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INTRODUCTION TO THE SECOND EDITION

The six programs in this volume were first publish i
1968. Their republication here is part of our A xpi
ment and update our total collection of computer programs for

infrared spectrophotometry as described in the introduction to

the Second Edition of Bulletin 11 which forms Volume I of this

series of seven volumes issued as N.R.C.C. Bulletins 11-17.

These programs have been applied by a variety of users to

the fitting of band envelopes basedon Cauchy and Gauss functions
and their sumor product combinations. Though most of the appli-

cations have been in the spectroscopic field they have also found
application in other areas of science. The versions presented

here do not differ significantly from those published previously.

In our N.R.C.C. Bulletin 13 we supply three additional variants

of thebasic program. Two of these versions deal with the system

in which all five parameters are free to adjust independently
(the "unrestricted Cauchy-Gauss sum function"); another version

in Bulletin 13 is arranged for the simplified algorithm for a

set of pure Cauchy curves with only three adjustable parameters.

This may have advantages where the computer storage facilities
and the run time are critical. For most users the basic version
given in Program X in this volume is recommended. The subsequent

paragraphs of this introduction are reproduced unchanged from

the First Edition.

This Bulletin supplements earlier publications from this

laboratory dealing with methods of fitting analytical functions

to infrared absorption bands of condensed phase systems (1-3).

Seven methods of optimization with non-linear least squares

approximations were examined, and two have been found to be sig-

nificantly more effective than the other five (2). These pre-

ferred methods were developed by Meiron (4), and by Marquardt (5)

for other purposes; they are basically similar and both are mod-

ifications of an earlier method of Levenberg (6) which Papousek

and Plivá have also used for fitting infrared band envelopes (7).

The programs described in this Bulletin use Method V of our ear-

lier publication; they combine features of both the Meiron and

the Marquardt algorithms and use an automated search routine to

determine the optimal value of the damping constant.

Three versions of Method V will be presented. All utilize

the Cauchy-Gauss product function, while two also permit the

alternative use of the Cauchy-Gauss sum function; a floating

horizontal baseline is employed. Pure Cauchy or pure Gauss func-

tions can also be fitted by all three programs, but, from the

computational point of view, this is not an efficient way of

operating with these simpler functions. The development of these

programs was initiated on a small S.D.S. Model 920 computer 
and



i introduced. These have
several memory conserving procedures were int VAM ro the LS

i 
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been retained, though the larger storage cap 
. .

360 (67) computer we are now using diminishes their importan
te

and their replacement could increase the speed of compu a ion

on large computers. In other respects also these program:

flect their piecemeal evolution, and no claim made
 ο ενα

computational efficiency. The input and output orme in 5
face with the set of modular programs that have been develope

in our laboratory to perform the common numeri
cal transformations

of absorption spectrophotometry (8).

A. The Basic Version (Program X)

As written, this program will handle a maximum of twenty

component bands simultaneously optimizing up to 81 band indices.*
It can be expanded by changing the dimensional statement, but
the execution time increases rapidly with the number of bands,
as also does the demand on the storage capacity.

B. The Moving Subspace Version (Program XI)

This is Method VIII of reference (2). The initial guessed

indices are introduced at the beginning of the computation, but

the indices of only a limited number of consecutive bands are

adjusted at one time. In principle this "moving subspace" pro-
gram can cope with envelopes containing a very large number of
constituent bands. As written the moving subspace can deal with
from two to five consecutive bands and twenty bands in all. The

total number of bands canbe increased by altering the dimension

statement with no change in the body of the program. This pro-

gram operates on the Cauchy-Gauss product function only; a ver-

sion operating on the unrestrained Cauchy-Gauss sum function is
provided by Program XVIII in Bulletin 13.

C. Version with Correction for Spectral Slit Distortion
(Program XII)

This version resembles Program X in thati588 : it operate

indices simultaneously and will handle both the product and 2H

*

We use the term "band indices" to desi, ter esignate theS coe πας me composite band envelope All three pro-
scribed in is Bulletin require +1 indi inean envelope derived from M Sverlapping ice c aS at 5,



functions. The slit function ordinates are introduced (or com-
puted) and the curve generated from the calculated indices is
convoluted with the spectral slit function before optimization
with the experimental data. In this way a band envelope is gen-
erated that conforms with the contour of the "true" spectrum ad-
justed for the finite spectral slit distortion (9,10).

D. Other Programs

(i) Program XIII. This program evaluates the areas, half-
band widths and the Cauchy-Gauss proportionality of the calcu-
lated component bands from the band indices.

(ii) Program XIV. This program calculates and lists the in-
dividual computed abscissal values of the calculated band en-
velope from the band indices. It also provides a set of punched
cards (or a card image output data set) in the standard 8(15,
I4,1X) format.

(iii) Program XV. When provided with the card decks from the
experimental spectrum and the computed spectrum from Program XIV
this program first passes a five point quadratic convoluting
smoothing function through each and evaluates the following quan~
tities as described in reference (2).

(a) The total error spectrum.

(b) The high frequency component of the error spectrum which
is attributed to the misfit arising from the noise component of

the experimental curve.

(c) The low frequency component of the error spectrum which

is attributed to the mathematical misfit of the computed curve,

corrected for noise.

This program also serves as a general purpose program for

subtracting one spectrum from another. It will operate on both

transmission and absorbance ordinate data and yields a punched

card output in our standard formats (8) as well as the printed

listing.

For all three band fítting programs the experimental data

points are read from Hollerith cards eachof which carries eight

data points in 8(15,14,1X) format. The abscissal units are wave~

number in cm.^! x 10, recorded at constant wavenumber intervals in

diminishing sequence. The ordinate units are transmittancex*1000;

these conditions were dictated by the standardized digital en-
coding conditions used in our laboratory (11,12). The input and

output indices for peak height (xij) and band center (x,) are in

units of absorbance and cm.^! respectively. A subroutine SORT



checks the sequence of thé experimental data cards and will make

a limited number of corrections for misplaced cards; all such
corrections are noted in the print-out.

The programs are written in FORTRAN IV.* They are listed

and described in the main section of this Bulletin with interpre-

tive detail and comment. A set of numerical test data based on

a simulated four band spectrumis included. A more critical ap-

praisal with some discussion of the physical significance of the

band fits obtained is given on pp. 64-65 of reference (13).

*

IBM System/360 Basi :
(Version 8.1). te Programming Support FORTRAN Iv.



ALGEBRAIC STATEMENT OF THE PROBLEM OF

SPECTRAL BAND FIT OPTIMIZATION

A. The Cauchy-Gauss Product Function

The experimental band envelope is approximated by the func-

tion

M

(1/2) calc." 9XP- 2.20258 {a aim (P) (1+x3 ®) (7*2 (py) zy d

ᐩ exp ᒫ ᐨ κξ(ν) (xi gy `] [1]

where (T/To)vcalc is the computed ordinate at the wavenumber v

in transmittance units; à, Χι, X2, X3, Xu, are the adjustable

indices and Mis the number of constituent bands; κι is the peak

height in absorbance units, x2 is the wavenumber position of the

band center in cm.-'; x3 and xy jointly define the half-band

width and the Cauchy-Gauss ratio; α is the baseline displacement

in absorbance units.

The values of ο ο and ᙵ are varied to minimize φ

where

o=) fi [2]

with

f; = (T/T) (T/T) [3]
vobs ᐨ vcalc

The iteration step is expressed most succinctly in the form

developed by Meiron (5)

x =%+1 ˆ Xm EL5- =

where xm is the vector of indices after m iterations and B
isa

matrix equal to ATA where À is a matrix of the partial deriv-

atives 9 £‡ / 9×1 . The diagonal matrix Cis formed from B by setting

the off-diagonal terms to zero; P is a scalar damping factor,

the value of which is adjusted to minimize $ during eac
h itera-

tion cycle; G is the gradient vector (grad 9$).



Equation [4] can be rewritten

ᔔ
-

[5]n
i
e

N
e 1 1 4- = -i x -!a c

Xm+1C x C (C Βρε PL) GnCm

This is the form of the algorithm developed by Marquardt (5)

Our programs compute on this basis, since, from the numerical

point of view, it has the advantage that all the diagonal terms

are equal to unity. In consequence, no round off difficulties

are to be expected, even when the simple Gauss-Jordan procedure
is used to solve the system of linear equations (14).

The symbolism used in the above equations conforms with that

of our previous publications. Within the computer program it is

convenient to handle all the indices in a single array corres-

ponding to the vector x and to convert the ordinate scale from

decadicto Napierian absorbance. It will simplify the subsequent

discussion if we rewrite equation [5] in the form

I-M

e EE κα + Fa) remy (IX ag) 77

+ exp [- Gres) (X cag ᒣ] [6]

where the symbolism conforms more closel i i
vies en 

y with that used in the

Equation [2] similarly transposes to

bi

FS = pt
` 

[7]

NP

ᐨ } ἄωτ τοι)! (81

B. The Cauchy-Gauss Sum Function

= 

5n the symbolism of reference (2) this equation is written

(mm =. e = |ᐧ ji Xp ~ 2.30258 fa +vcalc a «ᔧ. P (py Gd (py idu) ᐣ) ᐨ!

+ κε CRD ᓢ 2Ῥ Ῥ (κ -(P) ᔧ (p) (v *, gy ^J] [9]



Whereas the product function requires the adjustment of 4M+1indices, the sum function, as written above, has 5M+1 adjustable
parameters, where M is the number of constituent bands. It isused in these programs with the restraint that x, =kx;, where ᗘis a constant that is selected by an input card. In this formthe sum function has proved superior to the product function in
some instances (e.g. for fitting single bands generated by con-
voluting a Cauchy band with a triangular slit function (3)).
Subsequent experience has shown that the sum function will often
yield solutions in which xi or Xs assumes negative values, and
such solutions can have doubtful physical significance, though
they may be acceptable analytically. Provision is included in
these programs to restrict x; and xs to positive values if de-
sired. Values ofkin the range 0.4-0.8 are usually Satisfactory.
An alternative version of the program in which the restraint on
x4/X3 has been removed is given by Program XVI in Bulletin 13.

In the quasi-FORTRAN symbolism* equation [9] becomes

I=M
ᕒ 

2 = 2y—2TC ×) = EXP ~ κα + ih ᕽ» AH ryan OX pay )*)

2+ X(re3m)EXP (= Xt fia CAY 5 *) J} (101

ᔡ apologize for introducing this bastardized mathemat ical
symbolism at several places in this: Bulletin, but it is con-

venient for promoting cross-communicátion between the FORTRAN
programs and the basic mathematical logic. We further admit to

inconsistency in the symbolism for the band indices. We have

chosen to use the following sets of symbols interchangeably for
the band indices, whichever the context would indicate as being

the more convenient: (x,,X5,X3,X,,Xs5,0); (X(1),X(2),X(3),X(4),

X(5) , ALPHA) ; (X (I) ae CEU EIE ln] "x END ^
X x x oe where = ×, / 3 N)ᑊ (7)

add es (ream trülsposed from decadic absorption tó
Napierian absorption.
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PROGRAM X

The Basic Band Fit Optimization Program

The Input Data

Cards 1 and 2

(PC-116)

are heading cards and can carry any desired
alphameric indexing, or identification state-
ments (HEAD1,HEAD2). These cards must be in-

cluded though they may be blank.

Card 3 carries ten fixed point instructions, NDATA, IDECK, NP,

NDATA

IDECK

M, KURVE, NSEC, NI, MLIST, LIMIT, NONEG, in

format 1015.

Use NDATA- 1 to process a single data set or

the terminal data set of a series.

Use NDATA-2 for an initial or intermediate

set of a series. After completing the compu-

tation, the program will proceed automatically

to execute the next computation of the series.

Use IDECK- 1 to list the output on the printer

only.

Use ΤΡΕΟΚΞ 2 to punch an additional output card

deck carrying the optimized indices (one band

per card) in the format for input to Programs

XIII and XIV. The terminal card of the deck

carries the baseline constant ALPHA.

is the number of experimental data points (max-

imum 2000).

is the number of component bands (maximum 20).

Use KURVE- 1 for the product function, and for

pure Cauchy and pure Gauss functions.

Use KURVE-2 for the sum function.

is the maximum permitted computation time in

seconds. This is the time within the iterative

cycling routine. If exceeded the program will
print the last set of indices obtained and

either terminate or proceed to the next data
set according to the value of IDECK.



MLIST

LIMIT

NONEG

CAY

Card 5 carries the instructio

Card 4 carries two floatin

- 12~

is the maximum permitted number of iteration
cycles, a recommended value is 10.

Use MLIST=1 to print the input and output data
and a minimal report on the progress of the

optimization convergence, as is shown in the
numerical examples on pp. 99 and 103.
This will normally suffice unless difficulties
are encountered.

Use MLIST=2 to print additional information
about the extreme values of the B and ᘧᐨ3 8ᙅᐨᓬ
matrix elements (see p. 6)

Use MLIST- 3 to record the restraints applied
by LIMIT and NONEG (see below).

Use MLIST= 4 for a combination of MLIST=2 and
MLIST= 3.

Use LIMIT= 1 to restrict the half-widths of the
component bands within the range 1 cm.^! to
50 cm.-!,
If LIMIT-2 no restriction is applied.

Use. NONEG= 1 with the sum function to restrict
both the Cauchy ànd' Gauss bands to zero or
positive values.
If NONEG-2 no restriction is applied.
Always use NONEG- 2 with the Product function.

` S point instructions for the productfunction and three for the sum function informats 2F15.5 or 3F15.5 respectively.

is the highest (starting) wa
ᐦ 

venumber 
of 

theexperimental data deck $doom.

is the ratio Xu/X3 and is rthe sum function.
0.5 or 0.8.

equired only for
Suggested trial values are

mS DOWN, UP a+, UP and CHANGE in format
NE for varying the damping factor (see
Recommended values are 0.01 1000.0 0 5
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Card Deck 6 is the main data deck carrying the NP experimental
data points. These must be sequenced in di-
minishing order of wavenumber. Subroutine SORT
will check this sequence and make a limited
number of corrections. It is discussed more
fully in Bulletin 11. Itis important to make
Sure that the starting wavenumber of the deck
corresponds with WB.

These cards must be punched in format 8(15,
14, 12) with the wavenumber in units of cm.^!x10
followed by the intensity in transmittancex1000
(i.e. a transmittanceof 0.500 at 1000.0 cm.-!
followed by a transmittance of 0.499 at 999.5
cm.-! is encoded as 10000 500 9995 499).

Card Deck 7 This is a deck of M cards, each of which car-
ries four input índices for one band in format
4F15.5. For the product function these are
Xi,X2,X3 and x, which appear in the FORTRAN

symbolism as X(I), X(J), X(K) and X(L). The

units of xj are absorbance and of x; cm.-!.
For the sum functions x1,x2,x3 and x, are listed

and they also appear in the FORTRAN symbolism

as X(I), X(J), X(K) and X(L). It is important

to observe that X(L)has a different connotation

for the sum function than for the product func-
tion. The units of both x; and xs are ab-

sorbance.

Card 8 This is the terminating card and carries the in~

put value of the baseline constant a in F15.5

format. It is X(N) in the FORTRAN notation,

The units of a are absorbance. The program

requires that this card be included, even if

a=0.0.

Note that this program calls the library subroutines SETCLK
and RDCLK which are discussed in Bulletin 11. If these are not

available appropriate alterations have to be made in the program.

B. Description of the Basic Program

The Initial Section, ending at statement 31, accepts the

input data, checks the sequence of the abscissal data points by
subroutine SORT and transposes the input ordinate data from the
fixed point array IY(I) on a scale of transmittancex 1000 to a
floating point array Y(I) on a scale of transmittance.
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This is followed by the Input Section which continues to

statement 154, Here the initial values of several quantities
are set. These include the number of completed iterations (NIT),

the total number of band indices (N), the starting value of the

damping factor (Pl), the number of entries (NAL) in the array
AQ(IM), and TERM which is needed later for a convergence check,
The values of the input indices are then accepted in the DO loop
ending at statement 153; they are stored in the array ×(1) . ᗽᐪ
this stage the output headings have been printed, including a
list of the input indices; the ordinate indices have been con-
verted from a decadic to a Napierian logarithmic scale, as also
has the baseline constant X(N). The timing subroutine SETCLK
is activated at the beginning of this section.

The central core of the program is the (G,AQ,F) Section,
which runs from statement 200 to statement 233. Here, initial
values are first set for several quantities; FS is the value of
the minimization function within a given iteration cycle (cf.
equation [7]). FM is the maximal difference between the observed
and computed ordinates, andWFM is the wavenumber position of FM.

The values of FS, the matrix B and the vector G are nextcalculated. The main computation occurs in the double DO loopbetween statements 203 and 218. For each experimental data pointSUBROUTINE POINT determines the ordinate value of the computedcurve (cf. equations [6] and [10]). This is compared with theexperimental ordinate value to determine F, FM, and FS. ThePartial differentials are computed in the DO loops beginning atStatement 207 for the product function and at statement 210 forthe sum function (see p. 17). These comprise one row of the Amatrix for each data point and are stored for one row at a timein the array AM(I). The matrix B and the vector G are generatedbya storage Saving technique which avoids the need to accumulatethe complete A matrix; the algebra involvedis discussedon p. 19.SinceB is symmetric, only the matrix elements that lie abovethe diagonal need be calculated. These are stored in the arrayAQ(IM) at statement 218, and transferred Serially to the arrayA(I,IJ) 3S required for the Subsequent calculations in the DOloop beginning at Statement 219,

array DIA(I). The upper half of BStored in the array AQ(IM).
Same time at statement 227.

"e The diagonal terms of créBc-à are unity and the off diag-

numerical ao Eee σας Ελ ο coefficients between the indices. IfeS occur, it ithe extreme values of these pue: 5 Ss at tr
mal and maxima

Program is operated with mist. 2 11 ty tents of B. When the
E T-2 o 4 Trecorded, using the following terminology: | ^9 are located. and



ADMIN Value of minimal diagonal element of B

MINAD Location of ADMIN "

ADMAX Value of maximal diagonal element of B
MAXAD Location of ADMAX i

AMIN Value of minimal off-diagonal element of ciBcÀ
MINAl Row location of AMIN TRES
MINA2 Colum location of AMIN

AMAX Value of maximal off-diagonal element of
MAXAl Row location of AMAX
MAXA2 Column location of AMAX

The absolute values of AMIN and AMAX mustbe less than unity;

an approach to this limiting value implies a strong interaction

between the indices involved and may help to locate a source of

difficulty in optimization.

This major computational section ends with the evaluation

of the gradient length (GL) at statement 233. The time is read
(RDCLK) and the accumulated computation time evaluated (ISECS).
The values of FS, GI, WFM, FM, NIT, and ISECS are printed. These
appear in tabular form and, under normal conditions with MLIST- 1

or 3, they provide all the information needed to demonstrate sat-

isfactory convergence to the mth iteration cycle of equation [5].

The values of FS, B, G, and C having been evaluated above,

itis still necessary to select the optimal value of p to complete

the m+lth iteration.* The optimal value of FS can be extremely

sensitive to the choice of P. For the first approximation P=0.1

is used, but in subsequent cycles the best value of P is sought

by an automated, though essentially empirical method which is

described in the Appendix to reference (2) and is discussed fur-

ther on p. 18 of this Bulletin. Four values of P are obtained

for each iteration cycle, and the corresponding values of X(T)

and FS are calculated; they are designated XP(I) and FSP; if

MLIST-20r4 all four values ofP and FSP are printed. The val-

ue of P associated with the minimal value of FSP is chosen and
the corresponding indices in XP(I) are transferred to XB(I), at

statement 305, as starting values for the next iteration.

These operations take place in the (P, INVERT,XP) Section,

and inthe (FSP) Section. Both sections are traversed four times

in each iteration cycle; the logical path is controlled by the

computed GO TO statement 252. In the first three traversals the

*Note that p of equation [5] is transposed to P in the FORTRAN

notation.
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change inP is controlled by Ene ue FORSE ο ο te

f£ P value is interpolate y
m. Ὃ τα to reference.(2); this occurs between statements
263 and 270.

1 1

i is -2BC-2 at statement 267 andThe damping factor is added to C'^BC"* a 2

the linear D stam of equations is solved by the Gauss-Jordan
elimination method in which the diagonal members are used as a

pivot (14).

S indicating numerical difficulties may be printedat Epiri qus 271 and 384. The former will draw attention to
difficulty in interpolating a fourth value for P, but the exe-
cution of the program will continue. The latter indicates that
there are difficulties with the Gauss-Jordan procedure. In that
event the computation will output at the end of the current iter-
ation cycle. This is a safety check and is not likely to occur.

The decision whether to continue to the next iteration, or
to terminate, is made following statement 312 in the Terminal
Section. The number of completed iterations (NIT) is comparedwith the permitted number (NI), and the elapsed computation time
is compared with the permitted time (NSEC). Two checks for slow
convergence are also supplied. One is the fractional change inthe minimization function (TERM/FSM). The computation terminatesif this ratio falls below 1.002. The program will also terminateshould GL be reduced below 0.0001. This is also an indicationof slow convergence, though normally the TERM/FSM ratio test willterminate the program first. The program will also terminateShould FMbe reduced below 0.001, which indicates that a maximalsignificant fit has been achieved; under normal circumstances,the accuracy of the experimental ordinate measurement will notbe better than 0.001 transmittance units,

. At the end of the computation, the Program tabulates theoptimized values of the indices, the Corresponding values of theerror function (FSM), the root-mean-square of the residuals (DIS),the maximal ordinate error (FM) ; and the wavenumber of FM (WFM).*pecie ade or if NDATA=2 the program proceeds5 e nex ata deck, otherwi i 
i

and the calculations are CAUSE ade nou Rd ες peor.
If LIMIT- 1 or NONEG = 1, restraints imitted values of the indices. These boundary condi tions” are

*

su remains constant throughout the iteration series, it most
Probably indicates that there is a punch error in the corres-
ponding experimental ordinate €an additional component mu or suggests the need to introduce



E

monitored and controlled in the section Boundary Conditions to
Limit the Ranges of X(1),X(2),X(4), and X(5). It has been ob-
served that occasionally a band may be virtually eliminated by
making the half-width excessively wide, or, more commonly, re-
ducing it to a spike so that it falls almost wholly between two
consecutive. abscissal data points.* Limits can be set to X(3) and
x(4) 5 for the product function, or to X(3) for the sum function
which will restrict the half-width within the spectroscopically
significant ranges of 1 cm.-! to 50 cm.-!. These limiting con-
ditions are summarized in Table I and discussed further in con-
nection with Program XIII on p. 95.

TABLE I

Limiting Values for X(3) and X(4) to Restrain the Half-Band Width

in the Approximate Range 1 to 50 ᓂᑎ.ᐨ

Product Function

Half-band width< 1 cm.~! if [X(3)] > 2.0 or [X(4)] > 1.0

Half-band width< 50 cm.-! if:

either [X(3)] > 0.03

or [X(3)1<0.03 but [x(4)]> 0.0333

Sum Function with CAY in the Range 0.4-0.8

Half-band width< 1 cm.~! if [X(3)] > 2.0

Half-band width > 50 cm.~! if [x(3)] < 0.042

Negative values of X(3) and X(4) not infrequently occur for

the product function and of X(3) for the sum function. Since

these quantities only enter the band shape calculations as squared

terms the sign is not significant, and it is the absolute values

of these quantities that determine the boundary conditions listed

in Table I.

For the sum function, negative values of X(1) and X(5) are
also frequently encountered, and indicate that the optimized so-

lution involves a subtraction of aGauss component from a Cauchy

t is also possible fora band to be "lost" by a large abscissal
displacement of X(2) out of the computed wavenumber range. We

have only rarely encountered this difficulty with this program,

though it occurred more frequently with the Method I optimization
technique when highly inaccurate starting values were employed (2).



component, or vice versa. This can be restricted by ο.

NONEG= 1 which causes a negative X(1) or X(5) ordinate nde t

be replaced bya positive one, one-tenth of the intense Ai e
of the preceding iteration. This tends progressively o.yie

a pure Gauss or Cauchy curve. Generally this givesa solution

that converges less efficiently; it can sometimes be circumvented

by altering CAY.

C. Subroutine POINT

This small subroutine computes the values of In(T/T), for
a given setof variables X(I), at a given wavenumber W. It also
computes the quantities PC(I) and PG(I) which correspond to

x1 (1+ x3 (v-x2)7)7?
and

x (ᘆ ~ x2)?

of equations [1] and [6]; these are needed in the evaluation ofthe arrays of partial derivatives AM(I) at statements 207-209and 210~212.

D. The Method for Selecting the Damping Factor P

The evaluation of Pis crucial to the efficient functioningof the program and some further comment is pertinent.

The technique we use to obtain an optimal P is distinctlyan arbitrary one. During the initial development of the programwe used an S.D.S. 920 computer with direct access, permittingselected values ofP to be introduced on demand froma typewriter.

selected damping factors was tested iᐨ _ This was successful in
several cases, but, often the conditions for rapid convergence Were
Sorel Sensitive, and so limited that they might be completely
missed. Later we tested the method described by Marquardt (5),



values of these quantities should be adjusted. A drawback to
the current automatic procedure is that no provision is made to

deal with cases where the damping factors must be greatly in~

creased to achieve convergence (i.e. by 10" or more). The danger

of this situation has been indicated by Marquardt and his article

should be consulted (5). We have rarely encountered this dif-

ficulty; amore common problem arises with very small damping con-

stants, but here successful convergence can usually be achieved

if sufficient iterations are allowed.

E. The Evaluation of the B Matrix

The B matrix is constructed from a vector of binary pro-

duct terms of A, which is stored in the array AQ(IM). Advantage

is taken of the symmetry of B; only the terms above the diagonal

need to be evaluated since ᓙ 1 - ᙱ1 3 . The lower half of B can

therefore be obtained by interchange of the indices in the A(I,IJ)

array; this reduces the number of B elements to be computed from

N? to N(N+1)/2.

The binary products of the A matrix are computed in a se-

quence that permits all the elements in a single row of B to be

evaluated simultaneously by a summation procedure which can be

illustrated with reference to a 2*3 A matrix as follows:

T

A ᐞ

ᐛ11 821 431 811 812

&12 822 832 ᐛ21 822

a31 a32

B

(aiiaii +a21a21 *àsia31) (811812 ta2ia22 891892)

(---------------------- ) (a12ai2 *a22a22 + à32a32)

On the first passage through the DO loop beginning at state-

ment 203, the three product terms aj;aj1; 211812; and 812812 are

evaluated and stored in AQ(1), AQ(2), and AQ(3) at statement 218.

The second passage yields ᕒ; ,8᙮1 ᑅ 821822; and a55a;55 which are

added respectively to AQ(1), AQ(2), and AQ(3). The third and

final cycle adds 85 1831 to AQ(1), a31a32 to AQ(2) and a32a32 to

AQ(3), to complete the first, second and fourth elements of B.
The b, element, below the diagonal is equal to bs.
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F. The Partial Derivatives

The differential equations Ôf;/0xy are computed for the pro-

duct and sum functions in the DO loops beginning at statements

207 and 210 respectively..

From equation [3],

fi ^ Toobs ᐨ Ty
TAS

^ Mops ᐨ ᕪ (11)

where T, and A, are the transmittance and Napierian absorbance
ordinates for the calculated curve at wavenumber ν.

It follows that

of; /ox, = 9fi/9A D 98/9-,

-A
ν

Ξ -θ ᐧ BAS Ox,

= ¬, ᐩ dA/ax, [12]

For the product function we may write

T = exp - 59 + ᖤ] [13]

where

P. = 1/ (1 + R2x3) n4)

Pg ᐨ 9xP ᐨ [R'xi] [15]

R = (v ~ x2) [16]
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in which x2,Xx3,x4 have their usual connotation fromequation [1],
x1 = 2.30258x; and a' = 2.302580.

Differentiation yields the expressions

3£,/9xi = ος [171

d£,/dx2 = 2x1 TPP, (xf * PQxS)R [18]

98, /ὅχο = 2x15 TPOP R [19]

df, /dxy = -2xix,TP P R* [20]

3£,/30' = T [21]

Setting

Sp = 2xi TP PGR

= 2xiR* 9f/0xi [22]

equations [18 to 20] reduce to

9£;/8x2 - CO + Px) [23]

3£,/8xs = ~S_xsPQR [24]

9£,/9xX, - “Seek

Likewise, we have for the sum function with xs= 2.30258xs

=e ᑍ 18; 
{251

A, x1P, + X5Pg a

and with the restraint that xy = kxs

P. = exp ~ [R'k'x$] [26]
ᑊ

The expressions for the derivatives are

'

3f,/23xi ᐦ πες 1271

ᐦ [2
]

9f£,/0x2 6X3 [281



where

af; /dxs = -SSR

'
; 

- TP3£,/0xs5 T

ᐦ =af, /da T

Ss = 2XaTR(XIPÉ+XSkK?P )

ᑩ 5525- kat) ]

[29]

[30]

[31]

[32]

[32A]
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THE TEST DATA

As test data for the band fit programs, curves generated

from overlapping systems of four bands are used. These are de-

scribed in connection with Program XIV and are illustrated in

Figs. 1 and 2.

Four Band Test Curve for Product Function

X(1) X(2) X(3) X(4)

0.300 970.0 0.200 0.100

0.600 955.0 0.200 0.200

0.300 940.0 0.100 0.100

0.400 920.0 0.200 0.100

Alpha = 0.05

NP = 200 WB = 1000.0 WI = 0.5

Four Band Test Curve for Sum Function

X(1) X(2) X(3) X(5)

0.200 970.0 0.200 0.100

0.400 955.0 0.200 0.200

0.100 940.0 0.100 0.200

0.250 920.0 0.200 0.150

Alpha = 0.05

NP = 200 WB = 100.0 WI = 0.5 CAY = 0.8
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SPECTRAL BAND FIT OPTIMIZATION PROGRAM

H
R
 
R
H*

*

* BASIC VERSION.
*

* A HO D NEO OH HN ko ADDED HE D ᐊᓇᓇ

J.PITHA AND R.N.JONES,DIVISION OF CHEMISTRY,NATIONAL RESEARCH
COUNCIL OF CANADA,SUSSEX DRIVÉ,OTTAWA,CANADA.

PROGRAM X (PC-116) JULY 12TH.1967.

THIS PROGRAM WILL FIT A CAUCHY,GAUSS,PEODUCT,OR SUM FUNCTION TO

AN INFRARZD ABSOFPTION BAND ENVELOPE.

FOR THE SUM FUNCTION THE FESTRAINT THAT THE RATIO X(4)/X(3) IS

CONSTANT IS APPLIED.

THE SUM FUNCTION REQUIRES A DIFFERENT SET OF INPUT INDEX CARDS

CARRYING X(5) IN PLACE OF X(4).

THIS VERSION IS DIMFNSIONED FOR A MAXIMUM OF TWENTY BANDS AND

TWO THOUSAND EXPERIMENTAL DATA POINTS.

THE BAND INTENSITY INDICES ARE IN ABSORBANCE UNITS BUT THE

COMPUTATIONS WITHIN THE PPOGRAM USE NAPIERIAN LOGAPITHMS.

THE EXPERIMENTAL DATA APE IN UNITS OF WAVENUMBER X10 AND

TRANSMITTANCE X 1000.

THE INPUT WAVENUMBER SEQUENCE IS CHECKED BY SUBROUTINE SORT.

FOR DETAILS SEE N.R.C.C. BULLETIN NO. 12.

DIMENSION IX(2000),1Y(2000),Y(2000),X(81), XP (81) , XB (81) ,G(81) ,
1AM (81) ,PC(20) , PG(20) ,AQ(3321) ,A (81,82) , DIA (81) ,GAST (81) ,

2HEAD1(20) , HEAD2(20)

EQUIVALENCE (1Υ (1) ,¥(1))

IRD=1

IPCH

IPRNT=3

WRITE (IPRNT,400)

READ (IRD,401) HEAD1

READ (IRD,401) HEAD2

HEAD1 AND HEAD2 ARE HEADING CARDS.THEY MAY CARRY ANY DESIRED

INFORMATION.

