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ABSTRACT

Existing computer programs for deconvoluting mass spectrometry data
derived from gas chromatography/mass spectrometry/computer systems were
evaluated, and the most efficient method was introduced unto an EPA UNIVAC
computer. The program chosen was that reported by Rindfleisch and his co-
workers at Stanford University. The accompanying program listing is included.
The Rindfleisch program was tested with both standard runs and environmental
samples. Sample components were successfully identified by an independent
computer search program with an accuracy approaching 80%.

This report was submitted in fulfillment of contract number 68-02-2745
by the Research Triangle Institute under the sponsorship of the U.S. Environ-
mental Protection Agency. This report covers a period from September 2, 1977
to March 1, 1979, and work was completed as of March 1, 1979.
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SECTION 1
INTRODUCTION

Gas Chromatography/Mass Spectrometry (GC/MS) is an analytical method
which has the potential capability of allowing the total automated identifi-
cation of a complex mixture of pollutants. Implementation of such a technique
depends on the availability of two types of new technology. The first, the
automatic acquisition and storage of fast scan low resolution mass spectro-
metry data, has been available for some time. The first GC/MS system involv-
ing the continuous recording of mass spectral data from a mass spectrometer
operating in cyclic mode was first reported by Hites and Biemann in 1968.1 At
the present time these systems are commercially produced by many manufac-
turers.

The availability of computer programs for the analysis of this kind of
data is at present still very limited. Although software development in this
field constitutes a very active research area (roughly 100 papers are pub-
lished yearly), very few integrated systems have yet been developed which are
generally useful. This is in part due to the large variety of computer
types, each with its own individual characteristics, but more importantly due
to a general unavailability of broad based algorithms with an effective
philosophy of approach. As a result, the vast majority of mass spectral runs
are still being analyzed by hand.

The problem of the development of a generalized system for data analysis
has two aspects. The first is how to separate mathematically the raw mixed
spectra into well resolved components. The second is to assign a chemical
structure to each resolved spectrum. Several approaches have been tried
concerning the second problem, and one based on the pioneering work of Grotch2
had been successfully implemented and realized in the form of a library
search program now resident at the RTI Mass Spectrometry Facility prior to
this project. The early results of this search program however, had not been

totally satisfactory, usually for the reason that the input spectra were not
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sufficiently '"clear", to allow unique identification. This problem was in
large part alleviated by combining the search algorithm with an appropriate
cleanup procedure. The implementation of each of these two stages and their
effective combination turned out to enhance the capabilities of the entire
system.

After a prototype system was developed which was shown to be effective,
the CLEANUP programs which were developed were adapted to the EPA environment.
Since manipulation of large data bases are much more easily accomplished in a
large computer, it was felt that this process was best carried out by adapting
data acquired using EPA's INCOS data system and processing them on a large
computer. This approach had the dual advantage of making the programming
effort much simpler, since core size limitations did complicate the programming,
and in addition the processing could be accomplished independently, thus freeing
the INCOS system to do other work. Again, the fact that programs were written
in standard FORTRAN facilitated their transfer to the EPA UNIVAC computer.

Completion of the project by delivery of the program and its documentation
to the contracting agency, is effected with this report and the accompanying

listings (Appendix 1).



SECTION 2
CONCLUSIONS AND RECOMMENDATIONS

The work accomplished under this contract can be divided into four
parts: (I) a literature search to determine the most effective algo-
rithm for deconvolution of mass spectra; (II) implementing that algo-
rithm on an existing computer and performing detailed tests of its
efficiency, both from a chemical and machine standpoint; (III) making
the program operational on the EPA UNIVAC computer installation using
for input a tape created using the INCOS data acquisition system; (IV)
making the necessary documentation and source code (Appendix 1) avail-
able to the contacting agency.

Three techniques were considered in Phase I: background subtrac-
tion, mass max analysis, and peak profile analysis. The peak profile
analysis proposed in a recent article by Rindfleisch (Appendix 2) was
ultimately chosen because of its demonstrated effectiveness in existing
systems (the CLEANUP program) and because it incorporated the notions of
background subtraction and mass max analysis as a starting point.

Once the Rindfleisch algorithm was chosen, the task of implementing
that algorithm on the TUCC 370 was undertaken. First, a detailed study
of the published algorithm was made in order to gain a better under-
standing of what was involved and to determine if improvements were
necessary. Next, a copy of the Rindfleisch program modified to run on
an IBM 370 was obtained through the cooperation of a group of chemists
at the NASA Ames Air Force Base. This copy was then modified to run in
a batch environment at TUCC and was subjected to extensive testing, both
from a machine and chemical standpoint. This included running the
program under the WATFIV compiler to insure program accuracy and machine

independence, followed by testing with data acquired by a VARIAN CH-7



mass spectrometer. The test data consisted of three brominated standards,
followed by fifteen runs involving a wide variety of environmental samples.
The RTI library search program was used throughout to evaluate the output from
CLEANUP. The laboratory standards were all correctly identified and correct
identifications, approaching 80% were obtained on some environmental samples.
In addition, some of the CLEANUP input parameters were studied in order to
determine optimum settings. )

Phase III, making CLEANUP operational in the EPA environment, consisted of
three parts: obtaining a successful run of INCOS test data supplied by EPA on
the TUCC 370, obtaining a successful run on the same data using a version of
CLEANUP adapted to run on the EPA UNIVAC computer, and finally verifying that
the output tape was compatible with the contracting agency's INCOS data acqui-
sition software and yielded plausible output spectra.

This report, together with the accompanying listings and the installing of
CLEANUP on the UNIVAC comprise the completion of Phase IV of this project.

It is now necessary to carry out a thorough testing of the programs to
determine what conditions and sets of parameters must be used to obtain optimal
results. The principles used in developing the software are sound, however,
the programs need to be tuned to fit the acquisition conditions. Some atten-
tion should be given to control studies using known mixtures, because these
give the best opportunity for evaluation of the system. A statistical evalua-
tion of the results, especially when compared with other methods, would be very

profitable.



SECTION 3
LITERATURE SEARCH OF EXISTING DECONVOLUTION METHODS

Phase I of this contract consisted of a literature search to consider
available alternatives for the treatment of mass spectral mixtures, and thus
arrive at a best method for deconvolution. Three general avanues of attack

were examined: background subtraction, mass max, and peak profile analysis.

'

BACKGROUND SUBTRACTION

The technique of background subtraction is basically as follows. In its
simplest form, a spectrum from either an unknown GC run or some blank run is
chosen as a "background" spectrum. This spectrum is then subtracted from the
unknowns within the run, and the resulting difference spectra are used for
mass spectral identification.

In a slightly more refined version of the technique, the background
spectrum is determined manually by visual inspection of a raw total ion
current (TIC) plot, and in some instances several background spectra are
chosen for use in different ranges of the chromatogram.

The difficulties associated with this approach are fairly obvious.
Background spectra are not constant, either qualitatively or quantitatively.
Thus, what constitutes the background in ome section of the run may be very
different from that in another. Additionally, background peaks arising from
contaminants such as column bleed change in intensity especially during
temperature programmed runs.

Thus the question of how the background subtraction is to be carried out
is very difficult to answer. Even the mechanics of the subtraction can be
done in a number of ways. Several unsophisticated schemes exist in which the
background spectra are subtracted, peak for peak, from the raw digitized
unknown. Invariably, some spectra are undercorrected, while in others, real

data is eliminated from the output, making identification very difficult,



either by hand or by machine. Human interpreters often prefer to look at raw
data over background subtracted, since they can learn to ignore certain peaks
without the removal of key unknown pe.*s by a clumsy program.

More sophisticated approaches have been tried wherein only a fraction of
the background spectrum is subtracted. The problem of course, is to deter-
mine the proper size of the fraction.

A1l in all the background subtraction approach was eliminated since it
is not sufficiently flexible, can give erroneous results, and lacks a way in

which a consistent algorithm can be proposed for automatic processing.
MASS MAX ANALYSIS

A second and more sophisticated approach to mass spectral deconvolution
has been taken by Biemann and co-workers.3 This approach makes use of the
principle that when a compound elutes from a GC column and is analyzed by
continuous scan MS, the ions of each component show maximum intensity at some
mean elution time.

The algorithm chosen, then, searches through each single ion trace for
points of maximum intensity. The deconvoluted spectra are then defined as
that collection of ions which have shown an intensity maximum within a given
time window.

This approach was designed to allow the separation of mixtures of un-
knowns which are not sufficiently resolved to show individual TIC peaks, but
which can be distinguished by the presence of single ion maxima which are not
influenced by other ions not present in that particular unknown.

This idea is sound, and in fact, constitutes the first part of the
Rindfleisch4 procedure, described below. The procedure is very rapid and has
actually been incorporated into other commerically available deconvolution

software systems.

The program is deficient because it does not take into account a number
of facts.
1. If a given ion shows a maximum at one point, it does not by

any means guarantee that this ion will not be present in the other

component.



2. If, as often occurs, an ion is present in both components in approxi-
mately equal amounts, the observed maximum may occur between the
maxima of either component and be missed entirely by the system.

3. The technique does not take into account contributions from back-
ground noise or column bleed, and treats each ion in an all or
nothing manner, and therefore camnot get a proper estimate of the
intensity of peaks which derive from more than one source.

The method seems to have some merit for the purpose of identifying the presence
of unresolved multiplets. However, it cannot accurately predict the actual
spectra, and because of the deficiencies mentioned in the previous paragraphs,

sometimes fails entirely, showing specious peaks, or missing multiplets.

PEAK PROFILE ANALYSES

The algorithm for the CLEANUP program herein described was originally due
to Rindfleisch and co-workers at Stanford.4 Their program was part of an
integrated GC/MS data reduction system which ran on a PDP-11/20. Following is
a detailed description of the elements and mode of operation of this program.
This information was gathered from the published work on the subject as supple-
mented by our copy of the listings and other documentation.

Raw spectra output from GC/MS systems differ from the library spectra of
pure components for at least three definable reasons. CLEANUP attempts to
correct mathematically these spectra in three distinct ways, corresponding to
these known error sources. These are 1) Background noise and column bleed, 2)
Signal saturation, 3) overlapping peaks. We will call the three portions of
the program dealing with these problems Tasks 1, 2, and 3.

Errors arise for the following reasons. Superimposed on the eluant
spectrum there will always be a certain constant level of background noise, and
in addition other extraneous signals which normally rise slowly with increasing
column temperature due to the elution of some of the liquid phase of the column.
Task 1 is concerned with the distinction between the origin of these kinds of
signals. Task 2 tries to reconstruct the actual intensity level of peaks which
are so strong that they have exceeded the range of the A/D convertor. This is
the problem of peak saturation. Task 3 is the reconstruction of peak intensi-

ties of two or more compounds which elute so closely to one another that their



mass spectral peaks are intermixed. The guiding principle which allows the
CLEANUP program to function is that it uses information both in advance and
after a particular scan to distinguish lF=tween real peak unknown information
and extraneous data. Such issues as column bleed detection, doublet reso-
lution, background detection, etc. are defined in the context of a region of
scans rather than a single scan. The CLEANUP program makes use of fourteen MS
scans in core at any one time (Figure 1). For tasks 1 and 2, only the seven
innermost scans are used. For some details (e.g., background estimation), all
14 scans are needed. For multiplet resolution, all 14 scans are used. The
processing proceeds from the beginning of the run to the end in a single pass
always using 14 spectra. The spectrum window in core is progressively updated
by the addition of one spectrum from one end and the dropping of one spectrum
from the other.

The CLEANUP algorithm can be divided into stages from a programming point
of view. The first stage is the examination of the spectral window and deter-
mine whether or not an eluant is present at all. When a peak, or group of

)peaks is detected, then tasks 1, 2, and 3 can be undertaken to improve the
quality of the raw data. The detection process is accomplished as follows:
The program looks at a window seven scans wide as the input spectra move through
the fourteen spectrum window in core. For each of the 411 masses in the seven
scan window (each scan covers masses 40 to 450 the program does a primitive
check to see if the window contains a simple maximum (Figure 2). As maxima are
detected, histogram of the frequency of '"singlet" maxima is created. Data are
ignored if there are any "lumps" (indicating a doublet) or if peak saturation
is observed anywhere in the window (Figure 3). In addition to the histogram of
the number of occurrences of maxima (Figure 4), a record of a slightly modified
total ion current is kept (Figure 5), i.e, once a singlet maximum is detected,
a rudimentary approximation to column bleed and background is subtracted (cor-
responding to the lowest value in the 14 a.m.u. window), the ion current at the
_maximum is estimated via interpolation, and the resulting ion current is added
into a peak amplitude record. When an appropriate number of scans have passed
through the window (the statistics are updated continuously) a decision is made
on the basis of the number of maxima observed and the total amplitude of those

maxima whether an eluant is present. It should be mentioned here that at this
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point in the program the "sharpness" of each candidate peak is computed. This
number is a numerical approximation of the theoretical expression

\5

y

which is a measure of the relative steepness of each individual peak. It is
to be noted that this number is independent of the height of the peak. There
is a provision in the CLEANUP program for the rejection of peaks not meeting
a minimum sharpness threshold (Figure 3). Noise spikes are eliminated by the
property of the steepness function which favors wider peaks over very narrow
ones.

Once the presence of a peak is detected, the CLEANUP program begins its
real work, namely, the deconvolution of the peak mixtures and the accounting
for bleed, noise, etc. The CLEANUP program assumes linear superposition of
ion currents due to different causes, i.e., at any given point in time the
total ion current can be represented as a simple sum of a background, column
bleed, and whatever eluants are present. For the case of a singlet, the
total ion current for a given mass Y(t) may be represented as a sum of three
functions

Y(t) = P(t) + dt + c,
when the term dt represents the contribution to column bleed, ¢ represents
the contribution due to background noise, and P(t) is the peak contribution
due to the signal. The problem lies in making an initial choice for the
function P(t). The method used by CLEANUP is to examine the mass in the
window with the sharpest non-saturated singlet maximum. This mass was stored
by the previous phase of the program. The column bleed and background are
then subtracted out (see Figure 6). Once the functional form of the model
peak for a given mass is known, the contribution to the ion current due to
the eluant compound at other masses can be computed via a least squares
process, i.e., for any given mass

Y(t) ~ pP(t) + dt + ¢

14
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Here Y(t) is the total signal for that mass, which is made up of a contribution

of the signal, column bleed, and background. The aim is to minimize
D= [Y(ti) - pP(ti) - dti - c]2

in the interval covered by the peak, subject to the conditions

8D _ o 8D _ . 0D

op 6d 6c
This is done by a standard method.5 It is important to realize that p, d and
c are being varied in order to find the best possible match of three functions
of fixed form (the model function P, a line through the origin, and a constant)
to the given Function Y. The idea is that for a given eluant, all peaks will
have the same functional form P(t) and that peaks of different masses corre-
sponding to that eluant differ only in relative amplitude - something which is
taken account for in the factor p in pP(t). Once the model function P(t) is
determined for a mass that is relatively free of background noise, neighboring
eluents, column bleed, etc., a meaningful interpolation can be made for those
masses which are contaminated with noise and bleed, or which are saturated. In
the case of saturated peaks, a routine is used which interpolates an approxima-
tion of the functional form of P(t) to obtain correct signal contributions for
saturated points based on the non-saturated points on the fringe of each peak.

For doublet resolution, the model peak for the neighboring spectrum is

added to the approximating function. Y(t) is then approximately by
Y(t) ~ pP(t) + rR(t) + dt + c

where R(t) is the model function for the second peak and r is its corresponding
parameter. The idea is graphically illustrated for several cases in Figure 7.
A diagram of the detailed subroutines of the CLEANUP program, along with

a short description of these function is shown in Chart 1 and Table 1.

SCOPE AND LIMITATIONS

Some comments regarding the scope and limitations of the CLEANUP program

are in order.

16
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TABLE 1. SUBROUTINES OF CLEANUP BY FUNCTION

10.

MAIN
is the root segment which calls all other routines.

CUPRNT
prints some debugging messages for MAIN.

TLOC .
builds histograms for eluant detection, and selects the
model peak for each compound. A model peak is the singlet
which is sharpest, and its mass fragmentogram is 9 spectra

wide. It is important to note that histograms contain "singlet"

information, and we use this information to detect eluants.

GETHGT

is called after a spectrum has been detected, and is the

executive for building the cleaned up spectrum from the raw
data.

OFFSET

is called only in the event that an overlapping situation arises,

and aligns the model peaks with respect to their modes in
arrays GMN and HNU in anticipation of processing a doublet.

LKAHED

is called only if an eluant is detected. It looks ahead to
see if another is present in the 14 spectrum window, and if so
assigns the model peak and sets the flag OVLAP.

OUTDAT

prints report information for the run and writes the clean up
spectra to disk.

PARDIR

is the operator communication subroutine. It sets some para-
meters which can be entered either from cards or from a ter-

minal.

SETBUG
does some initialization of output buffers, and reads in the
first 13 spectra.

NEWTOP

finds the actual mode and the displacement of this mode from
the assumed mode as well as computing the integral {dyf/y
(rate) from a singlet peak profile.

(continueé)
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TABLE 1 (continued)

11,

12.

13.

14.

15.

16.

17.

18.

19.

20.

DETEKT
examines histograms to deteri.ine if an eluant is present.
The major criterion for an eluant to be detected is that its
histogrammed total ion current be greater than MINTIC.

TLPRNT
prints some debugging messages for TLOC.

NXTMAX
builds histograms in the look ahead mode. Due to core limi-
tations, it can only look ahead 3 spectra, and in the extreme
case, i.e., the 3rd spectrum ahead is determined to be an
eluant, the determination is done with less information than
its predecessors. If 16 spectra are in core, NXTMAX can
easily be set up to use exactly the same criteria as TLOC in
building histograms. Some heuristics have been put in TLOC
and DETEKT to take care of the minimal ¢ases. This minimal
situation occurs when a very weak eluant is found ahead, and
then passed up when it becomes a primary candidate.

LKAPRT
prints some debugging message for LKAHED.

KAPUT

outputs to the line printer a short summary of the results of
the programs processing.

XTREM
determines the minimum value and its subscript given an integer
array and its length.

SATLSQ
processes saturated peaks, and tries to compute actual peak
heights by taking the ratios of nonsaturated amplitudes in the

saturated peak profile with their corresponding amplitudes in
the model peak.

BACLSQ

does a least squares fit using the peak profile of a singlet,
and a model peak to determine the singlets contribution to a
detected spectrum.

TIMESF

uses a parabolic interpolation to place a peak profile on the
same time co-ordinate as the model peak for a detected elutant

BLEED

fits a line to a peak profile and uses goodness of fit, and

average value of Y, where Y=mx+b, to see if the profile is
column bleed.

(continued)
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TABLE 1 (continued)

21. SETGHY
is called only in the event of a doublet situation, and
decides whether or not a given peak profile will be passed
through the doublet resolver.

22, DUBLET
is the doublet resolver, and does the least square fit of two
model peaks, and a doublet peak profile and puts the second
peak contribution in a different array.

21



The construction of model peaks for an eluant depends on at least one mass
in the processing window having a well defined, well resolved singlet. This
requirement will not be satisfied if two eluants are within roughly one scan
time of each other, or if there is an unsaturated peak for use as a model, i.e.
in extremely bad run conditions.

Also the CLEANUP procedure breaks down in the case of interacting elutents
because the ion currents are not longer a simple sum. This is an inherent
limitation of the linear reconstruction model.

Finally, the program currently lacks the capability of providing the user
with a visual TIC plot. This is essential in order to allow the user to

analyze the final results.
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SECTION 4
IMPLEMENTATION AND TESTING OF CLEANUP

Phase II of the contract consisted of implementing a version of the
Rindfleisch program on the TUCC 370 and testing its performance. This in-
volved obtaining an existing copy of CLEANUP and modifying it to run at TUCC,
developing support software to facilitate the analysis of CLEANUP output, and

extensive testing of CLEANUP on a variety of environmental samples.

INITIAL PROGRAM MANIPULATION

The first step in implementation of the CLEANUP program was to obtain a
listing add initial documentation from the author. This was achieved with
relatively‘little difficulty. Dr. Rindfleisch and his colleagues were very
generous in providing us with full listings and some documentation of their
program. Since these progréms were designed to run on a PDP-11 computer,
they were written in a combination of PDP-11 assembler language and a PDP-11
version of Fortran, which would have made their translation into standard
Fortran a very difficult task. We were informed by the Stanford group,
however, that another group of chemists at the NASA Ames Air Force Base had
been working on a Fortran implementation of the Rindfleisch program and we
were referred to that group.

The Ames scientists were cooperative in forwarding their versions of the
Rindfleisch programs to us, however it was immediately clear when we received
tapes from them that there were large discrepancies between their programs
and a working system. There were numerous errors in the program, indicating
that they had not been fully tested.

After some additional conversations with the Ames group, an improved
version of their Rindfleisch program was sent to us which we began to use.
The new program had been chnaged, and some of the errors, detected previously
had been corrected. This new program was then reorganized to make it opera-
tional in the TUCC environment. The mode of inserting variable data and
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options into the program was completely altered. The original programs were
designed to operate interactively from a terminal, and the variables for each
run were introduced in a conversational! mode. If the results are not satis-
factory, then the parameters are changed and the program re-run, etc. This
process is continued until the operator is satisfied with the results, or
feels that no further improvements can be made. Since in our environment
programs must be run in a batch process, it was necessary to proceed somewhat
differently. A set of trial parameters were obtained from the program authors,
which were entered into the RTI program from cards. The effect of the pro-
gram paramters on the output is discussed in 3.4.

The main body of the program was debugged by the use of the WATFIV
compiler. This compiler is useful, not only because of its very well docu-
mented error messages, but because the compiler, by its nature, cannot operate
using special system subroutines. This means that the entire program, if run
-under WATFIV, is insured to be compatible with other computers running with
standard Fortran packages. By this procedure, the entire program was de-
bugged and freed from a number of errors, particularly those relating to the
initialization of variables prior to their use, which in our experience, has

proven very difficult to trace down at later stages of program development.

