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INTRODUCTION TO THE SECOND EDITION

The Six programs in this volume were first published in
1968. Their republication here is part of our project to aug-
Ipent and update our total collection of computer programs for
infrared spec.trophotometry 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 based on Cauchy and Gauss functions
and their sumor product combinations. Though most of the appli-
catigns 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 the basic 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), andby Marquardt (5)
for other purposes; they are basically similar and both are mod-
ifications of an earlier method of Levenberg (6) which PapousSek
and Pliva 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 220 computer and



several memory conserving procedures were 1ntrodgc€edc.)f '11:‘;1252 ga;e
bean retajngd, to. e 1arg§§n3t3£:?§igigzcthgir importance,
360 (67) computer we are now u el onputatibh
and their replacement could increase the spee putaon
large computers. In other respects also‘thgse prog .
g?ect iheirppiecemeal evolution, and no claim 1sfmad2t£oin2;gg
computational efficiency. The input and output form S
face with the set of modular programs that_have beenf ev t..p
in our laboratory to perform the common numerical trans ormations

of absorption spectrophotometry (8).

A. The Basic Version (Program X)

As written, this program will handle a maximum of ;wentz
componentbandssimultaneously optimizing ug1x: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 can be 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 XITI)

This version resembles Program X in that i
el ; : it operates on all
indices simultaneously and will handle both the pgoduct and sum

—————— ————— —————— — — —

*
We use the term "band indices" to desi

. ter esignate the values of
variables dgflnlgg thg composite band envelope. All threg ng
grams described in this Bulletin require 4M+1 indices to d ?'
an envelope derived from M overlapping bands s

———— e —————
—— i — o — — — —



functions. The slit function ordinates are introduced (or com-
puted) and t}'le curve generated from the calculated indices is
convoluted with the spectral slit function before optimization
with the experimental data. 1In 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(I5,
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 spectrumwhich
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 fitting programs the experimental data
points are read from Hollerith cards each of which carries eight
data points in 8(I5,I4,1X) format. The abscissal units are wave-
number in cm.” ! x 10, recorded at constant wavenumber intervals in
diminishing sequence. The ordinate units are transmittancex1000;
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 (x;) and band center (x,) are in
units of absorbance and cm.”! respectively. A subroutine SORT



checks the sequence of theé 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 spectrum is 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).

—— i —— ————
s
—



ALGEBRAIC STATEMENT OF THE PROBLEM OF
SPECTRAL BAND FIT OPTIMIZATION

A. The Cauchy-Gauss Product Function

! The experimental band ehvelope is approximated by the func-
tion

M
(T/'To)ucalc = exp - 2.30258{(1 +lex1

(p) (18 (V=2 ) 1

+ exp [— x4 (P) (\J—XQ(P))Z]‘ [1]

where (T/'-I‘o) vcalc is the computed ordinate at the wavenumber v
in transmittance units; o, xX;, X2, X3, X4, are the adjustable
indices and Mis the number of constituent bands; x:1 is the peak
height in absorbance units, x: is the wavenumber position of the
band center in cm.~'; x3 and x4 jointly define the half-band

width and the Cauchy-Gauss ratio; o is the baseline displacement
in absorbance units.

The values of (xl...xu)P and o are varied to minimize ¢
where

-l 2
¢ == X fi [2]
with

£f. = (T/TO)

. (T/7T,)

vobs vecalc (3]

The iteration step is expressed most succinctly in the form
developed by Meiron (5)

—l =
Enel - Sm (B +PCpy) S [4]

where xpj is the vector of indices after m iterations and B is a
matrix equal to ATA where A is a matrix of the partial deriv-
atives 9fj/9xs. The diagonal matrix C is formed from B by setting
the off-diagohal terms to 2zero; P is a scalar damping factor,
the value of which is adjusted to minimize ¢ during each itera-
tion cycle; G is the gradient vector (grad ¢).



Equation [4] can be rewritten

1 1 1 -4
- z _ =2 ~2 -lg ¢ “ 5
= ZnSm (S B *PL) " Gy (3]

A0

X+l

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 dlagon‘?l te;ms
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
decadic to Napierian absorbance. It will simplify the subsequent
discussion if we rewrite equation [5] in the form

I=M
TC L X

e & {X(N) * (1) T X{z42m) X (1) )"

e I=1

+ EXP [— (X%I+3M)(W-X(I+M))z]} (6]

where the symbolism conforms more clos i .
FORTRAN program. ely with that used in the

Equation [2] similarly transposes to

NP
¥FS = B
g - (7]
NP
= b B - (8]

B. The Cauchy-Gauss Sum Function

(T/To)vcalc = eXp - 2.30258 ‘a +

M
P£1 [}n (P) (1+x3% (P) (\,_.xg mdh 2y -1

+ Xs * ex = 2
P P (x =
(P) % (p) (v X (P))Z)]] (91



; Whereas the product function requires the adjustment
indices, the sum function, as written above, ha535M+l adjﬁgtggzé
parameters, where M is the number of constituent bands. It is
1_Jsed in these programs with the restraint that x4 =kx;, where k
1s a constant that is selected by an input card. 1In {:his form
the sum function has proved superior to the product function in
some 1instances (e.g. for fitting single bands generated by con-
voluting a Cauchy band with a triangular slit function (3)).
Sgbsequent g-.xperi_ence has shown that the sum function will often
yield solutions in which x; or xs assumes negative values, and
such solutions can have doubtful physical significance, tl',lough
they may be acceptable analytically. Provision is included in
tt_1ese programs to restrict x; and xs to positive values if de-
sired. Values ofk in 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
Sy, TEEER T ‘X(N) i 121 (%) (L+X{ 1y oMy =X (g ) 5)
* X143y EXP (- X2(1+2M)CAY2(W'X(I+M))2):” [10]

*

We apologize for introducing this bastardized mathematical
symbolism at several places in this: Bulletin, but it is con-
venient for promoting cross-communication 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;,X,,X3,X4,,Xs,a); (X(1),X(2),X(3),X(4),
X(5) ,ALPHA) ; (X(I),X(J),X(K),X(L),X(L),X(N)): (X(Icf v X(T+M) ¢
X(I+2M)'X(I+3M)fx{1+3m)'x(n ) where CAY=x;,/x.3, an X(N) ,%j
and X (1p+3M) have been transposed from decadic absorption to
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

=

KURVE

NSEC

M, KURVE, NSEC, NI, MLIST, LIMIT, NONEG, in
format 10I5.

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 programwill proceed automatically
to execute the next computation of the series.

Use IDECK=1 to list the output on the printer
only.

Use IDECK =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 1last 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

- 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 informqntiozx
about the extreme values of the B and C™2BC~z
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 and Gauss bands to zero or
positive values.

If NONEG=2 no restriction is applied.

Always use NONEG =2 with the product function.

is the highest (starti

\ ng) wavenumber of the
experimental data deck :

N _cm, ~
;s the constant wavenumber interval in cm.”!
Y convention this interval is ¢ i
_ : aken as posi-
tive for a diminishj; .

is the ratio X4/X3 and ig re
the sum function. g
0.5 or 0.8.

quired only for
Uggested trial values are

ns DOWN, UP ang
3F15.5 for varying ’th_e" damp
P.18).

Recommended Values are 0.01

(;HANGE in format
ing factor (see

1000.0 0.5



Card Deck 6 is the main data deck carrying the NP experimental

dcjxta_l points. These must be sequenced in di-
m}nlshing order of wavenumber. Subroutine SORT
will check this sequence and make a limited
number of corrections. It is discussed more
fully in Bulletin 11. It is important to make
sure that the starting wavenumber of the deck
corresponds with WB.
These cards must be punched in format 8 (15,
I4,1X) with the wavenumber in units of cm.~1x10
followed by the intensity in transmittancex1000
(i.e. a transmittance of 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 indices for one band in format
4F15.5. For the product function these are
X1,X2,X3 and xy which appear in the FORTRAN
symbolism as X(I), X(J), X(K) and X(L). The
units of x; are absorbance and of x, cm.”!.
For the sum functions x,,x:,X3; and x5 are listed
and they also appear in the FORTRAN symbolism
as X(I), X(J), X(K) andX(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 x5 are ab-
sorbance.

Card 8 This is the terminating card and carries the in-
put value of the baseline constant o in F15.5
format. It is X(N) in the FORTRAN notation.

The units of o are absorbance. The program
requires that this card be included, even if
a=0.0.

—— i —————————— ——— ———

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 transmittance x 1000 to a
floating point array Y(I) on a scale of transmittance.




This is followed by the Input Section which continu»_as to
statement 154. Here the initial values of several quantitijeg
are set. These include the number of completed l_teratlons (NIT),
the total number of band indices (N), the'startlng yalue 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 tf}e array X(I): By
this stage the output headings have been. p;lnted, 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, and WFM is the wavenumber position of FM.

The values of FS, the matrix B and the vector G are next
calculated. The main computation occurs in the double DO loop
between statements 203 and 218. For each experimental data point
SUBROUTINE POINT determines the ordinate value of the computed
curve (cf. equations [6] and [10]). This is compared with the
experimental ordinate value to determine F, FM, and FS. The
partial differentials are computed in the DO loops beginning at
statement 207 for the product function and at statement 210 for
the sum function (see P. 17). These comprise one row of the A
r_natrix for each data point and are stored for one row at a time
in the array AM(I). The matrix B and the vector G are generated
by a storage saving technique which avoids the need to accumulate
the complete Amatrix; the algebra involved is discussed on p. 19.
Since B is symmetric, only the matrix elements that lie above
the diagonal need be calculated. These are stored in the array
AQ(IM) at statement 218, and transferred serially to the array

A(I,1J) as required for the subsequent calculations in the DO
loop beginning at statement 219,

F of B is converted to C-2BC~: and
stored in the array AQ(IM) The vec . L =bL 2

. . [oh & A
same time at statement 227. Or GAST(I) is formed at the

. The diagonal terms of C‘%BC“%
onal terms are correlation coefficj
t are icie
numerical difficultiesg OCcur, it ig

; i
recorang 18 operated with MLIST. 3 pn G1CWENts of B. When the



ADMIN Value of minimal diagonal element of B
MINAD Location of ADMIN il

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

AMIN Value of minimal off-diagonal element of Cc~zBCT2
MINAL  Row location of AMIN =

MINAZ2 Column location of AMIN

1
AMAX Value of maximal off-diagonal element of C “BC
MAXAl Row location of AMAX 5
MAXA2 Column location of AMAX

The absolute values of AMIN and AMAX must be 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 jteration cycle of equation [5].

The values of FS, B, G, and C having been evaluated above,
it is still necessary to select the optimal value of p to complete
the m+1th 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(I)
and FS are calculated; they are designated XP(I) and FSP; if
MLIST = 2 or 4 all four values of P 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 operatibns take place in the (P,INVERT,XP) Section,
and in the (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

———— i —— I ————— T ————

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

E————— P Tl e
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change in P is controlled by the values of UP, DOWN,dgnd CHAI;G.EI;
The fourth P value is interpolated by the method discussed i
the Appendix to reference. (2); this occurs between statements

263 and 270.

1 1
i ~ is ~“2BC~-2 at statement 267 and
The damping factor is added t.og 2BC~2 a
the linear system of equations is solved by the Gauss-Jordan
elimination method in which the diagonal members are used as a

pivot (14).

Messages indicating numerical difficulties may be p]_:inted
at statements 271 and 284. The former will draw attention to
difficulty in interpolating a fourth value for P, but the exe-
cution of the program will continude. 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 compared
with 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 in
the minimization function (TERM/FSM) . The computation terminates
if this ratio falls below 1.002. The program will also terminate
should GL be reduced below 0.0001. This is also an indication
of slow convergence, though normally the TERM/FSM ratio test will
terminate the program first. The program will also terminate
sl.tlou.de FM be reduced below 0.001, which indicates that a maximal
significant fit has been achieved; under normal circumstances,
the accuracy of the experimental ordinate measurement will not
be better than 0.001 transmittance units.

) z}t the end of the computation the rogram
optimized values of the indices, the'corresgongiﬁg szgﬁigtﬁ :ﬁz
error fu.nctlon (FSM) , the root-mean-square of the residuals (DIS)
the maxu_nal ordinate error (FM) , and the wavenumber of FM (WFM) *
A check is made against NDATA; if NDATA = 2 the Program proceeés
to process the next data deck, otherwise it calls the EXIT routine
and the calculations are completed.

If LIMIT =1 or NONEG = 1, restraints i
_ / ; are applied to the per-
mitted values of the indices, These boundary conditionspare

—_—_-_._.....—_..-._-_.__.—.--_—-.-._

Probably indicates that there ;i

- . S
pondlng experimental ordinate e
an additional component band.

rror in the corres-
r OY suggests the need to introduce

_———-——————————-___.._
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mt_:an%tored 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
makJ..ng 'the Jhalf-width excessively wide, or, more commonly, re-
ducing 1t to a spike so that it falls almost wholly between two
consecutive. abscissal data points.* Limits canbe set to X(3) and

X({I) ; fgr the pr:.?duct function, or to X(3) for the sum function
WI"llCl:}. \jn.ll restrict the half-width within the spectroscopically
significant ranges of 1 cm.”! to 50 cm.”!. These limiting con-

ditic;ms 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 cm.~!

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 a Gauss component from a Cauchy

*It is also possible for aband 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
technigue when highly inaccurate starting values were employed (2).

——————————————————— —



component, or vice versa. This can be restricted by setting
NONEG = 1 which causes a negative X(1l) or X(5) grdlnailze index to
be replacedby a positive one, one-tenth of the intensity of that
of the preceding iteration. This tends progresglvely towylgld
a pure Gauss or Cauchy curve. Generally tt.u.s gives a solution
that converges less efficiently; it can sometimes be circumvented

by altering CAY.

C. Subroutine POINT

This small subroutine computes the values of 1n(T,/T), for
a given set of variables X(I), at a given wavenumber W. It also
computes the quantities PC(I) and PG(I) which correspond to

X1 (1 +x5(v-x5)2%)—1!
and
Xk (v =-x5)2
of equations [1] and [6]; these are needed in the evaluation of

the arrays of partial derivatives AM(I) at statements 207-209
and 210-212,

D. The Method for Selecting the Damping Factor P

The evaluation of P is crucial to the efficient functioning
of the program and some further comment is pertinent.

The technique we use to obtain an optimal P i i i
an arbitrary one. During the initial deve?opment o%stgésgig;:iﬁl
we used an S.D.S. 920 computer with direct access, permitting
selected values of P to be introduced on demand froma typewriter
We later used a one~dimensional Search by Fibonacci numbers (15) :
also under the operator's direct control. This would still ap-'-

extremely sensitive, and so limited th i
X at they mightb
missed. Later we tested the method described bg Mar?;ﬁgﬁgte%gi-}f
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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 A4j =Aj5. 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
N2 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 x 3 A matrix as follows:

T

A A
aj;; azi as aj; a2
a2 Az22 asz Az21 4az22

azl1 As2
B
(ay1a11 +aziazi +aszi1as1) (ari1aiz +aziazz +asiasz)

(m==—mmm ) (ajza1z2 +azzazz +azzaszz)

On the first passage through the DO loop beginnigg at state-~
ment 203, the three product terms a;;a,;;, a,;;3,,, and a,,a,, are
evaluate:i and stored in AQ(1l), AQ(2), and AQ(3)d at statemﬁr_lth218.
The second passage yields a,;a;i, @333z, and a,,a,, whic are
added respectively to AQ(1l), AQ(2), and AQ(3). The third and
final cycle adds aj;as: to AQ(l), aj;as; to AQ(2) and ajzj,a;, to
AQ(3), to complete the first, second and fourth elements of B.
The b; element, below the diagonal is equal to b:.
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F. The Partial Derivatives

The differential equations 9f;/9xy are _com;_)uted for the pro-
duct and sum functions in the DO loops beginning at statements

207 and 210 respectively. -

From equation [3],
£s = Toobs ~ Ty
=-A

v
= Tyobs ~ © [11)

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

It follows that

Bfi/axk = afi/aA . BA/Bxk

=A
v

= —-g . BA/Bxk

I

—Tv . BA/Bxk [12]

For the product function we may write

T = exp - [x;Pch+a'] [13]
where
P_ = 1/(1+ R2x3) [(14]
Pg = exp - [R2x2] [15]
R =

(V-Xz) [16]
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1n which X, ,X3,Xy have their usual connotation from equatlon (243,
x; = 2.30258%x; and a' = 2.30258a.

Differentiation yields the expressions

af; /3x) = TP P [17]
of, /3%, = 2x1Tpcpg(xE4-ch%)R [18]
3, /9xs = —2x1x3TPéPgR2 [191]
3E, /0%y = ~2x{quPc?gR2 [20]
9f;/%a"' = T [21]
Setting
8- Zx;TPCPgR
= 2x1R* afi/ax1 [22]

equations [18 to 20] reduce to

9f,/0%2 = sp(xﬁ-rch%) [23]
3f,/8x3 = -S X3P R [24]
8fi/3xu = —prqR

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

B, = xipc + x;pg + a' ; [25]

and with the restraint that xu« = kxj

P_ = exp [R%k?x3] [26]

g

The expressions for the derivatives are

i 27
3fi/3x1 = TP, [27]

|
dp]



=g [29]
afi/3X3 = SSR
afi/ax; = TPg [30]
afi/aor.' =T [31]
where
Sg = 2x3TR(x{Pé+xsk2Pg) [32)
[32A]

T = exp[-(xip'c+xépg+a')]
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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



FOUR BANDTEST CURVE (PRODUCT)
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FOUR BAND TEST CURVE (SUM)
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SPECTRAL BAND FIT OPTIMIZATION PROGRAM

* * * # ¥

*
*
*
* BASIC VERSION.
E 3
*
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J.PITHA AND R.N.JONES,DIVISION OF CHEMISTEY,NATIONAL RESEARCH
COUNCIL OF CANADA,SUSSEX DRIVE,CTTAWA,CANADA.

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

THIS PROGRAM WILL FIT A CAUCHY,GAUSS, PEODUCT,OR SUM FUNCTION TO
AN INFRARPED ABSOFRPTION 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 DIMENSIONED FOR A MAXIMUM OF TWENTY BANDS AND
TWO THOUSAND EXPEFIMENTAL DATA POINTS.

THE BAND INTENSITY INDICES ARE IN ABSORBANCE UNITS BUT THE
COMPUTATIONS WITHIN THE PPOGRAM USE NAPIERIAN LOGARITHMS.

THE EXPERIMENTAL DATA ARE IN UNITS OF WAVENUMBEE X10 AND
TRANSHITTANCE X 1000.

THE INPUT WAVENUMBEE SEQUENCE IS CHECKED BY SUBROUTINE SORT.

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

DIMENSION IX (2000),IY(2000),Y(2000),%X (B1),XP(B1),XB(81),G(81),

1AM (81) ,PC(20) ,PG(20) ,AQ(3321),A(81,82) ,DIA(81),GAST(81),
2HEAD1(20) ,HEAD2(20)

EQUIVALENCE (IY(1),Y(1))
IRD=1

IPCH=2

IPRNT=3

WRITE (IPRNT,400)

READ (IRD,401) HEAD1
READ (IRD,4C1) 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.

230
240
250
260
270
280
290
30¢C
31¢C
32¢C
330
340
350

370
380
3390
400
410
420
430
4uo
450
Le0
470
480
430
500
510
520
530
540
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USE KUBRVE=1 FOE PRODUCT FUNCTION AND KURVE=Z2 FOR SUM FUNCTION.
NSEC IS THE MAXIMUM PERMITTED COMPUTATION TIME IN SECONDS.
NI IS THE MAXIMUM NUMBER OF PERMITTED ITERATIONS.

MLIST CONTEOLS THE AMOUNT OF INFORMATION REPORTED ABOUT THE
PROGRESS OF THE COMPUTATION.

USE MLIST=1 FOE MINIMUM PPOGRESS FEPOET AND FINAL OUTPUT

ONLY.

USE MLIST=2 FOR ADDITIONAL INFORMATION ON THE EXTREME VALUES
OF THE B MATRIX ELEMENTS DURING EACH ITEFATION.

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 THY EANGE 1-5C CM.-1
IF LIMIT=2 NQ RESTRICTION TO THE HALF-BAND WIDTH IS APPLIED.

USE NONEG=1 WITH THE SUM FUNCIION TO RESTRICT X1 AND X5 TO ZERO
OR POSITIVE VALUES.
IF NONEG=2 NO KESTRICTION IS APPLIED =~===- ALWAYS USE
NONEG=2 WITH THE PRODUCT FOUNCTION.

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

GO TO 16

READ (IRD,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 AEE SUGGESTED.

INTERVAL IN CM.~1 BY CONVENTION WI IS POSITIVE
F
DIMINISHING WAVENUMBFR SEQUENCE. s

IF (IDECK.EQ.1) GO TO 12
WRITE (IPCH,401) HEAD1

WRITE (IPCH,Uu01) HEAD2

WRITE (IPRNT,U40n2) HEAD1

WRITE (IPRNT,402) HEAD2

WRITE (IPRNT,408)

READ (IRD,40u) DOWN,UP,CHANGE

DOWN,UP AND CHANGE EEGULATE THE
: SEARCH FOR O
RECOMMENDED TRIAL VALUES ARE DOWN=0.01 UP=1gggn3L gz:gégfoPQCTOR

WRITE (IPENT,u409) DOWKN,UP,CHANGE

550
560
570
580
590
600
610
620
630
640
650
655
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
BUO
850
860
870
880
830
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
107¢
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14

15

20

30
ER|

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 (IPENT,U32)
IF (LIMIT.EQ.2) GO TO 15

IF (MLIST.LT.3) WRITE (IPENT,433)
READ (IRD,405) (IX(I),IY(I),I=1,NP)
IWB=WB*10.0+0.5

INI=WI*10.0+0.5

CALL SORT1 (IX,IY,WB,WI,NP,IPEN

IF (KLENUP.EQ.1) GO TO 30 . FHERSLERUE, VD INT)
UP=0.0

DOWN=0.0

CHANGE=0.0

IF (NDATA.EQ.2) GO TO 11

STOP

po 31 I=1,NP

Y(I)=IY(I)*0.001

R ROk Kok ook ok Rk K kR ok TNEUT SECTION %ok skokosk ok ok sk ok s ok ok sk ok ok ok ook o ook ok o

N=4*M+1

N1=N+1

NAL=N*N1/2

NIT=0

TERN=1000.0

P1=0.1

IF (KURVE.EQ.2) GO TO 151

WRITE (IPRNT,416)

GO TO 152

WRITE (IPRNT,417)

DO 153 I=1,M

J=1+HM

K=J+M

L=K+HM

READ (IRD,404) X(I),.X(J),X(K),X(L)
X(I),X(J),X(K) AND X(L) AFE THE SPECTRAL INDICES FOR EACH BAND.
IF (KURVE.EQ.2) GO TO 155

WRITE (IPENT,410) X(I) ,X(J).,X(K),X(L)
GO TO 157

XG=X (K) *CAY

WRITE (IPENT,406) X(I) ,X(J) ,X(K) ,XG,X (L)
X(L)=2.30258B%*X (L)

X(I)=2.30258%X (1)

CONTINUE

READ (IRD,404) X (N)

WRITE (IPRNT,418) X (N)
X(N)=2.30258%X (N)

DO 154 I=1,N

XB(I)=X(I)

wAokkok kKR kR Rk Rk Rk kR RRX (G, AQ,F) SECTION ¥k sk s dkokkkkokk

Do 201 I=1,N
G(I)=0.0

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
1600
1610



202

203

206
207

209
210

212
211

218

219

DO 202 I=1,NAL

a0(1)=0.0
F5=0.0

FM=0.0
FS1=1.0E10
Fs2=1.0E10
P1L=P1

IT=1

DO 218 II=1,NP

W=IX(II)*0.1

CAILL POINT1 (X,PC,PG,W,2AC,M,N,CAY,KURVE)

TC=EXP (~AC)
F=Y(II)-TC

FA=ABS (F)

IF (FM.GE.FA) GO TO 206
FM=FA

WEM=W

FS=FS+F*F

IF (KURVE.EQ.2) GO TO 210
DO 209 I=1,M

J=T+H

K=J+N

L=K+M

AM (I) =TC*PG (I) *PC (I)

R=W-YX (J)

SP=2.0%AM(I) *X (I) *R

AM (J) =SP* (X (L) *X (L) +X (K) *X (K) *PC (I))
AM (K) ==SP*R*X (K) *PC (I)

AM (L) =-SP*R*X (L)

GO TO 211
DO 212 I=1,M
J=I+M

K=J+u

L=K+M

R=W-X (J)

AM (I) =TC*PC (I)

B (o Do TR (X (T) *BC (I) ¥PC (I) +CAY*CAY#X (L) #BG (I) ) ¥R*X (K)

AM (J) =5S*X (K)
AM (K) =~S5S5*p

AM (L) =TC*PG (I)

AM (N)=TC

IN=0

DO 218 I=1,N

AMI=AM (I)

G(I)=G (I)+AMI*F

DO 218 I1J=I,N

IM=IM+1

AQ (IM) =AQ(IM)+AMI*aM (1)
FSM=Fs

IM=0

DO 219 1I=1,N

DO 219 IJ=I,N

IM=IM+1

A(I,IJ)=RQ (1)

1620
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1660
1670
1680
1690
1700
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1780
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1870
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2030
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220

221

224

226
227

229

231

228

233

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

ADMAX=A(I,I)

MAXAD=I

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

DIA(I)=0.0

GO TO 227

DIA(I)=1.0/SQRT(A(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 (I)

DO 228 IJ=I,N

IM=IM+1

AQ (IM) =A (I, IJ) *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)

MINA1=I

MINA2=1IJ

IF (AMAX.GE. AQ(IF]} GO TO 228

AMAX=AQ(IM)

MAXA1=I

MAXA2=IJ

CONTINUE

GL=0.0

DO 233 I=1,N

GI=G (I)

GL=GL+GI*GI

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 BEEW GENERALLY
INTRODUCED AS IT OCCASIONALLY CAUSES NUMERICAL DIFFICULTIES.