READ (IRD,403) NDATA,IDECK,NP,M, KURVE,NSEC,NI,MLIST,LIMIT, NONEG

USE NDATA-1 FOR PROCESSING A SINGLE DATA DECK OR THE LAST DECK OF

A SERIES AND USE NDATA-2 FOR CONSECUTIVE DATA DECKS.

USE IDECK=1 FOR PRINTED OUTPUT AND IDECK=2 FOR BOTH PRINTED AND

CARD OUTPUT.

NP IS THE NUMBER OF DATA POINTS.

M IS THE NUMBER OF CALCULATED BANDS.
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USE KURVE=1 FOR PRODUCT FUNCTION AND KURVE=2 FOR SUM FUNCTION,

NSEC IS THE MAXIMUM PERMITTED COMPUTATION TIME IN SECONDS.

NI IS THE MAXIMUM NUMBER OF PERMITTED ITERATIONS.

MLIST CONTROLS THE AMOUNT OF INFORMATION REPORTED ABOUT THE

PROGRESS OF THE COMPUTATION.

USE MLIST=1 FOR MINIMUM PROGRESS FEPORT AND FINAL OUTPUT

ONLY.

USE MLIST-2 FOR ADDITIONAL INFORMATION ON THE EXTREME VALUES

OF THE B MATRIX ELEMENTS DURING EACH ITERATION.

USE MLIST=3 TO PRINT RESTRAINTS APPLIED BY LIMIT AND NONEG.

USE MLIST=4 FOR COMBINATION OF MLIST=2 + MLIST-3.

CALL SETCLK

SETCLK IS A TIMING SUBROUTINE.

USE LIMIT=1 TO RESTRICT THE HALF-WIDTHS OF THE COMPONENT BANDS
WITHIN ΤΗΣ RANGE 1-50 CM.-1
IF LIMIT=2 NO RESTRICTION TO THE HALF-BAND WIDTH IS APPLIED.

USE NONEG=1 WITH THE SUM FUNCTION TO RESTRICT X1 AND X5 TO ZERO
OR POSITIVE VALUES.

IF NONEG=2 NO RESTRICTION IS APPLIED -
NONEG=2 WITH THE PRODUCT FUNCTION.

ALWAYS USE

IF (KURVE.FQ.2) GO TO 13
READ (IRD,404) WB,WI
GO TO 16

READ (180, 404) WB,WI,CAY

CAY DEFINES THE X(4)/X (3) RATIO IN THE SUM FUNCTION CALCULATIONS.FOR CHOICE OF VALUE SEE CAN.J.CHEM. VOL.45 PAGE 2347 (1967)VALUES OF CAY IN THE RANGE 0.6 - 0.8 ARE SUGGESTED.

88 AND WI ARE THE STARTING WAVENUMBER AND THE WAVENUMBER EN
3 

CODING
INTERVAL IN CM.-1 By CONVENTION WI IS POSITIVE FOR àDIMINISHING WAVENUMBER SEQUENCE,

IF (IDECK.EQ.1) GO To 12
WRITE (IPCH,4C1) HEAD
WRITE (IPCH,401) HEAD2
WRITE (ΤΡΗΝΤ, 02) HEAD1
WRITE (IPRNT,402) HEAD2
WRITE (IPRNT,408)
READ (IRD,404) DOWN,UP,CHANGE

DOWN,UP AND CHANGE REGULATE THE SE
à 

ARCH FOR OPT
RECOMMENDED TRIAL VALUES ARE DOWN-0.01 up=1 008.0 tues
WRITE (IPRNT,409) DOWN, UP,CHANGE
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14

15

20

30

31

151

152

155

157

153

154

200

201

WRITE (IPRNT,423) NP,WB,WI
IF (NONEG.EQ.2) GO TO 14

IF (MLIST.LT.3) WRITE (IPRNT,U32)
IF (LIMIT.EQ.2) GO TO 15

IF (MLIST.LT.3) WRITE (IPENT,433)
READ (IRD,405) (IX (1) ,I¥ (1) ,I=1, NP)
IWB=WB*10.049.5

IWI-WI*10.040.5

CALL SORTI (IX,IY,WB,WI,NP,IPRNT,KLENUP,IWB,IRI|
IF (KLENUP.EQ.1) GO TO 30

UP=0.0

DOWN=0.0

CHANGE=0.0

IF (NDATA.EQ.2) GO TO 11

STOP

DO 31 I=1,NP

Y (1) Ξ1Υ (1) *0.001

58500066ER ΤΝΕΙΤ SECTION oeekbeoetotoooooktolorookeoreioroorer

N-u*Me1

N+1

IF (KURVE.EQ.2) GO TO 151

WRITE (IPRNT,416)

GO TO 152

WRITE (IPRNT,417)

READ (IRD,UOU) X(I),X(J),X(K),X(L

X(I),X(J),X(K) AND X(L) ABE THE SPECTRAL INDICES FOR EACH BAND.

IF (KURVE.EQ.2) GO TO 155

WRITE (IPPNT,410) X(I),X(J),X(K),X (±

GO TO 157

XG-X(K) *CAY

WRITE (IPRNT,806) X(I),X(J),X(K),XG,X (1)

X(L) 22. 30258*(1)

X(I) -2.30258*X(1)

CONTINUE

READ (IRD,UOU) X(N

WRITE (IPRNT,418) X(N)

X(N) 22.30258*X(N)

DO 154 I=1,N

ΧΒ (1) =X (1)

ΚΑΛΑ OR ou DO ΚΑ (G, AQ,F) SECTION HOR RRR

DO 201 I=1,N

G(1)=0.0
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202

203

206

207

209

210

212

211

218

219

Do 202 I=1,NAL

AQ (I) =0.0

FS-0.0

DO 218 II-1,NP

W=IX (11) *0. 1

CALL ΡΟΙΝΤΊ (X,PC,PG,W,AC,M,N,CAY,KURVE

TC-EXP (-AC)

F-Y(I1)-TC

FA=ABS(F)

IF (FM.GE.FA) GO TO 206

ΕΜΞΡΑ

PS=FS+P*F

IF (KURVE.EQ.2) GO TO 210

DO 209 I=1,M

L=K+M

AM (1) =TC#PG(1) *PC(I)
R=W-X (J)

+ O*AM (1) ΑΧ (1) *R

AM (J) -SP* (X (L) *X (L) +X (K) *X (K) *PC (1))
AM (6) --SP*R*X(K) *PC (I.
AM (1) =-SP*R%X(1)

TO 211

R=W-X (J)

AM(I)-TC*PC(1)
à Gr QT (X (1) PC (1) *PC (1) «ΟΛΥΚΟΛΥΚΧ (1) *PG(1) ) *8*‡ (K)
AM (J) =SS*X(K)

AN (8) =~55*3

AM (1) =TC*PG (I)
AM (N)-TC
18-0

DO 218 I=1,N

ΛΗΤΞΛΗ (I)

6 (1) =G (1) +AMI*F
DO 218 IJ-I,N

IM=IM+1

ÀQ (I3) 5AQ(IM)*AMI*AM (Ta)
FSM-FS

IM=9

DO 219 r-1,N

DO 219 IJ-I,N
ΤΗΞΤΗ1

A(I,IJ)-AQ(IM)
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220

221

224

226

227

229

228

ADMIN-1.0E«10

ADMAX--1.0E«10

DO 227 I-1,N

GO TO (224,22C,224,220),MLIST
IF (A(I,I).GE.ADMIN) GO TO 221
ADMIN=A(I,I

MINAD-I

IF (ADMAX.GE.A(I,I)) GO TO 224
ADHAX-A(I,I)

MAKAD=I

1? (A(I,1).GT.1.0E-10) GO TO 226

DIA(I)-0.0

GO TO 227

DIA(I)-1.0/SQRT(A (1, 1) )

GAST(I)*G(I)*DIA (1)

IM=0

AMIN=1.0E+10

AMAX=-1, 0E-10

DO 228 I=1,N

DIAI=DIA(1)

DO 228 IJ-I,N

IM=IM+1

AQ (IM) =A (I, IJ) *DIAI*DIA(12)

GO TO (228,229,228,229),MLIST

IF (I.EQ.IJ) GO TO 228

IP(AQ(IM).GE.AMIN) GO TO 231

AMIN-AQ(IM)

MINA

MINA2-IJ

IF (AMAX.GE.AQ(IM)) GO TO 228

AMAX-AQ(IM) -

MAXA

MAXA2-IJ

CONTINUE

61-0 ,0

DO 233 I-1,N

61-6 (1)

61-61+61*61

SM=-2.0*GL

GL=SQRT(GL

THERE IS AN APPROXIMATION IN THE EVALUATION OF SM BUT WE FIND NO

SIGNIFICANT IMPROVEMENT IN ACCURACY OR CONVERGENCE RATE WHEN

THE EXACT FORMULA IS USED. IT HAS NOT BEEN GENERALLY
INTRODUCED AS IT OCCASIONALLY CAUSES NUMERICAL DIFFICULTIES.

CALL RDCLK (TIME)

RDCLK IS A TIMING SUBROUTINE.

ISECS=TIME+0.5

WRITE (IPRNT,407) FS,GL,WFM,FM,NIT,ISECS

+e eR RK RK KKH MATRIX DATA OUTPUT SECTION ** #2 Ra RK a+ oR Rok
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GO TO (250, 249,250,249) ,MLIST

249 WRITE (IPRNT,424) MINAD, MAXAD, ADMIN, ADMAX, MINA1,MINA2,ANIN, MAXA1,

1MAXA2,AMAX

251

252

260

261

266

262

263

270

279

275

272

274

269

271

265

267

278

A DO HEROIR (ᕈ, INVERT, XP)

IM=0

DO 251 I=1,N

DO 251 IJ=I,N

IM=IM+1

AQIM=AQ(IM)
A(I,IJ)-AQIM

A(IJ,I)-AQIM

GO TO (260,261,262,263,311),1T

P=P1L

GO TO 265

IF (FS.LE.FS1) GO TO 266

P=P1L* DOWN

Go TO 265

P=P1L¥*UP

Go TO 265

P=P1*CHANGE

GO TO 265

X3=1.0/P1

X4=1.0/P2

DET-X3*X3*Xü*YU*Xuü-X3*X3*X3*Xü*XU

IF (DET.EQ.0.0) GO TO 269

AP1=X3*X3* (FS2-FS-SM*X4)

AP2=X4*X4* (PS1-FS-SM*X3)

AI-6.0*(AP1-AP2)/DET

BI-2.0*(XU*AP2-X3*AP1)/DET

DET-BI*BI-2.0*AI*SM

IF (DET) 269,279,270

DET-SQRT (DET)

IF (AI.EQ.0.0) GO TO 269

X3=(-BI+DET) /AI

Xü- (-BI-DET)/AI

IF (X3.LE.0.0) GO TO 272

IF (X4.LE.0.0) GO TO 275

IF (X4.LE.X3) GO TO 274

P=1.0/X3

GO TO 265

IF (14.18.0. 0) GO TO 269

P=1.0/K4

GO TO 265

P=10000.0

WRITE (IPRNT,411)

IT=IT+1

DO 278 I=1,N

A(I,I)-A(I,I)*P
A(I,N1) =-GAST(I)

DO 282 I=1,N

AII-A(I,I)

SECTION He GIS ICI ας ας a icici ack
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IP (AII.EQ.0.0) GO TO 284ᐁᗘ1¶- 1᙮ 0/ 511 
28

po 281 J=I,N1 
3220

281 A(I,d) -PIV*A(I,J] 
3270

po 282 K=1,N 
3280

1? (I.EQ.K) GO TO 282 
3290

0-3 (6, 1) 
3300

po 285 J=1,N1 
3310

285 A(K,J) =A (Ky J) -Q*A (X, 9) 
3320

282 CONTINUE 
3330

GO TO 286 
3340

284 WRITE (IPRNT,412) 
3350

Go TO 314 
3360

286 DO 288 151,Ν 
3370

288 XP(I)-X(I)*A(I,N1)*DIA (1) 3380 |
3390

4 BOUNDARY CONDITIONS TO LIMIT THE RANGES OF x(1) ,2(3) ,2 (4) XX (5) 3 3u00 |
3410

IF (KURVE.EQ.2) GO TO 540 E 3420 |
3430

THE PRODUCT FUNCTION. 
3440
3450

IF (LIMIT.EQ.2) GO TO 299 
3460

Do 505 151,ᕼ 
3470

J=1+M 
3480

K=J+M 
3490

L-K*M 
3500

XPK=ABS (XP (K)) 
3510

XPL=ABS (XP (1) } 
3520

IP (XPL.LE.1.0) GO TO 500 
3530

XPL-1.0 
3540

IF (MLIST.LT.3) GO TO 500 
3550

WRITE (IPBNT,427) XP(J) 
3560

500 IF (XPK.LE.2.0) GO TO 501 
3570

XPK=2.0 
3580

1? (MLIST.LT.3) GO TO 506 
3590

WRITE (IPRNT,u27) ΧΡ] 
3600

GO TO 506 
3610

501 iP (XPK.GT.0.03) GO TO 506 
3620

1? (XPL.GT.0.0333) GO TO 506 
3630

XPL-0.0333 
3640

IF (MLIST.LT.3) GO TO 506 
3650

WRITE (IPRNT,428) XP(J) 
3660

506 IF (XP(K).LT.0.0) GO TO 503 
3670

XP (8) =XPK 
3680

Go TO 507 
3690

503 ΧΡ (6) =-XPK 
3700

507 IF (KP(L)-LT-0-0) Go TO 504 3710
XP (L) =XPL 

3720
Go TO 505 

3730
504 ΧΡ (1) =-XPL 

3740
505 CONTINUE 

3750
60 TO 299 

3760
3770
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540

550

551

552

553

557

554

558

559

555

556

299

THE SUM FUNCTION.

550IF (LIMIT.EQ.1) GO TO

IF (NONEG.EQ.2) GO TO 299

DO 556 1-1,ᕼ

XPI-XP (1)

XPK-ABS (XP(K))

XPL-ABS(XP(1) )

IP (LIMIT.EQ.2) GO TO 559

IF (XPK.LT.2.0) GO TO 551

XPK-2.0 ;

IF (MLIST.LT.3) GO TO 552

WRITE (IPRNT,427) XP(J)

Go TO 552

IF (XPK.GE.0.042) GO TO 552

XPK-0.042

IF (MLIST.LT.3) GO TO 552

WRITE (IPRNT,428) XP(J)

IF (XP(K).LT.0.0) GO TO 553

XP (8) =XPK

60 TO 557

XP (8) =-XPK

IF (XP(L).LT.0.0) GO TO 554

ΧΡ (1) -XPL

GO TO 558

XP (L) --XPL

IF (NONEG.EQ.2) GO TO 556

IF (XPI.GE.0.0) GO TO 555

ΧΡ (I)-XB(I)*0.1.

IF (MLIST.LT.3) GO TO 555

WRITE (IPRNT,429) XP(J)

IF (XP(L).GE.0.0) GO TO 556

ΧΡ (L) =XB (L) *0. 1

NOTE THAT IF X1 OR X5 GOES NFGATIVE WE REDUCE IT TO ONE TENTH OF

THE VALUE FOUND IN THE PREVIOUS ITERATION.

IF (MLIST.LT.3) GO TO 556

WRITE (IPRNT,430) XP(J)

CONTINUE

ᒂ # ± ¥ ¥ ¥ ±# # #* ¥ # IIS I ROI IOI 3 ᒂ ak:

FSP=0.0

JSKI

KSKIP=1

DO 301 II-1,NP

W=IX (11) *0.1

CALL POINT! (XP,PC,PG,W,AC,M,N,CAY,KURVE)
IF (AC.GT.-2.0) GO TO 304

34

(FSP) SECTION ο...
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3960
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ᕆ
ᑦ

300

304

302

307

310

301

305

303

306

308

309

317

IF (JSKIP.EQ.2) GO

WRITE (1ΡΕΝΤ, 25)

JSKIP=2

TC=7.3891

GO το 310

IF (AC.LT.10.0) GO

IF (KSKIP.EQ.2) 60

KSKIP-2

WRITE (IPRNT,426

TC=0.000045

GO TO 310

TC=EXP (-AC)

ΕΞΥ(11) -το

FSP=FSP+F*#F

IP (FSM.LE.FSP) GO

NOTE IF RESTRAINTS ARE APPLIED,THE PROGRAM CAN BRANCH BACK HERE ON

THE FIRST CYCLE TO REPETITIVEL

INDICES.THIS INDICATES THAT THE GUESSED INDICES (WITHOUT

RESTRAINTS) FIT BETTER THAN THE COMPUTED INDICES (WITH

RESTRAINTS). IF IT HAPPENS RERUN WITH MLIST-2 AND CHANGE THE

INPUT INDICES.

FSM-FSP

DO 305 I-1,N

XB(I)=XP(1)

IF (FS1.LE.FSP) GO

FS2=FS1

P2-P1

FS1=FSP

P1-P

GO TO 3C8

IF (FS2.LE.FSP) GO

P2-P

FS2=FSP

GO TO (250,309,250,309),MLIST

TO 300

TO 307

TO 302

TO 303

TO 306

TO 308

WRITE (IPRNT,414) P,FSP

GO TO 250

DO 312 I=1,N

Joa EHO OR RIRE TERMINAL SECTION 4436 # 3 ᗉ HE RE ± # ᑑᑦ

X(T) -XB(I)

NIT

TERM=FSM

IF (TEST.GE.1.002) GO TO 315

WRITE (IPENT,436)
GO To 314

IF (NIT.LE.NI) GO TO 316

WRITE (IPRNT,437)

GO TO 314

IF (GL.GE.0.0001) GO TO 317

WRITE (IPENT,438)

GO TO 314

IF (ISECS.LE.NSEC) GO TO 320

35

Y OUTPUT THE ORIGINAL GUESSED
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4400
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4460

4470

4480

4490

4500

4510

4520

4530

4540

4550

4560

4570

4580

4590

4600

4610

4620

4630

4640

4650
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320

314

325

327

328

400

1 OPTIMIZATION PROGRAM BASIC VERSION.* ⁄)01

402

403

404

405

406

407

408

409

410

WRITE (IPRNT,439)

ο 314

` (P8: 62:0. 061) GO TO 200
WRITS (IPRNT,440)

a ᔣ (

IPENT,

1175 (15887,4191 FSM,DIS, FM,WFM
IF (KURVE.EQ.2) GO TO 318

WRITE (IPENT,416)

DO 319 1-1,ᕼ

ᒍ-1+#

8-ᒍ+8

L=K+M

‡ (1) =0.43429*x(1)

IF (IDECK.EQ.1) GO TO 319

WRITE (IPCH,42C) K(1),X(J),X(K),K(L)

WRITE (IPRNT,410) X(I),X(J),X(K],X(L)
X(N) -0. 43429*2(¥)

IF (1086.80. 1) GO TO 322

WRITE (IPCH,434) X(N)

WRITE (IPENT,413) X(N)

GO TO 328

WRITE (IPRNT,417)
DO 325 1-1,ᕼ
J-I«€M

K=J+M

L=K+M

X (1) =0.43429%%X(1)

X(L) -0.43429*X (1)
XG-X(K) *CAY

IF (IDECK.FQ.1) GO TO 325
WRITE (IPCH,421) X(1),X(J) ,X(K) , X (L)
WRITE (IPRNT,406) X (1) KCI), X (K) „ 6, ᕽ (L)
X(N) -0. 43429*2(3)

IF (IDECK.EQ.1) GO TO 327
WRITE (IPCH,435) X(N)
WRITE (IPRNT,422) X(N),CAY
WRITE (IPENT,u31)
60 TO 20

FORMAT (‘1PITHA AND JONES. PROGRAM X (PC-116) SPECTRAL BAND PIT
FORMAT (20A4)
FORMAT (1X, 2034)
FORMAT (1015)

FORMAT (4715.5)
FORMAT (8(15,14,1x)]
FORMAT (1X,5(6X,r15.5]]
FORMAT (5X,2HFS,E12. #,8X,2HGL,E12. 4, 7X, 3HWEMTeBHNIT,13,4X,SHISECS, 15)
FORMAT ('OrNPUT PARAMETERS, «

535 < -ᑁᓁᖓ~ᖓ-ᓋᓍᑾ-

FORMAT xsd (edo RTS ayy ο 71 2HUP, E32. 6, 7X, CHANGE, E14. 6]
FORMAT (1X,4(6X,P15.5))
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5 88 ᑉ (13," TFOUBLE WITH EVALUATION OF P,CHECK MATRIX DATA OUTPUT.

412 FORMAT (1X, ‘TERMINATED BY TROUBLE WITH SOLUTION OF EQUATIONS.«|
413 FORMAT (4X,7HALPHA =F8.5/,"OSOLVED FOR PRODUCT,CAUCHY OR GAUSS FUN

ICTION.'/* (PUEE CAUCHY IF X(4)=0 OR PURE GAUSS IF X(3)=0)")

414 FORMAT (64X,1HP,E14.6,8X,3HFSP,E14.6)

415 FORMAT (111, '

'/1X,17HOUTPUT PARAMETERS)
416 FORMAT (*0',15X,0HX(1) , 173 , 481 (2) , 171, ΜΗΧ (3) , 17X,4HX (4) )
At postr C108, 15X, 4HX (1) , 17X,4HX (2) , 17K,ΦΗΧ (3) ,17X,4HX (4) , 17%,4HX (5)

418 FORMAT (UX,7HALPHA

1

419 FORMAT (181,38356, 514. 6, 7X , 3HDIS, E18, 6, 7X ,2HFH, E18. 6, 7X 3HREN, PT. 1
1) ᐡ

420 FORMAT (4#15. 5, 53, 7HPRODUCT)

421 FORMAT (4F15.5,9X, 3HSUM)

422 FORMAT (X, 7HALPHA 7,F8.5/'0SOLVED FOR SUM FUNCTION WITH X4 =',F5.

12,44 X3.) ᑍ

423 FORMAT (*0ᔆ , 191, 2ᕼᕼᐷ , 16, 17X, 2HWB,F8. 1, 13X,2HWI,F5. 1)
424 FORMAT (/UX,SHMINAD,IU,13X,SHMAXAD,IU,121, SHADMIN,E14.6, 5X, SHADMAX

1,E14.6/4X,5HMINA1,14,1X, SHMINA2,14,3X,4HAMIN, E14. 6,3X,5HMAXA1,14,
23X,5HMAXA2,14, 3X,4HAMAX, E14. 6)

425 FORMAT (‘OTHE MAXIMAL ALLOWED TRANSMITTANCE HAS BEEN EXCEEDED.ᕽ)

426 FORMAT (‘OTHE MINIMAL ALLOWED TRANSMITTANCE HAS BEEN EXCEEDED.')

427 FORMAT ('OMINIMAL HALF-WIDTH FOR BAND AT',F7.1,6H CM.-1)

428 FORMAT ('OMAXIMAL HALF-WIDTH FOR BAND AT‘,F7.1,6H Ct.-1)

429 FORMAT ('CX1 HELD POSITIVF AT',F6.1,6H CM.-1)

430 FORMAT (*0X5 HELD POSITIVE AT',F6.1,6H CM.-1)

431 FORMAT ('OFSM IS THE VALUE OF THE MINIMIZATION FUNCTION.'/,

110015 IS THE DISCREPANCE IN THE TRANSMITTANCE DIFFERENCE (ROOT MEA

28 SQUARE OF THE RESIDUALS).'/,'0FM IS THE MAXIMUM ORDINATE DIFFERE

3NCE.'/,'OWFM IS THE WAVENUMBEP OF THE MAXIMUM ORDINATE DIPFERENCE.

ut)

432 FORMAT ('ORESTRAINTS TO HOLD X(1) AND X(5) POSITIVE HAVE BEEN APPL

VIED.")

433 FORMAT ('ORESTRAINTS TO HOLD THE HALF-WIDTHS BETWEEN 1 AND 50 CM.-

1-1 HAVE BEEN APPLIED.")

434 FORMAT (F15.5,50X, 7HPRODUCT)

435 FORMAT (F15.5,54X, 3HSUM)

436 FORMAT ('OTERMINATED BECAUSE GF SLOW CONVERGENCE.ᒻ /)
437 FORMAT ('OTERMINATED BY ITERATION LIMIT.'/)

438 FORMAT (*OTERMINATED BY LOW VALUE OF GL.'/)

439 FORMAT ('OTERMINATED BY TIME LIMITATION.'/)

440 FORMAT ('OTERMINATED BECAUSE FM HAS REACHED MINIMAL SIGNIFICANT VA
1LUE. '/)

END
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SUBROUTINE SOFT? (IX,IY,WB,WI,NP,IPRNT,KLENUP,IWB,IWI)

SUBROUTINE SORT CHECKS FOP ERRORS IN THE INPUT WAVENUMBER DATA.

A LIMITED NUMBER OF WAVENUMBER SEQUENCE ERRORS ARE CORRECTED

BUT SEQUENCE ERRORS IN EXCESS OF 160 DATA PGINTS (20 CARDS)

OR ANY OTHER TYPE CF WAVENUMBER EPROR WILL TERMINATE THE

COMPUTATION,AS ALSO WILL A DISCREFANCY BETWEEN IWB AND THE

STARTING WAVENUMBER.

THE WAVENUMBER POSITIONS OF THE CORRECTIONS AND OF A TERMINATING

ERROR ARE RECORDED.

IF CORRECTIONS ARE MADE,CCRRECTED INPUT DATA ARE LISTED IN FULL.
IF A TERMINATING ERROR IS FOUND THE UNCORRECTED INPUT DATA ARE

LISTED IN FULL.

DIMENSION 11 (2000) ,IY ( 2006) ,ITEMPX (160) ,X1(160) ,ITEMEY (160)
IF (1X(1).EQ.IWB) GO TO 10
WRITE (IPRNT,456)

KLENUP=2

RETURN

MM=1

DO 11 I=2,NP

IW-IWB-IWI* (1-1)

IF (18 .?0.11 (1)) GO TO 11
XX=IX (1)

TEST- (WB-0.1*XX) /W1

NTEST-TEST«0.005

IF (ABS(TEST-NTEST) .GT.0.005) 60 TO 12
ITEMPX (MM)-IX(I)

ITEMPY (MM)-IY(I)

MNSMIAT

IF (MM.GT.160) 60 TO 13
CONTINUE

IF (MM.GT.1) GO To 14
WRITE (IPRNT, 451)

KLENUP=1

RETURN

XX I=IN (I-1) *0. 1- 4T
WRITE (IPRNT,452) 111
KLENUP-2

RETURN

WRITE (IPRNT,453) ;
Efaire ο GX(G),IY(I), I-1,Np)

NN=MM-1

DO 17 ΗΗ-Ξ1, ΝΝ

K1=1+(INB-ITEMPX MM 181IX (61) =ITEMPY (047 ne
IY (K1) =ITEMPY(MM)
XT (44) -IX (K 1) #0. 1
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450

454

452

453

454

455

456

WRITE

WRITE

60 TO

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

END

(TPRNT,4SO) (81 (ΜΗ),MZ 1, NN)

(IPRNT,454) (IX(I),IY (1) I-l,NP)

15

({OWAVENUMBER CORRECTIONS AT*/, 12 (21, 16.1 239)

({QWAVENUMBER SEQUENCE IS CORRECT.')

('CTERMINATED BY ERROR AT',F6.1,6H CM. 1)

('OTERMINATED BY MULTIPLE WAVENUMBER SEQUENCE 
EPRORS.')

('OREARRANGED INPUT.'/,9(0X,215))

(*OUNCOERECTED INPUT.'/,9(41, 215]
('OTERMINATED BY AN ERFOR IN THE STARTING WAV

ENUMBER.')
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SUBROUTINE POINT] (X,PC,PG,W,AC,M,N,CAY,KURVE)

SUBROUTINE POINT CALCULATES THE ORDINATES OF THE COMPUTED BAND

ENVELOPE.

DIMENSION X (81) ,PC(20) ,PG (20)

AC=0.0

DO 10 I-1,M

JeI*M

RSQ-R*R

PC (1) 21.07 (1.0*X (K) *X (K) *850

IF (KURVE.EQ.2)] GO TO 12
PG (I)-X(L)*X (1) *850

60 TO 13

PG (1) =CAY*CAY*X(1) *X (K) *850
IF (PG(I).LT.10.0) GO TO 14
PG (I) =0.0

GO το 16

PG (I) «EXP (- PG(1))

IP (KURVE.EQ.2) GO TO 17

AC- X(I)*PC(1) *PG(I)*AC
GO TO 10

AC-X (1) *PC(I)*X(L)*PG(I) «AC
CONTINUE

AC-AC«X(N)

RETURN

END
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PITHA AND JONES. PROGRAM X (PC-116) SPECTRAL

FEBRUARY 24D.1968 — PROGRAM X (PC-116]]
7008 BAND TEST DECK. PRODUCT PUNCTIOM.

IMPUT PARAMETERS.

DOWN 0.1000008-01 UP 0.1000002 ou

ᗘ» 200 wB 1000.0

WAVEWINBER SEQUENCE IS CORRECT,

xo) x) rn
0.27000 968.50000 0. 18000
0.6 2006 957.00000 0.22000
0.32000 941200000 0.12000
0.37000 9718-00000 0.22000

ALPHA = 0.02000

CHANGE 0.5000002 00

WI 0.5

xen

0.12000

0. 18000

0.12000

0.12000

FS 0.296Ce 01 GL 0.16238 02 MEN 952.5
FS 0.180%E 00 GL 0. 11748 OT wr 953.5
FS 0.8375£-02 GL 0.206uF 00 MFA 957.5
FS 0.3347e-04 GL 0:132SE-01 WFn 952.0
TS 0.1748E-08 GL 0. 20138-03 WFH 969.5

TERMINATED BECAUSE OF SLOW CONVERGENCE.

OUTFUT PARAMETERS

rsa 0.1748468-04 DIS 0.2956748-03

x0 1 (2) x)
0.29972 969.99951 0.19925

0.59997 954.99902 0.20020

0.29993 939 991756 0.09980
9.39994 926.00098 0. 20006

ALPHA = 0.05008 $

SOLVED FOR PRODUCT,CAUCHY OP GAUSS FUNCTION.

(PURE CAUCHY IF £ (ᑲ) -ᑎ OR PURE GAUSS IF X(3)=0)

198 IS THE VALUE OF THE AINIAIZATION FUNCTION.

FM 0.2766r 00

FM 0.9665E-01

FH 0.290ug-01

FM 0.1428£-02 NIT

PR 0.7316E-03 817

FTH 0.7315872-03

1 (0)
0.10054

0.19981

0.10013

0.09998

BAND FIT OPTIMIZATION PROGRAM BASIC VERSION.

5
ω
ν
-
ο

wen

DIS IS THE DISCREPANCE IM THE TRANSMITTANCE DIFPERENCE (ROOT MEAM SQUARE Of THE RESIDUALS).

FM IS THE MAXIMUM OPDI TE DIFFERENCE.

Wen IS THE WAVENUMBFP OF THE MAXIMUM ORDIMATE DIFFERENCE.

1secs

ISECS

ISECS

ISECS

ISECS

969.5

E
D
I
T
I



PITHA AND JONES. PROGRAM X (PC-116) SPECTRAL BAND FIT OPTIMIZATION PROGRAM BASIC VERSION

FEBRUARY 239-1968 — PROGRAM X (PC-116)

POUR BAND TEST DECK. 508 PUXCTION cay = 0.8

INPUT PARAMETERS+ oun 0.1000008-01 UP 0. 1600002 où CHANGE 0.500000 00

we 200 8 1000.0 wr 0.5

2495306918 55008868 IS CORRECT.

xO αι ETE τω
o: fto 960: 00000 0:18000 0-14800
0.37000 95300000 0122000 0: 17500

0: 1000€ 942,00000 0.11000 0.08800
0.26000 91900000 0121000 0.16800

ALPHA = 0.02600

Fs 0.43012 01 GL 0.15668 02 urn 927.5 En 0.1469r 00 MIT 0

FS 0-16678-01 GL 0160702 00 MER 956.5 ?» 0.3637:-01 12? 1

TS 0.2021E-02 GL ο:14125 00 WFR 968.0 PR 0.8336E-02 MT 2

FS 0.2908£-04 61 0. 3263Ε-01 MFR 985.5 FH 0.11292-02 MIT 3

FS 0-15482-0% ᔔ 0: 136332-02 uEn 98305 TM ,0:8870£-03 MIT ᙵ

TERRIWATED BECAUSE FH MAS REACHED MINIMAL SIGNIPICANT VALUE.