SUPPORT SOFTWARE FOR CLEANUP

After the program ran freely, it was necessary to test it on some typical
environmental data. In order to do this, GC/MS data which previously had
been generated from environmental samples in the RTI laboratory were adapted
to the CLEANUP program. This required the writing of several sets of pro-
grams: one translated raw mass spectral data into the input format required
by CLEANUP; a second translated the output data from CLEANUP into a format
required by the search program; a third set generated plot output from CLEAN-
UP on an in-house VERSATEC plotter. A more detailed description of this

software follows.

RTI Search System Interfacing

These programs accepted mass spectral data, which had been acquired on a
Varian CH-7 mass spectrometer, and automatically selected spectra for introduc-

tion into a library search program. Selection of specific spectra was carried
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out by the analysis of the total ion current (TIC) profile of the GC run. In
the case of spectra acquired using the Varian system, the TIC profile was
very easy to analyze numerically, because the data system was designed to
acquire TIC information simultaneously with MS information throughout the
course of the run. By means of a multiplexer, the data system acquired ca.
100 TIC points, which were received from an ion current electrode placed at
the exit of the source of the spectrometer, during each MS scan. These TIC
points were recorded on the output tape in a Varian coded format and it was
possible to regenerate this TIC information in both numeric and graphic form
from the original tape.

Whereas most other GC/MS computer systems generate TIC data by the
summation of ion intensities for each mass spectrum run (software TIC), the
hardware TIC data is much richer in detail since it produces ca. 100 points
per GC scan rather than one in the software method. This advantage is particu-
larly important when data are being scanned relatively slowly as compared
with the TIC peak width. The TIC trace generated from the data encoded on
the tape was very useful to evaluate the CLEANUP program, since CLEANUP does
not produce any visual record of the GC run, but simply selects specific
peaks for subsequent evaluation, in our case by means of library search. We
compared the selection of spectra made by analysis of the hardware TIC trace
with those spectra chosen by CLEANUP. This approach was extremely useful in
the evaluation of the CLEANUP program. Figure 8 shows a schematic diagram of
the RTI data processing system.

Splicing the CLEANUP program into te RTI data processing system con-
sisted of two parts: formatting the data generated by the MS-7 GC/MS system
so that it could be read as input by CLEANUP (Chart 2) and formatting the
output generated by CLEANUP so that it could be used as input to the RTI
library search program (Chart 3).

As these programs were being written, a tape was prepared of a standard
GC/MS run on the RTI MS-7 GC/MS system and was hand carried to TUCC. After a
few trials, we were successful in creating CLEANUP-compatible input data,
getting CLEANUP to run to completion on that data, and finally obtaining a

successful run on that data with the RTI search program.
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Plot Out for CLEANUP

At this stage it was necessary to carry out a critical evaluation
of the results to determine the efficacy of the CLEANUP algorithm.
Although the CLEANUP program executed successfully, preliminary exami-
nation of the printed data for a few isolated cases indicated that the
initial parameters chosen were not ideal, and that although the program
seemed to recognize the presence of individual components in the GC rum,
the output spectra were not yet suitable for characterization of the
unknown GC component. In order to proceed in an orderly manner, then,
it was felt that a method for displaying the results of CLEANUP needed
to be developed. Software to generate plots from MS data have been
available for some time, however, these programs generate output in-
tended for the university operated CALCOMP plotters which were entirely
too slow to generate the hundreds of plots needed in the course of this
investigation. An alternative approach of writing software to generate
plots on an in-house VERSATEC electrostatic plotter (several orders of
magnitude faster than the CALCOMP incremental plotters) was adopted.

The process consisted of two steps. First a program at TUCC read the
CLEANUP output spectra as input and generated picture records which were
then written to tape. The tape was then hand carried to the RTI labora-
tory and read by a PDP-12 program which generated the actual plots.

This method proved very economical, since ploﬁs were generated at low
costs (50¢ per picture) and high speeds (ca. 20/30 sec/plot). 1In this
fashion it was possible to generate up to 100 plots in an hour, a task
which would have tied up the TUCC network CALCOMP plotters for several
days. The entire scheme for generating plots together with already

existing software is shown in Chart 4 with sample output in Figures 9-
11.

TEST RUNS WITH CLEANUP

Brominated Standards

A preliminary evaluation of the CLEANUP program using two GC/MS

runs was made. The first was a relatively simple mixture of a series of
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brominated standard compounds. This series was chosen to serve as a
control. The compounds in the run were known, and they were reasonably
easy to identify.

In the case of the brominated standards, the CLEANUP procedure
worked essentially perfectly. In the first section of the GC run the
spectra were relatively free of background noise and the output spectra
from the CLEANUP program resembled the original spectra very closely.
This fact is not trivial in that it shows the CLEANUP procedure is
essentially benign for the case of uncomplicated spectral data. Thus,
if the original data are good, then the CLEANUP step does not alter them
or degrade them in any way. This is a necessary condition of perfor-
mance for a good CLEANUP program.

In the latter portions of the run, increasing amounts of background
noise from column bleed became evident. In the case of weak spectra
near the end of the run, the CLEANUP procedure became indispensible for
the identification of several components. As it turned out, in addition
to the brominated standards which were specifically put into the mixture,
several additional components, many of them not containing bromine, were
found. For example, spectrum number 23469 in the run had been seen many
times previously during manual identification and never been identified.
With the help of CLEANUP and SEARCH it was possible to identify this
component as an alkylated phenol. The TIC trace of the run is given in
Figure 12.

The results from the CLEANUP program are shown graphically in
Figures 9 through 11. Figure 9 shows five successive spectra (the
computer actually uses 7) from which a cleaned up spectrum is derived

(Figure 10). Another pair of pre and postCLEANUP spectra are shown in

Figure 11. A summary of the run is shown in Table 2.

Coal Run

The second GC/MS data set which was examined consisted of a low
boiling fraction from a coal gasification process. With this data the

situation was virtually the opposite from the previous case, i.e.,
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Table 2. RESULTS OF COMPARISON OF CLEANUP WITH BROMINATED STANDARDS
SEARCHED FOR 26,209 STANDARDS

Precleanup ) Postcleanup Elution
Compound Rank® R TIC Max. Rank R Time
1. methylene chloride® 1 .31 752 1 .67 15.63
2. 1,2-dichloroethane® 1 .33 672 1 .54 21.93
3. methylene bromide 1 .36 720 1 .49 25.55
4. Dbromodichloromethane 1 .37 688 1 .43 26.00
5. 1l-chloro-2-bromoethane 1 .30 704 1 .43 27.30
6. n-butyl bromide >5 <.19 512 2 .33 32.43
7. ethylene bromide 3 .17 800 1 .31 33.25
8. chlorobromopropanea 1 .28 1392 1 .37 37.22
9. bromobenzene >5 <.18 1088 2 .27 42.93
10. dimethylphenol?® 1 31 320 1 .45 46.20
11. n-butane® >5 <.19 304 1 .53 49.35
12. acetophenone? >5 <.22 320 1 .39 51.10
13. toluene® >5 <.21 304 1 .60 52.97
14. diethyl phthalate? 1 .33 478 1 .52 76.07
15. octyl phenol? >5 <.15 432 1 .52 78.05

a Compound was not knowingly part of standard mixture.

The ordinal number of the similarity of the library component to the
unknown. The program normally prints out the 5 best fits.
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this sample consisted of a deliberately chosen, highly complex mixture,
which would test the system to its limit to determine the most that
could be expected from this program.

In this GC/MS data set, the chromatography conditions and the
relatively slow sampling rate assured that the majority of MS scans
would consist of mixtures, contain also background noise, column bleed,
and other components in the system. Although the specific components in
the mixture were not known, the nature of the sample gave strong clues
as to whgt kinds of compounds were to be expected. A TIC plot of this
run is shown in Figure 13.

Not;surprisingly then, when raw coal run MS data were introduced
into the MS search routines, the output was nearly totally useless,
since the correlation coefficients were almost uniformly low and those
compounds which were chosen as the closest fitting were obviously com-
pletely erroneous. We believe that we understand why this occurred.
When samples are highly impure, numerous additional small peaks, particu-
larly in the high molecular weight regions usually appear. The search
system normally has no way of distinguishing these weak noise peaks from
similar weak peaks which may be present in high molecular weight compo-
nents. As a result, these peaks are picked up as possible molecular
ions for high molecular weight components, and the results are entirely
erroneous.

After the CLEANUP program had been applied to this set of data, the
results, although far from perfect, improved noticeably. A sample of
the search program output is shown in Table 3. Most of the high molecu-
lar weight noise was removed by CLEANUP, resulting in the identified
compounds being of a much more "reasonable" nature. In addition, the
search program's correlation coefficients rose dramatically, and indeed,
most of the identified components seemed to be reasonable, based on the
known origin of the sample. Thus hydrocarbons, low molecular weight
phenols, and specific compounds containing heteroatoms such as thiophene
and carbon disulfide were identified correctly by the search system with
good correlation coefficients. We feel that this represents a remark-

able achievement for such a difficult mixture. Figures 14 and 15 show a
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typical "before" and "after" pair of spectra from the coal run. Table 4
shows a comparison of a small selection of the data before and after
CLEANUP. Complete accuracy is not claimed for this run, but CLEANUP
improves the hit rate from nearly zero to an estimated 50%.

Several defects in the system emerged from this series of experi-
ments. The most obvious defect involves situations in which strong
peaks emerge from the column at sufficient amplitude to saturate the
data acquisition system for a number of ions in several mass spectra.
The most obvious case of this involves the component benzene (Figure 13,
spectrum number ca. 13207), which eluted from the column as a very broad
band extending for about 9 spectra (at 6 sec/scan this corresponds to a
54 sécond peak). This component showed saturated peak intensities for
five major ions at m/z 50, 51, 52, 77, and 78. As a result of this
situation, the l3C isotope at m/e 79 was computed to have a relative
intensity of 50%. As a result, the search program subsequently misiden-
tified the major peaks in the spectrum and the search for benzene failed.
This problem was compounded because, in addition, the large amount of
benzene present caused other components, mainly from the "stationary"
phase in the column to coelute, giving rise to a series of small peaks
at high masses which the CLEANUP program dutifully processed and in-
cluded in the unknown spectrum.

The problem of saturated peaks in spectrum identification is a
serious one. Notwithstanding the fact that it is obviously wrong to try
to identify components from a GC run when the amounts injected saturate
the data acquisition system, these components are so strong and obvious
that most investigators would be highly dissatisfied if simple compounds
such as benzene were misidentified by a computer software system. There
are several ways to remedy this situation. Currently, compounds with
saturated peaks are labelled on the output printout (Figure 16) and
thus warn the investigator of a potential problem. Also, a possible
remedy for future development would be to raise cutoff limits on peak
intensities when saturation was encountered so as to exclude weak peaks

which otherwise would be accepted for searching.
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Table 3.

COMPARISON OF SELECTED SPECTRA FROM COAL GASIFICATION SAMPLE

SEARCHED BEFORE AND AFTER CLEANUP

Before CLEANUP After CLEANUP
MWT RAME R R NAME MWT
Spectrum #13209
Elution Time = 24.38
TIC Max. 8081
218 {AK-33)Methylcyclopentadienyl Maganese Tricarbonyl 0.19 0.21 Ethyl 2-Keto~2~Penylethandate 178
200 Alpha-(Bromoethyl)Benzyl Alcohol 0.16 0.20 Eehyl 2-Hiydroxy-2-Phenylethandate 180
160 P~Phenylene Diigocyanate 0.15 0.20 P~Phenylene Diisocyanate 160
133 2-Methylphenyl Azide (D-Tolyl Azide) 0.15 0.20 Alpha~ (Bromomethyl)Benzyl Alcahql 200
Spectrum #13219
Elution Time = 25.55
TIC Max. 654
198 7-Methyltridecane 0.15 0.43 2-pentanone 86
142 2,6-Dimethyl-3-Heptanone 0.14 0.42 Tri-Methylacetamide 101
121 3-Acetylpyridine 0.13 0.42 2-methyl-Pentanal 100
178 Ethyl 2-Keto-2~Phenylethandate 0,13 0.38 N-Butanal-D-Methyloxime 101
Spectrum #13227
Elution Time = 26.48
TIC Max. 984
130 Trichloroethylene 0.22 0.38 Trichloroethylene 130
132 1,1,1-Trifluoro-3-Chloropropane 0.16 0.23 1,1,1~Trifluoro-3-Chloropropane 132
146 N-Carbamoyl-2-lmino-1, 3=-Oxathiolane 0,15 0.22 1,2-Dichloro-1,2-Dif luoroethylene 132
132 2-Thisdatane 0.15 0.22 1,1-Dichlerodifluoroethylene 132
Spectrum #13233
Elution Time = 27.18
TIC Max. 862
202 1,4-Dibutoxybutane 0.16 0.56 N-Heptane 100
132 1,3-Dimethoxy-2,2-Dimethylproprane 0.15 0.47 3~Methylhexane 100
162 1-(2-Butoxyethoxy)Ethanol 0.14 0.44 2,3-Dimethylpentane 100
158 2,2-Dimethyl-5~Methylene-3, 7-Dioxa-Octane 0.14 0.42 2-Methyl-3-Pentanone 100
Spectrum #13248
Elution Time = 28.93
TIC Max. 559
98 Methyleyclohexane 0.28 0.75 Methylcyclohexane 98
98 Cycloheptane 0.24 0.74 Cycloheptane 98
112 1-Methyl-1-Ethylcyclopentane 0.22 0.60 Cyclohexanone 98
98 Cyclohexanone 0.22 0.58 2-Methylcyclopentandne 98
Spectrum #13254
Elution Time » 29.63
TIC Max. 514
146 2-Thianonane 0.21 40 2,2-Dimethylcyclobutanone 98
146 1~0Octanethiol 0.19 0.37 2~Cyclohexene-1-0l 98
188 1~Undecanethiol 0.17 0.37 Cycloheptane 98
132 i-Reptanethiol (N-Heptyl) Mercaptan 0.16 0.36 3-Cyclohexenol 98
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Analysis of Environmental Samples

As a further test of the proper operation of the CLEANUP program, a
series of runs were processed at RTI using data which had been pre-
viously analyzed by hand. Seven runs were piocessed which represented a
selection of different types of samples which possessed a variety of
functional group types. These runs are briefly described in Table 5.
0f all of the runs for which data were available, one representéd a very
complex mixture containing a wide variety of components and was chosen
for extended study. The sample was that derived from ambient air in a
basement of a residence which had been built over an industrial chemical
dump and which had been perfused with a large variety of organic compo-
nents. The air sample when analyzed by GC/MS, showed the presence of in
excess of 100 components. A total ion current plot of this run is shown
in Figure 17. The sample was first processed by the CLEANUP program
using the best available values for the input parameters, and the results
compared with the manual identification. The results of this comparison
are shown in Table 6.

Notwithstanding a small number of errors, it is obvious that the
CLEANUP program is operating very successfully, and is capable of extract-
ing correct spectra from mixtures and identifying them even in very
difficult and complex mixtures. The table shows a number of interesting
results. It should be noted that in the majority of cases, the manual
identification and the computer results were the same. When this is
combined with a high correlation coefficient (R>0.6), then the identifi-
cation can be said to be correct and confirmed. In such cases the table
entry is marked with an H (hit).

In some cases the computer results identified a component which is
known to have a spectrum very similar to the manually identified com-
pound. The correct identity often can be deduced by inspection, e.g.
toluene might be identified as a methyl hexatriyne, or vinylidine chloride
confused with dichloroethylene. This category comprises mainly isomers
or homologues. These cases were also marked with an H. When the compu-
ter printed the manually identified compound as a 2nd to 5th choice,
this number was also included in the table under the column heading,

"Found".
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TABLE 5. DESCRIPTION OF TYPES OF SAMPLES INVESTIGATED TO TEST OUT CLEANUP

All samples were run by descrption from TENAX GC cartridges.

Type of Sample Contents

UNC smog chamber esters
nitrates
dioxanes
nitriles
aldehydes
hydrocarbons
low m.w. alkyl aromatics
ketones

0il shale volatiles nitriles
alcohols
sulfur compounds
ketones
pyridines
pyrazoles
quinolines
hydrocarbons
aromatics

Volatiles from in situ coal alkanes
gasification (tar fraction) alkyl aromatics
very few hetero atom containing
compounds

Volatiles from in situ coal alkanes

gasification (water fraction) sulfur compounds
pyridines
oxygenated hydrocarbons

Organics from air in basements alkanes
aromatics
chlorines, bromine and fluorine
containing compounds

Organics in air in the vicinity of halogenated hydrocarbons
a Du Pont plant aldehydes

ketones

phenols

nitro aromatics
Organics near a pesticide plant halogenated hydrocarbons

sulfur compounds

oxygenated hydrocarbons
(aldehydes, ketones, phenols,
esters)
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Figure 17. Total ion current plot from test run.
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TABLE 6. COMPARISON OF MANUAL VS. COMPUTER IDENTIFICATION OF GC-MS RUN
Run #: 1510-CAB-3B3W-FNYNFKB
Hit
Retention Compound or Manual
SP # Time Identification R Miss Found Identification
7110 12.72 Dimethylamine .84 M 5 Carbon dioxide
7130 15.05 Vinyl fluoride .63 H C3H80?
7143 16.57 Acetone .89 H Acetone
7144 16.68 Fluorotrichloromethane .85 H -
7153 17.73 Vinylidine chloride .78 H Dichloroethylene
7155 17.97 Dichloromethane .96 H Dichloromethane
7159 18.43 Freon 113 .54 H -
7165 19.13 Acetic acid .71 M CAH8O?
7175 20.30 2-Methylpentane .80 H 2-Methylpentane
7177 20.55 1,2-Dimethylpropyl acetate «55 M CSH10
7178 20.65 n-Butanal .75 H Butanal
7182 21.12 2,2-Dimethylbutane .69 H 3-methylpentane
7187 21.70 Hexafluorobenzene .78 H Hexafluorobenzene
7189 21.93 n-Hexane .82 H n-Hexane
7191 22.17 Chloroform .63 H Chloroform
7202 23.45 Perfluorotoluene .71 H Perfluorotoluene
7204 23.68 Methylcyclopentane .77 H Methylcyclopentane
7209 24,27 1,1,1-Trichloroethane .68 H 1,1,1-Trichloroethane
7216 25.08 Isopropyl acetate .76 H Isopropyl acetate

(continued)
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TABLE 6 (continued)

Hit

Retention Compound or Manual
sp # Time Identification R Miss Found Identification
7218 25.20 Benzene .90 H Benzene
7220 25.67 Acetic acid .67 H Acetic acid
7225 26.13 2-Methylhexane .78 H 2-Methylhexane
7230 26,72 3-Methylhexane .89 H 3-Methylhexane
7235 27.42 Dimethylcyclopentane .82 H Cgl{l4
7238 27.65 Trichloroethylene .75 H Trichloroethylene
7244 28.35 n-Heptane .97 H n-Heptane
7259 30.10 Methyl isobutyl ketone .54 H 4-Methyl-2-pentanone
7265 30.80 n-Heptyl formate .76 ? C8H18
7281 32,78 1,5-leptadien-3-yne .60 H Toluene
7289 33.60 3-methylheptane .91 H C8H18
7292 33.95 Hexanal .61 H C6H120?
7293 34.07 1,3-Dimethylcyclohexane .62 H C8H16
7295 34.30 Ethyl n-butanoate .52 H -
7300 34,77 4-Maethyltriazole .46 ? C8H16
7303 35.12 n-Butyl acetate .42 H n-Butyl acetate
7305 35.35 3,4~Epoxy~-2-hexanone .52 M ;;Octane
7309 35.82 Tetrachloroethylene .58 H Tetrachloroethylene
7315 36.63 Hexamethylenecyclohexasiloxane .57 ? —
7322 37.45 2,6-Dimethylheptane .78 H C9H20
7325 37.80 Chlorobenzene .80 H Chlorobenzene

(continued)
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TABLE 6

(continued)

Hit

Retention Compound or Manual
SpP # Time Identification R Miss Found Identification
7336 39.08 1,3-Dimethylbenzene .83 H Ethylbenzene
7342 39.67 N-Methyl-n-pentylhydrazine .74 M 3 Xylene isomer
7346 40,25 3-Methyloctane .81 H C9H20
7351 40.83 Benzocyclobutane .75 H 3 Styrene
7355 41.30 p-Xylene .77 H 3 o-Xylene
7356 41.42 1,3-Dimethylecyclopentane .40 ? -
7358 41.65 1-Methyl-4~ethylcyclohexane .43 H C9H18
7361 42.16 n-Nonane .69 H n-Nonane
7365 42.47 Diethyl methylvinylsilane .51 ? -
7369 42.93 1-Methylethylcyclohexane .75 H C9H18
7373 43.40 Isopropylbenzene .56 H Isopropylbenzene
7381 44,45 Cyclohexyl acrylate .63 ? C3—A1ky1cyclohexane
7383 44,57 3-Methylnonane .52 H C10H22
7384 44,68 Di(2~ethylhexyl) ether .56 H -
7385 44,80 Z-MEthy1~5%Ethyl heptane .28 H C10H22
7390 43.38 Benzyl chloride .58 H 2 Chlorotoluene
7392 45.62 4-Azido-3-nitrotoluene .37 M -
7399 46.43 Isopropylbenzene .38 H C3—A1kylbenzene
7403 46.90 3-Methylnonane .77 H C10H22
7404 47.02 3-Phenyl-3-methylazetidine .66 ? -_
7408 47.48  p-Menthan-9-ol .45 H 2 C10ts0

(continued)
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TABLE 6 (continued) -

Hit

Retention Compound or Manual
SP # Time Identification R Miss Found Identification
7409 47.60 B-Thujene L4l H ClOHZO
7412 47.83 Valeric acid .66 H 3 Heptanoic acid?
7413 48.07 4-n-Propyl-3-heptene .42 M C3-A1kylbenzene
7417 48.53 Octamethylcyclooctasiloxane .52 ? -—
7420 49,00 o-Chlorobenzoyl chloride .43 H 2 Dichlorobenzene isomer
7431 50.17 1,3-Dichlorobenzene .53 ? C4-Alky1benzene
7433 50.40 Cuminic aldehyde .48 ? C3—Alky1benzene
7438 50.87 1-p-Menthadiene .76 H Cll + C10 isomer
7439 51.10 Isobutylcyclohexane .51 M Bromotoluene isomer
7444 51.80 p-Methylacetophenone : .68 H 4 C4—A1ky1benzene
7447 52.03 4-Ethylheptane .53 H 2 011H24 Isomer
7448 52.15 O-Decyl-hydroxylamine .50 ? C11H24 Isomer
7453 52.73 Bicyclo(4.4.0)decane .42 ? C11H24
7458 53.32 3,5~-dimethylmethyl benzoate .33 M CA-Alkylbenzene
7459 53.43 Ar,a-dimethylstyrene .50 H —
7463 53.90 Linalol .39 ? C11H22
7468 54.48 n-Undecane .87 H n-Undecane
7469 54.60 t-Butylbenzene .28 ? —_
7471 54.83 Methyl benzoylacetylene .36 M Tetrachlorobenzene
7472 54.95 o,0~Dichlorotoluene .38 H Trichlorotoluene
7478 55.65 2,6-Dichlorotoluene .70 H Dichlorotoluene

