A a97.13
o1 .53 <D 3 4.0 aB_.28 830.90 1S 727% W2 ] 8310.70
451 .44 47 _9? 33080 533.90 2391 20.(3 211 .25
5816 4,48 B2 24.63 1771 1277 3.5
STANDARD CEVIATIONS - SVOOTHING
0,1114. A 0O05x3E MO 038 E 0 aZX7/EE A O 248t w
o148 D 013570 0122 O O11Sss=d® O0O11I=2=-
stand;FD _BEVICTION AATER SVOOTHING = O 5316 2

rorméai  1S2p DIGCONVOLUTE:
3TN 57.27 7S 107.90 137.15 170.95 21084
5755 740_9 726.06 ar.& 87713 o755 1012.06
122572 123620 124826 1282 9%B 128304 131060 1346.78
1686719 1/07.67 173626 14315 17458 17283.83 “68B.
137206 130.-6 12903 11893 1= 11 107826 1X9O.06
7 51 a0_13 727 Q677 a6.s4 6.06 B0
101624 108040 1120 117/8.08 15364 135 142 °
17859 1773.68 17/8.54 177P 1I7/B.3B 1721.23 1165
167397 1665190 161416 158014 143890 140183 132 b
73.3P 673,90 &43 7o 62 630.67 Bl A 86,16
a19.74 X773 o326 Q675 8046 3065 701
43062 42914 37091 333.27 245 24360 21084
57.99 M .53 a2 21 0 23.80 2097 a0
INMG>AL = O.148E B MAXIMM = o_172248 4 Al = &

38.04
103540
144830
1522 .33
104676
1013 .52
1491 5
1651 .10
1141 .83

76.A

a0 4l

1965.33

16 <D

o2161 £ A
0.10/5=

7.2
106899
1301 .99
1055.01

Y& 81

A0.29
1507.60
16897.18
11416

738.30

7045

1642

MINIMM r O_217E @

473.5S 438083
1082 W 112443
1477 QL 15419
1490.06 145427
1019.&84 DO7 .0
10865-° 1061 66
152471 1554.23
1622.08 1038 &4
1081.57 102348

.33 7884

G223 3.5

165.30 14315

5581
1163.66
15011
141413

979.85
1021 .17
MISS oS 2]
1531 .42

P19

4 00

5175

12058

O.59F O O.5571E 00 0 _2301E

3.  3P3L
1Mo 1585
145647 150841
161157 1562

BB D512

YIB. & 955D
15932 165754
1691.00 1092 AN
1085.28 o77.54

7B 3037

6D.06 6M57

1. P 1186

43B8.4
116826
5P .61
1497.11
AB.HA
930
171148
18P 0L
818.57
80.15
5045
B21

8.0
121017
1619.6T
145529

8r.35

0.6
1749.20
1688.1 1

7B.(b

A6

544

7516

0,19I/E @0 0172 D O B30E

o125

3097 538.53 432 30
111719 1155.09 11858
1443.al 15016 1530.00
1808.87 1553.61 144945