CALL RDCLK (TIME)
RDCLK IS A TIMING SUBROUTINE.

ISECS=TIME+0.5
WRITE (IPRNT,4P7) FS,GL,WFHN,FM,NIT,ISECS

sxkkkkkkkokkkxkkkkk MATREIX DATA OUTPUT SECTION  okokok ko oo ok s ok ok o ook ko
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GO TO (250,2u49,250,249),MLIST

249 WRITE (IPRNT,424) MINAD, MAXAD,ADMIN,ADMAX,MINAT, MINAZ,ANIN, MAXAT,
1MAXA2Z, AMAX

250

251
252
260

261

266
262

263

270
279

275

272
274

269
271
265
267

278

Aokkokdkok Rk kKK kkkkkkkkkk (P, INVERT,XP)

IM=0

po 251 I=1,N

DO 251 IJ=I,N

IM=IM+1

AQIM=AQ(IM)

A(I,IJ)=AQINM
A(IJ,I)=AQIN

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

X4=1.0/P2
DET=X3*X3*XU*XU*XU-K3I*X3*X3=XU*XY
IF (DET.EQ.0.0) GO TO 269
AP1=X3*%X 3% (FS2-FS-SM*X4)
AP2=XU*XU* (FS1-FS~-SM*X3)
AI=6.0% (AP1-AP2) /DET
BI=2.0*(X4*AP2-X3*aAP1) /DET
DET=BI*BI~2.0%*AI*SH

IF (DET) 269,279,270
DET=SQRT (DET)

IF (AI.EQ.0.0) GO TO 269
X3=(-BI+DET) /AI

XU= (-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 (X4.LE.C.0) GO TO 269
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)

SECTICN

Akl ok ko ok ok ak ok ok ok

2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
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OO

281

285
282

284

286
288

500

501

506

503
507

50u
505

IF (EII.EQ.0.0, GO TO 284
pIv=1.0/AII

po 281 J=I,N1
l(I,J]=PIV*R(I,J]

po 282 K=1,N

IF (I.EQ.K) GO TO 282
Q=A(Ksrl

po 285 J=I,N1
R(K,J}=R(K.J}-Q*A(I,J)
CONTINUE

G0 TO 286

WRITE (IPRNT,“12}

G0 TO 314

po 288 I=1,N
XP(I}=K(I)*h(1,ﬂ1}*nih(1)

* BOUNDARY CONDITIONS TO LIMIT TH

IF (KURVE.EQ.2) GO TO S40
THE PRODUCT FUNCTION.

IF (LIMIT.EQ.2) GO TO 299
D0 505 I=1,M

J=I+M

K=J+M

L=K+M

XPK=ABS (XP(K))
KPL=ABS(XP(L))

IF (XPL.LE.1.0) GO TO 500
XPL=1.0

IF (HLIST.LT.3) G0 TO 500
WRITE lIPBNT,HZT) XP (J)

1F (KPK.LE.Z.O! Go TO 501
XPK=2.0

IF (MLIST.LT.3) GO TO 506
WRITE lIPRNT,ﬂZT} XP (J)
Go TO 506

IF (KPK-GT.0.03} Go TO 506
IF {KPL.GT.0.0333] GO TO 506

¥PL=0.0333
IF {HLIST.LT.3) Go TO 506
WRITE (IPRNT,428) XP(J)

IF (XP(K).LT.0.0) G0 TO 503

%P (K) =XPK
Go TO 507
XP (K) =—XPK

IF (KPIL).LT.0.0) G0 TO 50U

XP (L) =XPL
GO0 TO 505
XP (L) =-XPL
CONTINUE
GO0 TO 299

E RANGES OF X(1),X(3),X(4) ., X(3 *

3240
3250
3260
3270
3280
3290
3300
3310
33ac
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
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3700
3710
3720
3730
3740
3750
3760
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540
550

551

552

553
557

554

558
559

555

556

299

THE SUM FUNCTION.

IF (LIMIT.EQ.1) GO TO 550
IF iNONEG.EQ.2) GO0 TO 299
po 556 I=1,M

J=I+M

K=J+M

L=K+M

XPI=XP (I) -

XPK=ABS (XP(K))
XPL=ABS (XP (L))

IF (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,U428) XP(J)

IF (XP(K).LT.G.0) GO TO 553
XP (K) =XPK

GO TO 557

XP (K) =-XPK

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

GO TO 558

XP (L) =-XPL

IF (NONEG.EQ.2) GO TO 556
IF (XPI.GE.0.0) GO TO 555
XP (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
XP (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

ook e e e ok o e e e o ook ok s 3ok e ok o ok ok sk

FSP=0.0
JSKIP=1
KSKIP=1

DO 301 II=1,NP
W=IX (IT)*0.1

CALL POINT1 (Xp,PC,PG,W,AC,M,N,CAY,KURVE)

IF (AC.GT.-2.0) GO TO 304

34

(FSP) SECTION

kR NE Rk e h kb kR E R E

3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
8000
4010
4020
4030
8040
4050
4060
4070
4080
4090
8100
8110
4120
4130
4140
4150
4160
4170
4180
4190
4200
u210C
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
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IF (JSKIP.EQ.2) GO TO 300

WRITE (IPBNT,425) 4320
JSKIP=2 4330

300 TC=7.3891 4340
GO TO 310 43150

304 IF (AC.LT.10.0) GO TO 307 oo
IF (KSKIP.EQ.2) GO TO 302 10
KSKIP=2 3389
WRITE (IPRNT,426) 22a0

302 TC=0.000045 400
GO TO 310 819

307 TC=EXP (=AC) 20
310 F=Y(II)-TC 220
301 FSP=FSP+F*F i
IF (FSM.LE.FSP) GO TO 303 3328
NOTE %gEagigggIgingﬁgonggLisn,THE PROGRAM CAN BEANCH BACK HERE ON 3353

REPETITIVELY OUTPUT THE ORIGINAL GUESSED 4y

INDICES.THIS INDICATES THAT THE GUESSED I oo
gggigiigggj FIT BETTER THAN THE COMPUTED ggigggs(jiiggur 32?3

RBSSR INDIL%STF IT HAPPENS RERUN WITH MLIST=2 AND CHANGE THE ﬁggg

FSM=FSP KEto

po 305 I=1,N et

305 XB(I)=XP(I) il
303 IF (FS1.LE.FSP) GO TO 306 Pl
FS2=FS1 ieon
p2=P1 Vet
FS1=FSP L
Is1s 4610

GO TO 308 ﬁ62°

306 IF (FS2.LE.FSP) GO TO 308 ugig
pP2=P 4650
FS2=FSP u660C

308 GO TO (250,309,250,309),MLIST u670
309 WRITE (IPRNT,414) P,FSP : ? 4680
GO TO 250 4690

311 Do 312 I=1,N 4700
s s ok ke ok ok ok KoKk kkodokkkk TERMINAL SECTION koo skok ok sodobok koo okokokokok 4710
312 X(I)=XB(I) 4720
NIT=NIT+1 4730
TEST=TERM/FSM 4740
TERM=FSHN 4750

IF (TEST.GE.1.002) GO TO 315 4760
WRITE (IPRNT,436) 4770

GO TO 314 4780

315 IF (NIT.LE.NI) GO TO 316 4790
WRITE (IPRNT,437) 4800

GO TO 314 i 4810

316 IF (GL.GE.0.0001) GO TO 317 4820
WRITE (IPENT,438) 4830

GO TO 314 , 48uo

317 IF (ISECS.LE.NSEC) GO TO 320 4850



320

314

319

322
318

325

327
328

4oo

401
402
403
4oy
405
406
407

408
uo9
410

WRITE (IPRNT,439)
T0 314
gg (FM.GT.0.001) GO TO 200
WRITE (IPRENT,U4U40)
DIS=SQHT(F5H/N$;)
RITE (IPFNT,4
:RITE :IPRNT,H19) FSM,DIS,FM, WFM
IF (KURVE.EQ.2) GO TO 318
WRITE (IPRNT,416)
DO 319 I=1,M
J=TI+M
K=J+M
L=K+M
X(I)=0.43429%X (I)
IF (IDECK.EQ.1) GO TO 319
WRITE (IPCH,42C) X(I),X{(J),X(K),X (L)
WRITE (IPRNT,410) X(I),X(J),X(K),X(L)
X (N) =0.43829%X (N)
IF (IDECK.EQ.1) GO TO 322
WRITE (IPCH,U434) X(N)
WRITE (IPENT,413) X(N)
GO TO 328

WRITE (IPRNT,417)
DO 325 1=1,M
J=I+M

K=J+M

L=K+M

X (I)=0.43429%x (1)

X (L) =0.43429%x (L)

XG=X (K) *CAY

IF (IDECK.EQ.1) GO TO 325

WRITE (IPCH,421) X(I),X(J) ,X(K),X (L)

WRITE (IPRNT,406) X{I),K(J},X(K),XG,X(L)

X(N) =0.43429%% (N)

IF (IDECK.EQ.1) GO TO 327
WRITE (IPCH,u435) X (N)
WRITE (IPRNT,422) X (N) ,CAY
WRITE (IPENT,431)

GO TO 20

FORMAT (*1PITHA aND JONES., PROGRAM X (PC=-116)
1 OPTIMIZATION PROGRAM BASIC VERSION,"' /)

FORMAT (20a4)

FOENAT (1X, 20A4)

FORMAT (1015)

FORMAT (4F15.5)

FORMAT (8(I5,14,1X))
FORMAT (1X,5(6X,F15.51)

FOEMAT (5!,2HFS,E12.H,8X 2HGL,E12.4, 7x 3HWEM,F7.1,7% HF 4
1,3HNIT,IB,“K,5HISECS,I5)' : =t f ’ Pt ™

FORMAT ('OINPUT PARAMETERS, 1)
FORMAT (20X, 4HDOWN
FORMAT (1X, 4 (6%,F15.5))

SPECTRAL BAND FIT

.E1Q.6,?X,2HUP,E1Q.

4gea0
4870
4580
48sp
4900
4a1g
43920
493p
49yp
43950
4960
4970
4980
4990
5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
5130
S140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280
5290
5300
5310
5320
5330
5340
5350
5360
5370
5380
5390



u111€?RHAT (1X, "TPOUBLE WITH EVALUATION OF P,CHECK MATRIX DATA QUTPUT.

z:g ggg:;g }:§.;E§§:§:h?§g gY ?ROUBLE WITH SOLUTION OF EQUATIONS.')

) ’ =F8.5/,'0SOLVED FOR PRODUCT,CAUCHY OF GAUSS FUN
1CTION.'/' (PUEE CAUCHY IF X(4)=0 OR PUERE GAUSS IF X(3)=0) ")

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

415 FORNAT (11X, Moo e e
iarns o s e '/1X,17HOUTPUT PARAMETERS)

416 FORMAT (*0',15X,4HX(1),17X,UHX (2),17X,4HX (3) , 17X, bHX (4))

u171fOHHAT (*0* 15X, BHX (1) , 17X, 4HX(2) , 17X, 4HX (3) , 17X, LHX () , 17X, GHX (5)

418 FORMAT (4X,7HALPHA =,FB.5,/11%, '~———— e o et T L
I e e e e e ')

4191$0RHAT (18x,3Han,;1u.6,71,3HDIS,£1u.s,?x,zﬂru,E1u.6,7x,3uwfu,F7.1

420 FORMAT (4F15.5,5X, 7HPRODUCT)

421 POEMAT (4F15.5,9%,3HSUM)

422 gOEHaTa(QX,THALPHR =,F8.5/*0SOLVED FOR SUM FUNCTION WITH X4 =',FS.
12,4d X3.) 1

423 FORMAT (*'0',19X,2HNP,I6,17X,2HWB,¥F8.1,13X,2HWI,F5.1)

424 FORMAT (/4X,SHMINAD,IU,13X,5HMAXAD,IU,12X,5HADNIN,E14.6,5X, 5HADMAYX
1,E14.6/4X,5HMINAT,IU,1X, SHMINA2,I4,3X,UHANIN,E14.6,3X,5HMAXAT, I4,
23X,5HMAXA2,I4,3X,UHAMAX,E14.6)

425 FORMAT ('CTHE MAXIMAL ALLOWED TRANSMITTANCE HAS BEEN EXCEEDED. ')

426 FORMAT (*OTHE MINIMAL ALLCWED TRANSMITTANCE HAS BEEN EXCEEDED.')

427 FORMAT (*OMINIMAL HALF-WIDTH FOR BAND AT',E7.1,6H CM.-1)

428 FORMAT ('OMAXIMAL HALF-WIDTH FOR BAND AT',F7.1,6H CM.-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 ('0OFSM IS THE VALUE OF THE MINIMIZATION FUNCTION.'/,
1'0DIS IS THE DISCREPANCE IN THE TRANSMITTANCE DIFFERENCE (ROOT MEA
2N SQUARE OF THE EZSIDUALS).'/,'OFM IS THE MAXIMUM ORDINATE DIFFERE
3NCE.'/,"OWFM IS THE WAVENUMBEP OF THE MAXIMUM ORDINATE DIFFERENCE.
4v)

432 FORMAT ('ORESTRAINTS TO HOLD X (1) AND X(5) POSITIVE HAVE BEEN APPL
11IED.")

433 FORMAT ('CRESTRAINTS 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 ('OTEEMINATED BECAUSE CF SLOW CONVERGENCE.'/)

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

5400
541¢C
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5500
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5540
5550
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5570
5580
5590
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5620
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5660
5670
5680
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5710
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5730
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5780
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5840
5850
5860




naonNOoa

ancaonnnnNaonnanma

10

11

15
12
16

13

14

17

ook ok ok sk o o o ol ok o ok o ok o o sk ok o e ok o o A o e s 3 e ook ok R e ok R ok e R ke R R R R R R R R R R

SUBROUTINE SOET1 (IX,IY,WB,WI,NP,IPRNT,KLENUP,IWE,IWI)

SUBROUTINE SOFT CHECKS FOF ERRORS IN THE INPUT WAVENUMBER LCATA.
A LIMITED NUMBER OF WAVENGUMBEER SEQUENCE ERRORS ARE CORERECTED
BUT SEQUENCE ERRORS IN EXCESS OF 160 DATA PCINTS (20 CARDS)

OF ANY OTHER TYPE CF WAVENUMEER EFROR WILL TEFMINATE THE
CONMPUTATION,AS ALSO WILL A DISCREFANCY BETKWEEN 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 IX (2000),IY(200C),ITEMPX(160),X1(160),ITEMEY (160)

IF (IX(1).EQ.IWB) GO TO 10

WRITE (IPRNT,U456)

KLENUP=2

RETURN

MM=1

DO 11 I=2,NP

IN=IWB-IWI* (I-1)

IF (IW.EQ.IX(I)) GO TO 11

XX=IX(I)

TEST= (WB~0. 1*XX) /WI

NTEST=TEST+0.005

IF {RBS(TEST—NTEST).GT.O.GOS) GO TO 12

ITEMPX (MM)=IX (I)

ITEMPY (MM)=IY (I)

MM=MM+1

IF (MM.GT.160) GO TO 12

CONTINUE

IF (MM.GT.1) GO TO 14

WRITE (IPENT,451)

KLENUP=1

RETURN

KK1=IX (I-1) %0, 1-WI

WRITE (IPENT,452) xx1

KLENUP=2

RETURN

WRITE (IPENT,453) )
P

gglga féPRNT'QSS, (IX(D),IY(I), I=1,Np)

NN=MM-1

DO 17 MM=1, NN

K1=1+ (INB-ITEMPX (MM) ) /INT

IX (K1) =ITEMPX (MM)

IY (K1) =ITEMPY (MM)

X1 (MM) <IX (K1) *0. 1

5870
5880
5890
5900
5910
592¢
5930
5a40
5950
5960
5970
5980
5990
6°00
6010
6020
6030
604¢C
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6160
6170
6180
6190
6200
6210
6220
6230
6240
6250
6260
6270
6280
6290
6300
6310
6320
6330
6340
6350
6360
6370
6380
6390
6400



450
451
u52
453
454
455
456

WRITE
WRITE
GO0 TO
FORMAT
FORMAT
FORMAT
FOERMAT
FORMAT
FORMAT
FORMAT
END

(IPRNT,450) (X1 (MM) , MN=1,NN)
%éPRHT,U5U} (IX(I),IY(I),I=1,NP)

(*OWAVENUMBER CORRECTIONS AT/, 12 (2%,F6.1,2X%))
(*OWAVENUMBER SEQUENCE IS CORRECT.")

(*CTERMINATED BY ERROR AT*,¥6.1,6H CH.-1)

(*CTERMINATED BY MULTIPLE WAVENUMBER SEQUENCE EPRORS.')
(*OREARRANGED INPUT."/,9(4X,2I5))

(*GUNCORRECTED INPUT.'/,9 (UX,215))

(*OTERMINATED BY AN EREOR IW THE STARTING WAVENUMBER.')

6410
6420
6430
puul
6us50
6u60
6470
6480
6490
6500
6510
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SUBROUTINE POINT1 (X,PC,PG,W,RC,¥,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
J=T+M
K=J+M
L=K+M
R=W~X (J)

RSQ=R*R
PC(I)=1.0/(1.0+X (K)*X (K) *RSQ)
IF (KURVE.EQ.2) GO TO 12

PG (I) =X (L) *X (L) *&SQ

GO TO 13

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

GO TO 16

PG (I) =EXP (=PG(I))

IF (KURVE.EQ.2) GO TO 17
AC= X (I)*PC (I) *PG (I)+AC

GO TO 10

AC=X (X) *PC(I)+X (L) *PG(I) +AC
CONTINUE

AC=AC+X (N)

RETURN

END

6520
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6580
6590
6600
6610
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6640
6650
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PITHA AND JOMES. PROGEAM X (PC-116) SPECTRAL BAND FIT OFTIMIZATION PROGEAM BASIC VERSION.

FEBRUARY 2NWD. 1968 PROGRARM X (PC-116)
POUR BAMD TEST DECK. PRODUCT PUNCTIOK.
INFUT PARAMETERS.

DOUN 0.7000COE-01 UP 0.700000E O& CHANGE 0.500000E 0O

L 14 200 ] ¥B 1000.0 ¥I 0.5
WAVENUABER SEQUENCEZ IS CORRECT.

ALPHA = 0.05004

nn X(2) X (3) X(u)
0.27000 968.50000 0.18000 0.12000
0.62000 957.00000 0.22000 0.18000
0.32000 9a1.00000 0.12000 0.12000
0.370C0 918.00000 0.22000 0.12000
ALPHA = 0.02000
PSs 0.296CE 01 GL 0.1623E 02 WEM 952.5 FN  0.2766E 00 HIT 0 ISECS
rs 0.1804E 00 GL 0.1174E 01 WFH  953.5 FA  0.9665E-01 NIT 1 ISECS
rs 0.8375e-02 GL 0.2064F 00 ¥FA  957.5 FA  0.2994E-01 KIT 2 ISECS
FS 0.3347E-D4 GL 0.132S5E-01 WFRn  952.0 FN  0.1428E-02 NIT 3 ISECS
rs 0.17uBE-04 GL 0.2013e-03 WFH 969.5 FN 0.7316E-03 MIT ISECS
TERNINATED BECAUSE OF SLOW CONVERGENCE.
DUTFUT PARAMETERS
FSH  0.17uB46E-04 DIS 0.295674E-03 A 0.731587E-03 4PH  969.5
In X(2) X(3) W
0.29972 969.99951 0.19925 0.10054
0.59997 954.99902 0.20020 0.19981
0.29993 939,99756 0.09980 0.10013
0.39994 92c.00098 0.20006 0.09998

SOLYED FOB PRODUCT,CAUCHY OF GAUSS FUNCTION.
(PURE CAUCHY IF X (4)=0 OR PUPE GAUSS IF X(3)=0)

FSM IS THE VALUE OF THE AINIAIZATION FUMNCTION.
DIS IS THE DISCREPANCE IN THE TRANSAITTANCE DIPPERENCE (ROOT MEAN SQUARE OF THE RESIDUALS).
FA IS THE MAXINUN OFDINATE DIFFERENCE.

PR IS THE WAVENUABFP OF THE MAXIAUA ORDINATE DIFFERENCE.

o
E N N ]



PITHA AND JONWES. PROGRAM X (PC-116)

FEBRUARY 2MD.1968 PROGRAN X (PC~116)

SPECTFAL BAKD FIT OPTIMIZATION PROGEAM BASIC YERSION.

POUR BAND TEST DECK. SUN PUKCTION car = 0.8
INPUT PARARETERS:  our  0.1000002-01 UP  0.1C0000E Ou CHANGE 0.500000E 00
We 200 U8  1000.0 vI 0.5
VAVENUNBER SEQUENCE IS CORRECT.
nn X(2) x(3) I(u)
0.18000 968.00000 0.18000 0. 18400
0.37000 953.00000 0.22000 0.17600
0.1000¢ 942.00000 0-11000 0.08800
0.26000 919.00000 0.21000 0.16800
ALPHA = 0.02000
rs 0.1347% 01 GL 0.1568E Q2 uFn 927.5 FA 0.1469E 00 ¥IT 0
PS  0.3667£-01 GL 0.6070E 00 WEN 956.5 PR 0.3637£-01 NIT 1
FS  0.2021E-02 GL 0.1412E 00 WEK  968.0 PR 0.8336£-02 NIT 2
7S 0.2908E-04 GL 0.33835-01 WFK 985.5 FA 0.11298-02 ¥IT 3
FS 0.15uBE-D4 GL 0.3633E-02 UEW 985.5 FA ,0.8870E~03 WIT @
TERBINATED BECAUSE FM HAS BEACHED MININAL SIGNIPICANT VALUE.
OUTPUT PARANETERS : T Aky
PSH  0.153626E-08 DIS 0.277151E-03 PR 0.887036E-03 urn
nn I I(3) (%)
0.20042 970.00488 0.20018 0. 16015
0.40776 954.95878 0.19969 0.15975
0.09552 33997925 010035 0.08028
0.25119 920.00195 0-19965 0.15972

ALPHA = 0.04997
SOLVED FOR SUM FUNCTIOM WITH X4 = 0.80 X3.
PSH IS THE VALUE OF THE MINIAMIZATION FUHCTION.

DIS IS THE DISCREPANCE IN THE TEANSMITTANCE DIFPERENCE (ROOT MEAN SQUARE OF THE RESIDUALS).

FR IS THE NMAXINUN OFDINATE DIFFERENCE.

WFR IS THZ WAVEMUNBER OF THE MAXIRUR ORDINATE DIFFERENCE.

(5

0.11000
0.22000
0.18000
0.16000

ISECS
ISECS
ISECS
ISECS
ISECS

985.5

1(5)

10
7

0.09910
0.19199
0.20338
0. 12921
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PROGRAM XTI

Band Fit Optimization Program with Moving Subspace

(PC-117)

This program was developed to deal with 1long 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.
Wwhen 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. Such a "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
TC = EXP - P (X,W) +4{X + Yo (X, W)
el I£1 T () I=K+1 =
I=M
# ) wltg,w% [33]
I=K+MULT+1
where

wI(E,W) = x(I)(1-+x§I+2M)(W-—X{I+M))2)'1
- 2 34
« EXP - [x?1+3m)(w x(I+M)) ] [34]

Only the "active subspace" section .o.f the X vector within
the braces is optimized. As the program 1S written, this con-
sists of the indices of from two to five consecutive ban:_is to-
gether with the baseline variable o. The number of bands in tf:he
variable subspace is defined by MULT. The program al‘];gs or
two iterations within each defined subspace. TI"u.s n er li
controlled by the computed GO TO statement followlng sFatemeg_
312; it can easily be changed within the program. Ha'\;ll_nfgtscob
pleted the required number of cycles, the subquce shi rrieg
MULT-1 bands so that the terminal band of one subjectis ca



i his process continues
band of the next subset. T
irsxtjif}lleallﬁadt%lg bands have been adjusted and the cycle then re-

commences.

The version of the program published herg operates orfxly on
the product function; the facil:l'.ty to restrict the lgal ~-band
widths within the range 1-50 cm.— _under the control o LIMIT=]1
is retained, but the NONEG restraint on negative peak heights

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 samée 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 in
the active subspace (range 2-5) jis MULT and the
other instructions are the same as for the Basic
Version (p. 11).