(continued)
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TABLE 6 (continued)

Hit

Retention Compound or Manual
SP # Time Identification R Miss Found Identification
7482 56.12 o~-Neoisomenthol .21 M Pentachlorobutadiene
7484 56.23 Bicyclo(3.3.1)nonane-2-o0l .28 M Trichlorobenzene
7485 56.35 Methyldichlorocyclopentadiene .25 M 2 Trichlorobenzene
7486 56.58 3,4-Dimethylstyrene W45 ? CS-Alkylbenzene
7488 56.82 o~Pinene oxide 77 H C4H160
7490 57.05 2,6-Dichlotoluene .85 H Dichlorotoluene
7497 57.87 N-Acetyl-phenylalanine .21 M -
7498 57.98 2-Methylnonane .43 H -
7504 58.68 1,2,4-Trichlorobenzene .43 H Trichlo;obenzene
7506 58.80 1,2,4-trichlorobenzene .48 H Trichlorobenzene
7511 59.50 Quinoline butiodide .43 M 3 Naphthalene
7513 59.73 n-Dodecane .65 ? Methyl salicylate
7515 60.08 Verbenone .33 ? ClZH26
7520 60.55 1,3,5-Trichlorobenzene .72 H Trichlorobenzene
7525 61.02 Hexachlorobutadiene .69 H Hexachlorobutadiene
7528 61.48 Carvone 74 H ?
7532 61.95 Pentobarbital-TMS ether .20 M Unsat. hydrocarbon
7534 62.18 Cyclohexylmethanol .31 M C13H26
7544 63.35 0,2,4-trichlorotoluene .37 H Trichlorotoluene
7546 63.58 2~-Methyl-5-ethylheptane .64 ? C14H28

(continued)
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TABLE 6 (continued)

Hit

Retention Compound or Manual
SP # Time Identification R Miss Found Identification
7552 64.28 Bornyl formate .59 H C10H16(?)
7556 64.75 n- Tridecane .67 H n-Tridecane
7558 64.87 0,3,4=-Trichlorotoluene .67 H Trichlorotoluene
7559 65.10 Haloperidol .28 M Methylnaphthalene
7561 65.45 a,3,4-Trichlorotoluene .25 H Trichlorotoluene
7564 65.68 1-Methylnaphthalene .61 H o~-Methylnaphthalene
7568 66.27 Chlorophenyldibenzoazepine .32 M C14H30?
7571 66.50 1,2,3,4~-Tetrachlorobenzene .68 H Tetrachlorobenzene
7573 66.73 0,2,4-Trichlorotoluene .63 H Trichlorotoluene
7577 67.20 2 ,5-Dimethylundecane .48 H Cl3H26 isomer
7588 68.48 Acenaphthene .50 H 2 Biphenyl
7590 68.72 1,2,3,4-Tetrachlorobenzene .68 H Tetrachlorobenzene
7596 69.42 n-Tetradecane .79 H n-Tetradecane
7602 70.12 2,6-Dimethylnaphthalene 47 H CZ—Alkylnaphthalene
7607 70.58 2-Amino—41£ydroxupteridine .40 M Cz—alkylnaphthalene
7615 71.63 o-murolene .24 M Alkylbenzene?
7619 72.10 1-Cyclohexyloctane .39 H 2 C16H32
7623 72.57 2,6-Di-t-butyl~1,4~benzoquinone .61 H C6H240?
7624 73.27 7-Acetoxy-p-menth-1-en-3-one .31 ? -
7630 73.38 2,6-Dichlorobenzal chloride .32 H 2 Tetrachlorotoluene
7634 73.85 EjPentadecane .82 H n-Pentadecane
7637 74.20 Methyl laurate .38 ?

(continued)
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TABLE 6 (continued)

Retention Compound git Found Manual
SP # Time Identification R Miss Identification
7639 74.43 Trihydroxy benzoic acid, TMS .19 M C3-Alky1naphthalene
7649 75.60 Pentachlorobenzene .38 ? CS—Alkylbenzene
7659 76.77 Dicyclohexyl ether .30 ? -
7660 76.88 Diethyl phthalate .68 H Diethyl phthalate
7672 78.28 Neopentylphosphonyldichloride .41 M Trimethylpentadiol diacetate
7674 78.52 n~-Hexadecane .58 H n-Hexadecane
7675 78.63 2-Phenyldecane .39 H Sat. hydrocarbon
7696 81.08 Pristane .66 H C18H38
7703 81.90 Dimethylbenzylisobutyl ether .23 M C16H32
7705 82.13 Methylfuranyl THP-ether .29 M -
7710 82.72 Trimethylamine .65 M -
7718 83.53 n-Tetradecane .77 H 3 n-Heptadecane
7723 84.23 Pristane .82 H C19H40
7775 90.30 .48 H ?

Myristic acid

.



An interesting situation occurred in a few cases in which manual
identification was not possible or uncertain. In those cases the manual
identification column contains a question mark. If in addition the R
factor from the computer is sufficiently high, it is reasonable to
assume that the computer identification is correct and the manual identi-
fication is incorrect. This is particularly true with closely spaced
doublets where frequently it is nearly impossible to separate components
manually. 1In these cases, the computer identification is more certain
than the)human one. When this oécurred, a question mark or even an H
was enie%ed in the hit column. Components missed in the manual interpre-
tation were marked with a dash in the appropriate column.

In a small number of cases, computer identification is undoubtedly
wrong. This is usually accompanied by low R factors (R<0.3). Also when
peaks are weak or small components of multiplets, it is difficult to
identify them by computer. Such cases are marked with an M in the hit
column ('"Miss").

Comparison of figures clearly shows that the CLEANUP program materi-
ally simplifies the spectra prior to their submission to the search
program. The data here presented show that by combining CLEANUP with an
efficient search procedure, results can be obtained which are comparable
with human interpretation. In summary, of 138 components, definite hits
were obtained on 90 components, clear misses occurred in 26 cases, with
22 cases unclear. Removing the questionable category, the system re-
corded 78% hits and 22} misses, a rather remarkable performance for this

very complex and convoluted mixture.
CLEANUP CONTROL PARAMETERS

The conclusion of Phase II consisted.of variation of the CLEANUP
control parameters in order to determine their effect on the output
spectra and to arrive at an optimum setting for each. The fifth of the
eight runs described above was chosen as a test case. Most of the
parameters represent threshold settings concerned with eluant detection:
peak sharpness requirements, total ion current threshold, closest ex-
pected distance between neighboring eluants, the percent of each peak
attributable to background, etc. Two parameters are simply switches

controlling optional diagnostic messages useful for program debugging.
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An attempt was made to determine optimal parameter settings by
varying parameters in a regular manner and analyzing the results using
the SPSS statistical package. This approach was not fruitful since
there was no obvious demarcation between what constitutes reak peaks and
noise peaks, and so the statistics did not show a clear preference for
one setting of the parameters, but only a contininuum of change. Trial
and error variation of the parameters, though less sophisticated, proved
more effective. The general procedure was to vary each parameter in
both directions about the value suggested by the program authors in the
original CLEANUP documentation. A summary of conclusions and recom-
mended values is shown in Table 7. The two things which most aided
determining the effects of parameter variation were the '"chemist's
summary printout" of CLEANUP (Figure 17) and the output of the RTI
search program (Table 4). It is to be emphasized that these values
represent optimum settings for a VARIAN CH-7. Our suggested values for
the INCOS test data are shown in Figure 27.

The chemist's printout is a summary list of components found by
CLEANUP, along with information regarding the presence of doublets and
saturated peaks. By comparing the change of the number of eluants
indicated in the chemist's printout together with the most likely candi-
dates for those eluants found by the RTI search program, it was possible
to determine when erroneous peaks were beginning to be picked up by
CLEANUP.

Following is a technical review of the analysis of parameters,
primarily of interest to programming specialists.

The first two variables control the print options of the CLEANUP
program and do not affect any internal calculations. Either variables
can be set to 0 (do not print) or 1 (print). The first option (IPFLAG)
determines whether or not the chemist's printout is to be printed. The
listing of all eluants found by CLEANUP takes relatively 1ittle.space,
and has proved helpful in almost all test runs. We feel that the chemist's
printout should always be requested. The second option (IDEBUG) deter-
mines whether or not intermediate calculations and decisions inside

CLEANUP are to be printed. Information printed includes histogram
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TABLE 7.

CLEANUP INPUT PARAMETER SUMMARY

Name Function Possible values Suggested values

IPFLAG Determine whether or not to 1 = Generate printout 1 = Chemist's printout 1s
generate chemist's printout 0 = Suppress printout helpful in all cases

IDEBUG Determine whether or not to 1 = Generate printout 0 = Printout necessary only
generate debugging output 0 = Suppress printout when looking for errors

NTHIRDS Set minimum # of scans for 3,6,9 in units of 1/3 scan 3 = Expected distance as short
expected doublets possible

ITOM Set neighborhood in histogram 1,2 units of 1/3 scans 2 = Widest setting
window for eluent detection

MINNY Set minimum histogram ion Any integer greater than or 1000 currently used, setting
current for 1 to 4 peak eluents eugal to 0 greater than 0 recommended

MINTIC Set minimum histogram ion Any integer greater than or 1000 currently used and recom-
current for eluents with more equal to O mended, critical that setting
than 5 peaks greater than zero is used

RATM Minimum rate for eluent detection Any real number greater 0.0 = No minimum cutoff for peak

than 0.0 rates appears necessary at this
time

RATMXX Eliminate column bleed from 0.0 to 1.0 = .1, current value is .0756. It
detected eluents by linear is critical that this parameter
error ratio test not be 0.0

ILEFT Set number of scans required for 1,2 2 = As wide a neighborhood about
increasing ion current prior to the mode as possible is recom-
prospective model peak mode mended to ensure model accuracy

IRIGHT Set number of scans required for 1,2,3 3 = Same as above
decreasing ion current after
prospective model mode

SATVAL Tells CLEANUP instrument All integers

saturation value

= 200 below instrument saturation
value (see text)



printouts, complete peak models, and decisions made as to whether the
peak encountered was dismissed as noise, qualified as a singlet eluant,
or whether the doublet resolver was i.voked. With an average of 1 page
of printout per eluant detected, the full printout for some test runs
has frequently exceeded 200 pages. Although this information proved
very helpful in finding some bugs in CLEANUP, we feel that unless thre
is a specific need, this diagnostic output should be suppressed.

The first of the parameters affecting output spectra (NTHIRD)
determines the closest distance which CLEANUP expects between neigh-
boring eluants. Once the CLEANUP program detects an eluant from histo-
grams of the ion current, it looks ahead in the histogram to determine
if another eluant is in the vicinity just ahead. Although the variable
NTHIRD is given in units of thirds of scans, only three values make a
difference in terms of CLEANUP internal calculations. A value for
NTHIRD of 3 means that neighboring eluants are expected no closer than 1
scan away, 6 means no closer than 2 scans, and 9 means that neighboring
eluants are expected no closer than 3 scans from each other. The function
of NTHIRD is shown graphically in Figure 18. From a theoretical point
of view, there is no reason why this parameter should not be set to 3,
setting the CLEANUP program to look for doublets within the finest
possible grid. The danger of using a coarser setting is that some close
pairs of eluants could be interpreted by the CLEANUP program as sing-
lets, resulting in incorrect peak model choices and the deletion of
unknowns. Our experience with varying this parameter over the test run
however, showed only a mild dependence of results on the expected mini-
mum distance, with the number of eluants decreasing by only 5% from the
finest to the coarsest possible setting.

The detection window size (ITOM), has two possible values; 1 and 2,
corresponding to the number of histogram positions which must be less
than the central maximum in order for an eluant to qualify for detec-
tion. This is shown graphically in Figure 19. Currently, the most
stringent setting is being used, requiring that histograms of ion currents
for 2 members on either side of the central position be lower than the

central value in order for an eluant to be detected. Statistics on this
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parameter were obtained, but in view of the fact that the CLEANUP algo-
rithm does not try to resolve doublets closer than 1 scan apart and
breaks down entirely for a distance of 1/3 scan, it was decided to keep
ITOM at its most rigorous value, 2.

The input parameters MINNY and MINTIC are minimum TIC histogram
intensity thresholds for eluant detection. It is important to note that
these ion currents are tested after background noise is subtracted.
There are two threshold settings, one for spectra containing very few
ions, (e.g. coromene), and one for spectra containing very few ioms,
(e.g. coronene), and one for spectra containing 5 or more ions. In
addition, the reconstructed spectrum is required to have a total ion
current equal or greater than MINTIC otherwise it is not written to the
output file or noted in the chemist's printout. TIC threshold require-°
ment was tested first by setting both parameters to 0, effectively
eliminating the TIC minimum cutoff. The result of this test was to more
than double the number of eluants detected by CLEANUP. Many of these
eluants when processed by the RTI search program were found to have less
than 5 compounds in the entire library which passed its two out of six
strongest peaks presearch test, indicating that the peaks consisted
mainly of noise. It is thus concluded that some TIC requirement is
necessary. We now believe that the value of 1000, presently used, is
too high. The optimum setting of this threshold must be determined
individually for every data system.

The parameter (RATM) sets a minimum sharpness on each model peak
before it can qualify as an eluant. The suggested value is 0, meaning
that no eluents are rejected, sharpness being positive definite. This
parameter was left at 0 for two reasons. First, there was no evidence
of spurious eluants being introduced due to insufficient sharpness, and
second, the distribution of sharpness values for the test run gave no
clues as to a best setting.

The function of the linear error ratio (RATMXX) is to remove those
single ion traces (fragmentograms) which contain column bleed. In order
to do this, a least squares fit to a straight line is calculated for an

11 scan window (5 scans on each side scan under consideration) and then
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the ratio of the root mean square deviation of the peak shape about the
line to the average value of the line is calculated (Figure 20). As
indicated, peak shapes which are "tou flat" can be eliminated by the
error ratio criterion. Another useful property of the error ratio is
that small peaks against very limited background noise will still be
considered as eluants (b), whereas the same small ripple against a

strong background would be dismissed as noise (c). We have varied the
minimum error ratio requirement and we have demonstrated that the correct
assignment of this variable is critical. The minimum error ratio require-
ment was reduced from the suggested .0756 to .002. Under these con-
ditions CLEANUP found the same number of peaks as it had with the higher
value found (the error ratio test is applied after an eluant has been
detected in order to determine if reconstruction is worthwhile), but the
CPU time required by the search program doubled and recognition per-
formance markedly deteriorated. Extraneous peaks were admitted by
CLEANUP, causing a large fraction of the unknowns to pass the presearch
cycle of SEARCH and also causing misidentification in the search program
due to the presence of those peaks.

The parameter ILEFT sets the number of scans which must show an
increasing ion current prior to the mode in order for amn ion fragmento-
gram to be considered as a model peak. Correspondingly, IRIGHT sets the
number of scans required to show a decreasing ion current after the mode
for model consideration. We feel that ILEFT and IRIGHT should be left
at their maximum permissable values, 2 scans prior to and 3 scans after
the mode. The CLEANUP algorithm achieves maximum efficiency when a
typical singlet peak is 5 to 10 scans wide. If the scan rate is cor-
rectly "tuned" the most stringent setting for ILEFT and IRIGHT ensures
that well-behaved individual ion traces are used as model peaks.

The parameter SATVAL defines the saturation value used by the
program in order to determine when peaks are saturated and need to be
reconstructed via a ratio approach. Although this number would be
expected to be the theoretical maximum for the A/D convertor used in the
data acquisition system, we have found it necessary to set SATVAL to a

value slightly below the theoretical maximum. Thus, for the VARIAN
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system, the maximum A/D output is 32,767 (215-1), we currently have
SATVAL set to 32,000. For unknown reasons, A/D convertors often register
values less than their maximum for known, saturated peaks. In such
cases, saturated peaks can inadvertently be eliminated entirely as
background noise (Figure 21).

Again, the values for the parameters shown in Table 7 are satisfac-
tory for VARIAN CH-7 data. It must be realized however, that these
values are instrument and data dependent,; and optimum values for any
particular data system must ‘be determined empirically by adjustment of

parameters, which will require some experience gained only with time.
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Figure 21. Effect of SATVAL on CLEANUP.
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SECTION 5
IMPLEMENTATION OF THE CLEANUP PROGRAM ON THE UNIVAC COMPUTER

Phase III of this contract consisted of making the CLEANUP program
developed at RTI operational on the UNIVAC computer located at EPA.

This work was carried out simultaneously with some improvements being
made in the organization of the data formats in CLEANUP.

Because RTI's and EPA's enviromment for using the CLEANUP program
are similar, it was decided to use the same CLEANUP source version for
each. The general plan was to change the READ and WRITE statements
inside CLEANUP to subroutine calls and then write a set of I/0 subrou-
tines for EPA and later a set of I/0 routines for RTI's system.

There were two advantages to this approach. First, the CLEANUP
program would require substantially less modification. In addition, if
any bugs were to occur in CLEANUP in the future, it would be possible to
investigate the problem by carrying out a debugging run at TUCC. This
would verify whether the bug was a system oriénted problem or an algo-
rithm deficiency inside CLEANUP proper. If the problem was indeed a bug
in CLEANUP, it could be corrected at TUCC. Systems problems at the
UNIVAC would be corrected there. Modules required for these programs
are shown on Figure 22. The code to be delivered to EPA consists of
sections 1, 2 and 3. A short description of each of these modules
follows.

Some minor modifications to the original CLEANUP program besides
changing READ and WRITE statements were made. The most important of
these was to expand the CLEANUP program so that it could process multiple
runs on the same tape data set. To include this facility, the routines
PARDIR (reading in the CLEANUP input parameters) and SETRUG (initial-
izing the 14 spectra window with the first 13 spectra) had to be repo-

sitioned and rewritten.
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=2000 Fortran Source Statements,
written by Ames AFB Group

CALL WRTSPC
CALL WRTSPC

CALL RDSPC CALL RDSPC
{5) {2)
r————— e —————— g
1 1
! CLEANUP 1/0 I CLEANUP i/0
{ INTERFACE TO i INTERFACE
RTI LINEAR ACQUISITION | = 150 Fortran Source Statements,
} AND SEARCH SYSTEM I written by RTI
| (To be completed outside of |
| present contract) :
|
L o e e A CALL EPARD CALL EPARD
CALL EPAWRT CALL EPAWRT
(4} 3)
CLEANUP I/O
CLEANUP I/O ROUTINES FOR INCOS TAPES
ROUTINES FOR VARIAN TAPES {Useable on either 370 or UNIVAC)
{Temporary test for modules (1) and = 200 Fortran Source Statements
{2) with previous CLEANUP output)

Figure 22. Modules required for transfer of CLEANUP program to UNIVAC.
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Rather than have CLEANUP call the I/0 routines directly, it was
decided to create an intermediate step consisting of an I/0 interface
called by CLEANUP which would in turn call the I/0 routines. This was
necessary because the only data used by CLEANUP for internal calcu-
lations are individual ion intensities while the INCOS tape data con-
tained much additional identification information. Although not used by
CLEANUP, these items were carried along to be able to write output
spectra in the same format as on the original input tape. The interface
served the dual function of keeping track of data not used directly
inside CLEANUP and of making the I/0 routines more versatile for use
with other tasks.

The modification of the CLEANUP program involved roughly 500 state-
ments: 100 statements for the rewritten routines inside CLEANUP, 200
statements for the I/0 interface, and 200 statements for the I/0 rou-
tines. To assure accuracy and quality control, several cross checks
were made.

In order to insure the correctness of the modified CLEANUP source
(1) and the I/0 interface (2) a temporary set of I/0 routines for reading
the VARIAN CH 7 data (4) were written. These routines purposefully had
exactly the same calling arguments as the INCOS tape I/0 routines (3).
These routines were written in standard FORTRAN and involved little more
than READ and WRITE statements. It was then possible to test CLEANUP
and the I/0 interface on one of the eight trial runs. The prototype run
was much more difficult to achieve than anticipated, mainly due to
communication problems between the main CLEANUP source module and the
I/0 interface. However, because everything was in strict FORTRAN it was
possible to use the WATFIV interpreter to find the majority of the
CLEANUP bugs. The WATFIV interpreter again proved itself invaluable,
not only in solving otherwise very subtle problems but also by insuring
machine independence of the code. Thus, output of the CLEANUP source
with the new I/0 interface was verified against earlier output from the

version of the CLEANUP program which was "spliced" into the RTI system.
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It remained to test out the I/0 routines (3) on an INCOS tape data
set. After we were convinced that the I/0 routines were operating
properly, a program was written to generate a TIC plot of the first
INCOS test run with the aid of the UNC Plotter facility and the TUCC
plotter routines. A reproduction of this plot is shown in Figure 23.
This plot confirms that the data were correctly read and interpreted by
the program.

Initially, running CLEANUP with INCOS test data on the TUCC IBM/370
detected only 8 eluants in the entire run. Closer examination of the
data revéaled that the average peak width for the INCOS runs extended
over some 25 scans. Since the CLEANUP program derives its model sing-
lets from a 7 scan window, not enough peak profile was available to
obtain a good model shape (Figure 24). The simplest solution to this
problem was to incorporate another parameter into the CLEANUP program
which would average over a specified number of input spectra before any
internal calculations were made. Once this modification was incor-
porated into CLEANUP, the same run was processed again, averaging over
three spectra at a time. The results were much improved, showing a
total of 72 eluants detected in the run (Figure 25).