OUTPUT PARAMETERS 5 7 2335
FSH 0.153626:-00 © DIS 0.2771518-03 γα. 0.0870362-03 wes

xn xn 1(3) των
0, 20002 976,00488 0.20018 9. 16015
2140775 954: 95878 019959 0115975
0109552 939297925 9: 10035 008028
0.25119 926100195 0119965 0115972

ALPHA = 0.00997

SOLVED FOR SUM FUNCTION WITH X4 = 0.80 x2.

FS IS THE VALUE OF THE MINIMIZATION FUNCTION.

DIS IS THE DISCREPANCE IN THE TFANSRITTANCE DIFFERENCE (ROOT MEAN SQUARE OF THE RESIDUALS).

FN IS THE NAXINUN OPDINATE DIFPERENCE.

Wen IS TH£ WAVENUMBER OF THE MAXIMUN ORDIMATE DIFFERENCE.

ᕁ (5)
9.11000

0.22000

0.18000

0. 16000

Isecs 2

Isics 6

ISECS 19

πες 13

ISECS 17

0.20338

0. 18981
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PROGRAM XI

Band Fit Optimization Program with Moving Subspace

(PC-117)

This program was developed to deal with long sections of

spectra. It will probably prove more efficient and economic in
computer time than the Basic Version if the number of bands ex-

ceeds about twelve, but this has not been systematically examined.

When fitting long sections of spectra it is our current practice
to break the curve into units of 8 to 12 bands and optimize the

sections separately using the Basic Version. The complete curve

is then processed through the Multiplet Version using the output

indices from the sectionally optimized computations as input in-
dices. Sucha "trimmer run" effectively smooths the break points.

The program described here is dimensioned for a maximum of 20
bands and 2000 data points.

Equation [6] may be rewritten

I-K I=K+MULT
ᕒ " X,WTC (η) EXP [seem + 1X yy) + ha Wy (XW)

I=M

+ l sun) (331
I=K+MULT+1

where

Vr (XW) = ᕽ) (1+ X(1+2m) ® - ×,᙮᙮) ? `

= 2 34‘EXP ~ [tss (¥ ᐨ X (14m)ᓮ ] Eta

Only the "active subspace" section of the X yector within

the braces is optimized. As the program 1S written, this eee
sists of the indices of from two to five consecutive bands te

gether with the baseline variable a. The number of bangs in the

variable subspace is defined by MULT. The program a rate `
two iterations within each defined subspace. This n er 3

controlled by the computed GO TO statement following Staten a

312; it can easily be puer miss ce tI ET m
ired number ο cy ᑍ à 5 À

Pon coats ce that the terminal band of one subjectis carr
ied



i This process continuesand of the next subset.

πο adi ᑴ 58 have been adjusted and the cycle then re-
commences.

The version of the program published here operates only on
the product function; the facility to restrict the pe Ad
widths within the range 1-50 cm.- _under the control or ᐛ M a
is retained, but the NONEG restraint on negative pea eights
is not needed.

A multiplet version of the unrestrained sum function is
provided in Program XVIII in Bulletin 13.

A. The Input Data

Cards 1 and 2 are the samé as for the Basic Version (p. 11).

Card 3 carries nine fixed point instructions in format 915;
these are consecutively NDATA, IDECK,NP,M,NSEC,NI, MLIST, MULT,LIMIT. The number of bands inthe active subspace (range 2-5) is MULT and the
other instructions are the same as for the BasicVersion (p. 11).

Card 4 carries the two floating point instructions WB and WIin format 2F15.5 (p. 12).

Card 5 carries the floating point instructions for DOWN, UPand CHANGE in format 3F15.5 (p. 12).

Card Deck 6 is the main input data deck carrying the NP ex-perimental data points,

Card Deck 7 is the deck of M cards carrying the 4M inputband indices (p. 13),

Card 8 = = input value of the baseline constant aΡ.13).

B. Description of the Multiplet Program

The number of variables in the i 
i

ies Eum uc eut Section. The Complete Set of input in-

read into the array XS(I). κ and N3 are i

pie gras the initial and terminal bands of the Bettye s
En ` n the number of the iteration within the given oper-

dE de Space. This may be Zero, one or two, under the con-

8 computed GO qo Statement following Statement 312.



The major modification from the B
Activation Section. This provides fo
of the bands in the active subspace.
at statement 180, the values of N2 and
against M to determine when a complete
and in the terminating sequence of th
equal M, retaining an increased overla
space, should this be necessary.

asic Version occurs in the
r the selection and exchange
In the first part, ending
N3 are set; N3 is checked

P with the preceding sub-

In the DO loop following statement 181, the arrays X(I) and
XB(I) of the active subspace are filled from XS(I), and the back-
ground index ᗭ is added, all ordinate indices have previously
been transposed to Napierian absorbance units. In the large DO
loop which begins shortly after statement 184, the ordinate con-
tributions from the bands lying outside the active subspace are
computed and stored in the array YS(II). They are introduced as
needed in Subroutine POINT (X). It should be noted that within
the wavenumber range of the active subspace these comprise a wing
correction.

The remainder of the program follows that of the Basic Ver-
sion closely. In the (G,AQ,F) Section, the G vector is calcu-
lated along with the elementsof the B matrix and of the values
of FS for the region within the active subspace. FM and WFM

are evaluated over the complete spectrum; a small change in the

FORTRAN notation is the replacement of G(I) by PRD(I) for the

gradient vector. After the first optimization in a given sub-

Space, the improved values for the indices are transferred to

the XB(I) array at statement 312 and the next iteration is ini-

tiated. After the second optimization the improved values are

transferred to the main array of indices (XS(I)) in the DO loop

beginning at statement 330.

The same tests for termination are applied as for the Basic
Version, with the exception of the TERM/FSM convergence test

which is omitted. The printout lists the active subspace ranges

for each iteration cycle so that the regions of the spectrum most

Sensitive to the optimization process are readily identified.

When setting up the program it should be noted that the number

of permitted iterations (NI) relates to the total number of it-
erations, calculated as two for each active subspace for each

cycle through the spectrum.

i i tines SETCLK and RDCLKThis program calls the library subrou i

which are discussed in Bulletin 11. If these are not available

appropriate alterations have to be made to the program.

The four band test data set (Figure 1) is used with the
bands taken two at a time (MULT-2).
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AND AH EH DD RO oe ED EE D CK

SPECTRAL BAND FIT PROGRAM
M 

*

ᑍ 

*

* VERSION WITH MOVING SUBSPACE. *x 

*

* 

*

3 Rokokolkokokokokok Xolololokokokototookol ooo IC ISIS SIOIO IBIS -‰ᓋ‰ᓋ@ᓋ=###--#----#----#<~

J.PITHA AND R.N.JONES,DIVISION OF CHEMISTRY, NATIONAL RESEARCH
COUNCIL OF CANADA,SUSSEX DRIVE,OTTAWA,CANADA.

PROGRAM XI (PC-117) JULY 12TH. 1967

THIS PROGRAM WILL FIT A CAUCHY,GAUSS CR PRODUCT FUNCTION TO AN
INFRARED ABSORPTION BAND ENVELOPE.IT WILL NOT FIT A SUM

FUNCTION,BUT COULD BE MODIFIED TO DO THIS.

THIS VERSION IS DIMFNSIONED FOR A MAXIMUM OF TWO THOUSAND DATA

POINTS AND A MAXIMAL FIVE BAND SUBSPACE WITH ONE BASELINE

VARIABLE.

THE TOTAL NUMBER OF BANDS IN THE SPECTRUM IS LIMITED TO TWENTY.

THE BAND INTENSITY INDICES ARE IN ABSORBANCE UNITS BUT THE

COMPUTATIONS WITHIN THE PROGRAM USE NAPIERIAN LOGARITHMS.

THE EXPERIMENTAL DATA ARE IN UNITS OF WAVENUMBER X10 AND

TRANSMITTANCE X 1000.

THE INPUT WAVENUMBER SEQUENCE IS CHECKED BY SUBROUTINE SORT.

FOR DETAILS SEE N.R.C.C. BULLETIN NO.12.

dokkoolekokddokookoeioelotoioleioeeor. INITIAL SECTION «44 (0 ao aOR 8 HO

DIMENSION IX(2000),1Y(2000),Y(2000),X(21) , XP (21) ,XB (21) , PRD (21) ,

1AM (21) , PC (5) ,PG (5) ,YS (2000) , 80 (231) , A (21,22) ,XS (81) , GAST (21) ,

2DIA(21),HEAD1(20), HEAD2(20)

IRD=1

IPCH=2

IPRNT=3

WRITE (IPRNT,400)

READ (IRD,401) HEAD!

READ (IRD,401) HEAD2

HEAD1 AND HEAD2 ARE HEADING CARDS.THEY MAY CARRY ANY DESIRED
INFORMATION.

READ (IRD,403) NDATA,IDECK,NP,M, NSEC, NI,MLIST,MULT, LIMIT

USE NDATA=1 FOR PROCESSING A SINGLE DATA DECK OR THE LAST DECK OF

A SERIES AND USE NDATA=2 FOR CONSECUTIVE DATA DECKS.

USE IDECK=1 FOR PRINTED OUTPUT AND IDECK=2 FOR BOTH PRINTED AND

CARD OUTPUT.

NP IS THE NUMBER OF DATA POINTS.

M IS THE NUMBER OF CALCULATED BANDS.

10

30
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45

50

55

60

70

80

90

100

110

120

130

140

150

160

165

170

180

190

200

210

220

230

240

250

260

270

280

290

300

310

320

330

340

350

360

370

380

390

400

410

420

430

440

450

460

470

480

490

500

510
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12

15

20

30

31

NSEC IS THE MAXIMUM PERMITTED COMPUTATION TIME IN SECONDS.

NI IS THE MAXIMUM NUMBER OF PERMITTED ITERATIONS.

MLIST CONTROLS THE AMOUNT OF INFORMATION REPORTED ABOUT THE
PROGRESS OF

USE MLIST=1

USE MLIST=2

OF THE B

USE MLIST=3

USE MLIST=4

THE COMPUTATION.

FOR MINIMAL FROGRESS REPORT AND FINAL OUTPUT ONLY

FOR ADDITIONAL INFOPMATION ON THE EXTREME VALUES

MATRIX ELEMENTS DURING EACH ITERATION.

TO PRINT RESTRAINTS APPLIED BY LIMIT.

FOR COMBINATION OF MLIST=2 + MLIST=3.

USE LIMIT=1 TO RESTRICT THE HALF-WIDThS OF THE COMPONENT BANDS
WITHIN THE RANGE 1-50 CM.-1

IF LIMIT=2 NO RESTRICTION TO THE HALF-BAND WIDTH IS APPLIED.

MULT IS THE NUMBER OF BANDS IN THE VARIABLE SUBSPACE (MAXIMUM 5)

READ (IRD,U0l) WB,WI

WB AND WI ARE THE STARTING WAVENUMBEP AND THE WAVENUMBER ENCODING

INTERVAL IN

DIMINISHING

CM«-1 BY CONVENTION WI IS POSITIVE FOR A

WAVENUMBER SEQUENCE.

IF (IDECK.E0.1) GO TO 12

WRITE (IPCH,401)

WRITE (IPCH,401)

HEAD

HEAD2

WRITE (IPRNT,4O2) HEAD1

WRITE (IPRNT,4O2) HEAD2

WRITE (IPRNT,408)

READ (IRD,404) DOWN,UP,CHANGE

WRITE (IPRNT,409) DOWN,UP,CHANGE

DOWN,UP AND CHANGE REGULATE SEARCH FOR THE OPTIMAL DAMPING FACTOR.

RECOMMENDED TRIAL VALUES ARE DOWN = 0.01 UP = 1000.0 CHANGE =

IF (LIMIT.EQ.2) GO TO 15

IF (MLIST.LT.3) WRITE (IPPNT,430)

READ (IRD,405) (11 (1) „ 1? (1) , 1-1, NP)

WRITE (IPRNT,423) NP,WB,WI

IWB-WB*10.0*0.5

IWI-WI*10.0*0.5

CALL SORT (IX,IY,WB,WI,NP,IPRNT,KLENUP,IWB,IWI)

IF (KLENUP.EQ. 1) 60 TO 30

ΤΕ (NDATA.EQ.2) GO TO 11

STOP

DO 31 1=1,NP

Σ(1) -11 (1) 30.001

FEI ης ΣΚ ΚΚ OOOO IOS IO IO IR

CALL SETCLK

INPUT SECTION # #22 IORI HE HONG NON AOR
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740

750
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780
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860
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890
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930

940

950

960

970

980

990

1000

1010

1020

1030

1040

1050
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153

176

177

180

179

175

182

183

181

SETCLK IS A TIMING SUBROUTINE.

P1-0.1

NMULT-U*MULT*1

NIMULT=NMULT+1

NAL=NMULT*N 1MULT/2

WRITE (IPRNT,416)

DO 153 I-1,M

J-1I*M

K=J+M

L=K+M

XS(I),XS(J),XS(K),XS(L) ARE THE SPECTRAL INDICES OF EACH BAND.

READ (IRD,UOU) XS(I),XS(J),XS(K) ,XS(L)

WRITE (IPRNT,410) XS(I),XS(J),XS(K), XS (L)

XS (1) =2. 30258*15(±)

CONTINUE

READ (IRD,404) XS(N)

WRITE (IPRNT,418) XS(N)

XS (N) 22.30258*xs (8)

ONLY THE DIMENSION OF X(S) DEFINES THE MAXIMUM NUMBER OF BANDS

IN THE SPECTRUM.

A HN RON OK RIRE ACTIVATION SECTION #22 ke eh DE OK

ICY-0

N2=1

N3=MULT

60 TO 175

ICY-0

IF (N3.NE.M) GO TO 177

N2=-MULT+2

N2=N2+MULT-1

N3=N2+MULT-1

IF (N3-M) 175,179,180

N2=M-MULT-MULT+2

GO TO 176

IADBL-1

GO TO 181

IF (N2-1) 314,182,183

IADBL-2

GO TO 181

IADBL-3

II-0

DO 184 I-N2,N3

11-11+1

JJ-II*MULT

KK-JJ4 MULT

LL-KK*MULT

1060

1070

1080

1090

1100

1110

1120

1130

1140

1150

1160

1170

1180

1190

1200

1210

1220

1230

1240

1250

1260

1270

1280

1290

1300

1310

1320

1330

1340

1350

1360

1370

1380

1390

1400

1410

1420

1430

1440

1450

1460

1470

1480

1490

1500

1510

1520

1530

1540

1550

1560

1570

1580

1590



a
a
a

184

188

187

189

185

200

201

202

X (11)=15 (I)

XB (11)=X (11)

IPC-I«M

X (22) ΞΧ5(IPC)

XB (JJ)=X (JJ)

IPC=IPC+M

X (KK)=XS (IPC)

XB (KK)=X (KK)
IPC=IPC+H

K (11) -X5 (IPC)

XB (LL) =X (LL)

X(NHULT)-XS (N)

XB (NMULT)-X (NMULT)

DO 185 II=1,NP

W-IX(II)*0.1

YS (11) =0.0

IF (IADBL.EQ.2) GO TO 187

IPO-N2-1

DO 188 I-1,IPO

IPC-I«M

R-W-XS (IPC

RSQ-R*R

IPC-IPC*M*M

PGS=XS (IPC) *XS (IPC) *RSQ

IF (PGS.GE. 10.0) GO TO 188
IPC-IPC-M

PGL-XS (IPC) *XS (IPC) *850
IF (PGL.GE.10000.0) cO TO 188
YS (11) -YS (11) *XS (1) / (1. *PGL) *EXP (-PGS)
CONTINUE

IF (IADBL.EQ.1) GO TO 185
IPO=N3+1

DO 189 1-130,ᕼ
IPC=I+M

R=W~XS (IPC)

RSQ-R*R

IPC-IPC*MeM

PGS=XS (IPC) *XS (IPC) *RSQ
IP (PGS.GE. 10.0) GO TO 189
IPC=IPC-M

PGL=XS (IPC) *Xs (IPC) *RSQ
IF (PGL.GE.10000.0) Go To 189
ES (1) 215 (11) *XS (2)/ (1. 0€PGL) «EX P(- bG5)CONTINUE

CONTINUE

550 OR ROROE ------ᒀ9 (G,AQ,F) SECTION

DO 201 I-1,NMULT
PRD(I)-0.0

DO 202 I=1,NAL
AQ(I)-0.0
ICY-ICY«1

FS=0.0

500-,0 0 ---#-ᒀᙵᒀᑾᓉ-~ᓜ<-

1690

1610

1620
1630

1640

1650

1660

1670

1680

1690

1700

1710

1720

1730

1740

1750

1760

1770

1780

1790

1800

1810

1820

1830

1840

1850

1860

1870

1880

1890

1900

1910

1920

1930

1940

1950

1960

1970

1980

1990

2000

2010

2020

2030

2040

2050

2060

2070

2080

2090

2100

2110

2120

2130



206

209

218

219

220

221

228

226

227

1751

po 218 II=1,NP

1=11 (IT) *0.1

CALL POINT (X,MULT,NMULT,I
I,W, AC,PC, PG, YS)

qC-sEXP (~ AC)

$= (±1) -+€

?1-185 (F)
JF (FN.GE-FA) Go TO 206
FU=FA

WEn=®

?5-35+3*8

po 209 1-1, MULT

je1eMULT

K=9+ MULT

L-KeMULT

AR(I) s TC*PG (I) *PC (I)

g-9-X(3)

spz2.0*AM (I) *K (I) * 8

88 (3) -SP* (X (L) *X (L) +X (K) *X (K) *
PC (1))

AM (6) e- SP*&* X ( ᐈ) *PC (T)

AM (ᐈ) =-S2*2*%(L)

35 (GBULT)-TC

18-0

po 218 I=1,NMULT

AMI=AM (1)

PRD({I) =PRD(I) +ANI*E

DO 218 ij-1,NMMULT
1M-1M*1

30 (15) =AQ (18) € A MTSAM (TI)

PSM-PS

1#8-0

DO 219 I=1,NMOLT

DO 219 19=1,NMULT

18-18+ᒣ

A(T,19) =A0 (ΣΑ)

ADNIN=1.0E+10

ADMAX--1.0E*10

πο 227 1-1, MULT

60 TO (228, 220,22 ,220) , LIST
1? (AU,1).GF. ADMIN) GO TO

 221
ADBIN-A(I,1)

BINAD-1

1? (ADMAX.GE.A (1,1)) GO T
O 224

ADMAX=A (1,1)

MAXAD=1

IF (à (1, 1). GT. 1-08-10) go TO 
226

DIA(1) =0.0

GO TO 227

DIA (1) Ξ1-0/ (SORT (A(I,1))
GAST (1) =PRD (1) *DIA (±)

2140

2150

2160

2170

2180

2190

2200

2210

2220
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2240
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2260

2270

2280

2290

2300

2310

2320

2330

2340

2350

2360

2370

2380

2390

2400

2410

2420

2430

2440

2450

2460

2470

2480

2490
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2510

2520
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2620

2630
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2650
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A
A
A

N
A
A
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229

231

228

233

248

249

250

251

260

IM=0

AMI) .08+10
AMAX=- 1 . 08- 10

DO 228 I=1,NMULT

DIAI-DIA(1)

DO 228 IJ-I,NMULT

18-18+1

AQ (IM) =A (I, τὸ) *DIAI*DIA(IJ)

GO TO (228, 229,228,229),MLIST

IF (I.EQ.IJ) GO TO 228 .

IF(AQ(IM).GE.AMIN) GO TO 231

AMIN-AQ(IM)

MINAT-I

MINA2-IJ

IF (AMAX.GE.AQ(IM)) GO TO 228

AMAX-AQ(IM)

MAXAT-I

MAXA2=1J

CONTINUE

GL-0.0

DO 233 I-1,NMULT

PRDI-PRD(I)

GL-GL*PRDI*PRDI

SH--2.0*GL

GL-SQRT (61)

SM HAS BEEN APPROXINATED. SEE COMMENT WRITTEN INTO PEOGRAM X.

CALL RDCLK (TIME)

RDCLK IS A TIMING SUBROUTINE.

ISECS=TIME+0.5

WRITE (IPRNT,4C7) FS,GL,WFM,FM «NIT,N2,N3,ISECS

5
ᐘ MATRIX DATA OUTPUT SECTION xc ooo

GO TO (249,248, 249 , 248) , MLIST
WRITE (IPRNT,424) 5 ADMIN, ADMAX,MINA1, MINA2, AMIN, HAXA1,THAXAZ, ANAK

HAN OH D HE Hoi (P,INVERT,XP) SECTION 5---=--<
ISKIP=1

IM=0

DO 251 I=1,NMULT
DO 251 IJ-I,NMULT
If-IMN«1

AQIN-AQ(IM)

A(I,IJ)-AQIM

A(IJ,I)-AQIM
eror (260,261,262,263,311),1T

GO TO 265

2680

2690
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2710

2720
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2870

2880

2890

2900

2910

2926

2930

2940

2950

2960

2970

2980

2990
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3030

3040

3950

3060

3070
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261

266

262

263

210

219

215

212

274

269

211

265

218

280

282

284

285

IF (PS.LE.FS1) GO TO 266

P-PiL*DCWN

go TO 265

pgzP1L*UP

go TO 265

p=P1*CHANGE

Go TO 265

y321.0/P1

xu=1.0/P2

DET=¥3 *#X3*X 44K UE LU X34 y3ex 3exa exu
TP (DET.EQ.0.0) GO TO 269
181-13*13* (FS2-PS-SM*X4)

Ap2=K4*X4* (FS1-FS-S4*X3)

AI=6.0#(AP1-AP2)/DET

81-2,0* (X4#AP2-X3*AP1)/DET

DET=B1*B1-2-O*AI*SM

1? (DET) 269,279,270

DET=SQPT (DET)

IF (AI.EQ.0.0) GO TO 269

x3=(-BI+DET) /AI

X= (-BI-DET)/AI

IF (X3.LE.0.0) GO TO 272

Ip (Xà.LE.0.0) GO TO 275

iP (14. 18.13) GO TO 274

?-1.0/13

60 TO 265

IF (14.18.0.0) GO TO 269

P=1.0/X4

Go TO 265

p=10000.0

WRITE (IPRNT,U11)

IT=1741

00 278 1-1, NMULT

A(I,I)7A (1,1) ÷ ᐷ
A(I,N1HULT) =-GAST(I)

DO 282 1-1, NMULT

111-3 (1, 1)

1? (AII-EQ.0.0) GO TO 284
pIV=1.0/ 811

pO 281 J-I,N IMULT

A(I,J) -PIV*A(I,J)

DO 282 K-1, NMULT

IP (I.EQ.K) GO TO 282

Q-A(K,I)
DO 286 J=1, NIMULT

ACK,J) =A (K,J) -Q*À (2-9)
CONTINUE

GO To 286

IF (ISKIP-£0-2) GO TO 285
ISKIP=2

PIL=100.0

18-1

60 To 250

WRITE (IPENT,412)
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286

288

500

501

506

503

507

504

505

298

300

304

ISKIP=1

GO TO 314

DO 288 I-1,NMULT

XP (I)-X(I)*A(I,NTMULT) *DIA (I)

ᖁ-ᔪᔭᔪᔪᔭ‡‡ᔪᕽᖅ BOUNDARY CONDITIONS TO LIMIT BALF-BAND WIDTH ¥ ** **###

IF (LIMIT.EQ.2) GO TO 298

DO 505 1=1,MULT

L-K*MULT

XPK-ABS(XP(K))

XPL-ABS(ΧΡ (L))

IF (XPL.LE. 1.0) GO TO 500

XPL-1.0

IF (NLIST.LT.3) GO TO 500

WRITE (IPRNT,427) XP(J)
IF (XPK.LE.2.0) GO TO 501
XPk-2.0

IF (MLIST.LT.3) GO TO 506
WRITE (IPRNT,U27) XP(J)
GO TO 506

IF (XPK.GT.0.03) GO TO 506
IF (XPL.GT.0.0333) GO TO 506
XPL-0.0333

IF (MLIST.LT.3) GO TO 506
WRITE (IPRNT,428) XP(J)
IF (XP(K).LT.0.0) GO TO 503
ΧΡ (K) -XPK

GO TO 507

XP (6) --XPK

IF (XP(l).LT.O.0) GO TO 564
ΧΡ (L) -XPL

80 TO 505

XP (1) 5-XPL

CONTINUE

GO TO 298

PH DOO &&ᓍ&# (FSP) SECTION

PSP=0.0
JSKIP-1

KSKIP-1

DO 301 Ir=1,NP
W-IX(II)*0.]
CALL POINT (XP, MULT, NMULT, II, ᗘTF (AC.GT.-2.0) 60 to 304IF (JSKIP.EQ.2) 60 TO 309WRITE (IPRNT, 425)
JSKIP=2
TC=7. 3891
GO To 310
TF (AC.LT.10.C) 60 το 307

507-6706,ᓀ ROG

AC,PC, PG, 5)

3760

3770

3780

379¢

2800

3816

3820

3830

3840

3850

3860
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3940

3950

3960

3970

3980

3990

4000

4010

4020
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4040

4050
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4160
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4220

4230
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4260
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302

307

310

301

305

303

308

309

311

312

330

315

IF (KSKIP.EQ.2) GO TO 302

WRITE (IPRNT,426)

KSKIP-2

16-9.000045

60 70 310

TCH=EXP(-AC)

ΕΞΥ (11) -TC

FSP=FSP+P*F

IF (FSM.LE.FSP) GO TO 303

FSH=FSP

po 305 I-1.NMULT

18 (1) -XP (1)
IF (FS1.LE.FSP) GO TO 306

FS2=FS1

1

60 TO 308

IF (FS2.LE.FSP) GO TO 308
Ρ2ΞΡ

FS2=FSP

60 TO (250, 309,250,309) ,MLIST

WRITE (IPRNT,414) P,FSP

60 TO 250

DO 312 1=1, NHULT

X(3) =¥B (1)

60 TO (200,330) ,ICY

ICY CONTROLS THE NUMBER OF ITERATIONS WITHIN EAC
H SUBSPACE.

THE ABOVE STATEMENT FIXES THIS AT 
TWO.

FOR THREE CYCLES USE 60 TO (200,200,330) ,1CY

11=0

DO 331 I-N2,N3

11-11+1

J=Ien

Kaden

L-Ken

XS (I) x XB (11)
IPC-II*MULT

XS (J) -XB (IPC)

IPC-IPC*MULT

XS (K) =XB (IPC)

IPC-IPCeMULT

XS (L) -XB (IPC) *.######*

9ᐧᐨᑦᕋᕘᕋᕐ ᑫ#ᐦᐣ!ᓇᒽ-!ᓇ SECTION AMAR

XS(N) =XB(NMULT)

NIT=NIT+1

IF (NIT.LT.NI) GO TO 315

WRITE (IPRNT,832)
Go 70 314

IF (GL.G7.0.00001) 60 TO 31
6
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4380
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4400

4410

4420

4430

4440

4450
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4470

4480

4490

4500

4510

4520

4530

4540

4550

4560

4570

4580

4590

4600

4619

4620

4639
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4660

4670

4680

4690

4700
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4720

4730
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WRITE (IPRNT,433)

60 TO 314

316 IF (ISECS.LE.NSEC) GO TO 317
WRITE (IPRNT,434)

Go TO 314

317 IF (FM.GT.0.001) GO TO 176
WRITE (IPRNT,435)

314 DIS-SQRT(FSM/NP

WRITE (IPENT,415

WRITE (IPPNT,419) FSM,DIS,FM,WFM

WRITE (IPRNT,416)

DO 319 1-1,ᕼ

J=I+M

K=J+M

L-Ke«m s

XS (I) -0.43420#XS (1)

IF (IDECK.E0.1) GO TO 319

WRITE (IPCH,4C4) XS(I),XS(J),XS(K),XS(1)

319 WRITE (IPRNT,410) XS(I),XS(J),XS(K),XS(L

XS (N)=0.43429#XS(N)

IF (IDECK.EQ.1) GO TO 322

WRITE (IPCH,u05) XS(N)

322 WRITE (IPRNT,413) XS (N)

WRITE (IPRNT,429

GO TO 20

400 FORMAT ("1PITHA AND JONES. PROGRAM XI (PC-117) SPECTRAL BAND FIT

1 OPTIMIZATION PROGRAM,VERSION WITH MOVING SUBSPACE.'/)

401 FORMAT (2084)

402 FORMAT (1X, 2084

403 FORMAT (915)

404 FORMAT (4F15.5)

405 FORMAT (8 (15,14,11)

407 FORMAT (3X, 2HFS,E12.4,5X,2HGL,E12.4,5X,3HWEM,F7. 1,5X,2HPM,E12.4, 5X

1,3HNIT,I3,UX,15HBANDS ADJUSTED ,13,3H TO,13,5X,5HISECS,15

408 FORMAT ('OINPUT PARAMETERS.*)

409 FORMAT (20X,4HDOWN,E14.6,7X,2HUP,E14.6,7X,6HCHANGE,F 14.6)

410 FORMAT (11, 4 (6X,F15.5)

411 FORMAT (1X,'TROUBLE WITH EVALUATION OF P,CHECK MATRIX DATA OUTPUT

1")

412 FORMAT (1X,'TERMINATED BY TROUBLE WITH SOLUTION OF EQUATIONS.')

413 FORMAT (4X,7HALPHA -F8.5/,'0SOLVED FOR PRODUCT,CAUCHY OR GAUSS FUN

lCTION.'/' (PURE CAUCHY IF X(3)-0 OR PURE GAUSS IF X(3)-0)")

414 FORMAT (64X,1HP,E14.6,8X,3HFSP,E14.6)

415 FORMAT (11X,

/1X,17HOUTPUT PARAMETERS)
416 FORMAT ('0*,15X,4HX(1), 171 , 4HX (2) , 17K, 4HX (3) „ 171 , 4HX (4)
418 FORMAT (4X,7HALPHA =,F8.5,/11X - -

1- -

DORE U8X,3HFSM,E14.6,7X,3HDIS,E14.6,7X,2HFM,E14.6,7X,3HWFM,F7.1

423 FORMAT (101,19X,2HNP,16,17X,2HWB,F8.1,13X,2HWIᐝ 9 Ε5. 1)
424 FORMAT (4X, SHMINAD, IU, 13X, SHMAXAD,I4, 12X, SHADHIN, E14. 6, 5X, SHADMAX,

4840

4856

4860

4870

4880

4890

4900

4910

4920

4930

4946

4950

4960

4970

4980

4990

5000

5010

5020

5030

5040

5050

5060

5010

5080

5090

5100

5110

5120

5130

5140

5150

5160

5170

5180

5190

5200

5210

5220

5230

5240

5250

5260

5270

5280

5290

5390

5310

5320

5330

5340

5350

5360

5370



1E14.6/4X,SHMINA1,I4,1X, 5HMINA2, 14, 3X,4HAMIN, E14.6,3X,5HMAKA1,I4,

23X,5HMAXA2,14, 3X,GHAMAX,E14.6)

425 FOFHAT ("OTHE MAXIMAL ALLOWED TRANSMITTANCE HAS BEEN EXCEEDED.')

426 FORMAT ('CTHE MINIMAL ALLOWED TRANSMITTANCE HAS BEEN EXCEEDED.ᕽ)

427 FORMAT ('OMINIMAL HALF-WIDTH FOR BAND AT',F7.1,6H CM.-1)

428 FORMAT ('OMAXIMAL HALF-WIDTH FOR BAND AT',F7.1,6H CM.-1)

429 FORMAT (10Ε5Η IS THE VALUE OF THE MINIMIZATION FUNCTION.'/,

1'CDIS IS THE DISCREPANCE IN THE TPANSMITTANCE DIFFERENCE (ROOT MEA

28 SQUARE OF THE RESIDUALS).'/,'OFM IS THE MAXIMUM OFDINATE DIFFERE

3NCE.'/,*OWFM IS THE WAVENUMBER OF THE MAXIMUM OEDINATE DIFFERENCE.

m

430 FORMAT ('OPESTPRAINTS TO HOLD THE HALF-WIDTHS BETWEEN 1 AND 5C CM.-

1-1 HAVE BEEN APPLIED.')