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

Card 5 carries t+he floating point instructions for DOWN, UP
and CHANGE in format 3F15.5 (p. 12).

Card Deck 6 is the main input data deck carrying the NP ex-
pPerimental data points.

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

Card 8 :'Es 1:;19.) input value of the baseline constant «
pP- .

The number of variables in the active Subspace, NMULT, is

evaluated in the 1n ut Section Th
\ : _ P . € complete ge i in-
dices is read into the array Xs(I). n2 am.ld3 N3 aretthc;figgg;ltn;;'

gﬁgslg§ the initial and terminal bands of the active subspace
1S the number of the iteration within the given oper-

ational subspace This may be
* zero, 3
trol of the Computed GO TO Statement one Or two, under the con



- 47 -

. Tht? major I}'lodificai-:ion from the Basic Version occurs in the
Activation Ser_:tlon. Th}s pProvides for the selection and exchange
of the bands in the active subspace. In the first part, ending

at statement 180, the values of N2 and N3 are i
; . set; N3
against M to determine when a complete 15 ehacked

and in the terminating sequence of th

equal M, retaining an increased overla
space, should this be necessary.

In the DO loop following statement 181, the arrays X(I) and
XB(I) o)‘f the act:i.ve subspace are filled from XS (I), and the back-
ground index o is added, all ordinate indices have previously
been transposed to Napierian absorbance units. In the large DO
loop wt_uch 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 elements of 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 t.hf—.‘ total number of it-
erations, calculated as two for each active subspace for each

cycle through the spectrum.

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 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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*

* SPECTRAL BAND FIT PROGRAM

*
* VERSION “ITH MOVING SUBSPACE.
*
*
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J.PITHA AND R.N.JONES,DIVISION OF CHEMISTRY, NATIONAL RESEARCH
COUNCIL OF CANADA,SUSSEX DRIVE,OTTAWA,CANADA.

PRCGRAM XI (PC-117). JULY 12TH. 196

THIS PROGEAM WILL FIT A CAUCHY,GAUSS CR PRODUCT FUNCTION TO AN
INFRARED ABSORPTION EBAND 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 ANLC A MAXIMAL FIVE BAND SUESPACE WITH ONE BASELINE
VARIABLE.

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

THE BAND INTENSITY INDICES ARE IN ABSOREANCE UNITS BUT THE
COMPUTATIONS WITHIN THE PROGRAM USE NAPIERIAN LOGARITHMS.

THE EXPERIMENTAL DATA AKE 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.

dhkkkk ok kokk ok hkokkokkok gk TNITIAL SECTION 3% sk ko ook ok e ook oo ok e ek e ofe e o ok o

DIMENSION IX(2000),IY(2000),Y¥(2000),X (21),XF(21),XB(21),PRD(21),
1AM (21) ,PC(5) ,PG(5) ,¥S (2000) ,AQ (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) HEAD1

READ (IRD,401) HEAD?2

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

READ (IRD,403) NDATA,IDECK,NP,H,NSEC,NI,HLIST,HULT,LIHIT

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.

*

=
*
*
*
*

7

250
260
270
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15

20

30
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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 MINIMAL FROGRESS REPORT AND FINAL OUTPUT ONLY

USE MLIST=2 FOE ADDITIONAL INFGPMATION ON THE EXTEEME VALUES
OF THE B MATRIX ELEMENTS DURING EACH ITEEATION.

USE MLIST=3 TO PEINT RESTPRAINTS APPLIED BY LIMIT.

USE HMLIST=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.

MULT IS THE NUMBER OF BANDS IN THE VARIABLE SUBSPACE (MAXIMUM 5)
READ (IRD,404) WB,WI

WB AND WI ARE THE STARTING WAVENUMBEPR AND THE WAVENUMBER ENCODING
INTERVAL IN CH.-1 BY CONVENTION WI IS POSITIVE FOR A
DIMINISHING WAVENUMBER SEQUENCE.

IF (IDECK.EQ.1) GO TO 12

WRITE (IPCH,401) HEAD

WRITE (IPCH,401) HEAD2

WRITE (IPRNT,402) HEAD1

WRITE (IPRNT,402) HEAD2

WRITE (IPRNT,L08)

READ (IRD,404) DOWN,UP,CHANGE
WRITE (IPRNT,409) DOWN,UP,CHANGE

DOWN,UP AND CHANGE REGULATE SEARCH FOR THE OPTIMAL DAMPING FACTOER.
RECOMMENDED TRIAL VALUES ARE DOWN = 0.01 UP = 1C00.0 CHANGE =0.5

IF (LIMIT.EQ.2) GO TO 15

IF (MLIST.LT.3) WRITE (IPENT,430)
READ (IRD,405) (IX(I),IY(I),I=1,NP)
WRITE (IPRNT,423) NP,WB,WI
INB=WB*10.0+0.5

INI=WI*10.0+40.5

CALL SORT (IX,IY,WB,WI,NP,IPRNT,KLENUP,IWB,IWI)
IP (KLENUP.EQ.1) GO TO 30

IF (NDATA.EQ.2) GO TO 11

STOP

DO 31 I=1,NP

Y(I)=IY(I)*0.C01

koo okoRokokoR ok koo ok Rk ok dokokok k. TNPUT SECTTION %k sksk ook s ok ok ik s ok skl ok sk okok skok

CALL SETCLK

520
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
780
790
800
810
Ay
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980

1000
1010
1020
1030
1040
1050
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153

176

177

18¢
179

175
182

183
181

SETCLK IS A TIMING SUBECUTINE.

N=U%xM+1

NIT=0

P1=0.1
NMULT=4%MULT+1
NTMULT=NMULT+1
NAL=NMULT*N1MULT/2
WRITE (IPENT,416)
DO 153 I=1,H
J=1+M

K=J+H

L=K+HM

X5(I) ,Xs (J) ,XS (K) ,XS (L) AEE THE SPECTRAL INDICES OF EACH BAND.

READ (IRD,404) XS(I),XS(J),XS(K),XS(L)
WRITE (IPRNT,410) XS (I),XS(J),XS(K),XS(L)
XS(I)=2.30258%*XS(I)

CONTINUE

READ (IRD,404) XS (N)

WRITE (IPBNT,U418) XS (N)

XS (N)=2.30258%XS (N)

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

wAckR kR Rk kR kokkkkkokkkkk  ACTIVATION SECTION  deseoksdoodsokdokdkokaokdokdokok dok

ICY=0

N2=1

N3=MULT

GO TO 175

ICY=0

IF (N3.NE.M) GO TO 177
N2=-MULT+2
N2=N2+MULT-1
N3=N2+¢MULT-1

IF (N3-¥) 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

11=0

DO 184 I=N2,N3
II=11I+1

JI=II+MULT

KK=JJ+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



ann

184

188

187

189
185

200
201

202

X(II)=XS(D)
XB(II)=X(II)

IPC=I+M

X(JJ)=X5(IPC)

XB (JJ) =X (JJ)

IPC=IPC+M

X (KK) =XS (IPC)

XB (KK) =X (KK)

IPC=IPC+H

X(LL)=XS5 (IPC)

XB(LL) =X (LL)

X (NMULT) =XS (N)

XB (NMULT) =X (NMULT)

DO 185 II=1,NP

W=IX(II)*0.1

¥YS(II)=0.0

IF (IADBL.EQ.2) GO TO 187
IPO=N2-1

DO 188 I=1,IPO

IPC=I+HM

R=W~-¥S (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) *X5 (IPC) *KSQ

IF (PGL.GE.10000.0) GO TO 188
YS(II)=YS(II)+X5(I)/(1-+PGLI*EXP(—PGS)
CONTINUE

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

DO 189 I=1IPO,M

IPC=I+M

R=W=-XS (IPC)

RSQ=R*R

IPC=IPC+M+N

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

IF (PGS.GE.10.0) GO TO 189
IPC=IPC-M .

PGL=XS (IPC) *XS (IPC) *RSQ

IF (PGL.GE. 10000.0) GO TO 189
YS(II)=YS(ITI)+XsS (Il/(1.0+PGL)*Exp(-st)
CONTINUE

CONTINUE

PRRERXSARS KRRk RRE LN (G, A0, 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

*-*ltkttttttttttt***t‘

1600
1619
1620
1630
1640
165¢
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
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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

224

226
221

=0.0
FS1=1.0E10
p52=1.0E10
p1L=P1

17=1

po 218 11=1,NP
Y=IX(II) *0.1

callL POINT (X,MULT, NMULT,II,W,AC,PC,PG,¥S)

TC=EXP (-AC)

p=y(II) -TC

FA=ABS (F)

IF (EM.GE.FA) GO TO 206
FH=FA

WFM=W

PS=FS+F*F

po 209 I=1,MULT
J=T+MULT

K=J+ MULT

L=K+MULT

AN (L) =TC*PG (I) *PC(T)
R=W-X(J)
gp=2.0*AM (1) *X (I) *R

lH(J]=SP*(X(L]*X(L)+x(xjvx(x)*pc‘1},

AN (K) =-SP*R*X (K) *PC(T)

AM (L) =-SP*R*X (L)

AN (NMULT)=TC

8=0

po 218 I=1,NMULT

AMI=AM (I)

PRD(I) =PRD(I) +AMI*F

po 218 IJ=I,NMULT

IH=IN+1

A0 (IM) =AQ (T M) +AMTI*AN (1J)
FSH=FS

I8=0

00 219 I=1,NMULT

po 219 IJ=I,NMULT

IH=TH+1

A(I,I3)=AQ(IN)

ADMIN=1.0E+10

ADMAX=-1.0E+10

p0 227 I=1,NHULT

Go TO (22u,220,22u.220),nLIST
IF (A(I,I).GE.ADMIN) GO T0 221
ADMIN=A(I,I)

NINAD=I

IF (ADMAX.GE.A(I,I)) GO TO 224
ADMAX=A (I, 1)

MAXAD=I

53

IF (A(I,I}.GT.l.OE—10) go TO 226

DIA(I)=C.0

6o 10 227
DIA(I)=1.0/(SQRT{A(I,I)])
GASTII}=?RD(I)*DI&(I)

2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
233¢C

2600
2410
2420
2430
2440
2450
2460
2u70
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
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229

231

228

233

248 WRITE (IPENT,424)
TMAXA2, AMAX

249
250

251

260

Imn=0
AMIN=1.0E+10

AMAX=-1.0E- 10

DO 228 I=1,NMULT

DIAI=DIA (I)

DO 228 IJ=I,NMULT

IM=IM+1

AQ (IM)=A(I,IJ)*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=RQ(IM)

MAXA1=1

MAXA2=1J

CONTINUE

GL=0.0

DO 233 I=1,NMULT

PRDI=PRD (I)

GL=GL+PRDI*PRDI

SM=-2,0%GL

GL=SQKT (GL)

SN HAS BEEN APPROXIMATED. SEE COMMENT WRITTEN INTO PEOGRAM X.

CALL RDCLK (TIME)

RDCLK IS5 A TIMING SUBROUTINE.

ISECS=TIME+0.5
WRITE (IPRNT,407) F5,GL,WFM,FM

«NIT,N2,NJ,ISECS

RREA A KA KRR KKK RRX®  MATRIX DATA OUTPUT SECTION #hkkkkkkskhknnsdsts

GO TO (249,238,2&9,2&8),HLIST

HINAD,HAK&D,&DHIN,&DHAX,HINA1,HINA2,AHIN,HAXA1,

e e oo ok ook R o ok sl ok ok ok o ok {P, INVEPT,XP) SECTION o o oo R o ok R

ISKIP=1
IN=0

DO 251 I=1,NMULT

DO 251 IJ=I,NMULT

IMN=IM+1

AQIM=AQ (IM)

A\(I,IJ)=AOIu

A(IJ,I)=aQIH

ggp$g (260,261,262,263,311),IT
GO TO 265

2680
2690
2700
2719
2720
2730
2740
2750
2760
2770
2780
2740
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2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
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3900
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3020
3030
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3080
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3190
3200
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266
262

263

270
279

275

272
274

269
271
265

278

281

280
282

284

285

IF (FS.LE.FS1) GO TO 266
p=p1L*DCWN

Go TO 265

p=P1L*UP

GO TO 265

p=p1*CHANGE

G0 TO 265

$3=1.0/P1

£4=1.C/P2

BET=I3*X3*X“*IU‘X“~13*X3*XB*XH*XQ

IF (DET.EQ.D.0) GO TO 269
AD1=K3%X3* (FS2-FS-SM*XU)
AP2=X4*X4* (FS1-FS-SM*X3)
AT=6.0% (AP1-AP2) /DET
5I=2.0% (X4*AP2-X3*AP1) /DET
DET=BI*BI-2.0%*AI*SH

IF (DET) 269,279,27C
DET=SQRT (DET)

IF (AI.EQ.0.0) GO TO 269
X3=(-BI+DET) /AI

4= (-BI-DET) /AT

IF (X3.1E.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 (X4.LE.0.0) GO TO 269
p=1.0/X4

GO TO 265

p=10000.0

WRITE (IPRNT,417)

IT=IT+1

po 278 I=1,NMULT

A(I,I) =A(I, I)+P

A (I, N1MULT) ==GAST(T)

p0 282 I=1,NMULT
AII=A(I,T)

IP (AII.EQ.0.0) GO TO 284
PIV=1.0/AII

D0 281 J=I,N1MULT

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

DO 282 K=1, NMULT

IF (I.EQ.K) GO TO 282
Q=A(K,I)

D0 280 J=I,N1MULT

A(K,J) =A (K, J)-Q*A (I,9)
CONTINUE

Go TO 286

TF (ISKIP.EQ.2) GO TO 285
ISKIP=2

PIL=100.0

IT=1

GO TO 250

WRITE (IPENT,412)
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286
288

500

501

506
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504
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298

300

304

ISKIP=1
GO TO 314
DO 288 I=1, NMULT

XP(I)=X(I)+A(I,NTMULT) *DIA (I)
*¥kkkxkhk*% BOUNDARY CONDITIONS TO LIMIT HALF-BAND WIDTH ¢#>+sssse

IF (LIMIT.EQ.2) GO TO 298
DO 505 I=1, MULT

J=I+NULT

K=J+ MULT

L=K+MULT

XPK=ABS (XP (K))
XPL=ABS (XP (L))

IF (XPL.LE.1.0) GO TO 500
XPL=1.0

IF (MLIST.LT.3) GO TO S00
WRITE (IPRNT,427) XP(J)

IF (XPK.LE.2.0) GO TO 501
XPK=2.0

IF (MLIST.LT.3) GO TO 5C6
WRITE (IPRNT,427) 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,QZB) XP(J}

IF (XP(K).LT.0.0) GO TO 503
XP (K) =XPK

GO TO 507

XP (K) =—XPK

IF (XP(L).LT.C.0) GO TO 504
XP (L)=XPL

GO TO 505

XP(L)=-XPL

CONTINUE

GO TO 298

*****#*******#******t*#** (FSP]

FSP=0.0
JSKIP=1
KSKIp=1

DO 301 ITI=1,NP
W=IX(II)=*0.1

CALL POINT (IP,HULT,NHULT,II,H

IF (AC.GT.-2.0) go To 304
IF (JSKIP.EQ.2) Go 7o 300
NRITE (IPRNT,u25)

JSKIp=2

TC=7.3891

GO To 310

IF (AC.1T.10.¢) go TO 307

*********ﬁ*ttttti***t**t

+AC,PC, PG, ¥5)
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311
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330

N

IF (KSKIP.EQ.2) GO TO 302
WRITE (IPRNT,U26)

KSKIP=2

Tc=2.000045

Go TO 310

TC=2%P (- AC)

F=Y (I1)-TC

FSP=FSP+F*F

IF (FSM.LE.FSP) GO TO 303
FSM=FSP

po 305 I=1,NMULT

L8 (I)=XP (I)

IF (FS1.LE.FSP) GO TO 306
FS2=FS1

pP2=P1

FS1=FSP

Pi=P

GO TO 308

IF (FS2.LE.FSF) GO TO 308
p2=p

FS2=FSP

G0 TO (250,309,250,309),MLIST
WRITE (IPENT,U414) E,FSP
G0 TO 250

DO 312 I=1,NMULT
X(I)=XB(I)

G0 TO (200,330),ICY

ICY CONTROLS THE NUMBER OF ITERATIONS WITHIN EACH SUBSPACE.
THE ABOVE STATEMENT FIXES THIS AT TWO.
FOR THREE CYCLES USE GO TO (200,200,330},ICY

11=0

DO 331 I=N2,N3
II=1I+1

J=I+M

K=J+M

L=K+M

XS (I) =XB(II)
IPC=II+MULT
XS (J) =XB (IPC)
IPC=IPC#+MULT
XS (K) =XB (IPC)
IPC=IPC+MULT
XS (L) =XB (IPC)

T TEE L
o e sk ok ok R R R ok R TERMINAL SECTION s s o e e o ok e e ok oK R K

XS (N) =XB (NMULT)

NIT=NIT+1

IF (NIT.LT.NI) GO TO 315
WRITE (IPRNT,432)

GO 70 314

315 If (GL.GT.0.00007) Go TO 316
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WRITE (IPENT,433)
Go TO 314
316 IF (ISECS.LE.NSEC) GO TO 217
WRITE (IPENT,434)
GO TO 31U
317 IF (FM.GT.0.001) GO TO 176
WRITE (IPENT,435)
314 DIS=SQRT(FSM/NP)
WRITE (IPENT,415)
WRITE (IPPNT,419) FSM,DIS,FM,WFH
WRITE (IPENT,U16)
po 319 I=1,H
J=T+M
K=J+ M
L=K+M :
XS (T) =0.43629%XS (1)
IF (IDECK.EQ.1) GO TO 319
WRITE (IPCH,UCU) XS(I),XS(J),XS(K),XS(I)
319 WRITE (IPENT,410) XS(I),XS(J),XS(K),XS(L)
XS (N) =0. 434 29%XS (N)
IF (IDECK.EQ.1) GO TO 322
WRITE (IPCH,404) XS(N)
322 WRITE (IPRNT,413) XS (N)
WRITE (IPRNT,429)
GO TO 20

400 FORMAT ('1PITHA AND JONES. PROGRAM XI (PC-117) SPECTERAL BAND FIT
1 OPTIMIZATION PROGRAM,VERSION WITH MOVING SUBSPACE.'/)

401 FOEMAT (20AU)

402 FORMAT (1X,20AU4)

403 FORMAT (91I5)

404 FORMAT (4F15.5)

405 FORMAT (B(I5,I4,1X))

407 FORMAT (3X,2HFS,E12.4,5X,2HGL,E12.4,5X,3HWF¥,F7.1,5X,2HFM,E12.4,5X
1,3HNIT,I3,4%X,15HBANDS ADJUSTED ,I3,3H TO,I3,5X,SHISECS,IS)

408 FORMAT ('OINPUT PARAMETERS.')

409 FORMAT (20X,4HDOWN,E14.6,7X,2HUP,E14.6,7X,6KCHANGE,F14. 6)

410 FORMAT (1X,4(6X,F15.5))

0111??RMAT (1%, 'TROUBLE WITH EVALUATION OF P,CHECK MATRIX DATA OUTPUT.

412 FOEMAT (1X,*TERMINATED BY TROUBLE WITH SOLUTION OF EQU .

413 FORMAT (4X,7HALPHA =F8.5/,'0SOLVED FOR PRODUCT,CAUCHg gglgzgés'iuw
1CTION.'/' (PURE CAUCHY IF X(4)=0 OR PURE GAUSS IF X (3)=0)"') 1

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

U1SOEDRMAT (1% Wt === emam e s o e A ot AN
1= e e — s e e Ll
/1X,17HOUTPUT PARAMETEES)
416 FOBMAT ('0',15X,4HX(1),17X,4HX (2) , 17X, 4HX (3) , 17X, 4HX (4))
418 FORMAT (4X, 7HALPHA =,FB8.5,/11X,'--=—= el e oo il
1-------_---—--__ ----------- R B i e S A ——— —
_____________ ']
419 FOBMAT (18X,3HF . I
. (18x, SM,E14.6,7X,3HDIS,E14.6,7X,2HFM,E14.6,7X, 3HWFN,F7.1

:gi EORHAT ('0',19K,2HNP,IS,17X,2HHB,F8.1,13X,2HHI,F5.1)
ORMAT (HK,5HHIN&D,IQ,13X,5HMAXAD,IH,12K,SHADHIN,E1N.6,5X,SHADHRX3
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1E14.6/4%X,5HMINAT,I4,1X, 5HLINR2, I4,3X, UHAMIN,E14.6,3X,5HMAXAT, T4,
23X,5HMAXAZ2, I4,3X,UHAMAX,ET4.6)

425 FOEMAT ('OTHE MAXIMAL ALLOWED TEANSMITTANCE HAS BEEN EXCEEDED.?')

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

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

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

429 FORMAT ('OFSM IS THE VALUE OF THE MINIMIZATICOMN FUNCTION.'/,
1'CDIS IS THE DISCREPANCE IN THE TPRANSMITTANCE DIFFERENCE (ROOT MERA
2N SQUARE OF THE RESIDUALS).'/,'0OFM IS THE MAXIMUM OFCINATE DIFFERE
3NCE.'/,"0OWFM IS THE WAVENUMBEE OF THE MAXIMUM OEDINATE DIFFERENCE.
4r)

430 FORMAT ('OPESTEAINTS TO HGLD THE HALF-WIDTHS BETWEEN 1 AND 5C CM.-
1-1 HAVE BEEN APPLIED.')

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

433 FOEMAT ('OTERMINATED BY LOW VALUE OF GIL.'/)

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

435 FORMAT ('OTEEMINATED EECAUSE FM HAS REACHED MINIMAL SIGNIFICANT VA
1LUE. "/)
END
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SUBROUTINE.SOET (IX,IY ,WB,WI,NP, IPRNT,KLENUP,IWE,IWI)

SUBROUTINE SORT CHECKS FOR ERRORS IN THE INPUT WAVENUMBER DATA.

& LIMITED NUMBER OF WAVENUMBER SEQUFNCE ERRORS AKE CORRECTED
BUT SEQUENCE EREOFS IN EXCESS OF 160 DATA POINTS (20 CARDS)
OR ANY OTHER TYPE OF WAVFNUMBER EFKOR WILL TEEMINATE THE
COMPUTATION,AS ALSO WILL A DISCREFANCY BETWEEN IWB AND THE

STARTING WAVENUMBELR.
THE WAVENUMBER PUSITIONS OF THE CORRECTIONS AND OF A TERMINATING

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

LISTED IN FULL.

DIMENSION Ixtzoocj,IY(?ODO;,ITEHPX(160),X1(160),ITEMPY(160)
IF (IX(1).EQ.IWB) GO TO 1C
WRITE (IPENT,456)
KLENUP=2
RETURN
Mi=1
DO 11 I=2,NP
IN=IWB-IWI* (I-1)
IF (IWN.EQ.IX(I)) GO TO 11
XX=IX(I)
TEST=(WB-0. 1%XX) /WT
NTEST=TEST+0.005
IF (ABS(TEST—NTEST).GT.0.00S) GO TO 12
ITEMPX (MM) =IX (I) :
ITEMPY (MM)=1Y (I)
MUM=MM+1
IF (MM.GT.160) GO0 TO 13
CONTINUE
IF (MM.GT.1) GO TO 14
WRITE (IPENT,451)
KLENUP=1
RETURN
KX1=TX (I-1) *0.1~-WT
WRITE (IPENT,452) xx1
KLENUP=2
RETURN
gRITE (IPENT,453)
RIT
s Tg {éPRNT.‘ISSl (IX(I),1Y (1), 1=1,Np)
NN=MM=1
D? 17 MM=1, NN
K1=1+(IWwB-ITEMPK MM
IK(K1)=ITFMPX(MH; LTS
IY{K1}=ITFMPY{HHJ
x1(nn)=1x(x1j¢c,1
WRITE (IPENT,u50) (X1(HH),HH=1,NN)



450
451
452
453
usy
455
us6

WRITE (IPENT,U54) (IX(I).1Y(I),I=1,NP)
GO TO 15

FORMAT
FORMAT
FOEMAT
FOEMAT
FORMAT
FORMAT
FOEMAT
END

(*O%AVENUMBER CORKECTIONS AT'/,12(2X,F6.1,2X))
(*CHAVENUMBER SEQUENCE IS CORRECT.')

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

(*OTERNINATED BY MULTIPLE WAVENUMBEE SEQUENCE ERROES.')
(*OREAPRANGED INPUT.'/,11(2X,1I5,I%))

(*CUNCORRECTED INPUT.'/,11(2X,I5,I4))

(*OTEEMINATED BY AN EKEOR IN THE STAETING WAVENUMBER.')
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SUBROQUTINE POINT (X,MULT,NMULT,II,W,2C,PC,PG,YS)

SUBROUTINE POINT CALCULATES THE ORDINATES OF THE COMPUTED BAND
ENVELOPE IN UNITS Or NAFIERIAN AESORBANCE.