A H (S 24 o) a4.19

A0 7O B 20 BB 20
158626 o415 1/07.8
16 10 16820.38 163032
1083.62 9/0.75 Or7.52

783.965 88.66 a38.29

7.5 4353 55651

145.63 118.96 DB

Al =18

850116
1207.83

14383.6
&1 3B
B8.47

1745.57

165625
2.8
8046
565

7617






IMPROVEMENT OF RESOLUTION

INFUT PARAVETERS

151 21 10 2 0 20 4 11 1 5 0
1.000 2.500 1. 050 1.050
INPUT PATA
35.94 57.27 81 .75 107.90 137.15 170 96 210.84 257.2? 309.97 368.08 432-50 501 .16
573.75 649.19 726.05 802.65 877.13 947 55 1012.05 1068.99 1117.19 1156.09 1185.93 1207.83
1223.72 1236.20 1248.26 1262.96 1283.04 1310 60 1340.78 1391.59 1443.81 1501.05 1560.00 1616.73
1667.19 1707.67 1735.26 1748.15 1745.80 1728 33 1698.82 1658.01 1608.67 1553.81 1494.95 1433.95
1372.05 1310.16 1249.03 1189.39 1132.11 1078 26 1029.06 985.31 949.73 921.70 902.19 891.06
887.51 noo.18 897.27 906.77 916.84 926 06 933.79 9-0.29 940.79 955.29 968.29 986.47
1018.24 1059,40 1112,79 1178.08 1253.64 1336 55 1422.79 1507.06 1586.26 1654.15 1707.89 1745.57
1766.99 1773.68 1768.54 1755.39 1738.36 1721 23 1706.95 169 7. 18 1692 . TU 1690.38 1689.32 1685.25
1673.97 1651.40 1614.16 1560.14 1488.90 1401 83 1302.05 1194.16 1083.62 970.25 877.52 792.08
723.39 673.59 643.49 632.69 639.67 661 94 69c, 16 738.30 783.96 328.e6 868.29 899.46
919.74 927.78 923.26 906.75 879.46 343 06 799.4? 750.45 697.96 645.53 588.51 533.94
460.62 -29.1 4 379.91 333.27 289.45 248 60 210.34 176.42 145.68 118.96 96.05 76.1 7
57.99 41.53 28.02 21.79 23.80 34 97 42.53
INrtGPAt = 0.14W7E 06 MAXIMUM = 0.1774E 04 AT = 86 MINIMUM = 0.2179E o2 AT = 148

NORMAI 1SEj GAUSS | AN OECONVOLUTING FUNCTION

0.5 3536>- -04 0.2-478E-03 0.95370F-03 0.316646-02 0 89584F-02 0.2159 8E-01 0.44371E-01 0.770796-01
0.11568" 00 0.147328 00 _ 0.15959E 00 0.14752E 00 0 11588E 00 0.77679E -01 0.443716-01 0.215986-01
0.89584" -02 0.31604E-02 0.95370F-03 0.24478E-03 O 53536E-04

INTEG-At = 0.1 00 iE 01 MAXIMUM = 0.1596E no AT = 11 MINIMUM = 0.53046-04 AT = 21






GO MUIE :

bl MO O-M 93,18 120.08 151 .53 18772 223.56

LS =1 IgC =) aa52.58 724 A 7HB.2 84.8 9023 L0445
2. 1,.35.® 125615 1276_99 13p 41 1375 134665
163 .21 1;4 "a 1004.30 1AB6.37. 1416 1682089 166A A0
11n S 131238 12404 197.34 1143.28 10ep 87 1047_10
A3 FB. 3 9B.4D 91044 917.22 5_06 B33
1049_50 10er &4 1144 .5 1209 127226 1394 .27 1417 .97
1726_65 170.8 174445 1742 G5 17344 172499 1714.97
1648,72 1610 .62 156557 15134 1446.60 1358.(6 1280.51
75.67 70.65 .74 aB83.7° 633.80 a6 44 719.33
48544 [ 220 5} 83A4.77 8/5.14 S S bed 0. 78 A6
45.01 4H5.5 3B7.57 AP XB.66 841 221.27
67.55 S3.74 3.2 HB.B .6 3045 2r.ra

10.82 a.5 .13 10632 12537 15087 18547
533.37 5.7 7547 84.46 8.8 Br.15 1085.20
83

1736 12379 123B.3#A 124240 1254 22 1276.98 1512 .62
170821 1. 8 178883 18B.a2 1797.16 1772.98 173" &5
1371 &b 138.4 1245 52 1183.61 1122 .86 106446 100113
85H5.20 865.0 80.28 N7 .74 A A 9645 A3 D
97726 101434 1067,93- 113429 12239 1521 47 1425_61
1b21 &3 1B6<£2 I1IA514 3756.35 173B3.25 1A .66 1645.91
1713.31 1A 72 bfb. 82 1695_17 1913 1490.14 1. 73
G637.12 db.55 577 48 571.6 S87.24 G20.76 66391
o6c .12 92, 7 IA-A A2 0 a8 72 805 .56 41513
i 37199 324 .6 280.63 221 19957

y
2
o
q
N
8
o
G
g
)