432 FORMAT ('CTERMINATED BY ITERATION LIMIT.'/)

433 FORMAT ('OTERMINATED BY LOW VALUE OF GI.'/)

434 FORMAT ('OTERMINATED BY TIME LIMITATION.'/)

435 FORMAT ('OTERMINATED BECAUSE FM HAS REACHED MINIMAL SIGNIFICANT VA

1108. !/)

END
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SUBROUTINE SORT (IX,IY,WB,WI,NP,IPRNT,KLENUP,IWB,INI)

SUBROUTINE SORT CHECKS FOR ERRORS IN THE INPUT WAVENUMBER DATA.
A LIMITED NUMBER OF WAVENUMBER SEQUFNCE ERRORS ARE CORRECTED

BUT SEQUENCE ERRORS IN EXCESS OF 160 DATA POINTS (20 CARDS)
OR ANY OTHER TYPE OF WAVFNUMBER EFROR WILL TERMINATE THE
COMPUTATION,AS ALSO WILL A DISCREPANCY BETWEEN IWB AND THE
STARTING WAVENUMBER.

THE WAVENUMBER POSITIONS OF THE CORRECTIONS AND OF A TERMINATING
ERROR ARE RECORDED.

IF CORRECTIONS AKE MADE , CORPECTED INPUT DATA ARE LISTED IN FULL.
IF A TERMINATING ERROR IS FOUND THE UNCORRECTED INPUT DATA ARE

LISTED IN FULL,

DIMENSION IX (2000) ,IY (2000) ,ITEMPX (160) ,X1(160) .ITEMPY(160)
IF (IX(1).EQ.IWB) GO TO 10
WRITE (IPENT,456)

KLENUP-2

RETURN

MM-1

DO 11 I-2,NP

IW=IWB-IWI* (1-4)

IF (IW.EO.IX(I)) GO TO 11
XX=IX (1)

TEST=(WB-O.1#XX) /NI

NTEST-TEST*0.005

IF (ABS(IEST-NTEST).GT.0.005) GO TO 12ITEMPX (MM) =IX(I) ᐝ
ITEMPY(ᕼᗪ) - 1? (I)

ᕼᕼ-ᗖ+ᒣ

IP (NM.GT.160) Go To 13
CONTINUE

IF (MM.GT.1) GO το 14
WRITE (IPRNT,451)
KLENUP-1

RETURN

XX15IX(I-1) *0.1-ur
WRITE (IPRNT,4S2) ΧΧ1
KLENUP=2

RETURN

Werte (IPENT, 453)
us (TPRNT, 455) GXG) ,IY(1), 1-1, np)

ΝΝΞΜΗ-1

Bo 17 MM-1,NN
Kl-1* (IWB-ITEMPYX MΙΧ (K1)-ITPMPX (MM) SE
IY (K1) =ITEMPY (MM)
XT (MM) =TX (K1) #0. 1
WRITE (IPRNT,4S0) QUE (ΜΗ) ΜΗΞ1, ΝΝ)
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5700

5716

5720

5730

5746
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5760

5770

5780

5790

5800

5810

5820

5830

5840

5850

5860

5870

5880

5890

5900

5910

5926

5930
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#59

ust

452

453

usu

ass

456

WRITE (IPRNT,454) (IX(I),1Y(I),I-1,NP)

GO TO 15

FORMAT

FORMAT

FOEMAT

PORMAT

FORMAT

FORMAT

POEMAT

END

('ORAVENUMBER CORRECTIONS aït/,12(2X,F6.1,2X))

(*CHAVENUMBER SEQUFNCE IS CORRECT.!')

('OTERMINATED BY ERROR AT',F6.1,6H CM.-1)

(*OTERMINATED BY MULTIPLE WAVENUMBEE SEQUENCE ERRORS.')

(*OREAPRANGED INPUT.'/,11 (21,15,14) )
(SCUNCORRECTED INPUT.*/,11(2X,15,180))
('OTERMINATED BY AN EREOR IN THE STARTING WAVENUMBER.')

6110

6120

6130

6140

6150

6160

6170

6180

6130

6200
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SUBROUTINE POINT (X,MULT,NMULT,II,W,AC,PC,PG,YS)

SUBROUTINE POINT CALCULATES THE OFDINATES OF THE COMPUTED BAND

ENVELOPE IN UNITS OF NAPIFRIAN ABSORBANCE.

DIMENSION 1 (21) ,PC (5), PG (5) „ YS (2000)

AC-0.0

DO 10 I-1,MULT

J=I+MULT

K=J+MULT

L=K+MULT

B=W-X (ᒍ)

850-8*8

PC (1) =1.07(1.04K(8) *X(K) *850)

PG (I) =X (1) *X (1) *850

IF (PG(I).LT.10.0) GO TO 14
PG(I)-0.0

GO TO 16

PG (I) -EXP (- PG (1) )

AC- X(I)*PC(I) *PG(I)*AC
CONTINUE

AC=AC#X (NHULT) €YS (TI)

RETURN

END

6210

6220

6230

6249

6250

6260

6276

6280

6290

6360

6310

6320

6330

6340

6350

6360

6370

6380

6390

6400

6410

6420

6430

6440

6450

6460

6470



PITHA AMD JONES. PROGRAM XX (PC-117) 59867811

FEBRUARY STH.1968. — SPECTRAL BAND FIT PROGRAM.

TEST RUN ON FOUR BAND TEST DECK (PRODUCT FUNCTION.) 8017-2.

INFUT PARAMETERS. n
DOWN 6. 1000008-01 UP 0.100000 où chance 0.50"0008 00

we 200 WB 1000.0 μα 0.5

WAVEWUNBER SEQUENCE IS COFRECT.

x 1 (2) x0) ra)

0.27060 968. 50000 0.18000 0.12000

0.620CC 957.00000 0: 22000 0: 18000

0.32000 941. ᒋ0000 0.12000 0.12000

0.37000 918.06000 0.22000 0.12000
ALPHA = 0.02000

FS 0.29605 01 GL 0.1217F 02 FN 952.5 FM 0. 27668 00 MIT 0 4105 ADJUSTED

FS 0.79308 00 GL 0.10425 01 NEA 923.0 FN 0.19172 00 811 0 BANDS ADJUSTED

FS GL ©. 1948_ 01 Wen 923.0 Fh 0.18112 00 WIT. | BAMDS ADJUSTED

FS GL 0.1912E 01 Wee 922.5 FM 0.16972 00 NIT 1 — BANDS ADJUSTED

FS GL 0. 2418 01 PA 922.5 FM 0.16862 00 NIT 2 BANDS ADJUSTED

ts GL 0.8782: 00 wp 921.0 FA 6.5031E-01 NIT 2 BANDS ADJUSTED

FS GL ᐢ 39828 00 Wen 976.5 FR 9. 22008-01 WIT 3 BANDS ADJUSTED

rs GL 0.1395E 00 MEN 912.5 Fh 0:1416Ε-01 IT 3 BANDS ADJUSTED

FS cL WPA 912.5, FH 0.1433E-01 “NIT à — BANDS ADJUSTED

FS 0.5614Ε-02 GL En 911.5 PM 0.13958-01 WIT ᑫ BANDS ADJUSTED

FS 0.55u9E-02 GL WEN 929.5 FR 0.1398Ε-01 NIT 5 — BANDS ADJUSTED

FS 0. 47278-02 GL EM 929.5 FM 0: 1402Ε-01 NIT 5 — BANDS ADJUSTED

FS 0.u708£-02 GL MEN 929.5 FH 0.13858-01 MIT 6 BANDS ADJUSTED

FS O.uJubr-02 οι FA 9295 PR 0.12928-01 WIT 6 BANDS ADJUSTED

FS 0.4344--02 GL MEN 929.5 FR C-1292E-01 NIT 7 BANDS ADJUSTED

FS O.u2u9r-02 GL Men 929.5 FM 0.12608-01 WIT 7 — BANDS ADJUSTED

FS 0. 42377-02 οι MEN 929.5 FN 0.12308-01 NIT 8 BANDS ADJUSTED

?$ 0:3757F-02 GL Wen 929.5 Fh 0.1250£-01 MIT 8 BANDS ADJUSTED

FS 0. 3696 8-02 GL wrm 929.5 FH 0:1206Ε-01 MIT 9 BANDS ADJUSTED

FS 0.3187:-02 GL WEN 920.5 FR 0.11162-01 MIT ᑫ BANDS ADJUSTED

PS 0.31873-02 GL 0.40298-01 wPM 929.5 PH 0.11168-01 WIT 10 BANUS ADJUSTED

FS 0. 28 318-02 GL 0:1173E-01 Fm 911.5 FM 0.9537:-02 MIT 10 — BANDS ADJUSTED

TS 0.2799:-02 GL 0. 1410E 00 WEN 9115 FS 0.926688-02 MIT 11 BANDS ADJUSTED

FS 0.17538-02 GL 0.25898-01 WF 929.5 FH 0.7358E-02 NIT 11 BANDS ADJUSTLD

?5 0: 1703E-02 GL 0.1456# 00 Wen 929.5 FM 0.6972E-02 WIT 12 BANDS ADJUSTED

FS ᒉ. 1130--02 ᑲᒪ C.152CE-02 FH 945.5 FH 0.6287E-02 MIT 12 BANDS ADJUSTEC

FS 2.1130:-02 GL Olu3u3r-01 WPM 935,5 FM 0.628uP-02 MIT 13 BANDS ADJUSTED

FS 0. 86938-03 GL 0.12568-01 WPA 911.5 FA 0.5663E-02 WIT 13 BANDS ADJUSTED

FS 0, 86561-01 GL 0.1043£ 00 WEM 923.0 PA 0.57368-02 WIT 14 BANDS ADJUSTED

FS 0, 3122-03 GL 0.1918E-01 $? 952.0 FM 0.3921E-02 MIT 19 — BANDS ADJUSTED

FS 9. 36678-01 GL 0.7364F-01 Wen 952.0 PH 0.3991#-02 NIT 15 BANDS ADJUSTED

Ts GL 0.31772-03 MH 911.5 PN 0.2708E-02 WIT 15 — BANDS ADJUSTED

rs GL 0.2690E-01 Wen 911.5 FM 0.27C7E-02 WIT 16 BANDS ADJUSTED

rs GL 0:3752F-02 μεν 911.5 FM 0.2609£-02 MIT 16 BANDS ADJUSTED

PS GL C.464uCE-01 MEN 911.5 FM 0.2608E-02 | WIT 17 BANDS ADJUSTED

FS GL 0.4838r-02 WFR 952.0 FA 0.18082-02 MIT 17 — BANDS ADJUSTED

PS 0.6751E-0u GL 0. 27743-01 EN 952-0 FH 0. 1809Ε-02 MIT 18 — BANDS ADJUSTED

FS 23.ue15t-0u GL 0.96498-94 WFH 911.5 PR 0.12588-02 WIT 18 — BANDS ADJUSTED

$$ 2.u61*F-2u GL 0.1200F-01 με 911.5 FM 0.1257E-02 NIT 19 —— BANDS 41203181

*$ nld53nE-Qu GL 0.7229E-03 FA 911.5 PM 0.1215E-02 MIT 13ᑫ BANDS ADJUSTED

FS 9.3530E-Qu GL ©. 1686E-01 μεν 911.5 FN 0. 12158-92 MIT 20 BANDS ADJUSTED

FS 9.2380F-u GL 0.8310:-03 FA 952.0 FR 0.92632-03 MIT 20 — BANLS ADJUSTED

D FIT OPTIMIZATION PROGBAM,VERSION WITH MOVING SUBSPACE.
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TERHIMATED BECAUSE Fh MAS REACHED MINIMAL SIGMIFICANT VALUE.

OUTPUT PARAMETERS

x0

0.29957

0.59913

0.30001

2.39981

AlPHA = 0.05009

SOLVED FOR PRODUCT,CAUCHY OR GAUSS FUNCTION.
(PURE CAUCHY IP X(4)*O OK PURE GAUSS IF ᓬ (3) -0}

PSM IS THE VALUE OF THE NINIMIZATION FUNCTION.

FSN 0.237940E-08

xo)

469.99731

955,00244

92000373

919199707

815 0-3449208-03

xo

9.19913

0.19529

0.10156

0.19991

Fa 0.926316£-03

x(a)
0.10058

0.20071

0.09881

0.10038

ᗙᐪ"

DIS I3 THE DISCREPANCE IN THE TRANSMITTANCE OLFFERENCE (COT MEAN SQUARE OF THE RESIDUALS).

FR US THE MAXIMUM OFDINATE DIPFERENCE.

1105 IS THZ VAVENURBER OF THE MAXIMUM OPDINATE DIFFERENCE.

952.0
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PROGRAM XII

Spectral Band Fit Optimization Program with Slit

Deconvolution Correction

(PC-118)

It is well known that the observed spectrum differs from
the true spectrum because of systematic errors of an instrumental
nature. An important type of distortion can be expressed by the
integral equation

f» (v,v') * T(v') ἂν"
TE) obs = true [351

fe (v,v') av!

where p(v,v') is the instrument function. A major factor con-

tributing to this type of distortion is the finite spectral slit

width, which is determined by the spectral slit function.

In this version of the band fit program, the spectral slit

function is introduced into the computation and TC (8 of equation

[6] is caused to approximate T(v)true instead of T SN There
is an extensive literature dealing with the nature and form of

the spectral slit function (16), but it is usually sufficient

to approximate it with a symmetric triangular function. Com-

putational methods of dealing with equation [35] from the basis

of Program V which is described in Bulletin 11. Program ᐁ 18

incorporated into this version of the band fit program with very

little modification; and Bulletin 11 should be consulted fora

more detailed discussion of the internal logic of the slit con-

volution procedure than is included here.

The slit function can be introduced in two ways. If MODE=1,

a symmetric triangular slit function is assumed, and it is Be
en

essary to supply only the spectral slit width (SSW) , pure oe

in cm.-'. The program computes and normalizes the spectral s it

ordinates. If MODE-2, the program calls for an odd numbero

slit ordinates (maximum 25), spaced at the wavenumber encoding

interval WI. These are entered into the program from cards and

permit the use of slit functions of Gaussian, trapezoi
dal or non-

symmetric contour.

This program will fit both the product and the ᐧ. 
are

and will apply the same restraints to the ᑊ 5 
E

LIMIT=1) and to the sum function ordinate sign (wi =
as does the Basic Version.



A. The Input Data

Cards 1 and 2 are the same as for the Basic Version.

eleven fixed point instructions in format 1115.

The first ten are identical with those used with

the Basic Version (p. 11) and the sequence is

the same. The eleventh is MODE which deter-

mines the manner of introducing the slit func-

tion ordinates as discussed above.

Card 3 carries

Card 4 is the same as for the Basic Version (p. 12).

Card 5 is the same as for the Basic Version (p. 12).

Card 6 If operating with MODE-1 this card carries the

spectral slit width in cm.^! in format F15.5.
If operating with MODE=2 this card carries the

number of slit ordinates (KK) in format I5.

KK must be an odd number.

Card Deck 7 is used ONLY WITH ΜΟΡΕΞ 2 and lists the spec-

tral slit ordinates (which need not be normal-
ized) in format 5F15.9. Note that an odd number
of slit ordinates must be supplied, but the ter-
minal values may be zero. It is recommended
that not less than 13 ordinates be provided;
the maximum number is 25.

Card Deck 8 is the main data deck carrying the NP experi-
mental data points and corresponds to Card Deck
6 of the Basic Version (p. 13).

Card Deck 9 This is a deck of M cards, each carrying four
input indices for one band in format 4F15.5.
It corresponds to Card Deck 7 of the Basic Ver-
Sion (p. 13).

Card 10 is the terminating card carrying the baseline
constante in format F15.5 and corresponds withard 8 of the Basic Version (p. 13).

B. Description of the Program

9 Program where the data are read in. Beforen 

u 

the slit 
i

normalized, and weight ¡ Fos nes ᑦ `

ᐧ ghted for quadrature. For MODE=1 Newton-Cotes



weightings are usedif the number of ordinates is less tha -
teen otherwise Simpson's Rule is applied. Simpson pde `
are always used with MODE-2. Between statements 30 and 102 a
number of constants are evaluated for MODE-1. These include LL
the spectral slit width expressed in integral multiples of the
wavenumber encoding interval (WI), and KK, the total number of
slit ordinates. The normalized and weighted ordinates are stored

in the array SY(J). These operations are completed in the sec-
tions headed Computation of the Slit Ordinates and Slit Ordi-

nates for Mode 2 and for Mode 1 by Simpson's Rule.

In the Input Section two new floatin oint arrays are cre-

ated (W(I) and Y(1)), into which the a 388 Paci tone ana
the intensity ordinates are transferred from IX(I) and IY(I) re-
spectively. The W(I) array is expanded at eachendby LL spaces,
and zeroes are entered in the corresponding spaces of the Y(I)

array. The need for this expansion of the wavenumber range by

m-l units for an m element slit function vector has been illus-
trated previously in a numerical example on page 927 of ref-

erence (9).

In the calculation of A, G and FS a difficulty arises be-

cause of tbe integral form of the function. To deal with this

an array AP(I,JJ) is introduced in the DO loop ending at state-

ment 206 in the (G,AQ,F) Section. This contains the row elements

of the A matrix for KK consecutive terms of the function TC(W);
the second index denotes the wavenumber position. Thus the ele-

ments AP(I,LL) are identical with the row of the A matrix of

T(V)true for the wavenumber v, while AP(I,LL-1) is the row cor-

responding to the wavenumber v+WI. KK wavenumber positions are

first calculated, after which, on multiplication by the sy (1)
élements, the row of the A matrix corresponding to T(v)ops is

generated in the DO loop ending at statement 215. The same data

in AP(I,JJ) are used also to generate the G vector, and FS in
 a

similar manner. It should be emphasized that it is only neces-

sary to compute all KK wavenumber positions of AP(I,JJ) sep-

arately in the initial step. KK-1 of them can be carried for-

ward to the next round of computation for the succeed
ing values

of T(V)gpg by displacement of their positions, wi
th only one new

datum being introduced. These operations are all performed in

the (G,AQ,F) Section and further details should be clear from
comparison with the Basic Version. The computation of TC(W) at
statement 302 is likewise modified from that inthe Basic Version

in accord with the requirements of equation [3
51-

SUBROUTINE POINT is also modified to provide va
lues of the

transmittance (T(I)) and the quantities PC and PG for KK consec-

utive wavenumber values. As above, all KK values need only be
evaluated initially; the subsequent values are ο 5 κα

creasing the subscripts by unity and computing one additiona
term at the low wavenumber end.



= ᐪᘛᑊ-

The other sections of the program resemble the Basic Ver-

sion closely, and the terminating controls as well as the re-
straints under LIMIT-1 and NONEG-1 are the same. In the printed

output for MODE 1 the normalized and weighted slit elements in
the SY(J) array are recorded while in MODE 2 the raw input slit

ordinates are also listed.

The Test Data for this program are the four band product and

sum function curves of Fig. 1 and Fig. 2 after they have been

convolved with appropriate slit functions using Program V of

Bulletin 11 for this purpose. The Fig. 1 product curve is ini-

tially convolved with a symmetric triangular slit function of

half width 5.0 ᗰ.ᐨ ` . The Fig. 2 sum function curve is initially
convolved with an asymmetric triangular slit function.

Note that this program calls for the library routines SETCLK

and RDCLK which are discussed in Bulletin 11. If they are not

available appropriate alterations must be made to the program.
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SPECTRAL BAND FIT OPTIMIZATION PROGRAM

WITH SLIT DECONVOLUTION CORRECTION.

J.PITHA AND R.N.JONES,DIVISION OF CHEMISTRY NATIONAL RESYe EARCCOUNCIL OF CANADA,SUSSEX DRIVE, OTTAWA,CANADA. :

PROGRAM XII (PC-118) SLIT DECONVOLUTING VERSION JULY 12TH.1967

THIS PROGRAM WILL TIT A CAUCHY,GAUSS,PRODUCT,OR SUM FUNCTION TO
AN INFRAFED ABSORPTION BAND ENVELOPE AFTER CORRECTION FOR THE
SPECTRAL SLIT DISTORTION.

FOR THE SUM FUNCTION THE RESTRAINT THAT THE RATIO X(4)/X(3) IS
CONSTANT IS APPLIED.

THE SUM FUNCTION REQUIRES A DIFFERENT SET OF INPUT INDEX CARDS
CAERYING X(5) IN PLACE OF x(u).

THE PROGRAM OPERATES IN TWO MODES

MODE 1. A SYMMETRICAL TRIANGULAR SLIT FUNCTION IS ASSUMED.
THE NUMBER OF SLIT ORDINATES IS CALCULATED FROM THE

SPECTRAL SLIT WIDTH AND THE ABSCISSAL ENCODING INTERVAL.

NEWTON-COTES WEIGHTINGS ARE USED FOR QUADRATURE IF THERE

ARE SEVENTEEN OR LESS SLIT ORDINATES. FOR SEVENTEEN TO

TWENTY-FIVE SLIT ORDINATES QUADRATURE IS BY SIMPSON'S RULE

IN THIS MODE ALL THE SLIT ORDINATES AND WEIGHTINGS ARE

COMPUTED AND STORED WITHIN THE PROGRAM,ONLY THE SLIT WIDTH

AND THE WAVENUMBEF INTERVAL NEED BE SUPPLIED.

MODE 2. IN THIS MODE ASYMMETRIC AND NON-TRIANGULAR SLIT

FUNCTIONS MAY ALSO BE USED.THE RAW SLIT ORDINATES ARE

SUPPLIED BY CARD INPUT AND ARE NORMALIZED AND WEIGHTED IN

PROGRAM USING SIMPSON'S RULE. IT IS RECOMMENDED THAT NOT

LESS THAN THIRTEEN ORDINATES BE PROVIDED.

THIS VERSION IS DIMENSIONED FOR A MAXIMUM OF 20 BANDS,2000

EXPERIMENTAL DATA POINTS,AND ANY ODD NUMBER OF EQUALLY SPACED

SLIT ORDINATES NOT EXCEEDING TWENTY-FIVE.

THE SLIT ORDINATE WAVENUMBER INTERVAL MUST BE THE SAME AS THE DATA

WAVENUMBER INTERVAL.

THE BAND INTENSITY INDICES ARE IN ABSORBANCE UNITS BUT THE

COMPUTATIONS WITHIN THE PROGRAM USE NAPIERIAN LOGARITHMS.

THE EXPERIMENTAL DATA ARE IN UNITS OF WAVENUMBER X 10 AND
TRANSMITTANCE X 1000.

THE INPUT WAVENUMBER SEQUENCE IS CHECKED BY SUBROUTINE SORT.

FOR DETAILS SEE N.R.C.C. BULLETIN NO.12.

DIMENSION IX(2000),W (2000) ,1Y(2000),Y(2000) , X (81) ,XP (81) ,XB(81) ,
16 (91) LAM (81) ᓯ ᐅᑕ (20,25) PG (20, 25) , AQ (3321) „ ᕕ (81,82) ,DIA (81) ,

2GAST (81) «ΑΡ (81,25) , 1 (25) ,SY (25) ,HEAD1 (20) ,HEAD2 (20)
IRD=1

IPCH=2
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20

30

35

uo

45

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

210

220

230

240

250

260

270

280

290

300

310

320

330

340

350

360

370

380

390

400

410

420

430

440

450

460

470

480

490

500

510

520
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11

13

IPRNT=3

READ (IRD,401) HEAD1

READ (IRD,401) HEAD2

HEAD1 AND HEAD2 ARE HEADING CARDS.THEY MAY CARRY ANY DESIRED

INFORMATION.

USE NDATA=1 FOR PROCESSING A SINGLE DATA DECK OR THE LAST DECK OF

A SERIES AND USE NDATA=2 FOR CONSECUTIVE DATA DECKS.

USE IDECK=1 FOR PRINTED OUTPUT AND IDECK=2 FOR BOTH PRINTED AND

CARD OUTPUT.

NP IS THE NUMBER OF DATA POINTS.

M IS THE NUMBER OF CALCULATED BANDS.

USE KURVE=1 POR THE PRODUCT FUNCTION,KURVE=2 FOR THE SUM FUNCTION,

NSEC IS THE MAXIMUM PERMITTED COMPUTATION TIME IN SECONDS.

NI IS THE MAXIMUM NUMBER OF PERMITTED ITERATIONS.

WRITE (1ΡΗΝΤ, 400)

READ (IRD,403) NDATA, IDECK,NP,M,KURVE,NSEC,NI,MLIST,LINIT,NONEG,

1HODE

MLIST CONTROLS THE AMOUNT OF INFORMATION REPORTED ABOUT THE

PROGRESS CF THE COMPUTATION.

USE MLIST=1 FOR MINIMUM PROGRESS REPORT AND FINAL OUTPUT ONLY

USE MLIST=2 FOR ADDITIONAL INFORMATION ON THE EXTREME VALUES

OF THE B MATRIX ELEMENTS DURING EACH ITERATION.

USE MLIST=3 TO PRINT RESTRAINTS AFPLIED BY LIMIT AND NONEG.

USE MLIST=4 FOR COMBINATION OF MLIST=2 + MLIST=3.

USE LIMIT=1 TO RESTRICT THE HALF-WIDTHS OF THE COMPONENT BANDS

WITHIN THE RANGE 1-5C CM.-1

IF LIMIT=2 NO RESTRICTION TO THE HALF-BAND WIDTH IS APPLIED.

USE NONEG=1 WITH THE SUM FUNCTION TO RESTRICT X! AND X5 TO ZERO

OR POSITIVE VALUES.

IF NONEG-2 NO RESTRICTION IS APPLIED ----- ALWAYS USE

NONEG=2 WITH THE PRODUCT FUNCTION.

IF (KURVE.EQ.2) GO TO 13

READ (IRD,404) WB,WI

60 TO 17

READ (IPD,404) WB,WI,CAY

CAY DEFINES THE X(4)/X(3) RATIO IN THE SUM FUNCTION CALCULATIONS.

530

540

550

560

570

580

590

600

610

620

630

640

650

660

670

680

690

700

710

720

730

740

750

760

770

775

780

790

800

810

820

830

B40

850

860

870

880

830

900

910

920

930

940

950

960

970

980

990

1000

1010

1020

1030

1040

1050
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17

12

18

e

20

VALUES OF CAY IN THE RANGE 0.6 - 0.8 ARE SUGGESTED
*

4B AND WI ARE THE STARTING WAVEN
INTERVAL IN CM.-1 ÜMBER AND THE WAVENUMBER ENCODING

BY CONVENTION WI IS POSITIVE FOR A DIMINISHING WAVENUMBER SEQUENCE

IF (IDECK.EQ.1) GO TO 12

WRITE (IPCH,401) HEAD!

WRITE (IPCH,4C1) HEAD2

WRITE (IPENT,UO2) HEAD1

WRITE (IPENT,4O2) HEAD2

WRITE (IPANT,4O8)

READ (IRD,404) DOWN, UP,CHANGE

DOWN,UP AND CHANGE REGULATE THE SEARCH FOR OPTIMAL DAMPING FactRECOMMENDED TRIAL VALUES ARE DOWN = 0.01 UP = 1000.0 CHANGE = 0.3

WRITE (IPRNT,509) DOWN,UP,CHANGE

IF (MODE.EQ.2) GO TO 15

READ (IRD,404) SSW

SSW IS THE SPECTRAL SLIT WIDTH IN CM.-1

WRITE (IPRNT,U25) NP,WB,WI,SSW

GO TO 16

READ (IRD,403) KK

KK IS THE NUMBER OF SLIT ORDINATES.

LL=(KK-1)/2

L1=LL+1

KK1=KK-1

READ (IRD,426) (SY (J) ,J=1,KK)

SY(J) ARE THE SLIT ORDINATE VALUES.THEY NEED NOT BE NORMALIZED.

NOTE THAT A CARD LISTING KK IS ONLY NEEDED IF OPERATING IN MODE 2.

WRITE (IPRNT,427)

WRITE (IPRNT,428) (SY (J),J=1,KK)

WRITE (IPENT,423) NP,WB,WI

IF (NONEG.EQ.2) GO TO 18

IF (MLIST.LT.3) WRITE (IPRNT,439)

IF (LIMIT.EQ.2) GO TO 19

IF (MLIST.LT.3) WRITE (IPRNT,440)

READ (IPD,405) (IX(I),IY(I), I=1,NP)
IWB=WB*10.0+0.5

IWI=WI*10.0+0.5

CALL SORT? (IX,IY,WB,WI,NP,IPRNT,KLENUP,IWB,IWI)

IF (KLENUP.EQ.1) GO TO 30
UP-0.0

DOWN-0.0

CHANGE-0.0

IP (NDATA.EQ.2) GO TO 11

1060

1070

1080

1090

1100

1110

1120

1130

1140

1150

1160

1170

1180

1190

1200

1210

1220

1230

1240

1250

1260

1270

1280

1290

1300

1310

1320

1330

1340

1350

1360

1370

1380

1390

1400

1410

1420

1430

1440

1450

1460

1470

1480

1490

1500

1510

1520

1530

1540

1550

1560

1570

1580

1590
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30

102

103

104

105

106

107

STOP

deeperREL ALKA COMPUTATION OF THE SLIT ORDINATES *****»»*44545»

IF (MODE.F0.2) GO TO 120

SLIT ORDINATES FOR MODE ONE BY NEWTON~COTES QUADRATURE.