DIMENSION X (21),PC(5),PG(5),YS(2000)
AC=0.0

DO 10 I=1,MULT

J=I+MULT

K=J+MULT

L=K+MULT

P=N=X (J)

RSQ=R*R
PC(I)=1.0/(1.0+X (K) *X (K) *ESQ)
PG (I)=X(L)*X (L) *BSQ

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

GO TO 16

PG (I) =EXP (- PG (I))

AC= X (I)*PC(I) *PG(I)+AC
CONTINUE

AC=AC+X (NMULT) +¥S (II)

RETURN

END
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PITHA AND JOMES. PFOGEAM XI (PC=V17) SPECTPAL BAWD FIT OPTIMIZATIOM PROGRAM,VERSIOM WITH MOVIKG SUBSPACE.

FEBPUARY STH.196A, SPECTEAL BAND FIT PROGEAN.
TEST RUN ON FOUR BAND TEST DECK (PRODUCT FUNCTION.) MULT=2.

INFUT PARAMETERS. i
poMN 0. 100000E-01 up C.100000E O4 CHANGE 0.500000E 00
we 200 ¥B 1000.0 MI 0.5

WAVENUNBER SEQUENCE IS COFERECT.

xn x(2) X(3) X (4)
0.270C0 968.50000 0.18000 0.12000
0.620CC 957.00000 0.22000 0.18000
0.32000 941.0MN000 0.12000 0.12000
0.37000 918.0C000 0.22000 0.12000
ALPHA = 0.02000
FS 0.2960% 01 GL 0.1217F 02 4FM 952.5 FM  0.2766E 00 ¥IT 0 BANDS ADJUSTED 1 To 2 1SECS
FS 0.7930E 00 GL 0.1642E 01 WER  923.0 FA 0.1917E 00 WIT 0 BANDS ADJUSTED 1 To 2 ISECS
FS 0.64Baz 00 GL 0.1948E 01 ¥FR  923.0 FA C.1B11E 00 NIT 1 BANDS ADJUSTED 2 TO 3 ISECS
FS 0.8222E 00 GL 0.1912E 01 WFM  922.5 FA  0.1697E 00 NIT 1 BANDS ADJUSTEGC 2 To 3 ISECS
FS D0.4145EF 00 GL 0.2C41E O1 WFH  922.5 FA 0.1686E 00 NIT 2 BANDS ADJUSTED 3 TO & ISECS
FS 0.4980E-01 GL C.8782E 00 WFm  921.0 FA  G.S5031E=-01 NIT 2 BANDS ADJUSTED 3 TO & 1SECS
FS 0.1520E-01 GL 0.39A2E 00 WFR  976.5 FA 0.2200E-01 ¥IT 3 BANDS ADJUSTED 1 To 2 ISECS
Fs 0.7260E-02 GL 0.1395E 00 WFH 912.5 FA 0.1416E-01 RIT 3 BANDS ADJUSTIED 1 TO 2 ISECS
FS J.6373E-02 GL 0.1S89E 00 WFR 912.5 FM 0.1433E-01 NIT & BANDS ADJUSTED 2 T0 3 ISECS
FS 0.567WE-02 GL 0.2622E-01 WFA  911.5 FAn 0.1395e-01 NIT & BEANDS ADJUSTED 2T 3 1ZECS
FS C.S5549E-02 GL 0.BB13E-01 WFM  929.5 FE 0.1398E-01 NIT S BANDS ADJUSTED 3 TO & ISECS
FS 0.u727E-02 GL 0.9772F-02 WFM 929.5 FM  0.1402E-01 NIT S BANDS ADJUSTED 3 TO & ISECS
FS 0.4708E-02 GL 0.1018F 00 WER  929.5 FM 0.1385E-01 NIT 6 BANDS ADJUSTED 1 TD 2 ISECS
FS 0.43G6E-02 GL 0.4659E-02 WFM  929.5 FM  0.1292E-01 WIT 6 BANDS ADJUSTED 1 T0 2 ISECS
FS 0.u434uE-02 GL C.2231E-01 WFM  929.5 FA C.1292E-01 ¥IT 7 BANDS ADJUSTEL 2 TO 3 15SECS
FS 0.4209F-02 GL P.6B66E-02 WER 929.5 FM 0.1260E-01 T 7 BANDS ADJUSTED 2 To 3 ISECE
FS 0.4237E-02 GL 0.9201E-01 WFN 929.5 FH  0.1230E-01 NIT 8 BAKDS ADJUSTED 3 To & 15ECS
rS 0.3757F-02 GL 0..337E-01 WER 929.5 FA  0.1250E-01 NIT B BANDS ADJUSTED 3 To 4 ISECS
FS 0.309CE-02 GL 0.1JCHE 0O uFR  929.5 FA  0.1206E-01 NIT 9 BANDS ADJUSTED 1 TO 2 15ECS
F5 0.3VA7E-02 GL 0.1339E-02 WEM 929.5 FA D.1116E-01 NIT 9 BANDS ALJUSTED 1 70 2 ISECS
PS 0.3187:5-02 GL 0.4029E-01 WPH  929.5 e 0.1116E-01 NIT 10 BANDS ADJUSTED 2 TO 3 1SECS
FS 0.28 31E-02 GL  0.1173E-01 WFH  911.5 FA 0.9537E-02 NIT 10 BANDS ADJUSIED 2 T0 13 1SECS
FS  0.2799F-02 GL 0.1810E 0O uER 911.5 FH 0.9668E-02 NIT 11 BANDS ADJUSTEC 3 To & ISECS
FS 0.1753F-02 GL 0.2589F-01 WFN  929.5 F8 0.735BE-02 ¥IT 11 BANDS ADJUSTLD 3 TO W& ISECS
FS 0.1703E-02 GL 0.1456F 0O WFR  929.5 PN 0.6972E-02 WIT 12 BANDS ADJUSTED 1 10 2 1SFCS
FS 9.1130E-02 GL C.152CE-02 WFR  935.5 FH 0.6287E-02 NIT 12 BANDS ADJUSTEE 1 T0 2 ISECS
PS  2.1130E-02 GL 0.8303E-01 WFM  935.5 FM  0.62BUE-02 ¥I7 13 BANDS ADJUSTED 2 TO 3 ISECS
FS 0.8693F-03 GL 0.1256E-01 WFH 911.5 PR 0.5663E-02 NIT 13 BANDS ADJUSTED 2 TO 3 1SECS
Fs 0.8650E-03 GL 0.1043E 00 WEN  923.0 FM 0.5736E-02 NIT 14 BAMDS ADJUSTED 3 70 & ISFCS
FS 0.3722E-93 GL 0.1918E-01 WEM  952.0 FH 0.3921E-02 NIT 14 BANDS ADJUSTED 3 TO & Is:ics
PS D, 3667E-03 GL 0.7364F-01 WFN  952.0 PE 0.3991E-02 HIT 15 BANDS ADJUSTIED 1 TO 2 ISECS
PS 0.2228E-03 GL 0.3177E-03 WEM  911.5 PN 0.2708E-02 NIT 15 BANDS ADJUSTED 1 TO 2 1SECS
FS 0.2229E-03 GL 0.2690E-01 WPA  911.5 FH 0.27C7E-02 NIT 16 BANDS ADJUSTED 2 TC 3 1SECS
FS 0.1598E-03 GL 0.3752E-02 WEM  911.5 FA 0.2609E-02 HIT 16 BANDS ADJUSTEG 2 To 3 ISECS
FS 0.1582E-03 GL C.464CE-01 WFR  911.5 FM 0.2608E-02 ¥IT 17 BANDS ADJUSTED 3 TO & ISECS
FS 0.6775E-04 GL 0,4828F=02 WFM  952.0 FA 0.1808E-02 NIT 17 BAKDS ADJUSTED 3 T0 @ 1SECS
FS 0.6751E-04 GL 0.2774E-01 WFM 952.0 FH  0.1809E-02 NIT 18 BANDS ADJUSTED 1 TO 2 ISECS
FS J.4515E-04 GL 0.9Cu9E-94 WEM 911.5 FA 0.1258E-02 NIT 18 BANDS ADJUSTED 1 T0 2 ISECS
£S5 J.U61SF-04 GL 0.120CF-01 WFR  911.5 FM 0.1257E-02 NIT 19 BAKDS ACJUSTEL 2 TG 3 15ECS
€5 N, 3540 E-08 GL 0.7229£-03 WFm  911.5 PR 0.1215E-02 NIT 19 BANDS ALJUSIED 2 TO 3 ISECS
F5 0.3590E-04 GL 0.1686E-01 WERm 911.5 PR 0.1215g-02 NIT 20 BANDS ADJUSTED 3 10 & ISECS
PS 0.2380F-Nu GL 0.8310E=-03 WER  952.0 FA 0.9263E-03 WIT 20 BANCS ADJUSTEC 3170 & 1SEES




TEAAINATED BECAUSE FA HAS REACHED NINIMAL SIGNIFICAMT VALUE.

OUTPUT PARAMETEES
F58  0.237940E-04 DIS 0.344920E-01 FA 0.926316£~03 ern  952.0
(1 1(2) X3 X(4)
0.294957 969.99731 0.19913 0.10058
0.59913 955,0N2u4 0.195%29 0.20071
0.30001 ue.00171 a.10156 0.0%9881
J.39981 919.997407 0.19991 0.10038

ALPHA = 0.05009

SOLVED FOR PRODUCT,CAUCHY OR GAUSS FUNCTION.
{PUPE CAUCHY IF X (U)=D OH PURE GAUSS IF X(3)=0)

PSH IS THE VALUE OF THE MIMINIZATION FUNCTION.

,DIS 15 THE DISCREPANCE IN THE TRANSMITTANCE DIFFERENCE (EOOT MEAN SQUARE OF THE RESIDUALS).
FN IS THE MAXINUM OFDINATE DIFFERENCE.

UFN IS THEZ WAVENURBER OF THE RAXIAUN OPDINATE DIFFERENCE.






4
i

..:”:.‘-"




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

fp (v,v') = T(v") dv'
_ true
T(V)Obs = X ) [35]
Ip (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(y) of equation
[6] is caused to approximate T(V) trye instead of Tsvgobs- 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 bas:l.s
of Program V which is described in Bulletin 11l. Program V is
incorporated into this version of the band fit program with very
little modification; and Bulletin 11 should be consulte@l for a
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. ;f bleDEr—l,
a symmetric triangular slit function ig ass_‘.u.med, and it 1s mec;1
essary to supply only the spectral slit v-u.dth (SswW) , expresigt
in em.=!. The program computes and normalizes the spectral s 1f
ordinates. If MODE=2, the program calls for an odd number O
slit ordinates (maximum 25), spaced at the wavenumber encoding
interval WI. These are entered into thc? program frt_)m cards and
permit the use of slit functions of Gaussilan, trapezoidal or non-

symmetric contour.

This program will fit both the product and the surn‘functi(?:—ii
and will apply the same restraints to.the hal‘f—band_gdﬁgNégil)
LIMIT=1) and to the sum function ordinate sign (wi —

as does the Basic Version.



A. The Input Data

are the same as for the Basic Version.

Cards 1 and 2

eleven fixed point instructions in format 11I5.
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 IS5,
KK must be an odd number.

Card Deck 7 is used ONLY WITH MODE = 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 ?‘his i_s a deck of M cards, each carrying four
input indices for one band in format 4F15.5.
Ii; corresponds to Card Deck 7 of the Basic Ver-
sIen' (p. 13).

Card 10 is the terr_ninating card carrying the baseline
(c_::onstanta in format F15.5 and corresponds with
ard 8 of the Basic Version (p. 13)

B. Description of the Program

entering the Inpu: gzog§'am where the data are read in. Before
=ton, the slit ordinates are evaluated,

normaliz 3
ed, and weighted for quadrature. For MODE=1 Newton-Cotes




weightings are qsed if the number of ordinates is less than seven-
teen otherwise Simpson's Rule is applied. Simpson Rule weightings
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 slli_: width expressed in integral multiples of thé
wax_renumbgr 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 floating point arrays are cre-
ated (W(I) and Y(I)), into which the wavenumber positions and
the intensity ordinates are transferred from IX(I) and IY(I) re-
spectively. The W(I) array is expanded at each end by 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-1 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 the 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)obs 1S
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,QJ} sep-
arately in the initial step. KK-1 of them can be cax_:rled for-
ward to the next round of computation for the sgcceed:.ng values
of T(v)ops by displacement of their positions, with only one new
datum being introduced. These operations are all performed 1in
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 in the Basic Version
in accord with the requirements of equation [35].

SUBROUTINE POINT is also modified to provide values of the
transmittance (T(I)) and the quantities PC and PG for KK conse:b:——
utive wavenumber values. AS above, all KK values nr:_\ed only_ e
evaluated initially; the subsequent values are obtalngg-zy ;x;-l-
creasing the subscripts by unity and computing one additio
term at the low wavenumber end.



_70...

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 cm.”!. 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 PROGEAM

WITH SLIT DECONVOLUTION COERECTION.

#* ¥ ¥ % #*

t*t*tt*t*#*#*****t#****#*##***#t******t#**#***##******#****#*#**

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

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

THIS PROGEAM WILL FIT 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 (4).

THE PROGRAM OPERATES IN TWO MODES
MODE 1. A SYMMETRICAL TRIANGULAR SLIT FUNCTION IS5 ASSUMED.

THE NUMBER OF SLIT OEDINATES 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 NEFD 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
PROGEAM 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),I¥(2000),Y(2000),X(81),XP(81),XB(81),
1G(31i,AH(B1)fPC(zé,Zé),PG(ZO,ZS),30(3321],a(31,82),DIA(81),
2GAST (81) ,AP (81, 25) , T(25) ,SY (25) ,HEAD1 (20) ,HEADZ (20)

IRD=1

IPCH=2

180
190
200
210
220
230
240
250
260
270
280
290
300

320
330
340
250
360
370
380
390
400
410
420
430
440
450
u60
470
ugo
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 CAKRY 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 FOR 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 (IPRNT,400)

READ (IRD,403) NDATA,IDECK,NP,M,KURVE,NSEC,NI,MLIST,LIMIT,NONEG,
1MODE

MLIST CONTROLS THE AMOUNT OF INFORMATION REPORTED ABOUT THE
PROGRESS CF THE COMPUTATION.
USE MLIST=1 FOR MINIMUM PROGRESS REPORT AND FINAL OUTEUT ONLY
USE MLIST=2 FOR ADDITIONAL INFORMATION ON THE EXTREME VALUES
OF THE B MATRIX ELEMENTS DURING ERCH 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 RESTEICTION TO THE HALF-BAND WIDTH IS APPLIED.

USE NONEG=1 WITH THE SUM FUNCTION TO BRESTRICT X1 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,U0U4) WB,WI

GO TO 17

READ (IPD,404) WB,WI,CAY

CAY DEFINES THE X(4) /X(3) RATIO IN THE S5UM FUNCTION CALCULATIONS.

670
680
690
700
710
720
730
Tu0
750
760
770
775
780
790
800
810
820
830
auo
850
860
870
B8O
890
900
910
920
930
quo
950
960
970
980
990
1000
1010
1020
1030
1040
1050
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17

12

14

15

16
18
19

20

VALUES OF CAY IN THE RANGE 0.6 - 0.8 ARE® SUGGESTED
= -

WB AND WI ARE THE STARTING WAVENU
INTERVAL IN CH.-1 MBER AND THE WAVENUMBER ENCODING

BY CONVENTION WI IS POSITIVE FOPR a DIMINTISHING WAVENUMBER SEQUENCE

IF (IDECK.EQ.1) GO TO 12

WRITE (IPCH,401) HEAD1

WRITE (IPCH,u4C1) HEAD2

WRITE (IPENT,402) HEAD1

¥RITE (IPENT,402) HEAD2

WRITE (IPRNT,u408)

READ (IRD,404) DOWN,UP,CHANGTF

DOWN,UP AND CHANGE REGULATT THE SEARCH FOR OPTIMAL
N : DAMPING .
RECOMMENDED TRIAL VALUES ARE DOWN = 0.01 UP = 1000.0 CHANGE!ETgRS

WRITE (IPENT,409) DOWN,UP,CHANGE

IF (MODE.EQ.2) GO TO 15
READ (IRD,404) SSwW

SSW IS THE SPECTRAL SLIT WIDTH IN CM.-1

WRITE (IPENT,425) 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 (IBD,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,u427)

APITE (IPEBNT,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,U39)
IF (LIMIT.EQ.2) GO TO 19

IF (MLIST.LT.3) WRITE (IFRNT,440)
READ (IFD,405) (IX(I),IY(I), I=1,NP)
INB=WB*10.0+C.5

INI=WI*10.0+0.5

IF (KLENUP.EQ.1) GO TO 30

UP=0.,0

DOWN=0.0

CHANGE=0.0

IF (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

108

S5TOP

FHEXAF R ERA XK XX COMPUTATION OF THFE SLIT ORDINATES ***sssssssssass

IF (MODE.EQ.2)

SLIT ORDINATES FOR MODE ONE BY NEWTON-COTES QUADERATURE.

P=SSW/WI
LL=P+0.5
KK=2*LL+1
Li=LL#+1
KK1=KK-1

IF (KK.GT.17) GO TO 120
GO TO (102,103,104,1C5,106, 107, 10

WEITE (IPRNT,U429)

GO TO 20
KK=5

SY (1)=0.0

SY (2)=0.3333333
SY (3)=5Y (2)

GO TO 110

KK=7

SY (1)=0.0

SY (2)=0.125

SY (3) =0.250

SY (4) =s5Y (3)

GO TO 110

KK=9

SY(1)=0.0
5Y(2)=0.0888889
S5Y(3)=0.0666667
S5Y (4)=0.2666667
S5Y (5) =0. 1555555
GO TO 110

KK=11

5Y(1)=0.0
SY(2)=0.0520833
SY (3)=0.069444y
SY(4)=0.1041667
SY (5)=0.2083333
SY(6)=0.131944¢
GO TO 110

KK=13

5Y (1):{)_0
SY(2)=0.0428571
SY(3)=0.0107143
SY (4)=0.161904 3
S5Y(5)=0.021428¢
SY (6) =0.214 2857
SY (7) =0.097619p
GO TO 110

KK=15

SY (1)=0.0

GO TO 120

8,109) ,LL

1600
1610
162¢
163¢
1640
1650
1660
167
1687
169n
1700
1710
1720
1740
1750
1760
170
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
197¢
1980
1980
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
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109

110
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120

121

13

123
135

124

125

SY(2)=0.0295717
sY(3)=0.021875¢C
sr(u1=o.01u1319
SY(S)=0.0983u26
S!l6]=0.05“6315
SY{7]=D.177R305
Sy (8) =0.0869213
go TO 110

KK=17

5y (1)=0.0
SY(21=0.0259620
sY(3)= -0.0081834
5!(ﬂ1=0.1388359
5Y(5) = -0.0800705
51(61=0.2313932
sY(7) = -0.02u5503
5Y(BI=U.18172BH
S!(9)=0.069?707
JI=LL+2

oo 111 K1=1,LL
J=33-2%K1
5!{JJ)=SY(J)
JI=33+1

WRITE (IPRET,“BO}
WRITE (IPRNT,QEB)
g0 TO 150

s++ SLIT ORDINATES FOR MODE 2 AND FOR

(SY (J) ,3=1,KK)

IF (KK.LT.25) o TO 121

WRITE (IPRNT,431)
G0 TO 20

IF (MODE.EQ.2) ¢o TO 135

SY (1)=0.0

5=0.0

po 131 J3=2,L1
5=5+1.0

SY (3) =S

J3=LL+2

po 123 K1=1,LL
J=33-2*%K1

SY (3J) =5Y (J)
JJ=3J3+1

QR=SY (M)

D0 124 J=2,KK1,2
SY (J) =S¥ (J) *4.0
QR=QR+SY (J)

Do 125 J=3,KK1,2
SY (J) =S¥ (J) *2.0
QR=QR+SY (J)
QR=QR+SY (KK)
QR=1/QR

po 126 J=1,KK

MODE 1 BY SIMPSON RULE.

2140
2150
2160
2170
2180
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2200
2210
2220
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2260
2270
2280
2290
2300
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2390
2400
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2420
2430
2440
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2460
2470
2480
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126

128
130

150

151
152

160

161
153

154

155

156

SY (J) =SY (J) *QP
IF (MODE.EQ.2) GO TO 128

WRITE (IPRNT,432)

GO TO 130

WRITE (IPENT,433)

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

e a2k e e ok e o ok s e e sl ke e ek o ook o Sk % INPUT SECTION #*ssstssssstssssnssssnss

CALL SETCLK

SETCLK IS A TIMING SUBROUTINE.

N=0%M+1
N1=N+1

NAL=N*N1/2

NIT=0

TERM=1000.0

P1=0.1

IF (KURVE.EQ.2) GO0 TO 151
WRITE (IPRENT,416)

GO TO 152

WRITE (IPRNT,417)
DO 153 I=1,n
J=I+M

K=J+H

L=K+M

READ (IRD,404) X(I),X(J) ,X(K),X (L)

(I) , X () ,X (K) AND X (L) ART THE SPECTRAL IN
L (KDEVE Ty 1D 2o TEe DICES FOR EACH BAND.

WRITE (IPRNT,41
ARirp :61 410) X(I) » X () o X(K) ,X (1)
XG=X (K) *CAy

WRITE (IPRNT,406

K(L)=2.30258*X(L; X{I)¢X(J!-X(K)-XG'X(11
X(I) =2.30258%x (1)

CONTINUE

READ (IRD,404) x ()

WRITE (IPENT,418) X (N)

X (N) =2. 3025 g*x (n)

DO 154 I=1,y

XB(I)=x (1)

JI=LL

DO 155 1=1, yp

JI=JI+1

W(JI)=IX (1) *0. 9

Y(JI) =1y (1) *0. 001

DO 156 1=1,1p

Y(I)=0.0

W(I) =HB+(L1-1) sy

NP=NP+1L

NP1=Np+q

2680
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2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
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2830
2840
2850
2860
2870
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28390
2900
2910
2920
2930
2940
2950
2960
2970
2980
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3110
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200
201

202

203

206
204

209

210

212
211

215

NPL1=NP+LL

po 157 I=NP1,NPL1
y{1)=0.0

W(I) =WB-WI* (I-L1)
BP1=NP+15

R R AR R RK R
sxnxxx  (G,AQ,F) SECTION #kkksikiikikikihiiiits

po 201 I=1,N
6(1)=0.0
po 202 I=1,NAL
AQ(1)=0.0
£5=0.0
FN=0.0
FS1=1.0E10
FS2=1.0E10
p11=P1
IT=1
po 218 II=L1,NP
CALL POINT3 (K'PCoPGrT-"ullclxsKK-KK1.LT-ﬂ-H,IPRNT,CAY,KUEVE,IJ)
IF (I1I.EQ.L1) GO TO 204
po 206 JJ=1,KK1
po 206 I=1,W
AP (I,J3) =AP (I,33+1)
po 211 JJ=1J,KK
LL1=II+JJ-L1
Wp=u (LLM)
1F (KURVE.EQ.2) GO TO 21¢
po 209 I=1,M
J=1+M
K=J+M
L=K+M
lPtI.JJ]=T(JJ)¥PG(I,JJ)*PC(I,JJ)
R=WP-X (J)
sp=2.0%AP (I,JJ) *X (I)*R
lP(J,JJ]=SP*(X(L)*xtL\+X(K3*X(K]*PC(I.JJ11
AP (K ,dJ) =-SP*R*X (K) *PC (I,J3J)
AP (L,JJ) =—SP*R*X (L)

GO TO 211

po 212 1=1.,H1
J=1+M

E=J+H

L=K+H

R=WP-X (J)

AP (I,JJ) =T (JJ) *PC (I,39)
ssiz:o*%(aaythcz)*pcix.aaitpc(i.ad}*CAY*CAY*K(Ll*PG‘I'
AP (J,JJ) =SS*X (K)

AP (K,JJ) =-SS*R

AP (L,JJ) =T (JJ) *PG (1,3J)

AP (N,JJ) =T (3J)

DO 216 I=1,N

ANI=0.0

po 215 JJ=1,KK

AMI=AMI+SY (JJ) *AP (I,39)

JJ) ) *R*X (K)
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219
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221

224

226
221

229

AM(I)=AMI

TC=AM(N)

F=Y(II)-TC

FA=ABS (F)

I3=L1+3

IU4=NE-2

IF (II.LT.I3) GO TO 220

IF (II.GT.IW) GO TO 220

IF (FM.GE.FA) GO TO 217
FM=FA

WFH=W(II)

FS=FS+F*F

IM=0

Do 218 1=1,N

AMI=AM (1)

G(I)=G(I)+AMI*F

DO 218 IJ=1I,N

IM=IN+1

AQ(IM) =AQ(IM)+ANI*ANM(IJ)
FSM=FS

n=0

pO 219 1I=1,N

DO 219 1IJ=I,N

IM=TIM+1

A(I,TJ)=AQ(IM)
ADMIN=#1_E+10D

ADMAX==-1.E+10

DO 227 I=1,N

GO TO (224,222,224,222),MLIST
IF (A(I,I).GE.ADMIN) GO TO 221
ADMIN=A(I,TI)

MINAD=I

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

MAXAD=1I

IF (A(I,I).GT.1.0E-10) GO TO 226
DIA(I)=0.0

GO TO 227
DIA(I)=1.0/SQRT(A(I,I))
GAST (I)=G(I)*DIA(I)

IM=0

AMIN=1.0E+10

AMAX==-1.0E-10

DO 228 I=1,N

DIAI=DIA (I)

DO 22B IJ=I,N

IM=IM+1

AQ (IM) =A (T, 1J) *DIAI*DIA (IJ)
IF (MLIST.EQ.1) GO TO 228
IF (I.EQ.Id) GG TO 228

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

MINAT=TI

MINA2=1J
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231 IF (AMAX.GE.AQ(IM)) GO TO 228
AMAX=AQ (IM)
MAXA1=I
MAXA2=1J

228 CONTINUE
GL=0.0
Do 233 I=1,N
GI=G (I)

233 GL=GL+GI*GI
SH='2. 0*GL
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,407) FS,GL,WFM,FM,NIT,ISECS

Mokodkok sk ok ko kkkddkxk  MATRIX DATA OUTPUT SECTION  R¥kskkkwsokokokkkakokkx

GO TO (250,2u49,250,249) ,MLIST

249 WRITE (IPENT,424) MINAD,MAXAD,ADMIN,ADMAX,MINAT,MINA2,AMIN,MAXA1,

1MAXA2, AMAX

Aok Kok Rk hokok kR kokkkkk% (P, INVERT,XP) SECTION Ak skkkiokdokskkmmdk sk

250 IM=0
DO 251 I=1,N
DO 251 IJ=I,N
IM=IN+1
AQIM=AQ (IM)
A(I,IJ)=AQIM
251 A(IJ,I)=AQIN
GO TO (260,261,262,263,311),IT
260 P=P1L
GO TO 265
261 IF (FS.LE.FS1) GO TO 266
P=P1L*DOWN
GO TO 265
266 P=P1L*UP
GO TO 265
262 P=P1*CHANGE
GO TO 265
263 X3=1.0/P1
X4=1.0/P2
DET=X3*XI*XU*XUxXU-X3IxXI*X IRXU*XY
IF (DET.EQ.0.0) GO TO 269
AP 1=X3*X3% (FS2-FS-SM*X4)
AP2=XU4*XU4* (FS1-FS=-SM*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% (XU*xAP2-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
X4=(-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 (X4.LE.0.0) GO TO 269
P=1.0/XU4

GO TO 265

P=10000.0

WRITE (IPERNT,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

AIT=A(I,I)

IF (AII.EQ.0.0) GO TO 284
PIV=1.0/A11

DO 281 J=I,N1
A(I,J)=PIV*A(I,J)

DO 282 K=1,N

IF (I.EQ.K) GO TO 282
Q=2 (K, I)

DO 285 J=I,N1

A(K,J) =A(K,Jd)-0*A(I,J)
CONTINUE

GO TO 286

WRITE (IPRNT,412)

GO TO 314

Do 288 I=1,N
KP(I)=X(I)+A(I,N1)*DIA(I)

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

IF (KURVE.EQ.2) GO TO 540
THE PRODUCT FUNCTION.