0.1611"" A Oo.16AE @
SIAD™ 1 NIEEVENT IO AFTER SVOOTHING = O,22P90E (2

VAL D D=CONVALUME:-

P2 oG 53 45 >*1 735 97 .25 125.18 15524 190.75
5-.4 #:I 2 7526 a4.14 83.63 6700 103790
175643 1,37.00 1258.14 1242 25 1254.10 127690 131260
145 17/53.70 1787/ 1802 10 17/96.47 A772.57 1733.46
13-4 1-07-70 1245_.Q0 113.06 1122 35 1064.06 100936
75 Il c.75-9 8024 Q07.46 X349 oBB.72 o«P_74
A2 34 194921 1067-C® 1I3A.14 122420 131 76 145_72
1720.67 1313.2 1759 116 178629 173327 104.67 163349
7P >5 1™, O 167567 1024 P 148.04 149021 132 11
667 .r4 5615 568 51 & 587. 23 &21.(b an_z7
90>5.60 <A _.O oG24 o A6 (S8 SHS S b.A 815.00
<7r*. 16 42 2 32.3b 3510 2025 57 47 19776
4=>20 25 O 10.28 o4 1790 26.29 pz Sz 4
IHIGG™AA = 0,148 < (6 MAXIMM = O.Is2IE (4 Al >~ B
AICUH INOEOr TH— 2 DICONVALUTE
un U U=
A= 3 83. 2 G1_<0 1o 32 137 25 1719 211 -8B
573 >4 -\ A 72 —19 |74 87719 o7 .53 12 -4
12205 5~ Im3. -3 1= =~ 27 1263_.04 1233_19 130.81 1547 A
a1 1907- 4 173—_O 1747 -85 1745 &1 1723877 1608 9D

2551 7 2 A3l 44055 512.28
4. 44 1IMi. 1131.38 1164 47 19172
140097 145s .68 15401 152 55 158.57
1622.ar I5W.nr 154030 1«<JB6.67 1429_65
100683 /2 N7 A5 _ 47 9577 a12.44

A3.30 O55 >3 S30_ 91 900 6l 101577
1490.Q1 15570 1616.04 dc6u O 101-685
170664 1897 =9 1634 45 167796 16326
187 51 18279 100001 w28 43886

749.16 2.5 4574 4579 40_6

73A_67 ew O &0.52 56.&4 56.91

187.37 165. D 12052 106.55 483

o.i5&z2t AL U.1214E 01

A .2 289_n2 551 .22 A7.24 487_84
1029,98 11V 88 11895 121575 1230.68
1581 j2 1425 1498.06 1556.8 1638.40
165500 172490 1558.66 1445 5 1434.65

6191 1.4 401 .57 07212 55.62

A5 2 A4S 8L o 0 HAc H A6
152953 10b 6°F 10746 176073 1806.83
1673.42 B </ 1213 16856550 1708.C6
120670 1071.20 A3 42 8.6 7210

76_63 8N 44449 00565 9BO_HB

78008 P &A43.7° 56.64 528.86

162.48 150.74 106 .43 (o) e} 773D

0. 397 @ 0.25536 O 02164 O UdleEE D

234.688 287 \3 50 .2 418.50 438 31
109966 1150 N\ 1838 1215.10 123011
15V 5B 142 B 1,92, 155686 1637.96
1642 _96 162<91 1332686 149~ _*7 1434 .47

SM S5 2175 3153 82_.3 65.63

XU 72 3-ND A2 B A48 B4.90
1520_31 1623 16 170637 14575 1306.62
167540 1678 <2 164213 16645 1707 .8
1208.30 1071 <3 A [SZVARC 5) =.A

727 A Naaiaihe =} SAd. P aP_76 “P2L

7.8 L0 Zc 3 A3.76 55H.51 528.60

182.9 12 _S 111 .© 91.13 a2.19

MINIMAMM r O.o853%6 AL Al = 146

25764 [S p SKe o8 B2 a452_17 50 U
pleSSRec) 1117 .05 175520 11 .73 1207 .64
15 .7 14Aac 357 1 .. 1563 Wy 1664
166619 180V - 10 1=5=-_CA4a uUvVvs _ I3 143406



«87.69
101 «.SB
1769.65
1675.«7

725.S4

919.55

480.67

56.09

1m59 . .9
1773.50
1651 . .5
075.r1
R27...9
429 .1B

41 . 7B

397.30
1115.04
1768.53
1613.BO

943,46

925.26

579.90

31.45

909 .08
1178.39
1755.54
1559.72

932.69

906 .BO

333.13

25.13

jnfo«m\tions A?.04MT the dfconVol”tion

NLVEER WF [ eV

ITERATIONS- 6

916.63
1253.97
1738.61
1488.48

639.75

879.53

289.17

21 .55

MR- u

STANDARD BV —TIGnRS U DECONNVOLUTIION
O 2MI7E (2 O.olsSAE a1 U 3sJeE AL 025728 AL
CEONVUR LNE BIFCRE  SVOOTHING

4.74 23.09 60.75 102.66
552.80 632.-0 718.65 809.54
1256.82 1241.93 1225.01 1213.46
1751.84 1.09.6« 1862.63 1876.53
1368.28 1507.69 1246.45 1183.44
834.52 855.14 883.84 915.14
924.04 555.60 1004.93 1079.41
1898.19 1871.-3 1824.65 1768.72
1761.54 1776. .1 1764.38 1719.11
575.70 525.‘9 501.02 501.40
1023.75 1027.59 V'12.57 981.28
46 5.90 412, T9 565.92 322.21