P-SSW/WI

LL-P«0.5

KK=2*LL+1

L1=LL+1

KK1=KK-1

IF (KK.GT.17) GO TO 120

60 TO (102,103,104,105, 106, 107, 108, 109) , LL
WRITE (IPRNT,u29)

GO TO 20

KK=5

SY (1) 0.0

SY (2) =0. 3333333

SY (3) =SY (2)
GO TO 110

5? (4) -sY(3)

GO TO 110

KK=9

SY (1) =0.0
5Υ (2)-0.0888889

SY (3) -0.0666667

5Y (8) -0.2666667
SY (5) =0.1555555
GO TO 110

KK=11

SY(11=0.0

5? (2)=0.0520833
SY (3) -0. 0694444

SY (4) -0. 1041667
SY (5) =0. 2083333
5Υ (6) . 1319444
GO TO 110
KK=13

-0

«0028571

.0107143

- 1619043

«0211286

«2142857
5Y (7) =0.0976490
GO TO 110
KK=15

SY (1) =0.0

1600

1610

1626

1630

1640

1650

1660

1670

1689

1690

1700

1710

1720

1730
1740

1750

1760

1770

1780

1790

1800

1810

1820

1830

1840

1850

1860

1870

1880

1890

1300

1916

1920

1930

1940

1950

1960

1970

1980

1990

2000

2010

2020

2030

2040

2050

2060

2070

2080

2090

2100

2110

2120

2130
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st (21=0.029571751 (3) -0.0218750 
2140

st (4) 20.074 1319 
2150

5¶ (5) 20. 0988426 
2160

51 (6)-0.0546875 
2170

st (7) «0. 1774305 
2180

31 (8) -0 086 9213 
2190

60 To 110 
2200

109 KK=17 
2210

sr (120.0 
2220

0.0259620 
EE

.0081834 
2250

.1388359-0,0800705 
$506

.2313932 
3280

~9,0 245503 
3290

S1(8)=0. 1817284 
3300

$¶ (9) =0.0697767 
5310

110 28-11+2 
2320

po 111 KI=1,LL 
2330

$7233-2*f1 
2340

$¥ (33) =S¥ (5) 
2350

111 3323281 
2360

BRITE (IPRNT/4 30) 
2370

WRITE (JPRNT,S28) (SY (9) „ᙐ-ᐪ1 KK) 2380
60 TO 150 

2390
2400

2410

&** SLIT ORDINATES FOR MODE 2 AND FOR MODE 1 BY SIMPSON RULE. EERE ee
ο

120 IP (KK.LT.25) GO TO 121 
2uu0

WRITE (IPRNT,9837) 
2450

60 TO 20 
2860

121 IP (MODE.EQ.2) GO TO 135 
2970

51 (1) 70-0 
SS
2490

5-0.0 
2-09

Do 131 322,11 
3510

5-5+1.0 
E

131 51 (2) 55 
2530

JJ=LL+2 
2540

DO 123 K1=1,LL 
2550

J=JJ-2*K1 
2560

S¥ (Ju) =S¥ (J) 
2570

123 JJ=Jd+1 
2580

135 08-51 (1) 
2590

DO 124 J=2,KK1,2 
2600

5 (J) =SY (2) *u.0 
2610

124 QR-QR*SY (J) 
2620

DO 125 J=3,KK1,2 
2630

St (J) =SY (J) *2-0 
2640

125 QR=QR+SY (J) 
2650

QR-QR*SY (KK) 
2660

QR-1/08 
2670

DO 126 J=1,KK
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126

128

130

150

151

152

160

161

153

154

156

$? (J) -SY (7) *0ᐉ

IF (MODE.EQ.2) GO TO 128
WRITE (IPRNT,432)

GO TO 130

WRITE (IPENT,433)

WRITE (IPRNT,U28) (5? (ᒍ) ,J-1,KK)

FEOOo Ick Reece — INPUT SECTION 2-2--<-----<---<<~<

CALL SETCLK

SETCLK IS A TIMING SUBROUTINE.

N-4*He1

NI=N+1

NAL=N#N1/2

NIT=0

TERM=1000.0

P1-0.1

IF (KURVE.EQ.2) GO TO 151
WRITE (IPRNT,416
GO TO 152

WRITE (IPRNT,417)
DO 153 1-1,ᕼ

J-I*M

K-JeM

L-KeM

READ (18ᗪ, 404) X Gy ,X(J) eX (€) , ¥ (±

X(T) ,1 (9) eX (ᐖ) AND X(L) ΔΕΣ THE SPECTRAL INDICES FOR EACH BAND.
IF (RURVE.EQ.2) Go TO 160

WRITE (IPRNT,410) ᓬ (I) „ 1 (ᓅ) „ +
A SNR 

) X(),X(3). CK) ,X(L)

KG=X(K) *CAY
WRITE (IPRNT,406) X(1),x(q
X(1) 72:3025 874 (1) 

2) 

,1( DeX(K) ,XG,X(L

X(T) -2.30258*X(1)
CONTINUE

READ (IRD,404) ‡ (8)
WRITE (IPENT,418) ‡(#)
X(N) =2. 3025 8*x (Ny
DO 154 1-1,¥
XB(T)=X(t)

JI-LL

DO 155 I-1,mp
JI-JI«1

9 (71) -11 (1) *0 . 1
† ( 21) -IY (I) *0 . 001
DO 156 1-1, 11
† (1) =0.0

WU) =RB+ (L1- 1) «gr
NP=NP+LL

NP1=NP+1 

2
3210
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157

203

206

204

209

210

212

211

215

NPLI=NP+LL
DO 157 I=NP1,NPL1

1 (1)-0.0

$(1) =#B-WI* (I-11)

NPieNPe15

ᑊ ---<-⁄-------0ᐇ ,-ᐴ-91.--.700 06060#0ᕘ*ᖅ=*

po 201 1-1,ᕼ

6(1) -0-0

po 202 I=1,NAL

10 (1) =0.0
0

17=1

DO 218 II-L1,NP

CALL POINT3 (X, PC, PG, Ty Wy II, IK, KK, KK T, L1, H , N IPRNT, CAV, KURVE,IJ
IPF(iI.E£Q.L]) GO TO 204

DO 206 JJ=1,KK1

po 206 I=1,N

AP(I,JJ)- P(I,JJ*1)

Do 211 JJ-IJ,KK

LLi-II4JJ-L1

WP-W(LL1)

IF (KURVE.EQ.2) GO TO 210

po 209 I-1,M

J=1+M

K=J+n

L=K+M

AP (1,39) - (JJ) *PG(I,JJ) *PC (1,22)
R=WP-X (J)

SP-2.0*AP(I,JJ)*X(I)*R

AP(J,JJ) =SP* (X (ᗒ) *X( ᑉ) +× (K) *X (K) *PC (I,JJ))
AP (K ασ] S-SP*R*X (K) *PC (2,32)
AP(L,JJ) --SP*R*X(L)

Go TO 211

po 212 151.ᕼ

L

R-WP-X (J) 3
P = *PC J

x TUM TY NEED apc (1,92) «CAY&CAYX (1) *PG (1,771) RECS)
AP(J,dJ)-SS *X (K)

AP(K,JJ SS*R

AP(L,JJ) (ᒍᖹ) *pPG(I,JJ)
AP(N,JJ) -T(JJ)

po 216 I=1,N

AMI=0.0

DO 215 JJ-1,KK

ARI-AMIeSY (JJ) *AP (1,92)

3220

3230

3240

3250

3260

3270

3280

3290

3300

3310

3320

3330

3340

3350

3360

3370

3380

3390

3400

3410

3420

3u30

3440

3450

3460

3270

3575

3u80

3490

3500

3510

3520

3530

3540

3550

3560

3570

3580

3590

3600

3610

3620

3630

3640

3650

3660

3670

3680

3690

3700

3710

3720

3730

3720



216

217

220

222

221

226

227

229

AM (1) ΞΛΗΙ

TC=AM(N)

ΕΞΥ (11) -TC

FA=ABS (F)

13=L1+3

IU=NE-2

ΤΕ (II.LT.I3) GO TO 220

IF (II.GT.IU) GO TO 220

IF (FM.GE.FA) GO TO 217

FM-FA

WFM=W (11)

FS=FS#+F*F

IM=0

DO 218 I-1,N

AMI-AM (1)

6(1) -6 (1) *AMI*F

DO 218 IJ=I,N

IM-IM*1

AQ(IM)-AQ(IM)*AMI*AM(IJ|

FSM-FS

IM-0

DO 219 I=1,N

DO 219 IJ-I,N

IM-IMe1

A(I,IJ)-AQ(IM)

ADMIN-«1.E«10

ADMAX--1.E* 10

DO 227 oN

GO TO (224, 222,224,222),MLIST

IF (A(I,I).GE.ADMIN) GO TO 221

ADMIN-A(I,I)

MINAD-I

IF (ADMAX.GE.A(I,I)) GO TO 224

ADMAX-A(I,I)

MAXAD-I

IF (A(I,I).GT.|.0E- 10) GO TO 226

DIA(I)-0.0

GO TO 227

DIA(I)-1.0/SQRT(8 (I,I))

GAST (I) -G(I) *DIA(I)

IN-0

AMIN-1.0E«10

AMAX--1.0E-10

DO 228 I=1,N

DIAI-DIA(1)

DO 228 IJ=1,N

1ᕼ-1ᕼ+1

AQ (IM) =A (1, 19) *DIAI*DIA(IJ

IF (MLIST.EQ.1) GO TO 228

IF (I.EQ.I1J) GO TO 228

IF (AQ(IM).GE.AMIN) GO TO 231

AMIN-AQ(IM)

MINAT-I

MINA2-IJ
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231

228

249

250

266

262

263

IF (AMAX.GE.AO(IM)) GO TO 228

AMAX-AQ (IM)

CONTINUE

GL=0.0

DO 233 I=1,N

61-6 (1)

GL=GL+GI*GI

SM=-2. 0*61

GL-SQRT (GL)

SM HAS BEEN APPROXIMATED. SEE COMMENT WRITTEN INTO PROGRAM X.

CALL RDCLK (TIME)

RDCLK IS A TIMING SUBROUTINE.

ISECS=TIME+0.5

WRITE (IPRNT,4O7) FS,GL,WFM,FM,NIT,ISECS

Seo ecko MATRIX DATA OUTPUT SECTION ΑΜΑΝ +R AE EE

60 TO (250, 249,250,249),MLIST

WRITE (IPRNT,U2U) MINAD,MAXAD,ADBIN,ADMAX,MINAT,MINA2,AMIN,MAXAT,
1MAXA2, AMAX

JEROU oom — (P, INVERT,XP) SECTION OOROR RH ee

IM=0

DO 251 I=1,N

DO 251 IJ=I,N

IM=IM+1

AOIM-AQ(IM)

A(I,IJ)-AQIM

A(IJ,I)-AQIM

GO TO (260,261,262,263,311),IT

P=P1L

GO TO 265

IF (FS.LE.FS1) GO TO 266

P=P1L*DOWN

GO TO 265

P=P1L*UP

GO TO 265

P=P1*CHANGE

GO TO 265

x3=1.0/P1

.C/P2

DET-X3*Y3*XU*XU*XU-X3*X3*YI#KG HKG

IF (DET.EQ.0.0) GO TO 269

3*X3*(FS2-FS-SM*XU)

ü*Yü* (FST-FS-SH*X3)

AI-6.0* (AP1-AP2) /DET
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270

279

275

272

274

269

271

265

278

281

285

282

284

286

288

BI=2.0* (X4*AD2-X3*AP1) /DET

DET-BI*BI-2.0*AI*SM

IF (DET) 269,279,270

DET-SQRT (DET)

IF (AI.EQ.0.0) GO TO 269

X3- (-BI*DET)/AT

Xü- (-BI-DET)/AI

IF (X3.LE.0.0) GO TO 272

IF (X4.LE.0.0) GO TO 275

IF (XU.LE.X3) GO TO 274

p-1.0/X3

GO TO 265

IF (X4.LE.0.0) GO TO 269

p=1.0/X4

GO TO 265

P=10000.0

WRITE (IPRNT,411)

IT-IT41

DO 278 I-1,N

A(I,I)-A(I,i)*P

A(I,N1)--GAST(1)

DO 282 I-1,N

AII-A(I,I)

IF (AII.EQ.0.0) GO TO 284

PIV-1.0/A1I

DO 281 J-I,N1

A(I,J)-PIV*A(I,J

DO 282 K-1,N

IF (I.EO.K) GO TO 282

Q=A(K,1)

DO 285 J-I,N1

A(K,J)=A (KJ) -O*A(I,J)
CONTINUE

GO TO 286

WRITE (IPENT,412

GO TO 314

DO 288 I-1,N

XP (I)-X(I)*^ (I,N1) *DIA (1)

* BOUNDARY CONDITIONS TO LIMIT THE RANGES OF X(1),X(3),X(4),X(5) *

IF (KURVE.EQ.2) GO TO 540

THE PRODUCT FUNCTION.

IF (LIMIT.EQ.2) GO TO 299

DO 505 1-1,ᕼ

J=I+M

K-J*M

L-K*M

XPK=ABS (XP(K))

XPL-ABS(XP (1) )

IF (XPL.LE. 1.0) GO TO 500

XPL-1.0

80
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IF (MLIST.LT.3) GO TO 500WRITE (IPRNT,U3S) XP (3) 
5370

500 IF (188.18. 2.6) GO TO 501 5380
XPK=2.0 

5390
IP (SLIST-LT.3) GO TO 506 E
WRITE (IPRNT,U35) XP(J) 3410
60 TO 506 

5420
501 IP (XPK.GT.0.03) GO TO 506 5430

If (XPL.GT.0.0333) GO TO 506 5446
χΡΙ-0. 0333 

5450
IP (MLIST-LT.3) GO TO 506 ped
WRITE (IPRNT,b36) XP(J) 5470

so τε (XP (8) .17.00) GO TO 503 
5490

XP (K) =XPK 
5590

60 TO 507 
2500

503 XP ($)-- X9 
Eu

507 IF (XP(L)-LT.0.0) GO TO 504 3320
XP(L)-XPL 

2220
60 TO 505 

2219
504 XP(L)--XPL 

2020
505 CONTINUE 

2
Go TO 299 

5580

B THE SUM FUNCTI 
ο

e NCTION. 
5600

540 IP (LIMIT.E0.1) GO TO 550 2630
1? (NONEG.EQ.2) GO TO 299 

5630
550 ΡΟ 556 1-1,ᕼ 

5640
ᒍ-1+ 4 

5650
ᗭ-3*% 

5660
1-8*8 

5670
XPI-XP (1) 

5680
1PK-ABS (XP (KI) 

5690
XPL=ABS (XP(L)) 

5700
IP (LIMIT.EQ.2) GO TO 559 

5710
IP (XPK.LT.2.0) GO TO 551 

5720
XPK=2.0 

5730
IP (MLIST.LT.3) GO TO 552 5740
WRITE (IPRNT,u35) XPlJ) 

5750
Go To 552 

S168
551 IP (XPK.GE.0.042) GO TO 552 5770

XPK=0.042 
DU

1? (MLIST.LT.3) GO TO 552 
5720

WRITE (IPRNT, 436) XP (9) 5800
552 IF (KP(K)-LT-0-0) GO TO 553 

5810:
XP (6) -XPK 

ee)
60 TO 557 

EE
553 XP (K)=-XPK 

2940
557 1? (XP(L).LT.0.0) GO TO S54 E

XP (1) =KEL 
5870

PM cO TO 558 
5880

= 54 ΧΡ (L) =-XPL 
5890
5900

558 IP (NONEG.EQ.2) GO TO 556
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555

556

299

302

301

305

303

306

308

309

311

312

IF (XPI.GE.0.0) GO TO 555

XP (I)-XB(I)*0.1

IF (MLIST.LT.3) GO TO 555

WRITE (IPRNT,437) XP(J)

IF (XP(L).GE.0.0) GO TO 556

XP (1) -XB (L) *0. 1

NOTE THAT IF X1 OR X5 GOES NEGATIVE WE REDUCE IT TO ONE TENTH OF

THE VALUE FOUND IN THE PREVIOUS ITERATION.

IF (MLIST.LT.3) GO TO 556

WRITE (IPRNT,438) XP(J)

CONTINUE

JASCOARR HORMONE (PSP) SECTION 00 sok okolotokotokolokokokolokokotek

FSP=0.0

DO 301 II-L1,NP

CALL POINT3 (XP,PC,PG,T,W,II,IK,KK,KK1,L1,M, N,IPRNT,CAY,KURVE,IJ)
TC-0.0

DO 302 JJ-1,KK

TC-TC*T(JJ) *SY (JJ)

F-Y(1I)-TC

FSP=FSP+F#F

IR (FSM.LE.FSP) GO TO 303

NOTE IF RESTRAINTS ARE APPLIED,THE PROGRAM CAN BRANCH BACK HERE ON
THE FIRST CYCLE TO REPETITIVELY OUTPUT THE ORIGINAL GUESSED
INDICES.THIS INDICATES THAT THE GUESSED INDICES (WITHOUT
RESTRAINTS) FIT BETTER THAN THE COMPUTED INDICES (WITH
RESTRAINTS). THIS IS ONLY LIKELY FOR SINGLE BANDS,BUT IF SO
RERUN WITH MLIST=4 AND CHANGE THE INITIAL INPUT INDICES.

FSM-FSP

DO 305 1=1,N
XB (I) -XP (I)

IP (FS1.LE.FSP) GO TO 306
FS2=FS1

P2=P1

GO To 308

IF (FS2.LE.FSP) GO TO 308
Ρ2ΞΡ

FS2=FSP

60 TO (250,309,250,309),LIST
WRITE (IPRNT,414) ᕵ, FSP
GO TO 250

00 312 I-1,N

*dokAO AH HE NH OE or IOI ick TERMINAL SECTION 3*x*xxaionbxeksoeokniooor

X (1) =XB (1)
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315

316

317

320

314

319

322

318

325

327

328

NIT=NIT+1

TEST=TERM/FSM

TERM-FSM

IF (TEST.GE. 1.002) GO TO 31
5

WRITE (IPRNT,U41)

Go TO 314

IF (NIT.LE.NI) GO TO 316
WRITE (IPRNT,442)

go TO 314

IF (6L.GE.0.0001) GO TO 317

WRITE (IPRNT,hu3)

60 TO 318

1? (ISECS.LE.NSEC) GO TO 320
WRITE (IPRNT,4S4S) ᐨ

σο TO 314

1? (FM.GT.0.001) GO TO 200

WRITE (IPRNT,445)

DIS-SQRT(FSM/NP)

WRITE (IPRNT,415)

WRITE (IPRNT,419) FSM,DIS,FM,WFM

IP (KURVE.EQ.2) GO TO 318

WRITE (IPRNT,416)

po 319 151,8

Jer"

K=J+M

L=K+M

X(1)70.23229*X(1)

jF (IDECK.EQ.1) GO TO 319

WRITE (IPCH,420) 1 (1) , 8 (2) ,X(K) ,XQ)
WRITE (IPRNT,U10) ᒺ (1) „± (41 ,KCK) xq)

X(N) 20.43429*X(81

IP (IDECK.BQ.1) GO TO 322

WRITE (LECH, 420) X(N)

WRITE (IPRNT,U13) X(N)

GO TO 328

WRITE (IPRNT,417)
DO 325 I-1,M

J=1+M

K=J+M

L=K+M

X (1) -0 .53529*2 (1)

1 (1) -0.23829*X (1)

16-1(K) *CAY

IF (IDECK.EQ.1) GO TO 325
WRITE (IPCH,421) X (1), 1 (3) ,1 (8) CY
«RITE (IPPNT,4061 x (1) eX (2) Χ(Κ) XG7 X (2)
X(N) 20.03429*X(8)

IF (IDECK-EQ.1) GO TO 327

WRITE (IPCH,421) ¥(ᕼ)

WRITE (IPRNT,422) X(N) ,CAY
WRITE (IPPNT,434)

60 TO 20
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400 FORMAT (*1PITHA AND JONES. PROGRAM XII (PC-118) SPECTRAL BAND FI

1T OPTIMIZATION PROGRAM WITH SLIT FUNCTION CORRECTION.'/)

401 FORMAT (2084

402 FORMAT (1X,20A4)

403 FORMAT (1115)

404 FORMAT (4F15.5)

405 FORMAT (8415,14,1X)}

406 FORMAT (1X,5(6X,F15.5))

407 FORMAT (5X, 2HFS,E12.4,8X,2HGL,£12.4,7X,3HWFM,F6. 1, 7X , 2HFH, E12. 0, 7X

1,3HNIT,13,4X,SHISECS,15)

408 FORMAT (*OINPUT PARAMETERS.')

409 FORMAT (20X%,4HDOWN,E14.6,7X,2HUP,E14.6,7X,GHCHANGE,E14. 6)

410 FORMAT (1X,4(6X,F15.5))

411 FORMAT (1X, TROUBLE WITH EVALUATION OF P,CHECK MATRIX DATA OUTPUT

15

412 FORMAT (1X,'TERMINATED BY TROUBLE WITH SOLUTION OF EQUATIONS.')

413 FORMAT (4X, 7HALPHA -FB.5/,'0SOLVED FOR PRODUCT,CAUCHY OR GAUSS FUN

ACTION.*/ " (PURE CAUCHY IF X(4)=0 OR PURE GAUSS IF X(3)=0)")

414 FORMAT (64X,1HP,E10.6, 8X, 3HFSP,E10. 6)

415 FORMAT (11X, Le

-*/1X,17HOUTEUT PARAMETERS)

416 FORMAT (*0',15X,4HX (1) ,17X , 483 (2) , 17K, UHX (3) , 17%, ΜΗΧ (4)

417 FORMAT ('0',15X,UHX(1) ,17X,4HX (2) ,17X, 481 (3) ,17X, UHX (4) , 17X, 4HX (5)

1

418 FORMAT (4X,7HALPHA
ee

419 FORMAT (18%, 3HFSM,E14.6,7X,3HLIS,E14.6,7X,2HFM,E14.6, 7X, 3HWFH,F7. 1

1
420 FORMAT (4F15.5,5X, 7HPRODUCT)

421 FORMAT (4F15.5,9X, 3HSUM)

422 FORMAT (4X,7HALPHA -,F8.5/'0SOLVED FOR SUM FUNCTION WITH X4

1,48 X3.)

423 FORMAT ('0',19X,2HNP,I6,17X,2BWB,F8. 1, 13X, 2HWI,FP5. 1)

424 FORMAT (/&X,5HMINAD,I4,13X,5HMAXAD,I4, 12X, 5HADHIN,E 10. 6, 5X, SHADMAX

1,E18. 6/0X, 58411881, 14, 1X, SHMINA2,IU,3X,GHAMIN,E10.6,3X,5HMAXA1, IU,

23X,SHMAXA2,14, 3X, 4HAMAX,E14.6

425 FORMAT ('0*,9X,2HNP,I6,15X,2HWB, F8.1,11X,2HWI,F5.1,11X, 3HSSW,F6-2)

426 FORMAT (5F15.9)

427 FORMAT ('OINPUT SLIT ORDINATES.')

428 FORMAT (5X, 10F12.8

429 FORMAT (*OCOMPUTATION TERNINATED--INSUFFICIENT SLIT 0801887925.ᐡ )

430 FORMAT ('OSYMMPTRIC TRIANGULAR SLIT FUNCTION--NEWTON COTES WEIGHTI

1NGS.')

431 FORMAT (*OCOMPUTATION TERMINATED-TOO MANY SLIT ORDINATES.')

432 FORMAT ('OSYMMETRIC TRIANGULAR SLIT FUNCTION--SIMPSON RULE WEIGHTI

1NGS.*)

433 FORMAT ('OCOMPUTATION BY MODE 2--NORMALIZED SLIT ELEMENTS WITH SIM

1PSON RULE WEIGHTINGS.*)

434 FORMAT ('OFSM IS THE VALUE OF THE MINIMIZATION FUNCTION.'/,

1'ODIS IS THE DISCREPANCE IN THE TRANSMITTANCE DIFFERENCE (ROOT MEA

2N SQUARE OF THE RESIDUALS).'/,'OFM IS THE MAXIMUM ORDINATE DIFFERE

3NCE.'/,'OwrFM IS THE WAVENUMBER OF THE MAXIMUM ORDINATE DIFPERENCE.

m

"435 FORMAT ('OMINIMAL HALF-WIDTH FOR BAND AT',F7.1,6H CH.-1)

F8.5,/11X,' ~

,.F5.2

6990

7000

7010

7020

7030

7040

7050

7060

7070

7080

7090

7100

7110

7120

713C

7140

7150

7160

7170
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7360

7370

7380

7390

7400

7410

7420

7430

7440

7450

7460

7470

7480

749C

7500

7510

7520



436 FORMAT

437 FORMAT

438 FORMAT

439 FORMAT

TIED. ᒻ)

440 FORMAT

('OMAKIMAL HALF-WIDTH FOR BAND AT',f7.1,6H CM.-1)

(*0X1 HELD POSITIVE AT',F7.1,6H CM.-1)

("0X5 HELD POSITIVE AT',F7.1,6H CM.

(*ORESTRAINTS

(*ORESTPRAINTS

1)

πο HOLD X(1) AND K(5) POSITIVE HAVE BEEN APPL

TO HOLD THE HALF-WIDTHS BETWEEN 1 AND 50 CM.-

1-1 HAVE BEEN APPLIED.')

441 FORMAT

442 FORMAT

443 FORMAT

444 FORMAT

445 FORMAT

1LUE.'/)

END

(*OTERMINATED

(*OTERNINATED

('OTERMINATED

('OTERMINATED

(OT ERBINATZD

BECAUSE OF SLOW CONVERGENCE.'/)

RY ITERATION LIMIT.'/)

BY LOW VALUE OF GL.'/)

BY TIME LIMITATION.' /)

BECAUSE FM HAS REACHED MINIMAL SIGNIFICANT VA
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SUBROUTINE SORT3 (IX, I¥,WB,WI,NP,IPRNT,KLENUP,IWB,IWI)

SUBROUTINE SORT CHECKS FOR ERRORS IN THE INPUT WAVENUMBER DATA.

A LIMITED NUMBER OF WAVENUMBER SEQUENCE EREORS ARE CORRECTED

BUT SEQUENCE ERROFS IN EXCESS OF 160 DATA POINTS (20 CARDS)

OR ANY OTHER TYPE OF WAVENUMBER ERROR WILL TERMINATE THE
COMPUTATION,AS ALSO WILL A DISCREPANCY BETWEEN IWB AND THE

STARTING WAVENUMBER.

THE WAVENUMBER POSITIONS OF THE CORRECTIONS AND OF A TERMINATING

ERROR ARE RECORDED.

IF CORRECTIONS ARE MADE,CORRECTED INPUT DATA ARE LISTED IN FULL.

IF A TERMINATING ERROR IS FOUND THE UNCORRECTED INPUT DATA ARE

LISTED IN FULL.

DIMENSION 11 (2000) ,ΤΥ (2000) ,ΤΊΕΗΡΧ (160) ,X1(160) , ITEMPY (160

IP (IX(1).EQ.IWB) GO TO 10

WRITE (IPRNT,456)

KLENUP-2

RETURN

MM=1

DO 11 I-2,NP

IW=IWB-IwWi* (I-1)

IP (IW-EQ.IX(I)) GO TO 11

XX-IX(I)

TEST-(WB-0. 1*XX)/WI

NTEST=TEST+0.C05

IP (ABS(TEST-NTEST).GT.0.005) GO το 12
ITEMPX(ΜΗ) =IX (1)

ITEMPY(MM) =I¥ (I)

MM=MM+1

IF (MN.GT.160) GO TO 13

CONTINUE

IF (MM.GT.1) GO TO 14
WRITE (IPENT,451)

KLENUP=1

RETURN

XX1=IX(1~ 1) #0. 1- WT

WRITE (IPRNT,452) xxi
KLENUP=2

RETURN

ας (IPRNT,053)
ITE :

GO TO do HS GXG),IY(I), 1-1, NP)
NN-MM-1

Be 17 ΜΗΞ1, ΝΝ

=1+ (INB-ITEMPX (MIK (61) =TTEMPY (Hm), 5411}
IY (K1) -ITEMPY(mm)
XT (44) -IX(K1)*0.1
WRITE (TPRNT,450) (X1 (08) , 873, un)

7670

7680
7690

7700

7710

7720
7730

7740

7750

7760
7770

7780

7790

7800

7810

7820

7830

7840

7850

7860

7870

7880

7890

7900

7910

7920

7930

7940

7950

7960

7970

7980

7990

8000

8010

8020

8030

8040

8050

8060

8070

8080

8090

8100

8110

8120

8130

8140

8150

8160

8170

6189

8190

8200



450

451

#52

453

454

455

456

WRITE (IPENT,454) (IX (1) , ±† (1) „ 1-1 , ᓄᑭ)

60 10 15

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

END

({OWAVERUMBER CORRECTIONS AT!/,12(2X,F6.1,2X))

(*OKAVENUMBER SEQUENCE IS CORRECT.')

({C TERMINATED BY ERROR AT*,F6.1,6H CM.-1)

C'OTERMINATED BY MULTIPLE WAVENUMBER SEQUENCE ERRORS.')

C'OREARRANGED INPUT.'/,9(4X,215))

C'OUNCORRECTED INPUT. ' / „ 9 (4+, 215) }

('OTERMINATED BY AN ERROR IN THE STARTING WAVENUMBER.')
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SUBROUTINE POINT3 (PX,PC,PG,T,W,II,IK,KK,KK1,L1,M,N,IPRNT,CAY, KURV

18, 17)

SUBROUTINE POINT CALCULATES THE ORDINATES OF THE COMPUTED BAND

ENVELOPE IN UNITS OF NAPIERIAN ABSORBANCE.

DIMENSION PX (81) ,PC (20,25) ,PG(20,25) ,T(25) „ᗘ (2006)

JSKIP=1

KSKIP=1

Ig=1

IF (11.63.11) GO TO 102

IK=KK

GO TO 103

102 DO 104 JJ-1,KK1

T(JJ)-T (JJ* 1)

DO 104 I-1,"

PC (I,JJ)=PC (1,9241)

104 PG(I,JJ)-PG(I,JJ41)

IJ-KK

IK-KK

103 DO 105 JJ-IJ,IK

LL1-II*JJ-L1

WP-W(LL1)

ac=0.0

DO 106 1-1,ᕼ

J-IeM

= WP-PX (J)

RSQ-R*R

PC (I,2J) 21. 0/ (1. C* PX (8) *PX (K) *RSQ]
IF (KURVE.EQ.2) GO TO 1C8
PG(I,JJ)-PX(L) *PX(L) *RSQ
IF (PG(I,JJ).LT.10.0) GO TO 109
PG(I,JJ)-0.0

GO TO 111

109 PG(I,JJ)-EXP(-PG (1,J2) )
111 AC-PX(I)*PC (1, 49) *PG (I,JJ) «AC

108 28 (1, 22) =#JJ) =CAY*CAY*PX(K) ΑΡΧ oaIF (86 (1,34) .LT. 10. 0) Go iE
PG(I,JJ)-0.C

GO TO 114

2 Pee ERE CPGE, Jo)
ΞΡΧ (1) *PC +Gee cease PC (I, JJ) *PX (L) *PG (I, Ja) «AC

AC=AC#PX(N)

IF (AC.GI.-2.C) Go TO 116
IF (JSKIP.EQ.2) GO TO 107
WRITE (IPRNT,u70
JSKIP-2

8310

8320

8330

8346

8350

8360

8370

8380

8390

8408

8416

8420

8430

8440

8450

8460

8470

8480

8490

8500

8510

8520

8530

8540

8550

8555

8560

8570

8580

8590

8600

8610

8620

8630

8640

8650

8660

8670

8680

8690

8700

8710

8720

8730

8740

8750

8760
8770

8780

8790

8800

8816

8820

8830



107

116

118

117

105

470

471

? (22)-2- 7184

60 TO 105

1? (AC.LE.10.C) GO TO

1? (KSKIP.EQ.2) GO TO

WRITE (IPENT,471)

KSKIP=2

(23) -0᙮0

60 TO 105

¥ (Jd) «EXP (ᐨ AC)

CONTINUE

RETURN

FORMAT (OTHE MAXIMAL

FORMAT (‘OTHE MINIMAL

END

117

117

ALLOWED TRANSMITTANCE HAS BEEN EXCEEDED.'
)

ALLOWED TRANSMITTANCE HAS BEEN EXCEEDED.')

8840

8850

8860

8870

8880

8890

8900

8916

8926

8930

8940

8950

8960

8970



PITH AND JONES. PROGBAN YII (PC-118) SPECTRAL BAND FIT OPTIMIZATION PROGRAM WITH SLIT FUNCTION CORPECTION.

MARCH 13T4.1968. BAND FIT PROGEAM WITH SLIT DECONVOLUTION.

TOUR DAME 1257 DECR (88080677 SURBETRIC TRIANG SLIT WITH SSU 5.0 cm1

DRE Down Nn.1000C08-01 UP 0.100000€ 04 CHANGE 0.5000002 00
we 180 ® 995.0 ur 0.5 ssw 5.00

5497609978 SEQUENCE IS CORRECT.

51708916 TRIANGULAR SLIT PUXCTION--SINPSON RULE weIGHTZNGS.

0.02600000 0.01333333 0. 01333333 0.0600000C 0.02666666 0.06666666 0.04000000 4.09333330 0.05333333 0. 119
0-66666666 0.11999995 C.05333333 0.09333330 0.04000000 0.06666666 0.02666666 0.04000000 0.01231333 0,01
0105000000

xen xo × (3) x(a)
9.27000 368. 50000 0.18000 0. 12000
0162000 357:00000 0.2200 9. 16000
0.32000 941.0000 0112000 0.12000
0.37000 918-00000 0.22000 0.12000

ALPHA © 0.C2000

fS 0.22760 01 Urn 928.0 0.22012 00 9 secs 8
rS 0-81855-01 78 953.5 Th 0.54576-01 † ISECS 22
Ys 0:1825E-02 Wen 917.0 χα 0-80255-02 2 Iss 37
FS 0:21098-04 0-11968-01 ura 961.5 FN 0.89698-03 3 gsms 51

TERMINATED BECAUSE FH HAS REACHED MINIMAL 5168171613 VALUE.