After verification that the scan numbers of detected eluants agreed
with the TIC plot (Figure 23) and checking the masses and intensities of
detected eluants on the output tape against CLEANUP diagnostic printout,
the task of duplicating this run with the same input tape on the UNIVAC
computer was undertaken. A card copy of the CLEANUP source code was
generated on the TUCC 370 and transported to the EPA UNIVAC when the
source was recompiled and cross checking of its output. The chemist's
printout of the test run on the UNIVAC is shown in Figure 26. The small
discrepancies between this printout and the chemist's printout generated
at TUCC are of a round-off type arising from hardware differences (i.e.
word length, floating point arithmetic) between the two machines. These
differences are too small to affect the performance of CLEANUP.

A second problem of greater concern occurred when trying to process
multiple runs on a single tape with the EPA UNIVAC. Problems were

encountered either when attempting to write a file mark at the end of
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SLUT  SPEL.# TUTIUN  T1CRAT  Max, AMP DOUBLET?  SAT, PLAKS

H 85 193b, 5 1775, NU 0

e 97 166999, ©7 104876, NO 0

3 130 347, 13 1197, YES 0
4 142 14250, 47 4738, NQ 0

5 145 144535, 51 8l70, NU 0

6 1069 2écd. 33 1560, NQ 0

7 el7 4049, 54 2213, NU 0

& 442 4897, 44 2573, WU 0

9 “/5 1470616, 92 53347, U 0
10 499 1770, 25 857, NU 0
11 o5t 13975, 72 %954, NU v
12 1v9 0051, 65 1896, ND 0
13 850 5265, 45 1925, YES ¢
14 86b 41459, 99 9156, NU 0
15 880 166097, 91 431310, NO 0
16 904 114¢. 23 561, NU 0
17 940 47802 98 19710, NU (7]
18 907 1046, it 359, NU 0
19 lvoo 4oli. 57 1Vbb., KU 0
20 1108 44290, 99 13477, wo 0
el 1150 1v70. 18 40u, NU 0
ee 1216 4953, 51 1057, NU 0
23 12eb B7505, 59 24b32. YES 0
24 188 9335, 5% 24065, NU 0
25 1321 lélol. 09 9151 (1Y) 0
26 1581 7455, 12 4lco, YLS 0
e7 1384 3535/, 99 lvddo, NU 0
28 1387 3959, ® cilla NU 0
29 14590 3265, 50 1hu83, NU v
30 1417 110089, 73 scioi, YES 1]
.31 1420 16945, 13 8773. YES 0
3 1429 615c2. b7 1241b. HU 0
33 1435 Hd5¢, 13 civl, NO 0
34 1444 74585, 73 181735, NU 0
35 1513 3418, 2b 950, YES 0
30 152¢ clao., i 520, Y£S [¢]
37 1534 4049, $3 2ilb5o, U ¢
38 170 294853, 97 12052, NU 0
39 1600 6v520. b1 18903, NU 0
49 1630 11792, Y] 47vd. O ]
41 lo4d 12406, 1 6l NU v
42 1651 17545, 84 16005, WU 1]
43 lobo 19490. 45 11114, NU v
44 1081l P 18 665, NO 0
45 1711 2u2sd, 72 1455, NU 0
46 1759 440051, 90 8273, NO 0
47 182¢ 69229, 98 216017, YES 0
48 1851 14281. 44 293y, NU v
49 1837 77124. 29 4362, NU 0
S0 1876 1¢V3. 3 491, YES 0
54 1897 4384, 6 1065, YES 0
52 1903 60098. 93 sb52.,. NU 0
53 1906 10533, 27 3897, NU 0
54 1939 4987, 11 909. YLS 0
5% 1945 Selod. 88 15042, WU 0
So 1978 do4cs. 95 9939, nO 0
57 2020 11452, 49 3519. YES 0
58 2029 2279 6. Bl 32700, NU 0
59 2050 5058, 2 1514, (']¢] 0
60 2104 31191, 31 7311, NU 0

Figure 25. Chemist's printout of EPA test run generated at TUCC.
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SLOT  SPEC.S " T TYOTION TYICRAT T MAX. ARPT  0OUBLET?

SATs PEAKS
1 ] 1938, 3% 1775.
2 1 X4 167000, 5'7‘"_"104&7: . :g T —-%-
3 139 2347, 13 1197, YES 0
(3 1472 14250, (Y Z738% NO T T
H 1S 14453, 51 8170. NO 0
6 169 2%, 33 13664 NO Y
? 217 4049, S4 2213, NO 0
B 1YY 5897 &4 2573, T I
9 475 147816, 92 53347, NO 0
10 144 A 44 P BS7S N0 (i)
11 658 13973, 72 5954, NO 0
12 709 8052, [1] T18%8. NO T (1) -
13 856 5285. . &5 1925, YES 0
¥4 868 (3053 PO T 915¢6. NO o
15 886 166097, 91 41310, NO 0
16 0% - T1%3, Z3 LY P NO 0
17 940 47802, 98 19716. NO 0
113 967 1036, 18 359. (1) (i
19 1066 4617, 37 1068. N O 0
T ROTTTTY0% (1341 9T A134v7. o [}
21 1150 1070. 18 A 400. NO 0
22 T2Y6 953 5T 1057 NO )
23 1283 a7303. 59 24832, YES 0.
24 12BB  693%5. 8% 2406, NO 0 -
25 1321 18167, 69 5751, NO o
TS TI8T 7455, 12 1267 {33 0
27 1384 35358. 59 10481, NO 0
3 TI87 3959, 3 rkEE P NG T
29 1390 32685, 50 15483, NO | 0
-1 LS R A 151 2 4 DS ¥ 5 [ VES [1]
31 1420 16945, 13 8773, YES 0
32 1429 81523, 7 12418 NO 0
33 1435 5456, 13 2191, NO 0
34 AELX) {4383, 3 T8173. NQ u
35 1513 3418, 28 950. YES 0
36 YSIZ Y3417 ri3 520, VES T
37 1534 4649, 33 2156. NO 0
I8 YSTE ZVES Y. g7 ey, ND g
39 1600 60520. 61 18903. ND 0
11 YE36 TY7VZ. 5% L7008, no U
[} ] 1048 12664 1 ' 677. . 0
LT3 T65T 77546, % 16ﬁU§“""‘“ﬁ [4
43 1666 19490, 45 11114, NO 0
(13 168 28073, T8 €63, N0 T
45 1711 24234. 72 7455, NO 0
&8 TI59 &&UC3Ce v0 [ 1234 L 14 U
47 1822 69229, 98 21607, YES 0
%] —YEIY LY R DY (Y1 2935, (14 U
49 - 1837 7724, 29 4362, NO 0
111} 1876 1203, 3 WY, YES (]
51 1897 4384, 6 1083, YES 0
1Y Y503 BULYE. oY BEST, (1] 1]
53 1906 10533, 27 3897, NO 0 -
55 1919 1987, 17 909 YES 0
RS TTTYGL 5 56184, 88 15042. NO 0
56 1978 36425, 95 9039, N0 0
TTTTTSYTTTTTTT20208 T 1145207 T AT 73519, YES 0
58 2029 227926, 81 32760, %O O
59 2050 3858, e 1514, NO [
60 2104 31191, . 31 7311, ND 0
Y 213% 27387 [1 10847 YES (]
62 2140 1990. 3 as0. N0 0 }
TTTT63 2179 E014. 19 3174, NO 0
64 22060 2661, 6D7. vo O
65T T 2227““1&!61‘““77‘—‘“'“3755. TwNo 0
66 2266 5286 17 2042, NO 0
67 23IT1% TeUS4, L] 5317 N0 4]
68 2341 2516, 12 t63. %0 0
TR TTTTTTIRAZTTT T TN, B 10656, NO 0
70 2455 1045. 14 657, LI
T T4ETT . YODAT. (%) 2636, NO 0
72 2658 3222, 29 83S. NO 0

Figure 26. Chemist's printout of EPA test run.
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the output cleaned up spectra tape or when attempting to locate the beginning
of a subsequent run on the input test tape. Because it was possible to detect
file marks separating the three runs .n the EPA test tape at TUCC with no
difficulty, it was concluded that the problem lay with the UNIVAC. Notwith-
standing that the systems staff for the EPA UNIVAC have been alerted to these
difficulties, we recommend that for the present CLEANUP runs on the UNIVAC be

limited to one input and output file per tape.
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SECTION 6
USER DESCRIPTION OF PROGRAM OPERATION

The final phase of implementing CLEANUP in the EPA environment consisted
of testigg the output tape written by the UNIVAC on the contracting agency's
INCOS acQuisition system. Although numerous problems were encountered, they
were all of a systems oriented nature (incorrect tape density, incomplete
format information, etc.) which commonly occur with machine transfer. No
internal algorithm changes to the CLEANUP program were necessary in order to
successfully read the test tape and obtain plausible output spectra with the
INCOS software.

A user oriented description for running CLEANUP on the UNIVAC follows.

To execute CLEANUP at the UNIVAC, it is necessary to deliver two tapes (one
containing the INCOS raw input spectra and one for the output spectra) along
with a card deck containing program control information (Figure 27). Cards 1
through 5 and 19 through 25 comprise the Executive Control Language necessary
for the UNIVAC system to recognize and run the CLEANUP program. Of these, it
is necessary to change the underlined portions of cards 19 and 20 with each
run because they specify the tape serial numbers for CLEANUP to use. Cards 21
and 22 specify the positions of the data sets on the input and output tapes -
in this example the input is read from the second file of tape BOO3KK and the
output is written to the third file of tape B334KK. Cards 21 and 22 should be
omitted if only one run is present on the input tape, and the cleaned up run
is to be written on the beginning of the output tape. Card 1 - the "run" card
contains the job name (CLNP) and the maximum time estimate in minutes (5).
Although none of the present tests exceeded three minutes, it is conceivable

that an increase of the time requirement could become necessary in the future.
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9L

oRUN 2uCLINP/45/2,0640205A010/nJK,5A0180,%
oPASSHD  KJIK -
@ASG,4 A,
dASG,T 4, o CONTALINS THE CONTRUL CARD DATA
eDAVA,]1 4, o THL ACTUAL CONTRUL CARD DATA FOLLOwS
1 CLLANUP PRINT FLAG (IN I1)
0 DEBUG PRINT SWITCH IN 1t (0=NU,3$=YLS)
3 NUMBER UF INPUT SPECTRA TOU AVERAGLL (1IN 12)
0 MlliMU4 THIRDS BLTWEEN ELLUANTS (IN 11)
2 CLYECTIUN wlNDUN (IN 14)
1000 MIuIMUM FUR LESS JTHAN S PLAKS (1IN 16)
1000 MINIMUM FUR MORE THAN 4 PEAKS (11 16)
«0000 MILIMUY QUALIFYING RATE (IN FB,4)
« 0350 EKRUR RATIO (IN F8.4)

2 PUINTS Tu LEFT OF MODE (JH 13)

3 POINTS Tu RIGHT OF MJbL (3w 13)
130000 SATURATIUN .VALUE _(IN Fb.0)
nELD
9ASG,VJh 7,,30D//7/7/7/770,8B003KK « INPUT TAPL
dASG, TIH/N 903007777774, BIIUKK « DUTPUT TAPL

OMOVL T4, oSnIP 1 FILE ON INPUT TAPEeUSE 2N FILL
eMOVE 9,,2 SAIP 2 FILED ON QuTPUT TAPE-USEL 3kD FILE
oXQT,F A,CLEAWP

JMARK 9, s PUT A *SAFETY® LND OF FILL OW QUTPUT TAPE

oF IN « END OF RUN
*omit until multiple run processing is implemented.

Figure 27. Example of CLEANUP control cards for EPA UNIVAC.
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Pt Pub Pud Qe Gmb P G G
OO ND Ve LN
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Cards 6 through 17 comprise the control cards used by the CLEANUP pro-

gram. It is important to note that the variables shown here have been opti-

mized with respect to the EPA test data taken on the INCOS system and hence

differ from those in Table 7 which were optimized with respect to the VARIAN

CH-7 at RTI. The most important difference is the additional control card

(card 8) which instructs CLEANUP to average over 3 spectra. Also the instru-

ment saturation value was changed to 130,000 (card 17), the minimum thirds
between ellutants was increased from 3 to 6 (card 9), and the error ratio

requirement was reduced from .0756 to .035 (card 14). The changes in minimum

thirds and error ratio were made in order to accommodate the wider peak width
and smoother data generated on the INCOS system.
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SECTION 7
DELIVERY TO EPA

Accompanying this report are listinés of the CLEANUP program which
currently is being run on the UNIVAC, completing Phase IV of the con-
tract. A backup tape of the same programs will be kept by RTI as well
as the version of CLEANUP at TUCC which runs on INCOS tapes.

It still will be necessary for the contracting agency to carry out
a series of test runs in order to determine the best operating para-
meters for CLEANUP. The system will respond differently to data derived
from different mass spectrometers, as well as data run under differing
GC conditions.

The program affords considerable flexibility in operation by the
suitable adjustment of variable input parameters. These will still need

to be exercised until optimum operational conditions are determined.

78



REFERENCES

. "Mass Spectrometer--Computer System Particularly Suited for Gas-
Chromatography of Complex Mixtures," R. A. Hites and K. Biemann,
Anal. Chem., 40, 1217 (1968).

)

"Coﬁputer Techniques for Identifying Low Resolution Mass Spectra,"
S. L. Grotch, Anal. Chem., 43, 1362 (1971).

"Reconstructed Mass Spectra. A Novel Approach for the Utilization
of Gas Chromatograph-Mass Spectrometer Data." J. E. Biller and
K. Biemann, Anal. Lett., 7, 515 (1974).

"Extraction of Mass Spectra Free of Background and Neighboring
Component Contributions from Gas Chromatography/Mass Spectrometry
Data," R. G. Dromey, M. J. Stefik, T. C. Rindfleisch, and A. M.
Duffield, Anal. Chem., 48, 1368 (1976).

Stephen M. Pizer, "Numerical Computing and Analysis," Science

Research Associates, Inc., Chicago, 1975, p. 358ff.

79



APPENDIX A
CLEANUP SOURCE LISTING
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SUBROUTINE EPRRD
08035690

T
€ THIS ENTRY POINT READS ONE SCAN'S WORTH O Doa33700
€ 1T To THE CALLING ROUTINE IN COMriN BLOCKS THDR hup TRDaTATD RETURNSEERI5710
COMHON /HDR1/ NAME.HDRFL fans3730
EOMMON DR~ BAMPTD. TWAR, 1 TE-RUNHR. RUNMIN 20833749
COMION 7HDR3, RUNCON.SECSEN 20033790
COMPION /HDRA/ BUF4.LOPTIRS. H1PHAS ooa3area
(COLON 7IMDR INAH ISCN. TDEUF. IDHR. IDHIN, IRTMIN, IRTSEC. INBRS.  bB0337c0
COMMON ~INDATAZ INBUF. INSEQ. NIN Boa32000
(COITON /GHDR /" ONAH, OSCN. ODBUF . ODHR  ODHIN. ORTHIN. ORTSEC. ONMBAS . Bo633810
COMMON. /DTDATA~ DTBUFF.OTSEQ. NOUT O a5383
corron JrLacs” o gges55a0
7 IRDR. IPTRL. IPTR2. IPRT 3

COMHON -~ 10BUR, 1TBUE 1 CNTIN, CRTOUT: TOERR. 1TB0R2 80032620
INTEGER4 NAME (3) .HDRFLG. DRTE (23 - RUNHR . RUNHIN. SAMPIDC 16) , INAMC2) . 88035696
x RUNCONC 16 BUFA(i 1) L OPTS  HIPMAS. INAFICS) . ONAITCS) . ISCN. OSCH, * opp35860
: f,’ﬁggg%{gg"g“ﬁ-,ﬂ";%ﬁ%%ﬁg : A -ODMIN. IRTMIN, ORTMIN. IRTSEC. 8033250

, 5 . N1N.NOUT. INBUF (411) , OTBUFF (411)
e e T S e~ 0

" » . /. B

INTECER < BTSPCX (3, 285 GToRa% GTaEDy < | TouF2(2e 80835530
REAL®4 SECSCN.ORBAS. IRBAS, IRTIC.ORTIC 99835940
c 90833950
€ SET SCAN FLAG. COUNTER. PPB35960
90035970
Ninzo 2 D093299
C . PAR36000
€ CLEAR TRANSFER ARRAY IN * INDATA® BLOCK. 80036019
€ AT 80036020
5 INBUF(I)=B 3832833
c 99836059
€  CALL BLKRD TO BRING A LOGICAL RECORD INTO THE BUFFER. 20036080
I Pe035070
CALL BLK 20036030
IF (lDERR LT #) GO TO 1800 80035299
c 06936 170
€ DECODE A LOGICAL RECORD (ASSUMED TO BE A SCAN HEADER). 20035118
Cc 0e036120

DECODE (RCDLEN. 5988, 1TBUF 1) JNAM. IDD(1). ISCN 1DD(2) ., IDBUF. IDHR, 08036190
» IDD(3), IDMIN. IDD(4). IDD(S) . IRTMIN, IDD(6
c x IRTSEC, IDD(7).1DD(8). INMBRS, IDD(9). IRBRSalDD(lB) 1IDDCL 1), IRTIC gggggg?g
5888 FORMAT(3A4.A1.15.R2.2R4. 13.A1.12.A4.A1. 13.A1,12.R4.R2. 14.A1.FS.8. 20636220

x R4.A1.F10.0) 80035230
86036240

STOP IF NEW HEADER FOR RUN IS ENCOUNTERED. (ISCN=8) 80036250
808836260

IF (JSCN.EQ.®) GO TO 118 20036278
80036280

HANDLE SPECTRUM RECORD(S). AT LERST ONE IS RSSUMED TO BE PRESENT. ggggg%gg

o0 H0o0
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[plpigiglel

OMe O am OO0

o000 OO0 (elele BN elyly)

[elz BN elglnlnly]

CHECK BUFFER VIR POINTERS TO DETERMINE AMOUNT OF REMAINING DATA.
RETURN HERE IF MORE THAN ONE SCAN RECORD.

45 CALL BLKRD
IF (IOERR.LT.®) GO TD 2880

DECODE A SPECTRUM RECORD.
80 CONTINUE

DECODE (RCDLEN. S885, ITBUF 1) INSPC, INSEQ

5885 FORMAT(2613.12)

epR3c318
e8R3€6320
p003€330
00036340
00036350
PB02E360
0BB36270
pBB3E280
pBN36390
90036490

8e036430
pPB36450
00836460
ape36470
90036430

8364368

00
STORE THIS RECORD’S DATR IN INBUF USING SPECTRUM MASS AS INDEX OF IN36036506

DO 86 1=1.25.2
J=1+1

Le=INSPC(])
IF (L.NE.B) GO TO B3’
SCNEND=]
GO TO 86 .
83 L=L-39
IF (L.LT.1.0R.L.GT.411) &0 .TO 86
INBUF (L) =INSPC(J)
NIN=NIN+1
86 CONTINUE

CHECK WHETHER END-OF-SCAN ENCOUNTERED (MASS VALUE = @),
IF (SCNEND.EQ.B) GO'TO 45

RETURN LHEN SCAN ENDS (SCNEND = 1),
gg¥ﬁg;-SCNCNT+I

ENTRY PDINT FOR WRITING OUTPUT TRPE FOR INCOS USE.
ENTRY EPAWRT

WRITE SCAN HEADER TO TEMPORARY BUFFER FROM COMMON BLOCK OHDR.
ENCODE (RCDLEN. 5098, 1 TBUF2) ONAM, IDDC(1),0SCN. 1DD(2) .ODBUF . ODHR.

% IDD(3).0DMIN. IDD(4) . IDD(S).0RTHIN, IDD(6).
* ORTSEC, I1DD(7), 1DD(8).ONMBRS, IDD(S) . ORBRS., IDD(18), IDD(11),ORTIC

©03E65108
B86B36520
#BB36530
96036540
200365508
PBO3ESED
P8036570
00836588
8036598
00836600
BRO3EE 10
pBOB36620
BBD3EE3D
8BB36640C
BBO36650
BRO36660
BOB3EETO
800366840
8836690

80036728
00036730
080367408
BvB36758
000836768
BOO36770
00036780
PBA3E8S5H
00836150

80836200
0Bb36680
Y3689

MOVE ENCODED HEARDER RECORD TO OUTPUT BUFFER. UWRITE R FULL BUFFER RSDEB36908

REQUIRED VIR NTRAN (CALLED FROM SUBROUTINE BLKWRT).
CALL BLKWRT
STORE OTBUFF (PROCESSED OUTPUT SCAN) IN OTSPC AS MANY TIMES AS
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€ WMEN OTSPC IS FULL. IT IS ENCODED INTO ITBUF2, 92036978
ya-1 90035990
OTSEQ«] 3
D0 87 i=1.26 60037800
OTSPC (1) =B
DO 87 M=1.3

87 OTSPCX(M. 1)@

c DO 188 1=1.411 29937010

€ LOOP ENDING AT 188 USES J & L AS INDICES TO DTSPC; 20037698

€  DATA IN DTSPC ARE: Doo3rosn

c MASS (1+35. LHERE “1° 1S THE INDEX OF OTBUFF): 80937060

C  AND INTENSITY. THE CONTENTS OF OTBUFF (1. 20P37078

€, MASS IS STORED IN OTSPC(J) AND INTENSITY IS STORED IN OTBUFF(L). 80937090

c’ WHERE L = J + 1. 20037 168

€ 90037110
IF (GTBUFFC1).LE.®) GO TO 1ee 80937120

. #Pa37138
LeJ+l 26037140
OTSPC(J) =1+39 80037158
OTSPC (L) sOTBUFF (1) #9937 160
IF (J.LT.25) GO TO 100 90037178

c 8A037 180

C ENCODE SCAN DATA FROM OTSPC TO 1TBUF2. 20037190

3 80037250
DO B8 M=1.26 e
11=0TSPC ()

121171880
13=11/18~12%10
Ja=11-13%18-12%x108
OTSPCX(1.M) =12
OTSPCX(2.H) =13

88 OTSPCX(3.M =14
OTSEGX=0TSEG/12
OTSEQY=0TSEQ-DTSEQX*10
ENCODE (RCDLEN. SP4@. 1TBUF2) DTSPCX.OTSEQX. OTSEQY

(5840 FORMAT(801D) 20037270

& 2003 26D

€ TRANSFER CARD IMAGE IN ITBUF2 TO OUTPUT BUFFER IN SUBROUTINE BLKWRT. 08837290

. CALL BLKURT 60037310

C  CLEAR OTSPC AND INCREMENT OTSEQ. 8037330
pD 908 K=1.26 00037350
0TSPC (K) =0 20037360

90 DYSPLX(IK> =8
gTs§a=OTéEn+1 L4
. 168 CONTINUE LIS
€  SOME DATA REMAINS IN OTSPC (EVEN IF 1T IS END-OF-SCAN ZERODS): 20037419
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C
c

[glulel

anoomn

c

WRITE IT OUT,

183

EN;§ZRPUINT TD READ FILE HERDER RECORDS (4) AND TRANSFER TO OUTPUT
U .