IF (LIMIT.EQ.2) GO TO 299
Do 505 I=1,M

J=T+M

K=J+M

L=K+M

XPK=ABS (XP(K))
XPL=ABS (XP (L))

IF (XPL.LE.1.0) GO TO 500
XPL=1.0
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500

501

506

503
507

504

505

540

550

551

552

553
557

554

558

1¢ (MLIST.LT.3) GO TO 500
WRITE (IPRNT,435) XP(J)

IF (XPK.LE.2.C) GO TO 501
1PK=2.0

If (MLIST.LT.3) GO TO 506
WRITE (IPENT,435) XP(J)

G0 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,U36) XP(J)

IF (XP(K).LT.0.0) GO TO 503
XP (K) =XPK

G0 TO 507

XP (K) =-XPK

IF (XP(L).LT.0.0) GO TO 504
XP(L)=XPL

G0 TO 505

Xp (L)=-XPL

CONTINUE

GO TO 299

THE SUM FUNCTION.

IF (LINIT.EQ.1) GO TO 550
IF (NONEG.EQ.2) G0 TO 299
po 556 I1=1,H

J=I+H

K=J+M

L=K+H

XPI=XP (I)

TPK=ABS (XP(K))
IPL=ABS (XP (L))

IF (LIMIT.EQ.2) GO TO 559
Iir (KPK.LT.Z.G} o TO 551
IPK=2.0

IF (HLIST.LT.B) GO TO 552
WRITE (IPRNT,U435) XP(J)

GO TO 552

IF (KPK.GE.0.0“Z) GO TO 552
XPK=0.042

ir (HLXST.LT.3) GO TO 552
WRITE (IPRNT,HBG} ¥e (J)

IF (KP(K}.LT.0.0J GC TO 553
%P (K) =XPK

GO TO 557

XP (K)=—-XPK

IF {IP(L).LT.0.0) GO TO 554
TP(L) =XPL

G0 TO 558

Xp (L) =-XPL

IF (BONEG.EQ.zi GO0 TO 556

81
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559

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,U437) XP(J)

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

e ke s o e e e e ofe s ke ofe sk ke of ok e o e ol sk ak ok o (FSP) SECTION LR E S S S S PR R R E S T L 20

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 (IT)-TC

FSP=FSP+F*F

IF (FSM.LE.FSP) GO TO 303

NOTE IF RESTRAINTS ARE APPLIED, THE PROGRAM CAN BEANCH 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 I=1,N

XB (I)=XP (I)

IF (FS1.LE.FSP) GO TO 306
FS52=Fs1

P2=p1

FS1=FsSp

Pi=p

GO TO 308

IF (FS2.LE.FSP) GO TO 308
P2=p

FS2=FSp

GO TO (250,309,250,309),HLIST
WRITE (IPRNT,Uu414) P,FSP
GO TO 250

DO 312 I=1,N

ok ek ek
K o e ok o oo o e ok ok ok Rk TEEMINAL SECTION 3 s o o o o ol ok o o o ok ek ok ok ok ok ok

X (I) =XB(I)
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319
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328

NIT=NIT+1

TEST=TERM/FSH

TERM=FSH

IF (TEST.GE.1.002) GO TO 315
WRITE (IPRNT,U41)

GO TO 314

IF (NIT.LE.NI) GO TO 316
WRITE (IPBNT,U42)

Go TO 314

IF (GL.GE.0.0001) GO TQ 317
WRITE (IPRNT,UH3)

Go TO 314

IF (ISECS.LE.NSEC) GO TO 320
WRITE (IPRNT,444) -

G0 TO 314

IF (FM.GT.0.001) GO TO 200
WRITE (IPRNT,UU5)

DIS=SQRT (FSM/NP)

WRITE (IPENT,415)

WRITE (IPRNT,419) PSM,DIS,FHM,WFH
IF (KURVE.EQ.2) GO TO 318
WRITE (IPRNT,416)

po 319 I=1,H

J=I+HM

K=J+HM

L=K+M

X (I)=0.43429*X (I)

IF (IDECK.EQ.1) GO TO 319
WRITE (IPCH,Uu420) X (I) , X (J) ,X(K),X(L)
WRITE (IPRNT,410) X (I) X (J) X (K) , X (1)
X (N)=0.430429*%X (N)

IF (IDECK.EQ.1) GO TO 322
WRITE (IPCH,u420) X (W)

WRITE (IPRNT,413) X(N)

GO TO 328

WRITE (IPRNT,417)

po 325 1=1,M

J=I+M

K=J+M

L=K+M

X (I)=0.43429*X (1)
x(L)=0.u3329*1(Ll

AG=X (K) *CAY

IF (IDECK.EQ.1) GO T0 325
WRITE (IPCH,421) X(I).xlal.XlK).X(Ll
WRITE (IPENT,4C6) x(:),xta;,x(x},xc.tthl
X (N) =0.43429*X (N)

IF (IDECK.EQ.1) GO To 327
WRITE (IPCH,421) X (N)

WRITE (IPENT,422) X (N) (CAY
WPITE (IPPNT,434)

Go TO 20
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400 FORMAT ('1PITHAR AND JONES. PROGRAM XII (PC~118) SPECTRAL BAND FI
1T OPTIMIZATION FROGRAM WITH SLIT FUNCTION CORKECTION.'/)

401 FORMAT (20CAu)

402 FOBMAT (1X,20A4)

403 FORMAT (111I5)

404 FOERMAT (4F15.5)

405 FORMAT (B(I5,I4,1X))

406 FORMAT (1X,5(6X,F15.5))

407 FORMAT (5%,2HFS,E12.4,8X,2HGL,E12.4,7X,3HWFM,F6.1,7X,2HFM,E12.4,7X
1,3HNIT,I3,4X,5HISECS,I5)

408 FORMAT (*OINPUT PARAMETERS.!')

409 FORMAT (20X ,4HDOWN,E14.6,7X,2EUP,E14.6,7X,6HCHANGE,E14.6)

410 FOEMAT (1X,4(6X,F15.5))

411 FORMAT (1X, "TROUBLE WITH EVALUATION O% P,CHECK MATRIX DATA OUTPUT.
1)

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

413 FORMAT (U4X, 7HALPHA =F8.5/,'0SOLVED FOR PRODUCT,CAUCHY OR GAUSS FUN
1CTION. */' (PURE CAUCHY IF X(4)=0 OR PURE GAUSS IF X (3)=0}")

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

415 FORMAT (11X, fe—mcmmmmm e e e —-——————
Jom e m e '/1X,17HOUTEUT PARAMETERS)

416 FOEMAT ("0 15X, UHX (1), 17X, UHX(2), 17X, LHX(3) ,17X,4HX (4))

417 FORMAT (*0*,15K,4HX(1) ,17X,4HX(2) ,17K,4HX(3) ,17X,4HX(4) ,17X,4HX (5)
1

418 FORMAT (4X,7HALPHA =,F8.5,/11X,'=--~-- e ——————
e ——— ')

419 FORMAT (18%,3HFSM,E14.6,7X,3HLIS,E14.6,7X,2HFM,E14.6,7X, 3HWFM,F7.1
1)

420 FORMAT (4F15.5,5X,7HPRODUCT)

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

422 FORMAT (4X,7HALPEA =,FB.5/'0SOLVED FOR SUM FUNCTION WITH X4=',F5.2
1,4H X3.)

423 FORMAT ('C*,19X,2HNP,I16,17X,2HWB,F8.1,13X,2HWI,F5.1)

424 FORMAT (/4X,5HMINAD,IY,13X,5HMAXAD,IU,12X,5HADMIN,E14.6,5X,5HADNAX
1,E14.6/4X,5HMINAT, I4,1X, sauznnz I4,3X,4HAMIN,ET4. 6 3X, Sﬁnnxa1 14,
23X,5HMAXA2,I4,3X,4HAMAX,E1U4.6)

425 FORMAT ('0°*, QX 2HNP 16, 15x 2HWB,FB.1,11x,2HHI,F5.1,11x,3H55H,F6.2)

426 FORMAT (5?15.91

427 FOERMAT ('OINPUT SLIT ORDINATES.')

428 FORMAT (5X,10F12.8)

429 FORMAT ('OCOMPUTATION TEEMINATED--INSUFFICIENT SLIT ORDINATES.')

430 FORMAT ('OSYMMFTEIC TRIANGULAR SLIT FUNCTION-~NEWTON COTES WEIGHTI
1NGS. ')

431 FORMAT ("OCOMPUTATION TERMINATED-TOO MANY SLIT ORDINATES.')

432 FORMAT ('OSYMMETREIC TRIANGULAR SLIT FUNCTION-~SIMPSON RULE WEIGHTI
1NGS. ")

433 FORMAT ('OCOMPUTATION BY MODE 2--NORMALIZED SLIT ELEMENTS WITH SIN
1PSON RULE WEIGHTINGS.')

434 FORMAT ('OFSM IS THE VALUE OF THE MINIMIZATION FUNCTION.'/,
1'0DIS IS THE DISCREPANCE IN THE TRANSMITTANCE DIFFERENCE (ROOT MEA
2N SQUARE OF THE RESIDUALS).'/,'0OFM IS THE MAXIMUM ORDINATE DIFFERE
3NCE."/,"0OWFM IS THE WAVENUMBER OF THE MAXIMUM ORDINATE DIFFERENCE.
4e)

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

6990
7000
701¢C
7020
7030
7040
7050
7060
7070
7080
7090
7100
7110
7120
T13C
7140
7150
7160
7170
7180
7190
7200
7210
7220
7230
7240
7250
7260
7270
7280
7290
7300
7310
7320
7330
7340
7350
7360
7370
7380
7390
7400
7410
7420
7430
7440
7450
7460
7470
7480
749C
7500
7510
7520



436 FORMAT ('CMAXIMAL HALF-WIDTH FOR BAND AT',F7.1,6H CM.=1) 7530
437 FORMAT ('CX1 HELD POSITIVF AT',F7.1,6H CN.-1) 7540
438 FORMAT (°'0XS HELD PCSITIVE AT',F7.1,6H CM.-1) 7550
439 FORMAT ("ORESTRAINTS TO HOLD X (1) AND X(5) POSITIVE HAVE BEEN APPL 7560

1IED. ") 7570
440 PORMAT (*ORESTRAINTS TO HOLD THE HALF-WIDTHS BETWEEN 1 AND 50 CH.- 7580

1-1 HAVE BEEN APPLIED.') 7590
441 FORMAT (*OTERMINATED BECAUSE OF SLOW CONVERGENCE.'/) 7600
442 FOBMAT (*OTERMINATED BY ITERATION LIMIT.'/) 7610
443 FORMAT (*OTERMINATED BY LOW VALUE OF GL.'/) 7620
444 FORMAT ('OTERMINATED BY TIME LIMITATION.'/) 7630
445 FORMAT ('OTERMINATED BECAUSE FM HAS REACHED MINIHMAL SIGNIFICANT VA 7640

1LUE. /) 7650

END 7660
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SUBROUTINE SORT3 (IX,IY,WB,HI,NP,IPRNT,KLENUP,IHB,IHIJ

SUBROUTINE SORT CHECKS FOEFE ERRORS IN THE INPJUT WAVENUMBER DATA.

A LIMITED NUMBER OF WAVENUMBER SEQUENCE EREORS ARE CORRECTED
BUT SEQUENCE ERROFS IN EXCESS OF 160 DATA POINTS (20 CAEDS)
OR ANY OTHER TYPE OF WAVENUMBER ERROR WILL TEEMINATE 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 IX(2000),IY(2000),ITEMPX (160),X1(160),ITEMPY(160)
IF (IX(1).EQ.IWB) GO TO 10
WRITE (IPRNT,U456)
KLENUP=2
RETURN
nM=1
DO 11 I=2,NP
IN=INB=-IWI* (I-1)
IF (IW.EQ.IX(I)) GO TO 11
XX=IX(I)
TEST=(WB~0. 1*XX) /WI
NTEST=TEST+0.C05
IF (ABS(TEST-NTEST).GT.0.005) GO TC 12
ITEHPX (MM)=IX (I)
ITEMPY (MM) =IY (1)
MM=MM+1
IF (MM.GT.160) GO TO 13
CONTINUE
IF (MM.GT.1) S0 TO 14
WRITE (IPRNT,U451)
KLENUP=1
RETURN
XX1=IK(I*1}$0‘1_HI
WRITE (IPRNT,452) X¥X1
KLENUP=2
RETURN
:RITE (IPENT,U453)
RITE )
GO TO ngPNT'QSB) (IX(D),IY (1), I=1,NpP)
NN=MM~1
20 17 MM=1, NN
1=1+ (INB-ITEMPX (M
IK(K1}=ITEMPX(MH; AU ESE
IY (K1) =ITEMPY (Mn)
I1(HH)=IK(K1)*0_1
HRITE (IPRNT,450) (x1{HH).HH=1,NN)
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450
451
452
453
454
455
us6

WEBITE (IPENT,45%) (IX(I).,.IY(I).I=1,NP)
GO TO 15

FORMAT
FORMAT
FORYAT
FORMAT
FOBMAT
FORMAT
FORMAT
END

(*OWAVENUMBER CORRECTIONS AT'/,12(2X,F6.1,2X))
(*OKAVENUMBER SEQUENCE IS CORRECT.')

(*CTERMINATED BY EER0OR AT',F6.1,6H CM.-1)

(*OTERMINATED BY MULTIPLE WAVENUMBER SEQUENCE EREORS.')
(*CREARRANGED INPUT.'/,9(4X,2I5))

(*OUNCOBRECTED INPUT.'/,9(4X,215))

(*CTERMINATED BY AN EREOR IN THE STARTING WAVENUMBER.')
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SUBROQUTINE POINT3 (PX,PC,PG,T,W,II,IK,KK,KK1,L1,M,N,IPRNT,CAY,KURV
1E,1IJ)

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),W(2000)
JSKIP=1 ;
KSKIP=1
IJ=1
IF (II.GT.L1) GO TO 102
IK=KK
GO TO 103
DO 104 JJ=1,KK1
T(JJ) =T (JJ+1)
DO 104 I=1,M
PC (I,JJ)=PC(I,JdJ+1)
PG (I,JJ)=PG (I,JdJ+1)
IJ=KK
IK=KK
DO 105 JJ=IJ,IK
LL1=II+JJ-L1
WP=W (LL1)

AC=0.0
DO 106 I=1,M
J=I+M
K=J+H
L=K+M
R=WP-PX (J)
RSQ=R*R
PC(I,JJ3)=1.0/(1.C+PX (K) *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,J3)=0.0
GO TO 111
PG (I,JJ)=EXP(-PG(I,Jd))
AC=PX (I) *PC (I,JJ) *PG (I,JJ) +AC
GO TO 106
PG (I,JJ) =CAY*CAY*PX (K) *PX (K) *R50
IF (PG(I,JJ).LT.10.0) GO TO 112
PG (I,JJ)=0.0
GO TO 114
ig(g,JJ1=EXP{-PG(I,JJ))

=PX(I) *PC (I,JJ) +PX *
SR (1,33) (L) *PG (I,3J) +AC
AC=AC+PX (N)
IF (AC.GT.-2.C) GO TO 116
IF (JSKIP.EQ.2) GO TO 107
WRITE (IPRNT,470)
JSKIP=2
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107

116

118

117
105

470
471

T(33)=2.7184

Go T0 105

IF (AC.LE.10.C) GO TO
IF (KSKIP.EQ.2) GO TO
4RITE (IPENT,477)
KSKIP=2

7(J3)=0.0

Go TO 105

7(33) =EXP (-AC)
CONTINUE

RETURN

FORMAT (*OTHE MAXIMAL
FORMAT ('OTHE MINIMAL
END

117
117

ALLOWET TRANSMITTANCE HAS BEEN EXCEEDED.")
ALLOWED TRANSMITTANCE HAS BEEN EXCEEDED.")
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PITHA RND JOKES. PROGEAM YII (PC-118) SPECTIRAL BAND FIT OPTIAIZATION PROGREAR WITH SLIT FUNCTION CORPECTICN.

WAPCH 13TH.196B8. BAND FIT PROGEAM WITH SLIT DECONVOLUTION.

FOUR BANML TEST DECK (PRODUCT) SYBMETRIC TRIANG SLIT NITH SSW 5.0 CA.-1
INPOT FAPRANMEIERS.
Douws 0.3000COE-0Y UP 0.100000E 04 CHANGE 0.5000008 00
up 160 L)) 995.0 ¥I 0.5 SsW¥ 5.00

WAYENUMBFR SEQUENCE IS CORRECT.

SYPAETRIC TRIANGULAR SLIT FUNCTION--SINPSON RULE WEIGHTIINGS.
0.07600000 0.01333333 0.01333333 0.0600000C 0.07666666 0,06666666 0.04000000 0.09333330 0,05333333 0.119

0.C6666666 0.11999995 (.05333333 0.09333330 0.C4000000 0.06666666 0.02666666 0,04000000 0,.01233333 0,013

0.00000NND
(N X(2) 2(3) 1{8)
0.27000 968, 50000 0.18000 0.12000
0.62000 957,.00000 0.22c00 0.18000
0.322000 941.00000 0.12000 0.12C00
0.37000 818.00000 0.22000 0.12000
ALFHA = D.C2000
PS 0.2276E 01 GL 0.1444E 02 UFM 924.0 PR 0.2201E 0O WIT 0 ISECS ]
FS 0.8185E-01 GL 0.824ug 00 WEH 953.5 PH  0.5457E-01 NIT 1 ISECS 22
PS D.1825E-02 GL 0.1597E OO ¥Fn 917.0 FA 0.B025E-02 NIT 2 ISECS 37
PS5 0.2109E-04 GL 0.1196E-01 WFA 961.5 FN 0.8969E-03 NiT 3 ISECS 51
TERRINATED BECAUSE FA HAS REACHED MINIMAL SIGNIFICANT VALUE.
OUTFUT PARARMETERS
FSA  0.138526E-04 DIS 0.270015E-03 FA 0.896871E-03 UFN  961.5
n x(2) (3 x{n)
0.29997 969.99951 0.19999 0.09992
0.60066 554.99707 0.20223 0. 19879
0.29994 939.9939) 0.09928 n. 10058
0.39958 920.00391 0.19950 0.10005

ALPHA = 0.04999

SOLYED POR PRODUCT,CAUCHY OF GAUSS FUNCTION.
(PURE CAUCHY I? X (4)=0 OR PUAE GAUSS IF X(3)=0)

PSH IS THE VALUE OF THE NINIMIZATION FUNCTICH,

DIS IS THE DISCREPANCE IN THE TRANSRITTANCE DIFFERENCE (ROOT MEAN SQUARE OF THE RESIDUALS).
FA IS THE AAXINUM ORDINATE DIFFERENCE,

PN IS THE WAVENUMBER OP THE NAXIAUR ORDINATE DIFFERENCE.




PITHA AND JOMES. PROGRAMW XII (PC-118) SPECTRAL BAND PIT OPTIMIZATION PROGRAM WITH SLIT

BARCH 13TH.1968. BAND FIT PROGFAN WITH SLIT DECOMVOLUTION.
FOUP BAND TEST DECK (Sun) ASYM.TRIANG. SLIT BY MODE 2.

INPUT PARANETERS.
DONM  0.1000COEB-01 UP 0.100000E Cu CHANGE 0.500000E 00

INPUT SLIT QFDINATES.
0.€ACCO000 0.09999996 0.19999999 0.29999995 0.39999998 0.50000000 0.59999996

1.00%0000C 0.75000000 ©.50000000 0©.2500C000 ©.C0000000
ue 186 uB “96.5 ¥4I 0.5
VAVENUYBER SEQUENCE IS CORRECT.

CORPUTATION BY RODE 2--NORMALIZED SLIT ELEMENTS WMITH SINPSOM BULE MEIGHTINGS.
0.00000000 0,01994763 N,n1904763 C.05714289 0.03809526 ©0.09523B815 0.057140289
0.09523815 (. 14285719 0.04761908 0.04761908 0.CGCO0000

I(n 12 X (3) T(ay
0.180C0 968.00000 0.18000 0. 14400
0.370c0 953,00000 0.22000 0.17600
0.1G000 942.00000 0.11000 6.08300
0.26000 919.00000 0.21000 0.16800
ALPHA = 0.02000
rS 0.1185E 01 GL C.1469E 02 WFN 928.5 FH 0.1450E 00 HIT
rs 0.26785-01 GL N.u360E 0O UFn 957.0 FPH  0.3184E-01 NIT
FS 0.1328E-02 GL 0.1157e CO WFM 953.0 PA 0.6925E-02 NIT
Fs 0.1603E-04 GL 0.7055E-01 WFn 967.5 FR  0.7808E-03 NIT

TERMINATED BECAUSE FM HAS REACHED MINIHMAL SIGNIPICANT VALUE.

-—— Ee -

OUTPUT PAIAMETERS

FSn  D.1909B9E-N4 DIS 0.270280E-03 FN 0.780761E-03
Im (2 X(3) X (%)
0.19999 970.00684 0.20051 0.16041
0.39874 954.99780 0.20004 0.16003
D.11103 939.99902 0.09926 0.07981
0.2u4609 919.99365 0.20055 0. 16084

ALPHA = 0.08957
SOLVED POR SUN FUNCTION WITH X&4= D.BO X3.
PS5 IS THE VALUE OF THME MIMIMIZATION FUNCTION.
DIS IS THE DISCREPANCE IN THE TEANSHITTANCE CIFFERENCE (RODT MEAW SQUARE OF THE RESIDUAL
PN IS THE MAXIMUM ORDINATE DIFFERENCE.
WFR IS THE WAVENUNBER OF THE MAXIANUM ORDIWATE DIFFERENCE.

FUNCTION CORRECTION.

0.69999999 0.79999995

0.13333338 0.07619047

X (5)
0. 11000
0.22000
0.18300
0.160C0

ISECS 6
ISECS 18
ISECS 30
ISECS 42

w0

WFR ' 967.5

X (5)
0.09%40
0.19916
0.19002
0.15183

5) .

0.8939

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

X 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 [l1] 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 widEhs of the Cauchy
and Gauss component curves respectively in cm. .