QUTEUT PARAMETERS CN
PSH 0. 138526E-08 DIS 0.270015:-03 FR 0.8968712-03 wen 961.5

xn ray x0) xen
0.29907 969.95951 0.19999 0.099920.60066 950.99707 0.20223 0.19879
0.29990 939199399 0.09928 0210058
0.39958 920:00391 0.19950 0.10005,

ALPHA * 0.09999

SOLVED FOR PRODUCT,CAUCHY OF GAUSS FUNCTIO!
(PORE CAUCHY If K(4]-0 08 PUAE GAUSS IF X(3)=0)

FSM IS THE VALUE OF THE MINIMIZATION FUNCTION,

DIS IS THE DISCREPANCE IN THE TRANSAITTAWCE DIPPERENCE (8002 ΠΕΑΝ SQUARE OF THE RESIDUALS).

τα IS THE MÁXINUM ORDIWATE DIFFERENCE.

wen TS THE WAVENUMBER OF THE MAXIMUM ORDIMATE DIFFERENCE.



PITHA AND JONES. PROGRAM IIT (PC-118) SPECTRAL BAND PIT OPTIMIZATION PROGRAM WITH SLIT FUNCTION CORRECTION.

MARCH 13TH.1968. BAND FIT PROGPAM KITH SLIT DECONVOLUTIO,
FOUP SAND TEST DECK (SUM) ASYM.TRIANG. SLIT BY MODE 2.

1007 PARAMETERS.

Down 0.1000008-01 UP 0. 100000E cu CHANGE 0.500000r 00

INPUT SLIT OPDINATES.

D.cntc0000 0.09999996 0. 19999999 0.29999995 0.39999998 0.50000000 0.59999996 0.69999999 0.79899995 0.89:
1.00500000 0.75000000 0.50000000 0.2500C000 0.60000000 3

ᗘ? 186 WB 96.5 WI 0.5

WAVENUNBER SEQUENCE IS CORRECT.

COMPUTATION BY MODE 2--NORMALIZED SLIT ELEMENTS WITH SIMPSON RULE WEIGHTINGS.

0.00000000 0.01904763 9.91904763 0.05710289 0.03809526 0. 09523815 0.05714289 0. 13333338 0.07619047

0.03523815 0.14285719 0.08761908 0.04761908 0.0600000

En LIE ᕽ (31 x(a) x (5)
0.18060 968.0000 9.38000 0.0200 0. 11000

0.37060 353.00000 0.22000 0.17600 0.22000

0.16000 942.00000 0.11000 6.08300 0.18500

0.26000 919.00000 0.21000 0. 16800 0. 16000

ALPHA = 0.02000

FS 0.1185£ 01 Wen 928.5 FH 0.10502 00 0 15865 6

TS 0.2678$-01 WEM 957.0 PH 0.31848-01 1 ISES 18

FS 0.1328£-02 GL Q.1187E 00 WEN 953.0 TR 0.6925:-02 2 secs 36

FS 0.1603£-0u GL 0.10552-01 MER 967.5 PR 0.7808E-03 3 IsEcs 42

TERMINATED BECAUSE FM HAS REACHED MINIMAL SIGNIPICANT VALUE.

OUTPUT PARAMETERS

FSM 0. 1409898-04 DIS 0.270280E-03 FN 0.7807615-03 wen 967.5

101) x(2) x) ᕽ (4) ᕽ (5)
0.19999 970.00684 0.20051 0. 16061 0.09940
0.39878 954. 99780 0.20004 0.16003 0.19916

9.11103 339.99902 0.09926 0.079. 0.19002
0.24609 919.99365 0.20055 0. 16024 0.15183

ALPHA = 0.08957

‘SOLVED SUN FUNCTION WITH X4= 0.80 13.

ISA IS THE VALUE OF THE MINIMIZATION FUNCTION.

DIS IS TH DISCREPANCE IN THE TRANSMITTANCE DIFFERENCE (ROOT MEAN SQUARE OF THE RESIDUALS).

P" 15 THE MAXIMUM ORDINATE DIFFERENCE.

NEA IS THE WAVENUMBER OF THE MAXIMUM ORDINATE DIFFERENCE.

0.171
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PROGRAM XIII

Calculation of Cauchy-Gauss Shape Ratio and Half-band Widths

(PC-121)

This program retabulates the values of the indices and adds
Xn for the sum program; it also evaluates the following addi-
tional parameters for each component band:

1. The Cauchy-Gauss shape ratio
2. The half-band widths

A. The Cauchy-Gauss Shape Ratio

For the product function the shape ratio is defined as

SHAPP = ABS (X(3))/[ABS(X(3)) +ABS(X(4))] [36]

It should be noted that X(3) and X(4) indices of negative sign

are not uncommon, but the sign is immaterial to the computation

of the ordinates as these indices occur in equations [1] and [6]

only as squared terms. SHAPP takes a value of unity for a pure

Cauchy curve and zero for a pure Gauss curve.

For the sum function the shape ratio is defined as

SHAPS = AREAC/[AREAC+ AREAG] [37]

where

AREAC = 1.570796 X(1) - (HLFWC) [38]

and

AREAG = 1.0645 X(5) * (HLFWG) [39]

in which HLFWC and HLFWG are the half-band widths of the Cauc
hy

and Gauss component curves respectively in cm.” .

B. The Half-Band Widths

i i ions for the half-
There are no simple algebraic express

band widths andit is necessary to evaluate them by an iter
ation

method.
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(1) The Product Function

If 2bis thehalf-band width in ᕦ.ᐨ ` we may write from equa-
tion [1]

0.5 = (1*x$b?)^! + exp- [x£b?] [40]

On inversion and expansion of the exponential term

2.0 = (1* x$b?) (1+x#b?+..... ) [41]

This provides a first approximation to b? in the form

b"/2 + (WP)b* ~ 1/2xixí Νο [42]

in which

WP = (x3 + xf) /2x}3xé [43]

In the program WP is evaluated following statement 13, and the
quadratic equation [42] is solved to yield WX as an initial ap-

proximation for b?; both roots are computed if they are real and
positive, though there will normally be only one real and posi-

tive root; the two half-widths so found are designated HLFW1 and

HLFW2. WX will differ from b? by an amount WF, where

WF = 2.0- [1+x3(WX)] + exp x£ (WX) [44]

The gradient dWF/dWX is next calculated; this reduces to the

expression

dWF/dWx -Ps(Pa (LFPg) + P5) [451

WFD

where P2=x3; P3=xi; Ps=exp P3 (WX); Pe=P2 (WX) -

A correction term WF/WFD is subtracted from WX to provide

WXN, the second approximation to b*. This iterative process is
continued until an acceptable agreement is obtained.
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(ii) The Sum Function

For the sum function the treatment is similar, we have ini-

tially, with x,=kx3

0.5(xitxs) = xi(l*xib?)-'4xg ᐩ exp~ [k?x$b?] [46]

Inversion of equation [46] does not simplify the algebra (cf.

equation [42]): the expansion of equation [46] and collection

of terms yields

ᘅ" [2x5x3k*] + b?[xi-xs*2xsk?] ~ (xitxs)/x$ = 0 [47]

which may be written

b'S; + b’Ss + 86 = 0 [48]

where Si-x$; S?-Sik!; S3=2S2xs; Su=1/Si;

Ss= S3Sut+xi-xs; Se= -Sw(xitxs).

Equation [48] is solved to obtain the first approximation

of the composite half-band width (WX) following statement 128 in

the program. The iterative process resembles that described for

the product function with

WF = 0.5(xitxs) ~ Sexi + S2S10 [49]

and

WFD = xiS1S$ + S2S10 [50]

where Sg=1/(1+S, (WX)); So=~S2 (WX); Sio=xs°exp So.

The half-band widths of the separate component Cauchy and

Gauss curves (HLFWC) and (HLFWG) are also evaluated and recorded.

C. The Input Data

Cards 1 and 2 are heading cards HEADl,HEAD2 (see Program X).

Card 3 carries four fixed point instructions in format 415. The

instructions are NDATA, M, KURVE and NSEC which

have the same connotations as for Program X.
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Card 4 carries the ratio CAY in format F15.5. This CARD IS

NEEDED ONLY FOR THE SUM FUNCTION AND MUST BE

OMITTED WHEN WORKING WITH THE PRODUCT FUNCTION.

Card Deck 5 is a deck of M cards, each carrying the four

band indices of a single band in format 4F15.5.

The indices are x1,X2,X3 and x, for the product

function and x1,X2,X3,X5s for the sum function.

The output data cards from the optimization pro-

grams X, XI, XIII can be used directly after

removing the introductory and heading cards

(see also Card Deck 7 on p. 13).

Card 6 This is a terminal card carrying the baseline

constant a in formatF15.5. This quantity does

not enter into the computations, but itis stored

and relisted with the output. When processing

data not derived from the optimization programs

a is liable to be zero, and should be entered

as such. Failure to include this card will

cause the program to terminate when attempting
to process multiple decks with NDATA-2.

No detailed account of the internal logic of the program is

called for. In the output of both the product and sum function

computations the column headed HLFW-2 will normally be biank,

indicating thatonly one real root of the quadratic equation [42]

has been obtained.

The values computed by this program for the half-band widths

and shape ratios fora range of values of x: and x, for the prod-

uct function are listed in Table II. Similar data for the sum

function fora range of values of x3 with CAY-0.2 to CAY-0.8 are

recorded in Table III. These tables will be found useful in

selecting appropriate initial values for use with the band fit

optimization programs. The boundary conditions limiting x3 and

xy in Table I were selected on the basis of these data.
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TABLE IT

Dependence of the Shape and Half-Band Width on X(3) and X(4)

for the Cauchy-Gauss Product Curve*

SHAPE RATIO X(3) X(4) HALF-WIDTH (cm.~')

0.0 0.0 0.017 100.3

0.021 80.1

0.028 60.1

0.042 40.0

0.083 20.0

0.111 15.0

0.166 10.0

0.208 8.0

0.277 6.0

0.416 4.0

0.555 3.0

0. 833 2.0

1.166 1.4

1.665 1.0

3.330 0.5

0.1 0.002 0.018 91.9

0.003 0.027 61.3

0.004 0.036 46.0

0.005 0.045 36.8

0.006 0.054 30.6

0.008 0.072 23.0

0.010 0.090 18.4

0.020 0.180 9.2

0.030 0.270 6.1

0.040 0.360 4.6

0.050 0.450 3.7

0.060 0.540 3.1

0.080 0.720 223

0.100 0.900 1.8

0.150 1.350 2:2

0.200 1.800 0.92

0.2 0.004 0.016 101.0

0.005 0.020 80.8

0.010 0.040 40.4

0.020 0.080 20.2

0.030 0.120 13.5

0.040 0.160 10-1

0.050 0.200 8.1

0.060 0.240 6.7

0.080 0.320 5.1

0.100 0.400 4.0

0.140 0.560 2.9

0.200 0.800 2.0

0.300 1.200 p.3

0.400 1.600 1.0
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SHAPE RATIO X(3) X(4)

0.3 0.005 0.012

0.010 0.023

0.020 0.047

0.030 0.070

0.040 0.093

0.050 0.117

0.060 0.140

0.080 0.187

0.100 0.233

0.150 0.350

0.200 0.467

0.400 0.932

0.600 1.400

0.4 0.01 0.015

0.02 0.030

0.03 0.045

0.04 0.060

0.05 0.075

0.06 0.090

0.08 0.120

0.10 0.150

0.15 0.225

0.20 0.300

0.30 0.450

0.40 0.60

0.70 1.05

1.00 1.50

05 0.01 0.01

0.02 0.02

0.03 0.03

0.04 0.04

0.05 0.05

0.06 0.06

0.08 0.08

0.10 0.10

0.14 0.14

0.20 0.20

0.30 0.30

0.40 0.40

0.60 0.60

1.00 1.00

2.00 2.00

Table 11 ~ ii.

HALF-WIDTH (ᓂᕆ.ᐨ `)

128.5

66.7

3277.

22.0



Sal

SHAPE RATIO X(3) X (4)

0.6 0.015 0.010

0.02 0.013

0.03 0.020

0.04 0.027

0.05 0.033

0.06 0.040

0.08 0.053

0.10 0.067

0.14 0.093

0.20 0.133

0.30 0.200

0.40 0.267

0.60 0.400

1.00 0.667

2.00 1.333

0.7 0.015 0.006

0.02 0.009

0.03 0.013

0.04 0.017

0.05 0.021

0.06 0.026

0.08 0.034

0.10 0.043

0.15 0.064

0.20 0.086

0.30 0.129

0.40 0.171

0.60 0.257

1.00 0.429

2.00 0.857

0.8 0.02 0.005

0.03 0.007

0.04 0.010

0.05 0.012

0.06 0.015

0.08 0.020

0.10 0.025

0.20 0.050

0.30 0.075

0.40 0.100

0.60 0.150

1.00 0.250

2.00 0.500

TableII- iii.

HALF-WIDTH (cm.-!)

939.71

74.9

49.9

37.4
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Table 11 ~ iv.

SHAPE RATIO 1(3) x(4) HALF-WIDTH (cm.~')

0.9 0.02 0.0022 98.8

0.03 0.0033 65.9

0.05 0.0056 39.5

0.10 0.0111 19.8

0.15 0.0167 234]

0.20 0.0222 9.9

0.25 0.0278 7.9

0.30 0.0333 6.6

0.40 0.0444 4.9

0.60 0.0667 333

1.00 0,1111 2.0

1.50 0.1667 81

2.00 0.2222 A0

1:0 0.017 0.0 119.8

0.025 80.0

0.050 40.0
0.100 20.0

0.200 10.0

0.300 6.7

0.400 5.0
0.600 3-3
1.000 2.0
2.000 1.0

*

Note that these figures have been rounded for tabulation; they

are intended to be used only as a guide to the selection of ap-

propriate starting values for X(3) and X(4).
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TABLE III

Dependence of the Half~Width on X(3) and CAY for

the Cauchy-Gauss Sum Function*

HALF-WIDTH (cm.^!)

X(1)/X(5)=0.1 X(3) CAY-0.8 CAY-0.6 CAY-0.4 CAY-0.2

0.02 103.8 135.8 199.2 390.0

0.04 51.9 67.9 99.6 195.1

0.06 34.6 45.3 66.4 130.1

0.08 26.0 33.9 49.8 97.6

0.10 20.8 27.2 39.8 78.0

0.20 10.4 13.6 19.9 39.0

0.30 6.9 9: 13:3 26.0

0.40 5.2 6.8 10.0 19:5

0.60 3.5 4.5 6.6 1350

1.00 2.1 2.7 4.0 7.8

2.00 1.0 1.4 2.0 2329

X(1)/X(5)=0.5

0.02 103.0 L271 171.8 298.8

0.04 51.5 63.6 85.9 149.4

0.06 34.3 42.4 57.3 99.6

0.08 25.7 31. ᒯ 43.0 74.7

0.10 20.6 25.4 34,4 59,8

0.20 1053 12.7 17,2 29.9

0.30 6.9 8.5 11.4 19.9

0.40 5.1 6.4 8.6 14.9

0.60 3.4 4.2 5.7 10.0

1.00 2.1 T 3.4 6.0

2.00 1.0 153 1.7 3.0

X(1)/X(5)-1.0

0.02 102.3 120.6 150.9 218.3

0.04 51:1 60.3 75.4 109.1

0.06 34.1 40.2 50.3 12.7

0.08 2576 30.1 37.1. 54.6

0.10 20.5 24.1 30.1 43.7

0.20 10.2 12.1 151 21.8

0.30 6.8 8.0 19.1 14.6

0.40 5.1 6.0 7.5 10.9

0.60 3.4 4.0 5.0 753

1.00 2.0 2.4 3.0 4.4

2.00 1.0 1.2 1.5 2.2
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Table III- ii.

HALF-WIDTH (cm.-!)

X(1)/X(5)=10.0 X(3) CAY-0.8 CAY-0.6 CAY-0.2

0.02 100.5 103.7 106.9 109.5

0.04 50.2 51.8 53.4 54.8

0.06 33.5 34.6 35.6 36.5

0.08 25.1 25.9 26.7 27.4

0.10 29.1 20.7 21.4 21.9

0.20 10.0 10.4 10.7 11.0

0.30 Cal 6.9 hel 7.3

0.40 5.0 5.2 5.3 5.5

0.60 323 3.5 3.6 3.6

1.00 270 2.1 2.1 2.2

2.00 1.0 1.0 1.1 ns

*

Note that these figures have been rounded for tabulation; they
are intended to be used only as a guide to the selection of ap-

propriate starting values for X(3).

Most absorption bands are closer to the Cauchy than the

Gauss shape and, inour experience an initial ratioof X(1)/X(5)-

10.0 is usually acceptable. Under these conditions the half-band

width is not very sensitive to the value chosen for CAY, but it

becomes increasingly so as X(1)/X(5) diminishes and the band be-

comes more Gaussian.
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# # # ᒂ # TOO × # # sooo IEA ok xe IG GIG ¥ + D He I IG # ± + ± aOR + ± ± + ± # ± ± ± aa

*

CALCULATION OF CAUCHY-GAUSS SHAPE RATIO AND *
*

*

*

HALF-BAND WIDTHS.

H
e
e#
 
+

FECA * # # ± % IO ± ± OIG ᑾ # ± # ± :# ± # IGS ᒂ #: + # D # # ᒂ # #ᑦ # + : ± # + : ᒂ # ± ± # ᐔ ᒂ ± = * ±

R.N.JONES AND J.PITHA,DIVISION OF CHEMISTRY,NATIONAL RESEARCH

COUNCIL OF CANADA,SUSSEX DRIVE,OTTAWA,CANADA.

PROGRAM XIII (PC-121) SHAPE AND HALF-WIDTH CALCULATOR.

JULY 22ND.1967.

FOR THE SUM FUNCTION THE HALF-WIDTHS AND SHAPES OF THE CAUCHY

AND GAUSS COMPONENT BANDS ARE SEPARATELY EVALUATED.

THESE CALCULATIONS DO NOT INVOLVE THE BASELINE CONSTANT, ALPHA,

BUT,FOR COMPLETENESS,IT IS INCLUDED IN THE OUTPUT TABULATION.

FOR DETAILS SEE N.R.C.C. BULLETIN NO, 12.

7 DON'T FORGET THE CAY CARD FOR THE SUM FUNCTION.

THE CAY CARD IMMEDIATELY PRECEEDS THE DATA DECK.

7 DON'T FORGET THE TERMINAL ALPHA CARD.

DIMENSION HEAD1(20), ΒΕΛΡ2 (20

IRD=1

IPRNT=3

WRITE (IPRNT,400

READ (IRD,401) HEAD!

READ (IRD,401) HEAD2

READ (IRD,402) NDATA,M,KURVE,NSEC

M IS THE NUMBER OF BANDS TO BE CALCULATED.

USE KURVE=1 FOR A PRODUCT FUNCTION; KURVE=2 FOR A SUM FUNCTION.

WRITE (IPRNT,4C3) HEAD1

WRITE (1ΡΗΝΣ, 003) HEAD2

ISKIP=1

IF (KURVE.EQ.2) GO TO 100

Je RARea PRODUCT. FUNCTION SECTION *##***#ees KERR ERE

WRITE (IPRNT,4O4)

CALL SETCLK

DO 50 J=1,H

IT-0

X1-0.0

X2-2.0

X3=0.0
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x4=0.0

HLFW1=0.0

HLFW2=0.0

READ (IRD,4O5) X1,X2,X3,X4

IF (ABS(X4).LT.0.0001) GO TO 11

IF (ABS(X3).1T.0.0001) 60 TO 12

60 TO 13

CALCULATION OF SHAPE AND HALF-WIDTH FOR THE PURE CAUCHY CURVE.

11 HLFW1= .0/X3

000

CALCULATION OF THE SHAPE AND HALF-WIDTH FOR THE PURE GAUSS CURVE.

12 HLFW1=1.665109/X4

SHAPP = 0.000

GO TO 4O

CALCULATION OF THE HALF-WIDTH OF THE PRODUCT CURVE BY ITERATION.

THE SOLUTION OF THE QUADRATIC EQUATION GIVES TWO VALUES,

BOTH ARE COMPUTED IF THEY ARE REAL AND POSITIVE, BUT NORMALLY

ONLY HLFW1 WILL BE OBTAINED.

13 P2-X34X3

P3-yü*Xu

VP-(P2«23)/ (2.0*P2*P3)

ΡΙΞΗΡΑΗΡΑ1. 0/ (92393)

1? (PU.LT.0.0) GO TO 17

Pü-SQRT (Pu)

IF (ISKIP.EQ.2) GO TO 16

WX=P4-WP

Ga το 27

17 WRITE (IPRNT,415)

GO TO 49

16 WX=-WP-P4

27 IF (WX.GT.0.0) GO TO 21

IF (15818.80. 2) GO TO 30

ISKIP-2

60 TO 16

21 PS=EXP (P3*HX)

2ΝΗΧ

.0-P5*(1.0«P6)

P5* (p3* (1.0 P6) P2)

X-WE/WED

WDIP=ABS (WX-WXN)

IF (WDIF.LE. (WXN#0.0001)) GO TO 22

ΜΧΞΗΧΝ

17=17+1

IF (IT.LT.5) GO TO 21
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@RITE (IPPNT,417)

GO TO 22

WX-SQET (WKN)

IF (ISKIP.EQ.2) GO TO 25

HLFW .0*WX

ISKIP-2

GO TO 16

HLFW2-2.0*WX

ISKIP-1

CALCULATION OF THE SHAPE RATIO OF THE FRODUCT CURVE.

SHAPP- ABS(X3)/(ABS(X3) #AES(X4))

IF (HLFW2.EQ.C.0) GO TO 41

WRITE (IPRNT,406) X1,X2,X3,X4,SHAPP,HLFW1,HLFW2

GO TO 49

WRITE (IPRNT,4O7) X1,X2,X3,X4,SHAPP,HLFW1

CALL RDCLK (TIME)

ISECS-TIME*0.5

IF (ISECS.GT.NSEC) GO TO 52

CONTINUE

60 TO 53

WRITE (IPRNT,414

WRITE (IPRNT,u08)

ΑΝΝΑ TERMINAL SECTION FOR BOTH FUNCTIONS ##########Rx 4x

READ (1ᑭᗞ, 495) XN

WRITE (1ΡΕΝΤ, 009) XN

IF (NDATA.EQ.2) GO TO τα

STOP

JORob ice SUM FUNCTION SECTION ekekekerokookokokokokeotoktak

WRITE (IPPNT,410)

READ (180, 405) ΟΛΥ

CALL SETCLK

DO 150 J=1,M

IT-0

x1=0.0

X2-0.0

X3-0.0

x5-0.0

HLFW1=0.0

HLFW2=0.0

READ (IRD,405) X1,X2,X3,X5

1

X1=ABS (X1)

X3=ABS (X3

X5-ABS (X5)

K4=K3*CAY

XX4=XX3*CAY
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CALCULATION OF THE HALF-WIDIH OF THE CAUCHY COMPONENT CURVE.

HLFWC-2.0/X3

CALCULATION OF THE HALF-WIDTH OF THE GAUSS COMPONENT CURVE.

HLFWG=1.665109/X4

CALCULATION OF THE HALF-WIDTH OF THF COMPOSITE CURVE.

FIRST CHECK FOR ZERO X1 OP X5

THIS SIGNIFIES À PURE GAUSS OR PURE CAUCHY CURVE,

IF (X1.NE.C.0) GO TO 112

HLFW

HLFW

GO TO 130

IF (X5.NE.0.0) GO TO 114

HLFW1=HLFWC

HLFW2-0.0

GO TO 130

S1-X3*X3

S2-Xu*YXü

53-2.0*15*52

«0/51

3*54+11~15

S4* (X14X5)

57-55*55-4. 0353456

IF (S7.GE.0.0) GO TO 128

WRITE (IPRNT,415

GO TO 150

ST=SQRT (57)

IF (ISKIP.EQ.2) GO TO 116

WX=S7-S5

GO TO 127

WX=-S5-S7

ΗΧΞΗΧ/ (2.0*53)

IF (WX.GT.C.0) GO TO 121

IF (ISKIP.EQ.2) GO TO 130

ISKIP-2

GO TO 116

.0/(1.0«S1*WX)

S2*WX

5*EXP(S9)

.S*(X1*X5) -X1*S8-510

WFD-X1*S1*SB8*SB*S2*S10

WXN-WX-WF/WFD

WDIF-ABS(WX-WXN)

IF (WDIF.LE.WXN*0.0C01) GO TO 122

WX-W4XN

IT=IT+1

IF (IT.LT.5) GO TO 121

WRITE (IPRNT,417)

RESPECTIVELY.
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6ο TO 122

122 IF (WXN.GE.0.C) GO TO 129

WRITE (IPRNT,u16)

IF (ISKIP.FQ.1) GO TO 123

60 TO 150

129 WX-SQRT (WXN)

IF (ISKIP.EQ.2) GO TO 125

HLFR1-2.0*8X

123 ISKIP-2

60 TO 116

125 HLFW2-2.0*WX

130 ISKIP-1

CALCULATION OF THE CAUCHY-GAUSS SHAPE PATIO FOR THE SUM BAND

AREAC-1.570796*XX 1*HLF WC

AREAG= 1.064 5*XX5*HLFWG

SHAPS=AREAC/ (AREAC+AREAG)

IF (HLFW2.EQ.0.0) GO TO 141

WRITE (IPENT,G11) XX1,X2,XX3, XXU ,XX5, SHAPS, HLFWC, HLFRG, HLFW1,HLFW2

Go TO 149

141 WRITE (LPRNT, 411) XX1,X2,XX3,XX0,XX5, SHAPS,HLFWC, HLFWG, HLFW 1

149 CALL RDCLK (TIME)

ISECS-TIME«0.5

IF (ISECS.GT.NSEC) GO TO 152

150 CONTINUE

GO TO 153

152 WRITE (IPRNT,414)

153 WRITE (IPRNT,413) CAY

60 TO 51

460 FORMAT ("1PITHA AND JONES. PROGRAM XIII (PC-121) BAND FIT PROG

T1RAM--SHAPES AND HALF-WIDTHS.'/)
401 FORMAT (2644)

402 FORMAT (015)
403 FORMAT (1X, 203 ᙱ)

4O4 FORMAT ('0',10X,UHX (1) ,ΘΧ, ΜΗΧ (2) ,7X,4HX (3) , 7X, 4HX (4) ,7X, SHSHAPE,
16X,6HHLFW-1,5X,6HHLFW-2|

405 FORMAT (4F15.5)

406 FORMAT ('0',5X,F10.6,2X,F10.3,2F11.6, 3F12.6)
4C7 FORMAT (*0',5X,F10.6,2X,F10.3,2F11.6,2F12. 6, 7X, 18~)
408 FORMAT ('OTHESF DATA ARE FOR THE PRODUCT FUNCTION.')
409 FORMAT (/üX,7EALPHA = ,E14.6)
410 FORMAT (*0',10X,üHuX(1) ,6X, 4HX (2) , TX, 4EX (3) , 7X, 483 (4), 7X, ΜΗΧ (5) ,6X,

ISHSHAPE, 6X, 6HHLFW-C,6X,6HBLFW-G, 6X, 6HHIFW-1,5X,6HHLFW-2
411 FORMAT (*0*,5X,F12.6,F10.3,U0F11,6,0F 12.6)
412 FORMAT (0 ,5X,F10.6,F10.3,40F11.6,3F 12.6, 7X, 1H-
413 FORMAT ('CTHESE DATA ARE FOR THE SUM FUNCTION WITH ΟΛΥ =, F5.2)
414 FORMAT ('OTERMINATED BY PEOGRAM TIME CONTROL.)
415 FORMAT ('CROOTS OF THE QUADRATIC EQUATION ARE IMAGINARY.4)
416 FORMAT ('CHALF-WIDTH OF TEE COMPOSITF CURVE IS IMAGINARY.')
417 FOFMAT ('CFIVE ITERATION LIMIT ON NEXT BAND. ')

END
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PITHA AND JONES. PFOGRAM XIII (PC-121) BAND FIT PROGRAM--SHAPES AND HALF-WIDTHS.

APRIL 3RD.1968. FOUR BAND TEST DZCF FOR PRODUCT FUNCTION.

TRUE VALUES ΕΡΟΒ CALCULATED CUPVE.

rq) x(2) 1(3) x4) SHAPE BLPW-1 HLFW-2

9.300000 970.000 0.290000 0.100000 0.666667 8.277420 =

0.600000 955.000 0.200C00 c.200000 0.500000 6.122278 =.

0.300000 940.000 0.100000 0.100000 0.500000 12.204562 =

0.900000 920.000 0. 200000 0.100000 0.666667 8.277420 =

‘THESE DATA ARE FOR THE PRODUCT FONCTION.

ALPHA = 0.500000E-01



PITHA AND JONES. PROGRAN XIII (PC-121)

FOUR BAND TEST DECK FOR SUM FUNCTION.APRIL 1Λ0. 1968.

TRUE VALUES FROM CALCULATED CURVE.

xn xo)

0.200000 — 370.000

0.490000 — 955.000

0.190000 940.000

0.250000 — 220.000

LED

0.200900

9.200000

0.100000

0. 202000

= 311=

x(a)

9.160000

9.160000

0.080000

0.160000

x)

0.100000

0.200000

0. 200000

0. 150000

THESE DATA ARE FOR THE SUM FUNCTION WITH CAY = 0.80

ALPHA = 0.5006008-01

SHAPE

0.739301

0.739301

ο

0.702660

14848

BAND PIT PROGRAB--SHAPES AND HALP-WIDTHS.

HLFU-C

10.000000

10.000000

20.000000

10.000000

BLFU-G

10.406931

10.406931

20.813873

10.006931

BLFu-1

10. 163906

10.163906

20. 594498

10.182089

HLFU-2
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PROGRAM XIV

Calculation of the Ordinates of Cauchy-Gauss Band Envelopes

(PC-122)

When supplied with the indices of either the product or sum

functions, this program generates a set of ordinates for the
overlapping band envelope. The calculated ordinates are spaced

at equal abscissal intervals determined by the selected value

of WI.

This program is dimensioned for a maximum of twenty over-

lapping bands and two thousand calculated ordinates. The output

canbe either in units of absorbance or transmittancex 1000, and

a card deck in the standard punched format can be obtained as

well as the printed listing. When operated in the absorbance

mode, the Cauchy and Gauss components of the sum function are

listed separately in parallel columns while a third column lists

the summed value, included in which is the baseline constant a.

On the transmittance x 1000 scale only the summed value, including

a, is listed.

This program may also be used to generate a set of ordinates

for single bands of pure Cauchy, pure Gauss, product, or sum

contour, but a more versatile program that will generate single

band of any requisite contour, basedon a single valued function,

is described in Bulletin 11 (Program VIII).

A. The Input Data

Cards 1 and 2 are heading cards HEAD1,HEAD2 (see Program X).

Card 3 carries six fixed point instructions NDATA,IDECK,NP,M,

KURVE,IXIT in format 615. The first five have

the same connotation as for Program X.

Use IXIT=1 for ordinate output in units of

transmittance x 1000.

Use IXIT=2 for ordinate output in absorbance

units.

Card 4 carries two floating point instructions for the prod-

uct function and three for the sum function in

formats 2F15.5 or 3F15.5 respectively. They are

WB, WI and CAY as described for Program Χ.