HERE LE

165

11e

Seie
Cc

120

5015
c

130

5020
c

140

DO 183 M=1.26
11=0TSFC(M)
12=11/100
I13=11-1a-12x10
14=11-13»10-12%100
GTSPCX(1, M) =12
DTSPCA(2.M) =13
QTSPCX(3.t) =14
CONTINUE
OTSEOX=0TSEQ/18
OTSEQY=0TSEQ-OTSEQX*

ENCODE (RCDLEN. S840, ITBUFZ) OTSPCX,0TSEQX. OTSEQY
TRANSFER SCAN RECORD FROM 1TBUF2 TO QUTPUT BUFFER.

CALL BLKWRT
RETURN
ENTRY EPAHDR’

CHECK FOR A PREVIOUS EOF...
IF(EQF .EN.)GO TO 185

EOF=1
RETURN
CONTIHUE
CaLL BLKRD

IF (IOERR.LT.B) GO TO 2800

CONTINUE

DECODE (RCDLEN. 5818, ITEUF 1)

NAME , HDRFLG . DRTE . RUNHR . RUNMIN

FORMAT(3R4. 1X, 15.2X.2A4, 13, 1X, 12,46X)

DO 120 1=1,208
ITBUF2CI) =ITBUF1(1)
CARLL BLKWRT

CALL BLKRD

IF CJOERR.LT.®) GO TO 2000

DECODE (RCDLEM,S@15, ITBUF1) SAMPID. INAM

FORMAT (16R4. 1DX.R4.A2)

DO 136 I=1,208
lTBUF'(l) lTBUFl(I)
CALL ELKL

CALL BLKRD

IF (I0ERR.LT.@) GO TO 2080

DECODE (RCDLEN, 5828, 1TBUF 13
FUHT(16A4, 18X.F6.2)

D0 140 1=1,20
ITBUF2(I) = lTBUFl(I)
CALL BLKWR

CALL BLKRD

RUNCON. SECSCN

84

86037420
PDO37490

8837510
80037520
80037530
BO037540
BRAB3I?5S0

86857460
88037570
o0e37580
80037590
BBD37600

enp3reen
oOE3TE7d

200327740
esezrvse

80037760
88037770
80037780
pooz7von
ean37e60
vooiveje
Qun3veso
BoO37830

20027900
poaz?sle
60037920
B06zvazn
B6O37 540
8007950
800“80"0
80038038

80036040
6038050
20038060
poazenveo
v00z3080
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[glnly] o000

a0

CIO0O00

o000 OO0

10 IBUF (D) =IBUF(])

28 1ISTRT=)
CALL BLOCK READ SUBROUTINE (SIMULATED FOR IBM 370 TESTING).

36 CALL NTRANSCIIN,3,BLKLEN, IBUF (11STRT). JOERR.22)
CHTIN=CNTIN®1

UPDATE BUFFER LENGTH TO REFLECT NEWLY READ DATA.

JIEND =]1ISTRT+BLKLEN-1
1ISTRT=1

PROCESS NEXT LOGICAL RECORD.

48 J=g
JEND=]1ISTRT+13
30 58 1=11STRT.IEND

lTBUFl(J) 1BUF (1)
58 CONTINUE

CALL TRACE(1ISTRT

T1ISTRT=1END+1

RETURN

END
SUBROUTINE BLKLRT

THIS SUBROUTINE FILLS A S512-CHARRCTER (128-~WORD) OUTPUT BUFFER
WITH 88-CHARACTER RECORDS. WRAPAROUND IS USED TO MAKE THE BUFFER
COMPLETELY FULL AS REQUIRED BY INCOS. THE BLDCKS. WHEN FULL. ARE
ACTUALLY WRITTEN ON TAPE BY SUBROUTINE NTRANS.

COMON ~UNITS/ IRDR.IPTR!.IPTR2, IPRT3. 1IN, 10UT

COMMON /FLRGS/EOF

COMMON ~10BUF/ ITBUF L.CNTIN.CNTOUT. I0ERR. 1TBUF2

INTEGERx4 I1TBUF 1(28). CNTIN.CNTOUT, IOERR. ITBUF2(20)
INTEGER*4 1BUF (28). OBUF (1483 /148%4H /.BLKLEN/1287,
* RCDLEN/8B/, IOSTRT/1/, IBLANK/4H /. I0END 28/

EQUIVALENCE (IBUF(1),1TBUF2(1))

CHECK TO SEE WHETHER BUFFER 1S ALREADY FULL TO 512 CHRRACTERS.

ALSO. PUT OUT THE LAST BLOCK(S) (THERE MAY BE TWO REQUIRED) AT END-

OF-FILE OR ERROR IN RERDING OR WRITIN
IF (10STRT.GT.128.0R.EOF.NE.O) GO TO 3e

STORE FILLED TRANSFER BUFFER INTO DUTPUT BUFFER DBUF.
18 lDEND‘lUSTRT+19
DDJZB I1=10STRT 10END

28 OBUF (1) =1BUF (J)
JOSTRT = 10END+!
RETURN

86

pRv3e780
00033718
000838720
00n3E730
20838740
8p0Z3750
f0N387ED
00028770
80035780
0683P796
0032500

006388 10
08036820
08038830

80036840
88038850
80835860
880388708-
08038860
8006388390
B638980
8008389186
00038920
200838538
006038940
28030950
8803835608
BBB38370
02033980
00038390
80033080
80833010
80839029
80039030
20839840
800330850
80039068
88033070
BR035080
20039098
86039100
0B039110
80039120
66039140
80033150
BOD391E0
80033170
80033180
80039190
80039210
800839220
86033230
80039240
80039250
80035260



E UPON ENTERING AND FINDING A FULL BUFFER. WRITE IT 70 TAPE

38 CALL NTRANS(IOUT, 1,BLKLEN.
3 ENToUTeeNToT N.OBUF (1), IDERR, 22)

(glalnly]

A BB-CHARACTER RECORD. FILL THE REST OF OBUF WITH BLAMNKS,

32 JOSTRT=}

gg }F CIOEND.LE.128) GO TO Se
DO 48 I=129, JOEND
J=J+1

40 OBUF (J)=0BUF (1)
IOSTRT=J+1{
10END=J

STORE BLANKS IN REMAINDER OF OBUF.

50 DO 68 I=10STRT. 148
68 OBUF (1) =IBLANK

GET THE LAST BIT OF DATA ONTO TRPE IF EOF OR ERROR.

IF CIDEND.LT.IOSTRT.AND.EOF.GT.®) GO TO 30
IF (EOF.EQ.®) GO YO 18

c
E OTHERWISE., FINISHED.
RETURN

BLOCK DATA

COMMON /FLAGS~/ EOF

INTEGER*4 EOF/8/

COMON 7I0BUF~ ITBUF1.CNTIN,CNTOUT, IBERR, 1TBUF2
INTEGER*4 ITBUF1(28),CNTIN.CNTOUT. IOERR, I TBUF2(28)
DRTA CNTIN/B/,CNTOUT/8/. ITBUF 1/20%4H /. 10ERRB/.
léTBUF2/28*4H 7

THIS SUBROUTINE WAS CALLED ONLY FRON CUEXEC S0

CUEXEC LAS EL IMINRTED AND TEMENTS WERE

INSERTED IN GCMSOL WHICH UQS lN TURN MADE THE MAIN PGM.
WM.F. HARGROVE 9/30/77

—~000

[glalal

SUBROUTINE GCHSOL(CLNFLG)

INTEGER CLNFLG

THIS COMPUTER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPDRT
FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612 AND
GM1-20832) AND THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
l&gégEg ggsggg(gganEBUF(S) RJACEN, AHERD, 1S0(1008)

INTEGER NAME.RDATE.BITMAP.GCTIME.L IBMAP, INTEG.LOMASS. MAD.ADS
INTEGER HIMARSS.POINYS. TAPCNT.HMAXSP,LSTCNT, DEVICE.SPCNO

INTEGER LSTMINJSPEC. IND. IR, BK,.NM.NTHM. PNARME(32)

INTEGER HIST(18),UNIT.NNAME (18), IRND

INTEGER NUSPEC.NMASS.OVLAP, EXPNAM. SRL1B (5) , SECOND

INTEGER 0ODUBLT,QSATS. NL INE. RAWBUF. FSTPGE FSTREC

INTEGER SATLST.SATINX.PASS!, 1TOM, EOF

INTEGER GPERK.SPARE1.SPARE2.SPARE3. SPRRE4, SPARE?

[sinlalelNalelisinly]
.
.

87

RDJUST CONTENTS OF OBUF SO THAT IT CONTAINS THE UNLRITTEN PORTION OFB@039330

88039270
00033280
88039290
868:9318

039340
80833350
88039360
000939378
20039380
88039230
063394060
2p039410
080039420
88033430
80035440
000839450
800335460
20033470
80033480
epa39510
80039520
80039530
B0R39490
88039560
00839540
200832550
POA39SED
90039578

80339770
00923780
00033790
80839800
PAB39510
082033820
80039330
80039340
88000010
80000020
86800030
0006005
262a0050
B60B0N6ED
00000070
00000080
002000308
80000160
86000110
80903120
26000130
80000140
80260150
80000168
86280170
B0O0D01EB
20200190



INTEGER*4 TIMREM. TIMCHT
REAL SPARES, SPAREG
REAL 1SVPB. 1SVPS

REAL  ONORM

REAL*8  C4.C1.C2.SGX.SHX
DlﬂENSIUN G(9), H(11),GNUC(]
COMMON PKHIST(28),NPHIST(2
COFrﬂN 5. Y4, Y3, 2, Yri
COMON GM4, GM3,GM2.G6M1.GB.,
COMMON SG.S62.51G.51.S12.RN.
COMMON NAME (32), RDRTE(S).BIWP(S4) GCTIME

COMMON LIBMAP(17), INTEG,LOMASS.HIMASS,POINTS, TRPCNT
COMMON MAXSPLLSTCNT,DEVICE(S) ., SPCND

COMMON SPEC(14.411)., IND(3.411),NUSPEC(411).NMASS
COMMON REMAX(3), JR(3).BK(3) . NM(3) ,NTM(3) ,GPEAK(3,11)

COMMON SPARE 1. SPRRE2,SPARE3, SPAREA, SPARES, SPAREG . SPARE?

COMMON RATHMIN,RRTEMX.SIGYB.SIGNXT,SIGLST
COMMON ISVNB. ISWNI, 1SVP8, 1SVP3. SIGMA? . SATVAL , SATMAX

COMMON MODE 1.MODE2, NLWCUT. NUPCUT. SATPKS (25) . NSAT. EXPNAM(S)

COMMON ~CSATLS/SATLST(25),SATINX

COMMON ~/CAHERZAHEAD (5)

COMMON /PRNTFG/IPFLAG

COMMON /MODES~ SGMODE (3) , SHMODE (3) , GMODE , HMODE
COMMON ~TASSES/ ISGMAS(3), ISHMAS(3), IGMASS., IHMASS
COMMON /ERRORS/RMASS - ERRMAX, NERR.SIGERR ., SECOND (411)
COMMON Z1IFF/IFLAG(3)

COMMON /RJRCHT/QJRCEN(Z)

COrMMON /BARCKER/SUMG. S

COMMON /DUBBER/CA4.C1. C2 SGX SHX

COrMON /PARAMS/MINTIC, MINNY,NTHIRD,RATH

COMION /HIND/IHL, TH2,.MSINGS(2.58) . MINX, L INGS (50) . LINX
COrMMON /DUBFLG-1DUB

COMMON /CRATMX/RATHMXX

COMMON ZLFTRIT/ILEFT, IRIGHT

COMMON ~DUBEUG~ IDEBUG

COMMON /MONTOR/MONSPC. MONMAS

COMMON /SLOTNO/NSLOT

COMMON /CHEMPO/QDUBL T, GNORM. BSATS. NLINE

COMMON /CFSTPG/FSTPGE

CoMMON /CRAWBU/RALBUF (4113

COMMON /LSQ/PASS1

COMMON /CFSTRE/FSTREC

COMMON /TOMS/ [ TOM

COMMON /IMAD/MAD

COMMON ~/1ADS/RDS

COMMON ~NR/PHAME

COMMON ~ZUNTTS/ IRDR, IPTR1. IPTR2, IPTR3, I'IN, IOUT

C IH1, IH2, IFLAGL. IFLAG2 USED IN TLOC AND ITS BRANCHES.
C HERE CLERNUP HARS BEEN GIVEN THE CAPABILITY OF MULTIPLE RUN
C PROCESSING - AND THE 1,0 UNIT NUMBERS HAVE BEEN PUT IN A
C COMON BLOCK NAMED ~UNITS~/
c W1 F HARGROVE
c 1172978

IRDR=4

IPTR1=6

IPTR2=6

IPTR3=6

TIN=?7

88

00008200
00000210
28008220
80080230
00000240
80000250
000D0260
80000270
opepn2e0
80008290
80600300
800003160
808003208
ABBOD3 38
80066340
80080350
06aB0360
a0p00370
80080380
88002358
a600040e
20000410
260004206
00000438
70800440
80900450
20000460
00008478
0B0004608
00200450
920RE500
20080518
290005208
/BBnAS3e
86000540
20088550
200060568
/0808578
060085€0
a0B0DS90
20000600
082266 18
08060620
20008630
ea060630
200BoESe
2RDENEED
28006670
e0B00680
0686680690
00006780
800007 10
20000720
2poo0v368
20008740
28000750
88000760
0800E770



10UT=9
B
UPRNT (3. NPHIST,MASEUF, PK . ,
1ERRMAX, ERR2, MODE | . MODE 1 . MODE2) nIST.AVE
E GET COMTROL PARAMETERS - PARDIR HAS BEEN REWRITTEN AS OF

CALL PARDIR 12712778 WFH - RTI
C OPEN_PRIMARY INPUT AND OUTPUT FILES

CALL OPNF
C START OF RUN PROCESS!NG LoopP
35 IRNO=IRNO+
EQF=
=g
IH] = 1}
H2 = 2
IFLAG(1) = 8
IFLAG(2) = 8
TAPCNT = @
AJACEN(2) = @

C THIS HMOD INSERTED TD HELP WITH UNINTIALIZED G ARRAY
C DOWN INSIDE SARTLSQ. .....
c RTI WFH 1121778
DO 17 I=1.9
17 G(l)=0 B
18 1 1.5

18 RHERD(I) =8
C THIS MOD INSERTED TO INITIALIZE THE ARRAY GPERK
C INSERTED 11-14/78 - AT RTI BY WFH
Do 11 l=l.3
DO 11 J=1,11
11 GPERK(! J)=0
THIS MOD TO INITIALIZE ARRAY MSINGS.
INSE%EE?34{I§/;B = AT RTI BY WFH

[glel

0
€ THIS MOD QLSO T0 ]NITIRLXZE AN ARRAY LINGS.
€ INSERTED 4-13/78 - AT RTI BY UFH
DO 14 1=1.50
14 LINGS(]) =0
€ THESE MODS ARE RALSO TO INlTIGLlXE 1SVNB. ISVNS. ISVPB. ISWPS,
c lNSE?gsg 414,778 ~ AT RTI BY WFH

.

lSVPS*B.B

1SVNB=0

1SVNS=0
C YET ANOTHER MOD TO INITIALIZE THE HISTOGRAMS - NPHIST.PKHIST
C INSERTED 4-14/78 - AT RT! BY WFH

D0 15 _1=1.20

i

C STILL ANOTHER MOD TO IN{TIRLIZE THINGS FOR TLOC - SPARE3 TO SPARE?
c XNSEPTEDEg/é?/78 BY WFH AT RT

SPARE4=0

SPAFES=0.8

PAREG=0.8
C DNCESRGﬂﬁN‘ﬂN UNINITIALIZED VARIABLE - THIS TIME IN LKAHED

89

80800780
80003750
80000200
00060310
060808208
80000839
80000840
80000850
000008€0
00000379
800600280
80000318
808POSZ0
88000939
80000340
88000950
800006960
82600970
22800380
88900390
87001000
80001010
60001020
00061030
00081849
onen 1050
62001060
e8001870
26001080
860810399
80001100
egooitlia
00001120
000801139
000081140
26001150
BREO11€ED
20801170
82001180
20001190
06001980

20001230
80001240
80001250
80001260
00001270
[]spprasicd
eaaoicou
60001300
20081310
00001320
80001330
am00 1349
80001350
a0001360
08001370



C 0D lNSERTED 4728778 AT RTI BY WFH

D 12 1 = 1,25
12 SﬂTLST(I) =9
SATINY =
THIS ™MOD lNSERTED TO INITIALIZE ISGMARS FOR A
MOD DOWN INSIDE TLOC TO PREVENT LOOKING FOR
ELUTANTS WHICH HAVE NO SUITABLE MODEL....
00 16 1=t 3RTl ~ BY WFH S5/24/78

ISHMASCI) ==t
16 I1SGMAS(D)=-1
c NSLOT.NL INE USED IN KAPUT VIA OUTDAT.
NSLOT = @
NLINE = 8
FSTPGE = 1
FSTREC =
ANOTHER RANDOM VOID .. EH .. HUI NENG ...
NMASS =41 |
LSTCNT=0
HERE THE CALL TO PARDIR HAS BEEN SHIFTED TO THE TOP
AND CALL ING ARGUMENTS TO SETBUG HAVE BEEN MODIFIED
W F_HARGROVE
11,2978

loininlal

[}

[plnlalnly]

CALL PARDIR(CLNFLG.UNIT.NNAME)

CALL SETBUG (NNAME,EQF)

IF(EOF.NE.B)GD TO S8
LOCP CONTROL MODIFIED SO PROGRAM WILL TERMINATE INSIDE MAIN
CSECT - WFH RTI 89/31/78

MAXSP =MAXSP-18

NS=13
40 NSeNS+1
THE UPDATING OF SPCND IS HNOW DDNE INSIDE TLOC
WHERE THE SPECTRUM RECORDS ARE uT.
THIS WAS DONE SO THAT SPCNO CDULD KEEP UP WITH
GAPS IN THE SCAN NUMBERS.

WFH - RTI 6-15/78

SPCNO=SPCNO+1
ALSO AN EOF FLAG WAS ADDED TO ENSURE TERMINATION INSIDE THE
MAIN ROUTINE.....
- RTI 931,78

CALL TLOC(NS,M1,.M2,M3, IFDUND,EUF)
IF(EOF.EQ.1)GD.TD 30
IFOUND = @ IF NO SPECTPUM DETECTED.
IFCIFOUND.EG.B) GO T
MU=MU+1
IF(MU.LE.1088)G0 TO 23
CALL CUPRNT(4.NPHIST.MASBUF .PKHIST. AVE.ERRMAX.
1ERR2,SFCNO, MODE2, MODE2)
C WRITEC(IPTRZ2,24) SPCNGO
C 24 FORMAT( =°, “xxx CLEANUP TERMINATING DUE TO TABLE OVERFLOU xowx”
c l/+é§.léﬂST SPECRUM NO. IS *.I%)

S .
23 1S0Q(MU) =SPCNO
28 CALL LKAHED(NS.M2.M3.0VLAP.
C OVLAP = | [IF ELUTRNT DETECTED RHERD.
1F (OVLAP.EQ.8) GO TO 23
CAaLL OFFSET(G H.GNU, HNU. MODE 1 . MODE2)

CIO0000000 [plninl

(g
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00001380
88001398
00001400
006001410
006081429
00001430
o0 1448
epnB 1458
20001468
00001470
90001468
80001490
00601508
80081510
peNnp 1520
onae 1530
00881540
00001550
808801560
060015708
06001580
00001598
00001608
aee0 1610
pBVD 1620
80801638
08001640
00001650
80001666
BoBO1670

P00 1690
80001700
6e001710
Be001720
80001730
60081740
600081750
80081760
80001770
8208178

0000179

8000 1800
oe001810
66001820
28001830
0e0U1840
80001850
0noR 1860
20001870
B660 1880
86001890
80001900
200081510
26001320
2000193p
82001840



80801950
FIX TO CUPRNT IN ORDER TO MAKE 8008 1500
€ 'JB’?E?S“K R‘E.f“?le ONLY RRGUMENTS USED IN THIS CALL ARE 00001370
: "] e MEDE2 R 8T8 gess 150e
€ CALL CUPRNT(I. NPHIST.MSBUF mesr.nvs ERRMAX. . 06662860
\ERR2,MODE 1. MODE2, MODE2) aaaozogg
C ABOVE PRINTS MODE1 AND MODE2 ”"aag?ﬁg
25  CONTINUE gggg,oza
PaSSI = © auaeﬁeﬁg
0000206
c N%S{slpass FOR MASSES DETECTED TO LEFT OF DETECTED SPECTRUM gggggggg
&
E ?#%ﬁ%&ﬁe k’%m THAT THE DOUBLET RESOLVER 1S DNLY RUN ON 03883?38
9
¢ ISKP, OVLAP.NDIS,6.H, GNU. HNU) 80082118
¢ C‘%h%sGEEE‘ETéSE PASaES DETELTED AT THE” SPELTRLM 80062130
¢ - > Boh02 140
gggfngmGT(Ns- 1,M2, ISKP,OVLAP.NDIS.G.H.GNU. ggggg }28
1SKP=1 26L02170
c N Nis PASS FOR MASSES DETECTED TO EHE Erxlgnz OF THE SPECTRUM gggggiég
.1M2, ISKP, OVLA . :

cglélingepe{ga"guunns ERROR STUFF IF DOUBLET FOUND 60002200
oA 25%0% 0,520 750722, 60002220
IF_(IDEBUG .EQ. B) GO TO .