24.72 1.75 0.03 0.04

SlandaRD FEVI TIONS OF SMOOTHING

0.2450: 01 0.9282E Ou G.59
o.THHT oo 0.2419E 00
0.1594; 00 0.1315E 00
SI AND «D ®EVI ,TI0y4y after BMOOTHING
NORMA! IS: 0 0f CONVOLU TE:

71 .81 5ft . m7 61.16 86.44
555.46 «3«. -1 721.47 309.34
1255.50 124 1. 1224.77 1215.18
1749.55 n.1lo0.03 1858.99 1873.42
1367.28 1<0o0. .9 1244.76 1131.72
835.14 *<5b. 4 884.23 914.52
923.30 952. 43 1004.00 1079.33
1895.31 1-70. 27 1824.80 176V.38
1760.99 1*7a.52 1761.59 1715.34
574.r1.7 22. 2 498.40 499.73
1021 .92 1« 27. P6 1ul 2.97 981.77
H O0.i8 15. m7 366.45 317.26

S6.17 17. ft 7.68 6.39

16Ti G' Al 0.14« 'E 06 MAXIMUM
Lrulrri~~ JI TH: 3. OECONVULUTE
usV»n at

37.97 S3.'3 72.58 95.53
b6 $, 7« i.4.. 3 726.33 809.04
1256.52 1/37. ;.0 1238.47 1242.73
1792 .1n 1.53. 4 1786.92 1801.44
1V* v7 1507. :a 1244.74 1182.74
héo .20 875 . »4 890.66 907.42
y77.b5 l014. v8 1068.59 1139.47
*«lv .69 1-15.-4 1795.53 1766.38
17M.1V 1'03. i0 1674.93 1622.96
6br.24 604. 4 570.39 571.35
*05 _jv 971 . «0 964.68 943.12
474 . %6 421 . >9 371 .59 323.76

M ./8 34. -6 23.70 16-30

0.2239E 00

125.73
900.92
1212.82
1862.42
1118.75
942.94
1176.52
1713.97
1637.12
524.96
937.88
276.77
4.14

67e 00

= 0.38795C 02

112.27
899.50
1212.30
1860.40
1117.27
941.09
1177.61
1714.40
1632.99
525.00
938.05
268.30
9.03

S 0.1895E

123.02
390.18
1254.70
1796.27
1122.10
923-01
1225-59
1734.53
1546.82
587.57
909.32
278-83
11.59

04

925.78
1336.83
1721.54
1401.49

662.10

843.13

248.34

20.05

139.78
9R8.59
1227.68
1824.49
1053.85
961.35
1203.12
1668.32
1520.24
570.25
885.72
226.88
58.05

0.4803E ©°°
0.2MN72E 00

138.99
987.09
1227.04
1323.64
1052.81
959.14
1294.88
1668.67
1516.70
571.93
385.60
222-00
9.64
AT

155.27
967.38
1277.65
1772.92
1063.95
934.96
1323.22
1705.89
1448.28
621-95
865.85
257.34
8.68

9.53.50
*4*2.95
-/107 .2«
1501.
69r>. 32
79v .48
2190
1o, 4«

O =210= AL

159.95
1069 .00
1261 41
1769.05
991.43
96R.64
1422 79
'639.07
1375.34
634 59
827.65
176.74

58.29

O 188E 00

0 431 E 00

169.92
1065.27?
1260.68
1769.06

990.82
965.95
142..24
1638.45
1373.54

630.95

827.44

181 .91

6.91
85

193.22
1038.06
M1 3.ft4
1734.30
1009.93

941.99
1426.8/
1685.01
1331.83

670.37
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IMPROVEMENT OF RESOLUTION

THE NUMBER 1 IN THE P OT iS THE GENUINE SPECTRUM, THE OTHERS DENOTE THE SEQUENTIAL DfcCUNVOLUTES
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