Card Deck 5 This is a set of Mcards carrying the input or-

dinate indices x,,x,,x3,x, for the product func-

tion and xi,X2,Xs3,Xs for the sum function. (See

Card Deck 7 on p. 13).
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Card 6 is the terminal card carrying the baseline con-

stant a. (See Card 8 on p. 13.)

No detailed account of the internal logic of the program

is required beyond the comment statements that are incorporated

in the program.

The test data sets are for the four band product and sum

band enveloped illustratedin Figs. 1 and 2 on pp. 24,25 of this
volume.
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CALCULATION OF THE ORDINATES OF CAUCHY-GAUSS
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J.PITHA AND R.N.JONES, DIVISION OF CHEMISTRY, NATIONAL RESEARCH

COUNCIL OF CANADA,SUSSEX DRIVE,OTTAWA,CANADA.

PROGRAM XIV (PC-122) JULY 20TH.1967.

THE ORDINATES CAN BE EVALUATED IN TRANSMITTANCE X 1000 OR IN

ABSORBANCE.

FOR THE SUM FUNCTION THE ABSOEBANCE OF THE GAUSS AND CAUCHY

COMPONENTS ARE LISTEN SEPARATELY. THEY ARE ALSO SUMMED

TOGETHER WITH THE BASELINE CONSTANT. THE SUMMED ORDINATES MAY

BE LISTED IN EITHER ABSORBANCE OR TRANSMITTANCE X 1000.

THIS PROGRAM IN DIMENSIONED FOR 2000 DATA POINTS AND 20 COMPONENT

BANDS. IN THE PRODUCT MODE THE PROGRAM WILL GENERATE A PURE CAUCHY

CURVE IF X(4)=0 AND PURE GAUSS CUEVE IF X(3)-0.

FOR DETAILS SEE N.R.C.C. BULLETIN ΝΟ.12.

DIMENSION PC(20), PG(20), X(81), IW(2000), WW(20C0),ORD1 (2000),

10RD2(2C00), SUM(2000), HEAD1(20), HEAD2(20),IT(2000

EQUIVALENCE (SUM(1),IT(1))

IRD=1

IPCH=2

IPENT=3

WRITE (IPRNT,400)

READ (IRD,401) HEAD1

READ (IRD,401) HEAD2

READ (IRD,402) NDATA,IDECK,NP,M,KURVE,IXIT

IF (KURVE.EQ.2) GO TO 12

READ (IRD,407) WB,WI

GO TO 13

READ (IRD,407) WB,WI,CAY

USE KURVE=1 FOR PRODUCT FUNCTION AND KURVE=2 FOR SUM FUNCTION.

REMEMBER THAT IF KURVE=2 CAY MUST BE DEFINED.

USE IXIT-1 FOR OUTPUT IN CM.-| X 10 AND TRANSMITTANCE X 1000.

USE IXIT-2 FOR OUTPUT IN CM.-1 AND ABSORBANCE UNITS.

IF (IDECK.FQ-1) GO TO 11

WRITE (IPCil,401) HEAD1

WRITE (IPCH,401) HEAD2

WRITE (IPRNT,404) HEAD

WRITE (IPRNT,404) HEAD2

IF (KUPVE.EQ.2) GO TO 14

WRITE (1ΡΕΝΤ, 405)

GO TO 15
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14 WRITE (IPRNT,406

15 N=4#M4+1

DO 16 151,8

ᒍ-1+4

+H

L-KeM

READ (IRD,407) X(1),X(2),X (K) ,X (1)

WRITE (IPRNT,UCB) 1 (2) «Χ (ᖹ) X (KD ,X(L

16 CONTINUE

READ (IRD,807)1 (8)

WRITE (IPRNT,409) X(N)

WRITE (IPENT,410) NP, WB, WI

IF (KURVE.EQ.2) GO TO 120

***39* COMPUTATION OF THE ORDINATES OF THE PRODUCT FUNCTION *#**#*

DO 21 1151, 8Ρ

?11-11~1

W-WB-WI*FII

AC-0.0

DO 22 1-1,#

ᒍ=1+8

PC (I) -1. 0/ (1 .0+± (K) XX (ᐈ) *RSQ

BG (1) -1 (ᒺ) *X (1) *PSQ

IF (PG(I).LT.10.0) GO TO 23

PG (I) -0- 0

GO TO 22

23 PG(I)=EXP(-PG(I))

22 AC=X (1) *PC (1) *PG (1) *AC

AC=AC#X(N)

IF (AC.LE.0.0006) GO TO 26

IF (AC.LT.10.0) GO TO 30

AC-10.0

GO TO 30

26 Ac=0.0

30 ORD1(11)-AC

ww (11) -wW

18 (11) =W*10 2040.5

WRITE (IPRNT,420)

IF (IXIT.EQ.2) GO TO 34

00 31 I-1,NP

IT (1) =EXP (-ORD 1 (1) #2. 30258) #1000.0+0.5

WRITE (IPRNT,411)

WRITE (IPRNT,U12) (19 (1) ,1T(I),1=1, NP)

IF (IDECK.EQ.1) GO TO 32

WRITE (IPCH,413) (IW(I),IT(I),1=1, NP)

32 IF {NDATA.EQ.1) GO TO 33

GO TO 10

33 STOP

30 WRITE (1PRNT,4 14)

2
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WRITE (IPFNT,415) (88 (1) , 0801 (1) ,I=1,NP)

IF (IDECK.EQ.1) GO TO 32

WRITE (IPCH,416) (WW(I),ORD1(I),I-1,NP)

GO TO 32

ᗘ#-#ᓬ¥¥ᕽ COMPUTATION OF THE ORDINATES OF THE SUM FUNCTION ********

IN THIS SECTION, ORDINATES OF THE CAUCHY COMPONENT ARE EVALUATED.

120 DO 121 II-1,NP

FII-II-1

W-WB-WI*FII

AC-0.0

DO 122 1-1,ᕼ

J=1+M

R= (4-X (J) ) *X (K)

850-8*8

PC (1) 21,07 (1.0 *RSQ)

122 AC=X (1) *PC(I)*AC

ORD1(II)-AC

121 IN (II)-8*10.040.5

IN THIS SECTION, ORDINATES OF THE GAUSS COMPONENT ARE EVALUATED.

DO 221 II-1,NP

FII-II-1

WN-WB-WI*FII

AC-0.0

DO 222 I-1,M

J-I«M

K=J+M

L-KeM

R= (W-K (ᒏ) ) *CAY*X(ᕼ)

PG(I)-R*R

IF (PG(I)-LT.10.0) GO TO 223

PG(I)-0.0

GO TO 222

223 PG(I)-EXP(-PG(I)]

222 AC-X(L)*PG(I)*AC

IF (AC.LT.4.6) GO TO 221

AC=4.6

221 0892 (II) =ac

RH HA OR RO OK OUTPUT SECTION sss HonkD Rk RE

XN=X (N)

WRITE (IPFNT,421) ΟΛΥ

IF (IXIT.E0.1) GO TO 234

WRITE (IPRNT,414

DO 236 1=1,NP

WW (1) =IW (I) #0. 1

236 SUM(I) =ORD1(1)*ORD2 (1) €XN
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WRITE (IPRNT,U17) (88 (1) ,ORD1 (11 ,ORD2 (1) , SUM(I) ,I=1,NP) 1629

WRITE (IPPNT,418) 1630
IF (IDECK.EQ.1} GO TO 32 1650

WRITE (IPCH,U22) (WW(I),SUM(I),I-1,NP) 1650
60 TO 32 1660

234 WRITE (IPRNT,U11) 1670

DO 237 I=1,NP 1680
SUM (1) =ORD1 (1) +ORD2 (I) *XN ᐩ 1690

231 IT(L)=0.S4EXP (-SUM (1) #2. 30 258) #1000.0 1700
WRITE (IPANT,412) (IW(I),IT(I), I=1,NP) 1710
WRITE (IPRNT, 419: 1720
IF (IDECK.EQ.1) GO TO 32 1730
WRITE (IPCH,413) (18 (1) „ 1 (1) „ I-1,NP) 1749
GO TO 32 1750

1760

400 FORMAT ('TPITHA AND JONES, INFRARED BAND FIT---COMPUTATION OF THE ᗜ 1770

1RDINATES OF CAUCHY-GAUSS BAND ENVELOPES.'/) 1780
4O1 FORMAT (2014) 1790

402 FORMAT (615) 1800

403 FORMAT (2(4X,1H1),3I5) 1810
4O4 FORMAT (1X, 208 ᐈ) 1820
405 FORMAT ('0',15X,GHX(1) ,17X,4HX(2) , 17K,48X (3) , 17K,481 (4) ) 1830
406 FORMAT ('0',15X,UHX(1) , 17X,UHX (2) , 17X,4HXK(3) , 17X,481 (5)) 1840

407 FORMAT (4F15.5) 1850

408 FORMAT (1X,4(6X,F15.5)) 1860
409 FORMAT (4X,7HALPHA =,F8.5) 1870
410 FORMAT (1CX,2HNP,I6,15X,2HWB,F8.1,11 X, 2HWI,F5. 1) 1880
411 FORMAT ('OORDINATES IN TRANSMITTANCE X 1000. -------------- ~~~~~~ - 1890
je MR 85 SM RE ' 7) 1900

412 FORMAT (11 (25, 15, 14) } 1910
413 FORMAT (8(15,14,1X)) 1920

414 FORMAT ('CORDINATES IN ABSORBANCE UNITS. ------------------ = 1930
qu d IU cce ώμοες 17) 1940

415 FORMAT (8(1X,F6.1,F6.3,2X)) 1950

416 FORMAT (6(F6.1,F6.3,1X)) 1960

417 FORMAT (4(3X,F6.1, 3F6.3)) 1970
418 FORMAT (101, 'CAUCHY,GAUSS, AND THE SUMMED ORDINATES ARE LISTED CON 1980

1SECUTIVELY.') 1990

419 FORMAT (‘OTHE SUMMED ORDINATES ONLY ARE LISTED.') 2000
420 FORMAT ('OCALCULATIONS FOR THE PRODUCT FÜNCTION.') 2010
421 FORMAT ('ÜCALCULATIONS FOR THE SUM FUNCTION WITH CAY=",F4.2) 2020
422 FORMAT (6(F6.1,F6.3,1X)) 2030

END 2049
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COMPUTATION OF THE ORDINATRS OP CAUCHY-GAUSS BAND ENVELOPES.PITHA AND JOWES,INFPARFD BAND PIT-

MARCH 12T4.1968. — FROGRAM XIV (PC-122) MULTIPLE CURVE GENERATION.

FOUR 8480 TEST DECK FCR PRODUCT FUNCTION. 111+-1

xo x(2 x) xa)
0.30000 97¢.00000 0.20000 9. 10000

0.60000 955.00000 0.20000 0.20000
o.30cce 9u0 :00000 0. 10¢00 0.10000

0.00000 920.00000 0.20000 0.10000

ALPHA = 0.05000

MP 200 w8 1000.0 WI 0.5

CALCULATIONS FOR THE PRODUCT FUNCTION.

ORDINATES IN TRANSMITTANCE X 1000. —

891 9985 891 9980 891 9975 891 9970 891 9965 891 9960 891 5955 891 9950 89!

9925 891 9920 891 9915 891 9910 891 9905 891 9900 891 $5«5 596
889 5865 888 9860 887 9855 886 9850 885 AUS BE3 9860 ERT

854 9800 8u7 9795 839 9790 829 9745 PIB

10000 891 9995 891 9990

9985 891 9940 391 4935 891 9930 891
9890 599 9885 890 9886 Bao 9875 BRD 9870

5635 879 9836 877 9825 874 9820 870 9815 866 9810 860 9805

4780 905 9775 790 9770 773 4765 753 9760 732 9755 707 9750 681 9745 653 9740 622 9735 591 9730 569
9725 51) 9720 503 9715 48Ο 9710 462 9705 451 9700 447 9695 450 9690 462 «655 BAA 5600 503 676 tin

8570 Son 9665 591 9660 621 9655 650 9650 677 9645 702 9640 722 9615 738 9630 749 9625 754 9629

9615 741 9610 724 — 4605 645 960 655 9590 550 9585 88 9590 426 9575 366 9570 315 «565 273

9560 242 9555 224 9550 217 9545 223 9535 268 9530 307 3525 355 4520 409 4515 t6 — «clo *2C

9565 583 9566 608 9495 638 9490 657 9480 668 9475 662 9470 651 9465 636 9460 617 9u55 547

9u50 577 9uu5 556 9600 535 9635 516 9425 484 9420 471 9415 460 9610 u53 9u05 aus Jus uut

9395 s43 — 9390 452 9385 u59 9380 470 9370 497 9365 514 9360 533 9355 553 «350 570 lus «ος

9389 616 9335 637 9330 656 9325 675 9315 705 9310 718 9305 727 9300 733 9295 737 9290 737

9285 73u 9280 727 3275 717 9270 702 9260 663 9255 637 9250 609 9245 577 9240 tuu 9235 ᒼ10

9230 475 9225 443 9220 413 9215 388 9216 369 9205 358 9200 354 9195 358 9150 370 9185 390 9140 ᑯᒣᑦ

9175 ᑲ&& 9170 &BD 9385 536 9360 552 9955 588 9156 623 9145 655 9190 685 9135 712 5130 737 «12* 756

9120 778 9115 796 9110 809 9105 822 4100 833 9095 842 9090 850 9085 RS7 5680 863 5075 668 — 4079 872

9965 975 9060 878 9055 881 , 9050 883 9045 884 9040 886 9035 887 9030 888 9025 888 9020 &89 9015 689

9010 89) 9005 890
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CITUA AND JOWES,TUPRARED BARD TIT---CONPOTATION OF THE ORDINATZS OF CAUCHY-GAUSS BAND ENVELOPES.

MARCH 1218.1968. — FROGRAN IV (PC-122) AULTIPLE CURE GENERATION.

FOUR BAWD TEST DECK FOR 508 FUNCTION. 111+-1

ᕽ (2) 1 (3) 15)
91c.60Cc0 0.20000 9. 19000
455.0000 6.20008 0.20000

940.00000 9: 10000 0. 20000

20.000600 0.20000 9.15000

88 1000.0 ur 0.5

CALCULATIONS FOR THE SUM FUNCTION WITH CAY=C.80

2⁄:::5.5.9:97...--- -===##+~

$395 802 9990 862 9985 861 9980 866 9975 9970 859 9965 858 3960 857 9955 856 9950
que 853 9435 851 9930 850 9925 Bus 9920 9915 846 9910 845 9905 843 9900 842 9595

9885 836 9880 834 9875 832 9919 9865 9860 824 9855 821 9850 818 9885 Elu 9646

9830 801 9825 796 9820 790 9815 9810 9805 767 9800 757 9795 7466 9790 734 9785

9775 688 9770 66 9765 649 9760 9755 4150 581 4745 556 9148 532 9235 507 9730

9720 440 9715 423 9710 409 9705 9700 9695 394 9690 398 9645 405 9680 415 ETE

9665 452 9660 63 9655 473 9650 9645 9640 aBS 9635 WAZ 5630 475 9625 464 9620
«© «10 695 386 9600 361 9595

9555 180 9550 176 9545 176 9540

9566 296 — 9835 312 9490 127 Jus

4445 387 — 9440 387 9435 387 9430

9390 198 39385 397 9380 402 9375

9335 69 9330 478 9325 u86 9320

9280 548 3795 512 9270 564 9265

9590 308 9585 283 9580 258 3575 236 5570 217 4565
9535 188 9530 199 9525 212 5520 227 9515 244 «510
Sue 152 9875 362 9u70 370 9485 376 5460 361 9455
9425 386 — 9420 386 9410 386 9605 387 9400

9370 813 9365 420 9355 «35 «350 du) — 4345 152

9315 502 9310 508 9300 518 9295 *21 9290 522

9260 882 — 9255 467 9245 434 ©9240 415 9235 157

9225 361 9220 3u6 9215 338 9210 9205 320 9200 320 9190 334 ᑫ185 348 — «196 366

9170 413 9165 440 9160 468 — 9155 9150 526 9145 Stu 9135 608 9130 633 9125 657
9115 657 4110 715 9105 730 9100 Tau 9095 756 9098 267 5080 7BR 5075 291 9070 797

1986 ace 5055 012 5059 616 9045 820. 9948 423 9035 826 9025 831 9020 834 9015 €36

005 840

THE SUAMED OROIMATES ONLY ARE 11571-᙮
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RITHA AND JOMES,INPRARED BAND FIT---COMPUTATION OF THE ORDINATES OF CAUCHI-GAUSS BAND ENVELOPES.

ARCH 12TH. 1968. PROGRAM XIV (PC-122)

FOUR BAND TEST DECK FOR SUM FUNCTION.

xn
0.20000

0.40060

0.10000

0.25000

ALPHA = 0.05000

we 200

CALCULATIONS FOR THE SUN FUNCTION WITH CAY=0.

ORDINATES IN ABSOPBANCE UNITS.

c.oon

0.000

0. onn

[373

n. onc

0:000

c.000

0:000

6.001

0.003

0.008

6.099

©. 640

0.007

0.091

0.014

2.015

9017

32019

9.022

0.025

0.029

0.034

1009.0

398.0

996.0

0.062

0..03¢

0.064

0.065

0.067

0.069

0.072

0.075

ᕽ(21
976 ,00000

95500000

91000000

920 ,00060

wa 1000.0

0.014

0.016

0.082

MULTIPLE CURVE GENERATION.

0.025

1115-2

(31 245
0.20000 0. 10000

0.20000 0.20000

0.10000 9.20000

0.20000 6.15000

wr 0.5

0.216

0.157

0.015

0.016

0.018

0.000

0.000

0.000

0.000

0.020

0.000

0.000

0.000

0.001

0.005

0.013

0.023

0.053

0.080

0.098

0.100

9.086

0.02

0.078

0. 198

0.157

0.213

0.248

0.248

0.225

0.199

0.185

0.186

0.198

9.200

0.199

0.189

0.171

0.148

999.0

0.076 0.020 C. 146

998.5 0.015 0.000 0.965

996.5 0.017 0.000 0.067

994.5 0.019 0.000 0.069

992.5 01021 0.000 0.07!

990.5 0.624 0.000 0.074

988.5 0.028 0.000 0.078

986.5 0.032 0.000 0.083

984.5 0.039 0.000 0.089

982.5 0.047 0.002 0.099

980.5 0.059 0.606 0.115
978.5 0.077 0.016 0.103

976.5 n.10u 0.034 ᕠ, 188

974.5 0.145 0.060 0.255

972.5 0.201 0:086 0.337

970.5 0.248 0.10n 0.398

968.5 C.2u5 0.097 0.393

966.5 0.213 0.082 0.345

964.5 0.395 0.070 0.315

962.5 0.205 0.079 0.333

960.5 0.20? 0.116 0.413

958.5 0.327 0.172 0.549

956.5 0.423 0.225 0.697
954.5 0.052 0.251 0.752

952.5 0.380 0.204 0.670

950.5 0.287 0.218 0.555

948.5 0.224 0.194 0.468

946.5 0.190 0.184 0. 624

944.5 0.174 0.188 0.412

942.5 0.167 0.196 0.413

940.5 0.162 0.201 6.412

938.5 0.153 0.197 C.uc1

936.5 0.142 0.185 0.

934.5 0.130 0.165 0.

932.5 0.121 0.142 0.313

330.5 0.118 0.121 0.269

928.5 0.12u 0.109 0.283
926.5 0.143 0.113 0.306

924.5 0.180 0.132 0.363

922.5 0.236 0.156 0.uu2

920.5 0.279 0.16? 0.495

918.5 0.256 0.152 0. 456

916.5 0.191 0.115 0.357

914.5 0.134 9.072 0.256
912.5 01096 0.037 0. 193

910.5 0.071 C.016 0.137
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910.0 0.066 0.012 0.128 969.5 0.062 0.009 6.121 909.0 0.058 0.007 0.115 908.5 0.055 0.005 0.110

908.0 0.052 0.604 Q.1Q& — 307.5 Q.Quà Q.CO3 Q.102 — 907.0 0.046 0.002 0.098 996.5 0.088 0.002 0.095
906.0 0.042 0.C01 0.093 905.5 0.040 0.001 0.090 905.0 0.038 0.001 0.088 904.5 0.036 0.000 0.086

904.0 0.638 0.00C 0.085 9C3.5 0.033 0.C00 0.063 9630 0.031 0.000 0.082 902.5 0.030 0.000 0.08€

992.0 0.029 0.000 0.079 901.5 0.028 0.C00 0.078 901.0 0.027 0.000 0.077 900.5 0.026 0.000 0.076

CAUCHY,GAUSS, AND THE SUMMED ORCINATES ARE LISTED CONSECUTIVELY.
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PROGRAM XV

Spectrum Subtraction and Band Fit Error Analysis Program

(PC-128)

This program can be used as a general purpose program to

obtain difference spectra by subtracting the ordinates of one

spectral curve from those of another. Should the two curves be

the experimentally measured spectrum and the band envelope com-

puted by one of the band fit optimization programs, the differ-

ence is the error spectrum, showing the mismatch of the calcu-

lated curve.

Two factors contribute to this mismatch; one is the true

mismatch and the second is a random component resulting from the

fact that the noise level on the calculated curve is low, being

derived only from the round~off error, whereas the peak-to-peak

noise level on the experimental curve will normally be of the

order of 0.005 to 0.010 transmittance units. A method of sepa-

rating these error components has been described in a previous

publication (2) and is illustrated in Figs. 3-5 taken from sim-

ulation studies on part of the spectrum of cyclohexanone in car~

bon disulfide solution. These calculations which separate "true"

misfit error from misfit error due to the greater random noise

level on the experimentally measured curve are activated when

NOISAN = 2.

When operating the program in this mode, both the experí-

mental ordinates and the calculated ordinates are convolved with

a five point quadratic smoothing function. Subtraction of the

smoothed experimental curve from the unsmoothed experimental curve

extracts the high-frequency noise elements, and this difference

curve provides a measure of the mismatch contributed by the higher

noise level of the experimental curve (Fig. 4). Subtraction of

the smoothed calculated curve from the smoothed experimental

curves (Fig. 5) gives a measure of the mathematical mismatch of

the calculated curve, after allowance for noise. In doing this

it is assumed that the smoothing convolution induces negligible

distortion of the computed curve, or of the spectral band struc-

ture in the experimental curve.* Another example based on an

"It would be more correct to say that the effect of the smoothing
function on these two curves is comparable, so that the differ-

ence curve is not Significantly affected. If desired this distor-

tion can be evaluated by subtracting the spectrum of the smoothed

calculated curve from that of the unsmoothed calculated curve,

but this is not incorporated in the program since previous stud-

ies have shown it is not necessary (see reference (10)).
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PROGRAM XV (PC-128) OUTPUT [|

50

ᙐ
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ᐖ
 
r
r
 
4
0
4

~30 +

¬0- ᒴ

-50 -l
1250 1200 1150

WAVENUMBER (CMW!)

Fig. 3 Total error spectrum obtained by

subtraction of the computed ordinates

from the measured ordinates. The

tabulated data are listed on p. 146.
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PROGRAM XV (PC-128) OUTPUT 2

1250

4

1200 1150

WAVENUMBER (CM!)

Nigh frequency noise error obtained by

subtraction of the smoothed experimental

ordinates from the measured experimental

ordinates. The tabulated data are

listed on p. 147.
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PROGRAM XV (PC-128) OUTPUT 3

50

40 +

30 ¬

-
0
2
2
m
 
-
π
ω
-
Ξ
ξ

1

1200 1150

WAVENUMBER(CM~!)

"True" mismatch error obtained by

subtraction of the smoothed computed

ordinates from the smoothed measured

ordinates. The tabulated data are

listed on p. 148.
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experimental curve with much higher noise level is given on

p. 3045 of reference (2).

These statistical differences are also evaluated numerically

in terms of the root-mean-square of the residuals (the discrep-

ance) and the algebraic sum of the residuals (the average); the

ordinate value and the wavenumber of the maximum absolute re-

sidual is aiso monitored and recorded.

A. The Input Data

Cards 1 and 2 are heading cards and can carry any desired al-

phameric indexing and identification statements.

They must be included, though they may be blank.

Card 3 carries six fixed point instructions in format 6I5.

They are NDATA, IDECK, NP1, NP2,NOISAN,IN. Of

these, NDATA and IDECK have the same connotation

as for Basic Optimization Program (p. 11).

NPL is the number of ordinates in the first curve.

NP2 is the number of ordinates in the second curve.

Use NOISAN=1 for general purpose calculations

of different spectra.

Use NOISAN=2 for the calculation of the error

curve, as discussed in the preceding paragraph.

IN is determined by the units of the input data:

IN=1 wavenumber ᓂᑎ.ᐨ ᒻ ¥ × 1000

18 - 2 wavenumber cm.^! × 10 ¥ x 1000
18 - 3 wavenumber cm.^! Absorbance
IN=4 wavenumber cm.! x 10 Absorbance

IN=5 wavenumber cm.^! Transmittance

IN=6 wavenumber cm.^! x 10 Transmittance

The two latter scales were added to facilitate

the computation of difference studies on first

and second differential spectra which are dis-

cussed in Bulletin 11 in connection with Pro-

gram IV.

Card 4 carries three floating point instructions in format

3F15.5.

WB1 is the starting wavenumber of the first curve
in ὅπιςς«.
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WB2 is the starting wavenumber of the second curve

in cm.-!.

WI is the constant wavenumber interval in cm.~'.
This is positive for a diminishing wavenumber

sequence.

WBl and WB2 must be chosen so that the absolute value of

WB1-WB2 does not exceed 100 × WI.

Card Deck 5 is the data deck of the first spectrum consisting

of ΝΡΙ points; the format depends on the value

of IN and is listed in Table I of Bulletin 11.

Card 6 carries the fixed point instruction IXIT in for-

mat I5. IXIT determines the format of the out-

put and is discussed in the following section.

Card Deck 7 is the data deck of the second spectrum con-

sisting of NP2 points; the format depends on the

value of IN, as for Card Deck 5. When operating

in the error mode it is important that the ex-

perimental spectrum be listed as Card Deck 5

and the calculated spectrum as Card Deck 7.

B. Description of the Program

The six input formats have been summarized in the preceding

section, they are under the controlof IN. There are four output

formats under the control of IXIT. In all cases the abscissal

units are «ᘻ.ᐨ ᒻ x10. With IXIT=1 the ordinates are direct or-
dinate differences in units of transmittance x 1000. If IXIT-2

the ordinate differences are in absorbance units. With IXIT-3

the ordinate scale is transmittance normalized to make the max-

imum residual *1000, while with IXIT-4 the ordinate range is

adjusted so that all residuals lie between +200 and +800. This

Scale is useful for plotting purposes where the ordinate grid

range is 0 to 1000 and the main interest is in the graphical dis-

play of the error curve. All four IXIT formats can be used for

the general purpose recording of difference spectra, but only

IXIT-1 and IXIT-3 are available in the error analysis mode.

The initial section of the program, ending at statement 125,

is concerned with the input and reformulation of the data. All

data are converted to cm.^! × 10 and transmittance x 1000 prior to
numerical analysis. Between statements 13 and 19 the starting

wavenumber is adjusted to the spectrum beginning at the lower

wavenumber. The consecutive abscissal data points on the two

curves are then checked against one another. If a mismatch is
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detected, SUBROUTINE SORT is called to monitor and correct both

data decks. The two decks are again compared, and if a mismatch

still exists the calculation is terminated. The program branches

at the computed GO TO statement 45, in accordance with the se-

lected value of IXIT. The ordinates are next subtracted, the

residuals stored in the arrays IY3 and Y3, and the difference

spectrum printed out; when operating under IXIT=3 or IXIT-4

the residuals are appropriately scaled in the sections beginning

at statements 210 or 220 respectively. A punched card version

is also obtained if IDECK= 2.

If NOISAN=1 the program now terminates or returns to pro-

cess another pair of data decks under the control of NDATA. If

NOISAN= 2 the error calculation routine is entered at statement

310. This mode requires that IXIT=1 or 3, the experimental and

calculated ordinates are stored in units of transmittance x 1000

in the fixed point arrays IYl and IY2 respectively. They are

first transferred to the floating point arrays Yl and Y2 and

convolved with a five point quadratic smoothing function (16,17)

to yield the smoothed ordinates which are stored in the floating

point arrays Y3 and Y4. The total error curve has already been

evaluated and recorded before entering the error analysis rou-

tine. The noise component is Yl-Y3 and the noise corrected mis-

match Y3-Y4. These are calculated in the DO loop endingat

Statement 311 and are stored in the arrays Yl and Y2 respec-

tively. The program branches following statement 311; if IXIT=1

it proceeds directly to calculate the statistical parameters AVE

and DIS and output the tables of differences. If IXIT=3it trans-

fers to statement 350 and scales the ordinates to the range +1000.

The quantities AVE and DIS are always evaluated in transmittance

units so that they can be compared directly with the correspond-

ing quantities obtained in the band fit optimization programs.
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SPECTRUM SUBTRACTION AND BAND FIT

*

*

*

ERROR ANALYSIS PEOGRAM. *
*

*

*

*

*

*

*
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J.PITHA AND R.N.JONES, DIVISION OF CHEMISTRY, NATIONAL RESEARCH

COUNCIL OF CANADA,SUSSEX DRIVE,OTTAWA,CANADA.

PROGRAM XV (PC-128) JULY 29TH. 1967

THIS IS A PROGRAM FOR SUBTRACTING ONE SPECTRUM FROM ANOTHER.

IN CURVE FITTING STUDIES IT CAN ALSO BE USED TO EVALUATE

THE ERROR BETWEEN THE REAL SPECTRUM AND THE COMPUTED BAND

ENVELOPE,

IT CONTAINS A BRANCH WHICH WILL SEPARATE THE ERROR COMPONENT

ORIGINATING IN THE NOISE ON THE REAL SPECTRUM FROM THE

MATHEMATICAL MISFIT OF THE SYNTHESIZED CURVE.

THE INPUT ABSCISSAL SCALE CAN BE EITHER CM.-1 ΟΕ CM.-1 X 10.

THE INPUT ORDINATES CAN BE TRANSMITTANCE, TRANSMITTANCE X 1000

OR ABSORBANCE.THE TRANSMITTANCE SCALE WAS ADDED TO FACILITATE

DIFFERENCE STUDIES ON FIRST AND SECOND DERIVATIVE SPECTRA

(COMPARE PROGRAM IV).

FOR THE ERROR ANALYSIS THE TRUE DATA SPECTRUM MUST PRECEED THE

CALCULATED SPECTRUM.

INPUT CONTROL

IN=1 X IN CM.-1 Y IN T X 1000.

IN=2 X IN CM.-1.X 10. Y IN T X 1000.

IN-3 X IN Y IN ABSORBANCE UNITS.

IN=4 X IN Y IN ABSORBANCE UNITS.

IN-5 X IN Y IN TRANSMITTANCE.

IN=6 X IN Y IN TRANSMITTANCE.

FOUR OUTPUT FORMATS ARE PROVIDED.

OUTPUT CONTROL

IXIT=1 X IN CM.-1 X 10. Y AS DIFFERENCE IN T X 1000.

IXIT-2 X IN CM.-1 Y AS DIFFERENCE IN ABSORBANCE.

IXIT-3 X IN CM.-1 X 10. Y AS RELATIVE DIFFEPENCE IN

TRANSMITTANCE UNITS X 1000.

NORMALIZED FOR A MAXIMAL

VALUE OF * OR - 1000.

IXIT=4 X IN CM.-1 X 10. Y AS RELATIVE DIFFERENCE IN

TRANSMITTANCE UNITS X 1000.

NORMALIZED WITHIN THE PANGE

+200 TO +800.
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NOTE THAT THE SAME SCALES MUST BE USED FOR BOTH SPECTRA.