IMASS = IN ORDER 08002206

X CUPRNT ARE

¢ gofgq’glibYuggEYL??Trﬁé OIEY ARGUMENTS USED IN THlS CALL gggg%%;g
E AVE AND ERRMAX WFH,RT1 4’25,’1;2 ERR2 80002230
€ CALL CUPRNT(2.NPHIST.HASBUF.PKHIST.AVE. ERRIAX, 80002508
1MODE §.MODE2. P‘DDEZ * X ea?ggggg

c (IHSPEC) STUFF 2 aoan23s
€ C’ﬁflETEUgg;T?gHNPHIST MASBUF . PKHIST. AVE . ERRIAY 00003340
1ERRZ. SPCND, MODE2.MODE2) 2000380
c LR ITE (IPTR2.908) 80002370
¢ WRITE (IPTR2. sw) 26002380
ICOUNT = 8 06002390
D0 680 I = 1,6 00602400
MASBUFC(]) = @ 00602410
608  VALBUF(1) = B 000024-0
el gl s

C =
EEcand e, Jeren 50 m ess caagesso
ICOUNT = IC y 6o 0 248
1E"¢icoint 20T )?(mssuFu) VRLEUF (D). 1 = L6 e
c ggfé&ﬁéﬁ%éz?ﬂssw VALBUF . PKH1ST. AVE, ERRm 80082430
e Ly soesseie
ggﬂg':a 1= 1.6 PBE02520
MASBUF (1) = B
618 VALBUF(J) = B

91



620  MASBUF (ICOURT) = 1MASS
VALBUF (ICOUNT) = SECONDCI)
658  CONTINUE
1F ¢ MASBUF(1) .EQ. €) GO TO 558
WRITE (IPTR2.920) (MASBUF (J).VALBUF(J},J=1,6)
CALL CUPRHT(G rhSBUF VAL BUF . PKHIST. RVE.ERRMAX. ERR2,

THE ARBOVE EHPTIES THE BUFFER.
CRL%DOUTDRT(SRLIB »NNAMED

GO 408
S MOD INSERTED IN CONJUNCTION WITH THE EOF FLAG ADDITION TO

WFH - RTI 9/31/78
HE END DF THE CLEANUP MAIN CSECT HAS BEEN MODIFIED
0 HANDLE MULTIPLE RUN PROCESSING.
UM F_HARGROVE

11729/78

[l

w
o

THI
T.oc
TH
T0

[nlglgleleinlele BENY (o]

END OF SPECTRUH RUN
38 CONT
CALL CLSRUN(ISD e 1Y
GO 70 35

END OF FILE AND TERMINATION OF CLEANUP PROGRAM
58 CALL CUPRNT(B.NNAME,VAIBUF.PKHIST.AVE,ERRMAX.
2ERRZ. TIMCNT. MODE2,MODE2)
CALL CLSFIL
STOP

o

END
SUBROUTINE BACLSQ(PKHGT)

>
c THIS COMPUTER PROGRAM LIRS DEVELOPED WITH THE FUNDING SUPPORT
£ FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612 AND
C GM-26832) AND THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
c (GRANT NGR-B5-820-632) .
£
c #kk THIS ROUTINE USES A MODEL PEARK AND CURRENT PEAK
€ soix AND DOES A LEAST SOUARES TO COMPUTE THE
¢ xokx BACKGROUND AT PERK CENTRE (ASSUMES L INEAR BACKGROUND).
INTEGER PKHGT.PASS1
COMMON PKHIST(28) . NPHIST(29)
. COMMON YIM5.Y(9).YPS
COMMON G(3)
£OMMON /LEQ/PASS!
COMMON ~BACKER/SG. 562
’ REAL  P.C
E xok SOLUTION OF THREE LINEAR EQUATIONS.
€
E P x SGuk2 + L = SGY
¢ PxSE +C =57
¢
c WHICH RESULT FROM THE LEAST SOUARE FITTING OF THE
¢ ERROR TERMS.
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pBBB253H
PPEO2S40
20002350
00002560
00062570
00902560
86002550
80082600
000082610

BB002630
PO0B2640
ABB02650
00002660
26002670
2@002¢€80
080802690
ap0e2700
eens2719
80B02740
20082730
80082760
paoB2770
28002780
20802790
80P02600
200026810
enpo282e
008u2828
08002840
800028so
B0BO2860
868082870
26002880
20082898
00082300
0Ba02910
80002920
080029320
09802340
80002950
00uB2950
88002578
8c0p2380
00002999
00603000
BED03010
880063020
20003038
80003040
80003050
80003060
80002070
808u3080
area2090
80002100
80803118
08083120



9
1.
] =
D

(

Y

C -

+

n

(

6

L 4

P

)

I

(

E

0
2
sac
ag{gg
B°3Era
eoazlee
aaaBZISB
aenez'?a
gﬂf@,’g%gg
J’Z%aggggg
0GR ggg?gg?g
T sssggggg
5 aeoazgea
I aanTgla
H eeeoi32e
. saggg%g
. sgaggggg
» 3333%53
¢
00003420
P.TH
0 88083468
GTRT §§§§§§é§
* E 95093400
U . 938035ég
P L v 1Y 88883233
T WA AR géggéggg
HGTED INE gggggggg
K A eaaazsga
A L L gggg§§?g
PEP° TS aenaggzﬂ
R I 53003630
ETTE 8 £ §§§§§g§§
s N 1 ) N 00305270
NDE ITO SG RMI gggggggg
p Rmco x ) §§§§§%
s 9 | D eae
For "’ ) | | LY Ega
vegﬁ?u. &¢ GZ m I%t;a
L 0 E ' * /g n TS l
£ . )
52?*{ 341 ) D ngza
ue“a 8s “%s ! ) | Bg I
PPR‘ E EG [ﬂsT SgURT
(swo-; s)l’i i DWH_
£ ,25“g§g livlrist): .gln‘ IEEW
£ §§2§-N:;IES,T§.? DéFEY
g EESI.°$YG % *EEI‘XT "gﬁgF
§%£25'§Y? g?ﬂ:i ET%EE
'1513 TSYINS%YRO ” BEQnTE
S EYEERNTs:?ER | SIRHE
1 PK (i u g. 71>Y Hsu/s
:Eézgé\é’: l; ( ; NHRDR
| EEEIEGYEI;I §* TégoF
c N éBavx;é
nXYz Rxx/? | |
Rxx = gW/ B LDF ‘
o a0= = ﬂ%ﬁ QHE ae
an ;X TSO 0 ‘ |
RX'XI RN A : : +?é0
28 :;%Dls@f*§2é§/
Ea“mmggsgggm
C TEE Fs_.‘,’l-'T
£ BE , (Rng
£ T ROTORO
£ DlR:s
¢ FRss
| e
¢ ;
R
)
)
3

VY
A

/1

S

RHM

i0

T
]

R

93



RETURN
429 RAT10=0.0
RETURN

END

THIS SUBROUTINE DOES ALL PRINTING

FOR CLEANUP. PLEASE USE IT TO ADD NEL PRINTING
IN ANY SUBROUTINE.

THE CALL STATEMENT ALLOWS FOR PASSING OF RARRAYS
REALS AND INTEGERS.

THIS COMPUTER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPORT
FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612 A

GM-28832) AND THE NATIONAL AERONAUTICS AND SPACE RDHINISTRRTIDN
(GRANT NGR-85-820-632).

SUBROUTINE CUPRNT(N, IAR. IAR2,AR.R1,R2.R3.11.12.13)
lNgEGE? 21!312 13, IONE.NINE
THE DIMMENSIONS OF IAR AND AR HAVE BEEN CHANGED TO SUIT WATFIV
THEY WERE RT 9....MUCH OF THIS CDﬁE SE%NS NONSENSE. . .

1 267478
DIMENSION IRR(1),.AR(1).IAR2(1)
COMON ~DUBBUG/IFLAG
COMMON ~UNITS~ IRDR. IPTRI. IPTR2, IPTR3. IIN. 10UT
DRTA JONE.NINE-1.S/

slplnisizigiglisisisinielyl

oon

c .
E IFLRG 1S RESET IF NO PRINTING IS TO BE DONE~/
C IF (IFLAG.EQ.B) RETURN
c GO TO (19,140,150, 168 170,180,200.218).N
C THE ABOVE IS A CHSE STATEMENT FOR EXECUTING PRINT
E OPTIONS.C
C GCMSOL RPINTING OF rDDEl MODE2

18 IF(IFLAG.EQ.B)RETU

WITE(IPTR2.518) Il 12

c RETURN

148 JF(IFLAG.EQ.B)RETURN
WRITECIPTR2,1400) RI.R2
RETURN

[ FORMAT STATEMENTS FOLLOUW.

[+

S18  FORMAT(/1X.” HISTOGRAM LOCATIONS OF THE TWO SPECTRR ARE: "~
=8%, "G-POSITION = *,12,2X, H-POSITION = “,14)

1408 FDRHHT(/' LERST SOURRESREERQE STUFF FOR DUBLET:"

AVE. ERR. S ERR’
,/,IX,EIS 8,4X.E15.8, .
C THESE PRINT STATEMENTS HQVE BEEN RDDED RS _PART OF THE
E GENERAL REVAMPING OF CUPRNT.... H RT1 9/31/78

158 WRITE(IPTR2, 101) -

101 Eg$ﬂg;('—‘.‘STﬂRT OF CONVERTED MARSS SPEC CLEANUP PROGRAM”)

94

20003719
ABBEB3720
0608037308
00003740
2003750
08Re37E0
pB003778
00B037ED
0000683790
BBOB38ON
poRB3B 10
80803820
peenIE30
PRB83B40
pBBA83850
pOBB3B60
28803870
08063360
90803896
00003580
a6003918
pEPB3920
ep083930
20003940
00803358
00983360
00003978
00003980
28003950
80003000
80004010
20004028
80084030
/a884040
a0004058
0eaa4060
p0604878
BBOB40ED
p8804090
aEon4100
08004118
20004120
20804130
BB6B04140
26004158
e0a04160
80004170
ppAA4180
28684190
200041200
00204210
04229
80004230
80684240
80004256
88p64260
20004278
aep04288



160 WRITECIPTR2,24) 11

24 FORIRT (2 » cix CLEANUP TERMINATING
12 1%, (LAST SPECTRUM NO. IS ".15 DUE TO TABLE OVERFLOW wwok*,

1ve XF(IFLRG.EO.B)RETURN
588 FORBT(r/.20%. 0 COMPUTED
77 .* COMPU H(MODE) * Q°.
WRITEC(IPTRZ.910) 0.

918 FORMAT(" MASS VALUE MASS VALUE MASS VALUE MASS VALUE MASS VAL

*UE HRSS VRLUE" /)
RETURI

c
1B L T (1) 1
‘ CIARCD) . 1AR2(T).

520 FORMAT(6(3X.13. 1. 1)) 1=1.6

H
CUPRNT STATEMENTS 7 AND 8 HAVE BEEN MODIFIED TO
FIT IN WITH THE SCHEME OF MULTIPLE RUN PROCESSING.
11,2978 RTI-
. I
208 WRITECIPTR2.11) 12, (1ARC(1) . 1=1,18)
11_FORMATC1X. “END OF PROCESSING FOR RUN ¢”.12.
2° RUN TITLE: °.18R4)
RETURN

aono

210 WRITE(IPTR2. 182)
182 Eg$ﬂg;('—’.’***£ﬂn OF CLEANUP PROCESS ING*#x")

END
SUBROUTINE DETEKT (PKHIST.NPHIST,DTFLAG,NLWCUT,NUPCUT
& »NL.NU, IDXL, IDXU, INDX)

THIS COMPUTER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPORT
FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612 AND
GM-28832) AND THE NRTIONAL AERONAUTICS AND SPACE RDMINISTRATION
(GRANT NGR-85-820-632).

INTEGER PLIMIT,DTFLAG.CPLMIT,SVFLAG,CRSE!
RERL MX,HMX2, INTSUM
DIMENSION PKHIST(2@).NPHIST(20)
COMMON /PARAMS/ZMINTIC, MINNY. NTHIRD.RRTH
MINNY 1S USED FOR FEWER THAN S5 PERK
REQUIRE TOTAL ION CURRENT FOR DETECTED SPECTRUM TO BE MINTIC
IH AND AROUND THE MAX IF 5 PEAKS LOCALLY.
CoMMoN ~TOMS.~1TOM
COMMON ~/CAHER/AHEAD (5)
INTEGER RHEAD. ITOM
C HOKAAAHKAOKIK AKNAAOK KNI IKHARHAARKKAAHOKHAKANOKARAC AR NKK
C WE SCAH THE HISTOGRRHIC WINDOW #NL.NU@ FOR A MAXIMUM
DTFLAG=8
INDX=NL
Rresa
[ THE HISTOGRAMIC WINDOW *IDXL.1DXUe IS WHERE A MAXIMUM
[of WILL OCCUR IF A SPECTRUM IS ELUTING.

oOoOO06M0

[glnip]

95

60804290
80084380
96004218
00004320
86004330
80064340
00004350
0600043560
00004379
80094380
83604390

00604400
00004410
80004420
60004430
000044408
©06804450
20004460
80004470
80001480
00904430
80004580
20004519
006804520
98004530
00804550
80001560
B0NNAS70
800043580
00004590
2p004600
en0046 10
82004620
0e004e=0
00004540

enande7n
60080480
00004£30
280204,00

80004760
60004770
a0a04760
80004730
20004800
00004810
2004828
80004830
80004840
20084850
93004860
20004570
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C

NUM2=NPHIST(IDXL)
MX2=PKHIST(IDXL)
INDX2=1DXL

NK.NUH = MAX MNL.NU2 &  MX2.NUM2 = MAX +IDXL. IDXUe

DO 1@ I=HNL.HN

IF ( MX .GE. PKHIST(!) ) GO TO 8
MX=PKHISTC 1)

NUM=NPHIST(1)

INDX= |

CONTINUE

NOTE: +IDXL.IDXue IS WINDOL FOR DETECTING ELUTANT NOW
IDXU ) GO TO 10

IF ¢ 1 .LE. IDX_ .OR. I .GT.
IF ¢ MX2 .GE. PKHIST(I) ) GO TO 18
GET MAXIMUM IN WINDOW <+ IDXL.IDXU @
MX2=PKHIST(I)
NUMZ2=NPHIST(I)
!NDXZ‘[
CONTINUE
SEE IF IN RlGHT HlSTOGRﬂH UINDOU. +IDXL . IDXU
IF_C INDX . D. NDX .LE. IDXU ) GO

19
1IF WE GET HERE THE QBSDLUTE HRXIPUM WAS NOT IN *XDXL IDXUe

AND  IDXL

INDX2
REQUIRE: 1. THHT TIC (INDXZ) BE LRRGER THAN ITS IMMEDIATE

NE IGHBORS.
2. THAT PKHIST(IDXU) + PKHIST(IDXU+1)
+ PKHIST(IDXL) .GE. MINTIC.

IF ¢ M2 LY. PKHISTCINDX2-1) ) RETURN
IF ( MX2 .LT. PKHISTCINDX2+1) ) RETURM
CHECK ON HOW CLOSE WE WILL ALLOW HISTOGRAM BUMPS.
DEFAULTS TO 2 SLOTS APART. SPECIAL FLAG I1TOM IS
USED FOR FRAGMENTOGRAPHY RUNS TO TRY TO SEPRRRTE
DEUTERATED PERKS FROM NON-DEUTERATED PERKS.

THIS 1S A TEMPORARY MOD IN ORDER TO GATHER STATISTICS ON
THE INPUT PARARMETER ITOM - CODE 6

WFH RTI 9-31/78

1SPC=8

ITYP=6

WRITE(20,6251) ITYP. ISPC
FORIMAT (R4, R4)

IF ( 170 .EQ. 1) GO TO 79
IF ( MX2 .LT. PKHIST(INDX2-2) ) RETURN
IF ( MX2 .LT. PKHISTC(INDX242) ) RETURN

TEMPORARY tMOD IN ORDER TO GATHER STQTXSTIC° ON
THE INPUT PARAMETER 1TOM - CODE 7

WFH RTI 931,78
1SPC=0
ITYPe?
WRITE (28.6254) ITYP, ISPC

6254 FORMAT(A4.R4)
CONTINUE

PKSUM = PKHISTCIDXL) + PKHIST(IDXL+1) + PKHISTUIDXW)
IF ( IDXL .NE. 4 ) GO _TO 12
IF ( AHEAD(1) .EQ. 1) PKSUH = MINTIC

THE ABOVE GUARANTEES DETECTION IF SPECTRUM WAS DETECTED
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s

00884880
900684290
90064900
00004910
20004920
800804920
08604940
80004950
80604960
86084970
80004960
88004990
00005000
gopesole
80005820
80063038
80005040
00805059
60005060
80005070
00085080
600056890
068051008
008e5118
2eens129
88005130
60005140
080051508
BGBOS 160
80005179
86005180
28085198
20005280
PpR0s210
opnns220
80005230
200685240
0eees525a0
2005250
0e005270
egeas2en
a0e05290
seans53e0
28005310
00005320
e0B05330
00085340
80065350
000085360
eeoes370
800A5380
80005390
80605400
800085410
26005420
00005430
00905440
86005450



c AHEAD.
éz CONTINUE
C THIS IS & TEMPORARY MOD IN ORDER_TO GATH
€ TE neut PARAMETER ITOM - COD ER STATISTICS ON
/.
€ 1SPCe@ WFH RT1 93178
c 1TYP=5
c LRITE(20.6252) XTYP.ISPC.PKSUH
£6252 FORMAT(A4.A4, 36X. A
IF ¢ PKSUM .LT. HINTIC > RETURN
NLWCUT = INDX2-2
NOPCUT= INDX2+2
INDX=INDX2
t DTFLAG = 1 SAYS WE’VE FOUND ONE
DTFLAG=1
RETURN
1S CONTINUE
il WE NOW SUM NUMBER OF PERKS AND TIC.
IF ¢ IDXL_.LT. 7 ) GO TO 16
c MAKE SURE LE HAVE R HISTOGRAMIC BUBBLE
£ IF LOOKING RHEAD.
BUBBLE = PKHISTCINDX)
IF ( BUBBLE .LT. PKHIST(INDX-1) ) RETURN
IF ( BUBBLE .LT. PKHISTCINDX-2) ) RETURN
16  CONTINUE
PKSUM = NPHISTCIDXL)
INTSUM = PKHIST(IDXL)
t IF IDXL = 9 THEN WE ARE LOOKING AHEAD. AND AN EARLIER
£ ELUTANT WAS DETECTED AT 6. LE ONLY SCANNED 49, 10e.
If (IDXL .EQ. 9) GO T0 158
PKSUM = PKSUM + NPHISTCIDXL + 1)
INTSUM = INTSUM + PKHISTCIDXL + 1)
IF ( IDX. .EO. 8 ) GO TO 180
c HERE WE ONLY SCANNED +8, i@@
PKSUM = PKSUM + NPHIST(IDXU)
INTSUM = INTSUM + PKHIST(IDX)
IF ¢ IDX .EQ. 7 ) GO TO 108
HERE WE SCANNED 47.102. IN ALL SPECIAL CASES A ELUTANT WRS
DETECTED IN +4.5,6@ SO WE DO ND LEFT BOUNDARY CHECKING.
SEE IF PAXIMUM OCCURRED ON LEFT BOUNDARY
IF ( INDX .NE. IDXL ) GO 7O 1B
PKSUM = PKSUM-+ NPHIST(IDXL- 152
égTSUngalNTSUH + PKHIST(IDXL=1)
t SEE 1F MAXIMUM DCCURRED ON RIGHT BOUNDARY
188 CONTINUE
IF ( INDX .NE. IDXU ) GO TO 158
PKSUM = PKSUM + NPHIST(1DXU+1)
INTSUM = INTSUM + PKRISTCIDXU+D)
158 CONTINUE
c GUARANTEE SPECTRUM DETECTION IF DETECTED AHEAD.
IF ( IDXL .NE.-4 ) GO 10 155
IF ( Rﬁig?él} .£a. "5 0 7o 155
PKSUM. =
IF ¢ pKsun LT. MINNY ) PKSUM = MINNY
155  CONT
C cuecx UEOR FEWER THAN 5 PEAKS.

[glele]
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80005460
0800835470
20005400
000054%0
88205500
80605510
8p6ps520
00005520
80005540
80805550
BO0OSSEB
pBPBSS570
20005580
20005590
20085600
90085618
20085620
800085630
00005640
080005650
80005660
0800567

08605660
800056906
86685700
200057 10
88005720
00005730
00065740
20005750
80065760
260085770
peNBsS780
88905798
03005800
20005810
00005820
08005830
80085840
80005850
800058660
80005870
20085880
88005899
pRA0S900
80005910
2020538208
e0a5938
BBB05940
22005950
280005960
200053970
89005580
88005990
80006000
POB060 19
88086020
200806030



C
C ™
C THE
C

c

[

C
6257
208

c

18

[plnlisl

1S 1S A TEMPORARY MOD 1IN ORDER TO GATHER STATISTICS ON

INPUT PARAMETER ITOM - CODE

1SPC=8
1TYP=4
WRITE(20.6257) ITYP.1SPC,PKSUM, INTSUM
FORMAT(R4.A4. 28X, R4, R4)

IF (PKSUM .GE. 5) GO TO 200

IF ¢ INTSUM .GE. MINNY ) GO TO 18
RETURN ,
CONTINUE

IF AT LEAST 5 PEAKS. THEN REQUIRE INTSUM > MINTIC.
IFCINTSUM .LT. MINTIC) RETURN
CONTINUE
DTFLAG=1

IF O NL .NE. 1) RETURN

ML = 1 =-> UE ARE NOT LOOKING AHEAD. AND NEED HISTOGRAMIC
BOUNDS. NLWCUT AND NUPCUT.
SLEFT=8.8
SRIGHT=0.8
NUM1 = INDX+]
NUM3 = INDX+3

GET HISTOGRAMIC *WEIGHTS® TO THE LEFT AND RIGHT OF THE
JTBXITU AT PRHISTCINGX)

DO 28 1=NHUM1.NUM3
J=J+1
1J = INDX - J
SLEFT = SLEFT + PKHIST(J
SRIGHT = SRIGHT + PKHI
CONTINUE
NLWCUT = INDX - 2
NUPCUT = INDX + 2

IF_( SLEFT - SRIGHT ) 30.4

HORE L [GHT® T0 RIGHT IF LE GET HERE
NUPCUT = NUPCUT + 1

GO T0 4

MORE *WEIGHT" TO LEFT 1IF WE GET HERE
NLWCUT = NLWCUT -

RETURN

ggBEUUEéNE DUBLET (G.H.Y.STORE.M, IHSPEC.GHGT, ISWD.NS)
INTEGER STORE. N.]HSPEC 1SWD. SECOND. NS, MAD

REAL KK ,LL.MM

COMMON /DUBBER/C4 C1.C2.5G.SH

COMMON /MONTOR/MONSPC. MONMAS

COMMON ZERRORS/RMASS. ERRMAX.NERR, SIGERR.SECOND (411)

coMoN ~IMAD/MAD

COMMON /UNITS~/ IRDR IPTR1. IPTR2. IPTR3, 1IN. 10UT
INTEGER 132766

REAL¥3 C4.C1,C2.9

REAL*E  SY.5 GY. HY.SGZ SH2.SGH

REAL ERR.ERR

xrx ROUTINE TO RESDLVE A DUBLET USING_TuWD MODEL
*ok PEAKS BY A LEAST SQUARES METHOD. THE MODEL
wxy. INCLUDES A LINEAR BACKGROUND.