B. The Half-Band Widths

expressions for the half-

i lgebraic > =
There are no simple alg luate them by an iteration

band widths and it is necessary to eva
method.
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(i) The Product Function

I1f 2b is the half-band width in cm.”! we may write from equa-
tion [1]

0.5 = (1+x3b?)~! « exp- [x%b?] [40]

On inversion and expansion of the exponential term

2.0 = (1+x3b2)(1L+x2b%2+..... ) [41]

This provides a first approximation to b? in the form

b“/2 + (WP)b? - 1/2x3x2 ¥ 0 [42]

in which

WP = (x§+x2%)/2x3x2 [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 HLFWl1 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

-Ps5 (P3 (1+Pg) + P2) [45]

WFD
where P,=x3; P3=x4; Ps=exp P3 (WX); Pg=P: (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 xy=kxi

0.5(x1+xs) = x; (1+x%b?) " '4+xs + 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

b" [2xsx3k?] + b?2[x1-xs5+2xs5k?] - (x1+x5)/x%x3 = 0 [47]

which may be written

b"S; + b?Ss + 8¢ = 0 [48]

where Si1=x3; S»=S:1k?; S3=25,%s5; Sy=1/S:;

Ss= S3Sy+x1-Xs5; Sg= -Sy(x1+xs5).

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(x;+Xs5) = Sgx1 + S2S519 [49]

WFD = x1S1S3 + S32S51¢ [50]
where Sp=1/(1+S; (WX)); Se¢=-5S2 (WX); S)9=Xs*exp Sjy.

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 4I5. 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 x,,X»2,%x3 and x, for the product
function and x,,xX;,X3,Xxs 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 format F15.5. This quantity does
not enter into the computations, but it is stored
and relisted with the output. When processing
data not derived from the optimization programs
o 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 blank,

indicating that only 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 for a range of values of x: and x, for the prod-
uct function are listed in Table II. Similar data for the sum
function for a 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 ITI

Dependence of the Shape and Half-Band Width on X(3) and X(4)
for the Cauchy-Gauss Product Curve*

HALF-WIDTH (cm.™ ')

SHAPE RATIO X(3) X (4)

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 3547
0.060 0.540 3l
0.080 0.720 203
0.100 0.900 1.8
0.150 1.350 152
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 1051
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 1ia3
0.400 1.600 1.0
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Table IT - ii.

SHAPE RATIO X(3) X (4 HALF-WIDTH (cm.”')
0.3 0.005 0.012 128.5
0.010 0.023 66.7
0.020 0.047 32.7
0.030 0.070 22.0
0.040 0.093 16.5
0.050 0.117 1351
0.060 0.140 11.0
0.080 0.187 8.2
0.100 0.233 6.6
0.150 0.350 4.4
0.200 0.467 353
0.400 0.932 1.6
0.600 1.400 1 ES) |
0.4 0.01 0.015 93.8
0.02 0.030 46.9
0.03 0.045 31.3
0.04 0.060 23.4
0.05 0.075 18.8
0.06 0.090 15.6
0.08 0.120 1157
0.10 0.150 9.4
0.15 0.225 6.3
0.20 0.300 4.7
0.30 0.450 3.1
0.40 0.60 2.3
0.70 1.05 1.3
1.00 1.50 0.9
0.5 0.01 0.01 122.4
0.02 0.02 61.2
0.03 0.03 40.8
0.04 0.04 30.6
0.05 0.05 24.5
0.06 0.06 20.4
0.08 0.08 15.3
0.10 0.10 ' 1252
0.14 0.14 8.7
0.20 0.20 6.1
0.30 0.30 4.1
0.40 0.40 3.l
0.60 0.60 2.0
1.00 1.00 1.2
2.00 2.00 0.6



SHAPE RATIO

0.6
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Table II - iii.

HALF-WIDTH (cm.~!')

99:7
74.9
49.9
37.4
29.:9
24.9
18.7
15.0
1057
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Table II - iv.

SHAPE RATIO X(3) X (4) HALF-WIDTH (cm.” 1)
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 13.1
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 3.3
1.00 01111 2.0
1.50 0.1667 i
2.00 0.2222 1.0
1570 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 S8
1.000 2.0
2.000 1.0

———— i ——— i —— — —————

*

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

X(1)/X(5)=0.1

X(1)/X(5)=0.5

the Cauchy-Gauss Sum Function¥*

X(1)/X(5)=1.0

X(3)

0.02
0.04
0.06
0.08
0.10
0.20
0.30
0.40
0.60
1.00
2.00

0.02
0.04
0.06
0.08
0.10
0.20
0.30
0.40
0.60
1.00
2.00

0.02
0.04
0.06
0.08
0.10

., 0.20

0.30
0.40
0.60
1.00
2.00

CAY=0.8

HALF~WIDTH (cm.”?!)

CAY=0.6

CAY=0.4

— . —————————— T — T o o S o S Vo o N o



- 104 -

Table III - ii.

HALF-WIDTH (cm.” ')

X{(1) /X(5)=10.0 X (3) CAY=0.8 CAY=0.6 CAY=0.4 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
0.08 251 25.9 26.7 27.4
0.10 .1 (o 20.7 21.4 21.9
0.20 10.0 10.4 10.7 11.0
0.30 6.1 6.9 e | 7:3
0.40 5.0 5l 543 5.5
0.60 3.3 3.5 3.6 3.6
1.00 2.0 2ol 2.1 242
2.00 1.0 1.0 D L0 i g

—— s — n ——— ——— — i ——

*

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, in our 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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CALCULATION OF CAUCHY-GAUSS SHAPE RATIO AND

L N

HALF-BAND WIDTHS.

#* * % #

e 3 o e e ke e e e e ol ol ek e ek ok ek ok ok ok dk ko ok ke ek ke sk e ek ok Ak kol e ke Ak g el Aok ook ok Kok kR

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.

THE CAY CARD IMMEDIATELY PRECEEDS THE DATA DECK.

============== DON'T FORGET THE TERMINAL ALPHA CARD.======s=======
DIMENSION HEAD1(20) ,HEAD2(20)

IRD=1

IPENT=3

WRITE (IPRNT,400)
READ (IRD,401) HEAD1

READ (IRD,401) HEAD2

READ (IRD,402) NDATA,M,KURVE,NSEC

M IS THE NUMBER OF BANDS TO BE CALCULATED.
USE KURVE=1 FOE A PRODUCT FUNCTION; KURVE=2 FOR A SUM FUNCTION.

WRITE (IPRNT,4C3) HEAD1
WRITE (IPRNT,403) HEAD2
ISKIP=1

IF (KURVE.EQ.2) GO TO 100

FRAE KK KK KRR kXK kkKkK%x  FRODUCT FUNCTION SECTION sk % ko ook ook de &

WRITE (IPRENT,40U4)
CALL SETCLK

DO 50 J=1,M

IT=0

X1=0.0

X2=2.0

X3=0.0

170
180
190
200
210
220
230
240
250
260
270
280
290
200
310
320
330
340
350
360
370
380
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X4=0.0

HLFW1=C.0

HLFW2=0.0

READ (IRD,405) X1,X2,X3,Xu4

IF (ABS(X4) .LT.0.0001) GO TO 11
IF (ABS(X3) .1T.0.0001) GO TO 12
GO TO 13

CALCULATION OF SHAPE AND HALF~WIDTH FOK THE PURE CAUCHY CURVE.

11 HLFW1=2.0/%3
SHAPP=1.000
GO TO 4C

CALCULATION OF THE SHAPE AND HALF-WIDTH FOR THE PURE GAUSS CURVE.

12 HLFW1=1.665109/X4
SHAPP = 0.000
GO TO 40

CALCULATION OF THE HALF-WIDTH OF THE PRODUCT CURVE BY ITEPATION.

THE SOLUTION OF THE QUADRATIC EQUATION GIVES TWO VALUES,

BOTH ARE COMPUTED IF THEY ARE REAL AND POSITIVE,
ONLY HLFW1 WILL BE OBTAINED.

13 P2=X3#*X3
P3=XU*Xy
WP=(P2+P3)/ (2.0%P2%P3)
PU=WP*WP+1.0/(P2*P3)
IF (P4.LT.0.0) GO TO 17
PU=SQRT (PU)
IF (ISKIP.EQ.2) GO TOQ 16
WX=PU-WP
GO TO 27

17 WRITE (IPENT,u15)
GO TO 49

16 WX=—-WP-PU

27 IF (WX.GT.0.0) GO TO 21
IF (ISKIP.EQ.Z2) GO TO 30
ISKIP=2
GO TO 16

21 PS5=EXP (P3%*WX)
P6=P2% WX
WF=2,.0-P5*(1.0+P6)
WFD=-P5* (P3* (1.0+P6) +P2)
WXN=WX-WF/WFD
WDIF=ABS (WX-WXN)
IF (WDIF.LE. (WXN*0.00C1)) GO TO 22
WX=WXN
IT=IT+1
IF (IT.1LT.5) GO TO 21

BUT NORMALLY

540
550
560
57¢C
580
590
6092
610
620
630
640
650
660
670
680
690
700
710
720
730
Ju0
750
760
765
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
9u0
a50
960
97(Q
980
990
1000
1010
1020
1030
1040
1050
1060
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22

25

30

4o

41
49

50

52
53

51

100

101
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ARITE (IPENT,417)

GO TO 22

WX=SQET (WXN)

IF (ISKIP.EQ.2) GO TO 25
HLFW1=2.0%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(XU))
IF (HLFW2.EQ.C.0) GO TO 41
WRITE (IPRNT,406) X1,X2,X3,X4,SHAPP,ELFW1,HLFW2

GO TO 49
WBRITE (IPRNT,407) X1,X2,X3,X4,SHAPP,HLFN1
CALL BDCLK (TIME)

ISECS=TIME+0.5

IF (ISECS.GT.NSEC) GO TO 52

CONTINUE

GO TO 53

WRITE (IPRNT,414)

WRITE (IPRNT,408)

Hkkxxxrwhkxxkkx TERMINAL SECTION FOR BOTH FUNCTIONS  #%ckkdskkskkkoksxkk

READ (IRD,U05) XN
WRITZ (IPRNT,409) XN

IF (NDATA.EQ.2) GO TO 10
STOP

WkkE kK kR RRE RkkkkkRxkk  SUM FUNCTION SECTION  kkokaksokskoksksdokok koo kok sk

WRITE (IPPNT,410)
READ (IRD,405) CAY
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
XX1=X1

XXx3=x3

XX5=X5

X1=ABS (X 1)

X3=ABS (X3)

X5=ABS (X5)

XU=X3*CAY

XXU4=XX3*CAY

107C
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1210
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1430
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
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112

114

128

116
127

121
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CALCULATION OF THE HALF-WIDTH OF THE CAUCHY COMPONENT CURVE.

HLFWC=2.0/X3

CALCULATION OF THE HALF-WIDTH OF THE GAUSS COMPONENT CURVE.

HLFWG=1.665109/XU

CALCULATION OF THE HALF-WIDTH OF THE CCMPOSITE CURVE.

FIEST CHECK FOR ZERO X1 OF X5

THIS SIGNIFIES A PURE GAUSS OR PURE CAUCHY CURVE,

IF (X1.NE.C.0) GO TO 112
HLFW1=HLFWG

HLFW2=0.0

GO TO 130

IF (X5.NE.0.0) GO TO 114
HLFW 1=HLFWC

HLFW2=0.0

GO TO 130C

S1=X3*X3

S2=XU4*X4

§3=2.0%X5%52

S4=1.0/51

55=53%S4+X1-X5

S6=-SU* (X1+X5)
S7=55%55-4, 0*S3%56

IF (57.GE.0.0) GO TO 128
WRITE (IPRNT,U15)

GO TO 150

S7=SQRT (S7)

IF (ISKIP.EQ.2) GO TO 116
WX=S7-S5

GO TO 127

WX=-55-57

WX=WX/ (2.0%53)

IF (WX.GT.C.0) GO TO 121
IF (ISKIP.EQ.2) GO TO 130
ISKIP=2

GO TO 116
S8=1.0/(1.0+S1*WY)
S9=-S2%*WX

S10=X5*EXP (S9)

WF=0.5% (X1+X5) -X1%SB8-510
WFD=X1%S51%58%58+52%S 10
WXN=WX-WF/WFD

WDIF=ABS (WX=WXN)

IF (WDIF.LE.WXN*0.0C01) GO TO 122
WX=WXN

IT=IT+1

IF (IT.LT.5) GO TO 121
WRITE (IPRNT,417)

RESPECTIVELY.

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
2140
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122

129

123

125
130

141
149

150

152
153

4eo

401
402
403
4oy

405
406
ucT
408
409
410

411
412
413
41y
415
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GO TO 122
IF (WXN.GE.0.0) GO TO 129
WRITE (IPRNT,U16)

IF (ISKIP.FQ.1) GO TO 123
GO TO 150

RX=SQRT (WXN)

IF (ISKIP.EQ.2) GO TO 125
HLFW1=2.0%WX

ISKIP=2

GO TO 116

HLFW2=2.0%WX

ISKIP=1

CALCULATION OF THE CAUCHY-GAUDSS SHAPE EATIO FOR THE SUM BAND.

AREAC=1.570796*XX1*HLFWC
AREAG=1.0645%XYX5*HLFWG
SHAPS=AREAC/ (AEEAC+AREAG)

IF (HLFW2.EQ.C.0) GO TO 141
WRITE (IPENT,411) XX1,X2,XX3,XX4,XX5,S5HAPS,HLFWC,HLFWG,HLFW1,HLFW2

GO TO 149
WRITE (IPRNT,411) XX1,X2,XX3,%XX4,XX5,S5HAPS,HLFWC,HLFWG,HLFW1

CALL BDCLK (TIME)
ISECS=TIME+0.5

IF (ISECS.GT.NSEC) GO TO 152
CONTINUE

GO TO 153

WRITE (IPENT,414)

WRITE (IPENT,413) CAY

GO TO 51

FORMAT ("1PITHA AND JONES. PROGRAM XIII (PC-121) BAND FIT PROG

TRAM--SHAPES AND HALF-WIDTHS.'/)
FOEMAT (20A4)

FORMAT (4IS)

FORMAT (1X,20R4)

FORMAT (*'0',710X,4HX(1) ,8X,4HX(2),7X,4HX(3),7X,UHX(4) ,7X,5HSHAPE,
16X,6HHLFW—~1,5X, 6HHLFW-2)

FORAAT (4F15.5)

FORMAT ('0¢,5%,F10.6,2X,F10.3,2F11.6,3F12.6)

FORMAT ('0O',5X,F10.6,2X,F10.3,2F11.6,2F12.6,7%,1H-)

FORMAT ('OTHESE DATA ARE FOR THE PRODUCT FUNCTION.')

FORMAT (/8X,T7EALPHA = ,E14.6)

FORMAT ('0°',10%,4HX(1) ,6X,8HX(2) ,7%X,8HX(3),7X,4HX (4) ,7X,4HX(5) ,6X,
15HSHATE, 6X, 6HHLFW-C,6X ,6 HHLFW-G,6X,6 HHIFW-1,5X,6HHLFN-2)

FORMAT ('C*,5X,F10.6,F10.3,4F11.6,4F12.6)

FORMAT ('C',5X,F10.6,F10.3,4F11.6,3F12.6,7X, 1H-)

FORMAT ('CTHESE DATA ARE FOR THE SUM FUNCTION WITH CAY =',F5.2)
FOEMAT ('OTERMINATED BY PEOGRAM TIME CONTROL.')

FORMAT (*CROOTS OF THE QUADRATIC EQUATION ARE IMAGINARY.')

416 FORMAT ('CHALF-WIDTH OF THE COMPOSITF CURVE IS IMAGINARY.")

417 FOEMAT (*OFIVE ITERATION LIMIT ON NEXT BAND.')

END

2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
227¢
2280
229¢
2300
2310
2320
2330
234D
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2590
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
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PITHA ANC JONES. PPOGRAN XIII (PC-121) BAND FIT PROGRAM--SHAPES AND HALF-WIDTHS.

APRIL 3RD.1968. FOUR BAND TEST DECF TOR PRODUCT FUNCTION.
T2UE VALUES FPOM CALCULATED CUPRVE.

x(mn X(2) X(3) I SHAPE HLPW -1 HLF&-2
0.300000 970.000 ﬂ.206000 0.10¢c00C 0.666667 8.277420 -
0.600000 955.000 0.200co00 C.200000 0.50G000 6.122278 -
0.300000 940.000 0.100000 0.100000 0.500000 12.248562 -
0.400000 920.000 0.20c000 0.100000 0.666667 B8.277420 -

THESE DATA ARE FOR THE PROCDUCT FUNCTION.

ALPHA = 0.500000E-01



PITHA AND JONES.

APRIL 3IRD.1968.

in
0.200000
n.anco00
n.10noco

n.250000

PROGRAN XIII (PC-121)

= J4d =

POUR BAND TEST DECK FOH SUM FUNCTION.
TRUE VALUES FROM CALCULATED CUPVE.

{2
970.000
955.000
auo.000

@20.000

Ty
0. 200000
0.2c0000
0.100000

0. 202000

X (4)
N.160000
D.lGOEDd
0.08C000
0.160000

X (5)
0.100000
0.200000
0.200000
0.150000

THESE DATA ARE FOR THE SUM FUNCTION WITH CAY = 0.80

ALPHA =

0.500000E-01

BAND FIT PROGRAM--SHAPES AND

SHAPE
0.739301
0.739301
0.814848

0.702660

HALF-WIDTHS.

HLF¥-C
10.000000
10.000000
20.000000
10.000000

HLFU-G
10.406931
10.406931
20.813873

1N.u06931

HLF#-1
10. 163906
10.1639C6
20.594498
10. 182089

HLFW-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
can be either in units of absorbance or transmittance x 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 o.
On the transmittance x 1000 scale only the summed value, including

o, 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 HEADl,HEAD2 (see Program X).

Card 3 carries six fixed point instructions NDATA,IDECK,NP,M,
KURVE, IXIT in format 6I5. 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 X.

Card Deck 5 This is a set of Mcards carrying the input or-
dinate indices x,;,X,,X;,X, for the product func-
tion and x;,X2,X3,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 illustrated in Figs. 1 and 2 on pp. 24,25 of this
volume.
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CRLCUL&TION OF THF ORDINATES OF CAUCHY-GAUSS

BAND ENVELOPES.

* % 3 *
LR
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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 AESOEBANCE OF THE GAUSS AND CAUCHY
COMPONENTS ARE LISTEDN SFPARATELY. THEY ARE ALSO SUMMED
TOGETHER WITH THE BASELINE CONSTANT. THE SUMMED OFRDINATES MAY
BE LISTED IN EITHER ABSORBANCE OR TEANSMITTANCE X 1000.

THIS PREOGRAM IN DIMENSIONED FOR 2000 DATA POINTS AND 20 COMPONENT

BANDS. IN THE PRODUCT MODE THE PEROGRAM WILL GENEEATE A PURE CAUCHY

CURVE IF X (4)=0 AND PURE GAUSS CUEVE IF X (3)=0.

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

DIMENSION PC(20), PG(20), X(B1), IW(2000), WW(20C0),0RD1(2000),
10RD2 (2000) , 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 1z

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.
REMCHBER 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 (IPCii,401) HEAD1
WRITE (IPCH,401) HEAD2
WRITE (IPRNT,404) HEAD1
WRITE (IPRNT,404) HEAD2
IF (KURVE.EQ.2) GO TO 14
WRITE (IPRNT,405)

GO TO 15

180
190
200
210
220
230
235
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
4npn
410
420
430
440
450
460
u70
ugec
490
500

520
530
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WRITE (IPENT,406)

N=U#®M+1

DO 16 I=1,M

J=1+Y

K=J+M

L=K+H

READ (IRD,H407) X(I),X(J),X(K),X(L)
WRITE (IPRNT,4CB) X (I),X(J),X(K), X{(L)
CONTINUE

READ (IRD,U07) X(N)

WRITE (IPRNT,U409) X{(N)

WRITE (IPRENT,410) NP,WB,WI

IF (KURVE.EQ.2) GO TO 120

*k#x%% COMPUTATION OF THE ORDINATES OF THE PRODUCT FUNCTION **#*¥%x*

DO 21 II=1,NP

PII=1I-1

W=WB-WI*FII

AC=0.0

DO 22 I=1,M

J=I+M

R=J+M

L=K+M

B=W-X (J)

RSQ=R*R
PC(I)=1.0/(1.04X (K) *X (K) *RSQ)
PG (I)=X (L) *X (L) *BSQ

IF (PG(I).LT.10.0) GO TO 23
PG(I)=0.0

GO TO 22

PG (I) =EXP (-PG(I))

AC=X (I) *PC (I) *PG (I) +AC
AC=AC+X (N)

IF (AC.LE.0.0006) GO TO 26

IF (AC.LT.10.0) GO TO 30
AC=10.0

GO0 TO 30

AC=0.0

ORD1 (II)=AC

WW (II) =W

IN(II)=W*10.0+C.5

WRITE (IPRNT,420)

IF (IXIT.EQ.2) GO TO 34

DO 31 I=1,NP

IT (I)=EXP (~ORD1(I) *2.30258) *1000.040.5
WRITE (IPRNT,411) :
WRITE (IPRNT,412) (IW(I),IT(I).I=1,NP)
IF (IDECK.EQ.1) GO TQ 32
WRITE (IPCH,413) (IW(I),IT(I),I=1,NP)
IF (NDATA.EQ.1) GO TO 33

GO TO 10

STOP

WRITE (LPRNT,414)

540
550
560
570
580
590
600
610
620
630
6u0
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
20
830
8u0
850
860
870
880
890
900
910
920
930
340
950
960
370
980
990
1000
1010
1020
1030
1040
1050
1060
1070
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WRITE (IPFNT,415) (WW(I),CRD1(I),I=1,NP)

IF (IDECK.EQ.1) GO TO 32
WRITE (IPCH,416) (WW(I),ORD1(I),I=1,NP)

GO TO 32
#*k%kkxkk% COMPUTATION OF THZ OBDINATES OF THE SUM FUNCTION *¥¥kxkkx

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 I=1,M
J=T+M
K=J+M
L=K+M
R=(W-X (J) ) *X (K)
RSQ=R*R
PC(I)=1.0/(1.0+RSQ)

122 AC=X (I) *PC(I)+AC
ORD1(II) =AC

121 IN(II)=W*10.0+0.5

IN THIS SECTION, ORDINATES OF THE GAUSS COMPONENT AEE EVALUATED.

DO 221 II=1,NP
FII=II-1
W=WB-WIXFII
AC=0.0
DO 222 I=1,M
J=T+M
K=J+M
L=K+M
R= (W=X (J) ) *CAY *X (K)
PG (I) =R*R
IF (PG(I).LT.10.C) GO TO 223
PG (I)=0.0
GO TO 222 i
223 PG (I)=EXP(-PG(I))
222 AC=X (L) *PG(I)+AC
IF (AC.LT.8.6) GO TO 221
AC=4.6
221 ORD2 (II)=AC

ok ok ok kR RN KRR Rk Rk ok xRk Rk k QUTPUT SECTION ¥ ok doiskooko ook ok odkok ok ok ook ok

XN=X (N)
WRITE (IPFNT,421) CAY
IF (IXIT.EQ.1) GO TO 234
WRITE (IPRNT,414)
DO 236 I=1,NP
WW (T)=IW(I)*0.1

236 SUM(I)=0RD1(I) +OED2(I)+XN

1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
13C0
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
1600
1610
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237

400 FORMAT ('1PITHA AND JONES, INFRAEED BAND FIT---COMPUTATION OF THE O
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WRITE (IPRNT,417) (Ww(I),O0RD1(I),O0RD2(I),SUM(I),I=1,NP)
WRITE (IPENT,418)

IF (IDECK.EQ.1) GO TO 32

WRITE (IPCH,422) (WW(I),SUM{I),I=1,NP)
GO TO 32

WRITE (IPENT,U411)

DO 237 I=1,NP

SUM (1) =ORD1 (I) +ORD2 (I) +XN
IT(I)=0.54EXP (-SUM (I)*2. 30”58)*1000 0
WRITE (IPENT,412) (IW(I),IT(I), I=1,NP)
WRITE (IPENT,419:

IF (IDECK.EQ.1) GO TO 32

WRITE (IPCH,413) (IW(I),IT(I), I=1,NP)
GO TO 32

TRDINATES OF CAUCHY-GAUSS BAND ENVELOPES.!'/)

401
uez
4013
4oy
405
406
ue7
408
409
410
411

412
413
414

415
416
417
418

419
420
421
422

FORMAT (20A4)

FOERMAT (61I5)

FOBMAT (2(4X,1H1),315)

FORMAT (1X,20a0)

FORMAT ('0' , 15X, 4HX (1) , 17X, 4HX(2) , 17X, 48X (3) ,17X,4HX (4))
FORMAT ('0',15X,UHX{1),17%X,4HX(2),17X,4HX(3) ,17X,UHX(5))
FORMAT (4F15.5)

FORMAT (1X,4(6X,F15.9))

FORMAT (4X,7HALPHA =,FB.5)

FORMAT (10X, 2HNP,I6,15X,2HWB,F8.1,11X,2HWI,F5.1)

FORMAT ("OORDINATES IN TRANSMITTANCE X 1000. —-~=--=—-—-—==———————==

————————————————————————————————— l/’
FORMAT (11(2X,1I5,I4))

FORMAT (B(I5,I4,1X))
FORMAT (° OOPDINRTES IN ABSORBANGE UNITIS. = —=——=——==so—="S=t======

Jommm e e e e e /)

FORMAT {8(1X,F6.1,F6.3.2X}]
FORMAT (6(F6.1,F6.3,1X))
FORMAT (4(3X,F6.1,3F6.3))

PORMAT ('0','CAUCHY,GAUSS, AND THE SUMMED ORKDINATES ARE LISTED CON

1SECUTIVELY. ')

FORMAT (*OTHE SUMMED ORDINATES ONLY ARE LISTED.')