NOTE THAT FOR THE ERPOP ANALYSIS ONLY IXIT=1 OR IXIT=3 IS ALLOWED.

NOTE THAT THE IXIT SPECIFICATION CARD IS INSERTED BETWEEN THE TWO

DATA DECKS. THIS IS A CONVENIENCE TO PREVENT THE OVER-RUN OF

DATA IN THE EVENT THAT NP1 HAS BEEN PUNCHED INCORRECTLY.

IT IS HELPFUL TO LIST IXIT ON A CAPD OF DIFFERENT CCLOR.

THIS PROGRAM IS DIMENSIONED FOR 2000 DATA FOINTS ON EACH CURVE

THE INPUT WAVENUMBER SEQUENCES ARE CHECKED BY SUBROUTINE SORT AND

THE WAVENUMBER SCALES ALIGNED.

FOR DETAILS SEE N.R.C.C. BULLETIN ΝΟ.12.

DIMENSION 111 (2000) ,TX2(2C00) ,X1(200C) ,X2(2000) ,11(2000) „¥2 (2000),

1¥3 (2000) ,¥4 (2000) „ 1†1 (2060) ,IY2 (2000) ,1¥3 (2000) ,HEAD1(20) ,HEAD2 (20

2
EQUIVALENCE (X1(1),IX2(1),Y3(1))„ (X2 (1) ,IY3(1) ,Y4(1))

IRD-1

IPCH

IPRNT=3

WRITE (IPRNT,4OO

READ (IRD,401) HEAD1

READ (IRD,401) HEAD2

READ (185.402) NDATA,IDECK ,NP1,NP2,NOISAN, IN

USE NOISAN=1 FOR SIMPLE CURVE SUBTRACTION AND NOISAN=2 FOR

BAND FIT ERROR ANALYSIS.

READ (IRD,403) WB1,WB2,WI

NOTE THAT THE STARTING WAVENUMBER OF EACH CURVE (WB1),(WB2) AND

THE NUMBER OF POINTS ON EACH CURVE (NP1,NP2) MUST BE GIVEN.

THE STARTING WAVENUMBEPS FOR THE TWO DECKS MUST AGREE WITHIN ONE

HUNDEED TIMES THE WAVENUMBER INTEEVAL.

GO TO (100, 12, 110, 120, 110, 120) , IN

READ (IRD,404) (IX1(I),IYl(I),I-1,NF1)

READ (IRD,402) IXIT

READ (IRD,404) (IX2(I),IY2(I), I-1,NP2

60 TO 13

READ (IRD,425) (X1(I),I¥1(I) ,-I=1,NP1)

READ (IRD,402) IXIT

READ (IRD,425) (X2(I),IY2(I),I-1,NP2

DO 101 I=1,NP1

IX1(I)-X1(1) *10.0+0.5

DO 102 I-1,NP2

1X2 (I) -X2 (I) *10.0+0.5

60 TO 13

READ (IRD,426) (X1(I),Y1(I),1=1,NP1)

READ (IRD,402) IXIT

READ (IRD,426) (X2(I),Y2(I),I-1,NP2)
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IF (IN.EQ.5) GO TO 113

DO 111 I-1,NP1

111 (1) ΞΧ1(1) *10.0+0.5

ΤΥ1 (1) =EXP (~ 2. 30258*¥1 (1) ) *1060.0+6.5

DO 112 I-1,NP2

ΤΧ2 (1) ΞΧ2 (1) *10.0«0.5

1Y2 (I)-EXP (-2.30258#Y2(1)) *1000.040.5

60 TO 13

DO 114 I-1,NP1

IK1 (1) =X1(I) *10.0+0.5

1(1)*1600.040.5

-1,NP2

1‡2 (1) ΞΧ2 (1) *10.0+0.5

1†2 (1) ΞΥ2 (1) *1000.0+0.5

60 TO 13

READ (18ᗪ, 420) (111 (1) „+1 (1) ,1=1,NP1)

READ (180;402) 1117

READ (180, 420) (112 (1) „2 (1) ,I=1,NP2

IF (IN.EQ.6) GO TO 123

DO 121 I-1,NP1

IY1(I)-EXP(-2.30218*Y1(1)) *1000.040.5

DO 122 I-1,NP2

IY2(I)-EXP(-2.30218*Y2(1)) *1000.040.5

60 TO 13

DO 124 I-1,NP1

111 (1) =†1 (1) *1090.0+0.5

DO 125 1-1, NP2

IY2(1) =†2 (1) *1000.0+0.5

IF (WB2.GT.WB1) GO TO 14

WB="B2

GO TO 15

WB-WB1

IF (NP2.LF.NP1) GO TO 17

NP=NP1

60 ΤΟ 18

ΝΡΞΝΡ2

IF (IDECK.EQ.1) GO TO 19

WRITE (IPCH,401) HEAD1

WRITE (IPCH,401) HEAD2

WRITE (IPRNT,405) HEAD1

WRITE (IPRNT,405) HEAD2

WRITE (IPRNT,4O6) NP,WB,WI

IN THIS SECTION THE WAVENUMBER SEQUENCES OF THE TWO CAPD DECKS ARE

CHECKED AGAINST ONE ANOTHER. IF A MISMATCH IS DETECTED, EACH

CARD DECK IS SEQUENCED BY THE SUBROUTINE SORT.

ARE RECHECKED AGAINST EACH OTHER AND IF ANY INCONSISTANCY

REMAINS THE COMPUTATION IS TERMINATED.

IWI=WI*10.0+0.5

IWB=WB*10.040.5

K2=1

THE TWO DECKS
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160

IF (IX1(K2)-IWB) 22,23,24

WRITE (IPRNT,4C7

IF (NDATA.EQ.2) GO TO 10

STOP

IF (K2.GT.100) GO TO 22

K2=K2+1

GO TO 21

IF (K2.EQ.1) GO TO 28

DO 30 I=1,NP

111 (1) =111 (62)

1†1 (1) =1¥1(K2)

K2=K2+1

WRITE (IPENT, 408)

82-1

IF (112 (62) ~198) 31, 36, 33

WRITE (IPRNT,4C9)

GO TO 32

IF (K2.GT.100) GO TO 31

K2-K2«1

GO TO 35

IF (K2.EQ.1) GO TO 40

DO 39 I=1,NP

IX2(1) -IX2(K2)

IY2(1)-1Y2(K2)

K2=K2+1

WRITE (IPRNT,410)

ISKIP=1

DO 44 I=1,NP

IF (IXI(I).NE.IX2(I)) GO TO 45

CONTINUE

MAX=0

AMAY=0.0

sum=0.0

DIS-0.0

GO TO (160,200,210,210),IXIT

IF (ISKIP.EQ.2) GO TO 47

WRITE (IPENT,411)

CALL SORTS (IX1,IY1,8B,NI,NP,IPRNT,KLENUP,IWB,IWI)

IF (KLENUP.EQ.2) GO TO 32

WRITE (IPPNT, 412)

WRITE (IPRNT,413)

CALL SORTS (IX2,IY2,WB,WI,NP,IPRNT,KLENUP,IWB,IWI)

IF (KLENUP.EQ.2) GO TO 32

WRITE (TPRNT,414)

ISKIP-2

GO TO 50

WRITE (IPRNT,415)

Go TO 32

** EVALUATION OF THE DIFPERENCF IN UNITS OF TRANSMITTANCE X 1000.

WRITE (IPRNT,416)

DO 161 I=1,NP

1†3 (I) =1¥1(1)-I¥2(1)
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YY-PLOAT(1? 3 (1) }
IF (885 (1) . 18. 85 (88!)) GO TO 162

AMAY-YY

χ1 (1)

UM+YY

ISeYY*YY

= 00 T*SUM/NP

«00000 1*DIS/NP

ORT (DIS)

AMAX-HAY*0.1

AMAY=0.D01*AMAY

IF (IDECK.EQ.1) GO TO 165

WRITE (IPCH,4C4) (111 (1) „113 (1) „ I=1,NP)

WRITE (IPRNT,436

WRITE (IPRNT,413) (IX1(I),IY3(I), I=1,NP

WRITE (IPRNT,417) AVE,DIS, AMAX,AMAY

WRITE (IPRNT, 534

Go Το 300

eee KKK EVALUATION OF THE DIFFERENCES IN ABSORBANCE UNITS ᗘ*ᗘ#±###*

WRITE (IPRNT,419)

DO 202 I-1,NP

XY=ALOG10 (FLOAT (I¥2 (1) )) ~ALOG10 (FLOAT (111(1)))

¥3 (1)-YY

IF (ABS(YY).LE.ABS(AMAY)) GO TO 201

AMAY=YY

MAX=IX1 (1)

SUM=SUM+YY

DIS-DIS*YY*YY

AVE-SUM/NP

DIS-DIS/NP

DIS-SQRT (DIS)

AMAK-MAX*O.1

IP (KLENUP.EQ.1) GO TO 204

DO 205 I-1,NP

12 (1) =111 (1) 30.1

CONTINUE

IF (IDECK.EQ.1) GO TO 203

WRITE (IPCH,U20) (X2(1),Y3(I),I-1,NP)

WRITE (IPRNT,436

WRITE (IPRNT,U2]) (X2(I),Y3(I),I-1,NP)

WRITE (IPENT,417) AVE,DIS,AMAX,AMAY

WRITE (IPRNT,u35)

GO To 300

ΧΑΝΑ EVALUATION OF NORMALIZED TRANSMITTANCE DIFFERENCES WITH THE

MAXIMUM OR MINIMUM 195-ᓉ--------:-.----.2------

NMIN=100

NMAX=-100

DO 211 I=1,NP

1†3 (1) =1¥1 (1) - 1† 2 (1)

NMIN=MINO(8 418 , 113 (1) }
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NMAX=MAXO (NMAX, 173 (1)

IF (IXIT.EQ.4) GO TO 220

WRITE (IPRNT,u22

IP ((NMAX#NMIN) .GT.0) GO TO 213

SLOPE --1000.C/NMIN

GO TO 214

SLOPE=1000. O/NMAX

DO 216 I=1,NP

YY=FLOAT(IY3(1))

IF (ABS(YY).LE.ABS(AMAY)) GO TO 215

IY3(I)-IY3(I)*SLOPE

GO TO 163

eae EVALUATION OF TRANSMITTANCE DIFFERENCES NORMALIZED TO A

SCALE OF + 200 TO + 800. SECO + ¥ HE DEEE I + + I ICI # IO I a aR ae aie ᑦ

THIS ORDINATE FANGE IS CONVENIENT FOR PLOTTING DIFFERENCE SPECTRA

FOR VISUAL DISPLAY ON A GRID SCALED FROM ZERO TO 1000.

WRITE (IPRNT,423)

SLOPE-600.0/(NMAX-NMIN)

CEPT-200.5-SLOPE*NMIN

WRITE (IPRNT,U24)NP,NMIN,NMAX,CEFT,SLOPE

DO 230 I-1,NP

YY-FLOAT (IY3 (I))

IF (ABS(YY).LE.ABS(AMAY)) GO TO 221

MAX-IKT(I)

DIS-DIS«YY*YY

1Y3(I)-CEPT*SLOPE*IY3(I)

GO TO 163

SEO RR oo ΚΑ tok rockin ERROR ANALYSIS #6428498168 RAR RAE RHE

BOTH THE EXPERIMENTAL AND THE CALCULATED CURVES ARE SMOOTHED

WITH A FIVE POINT QUADRATIC CONVOLUTE FUNCTION.

THE HIGH FREQUENCY COMPONENTS ELIMINATED FROM THE TRUE CURVE BY

SMOOTHING ARE OBTAINED FROM THE ORDINATE DIFFERENCES IN THE

TRUE CURVE BEFORE AND AFTER SMOOTHING. THESE ARE EQUATED WITH

THE NOISE ERROR.

THE NOISE-CORRECTED CURVE MISFIT EPROR IS EQUATED WITH THE

DIFFERENCE BETWEEN THE TRUE AND CALCULATED CURVES AFTER EACH

HAS BEEN SUBJECTED ΤΟ THE SMOOTHING ROUTINE.FOR A GRAPHICAL

ILLUSTRATION AND DISCUSSION SEE CANADIAN J.CHEM. FIG.7

PAGE 3045 VOL.44 (1966).

IF (NOISAN.EQ.1) GO TO 32

ISKIP = 1

60 TO (310, 305, 310, 305) ,IXIT

WRITE (IPRNT,427
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Go To 32

NNP=NP-2

DO 311 I=3,NNP

Ly 5=-3* (141 (1-2) €111 (142) ) *12* (EY1 (22 1) *Y 1 (£6 1) ) «17-111 (T)

Y3 (I) 2C. 2857 18 E- 1*1YS

1†5-~3* (172 (1-2) *1Y2 (1*2) ) *12* (132 (I7 1) *1Y2 (1*1) ) *17*112 (1)

YU (1)720.285710E- 1*1YS

†1 (1) -1¥1 (1)

Y2 (1) Ξ1Υ2 (1)

†1 (1) =¥1 (1) -¥3 (1)

Y2 (1)-†3 (1) -¥4 (1)

CONTINUE

MAX-0

AMAY=0.0

SUM-0.0

DIS-0.0

IF (IXIT.EQ.3) GO TO 350

DO 325 r-3,NNP

YY=Y1(1)

IF (ABS(YY).LE.ABS(AMAY)) GO TO 322

AMAY-YY

MAX = 111 (1)

SUM-SUMeYY

DIS-DIS*YY*YY

AVE=0. 001*SUM/NNP

DIS=0.00000 1*DIS/NNP

DIS=SORT (DIS)

AMAX=MAX#0. 1

AMAY=0.001*AMAY

60 TO (330,340) ,ISKIP

WRITE (PENT, 529

WRITE (IPRNT,438)

WRITE (IPRNT,437) (IX1(I),Y1(I) ,I-3, NNP

WRITE (IPRNT,417) AVE,DIS,AMAX,AMAY

IF (IDECK.EQ.1) GO TO 333

WRITE (IPCH,432)

WRITE (IPCH,439)(ΤΧ1 (1) „ 11 (1) ,I-73, NNP)

ISKIP-2

DO 334 I-3,NNP

¥1 (1) =¥2(1)

Go TO 321

WRITE (IPRNT,429)

WRITE (IPPNT,428)

WRITE (IPPNT,437) (IX1(I),Y2(I) ,I73,NNP

WRITE (IPRNT,417) AVE, DIS, AMAX,AMAY

IF (IDECK-EQ.1) GO TO 32

WRITE (IPCH,433)

WRITE (IPCH,439)(1Χ1 (1) „, †2 (1) ,T=3,NNP

GO TO 32

**** ERPOR ANALYSIS WITH NORMALIZATION OF MAX.ORDINATE = 1000.

DO 356 I=3,NNP

YY=Y1(1)
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360

365

361

363

370

400 FORMAT ("1PITHA AND JONES, BAND FIT ERROR ANALYSIS AND CURVE SUBTRA

1CTION. '/)

401

402

403

uou

405

406

407

408

409

410

411

412

413

414

415

416

417

~ 142.5

IF (ABS(YY).LE.ABS(AMAY)) GO TO 355

AMAY=YY

SUM-SUM*YY

DIS-DIS*YY*YY

IY1(I)-Y1(I)*SIOPZ40.5

AVE=0.001*SUM/NNP

DIS=0.00000 1*DIS/NNP

DIS-SQRT (DIS)

AMAX-MAX*C.1

AMAY-0.001*AHAY

GO TO (360,370) ,ISKIP

WRITE (IPENT,430)

WRITE (IPRNT,418) (IX1(I),IY1(I),I-3,NNP)

WRITE(IPRNT,417) AVE,DIS,AMAX,AMAY

IF (IDFCK.EQ.1) GO TO 365

WRITE (1ᑭᑕᕼ, 432)

WRITE (IPCH,4G4) (111 (1) , 111 (1) ,1=3,NNP)

GO TO (361,370) ,ISKIP

ISKIP=2

DO 363 I=3,NNP

†1 (1) ΞΥ2 (1)

MAK=0

AMAY=0.0

GO TO 350

WRITE (IPRNT,431)

WRITE (IPRNT,418) (IX1(I),IY1(I),I-3,NNP

WRITE (IPRNT,417) AVE,DIS,AMAX,AMAY

IF (IDECK.EQ.1) GO TO 32

WRITE (IPCH,433)

WRITE (IPCH,404)(1X1 (1) „ 11 (1) ,I=3,NNE)

GO TO 32

FORMAT (2014)

FORMAT (615)

FORMAT (3F15.5)

FORMAT (8 (15,14, 1X))

FORMAT ( 11, 20A4)

FORMAT (101 10Χ,2ΗΝΡ,15, 15X,2EWB,F8.1,11X,2HWI,F5.1)

FORMAT ('OERROR IN STARTING WAVENUMBER OF FIRST CURVE.')

FORMAT ('OSTARTING WAVENUMBER OF FIPST CURVE ADJUSTED

FORMAT ('OFRROP iN STARTING WAVENUMBER OF SECOND CURVE. *)

FORMAT ('OSTARTING WAVENUMBER OF SECOND CURVE ADJUSTED.')

FORMAT (*CFIRST CARD DFCK.')

FORMAT ('OFIRST CARD DECK HAS BEEN CHFCKED.")

FORMAT ('OSECOND CARD DECK.*)

FORMAT ('CSECOND CARD DECK HAS BEEN CHECKED.ᔆ)

FORMAT ('OSUBEOUTINE SORT HAS FAILED TO ALIGN THE INPUT DATA.*)

FORMAT ('COPRDINATES ARE AFSOLUTE TRANSMITTANCE X 1000'/)

FORMAT (//5X,9HAVERAGE -,E13.5,5X, 13HDISCREPANCE -,E13.5,5X, 7HMAX
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1X =,F7.1,5X,7HMAX Y =,F8.5/)=,

418 FORMAT (9(UX,215))

419 FORMAT (*CORDINATES ARE ABSORBANCE DIFFERENCES.'/)

420 FORMAT (6(F6.1,F6.3,1X))

421 FORMAT (9(1X,F6.1, 77.3))

422 FORMAT (*CORDINATES NORMALIZED TO MAX.EBRROR-1000.'/)

423 FORMAT ('OORDINATES NORMALIZED TO RANGE +800 TO *2CC'/)

424 FORMAT (1CX,3HNP=,15,5X,SHNMIN=,15,5X, 5HNMAX=,15,5X, 5HCEPT=,F6.2,

15X,6HSLOPE=,F6. 2)

425 FORMAT (7(F6.1,14,1X))

426 FORMAT (6(F6.1,F6.3,1X))

427 FORMAT (‘CERROR ANALYSIS DOES NOT OPERATE ON THIS O?DINATE SCALE."

11)
428 FORMAT

1

NOISE ERROR

430 FORMAT (ᑊ1 NOISE ERROR ON SCALE OF MAX.TOTAL ERROR = 1000.
== mms mes 255 5 5 a eee ποσο ᓉᑥ==±==&ᓦᓋ uses. st

431 FORMAT (‘1 CURVE MISFIT ERROR ON SCALE OF MAX. TOTAL ERROR = 1000.

#7)
[= ~ ~ = = = —Áim -rmmmn— aps

432 FORMAT ("NOISE ERROR COMPCNENT!)

433 FORMAT ("NOISE CORRECTED CURVE MISFIT ERROR") .

434 FORMAT (/5X,'AVERAGE,DISCREPANCE,AND MAX Y ARE IN UNITS OF TRANSMI

TTTANCE.*)

435 FORMAT (/5X,'AVERAGE,DISCREPANCE,AND Y MAX ARE IN ABSORBANCE UNITS

1.)

436 FORMAT (//' DIFFERENCE SPECTRUM.

1 ᕒ

437 FORMAT (8(2X,15,1X,F6.1))

438 FORMAT ('OORDINATES ARE ABSOLUTE TRANSMITTANCE X 1000.0'/)

439 FORMAT (6(15,F7.2,1X))
END
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SUBROUTINE SOPT4 (IX,IY,WB,WI,NP,IPRNT;KLENUP,IWB,IWI

SUBROUTINE SOPT CHECKS FOR ERRORS IN THE INPUT WAVENUMBER DATA.

A LIMITED NUMBER OF WAVENUMBER SEQUENCE ERRORS ARE CORRECTED

BUT SEQUENCE ERRORS IN EXCESS OF 160 DATA POINTS (20 CARDS

OP ANY OTHER TYPE OF WAVENUMBER ERROR WILL TERMINATE THE

COMPUTATION,AS ALSO WILL A DISCREPANCY BETWEEN IWB AND THE

STARTING WAVENUMBER.

THE WAVENUMBER POSITIONS OF THE CORRECTIONS AND OF A TERMINATING

ERROR ARE RECORDED

IF CORRECTIONS ARE MADE THE CORRECTED INPUT DATA ARE LISTED IN FUL

IF A TERMINATING ERROR IS FOUND THE UNCORRECTED INPUT DATA APE

LISTED IN FULL.

DIMENSION IX (2000) ,IY (2000) ,ITEMPX (160) ,X1(16C) ,ΙΤΕΜΕΥ (160)

MM=1

DO 11 I-2,NP

IW-IWB-IWI*(1~ 1)

IF (18.80. 11 (1) ) GO TO 11

XX=IX (I)

TEST- (WB-0.1*XX) / WI

NTEST-TEST«0.005

IF (ABS(TEST-NTEST).GT.0.005) GO TO 12

ITEMPX(MM) -IX(I)

ITEMPY (MM)=IY (1)

ΜΗΞΜΗΑ1

IF (MM.GT.160) GO TO 13

CONTINUE

IF (MM.GT.1) GO TO 14

WRITE (IPRNT,451)

KLENUP=1

RETURN

XX1=1X(I-1) «ο. 1-11

WRITE (IPRNT,452) XX1

KLENUP=2

RETURN

WRITE (IPRNT,453)

WRITS (IPRNT,455) (IX(I),IY(I), I=1,NP

GO TO 16

NN=MM-1

DO 17 MM=1, NN

K1=1+(IWB-ITEMPX(MM) ) / 101

IX (61) =ITEMPX(MM)

IY (K 1) -ITFMPY(MM)

X1 (MM) =IX (K1) #0. 1

WRITS (IPENT,450) (X1(MM),MM-1,NN)

WRITE (IPRNT,454) (IX(I),IY(I),I-1,NP

GO TO 15

FOPMAT ('OWAVENUMBER CORRECTIONS AT'/,12(2X,F6.1,2X))

FOFMAT ('CNO ERRORS.")

FORMAT ('OTZRMINATED BY EPROR AT',F6.1,6H CM-1.)

FORMAT ('OTEEMINATED BY MULTIPLE WAVENUMSER SEQUENCE ERRORS.")

4660

4670

4680

4690

4700

4710

4720

4730

4740

4750

4760

4770

4780

4790

ᙲ800

4810

4820

4830

4840

4850

4860

4870

4880

4890

4900

4910

4920

4930

4940

4950

4960

4970

4980

4990

5000

5010

5020

5030

5040

5050

5060

5070

5080

5090

5100

5110

5120

5130

5140

5150

5160

5170

5180

5190
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454 FORMAT ('OREAFEANGED INPUT.'/,9 (41, 215) ) 5200
455 FORMAT ('OUNCOPRECTED INPUT.'/,9 (4 ×, 215) ) 5210

5220
END
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8118: D JOWES,PAND FIT ÉRPOR ANALYSIS AND CURVE SUBTRACTION.

APRIL 28TH 1969 PROGRAM 1¶ (PC-128) 111$-1 — NOISANA2

TEST RUM ON CYCIOMEXANONE SPECTRUM AS COMPUTED BY THE PRODUCT FUNCTION.

wP 208 us 1251.0 ur 0.5

ORDIMATES ARE ABSOLUTE TRANSAITTANCE X 1000

DIFFERENCE SPPCTRUR. ----—

12810 -9 12505 -9 12495 -8 — 12490 -9 — aseo 1241. -ὖ x00 -ᾱ

12265 -3 12060 — -3 12450 -3 —— 12ua$ ᐞ 12415

12428 0 12415 -2 12405 -3 12400 -1 12390

12375 -@ 12370 -2 12360 9 12355 2 1245

0 -7 12325 -6 12315 -ὂ 12310 -# 12300

12235 -3 12280 -ᾱ 12270 1 — 12265 5 — 12255

12240 € — 12215 32225 3 3120 D 32210

22195 -ᾱ- 12190 +7 12380 2 1275 12 02165

12150 1 — 12105 12135 9 — 12130 =1 32120

12195 -13 12100 -12 12090 - 12085 -10 — 12075

12060 -15 12055 -17 12045 -21 12040 -17 — 12030

32015 -16 — 12010 -16 12000 -16 11995 -15 11985
MISTS 18 11965 -33 31955 -13 11950 “19 — 11900

13925 -10 11910 -11 — 11915 -9 — 11910 -9 — 11905 -9 11895

Vigo -13 — 11875 -Ἡ — 11870 -11 — 11865 -10 — 11860 -9 11850

13835 -13 — 11830 -11 — 11825 -10 — 11820 -11 11815

11790 -10 11785 -10 11780 -10 — 11775 -10 — 11770

1985. - 11700 -7 — 1135 - 11730 -ᾱ 11725

33700 11695 -2 11690 -4 11685 -ᾱ — 11680

11650 -15 11605 -15 11640 -13 11635

11810 -11 11805

11765 -7 11760

11720 -6 1115

11675 -15 — 11670

11630 -11 — 11625

11605 ~11 11595 -10 11590 11585 -7 — 11580

11960 -6 11550 -5 11565 11500 -9 11535

11515 -3 11505 -ᾱ — 11500 11895 -1 11490

DISCREPAMCE = 0.913682-02 842 X = 1206.5 841 Y --0.02100

RAGE, DISCREPANCE, AUD MAX Y ARE IW QUITS OF TRANSRITTANCI.



WOIse ERROR.

ORDIMATES ARE

12500 6-0

12260 — 0.2

12420 — -0.3

12380

12340

AVERAGE =
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ABSOLUTE TRANSMITTANCE X 1000.0

12495 — 0.2

32455 — 0.0

12415 0.3

©. 274608-05

12090

12459

12410

12370

12330

12290

12250

12210

12170

12130

12690

12050

12010

11970

11930

11690

11850

11819

11770

11730

11690

11650
11610

11570

11530

11490

12465 -θι

12445 0.

12405 — ᕞ;

12365 — -0.

13325 -0

12285 — ᕞ

12245 -θ

12205 — -9l

12165 0;

12125 -0

12085 — 0;

32005 -θ

12008 -0

11965

11925 ᕞ

11885 — 0

11845 0;

11805 0,

11765 -0

0.

0.

0

0.

0.

6

11725

11685

11645 ~

11605

11565 -

11525

11485

DISCREPANCE = 0. 223158-03 811 ᓬ = 1166.0

3 12470 0.

3 12430 -0.

3 12390 -ὂ

1 12350 0:

2 1231 0:

2 12270 0:

1 12250

¡ 12190

3 12159

2 12110 ~

-0.5 12070

0.1 12030

0.3 11990 =

-0.1 11950 -0.

0.0 11910 -0

-3 11870 -θ

«3 11830 ᕠ

.0 11790 -0

1 1750 ᕞ

.0 11710 -ὂ

-3 11679 0

-2 11630 0

«2 11590 -ὂ

-a 11550 -ὂ

.3 11510 -ὂ

MAX Y = 0.00060

12465

12425
12385

12385

12305

12185

12405

12108

12065

12025

11585

11945

11905,

11865

11825

11285

11745

11705

11665

11625

11585

11545

11505

Φ
ό
δ
ο
θ
θ
ο
θ
ό
ο
φ
ὁ

δ
ω
 
ο
κ

 
σ
ο
ν

i

S
e
s
é
s
e
b
o
c
c
e
s
e

α
ρ
 
ω
 
τ
ω
 
ω
ω
 
δ
ω

 
δ
ν
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CURVE MISPIT ERROR.~

ORDINATES ARE ABSOLUTE TRANSMITTANCE ᓬ 1000.0

12500 12090 -8.7 12885 ~8.9 12080 -8.3 12975 -6.5 12470 -u.u 12065 -3.0

12460 12450 -2.6 12485 — 0.2 12040 3.6 12035 4.9 1203) 4.3 12425 2.6

12820 12410 — -3.6 12405 -2.9 12000 -1.3 12395 -1.0 12390 -1.9 12385 -3.1
12380 12370 -2.7 12365 -llà 12360 -0.3 12355 1.3 12350 1.7 12345 -0.2

130) 12310 -7.2 12325 -5.9 12320 -3.8 12315 -2.5 12310 -2.8 12305 -3.9

12300 12240 -2.3 12285 -3.2 12280 -3.2 12275 ” -1.6 12270 1.4 12265 — 3.7

12269 12250 — 56.1 12245 8.1 42200 — 1.8 12235 5.1 12239 3.3 42225 2.1

12220 12210 12205 -8.7 12200 -10.6 12195 -9.8 12190 -7.1 12185 -3.7

D 12170 1 12165 11.7 12160 — 7.9 12155 3.5 12150 — 0.9 12105 -0.3

3

2.2

12130 — 0.0 12125 -0.9 12120 -3.3 12115 -7.0 12110 -10.9 12105 -12.7
12090 -8.2 12085 -8.1 12080 -10.2 12075 -12.7 12070 -13.9 12C65 -14.2

12050 -19:8 12045 -20.7 12080 -19.3 12035 -16.8 12030 -15.3 12025 -15.1

12510 -16.0 12005 -16.0 12000 -16.1 11995 -15.8 11990 -15.0 11985 -14.2

11970 -13.8 11465 -12:9 11960 -12.3 11955 -12.9 11950 -13.9 11945 -14.0

11930 -10.0 11925 -10.3 11920 -10.2 11915 -9.7 11910 -8.5 11905 -8.u

11890 -11.5 11885 -12.6 11880 -12.2 11875 -11.7 11870 -10.6 11865 -10.3

11850 -9.0 11845 -10.2 11880 -12.0 11835 -12.5 11839 -11.3 11825 -12.3

11810 -11.1 11805 -10.7 11600 -10.3 11795 -9.9 11790 -10.0 11785 -10.0

11770 -8.9 11765 -7.0 11760 “5.0 11255 -4.2 11750 -5.2 11745 -6.7

11230 -4.3 11725 -4.8 11720 -6.1 11715 -7.0 11710 -6.7 11705 -5.1
31690 — -5.) 11685 -7.9 11689 -12.2 11675 -18.u 11679 -10.3 11665 -12.7

11655 -13.7 11650 -15.1 11645 -14.7 11680 -13.3 11635 -11.8 11630 -11.2 11625 -10.9

11615 -1110 11610 -11.0 11605 -11.1 11600 -10.8 11595 -10.2 11590 -8.7 11585 -7.4

11575. -7.3 11570 -7.9 11565 -7.7 11560 --- 11555 ~4.4 11550 -u.9 11545 -7.2

11535 -8.2 11530 -5.7 11525 -3.6 11520 -2.7 11515 -3.3 11510 -3.9 11505 -3.7

31095 -0.9 11490 -1.3 11485 -2.8

AVERAGE * -0.662622-02 DISCREPANCE = 0.91124E-02 MAX ᓬ - 1200.5 MAX Y =-0.02066
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SUMMARY

Three computer programs for fitting infrared band contours

are described and listed. These programs utilize Cauchy (Lorentz),

Gauss, Cauchy-Gauss product, and Cauchy-Gauss sum functions, and

will optimize the parameters for fitting single bands or multiple

overlapping band systems using a non-linear least squares algorithm.

Supplementary programs are included for the evaluation of

the half-widths and shape characteristics of the synthesized com-

ponent bands, also for the computation of the ordinates of the

synthesized band envelope, and for an analysis of the misfit with

the true spectrum. This latter program also serves as a general

purpose program for subtracting spectral ordinates.

The programs are written in FORTRAN IV. They are designed

for card input and output in a standardized format that facili-

tates their interfacing with other programs developed in our

laboratory for the numerical analysis of infrared and ultraviolet

spectrophotometric absorption curves.