WFH RTI 9/31/78

(J
5 J
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00006948
000BEASH
00806060
000060670
008060630
n0OO6030
88066 100
e6o061 1e
a608c6 120
00805130
00006140
20006 158
PB0DE 160
06006 170
20006 180
80u6e 150
8B00E200
200686210
80006220
PU0BE2:0
28006240
PBOLE250
08005260
08006278
pOE06280
80006290
80006300

QP0B6330
#BB0E340
88006350
20006368
80806370
808U6380
BOuUGE390
pBEDE4DD
26006418
00006420
P000E330
80806440
80006450
/0006380
ov06470
80006430
p000EI0
006006500
B000ES 10
aoonesS 20
20u0e538
00006540
BOOCESSO
20006560
20006570
82806560
08000653982
20806600
PDBO6E 10
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a0,

28

30

THE LEAST SQUARE HORMAL EDUATIONS ARE DERIVED FROM

THE FOLLOWING EQUATION FOR ERROR HXNINR’ﬂTlON. °
ECL) «PxGCI) +Q % H C1)+C~-Y(D) .I=1,14
<X> = AVERAGE VALUE OF X

THIS LEADS TO THE FDLLOU!NG SYSTEM OF EOQUATIONS :

P % CSGHA2> + 0 % CSGH>  + £ % <565 7= ¢SEY) )
® C(SGH>  + Q % CSH¥2> + € % CSH> = <SHY>
P * <S6> + 0 % (SH> + C = (SYD

REBL G(18).H(1B).Y(iB)

REAL ERRT1(14).FIT(14)

REAL P.0.C.ZERO.HMD(14).GMD(14)
INTEGER lLBU,lUP

DATA 2ERD/0.B/

DATR 132766732768/
AACARANKAAK AR AAKAKNNOKNOK IR | THERE %

INITIALIZE SOME VARIABLES
13

WE TRUNCARTE THE SECOND MODEL AT THE 11TH POSITION SO AS
ONLY TO USE POINT WHERE REAL DATA WARS SUPPLIED.
AN = TUP - ILOW + 1

TEST TO SEE IF LE‘VE QLREQDY BEEN BY FOR THI1S SPECTRUM
1IFC 1SWD . EQG. ©) GO 7O 26

CONTINUE

MAKE ALL AVERAGE
SG_= SG/AN

$G2 = SG2/RAN

SH = SH/AN

L 3

NOW DG LHRT COMPUTING WE CAN FOR MODEL 3TUFF
t4 = SG2 - SG * §G

Cl = SGH - SG * SH

C2 = SH2 - SH * SH

CONTINUE

ILOW. IUP

SY=8Y + Y(I) .
SGY=SCY + G(I) % Y(I)
SHY=SHY + H(I) =% YC(I)
CONTINUE

SY = SY/AN

SGY = SGY/RN
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00006620
80606E30
8BBDEL 40
0000:650
0B006EED
80006670
B00BEES0
BBOBELS0
80086700
0030c7 18
80005720
800806730
80006740
80006758
20006760
a80es770e
20805780
80005798
008006E00
80005810
2pB06e20
86085830
00006840
0800086858
080006850
00006870
0p006880
80806850
20006900
B0COES 10
880063820
00006930
0900069540
pPROE69ASH
8000c9c0
AOOBERTD
00006980
va0avE930
00087800
60087010
00807020
80007030
0008’043

BBBB’IBD



SHY = SHY/RN

Js/C C4 xC2 - C1 xC1)

(]
[]
(1]
=
'
*’Ul*

HHGT = Q@ x H(IHSPEC

1IFC GHGT .LT. ZERO ) GHGT = ZERD

IFC HHGT LT, ZERO ) HHGT = ZERQO
c DO MEAN SQUARE ERROR CALCULATION

.,,
3
o
LB I
)
:véi*
+ -

RR

48 ERR = ERR + E * ERRTI(D
ERRM = ERRM/
RIS = ERR/RN - ERRM x E
IFC RMS LT, 8 ) RMS =
ERR « SQRT(RMS)
SIGERR = SIGERR + ERRM
ERRMAX = ERRMAX + ERR
NERR = NERR + 1
STORE = 1

c FLAG FOR SETGHY TO SIGNAL STORING OF NEW VALUE IN NUSPEC(M)
IF (HHGT .GT. 132766) HHGT = 132766
SECOND(M} = HHGT

200  CONTINUE

RETURN

TH1S SECTION OF DUBLET DERLS WITH PRINTING

OUT OF MONITORED SPECTRA AND MONITORED MASSES

1T WAS COMENTED OUT BECARUSE NO ERSY WRY OF

INCORPORATING THIS DIAGONISTIC lNTO THE

HJLTIPLE RUN PROCESSING SCHEME COULD

BE THOUGHT OF. IT MAY BE E!NST!TUTED IN THE

EVENT OF SUBTILE DOUBLET RESOLUT!DN PROBLEMS,
WM F HARGROVE
12/7/78 - RT1

IF ( MONMAS .EOQ. 8 ) RETURN

IM =M + 39-MAD

IS = NS - 6

1F ¢ MONMAS .NE, .OR. MONSPC .NE. 1S) RETURN
WRITE CIPTR2, 2508) ERR ERRM

WRITE(IPTR2.2008) IM.P.Q, C

WRITE(IPTR2.2188) (Y(D).]1 =3 . 11}
WRITE(IPTR2.22088) (G(l).l =3, 1D

gzéTE(éPTRZ .2300) (H(D.1 =3 ., 1D

SOHT = GHGT + 0' % H(?) + BAK
!TE(]PTRZ 2408) GHGT.BAK.SOHT
€993 RETURN
EZBBO FQRNRT(;/.‘ DOUBLETQSTUFF FOR HgSS = 13,7,

OOO0OMOOCOO0OO0O0O0O0000

.

100

paBR7 200
08807218
22087220
0BBRT230
80007240
20087250
88007260
20007278
00007280
nBER7230
PoEo7 300
880073210
800087320
90087330
00007348
20007350
80087360
00007378
pREA7 3608
poBe73290
PB0074008
20007410
80007420
28007430
apeBr440
20887450
80007460
200074708

80807480
80007490
8007508
8oRB7510
80087520
6087530
200087540
80087550
28807560
20007578
88007560
88007590
p0BL7600
20087610
openre2e
800607630
80087640
00807650
860067660
88007670
80007680
200887690
80007700
20007718
00807720
00007738
80007740
206087750
00087760
8080877790



c

-.3(2X,F10.3))

C2188 FORMAT(/~/,* Y-VRLUES’./.S(2X.F7.0)./.4(2X.F7.
£2200 FORMAT(//.* G VALUES./,5(2X.F7.4)./,4(2X.F7.4 8;;

€23200 FORMAT(,/.*

H~VALUES’./,5(2X.F?.4),/.4(2X.F7.4))

C2480 FORMAT (/7. ¢ P x G(?)  BACK GROUND PaG + GxH + c-’.

-/.3(4X.F8.8) /)

CZSBB FO%NQT(//. RMS ERROR = ",E14.8.° MEAN ERROR = *,E20.8)

SUBROUTINE GETHGT(NS. thI. ISKP, OVLAP,NDIS . . H. GNU. HNU)
INTEGER PKHGT,MNB.MI.MN. ISKP. JMPK . NUHGT v

DIFENSION €095 HC11) CNOCID) - inn s 1o

»xx THIS ROUTINE 1S THE MAIN PROCESSING ROUTINE. 1T
wik PICKS UP THE MASS INDICES THAT HAVE BEEN FLAGGED
wik IN THE DETECTION PHASE AND PROCEEDS TO HAMDLE
woox BACKGROUND REMOVAL AND DOUBLET RESOLUTION AND
»ox THE PROCESSING OF SATURATED PEAKS. IT 1S CALLED
wiok THREE TIMES IN PROCESSING ANY ONE COMPONENT DUE TO
wik THE SPREAD THAT CAN EXIST IN PEAK MODES FOR ANY
»#x_COMPONENT (PARTICULARLY THE LOW INTENSITY ONES).
INTEGER NAME.RDATE.BITMAP,GCTIME.L IBMAP. INTEG, LOMASS
INTEGER HITRSS. POINTS, TAPENT. MAXSP. LSTCNT. DEVICE. SFCND
INTEGER SPEC. IND. IR.BK.N

INTEGER GPEAK,SPARE 1 SPARED . SPARE3. SPAREA. SPARE?
INTEGER 1SWD, MAD

INTEGER NUSPEC.NMASS.OVLAP

INTEGER SECOND

INTEGER PASS1

INTEGER QUBLT. 0SATS. NL INE. BEDROK. AJACEN. SATLST. SATINX
REAL _ ISVPB. ISV

REAL HISTCIRy,Yotr

REAL  SPARES.SPAREE

REAL  DNORM.RATIO

REAL  PERCNT

REAL*8 GTHT

COMMON PKHIST(28).NPHIST(20)

COMMON YVAL(11)

COMMON GM4. GM3, GM2,GML , GB.GP 1. GP2.GP3,GP4

COMMON SG,5G2,516G,51,512.AN,AA. BB, CC,DD

COMMON RAME (32),RDATE (), BITMAP (64) , GCT IME

COMMON L IBMAP C17), INTEG., LOMASS. HIMASS, POTNTS, TRPCNT
COMMON FAYSP, LSTCNT.DEVICE (S) , SPCHO

COMMON SPEC (id.411); IND(3, 4113 NUSPEC(411) NS
COMMON RMAX(3) . IR(3).BK(3),NM(3).NTH(3) . GPEAK (3, 11)
COMMON SPRRE 1. SPARE 2. SPARE 3, SPARE 4, SPARES . SPARES » Libare?
COron ?235&";§%§§"¥évé3Y?sﬁéS”QTaﬁégLsnran SATMA
omMM0OH .

€OMMON MODE 1. MODE 2, NLLICUT, NUPCUT. SATPKS (25) . HEAT. EXPNAM(S)
COMMON ~CSRTLS/SATLST(25) ,SATINX

COMMON /FODES/SGMODE (3) » SHMODE (3) , GHODE . HMODE

COMMON /ERRORS/RMASS. ERRMAX. NERR .+ 5 1GERR. SECOND (411)
COMMON ~DUBFLG~ IDUB

EOMON 7R IACNT/RIACEN(2)

COMMON ~DUEBUG.

COMMOH /CHEMPO/QDUBLT. ONDRM. OSATS. NL INE

COMMON. /BUIX0T/10U1T

COMMON ~LS0/PRSS |

COMMON ZCRATI/RATHMXX

COM1ON ~IMAD/HAD
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pBAY7 780
008087790
26007en0
2806GTE 10
88007620
08007830
28087543
80007850
80007866
26807870
20217880
80007890
90007960
0080087316
0800879208
088087330
008207948
66097950
20867960
00007978
80007380
86887990
2B00SRBD
00002010
20008020
000088320
28963040
apnucaso
808080€0
e000S079
80808080
80088030
08008100
aanne11e
280Ge 120
80008130
p0068 140
98083158
o000 160
00008179
20008180
au00e 19

B0D0SZ8

p0002210
80003220
BoDRs230
ae002240
80008250
00808260
00208270
00008280
80008230
00008380

0008?40
900038350
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COMMON ~UNITS~ IRDR. IPTRI. IPTR2, IPTR3, 1IN, IOUT
EQUIVALENCE CYVAL (1), YMS) . (YVAL(2) . YM4) . (YVAL (3), YM3)
EQUIVALENCE (YVAL (4) , YM2) . (YVAL (S).YM1), (YVAL(6).Y8)
EQUIVALENCE (YVAL(7),YP1) . (YVAL(B),YF2) . (YVAL(9),YP3)
EQUIVALENCE (YWAL (19).YP4), (YVHL(II).

YP3)
DATA HIST/-1.8.-.6667.-,3333.8...3333,.6667,1.,1.3333.1.6667.2./

PATA PERCNT/.B125/

DATR GTHY/"GETHGT’ /

DARTA BEDROK.408/

11=NS~ 13~ 1A% ((NS-14)/14)

12=NS-12-14%((NS-13)/14)

13=NS~11~14%((NS~12)/14)

14=NS—-18-14%((NS-11)/14)

I5=NS~9-14%((NS-10)/14)

16=NS-8-14%((NS-93} -14)

]7=NS-?-14% ((NS-8) 714)

18=NS-6~-14*%((NS-7)714)

19=NS~-5-14%((NS-6)714)

118=NS-4-14#( (NS-5)/14)

111=NS-3~14*%((NS-4)/14)

[112=NS=-2-14%((NS5-3)/14)

113=NS-1-14%((NH5-2)714)

114=NS-14%( (NS-1)/14)

xxx ONLY GO HERE OH FIRST PASS TD COLLECT ANY PERKS
work THAT MIGHT HAVE BEEN INVOLVED IN A DOUBLET WITH
wox THE LAST COMPONENT THAT LAS PROCESSED ALSO

»kkx ZERD OUT SATURATION PRRAMETERS

STATEMENT BELOW HAS BEEN COMMENTED OUT BECAUSE OF CALL TO
FUNCTION SUBROUTINE SCAN.......

RTI - WH 11/20/78
DlVlS = HIMASS - LOMASS ‘
IF C NDIS .EQ, 2 LAND, AJACENC(]) .EQ. 1)

APABB360
008098270
808087280
/0008330
80008400
00008418
80r08429
200084320
a8003440
08AB8453
20908460
20008470
00008480
ep008430
2nnneses
epnagsie
e8Nags2o
pR0Bes30
apanss4n
80RE8S50
00008560
00002578
[ajddsgegaalz)
20808530
20928609
20008610
0B0Ce620
2AnaRE3n
fPPREE40
08RBEE50
2pR03e6s
eenaseTo

PASS| ]
MAKE SURE WE SET UPGRIGHT IN BACLSD IF WE DON’T SCQN FOR H1686E868ﬂ

IF (¢ NDIS .NE. 1 ) GO TO
NDIS = 1 ON FIRST PASS
NSAT=0

SATHAX=8
RMASS = 322000
ERRHAX = B
NERR = 8

QDUBLT = @
QSATS = B
DSE%L? JU%F ?TUHEY.....UHERE EVER YOU ARE...TRO
SECOND(1) = 32767
IF(OVLRF.EC.0) GO TO 6

HERE IF OVERLAPPING ELUTANT AHEAD.
GMX=0.8
H1X=0.08
GDUBLT = 1

IDUB 1S FLAG FOR SETGHY
IDUB = 1
DO S J=1,14
IF (GMX.LT.GHIJ(J)) GMX=GNU(J)
IF (HMX LT HHU(J)) HMX=HNUC(J)
CONTINUE
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2008690
[ Jadaldgdaly
20008710
00008720
aap373In
00a0eT 40
aeens7sn
aQR087en
20enar7e
POR08TB0
00203790
0008800
20008810
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88008830
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6
C
c
c
}
C
Cg
c N
c
C THI
C_FOR
CTHIS
c
c
c
c
c
c
c
c
€
c
c
c
c
c
c

(NORMAL1ZE HODELS TO 1.0

HMX=1 - B/HMX

DO 7 Jei.14

CNU (3D =GHU () *6HX

HND (39 =HNU () %MK

CONTINUE

CONT INUE

Ng*ﬂnou START LOOPING THROUGH ALL THE SAVED MASSES

DO SB0 Me 1,411

lzuspgg§afcﬁs )1'?§'1§%Eas?$xgg #ea

Z ROM EARL

BEEN ALREADY COMPUTED EARLIER ELUTANT HAVE
M= IND ("N, M)

IMASS = M

N < 8 FEANS IS ALREADY CONSIDERED AS A COMPONENT OF PREVIOUS
B (LT e 60 T0 S0

1IF M = B THEN MASS WAS NOT DETECTED RS PERKING IN TLOC. Y
FOR PDSS!BLE DOUBLET. oF. S0 TR
1F(M.EQ.0 = M
HMl=r+39

SYB=SPEC(18. n

D MADE AT RT1 BECAUSE NO POSSIBLE REASON WAS SEEN
HAVING AN EQ INSTERD OF A GE IN

SITUATION.
WFH - RT1 6/14,78

IF(YB.GE.SATVAL) GO TO 1208
1F A DUBLET IS DETECTED RUN ALL MARSSES THROUGH DOUBLET RESOLVER
1F(OVL.AP.EQ.1) GO TO 13@

IF 1MASS 15 ZERD . THEN

NO SINGLET CONTRIBUTION DETECTED IN TLOC.

8> GO _TO See

IF ¢ NDIS .EQ, AND. AJACEN(1) .EQ. 1) GO T0 S88

DON’T PROCESS ANY PRSS ONE SINGLETS(MN=M1} IF A SPECTRUM
IMMEDIATELY PRECEDING THE CURRENTLY DETECTED SPECTRUM

was DETECTED SINCE THIS SPECTRUM IS FOR

AND WE DON"T WANT TO INCLUDE SINGLETS FROH PREVIOUS SPECTRUM
IN IT°S_IMMEDIATE SUCCESSO

BUT. WE MUST PROCESS SGTURRTED PEAKS IN ALL CASES.

YMI=SPECC(I7,.M)

YP1=SPEC(19.11D)

YS=SPEC(13.1M1)

YPS=SPEC(113.M)

Y4 = SPEC(]4.M)

YP4=SPEC(112,M)

YM2=SPEC(16.M)

YP2=SPEC(118.11)
LER

PUT MASSES ON MODE OF PERK USING CUBIC INTERPOLATION
CALL NEWTOP (YVAL .RATEST. XTOP, YTOP.4)

AKS ARE RISING FASTER THAN BACKGROUND.
§§§§ ?ggg CERYSHININQL RPPROX!NHTIO OF BRCKGROUND. '
IFC (YTOP-YMS) .LT. AND.  (YTOP-YPS) .LT. 98 ) GOTO Se@
xnck APPLY MINIMIM RRTE CRITERION FOR HIGH MASS
sk PEAKS THRT CAN"T BE ISOTOPE PEAKS. THIS ELIMINARTES
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0208086940
8pR0E950
8080E960
00008970
80808980
80008990
20089000
20809010
800809020

- 00809030

80003040
20809058
88005060
20009070
20005050
80963890
20803180
200021 18
88003120
80083138
200091408
86009150
90099160
82809170
86089180
80805190
00653200
88005210
20083220
28003238
98005240
20009250
§A009260
20005270
00003280
80003258
80009300
98809310
20809320
80003338
88609340
80803350
80009360
80005370
90003380
86003398
89909408
08903410 ,
20003420
80005430
88003449
§AO09450
80609460
90003470
98203430
80203450
80989500
20003518




c sk BRCKGROUND PEAKS AT THE LERDING EDGE OF COMPONENTS 00009520
C wkx NOTE THE COMPUTED RATES FOR BACKGROUND PEAKS ARE 800803530
C woox ARE ALLAYS LOW BECAUSE THEIR INTEHSITY VARIATION 80803540
C woir ]S CAUSED BY A DIFFERENT PROCESS TO NORMAL tASS 80BBISSH
C k¥ CHROMATOGRAM PROF ILES FOR REAL COMPONENTS. BOBB9S60
IF(RATEST.LT..835) GO TO S00 808083578
IF(M LT, 1483 GO TO 25 08003526
IF(RATEST .LT. RATHMIN) GO TO S@0 /Be03523
C sk CORRECT FOR FINITE SWEEP OFFSET 6o003¢6cia
c wxx REJECT ODDBALL PEAK-MODES 80609618
25 CDNTINUE 20009620
38 CONTINU 80803630
c HoKN HERE FOR EXCLUS]DN TEST ON PERK TOP RELATIVE TO 00BH3640
C wiok HISTOGRAM MODE - IF “IH* 1S OUTSIDE LIMITS THEN 20803¢50
C xox PEAK 1S REJECTE PBBD36ED
IF(XTOP .LE, -1.5 .OR. XTDP .GE 1.5) GO T0 500 08005670
C THE ABOVE REJECTS ANY PEAKS WITH FUNNY SHAPES. OR MODES NOT 800603680
C IN HISTOGRAMMIC WINDOW. bEne3538
MI=t39 a3e03708
HM1=M+39 860037008
C FUNCTION SUBROUTINE CALL HAS BEEN SUBSTITUTED FOR ARITHMETIC 26062718
C IN ORDER TO ACCOMODATE MAGNETIC INSTRUMENTS. BnRRsS72a
c RTI - WFH 11,2878 80089730
C TSHIFT = (M1 - LOMASS)/DIVIS 06003748
TSHIFT = SCAN(MI) 80083758
. XTOP = XTOP + TSHXFT 86003769
DO 608 IJ PBB83770
IF (XTOP LT HIST(IJJ) GD TO 788 89209780
608  CONTINUE pBBR3790
8o IH = 1J + (NDIS-1) x - X Beoc98eo
c IH 1S IN DNE THE THREE SETS +~-3 TO 6@, 70 TO S@. +3 TO 12 aaonsgio
C AS R FUNTION OF NDIS = 1.2.3 28003328
C SEE IF HISTOGRAM INDEX 15 OUT OF RANGE OF DETECTED SPECTRUM 2pae3gia
c wrkx BELOW USED TO SAY IH.GE.HLWCUT#xxkx12,19 CHANGED 28063340
IFCIH.LT.NLWEUT.OR. IH.GT.NUPCUT) GD TO 580 80003650
c LE NOW SEE IF THE DATA WILL PASS OVER A FLOOR peABI368
c BELOW YTOP 28009879
FLUSH = PERCNT % YTOP 000023580
BUBBLE = PERCNT % G(5) 8803390
c GET MAX+ FLUSH.BUBBLE @ 08803500
IF_C FLUSH .LT. BUBBLE ) FLUSH = BUBBLE 288633918
c GET MINT 7B.FLUSH 288099528
IF_ (78 .LT. FLUSH ) FLUSH = 70 20009929
C GET MAX » BEDROK.FLUSH @ 20009940
IF ( BEDROK .GT. FLUSH ) FLUSH = BEDROK 8008839508
FLOOR = YTOP - FLUSH pBAN3360
c * 26089370
c 26009280
c e0ua39se
£ 06216000
[» 80810010
c M3 YTO0R YP3 28810020
[ T sesessessases € FLOOR 80210030
C IF THE CURVE "STAYS ABOVE TRE FLOOR 1T GETS FLOSHED 80010040
Do 118 11 = 3.9 20810858
IF ( YVALC(I1) .LE. FLOOR ) GO TO 11! 80810060
118 CONTINUE 80010070
GO TO See 80010080
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cea AND ALRY LE 00!
CONTIROE 60000000000000000 ..... BLUB ...
CALL BLEED(YVAL(3),0ITAR)