POPMAT ('OCALCULATIONS FOE THE PRODUCT FUNCTION.')

FOBMAT ('OCALCULATIONS FOE THE SUM FUNCTION WITH CAY=*,Fi.2)
FORMAT (6(F6.1,F6.3,1X))

END

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
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PITHA AND JONES,INFFARFD BAND FIT---COMPUTATION OF THE ORDINATES OP CAOUCHY-GAUSS BAND ENVZLOPES.

SARCH 12TH.1968.

FROGRAM XIV (PC-122)

FOUR BAND TEST DECK FCR PRODUCT FUNCTION.

nmn
0.300c00
0.60000
0.300c0
D.u0000
ALPHA = 0.05000
NP 200

CALCULATIONS FOR THE PRODUCT

ORDINATES IN TRANSHITTANCE X

10000 A91 9995 B91
9945 891 994D H91
9890 597 9RAS H90
58315 R79  a8i0 877
9780 305 9775 790
2735 51) Q720 503
ah70 S60 9665 591
A615 7431 QR0 72u
a560 242 9555 224
9505 Sa0  950C 608
9usn 5§77  Quu5 556
9395 4ug 9390 452
9340 616 9335 637
9285 73w 92R0 727
9230 475 Q225 w43
9175 uug 9170 48O
9120 778 9115 794
anes5 975 Q060 B78
9010 B9) 9005 89¢

9990
9935
agH0
9825
9770
a71s
9660
Q605
9550
9495
quun
LETTS
93130
Q275
9220
9165
9110
anss

HULTIPLE CURVE GENERATION.

IXIT=1
Py ) x(3) x(4)
97¢.00000 0.20000 0.10000
955,00000 0.20000 0.20000
9u0.00000 0.10cC00 0.10000
920.00000 0.20000 0.10000
¥8  1000.0 ¥I 0.5
FUNCTION.
1000, -=-=== ————
891 9985 891 9980 891 9975 891 9970 891 9945 891
891 9930 B91 9925 B91 9920 891 9915 B91 9910 8%
890  9A75 8R9  9A7P BBY  SE6S5 888  9B60 687 9855 886
R7u4  9A20 B70 9815 B66 9810 B60  9BOS BS54 9R00 BUT
773 9765 753 9760 732 9755 707 9750 681 9745 653
48N 9710 462 9705 451 9700 w47 9695 450 9690 462
621 9655 650 9650 677 96uS5 702 96u0 722 9635 738
695 9670 655 9595 606 9590 550 9585 WEA 9590 426
217 9545 223 Q540 240 9535 268 9530 307 4525 355
638 9490 657 9485 667  94B0 668  9u75 662  B470 651
535 9435 516 9620 499  9L25 uB4  9u20 4TI 9415 4RO
45e  93g0 @70 9375 482 9370 497 9365 S14 9160 533
656 9325 675 9320 691 9315 705 9310 718 9305 727
717 8270 702 9265 684 9260 663 9255 637 9250 €09
413 9215 388  921C 369 9205 358 9200 354 9195 358
516 9160 552 9155 588  915C 623 9145 655 9140 685
09 9105 B22 9100 B33 9095 B42 9090 B50  908S AST
881 9050 B8B3 9045 BB4 904D BB6 9035 BBY  9M30 888

9960
9905
9850
9795
9740
Yo kS
96 10
9575
9520
qu6s
9410
9355
9300
9245
9190
9135
SCRO
€25

891
891
885
A39
622
apn
7u9
166
409
636
451
553
733
517
370
T2
8613
888

5955
9900
aqus
9790
9735
46H0
9625
9570
1515
9460
Qups
8350
9295
9240
S1ES
9130
9075
9020

891
g9
BE3
829
591
5013
T5u
315
utb
617
uhg
£7u
737
Suy
390
737
A6R
B89

995¢C
Yyus
QRUD
97HS
9710
aG7L
L LY.L
Y565
4516
9455
9ug
CENE]
9290
9235
9140
g12¢
4n1n
9015

891
HY0
EB1
E1B
500
e
754
273
E2C
47
uuf
£q%
737
3 I
s
58
a2
E89
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PITHE AYD JOWES,INFRARED BAND PIT-~~COMPUTATION OF THE ORDINATES OF CAUCHY-GAUSS BAND EMVELOPES.

RARCH 12TH.1968,

PROGRAN RIV (PC=122)

POUR BAMD TEST DECK FOR SUR FUNCTION.

Xm
0.200c0
d.sncee
0.10000
0.25000

ALPMA = 0.0%000
L 14 200

CALCULATIONS FOR THE SUM FUBCTION WITH CAY=0.80

OBDIMATES IN TRANSHITTASCE X

10000 A6 9995 862
99u5 856 99ue AS1
999) Al 9885 B36
9835 3De 9830 801
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PITHA AND JOWES,INPRARED BAND FIT---COMFUTATION OF THE OROINATES OF CAUCHY-GAUSS BAND ENVELOPES.

EARCH 12TH.1968. PROGRAN XIV (PC-122)

BULTIPLE CURVE GENERATION.

FOUR BANC TEST DECK FOR SUR FUNCTILOM. IXIT=2
X(1) x(2) x(3) 1(s)
0.20000 97c.00000 0.20000 0. 10000
g.upoCO 955.0000G 0.20000 0.20000
0.10000 9u0.0coco 0.10000 0.20000
0.25000 920.0000C0 0.20000 C. 15000
ALPHA = 0.05000
ne 00 W8 1000.0 ¥l 0.5
CALCULATIONS FOP THE SUA FUNCTION SITH CAY=0.80
ORDINATES IN ABSOPBANCE UNITS. . - —
1007.0 0.0% C.00N 0,064 Qag. .5 n,014 0.C00 0.064 999.0 0.015 0.000 C.065 2498.5
998.0 92.015 0.000 0.065 997.5 0.0%6 0.000 0.066 997.0 0.016 0.000 0.066 996.5
Q95,0 0.017 0,000 0,067 995.5 0,018 0.000 0.0&8 995.0 0.018 0.000 0.068 q9a4.5
9%u.0 J.079 0.00C 0.069 993.5 0.02C 0.C00 0.070 993.0 0.020 0.200 0.070 992.5
9e2.0 0.022 0.0NF 0,072 991.5 0.022 0.000 0.072 991.0 0.023 n,090 0.073 990.5
Q91,0 0.025 0.000 0.075 9€9.5 N.0Z6 0.C00 0.076 S$R89.0 0.027 0.000 0.077 9R8.5
9.0 D.029 £.000 0.079 967.5 0.03D0 0.C00 0.08B0 967.0 0.031 0,000 0.081 986.5
996.0 0.0% D.000 0.084 Y985,.5 0.n35 0.000 0.086 965.0 0.037 0.0C0 0.087 9H4.5
adqu .M 0,081 G.0ON0Y O.N91 9R3.5 0.043 0.001 0.094 SE£3.0 0.045 0.001 0.096 982.5
942,.0 0.050 0.0D03 0,102 981.5 N.0S3 0.003 0. 106 981.0 0.05s 0.005 0.110 980.5%
981.0 0.C61 0.00R 0. 121 979.5 0.067 0.C10 0.127 979.0 0.072 0.013 0. 138 97H.5
978.0 0.C33 0.019 0,152 Q77.5 0.089 0.024 0.163 977.0 0.096 0.029 N.174 976.5
976.0 7,113 0.040 0.202 975.5 0.122 p.Duk 0.218 975.0 0.133 D.053 D.236 974.5
AQ7u.0 0,158 D.06T 0,270 9731.5 0,172 0.0C7) 0.295 973.0 0.186 0.0BD 0.31s 972.5
972.0 7.215 0.091 0.131% 971.5 0.229 n.095% 0,374 971.0 0.240 0,.N98 N.3ARB 970.5
971,80 7.252 C. 101 O, Q4 969.5 0.253 0.101 0.u04 969.0 0.251 0.100 D.4DD 968.5
953.0 0.2%9 0.094 0,382 967.5 0.230 0,090 0.370 967.0 0.221 9.086 0.357 966.5
966.0 0.2Me 0.078 0,334 965.5 0.201 G.0T7S 0.325 965.0 0.197 0.072 0.319 96L.5
Q4. 0.1%4 0.070 O.314 963.5 0.196 0.C7Y G.317 963.0 0.199 0.074 0,323 962.5
962.0 N.212 0.086 0,347 961.5 0.227 0.094 0.3865 961.0 G.233 0.104 01387 9%60.5
9EN.0 0.268 0.129 D.uu2 959,5 0.283 N.143 0. 475 959.0 0.30@ 0.157 0.511 958.5
958.0 0.352 0.186 0.588 957.5 0.377 0.200 C.627 §957.0 0.401 0.213 0.664 956.5
956.0 O.440 0.234 0,725 955.5 0.452 0.242 0.744 955.0 0.456 0.2u8 0,753 a54.5
asu,.0 O0.6471 0.252 0, 7us 953.5 D.425 0.251 0.726 953.0 0.406 0.2u8 0.702 $52.5
952.0 0.355 C.238 0.6u44 951.5 0.331 0.232 0.613 951.0 0.308 0.225 0.583 950.5
Q50,0 0.269 C.211 0,529 au9.5 N.252 0.2N4 0.5Cé 9u9.0 0.237 0.199 0.uBB 9u8.5
948.0 9,214 0.19C 0.u53 947.5 0.204 0.187 0.441 947.0 0.197 0.185 0,632 9u6.5
Qu6.0 D.185 C. 184 0,419 45,5 0.1E1 0,185 0.415 945.0 0.177 0.186 0.413 994.5
94,0 D.172 0.149C A.u12 Qu3.s N.170 0.192 0.412 943.0 0.769 0.194 0,413 ay2.5
982.0 0,166 0.198 0.414 9u1.5 0.165 0.199 0.414 941.0 0.163 0.200 0.413 9u0.5
un.0 0,160 C.201 0.411 939,5 N.158 0.200 0.u0B 939.0 0.156 0.199 0.405 938.5
933.0 2.151 0.195 0.396 @37.5 0,148 0,192 0.390 937.0 0.145 0.189 0,384 936.5
976.0 7,139 (0.181 0.369 935.5 0.136 0.176 0.362 935.0 €.133 0.171 0,353 93a.5
Q3u.D 0.127 0.160 0,337 9331.5 0,125 D.154 C.329 923.C C.123 0.148 0,321 932.5
Q32,0 0,119 0,137 N.306 931.5 M. 7118 0.13Y 0.299 931.0 0.118 0.126 0,294 930.5
937.0 3,118 0.137 D.286 929.5 0.120 0.114 0.283 929.0 0.121 0.111 0.282 928.5
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92u.0 0,993 0.138 0.381 923.5 0.2C7 C.145 0.601 923.0 0.221 0.151 0,622 922.5
922.C P.250 C. 161 0.461 a21.5 N,263 0.164 0.477 921.0 0.273 0.1686 0.089 920.5
Q20,0 9,290 C. 165 0.u95 919,.5 0.276 D.163 D0.u489 919.0 0.268 0.15E 0.u476 918.5
918.0 J3.282 0. 140 D.ulé 917.5 £.225 D.136 0.411 917.0 0.208 0.126 0. 384 916.5
916.0 7.175 0,105 N, 330 915.5 N.160 0,094 0.304 915.0 0.147 0.083 0,279 914.5
S1u.0 0,123 0, PRZ 0.235 913.% 0.1131 0.C53 0.216 913.0 0.104 0,045 0,198 912.5
912.0 0.CPR 0.03C 0.169 211.5 0.082 0.025 0.157 911.0 0.076 0.D20 0. 146 910.5
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0.039 0.00C 0.089
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n,104 0.034 0.1RA
0.1u45% 0.060 0,255
0.201 ¢.086 0.337
0.2u4 0.100 D.398
C.245 0.097 0.393
0.213 06.082 0. 345
0.195 0.070 0.315
0.205 0.079 0.333
0.247 0.7116 0.413
0.327 0.172 0.5u9
0,423 0.225 0.697
0.452 0.251 €, 752
0.380 0.244 0.674
0.287 0.218 0.555
0.224 0.194 0.u68
0.190 0.184 0.u24
0,174 c.188 0.412
0.167 0.196 0.413
N.162 0.201 0,412
0.153 0.197 C.uC1
0.142 0.185 0.1377
0.130 0.165 0.3uS
0.121 0.142 0.313
0.118 0.121 0.269
0.124 0.109 0.283
0.1643 0.113 C£.306
0.180 0.132 0.363
0.236 0.156 0.4u2
0.279 0.167 0.495
0.256 0.152 0.45E
0.191 0.115 0.1357
0.134 0.072 0.256
0.096 0.€37 0.1P3
0,671 C.06 D.137




910.0 0.066 C.012
908.0 0.052 n,.004
906.0 0.042 0.CON
904.0 N.N3u D.DOC
9n02.¢ 0.029 C.000

n.128
0.106
0.093
0.085
0.079

909.5
W71.5
905.5
9C3.5
901.5

e.r62 0.009
0.nus 0.003
0.080 0.001
0.033 0.CO0
0.028 0.C00
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G.121
0.102
0.090
0.083
0.078

909.0 0.058
907.0 0.0u6
905.0 0.038
9€3.0 0.031
901.0 0.027

CAUCHY,GAUSS, AND THE SUMMED ORCIMATES ARE LISTED COMSECUTIVELY.

0.007
0.002
0.001
0.000
0.000

0.115
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0.088
0.082
0.077

908.5 0.055
906.5 0.0u44
904.5 0.036
902.5 0.030
900.5 0.026

0.005
¢.002
0.000
0.000
0.cCo0

0.110
0.09¢E
0.CBB
0.08C
0.076
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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 experi-
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)).

e . e . e S . o .
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PROGRAM XV (PC—-128) OUTPUT |
50

: 7L\W,LW/\V
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g
-—

-50 1
1250 1200 1160

WAVENUMBER(CM™!)

I"iqg. 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) ODUTPUT 2

10
5 -
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E
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R
R
0
R
__5 -
-10
1250
Pi). 4

1200 1150

WAVENUMBERI(CM™ )

lligh 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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O6RAM XV (PC-—-l128) 0OUTPUT -]

30 +—

N 4

DOoODIM ~—Tw-—-=

P A

|

1200 1160

WAVENUMBER(CcM ™)

"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 also 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 61I5.
They are NDATA, IDECK, NP1, NP2,NOISAN,IN. Of
these, NDATA and IDECK have the same connotation
as for Basic Optimization Program (p. 11).

NP1 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 cm.”! T x 1000
IN=2 wavenumber cm.”! x 10 T x 1000
IN=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 l::‘.ta:cting wavenumber of the first curve
iR emss " . ;
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WB2 is the starting wavenumber of the second curve
in cm.”t.

WI is the constant wavenumber interval in cm.~'.
This is positive for a diminishing wavenumber
sequence.

WB1 and WB2 must be chosen so that the absolute value of
WB1-WB2 does not exceed 100 x WI.

Card Deck 5 is the data deck of the first spectrum consisting
of NP1 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 control of IN. There are four output
formats under +the control of IXIT. In all cases the abscissal
units are cm.”! x 10. 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 tocm.”! x 10 and transmittance x 1000 prior to
numerical analysis. Between statements 13 and 19 the starting
wavenumber 1is 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 programbranches
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 IY¥3 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 Y1 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 Y1-Y3 and the noise corrected mis-
match ¥3-Y4. These are calculated in the DO loop ending at
statement 311 and are stored in the arrays Y1l 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 guantities 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 B.N.JONES,DIVISION OF CHEMISTRY, NATIONAL KESEARCH
COUNCIL OF CANADA,SUSSEX DRIVE,OTTAWA,CANADA.

PROGRAM XV (PC-128) JULY 29TH. 1967

THIS IS A PROGRAM FOR SUBTRACTING ONE SPECTHUH FEOM 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 BEANCH WHICH WILL SEPARATE THE ERROR COMEONENT
ORIGINATING IN THE NOISE ON THE EREAL SPECTRKUM FEOM THE
MATHEMATICAL MISFIT OF THE SYNTHESIZED CURVE.

THE INPUT ABSCISSAL SCALE CAN BE EITHER CHM.-1 OE 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 I IN CcM.-1 Y IN T X 1000.

IN=2 X IN CM.-1 X 10. Y INT X 1000.

IN=3 X IN CM.-1 Y IN ABSORBANCE UNITS.
IN=4 X IN CM-1 X 10. Y IN ABSORBANCE UNITS.
IN=5 X IN CM-1 Y IN TRANSMITTANCE.
IN=6 X IN CM-1 X 10. Y IN TRANSMITTANCE.

FOUR OUTPUT FORMATS AEE PEOVICED.
OUTPUT CONTROL

IXIT=1 X IN CH.—-1 X 10. Y AS DIFFERENCE IN T X 1000.
IXIT=2 X IN CH.=1 Y AS DIFFEKENCE IN ABSORBANCE.
IXIT=3 X IN CH.=V X 10, Y AS RELATIVE DIFFEEENCE 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.
NOEMALIZED WITHIN THE PRANGE
+200 TO +800.

290
300
319
320
330
340
350
360
370
380
290
400

410

420

430

440

459
u60
470

480

490

500

510

520

530

540
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10

11
12

100

101

102

110
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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 BEIWEEN THE TWO
DATA DECKS. THIS IS A CONVENIENCE TO PREVENT THE OVER-RUN OF
'DATA IN THE EVENT THAT NP1 HAS BEEN PUNCHELD INCORRECTLY.

IT IS HELPFUL TO LIST IXIT ON A CARPD OF DIFFERENT CCLOR.

THIS PROGRAM IS DIMENSIONED FOR 2000 DATA EOINTIS ON EACH CURVE

THE INPUT WAVENUMBER SEQUENCES ARE CHECKED BY SUEROUTINE SCRT AND
THE WAVENUMBER SCALES ALIGNED.

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

DIMENSTION IX1(2000),TX2(2000),X1(2000),%X2(2000),Y1(2000),Y2(2000),
1¥3(2000) ,Y4 (2000) ,TY1(2000) ,1Y2 (2006) ,I¥3(2000) ,HEAD1(20) ,HEAD2 (20

2)

EQUIVALENCE (X1(1),IX2(1),Y3(1)),(X2(1),I¥3(1),Y4(1))
IRD=1

IPCH=2

IPRNT=3

WRITE (IPRNT,400)

READ (IRD,U01) HEAD1

READ (IFD,4017) HEAD?2

READ (IRD,402) NDATA,IDECK,NP1,NP2, mo:san 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 (100,12,110,12C,710,120) ,IN

READ (IRD,404) (IX1(I),IY1(I),.I=1,NE1)

READ (IRD,402) IXIT i

READ (IRD,404) (IX2(I),IY2(I), I=1,NP2)

GO TO 13

READ (IRD,425) (X1(I),IY1(I),I=1,NP1)
READ (IRD,402) IXIT

READ (IRD,825) (X2(I),IY2(I),I=1,NP2)
DO 101 I=1,NP1

IX1(I) =X1(I)*10.0+0.5

DO 102 I=1,NP2

IX2 (I)=X2(I) *10.0+0.5

GO TO 13

READ (IRD,426) (X1(I),Y1(I),I=1,NP1)
READ (IRD,402) IXIT
READ (IRD,426) (X2(I),Y2(I),I=1,NP2)
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920
930
940
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IF (IN.EQ.5) GO TO 113

po 111 I=1,NP1

IX1(I)=X1(I)*10.0+0.5
IY1(I)=EXP(=2.30258%Y1(I))*1000.0+0.5
DO 112 I=1,NP2

IX2(I)=X2(I)*10.040.5

IY2 (I)=EXP (=-2.30258%Y2(I))*1000.040.5
GO TO 13

DO 114 I=1,NP1

IX1(I)=X1(I)*10.0+0.5

I¥Y1(I) =Y1(I)*1000.G+0.5

DO 115 I=1,NP2

IX2(I)=X2(I)*10.0+0.5

IY2(I) =Y2(I)*100C.0+0.5

GO TO 13

READ (IRD,420) (IX1(I),Y1(I),I=1,NP1)
READ (IRD,402) IXIT

READ (IRD,420) (IX2(I),Y2(I),I=1,NP2)
IF (IN.EQ.6) GO TO 123

DO 121 I=1,NP1
IY1(I)=EXP(-2.30218%Y1(I))*1000.040.5
DO 122 I=1,NP2

I¥Y2(T) =EXP(-2.30218%Y2(I))*1000.0+0.5
GO TO 13

DO 124 I=1,NP1
IY1(I)=Y1(I)*1000.0+0.5

DO 125 I=1, NP2

IY2(I) =¥2(I)*1000.0+0.5

IF (WB2.GT.WB1) GO TO 14
WB=WB2

GO TO 15

WB=WB1

IF (NP2.LE.NP1) GO TO 17
NP=NP1

GO TO 18

NP=NP2

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,406) NP,WB,WI

IN THIS SECTION THE WAVENUMBER SEQUENCES OF THE TWO CAPD DECKS ARE
CHECKED AGAINST ONE ANOTHER. IF R 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.

IWNI=WNI*10.0+0.5
IWB=WE*10.0+0.5
K2=1

THE TWO DECKS

1090
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IF (IX1(K2)-IWB) 22,23,24
ARITE (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

po 30 I=1,NP
IX1(I)=TX1(K2)

IV1(I) =IY1(K2)

K2=K2+1

WRITE (IPBNT,4C8)

K2=1

IF (IX2(K2) -IWB) 31,3€,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(I) =IX2(K2)

IY2(I)=IY2(K2)

K2=K2+1

WRITE (IPRNT,410)

ISKIP=1

DO 44 I=1,NP

IF (IX1(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,417)

CALL SORTY4 (IX1,IY1,WB,WI,NP,IPRNT,KLENUP,IWB,IWI)
IF (KLENUP.EQ.2) GO TO 32
WRITE (IPENT,U412)

WRITE (IPRNT,413)

CALL SORT4 (I¥X2,IY2,WB,WI,NP,IPRNT,KLENUP,IWB,IWI)
IF (KLENUP.EQ.2) GO TO 32
WRITE (IPRNT,414)

ISKIP=2

GO TO 50

WRITE (IPRNT,415)

GO TO 32

«% EVALUATION OF THE DIFPERENCF IN UNITS OF TRANSMITTANCE X 1000.

WRITE (IPRNT,U416)
DO 161 I=1,%P
I¥Y3(I)=IY1(I)-1¥2(I)
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YY=FLOAT (IY3(I))

IF (ABS(YY) .LE.ABS(AMAY)) GO TO 162
AMAY=YY

MAX=IX1(I)

SUM=SUM+YY

DIS=DIS+YY*YY

AVE=0.001%SUM/NP

DIS=0.000001*DIS/NP

DIS=SQRT (DIS)

AMAX=MAX*0.1

AMAY=0.001%AMAY

IF (IDECK.EQ.1) GO TO 165

WRITE (IPCH,4C4) (IX1(I),I¥3(I), I=1,NP)
WRITE (IPRNT,U36)

WRITE (IPRNT,418) (IX1(I),IY3(I), I=1,NP)
WRITE (IPRNT,417) AVE,DIS,AMAX,AMAY
WRITE (IPRNT,U430)

GO TO 300

Fuckxwkk®x EVALUATION OF THE DIFFERENCES IN ABSORBANCE UNITS *%kkkkxk

WRITE (IPRNT,419)
DO 202 I=1,NP

YY=ALOG10 (FLOAT (IY2(I)))-ALOG10 (FLOAT (I¥1(I)))
Y3 (I)=YY

IF (ABS(YY) .LE.ABS (AMAY)) GO TO 201
AMAY=YY

MAX=IX1(I)

SUM=S5UM+YY

DIS=DIS+YY*YY

AVE=SDUM/NP

DIS=DIS/NP

DIS=SQRT (DIS)

AMAX=MAX*0. 1

IF (KLENUP.EQ.1) GO TO 204

DO 205 I=1,NP

X2(I)=IX1(I)*0.1

CONTINUE

IF (IDECK.EQ.1) GO TO 203

WRITE (IPCH,420) (X2(I),Y3(I),I=1,NP)
WRITE (IPRNT,436)

WRITE (IPRNT,421) (X2(I),¥3(I),I=1,NP)
WRITE (IPENT,417) AVE,DIS,AMAX,AMAY
WRITE (IPBNT,435)

GO TO 300

kk¥okix EVALUATION OF NOFPMALIZED TRANSMITTANCE DIFFERENCES WITH THE
MAXIMUM OR MINIMUM = 1000, % skok oo g o aoiodok o ok ook ook o sokokokok ok

NMIN=100

NMAX=-100

DO 211 I=1,NP
IY3(I)=IY1(I)-IY2(I)
NMIN=MINO (NMIN,IY3(I))
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NMAX=MAXO (NMAX,IY3(I))

IF (IXIT.EQ.4) GO TO 220

WRITE (IPRNT,L22)

IFP ((NMAX+NMIN).GT.0) GO TO 213
SLOPE =—-1000.C/NMIN

GO TO 214

SLOPE=1000.0/NMAX

DO 216 I=1,NP

YY=FLOAT (IY3 (1))

IF (ABS(YY) .LE.ABS(AMRY)) GO TO 215
MAX=TX1(T)

AMAY=YY

SUM=5UM+YY

CIS=DIS+YY*YY
I¥Y3(L)=TY3(I)*SLOPE

GO TO 163

#%%%%% EVALUATION OF TRANSMITTANCE DIFFERENCES NORMALIZED TO A
SCALE OF + 200 TO + 800. e o 3 o 38 Ko o s 3 e e ke e e o o o ok ok ok o kol ol Rk sk ok ke ke

THIS ORDINATE FANGE IS CONVENIENT FOR PLOTTING DIFFERENCE SPECTRA
FOR VISUAL DISPLRY ON A GRID SCALED FROM ZEEO TO 1000.

WRITE (IPRNT,423)

SLOPE=600.0/ (NMAX-NMIN)
CEPT=200.5-SLOPE*NMIN

WRITE (IPENT,424)NP,NMIN,NMAX,CEFT,SLOPE
DO 230 I=1,NP

YY=FLOAT (I¥3 (1))

IF (ABS(YY).LE.ABS(AMAY)) GO TO 221
MAX=IX1(I)

AMAY=YY

SOM=SUM+YY

DIS=DIS+YY*YY

IY3 (I)=CEPT+SLOPE*IY3 (I)

GO TO 163

ok ok ok gk kokok kR Rk Rk kokkkk ERROR ANALYSTIS ok sk sk ok ok ok ook o o o o ok ok o 3 o e e e

BOTH THE EXPEPRIMENTAL AND THE CALCULATED CUKVES ARE SMOOTHED
WITH A FIVE POINT QUADRATIC CONVOLUTE FUNCTION.

THE HIGH FREQUENCY COMPONENTS ELIMINATED FROM THE TRUE CURVE BY
SMOOTHING ARE OBTAINED FBOM THE ORDINATE DIFFERENCES IN THE
TRUE CUPVE BEFORE AND AFTER SMOOTHING. THESE ARE EQUATED WITH
THE NOISE ERROR.

THE NOISE-CORRECTED CURVE MISFIT EPROR IS EQUATED WITH THE
DIFFEEENCE BETWEEN THE TRUE AND CALCULATED CURVES AFTER EACH
HAS BEEN SUBJECTED TC THE SMOOTIHING ROUTINE.FOR A GRAPHICAL
ILLUSTRATION ANLC DISCUSSION SEE CANADIAN J.CHEM. FIG.7
PAGE 3045 VOL.44 (1966).

IF (NOISAN.EQ.1) GO TO 32

ISKIP = 1

G0 TOo (310,305,310,305),IXIT

WRITE (IPRNT, a27;
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GO TO 32 3250

310 NNP=NP-2 3260
Do 311 TI=3,NNP 327¢
IIS=-3*(IY1(I—2}+I¥1(I+2)]+12*{IY1(I-1)*IY1{I+1}]+1?*IY1(II 3280

Y3 (I)=C.285714E-1*IYS 3290
IYS=—3*(IY2(I-?}+IY2{I+2}}+12*(I!2(I—1}+IY2(I+1]}+17*IY2(I} 3300

YU (I)=0.2857 14E-1*IYS 3310
Y1(I)=IY1(I) 332¢C

Y2 (I)=1IY2 (1) 3330
YA(I)=Y1(I)-¥3 (D) 23u0

Y2 (I)=Y3 (I)-Y4 (1) 3350

311 CONTINUE 3360
321 MAX=0 3270
AMAY=0.0 3380
SUM=0.0 3390
DIS=0.0 up0

IF {IXIT.EQ.ZH GO TQ 350 - 3410

DO 325 T=3,NNP 3420
YY=Y1(1) ; 3430

IF (ABS (YY}.LE.ABS(&H&Y]] GO TO 322 3u40
AMAY=YY 345¢

MAX = IX1(I) 3460

322 SUM=SUM+YY 3470
325 DIS=DIS+YY*YY 3480
AVE=0.001%*SUM/NNP 3490
DIS=0.000001*DIS/NNP 3500
DIS=SQRT (DIS) 3510
AMAX=MAX*0.1 3520
AMAY=0.001%AMAY 3530

GO TO (330,3&0} + ISKIP 3540

330 WRITE (IPENT,428) 3550
WRITE (IPRNT,U438) 3560
WRITE (IPRNT,437) (IX1(I),Y1(I),I=3,NNP) 3570
WRITE (IPRNT,417) AVE,DIS,AMAX,AMAY 3580

IF (IDECK.EQ.'I) GO TO 333 3590
3600

WRITE (IPCH,432)
WRITE (IPCH,U39) (IX1(I),¥31(I),I=3,NNP) 3610
333 ISKIP=2

DO 334 TI=3,NNP 3630

334 Y1(I)=Y2(1) 3640
GO TO 321 3650

360 WRITE (IPRNT,429) 3660
WRITE (IPENT,428) 3670
WRITE (IPPNT,437) (IX1(I),Y2(I),I=3,NNP) 3680
WRITE (IPRNT,417) AVE,DIS,AMAX,AMAY 3690

IF (IDECK.EQ.1) GO TO 32 3700
WRITE (IPCH,H433) 3710
WRITE (IPCH,439) (IX1(I),Y2(I),I=3,NNP) 3720

GO TO 32 3730
3740

x%*% ERPOR ANALYSIS WITH NORMALIZATION OF MAX.ORDINATE = 1000. *=** 3750
3760

350 DO 356 I=3,NNP 3770
3780

YY=Y1(1)
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363
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400 FORMAT ('1PITHA AND JONES,BAND FIT ERROR ANALYSIS AND CURVE SUBTRA

401
uo2
403
uou
405
406
407
ues
409
410
411
412
413
41y
u15
u16
417

— 2=

IF (ABS (YY) .LE.ABS(AMAY)) GO TO 355
AMAY=YY

MAX=IX1(I)

SUM=SUM+YY

DIS=DIS+YY*YY

IY1(I)=Y1(I)*SLOPE+0.5
AVE=0.001*SUM/NNP

DIS=0.000001*DIS/NNP

DIS=SQRT (DIS)

AMAX=MAX*C. 1

AMAY=0.001%AMAY

GO TO (360,370),ISKIP

WRITE (IPENT,U430)

WRITE (IPRNT,418) (IX1(I),IY1(I),I=3,NNP)
WRITE(IPRNT,417) AVE,DIS,AMAX,AMAY

IF (IDECK.EQ.1) GO TO 365

WRITE (IPCH,u432)

WRITE (IPCH,u0u4) (IX1(I),IY1(I),I=3,NNP)
GO TO (361,370),ISKIP

ISKIP=2

DO 363 I=3,NNP

Y1(I)=Y2 (D)

MAX=0

AMAY=0.0

SUM=0.0

DIS=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) (IX1(I),IY1(I),I=3,NNE)
GO TO 32

1CTION. /)

FORMAT (20A4)

FOPMAT (615)

FORMAT (3F15.5)

FORMAT (B (I5,I4,1X))

FORMAT (1X, 20AU)

FORMAT (*0*,10%,2HNP,IS,15X,2HWB,F8.1,11X,2HWI,F5.1)
FORMAT ('OERROR IN STARTING WAVENUMBER OF FIRST CURVE.')
FORMAT (*OSTARTING WAVENUMBER OF FIRST CURVE ADJUSTED.')
FORMAT ('OERROP IN STARTING WAVENUMBER OF SECOND CURVE.
FORMAT (*OSTAETING WAVENUMBER OF SECOND CURVE ADJUSTED.
FORMAT ('CFIRST CARD DFECK. ")

FORMAT ('CFIRST CARD DECK HAS BEEN CHFCKED.')

FORMAT ('OSECOND CARD DECK.')

FORMAT ('CSECOND CARD DECK HAS BEEN CHECKED. ")

)
)

FORMAT ('OSUBEOUTINE SORT HAS FAILED TO ALIGN THE INPUT DATA.")

FORMAT ("COBDINATES AKE AFSOLUTE TRANSMITTANCE X 1C00'/)

FORMAT (//5X,9HAVERAGE =,E13.5,5X, 13HDISCREPANCE =,E13.5,5X, THMAX
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427 FORMAT
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1X =,F7.1,5X, THMAX Y =,F8.5))
FORMAT (9(4X,2I5))

FORMAT ('CORDINATES ARE ABSORBANCE DIFFERENCES.'/)

FORMAT (6(F6.1,F6.3,1X))

FORMAT (9(1X,F6.1,F7.3))

FORMAT ('CORDINATES NORMALIZED TO MAX.ERROR=1000.'/)

FORMAT ('OORDINATES NORMALIZED TO RANGE +800 TO +2CC'/)

FORMAT (1CX, 3HNP=,I5,5X,SHNMIN=,I5,5X,5HNMAX=,15,5X,5HCEPT=,F6.2,
15X,6HSLOPE=,F6. 2)

425 FORMAT (7(F6.1,I4,1X))

426 FORMAT (6 (F6.1,F6.3,1X)) \

17)

428 FORMAT (*'1

429 FORMAT ('1

430 FORMAT ('1
431 FORMAT (*'1

432 FORMAT

(*CERROR ANALYSIS DOES NOT OPEEATE ON THIS G#DINATE SCALE.'

NOISE ERBOR. === == o e e e e e e e o
o l/)
CUBVE MISFIT EFROR.=——= =~ oo e e
______________________________________________ ’/)
NOISE EREOR ON SCALE OF MAX.TOTAL EREKOR = 1000.----—-—-

e o e e e i i e e -t

CURVE MISFIT ERROR ON SCALE OF MAX. TOTAL ERROR = 1000.

o e e e a1 )

(*HOISE ERROE COMPCNENT')

433 FORMAT (*NOISE CORRECTED CURVE MISFIT ERROR') .
434 FORMAT (/5X,"AVERAGE,DISCEEPANCE,AND MAX Y ARE IN UNITS OF TRANSMI

1TTANCE. ")

435 FORMAT (/5X,*'AVERAGE,DISCREPANCE,AND Y MAX ARE IN ABSORBANCE UNITS

436 FORMAT (//"

1.%)

437 FORMAT (8(2X,I5,1X,F6.1))
438 FORMAT ('OORDINATES ARE ABSOLUTE TRANSMITTANCE X 1000.0'/)

439 FORMAT

END

(6 (I5,F7.2,1X))
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SUBROUTINE SOFT4 (IX,IY,WB,WI,NP,IPENT,KLENUP,IWB,IWI)

SUBROUTINE SOPT CHECKS FOR ERRORS IN THE INPUT WAVENUMBER DATA.

A LIMITED NUMBER OF WAVENUMBEE SEQUENCF EREFORS AEE CORRECTED
BUT SEQUENCE ERRORS IN EXCESS OF 160 DATA POINTS (20 CARDS)
OP ANY OTHER TYPE OF WAVENUMBER EPROR WILL TERMINATE THE
COMPUTATION,AS ALSC WILL A DISCREPANCY BETWEEN IWB AND THE
STARTING WAVENUMBER.

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

IF CORRECTIONS APE MADE THE CORRECTED INPUT DATA ARE LISTED IN FUL

IF A TERMINATING ERFKOR IS FOUND THE UNCORRECTED INPUT DATA ARE
LISTED IN FULL.

DIMENSION IX (2000),IY(2000),ITEMPX (160),X1(16C),ITEMEY (160)

MM=1

DO 11 I=2,NP

IW=IWB-IWI* (I-1)

IF (IW.EQ.IX(I)) GO TO 11

XX=TX(I)

TEST=(WB-0. 1%*XX) /WL

NTEST=TEST+0.005

IF (ABS(TEST-NTEST).GT.0.005) GO TO 12

ITEMPX (MM) =IX(I)

ITEMPY (MM)=T1Y (I)

MM=MM+1

IF (MM.GT.160) GO TO 13

CONTINUE

IF (MM.GT.1) GO TO 14

WRITE (IPRNT,451)

KLENUP=1

RETURN

XX1=IX(I-1) *0.1-WI

WRITE (IPRNT,452) XX1

KLENUP=2

RETUERN

WRITE (IPRNT,453)

WRITE (IPRNT,455) (IX(I),IY(I), I=1,NP)

GO TO 16

NN=MM-1

DO 17 MM=1,NN

K1=1+ (INB-ITENPX (MM))/INT

IX (K1) =ITEMPX (MM)

IY (K1) =ITFMPY (MM)

X1 (MM) =IX(K1)%0.1

WRITS (IPFNT,450) (X1(MM),MM=1,NN)

WRITE (IPRNT,454) (IX(I),IY(I),I=1,NP)

GO TO 15

FOPMAT ('04AVENUMBER CORRECTIONS AT'/,12(2X,F6.1,2X))

FOEMAT ('CNO ERBORS. ')

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

FORMAT ('OTERMINATED BY MULTIPLE WAVENUMBER SEQUENCE ERRORS.')

4660
ug70
4680
4630
u700
4710
4720
u730
4740
4750
4760
4770
4780
4790
4800
4810
u820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
4950
4960
4970
u980
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 (4X,215)) 5200
455 FORMAT (*OUNCORRECTED INPUT.'/,9(4X,2I5)) 5210
5220

END
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PITHA AWD JOWES,BAND FIT ERPOR ANALYSIS AND CUPVE SUBTRACTION.

APRIL 28TH 1969 PROGRAN XV (PC-128) IXIT=1 MOISAN=2
TEST BUM QN CYCLOHEXAMOME SPECTPUAM AS COMPUTED BY THE PRODUCT PUNCTLION.

uF 208 s 12%1.0 ®I 0.5
OPDINATEZS ARE ABSOLUTE TRANSAITTANCE X 1000

DIPFERZMCE SPPCTRUM. -

12910 -9 1250% -9 12500 -9 1289% -8 1289¢ -9 12889% -9 12080 -8 12072 =7 12870 -4
12865 -3 12660 -3 12455 -3 12850 -3 12048 0 12480 L 12415 5 12836 L] 12425 3
12820 o 12415 -3 12u10 -9 12405 -3 12400 -1 12395 -1 12390 -2 12385 =3 12180 -4
12378 -a 12370 -2 12365 -2 12360 0 12355 1 12350 2 12345 0 123aC - 12235 =7
12130 -7 12325 -6 12320 -4 12315 -2 12310 -3 12305 - 12300 -4 12295 -3 122990 =3
12238 -3 12280 -8 12275 -1 12270 1 12265 & 12260 5 12255 5 12250 7 12245 L}
12240 ] 12235 L] 12240 3 12225 3 12220 2 12215 0 12210 -a 12205 =9 12200 =11
1219% - 12190 -7 12185 -2 12180 2 12175 9 12170 12 12165 12 12160 a 12155 3
12150 1 12165 0 12140 -1 12135 0 12130 o 12125 =1 12120 -3 12115 -7 1Z11¢ -1
12195 -%3 12900 =12 12095 -0 12090 -8 12085 -8 12080 =10 12075 =13 12070 =1a 12065 =14
12060 =15 12655 =17 12050 -20 12045 =21 12040 =19 12035 =17 12030 =15 12625 =15 12020 =1t
12015 =18 12010 =16 12005 =16 12000 =16 11995 =16 11990 -15 11985 =1a 119680 =14 11575 =14
11970 =1a 11965 =13 11960 =12 11955 =13 11950 =18 119485 -1a 11900 =13 11935 -1 11930 =1C

11915 =10 1190 =11 11915 =9 11910 -9 11905 -8 11900 -9 11895 =10 11890 =32 11885 =12
1inan =13 11875 =11 11870 -11 11865 =10 11860 =10 11855 =9 11850 -9 11845 =10 11k4G =12
ARLD L IES ] 11830 -11 11825 -10 11820 -1 11815 =11 e - 11805 =11 11800 =10 11795 =10
11790 =-10 11785 =10 11780 =10 11775 =10 11770 =9 11765 -7 11760 -5 11755 -4 11752 =5
1175 -7 11740 -7 11735 -5 11730 -8 11725 -5 11720 -6 11715 -7 11710 -7 11795 -5
11700 -3 11655 -2 115690 -4 11685 -8 11680 =12 11675 =15 11670 -1a 11665 =13 1166C =12
11655 =1 11650 =15 11685 =15 11640 =13 11635 =12 11630 -1 11625 =11 11€20 =11 11615 =11
11810 =11 11605 =11 116rCc =11 11565 =10 11590 =9 11585 =7 11580 -7 11575 =7 1157¢ -8
11958 -8 11560 -6 11555 -5 11550 =5 11585 =7 11500 -9 11535 -8 11530 -6 11525 -3
11520 -3 11515 -3 11510 -8 11505 -N 11500 =3 11895 -1 11890 =1 11885 =3 11830 -4
11875 -3

AVERAGE = -0.66027E-02 DISCREPANCE = 0.913682~02 BAK X = 1204.5 nAl T ==0.02100

AVERAGE,DISCREPANMCE,AMD #AX Y ARE IN UMITS OF TRANSAITTANCE.
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WOISE ERROR.-

ORDINATES ARE ABSOLUTE TRANSHITTANCE X 1000.0

12500 0.0 12895 0.2 12490 0.0 12485 =0.1 12480 0.0 1zu75 -0.3 12470 0.3 12485
126460 0.2 12455 0.0 12450 =0,4 12445 0.1 12840 0.1 12435 0.3 12630 -N.8 12425
12620 =0.3 12415 0.3 12410 -0.5 12405 0.2 12600 0.0 12395 0.3 12390 -0.2 12385
12389 -0.1 12375 -0.2 12370 0.3 12365 =0.3 1:360 0.0 121355 =-0.1 12350 0.3 123u5
12340 n.2 12315 -0.4 12330 0.2 12325 -0.2 12320 0.1 12315 0.2 12310 0.0 12305
12300 -0.3 12295 0.0 12290 0.3 1228% 0.1 1:280 -0.5 12275 0.2 12270 0.0 12265
12200 0.2 12255 =0.3 2250 0.2 12245 =0.1 1224 0.3 12235 0.1 12230 -0.3 12225
13220 0.1 12215 0.2 12210 0,3 12205 -0.5 12200 -0.1 12195 0.7 12190 0.1 12185
12180 =0.1 12175 0.2 12170 0.3 12165 0.1 12160 0.1 12155 -0.3 12150 0.2 12145
12140 =0.1 12135 =0.1 12130 0.3 12125 =0.1 12120 0.1 121015 0.2 12110 -0.3 12105
12101 0.0 12095 0.0 12690 -0.1 12085 0.4 12080 e.0 12075 -0.5 12070 0.3 12065
12060 0.5 12055 -0.2 12050 0.0 1z045 =0.2 12040 =0.1 12035 0.7 12020 0.2 12025
12020 0.0 12015 =0.3 12010 0.3 12005 =0.1 12000 0.0 113945 0.1 11950 =-0.3 11585
11980 0.2 1197s -0.3 11970 0.1 11965 =0.2 11960 0.3 11355 -0.1 11950 -0.1 11945
11940 -0.2 119135 0.2 11930 C.0 11925 0.3 131920 =05 11915 0.4 11910 -0.4 11905
11900 0.0 11895 0.0 11890 -0.2 11885 0.3 11880 -0.4 11875 0.3 11870 -0.1 11865
11860 0.0 11955 -0.2 11850 0.3 11845 0.2 11840 -0.3 118315 -0.3 11830 6.3 11825
11820 -0.1 11815 0.1 118M -G.2 11805 0.0 11800 N.2 11765 6.0 11790 -0.3 11785
11782 0.0 11775 =-0.1 11770 0.0 11765 -0.3 11760 0.3 117155 0.7 11752 0.2 11745
11740 -0.3 11735 0.3 11730 0.0 11725 0.1 11720 0.0 11715 0.0 11710 -0.3 11735
11700 =0.1 11895 0.3 11690 0,1 11€85 0.0 11680 =0.1 11675 -0.3 11579 0.3 11665
11660 0.6 11655 -0.3 11650 0.1 11645 =0.3 11640 0.3 11635 -0.2 11630 0.2 11625
11620 0.0 11615 0.0 11610 0.0 11605 0.1 116400 =0.2 11595 0.2 11590 -0.3 11585
11582 0.0 11575 0.Cc 11570 0.0 115865 -0.3 11560 =0.1 11555 0.4 11550 =-0.1 11545
11549 -0.4 11535 0.1 11530 =0.1 11525 0.3 11520 -0.3 11515 0.3 11510 =-0.2 11505
11500 0.0 11895 0.0 11a90 0.3 11485 0.1

AVERAGE = (.27860E-05S DISCREPANCE = 0.22315E-03 FAX X = 1166.0 HAL T = 0.00060
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COAVE AISPIT ERROR. ==== === === e e e o oo e e e e

ORDINATES ARE ABSOLUTE TRANSHITTANCE X 1000.0

12500 -A.7 12495 -8.5 12u90 =-8.7 12485 ~8.9 12480 -8.3 12875 -6.5 12470 -W.u4  12u65 -3.0
12860 =2.9 12455 =3.3 12u50 -2.6 12uu5 0.2 2400 3.6 12u35 4.9 120130 B.3 12425 2.6
12020 0.3 12415 -2.3 12u1) -3.6 12405 -2.9 12400 -1.3 12395 -1.0 12390 -1.9 12385 =-3.1
12380 -4.0 12375 -3.6 12370 =2.7 12365 -1.4 12360 -0.3 12355 1.3 12350 1.7 12345 -0.2
123400 -3.9 12135 -6.7 12330 =T.2 12325 -5.9 12320 =38 12315 -2.5 12310 -2.8 12305 =-3.9
12300 =3,9 12295 -2.9 12240 =2.3 12285 -3,2 12280 -3.2 12275 " -1.6 12270 1.4 12265 3.7
12262 4.8 12255 5.5 12250 6.7 12245 8.1 12240 7.8 12235 5.7 12210 3.7 12225 2.7
12220 2.1 12215 =0.2 221D -4.3 12205 -8.7 12200 -10.6 12195 -9.4 12790 -7.1 12185 =-3.7
12180 2.3 1215 8.5 12170 12.2 12165 11.7 12160 7.9 12155 3.5 12150 0.9 12145 -0.13
12102 -0.6 12115 -0.3 12130 0.0 12125 -0.9 12120 -3.31 12115 -7.0 12110 -10.9 12105 =12.7
12100 =12.1 12095 -9.9 12090 -8.2 12085 -8.1 12080 -10.2 12075 -12.7 12070 ~-13.9 12065 -14.2
12060 =15.0 12055 =-17.3 12C50 -19.8 120645 =-20.7 12080 -19.3 12035 =-16.8 12030 -15.3 12025 =-15.1
12022 =15.7 12015 -16.1 12010 -16.0 12005 -16.C 12000 -16.1 11995 =15.8 11990 -15.0 11985 -14.2

11990 -13.,9 11975 =fu.1 11970 -13.B 11965 =-12.9 11960 -12.3 11955 =-12.9 11950 ~13.9 11945 -14.0
11980 =12.A4 11935 =11.2 119310 -10.0 11925 =-10.3 11920 =-10.2 11915 -9.7 1910 -8.5 11905 -8.4
1120 -8.7 11895 -10.3 11%0 -11.5 11885 =-12.6 11880 =-12.2 11875 =-11.7 11870 ~-10.6 118nr5 =-10.3
11861 =-2,7 11855 -9.2 11850 -9.0 11845 -10.2 711880 ~12.0 11835 -12.5 11837 -11.3 11825 =19.3
11827 =12.7 11415 =-11.1 11810 ~11.1 11805 -10.7 11800 =10.3 11795 -9.9 11780 -10.0 11785 =10.0

11782 =10.1 11775 -9.9 117710 -8.9 11765 =7.0 11760 =5.0 11755 -4.2 117150 =5.2 11745 =63,
11740 =57 11735 -5.2 11730 -4.3 11725 -0.8 11720 =6.1 11715 -7.0 11710 =6.7 11765 =320
11702 -2.9 11695 =-2.3 11690 -4.1 11685 -7.9 11680 =12.2 11675 -14.4 116797 =14.3 11665 =-12.7
116n0 =12.6 11655 =13.7 11650 -=15.1 11645 -14.7 11640 -=13.3 11635 -11.8 11630 =-11.2 11625 =10.9
11622 =17.0 11615 =11.0 11€10 -11.0 11605 =-11.1 11600 =-10.8 11595 -10.2 11590 -8.7 11585 -T.4

115P) -6.7 11575 =73 11570 =7.9 11565 -7.7 11560 -5.9 11555 -4.4 11550 -4.9 11545 -T2
115480 -8.6 11535 -8.2 11530 =5.7 11525 -3.6 11520 =2.7 11515 -3.3 11510 -3.9 11505 =3.7
11500 -2.3 11495 -0.9 11490 =-1.3 11485 -2.8

AVERAGE = -0.66262E-02 DISCEEPANCE = 0.91124E-02 HAX X = 1204.5 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.