THIS 1S A FTEMPORARY MOD IN DRDER TO GATHER STATICS ON

INPUT PARARMETER ERRATIO ~ CODE 2
1SPC=SPCNO
1TYP=2

WRITE(20.6258) I1TYP, ISPC.0DITAR.OITAR
FDRHRT(R4 A4, 16X, R4, 4X, A4)
IF ¢ BITAR .LT. RATIXX ) GO T0 Sﬂﬂ
THE AEQVE FITS A LINE TD Y3 THRU YP3. AND
RETURNS OITAR = (MEAN SQUARE ERR)/(QVERQGE VALUE Y
wok THROW AWAY MASS INDEX SO THAT IT CAN‘T BE lNCLUDED
xock IN SPECTRUM OF NEXT-DETECTED COMPONENT
IND(MN.MO) = -~
PUT MASSES ON SAME TIME CO-ORDINATE AS MODEL
CRLL TIMESF (TSHIFT. YVAL. 1 1. GMODE)
NOW COMPUTE AND REMOVE L INEAR BACKGROUWD BY
*** LEAST SQUARES METHOD USING MODEL PERK -~ THE
*ocx CORRECTED INTENSITY IS RETURNED RS °*PKHGT®
CALL BARCLSQ(PKHGT)
PEAKS OF INTENSITY < 10 RRE CONSIDERED AS RARTIFACTS OF
THE SINGLET RESOLVER
iF ( PKHGT .LT. 18 ) GO TO S@8
NUSPEC (M) =PKHGT
GO TO See
wxxk HERE FOR HANDL ING SATURATED PEAKS BY RATIO
ok APPROACH THART USES NON - SATURATED VALUES OF PEAK
w0k TOGETHER WITH THE MODEL PERK FOR THE COHPONENT T0
wxxx COMPUTE THE AMPLITUDE (LESS BACKGROUND) OF THE
sk SATURATED PERK. JUMP OVER IF SATURATED PEAK HAS BEEN

WFH RTI 9-31/78

xkk PROCESSED IN AN EARLIER PASS BY °*GETHGT*
CONTINUE

NUSE = NUSPEC(H

1IF¢ HUSE .LT. LAND., NUSE .NE. -1 ) GO T

580
NUSE < 8 IF THXS PEAK HHS BEEN PROCESSED lN ERRLIER Pass
NOTE: IF NUSE = -1 IT HRSN'T BEEN PROCESSED YET.
égéﬂagTzGEDZE) GO TO So8
+2=

CALL SATLSO(NSS.M.RPKHGT.G,SPEC,SATVAL.MODE 1. OVLAP, HODE2.PKHIST)
arx SAVE COMPUTED HEIGHT FOR _LATER SO THRT 1T CRN BE

Aok NDRHQLIZED TO INTEGER SIZE

1IF ¢ 1oUIT 1) GO TO 560

10UIT = 1 lF SRTURQTED VALUES MODE IS NOT °NERR®

CTR

?ESIT E 2 IF LE WANT TO SKIP PEAK BECAUSE 1T DOESH'T
BELONG IN THIS SPECTRUM.1T WAS IN OVERLAPFING PREDECESSOR.
IF ¢ 10UIT .NE. 2 ) GO 7O 125

NUSPEC(M) = =2

GO 7O Se8 *

CONT INUE .
SRTPKS (NSAT) =RPKHGT

=
sggKHGT Is<@IF SgPERSﬂTURRTION ENCOUNTERED
)= ~NSAT =~

NgzsgcégXlﬂUﬂ SATURATED VALUE ENCOUNTERED FOR NORMAL IZATION
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00810890
00810108
80010118
osgleize
08016138
2p010149
80810150
82010160
0B0le17a
008108188
68010190
20018200
sovlezie
20018220
B2018230
800108240
82010250
88018268
80010270
20018238
00010290
800103268
06016310
08018320
80010338
88018340
00010350
80010360
20010378
60018380
06010390
20018400
860168410
80810420
00010430
20010440
86010450
80010460
88010470
800108430
20218490
28801050

2001051

800810520
fan1os3e
/0010540
po010550
88010560

80010588
28010590
20618600
800108610
86010620
B0010€30
80018640
20010650
880108660
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IF (SATHAX.GT.RPKHGT) GO TO 580
SATHAX=RPKHGT
GO TO 590
CE;: HERE FOR HANDL ING DOUBLETS IN THE SET
RUN QLL MASSES THROUGH DOUBLET RESOLVER IF OVLAP={,]E,
DOUBLET SITUATION DETECTED.
IGPDS=MODE |
IHPOS=MODE2
NSD=NS+3-ND1S
IF(NDIS .NE. 2) GO TO 598
ggkgtgg THROUGH DOUBLET RESOLVER WHEN LE ARE LOOKING AT
CALL SETGHY(NS M. GNU. HNU. IGPOS. IHPOS. 1DUB. GMX)
DO NOT MARK MASS AS RLREADY FOUND *CONTRIBUTION* BY SETTING

INDUMN,MO) = 0,

SINCE THE DUBLEY RESOLVER SAVES THE LARGEST CONTRIBUTION IN
THE ARRAY NUSPEC(M).
CONT INUE

sk HERE ONHLY ON THIRD PRSS AND ONLY THEN IF ANY

xok SATURATED PEAKS HAVE BEEN FOUND. NEED TO NORMARLIZE

xk SO0 THAT EXTRAPOLATED VALUES CAN BE SRVED AS INTEGERS
IF( NSAT .EQ. B .OR. NDIS .NE. 3 URN

SET LOLER BOUND ON SATINX.THIS RRRQY lS USED IN SATLSG.

DO 723 1 = 1,25
J=J-1

IF ( SATLST(J) .NE. 8 ) GO TO 758
CONT INUE
CONTINUE
SATINX = J
AMXNU=0.8
GET MAXIMUM VALUE IN SPECTRUM
DO 503 J=1,411
égé#?SPEC(J) LGT.AMXNU) AMXNU=NUSPEC (J)
SATMAX WILL BE ® IF ONLY SUPERSATURATION ENCOUNTERED..
IF ( SATMAX .EQ. B ) SATMAX = SATVAL
IF (RMXNU.GT.SATHMAX) SATMAX=AMXNU
AMXNU = SATMAX
NORIMALIZE TO 320080
SRTMAX=32088.8/SATHMAX
NUSPEC(J) < @ .IF SATURATED VALUE FOR THAT MASS
DO 530 J=1,411
IF (NUSPEC(J)) 5108.530.520
HERE IF SATURATED VALUE
IF C NUSPEC(J) .EQ. -1 ) GO TO S3@
IF ( NUSPEC(J) .EQ., -2 ) GO TO 538
NC = -NUSPEC(J) - 2
SATPKS(NC) < B IF SUPER SATURATION.
IF ( SATPKS(NC) .LT. 8 ) SATPKS(NC) = ARMxHU
NUSPEC (J) =SATPKS (NC) %SATHMAX
QSRTS = QSATS +1
w0k USE C13 ISOTOPE TO ASSIGN SATURATED PERK TO THE
woxk RPPROPRIATE COMPONENT WHEN THERE ARE TWO COMPONENTS
wix CLOSE TOGETHER
OVLAP = 8 MEANHS NO ELUTANT DETECTED AHEAD AND CLOSE
IFC OVLAP .EQ. ® ) GO TO S38
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80010628
800 1BESO
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80818770
2p016780
28010720
86010200
80010E10
808018820
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pOB 10860
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epo1e918
80010920
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520
538
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EESPEC(J+!) NOT EQUAL 2ERD MEAN 1SOTOPE PRESENT IN THIS

IF ( NUSPEC(J+1) .EQ, @ ) GD TO 511
IF ¢ NUSPEC(J+1) .EQ. -1 )
6o <o 530 G0 10 Si1
NUSPEC(J) =0
MY = J + 33-tAD
?EGISIBEgSETSEQ 18 )
GO TO
LRITE (IPTRZ, 1888) 1Y 530
GO TO S3a
ggS$EC(é)'NUSPEC(J)*SATNRX
AETU QSATS .GE. 1 ) ONDRM = SATMAX
FORHRT(//‘ AJACENT FLAG =", 13,/
EggﬁRT(/. MASS °,13.° HARS NO Cl3 I1SOTOPE PERK *./7)
SUBROUT INE KGPUT( SPECNC. TOTION.
REAL JOTION ABrA C ION. TICRAT. ABMAX )
INTEGER SPECNO. TICRRT
COM1ON ~/SLOTNO/NSLOT
COMMON /CFSTPG/FSTPGE
COMION /CHEMPO/QDUBL T, ONDRM. OSATS, NL INE
COMMON 7UNITS/ IRDR, IPTRI. IPTR2, IPTR3, 1IN, 10UT
IN;EGER gDUgLT -OSATS.NLINE. ITOTS.NSLOT,FSTPGE
REAL  YES1/° °/,YES/°YES “/.YNOY/* NO '/
THIS ROUTINE DOES THE CHEMIST'S PRINTOUT

ODUBLT 1 IF_THE SPECTRA IS FIRST ELUTANT OF DUBLET.
0SATS NO. OF SARTURATED PEAKS IN SPECTRUM.

NL INE LINE COUNT FOR ERCH PRGE.

SPECNC SPECTRUM NUMBER

TOTIOoH TOTAL 10N CURRENT OF SPECTRUM.

TICRRT CLEANUP RATIO(SEE OUTDAT FOR DETRILS).
ABMAX MAXIMUM AMPLITUDE OF SPECTRUM.

NSLOT = NSLOT +

1F (HSLOT.EQ. l)thTE(lPTRS 1889)
YES1=YES

If ( ODUBLT .ED. @ )YES!I=YN

oy
UEITE&IPTR3 2888) NSLOT.SPECND. TOTION. TICRAT. ABMAX. YESI., OSRTS
FO?HHT(' SLDT SPEC.» TOTION TICRAT MAX. AMP DDUBLET?
*SaT, P

EAKS *
FORMAT (3X. 13. SX.lS 3IX.F8.8.3X.13,4X.F8.8.4X,R4.6X, [3)

H
SUBROUTINE LKAHED (NS, M2,M3.0VLAP.G.H)

TH1S COMPUTER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPORT
FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612 AND
Gt1-28832) AND THE NngBNHL AERONAUTICS AND SPACE RDMINISTRATION

(GRANT NGR-85-828-632).

soox THIS ROUTINE USES THE SAME TECHNIQUES RS “TLOC”
xoxx TO LOOK BEYOND THE PROCESSING WINDOW AND DETELT
xokx [F THERE ARE ANY NEW COMPONENTS NEARBY. THIS IS
sk [MPORTHNT FOR COMPENSATING FOR OVERLAP
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29011259
00011260
ona1127e
00011260
88011296
68011309
00011318
800611320
88011338
88011340
8a011358
80011360
20011379
00811380
88011330
08011400
80811410
60011420
00011438
08811440
P0011458
00011460
08811470
200811480
20111490
88011500
20011510
00011528
200115320
ee011540
60011550
08011560
80011570
088115€0
0211590
20611600
BE011618
00011620
aeu116320
80011640
80011658
80011666\
80011670
00011689
6oa11e90
00011700
80011710
00011728
6011730
08611740
0@e11758
0pat17¢8
00011770
00011780
29011798
pee! 1800
88011810
80811828
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wokok lNTERRRCTlONS USING THE DOUBLET RESOLVE

oK DEL PERK 1S SELECTED FOR ANY CDHPDNENT THAT
ook IS CDH!NG UP DIRECTLY. THE RELATIVE DISTANCE
ok BETWEEN NEIGHBORING COMPONENTS 1S ESTREL ISHED
»xk ACCURATELY FROM THE LOCAL HISTOGRAM PROF ILES.

REAL 1SVPB, 1SW9

INTEGER NAME.RDATE.BITMAP,GCTIME.L IBMAP, INTEG.LOMASS
INTEGER HIMASS.PDINTS, TRPCNT, HAXSP,LSTCNT, DEVICE. SPCNO
INTEGER SPEC. IND, IR.BK,NM.HTM,BUBBLE

INTEGER GPEAK. SPRRE 1, SPARE2. SPARE 3, SPARE4, SPARE?

REAL SPARES. SPRRE6

INTEGER NUSPEC, NMASS.OVLAP

INTEGER NSP2,NSP3,NT2.NT3,SCNDPK.NERR, SECOND

REAL NXTRTE.RASS.ERRMAX.SIGERR

DIMENSION SCNDPK (3, 11),NXTRTE(3),H(11).G(D

COM1ON PKHIST(20) ,NPHIST(20)

COMMON YT15. Y4, YM3. YM2, YMI. Y8, YP1., YP2. YP3, YP4. YPS
COMMoN GM4(9)

COMMON SG.SG2.51G.S1.S12.AN.AR.B8.CC.DD

COMMON NAME (32) ,RDATE (5),BITMAP (64) ,GCTIME

COMMON LIBMAP(1?), INTEG.LOMASS,.HIMASS. POINTS, TRPCNT
COMMON MAXSP.LSTCNT.DEVICE (53 ,SPCNO

COMMON SPEC(14,411),IND(3.411),NUSPEC(411),NMARSS
COMMON RMAX(3) , IR(3),BK(3) ,NM(3) ,NTM(3) .GPERK(3,11)
COMMON SPARE 1. SPARE2, SPARE3, SPARE4, SPARES, SPAREG . SPARE?
COMMON RATMINLRATEMX.SIGYD.SIGNXT.SIGLST

COMMON ISVNB, ISVNI. ISVPB, ISVPS, SIGMAR7. SATVAL , SATMAX
COMMON MODE 1.MODE2, HLWCUT. NUPCUT, SATPKS (25) . MSAT. EXPNAM(S)
COMMON /CRAHEA/RHERD ()

COMMON ~ERRORS/RASS, ERRMAX.NERR.SIGERR., SECOND (411}
COMMON ~TMODES/ SGMODE (3) . SHMODE (3) , GMODE . HMODE
COMBON #IFF/JFLAG(3)

COMMON ~PARAMS/MINTIC. MINNY.NTHIRD. RATM

COMION ~TMASSES/ISGMAS (2) . ISHMAS(3) , IGMASS, 1HMASS
COMMON AUNITS/ IRDR, IPTR1, IPTR2, IPTR3, 1IN, 10UT
INTEGER ONE . TWO. THREE.FOUR.F IVE.SIX.UNION, RHEAD
DIMENSION IFLAG(3)

REAL*8 ILKA

DATA ONE~/ 1/, TWO/2/, THREE/3/,FOUR/4/.FIVE/S/,.S1IX/67
DATR ILKR/"LKAHED' ~

R IR AR ORI AR AR AR A K IR AR KHNCRNCKI K KA AR AR A
DO 2 1=12.20

NPHIST(I)=0

PKHIST(1) =8

CONTINUE

DO 4 I=1.25

SATPKS(1)+=0.8

NSHIFT=0 .

NSP2=NS+1

REINITIAL1ZE ARRAY FOR SAVING SPECTRUM

DO 5 M=1.41

NUSPEC(M) = -}

UNION = 8

1F (OVLAP.EQ.®) GO TO 7

108

00011588
0011998
88012000
epolzelo
80012828
88612830
88012049
80612850
80312060
00012078
06012980
0B0 12090
688121?8

Bt
Qe

©
bn)
2R
s
]

CIPINIFINIPI I I

0
4

[V G
~en
G

60812268
ang12278
80812280
00012290
80012300
8pQ12310
BoY 12320
00012330
ace12340
8012350
80812360
80812370
080012380
008123290
aco12408



O

OVLAP SET MEANS PRECEDING SPECTRUM CONTRIBUTED TO THIS ONE.

ape12410
ux%gn'- . 20012420
80812430
c UNION 1S SET TO INDICATE WE WILL UNION SPECTRUM N-1°S 80012420
c CONTRIBUTIONS WITH SPECTRUM N ONLY IF SPECTRUM N 80012450
g (DOESHT HAVE AN OVERLAPPING ELUTANT. 60012460
808012470
CALL NXTMAX(SPEC.NSP2.RNS2, YNS2,NT2. SATVAL 80012480
L .SCNDPK.NXTRTE.NSHIFT. IFLAG) 90812490
NSHIFT=1 00212500
NeP3ens42 80012510
CALL NXTMAX(SPEC,NSP3.RNS3. YNS3,NT3.SATVAL P62 12520
& . SCNDPK.NXTRTE.NSHIFT. IFLAG) 20012530
NSHIFT=2 80812540
NSP4=NS+3 20012550
CALL NXTHRAX(SPEC.NSP4, RHS4. YNS3.NT4, SRTVAL 28012560
& __.SCNDPK.NXTRTE.NSHIF T, IFLAG) 80012570
c SCAN FROM ~MODE! + NTHIRD 7O 13. SINCE THE_CURRENT SPECTRUM 88912580
c EFFECTS HIST(2-8) WITH MODEt VARYING FROM 4 T0 6. 80812550
c LOOKING FOR SPECTRUM IN +MODE I+NTHIRD.S @ 80012600
NL=MODE1 + NTHIRD 80912610
c SEE IF LE HAVE TO SCAN TOO CLOSE ( 47.8.90) 80012620
. IE G GE. 18 ) GO 89012630
LE. 1264
IDXL = NL 82912650
IDXU = 9 90912660
NU = 18 200126790
1RHE 2 82012680
CALL DETERT(PKHIST.NPHIST, OVLAP, NLUCUT, NUFCUT.NL.NU. IDXL . IDXU. MOGO01 3650
*DE2) 20212700
IF_( OVLAP_.EQ. 1 ) GO TO 063127 19
c NECRN9*9.13G PoR ELUTANT 1R +18. 120 00012720
18 IF ( NL .GE. 13 ) GO TO 2@ 20012740
IRHEAD = 3 80012750
eeni2rss
oo 00812780
CALL DETEKT(PKHIST,NPHIST,OVLAP,NLWCUT. NUPCUT.NL.NU. IDXL 82012790
20012800

¢ . IDXU,MODE2) 2
IF (OVLAP.EC.1) GO TO 26 86012810
c SEE IF SPECTRUM AHERD IN *13.15@ gggigggg
®ow e pocizee

= (11285

TOTIT 00012860
1AHERD = @a0 12870
CALL DETEKT(PKHIST.NPHIST,OVLAP,NLUCUT. NUPCUT.NL.HU. IDXL. 1DXU. MODEG0OI 2860

*2) 2
IF_( OVLAP .EQ. 1 ) GO TO 26 80012980
c SEE IF SPECTRUM RHERD IN *16. 180 a0012310
NL = 13 an612930
T ' 0012340
20812950
c 1DXL=18 P00 12960
€ THIS SEEMED AN OBVIOUS TYPQ, SO IDXL HAS BEEN CHANGED 20013960
€ TO IDxu AS IN THE N WFH RTI 9/31/78 80012580
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THIS MOD lNSERTED TO HELP WITH POCR INITIALIZATION
1 WFH 112878
48

s

89

1DXY = 19
1AHERD

86912990
8pe 13000

S
CALL DETEKT(PKHlST.NPHlST.DVLﬂP NLWCUT. NUPCUT. NL. NU,IDXL,IDXU,FDDEBDBI3BIB

*2)

IF ¢ OVLAP .EQ. 8 ) GO TO 30
CONTINUE
AHEAD(IAHEAD) =

SET SPECTRUM GHERD FLAG
CONTINUE
RC8 = .5
RATEMX = RMAX(M2)
RATHIN = RATEMX x 8.25 % RCO
GMODE =SGMODE (M2)
JFLGGI = JFLRG(HE)

IGMASS =

STORE PDDEL PERK FOR THIS SPECTRUM
DO 2ee0 IJ=1i,

GM4(1]) = GPEﬂK(HZ 13+1)
IF(DVLAP.EQ.B

GO TO 95
HERE FOR OVERLRPPING SPECTRUM DOWN THE PIPE

MODEH=6+(MODE2-1

/3

c MODEH IS RELQT!VE SPECTRUM NUMBER OF OVER LAPPER.
C LABEL 48 HAS BEEN PUT TO BETTER USE.

c RTI WFH 11,28-78

IF (MODEH-18) 50.68.79
INDXH=1
GO TO 88

1
CONTINUE
SH=0.8

STORE MODEL
H-PERK PARAMETE ‘Bt
IF(ISHHRS(XNDXH) NE.-1)GB TO
OVL

RN
IF ¢ MODEH

.NE. ) GO_TO 83
1F _SPECTRUM ELUTING AT SLOT 8,GIVE 1T DETECTED THERE.

0681 = |

)
IHMASS = [SGMAS (M3)
HMODE = SGMODE (M3)

- IFLAGCINDXH) = JFLAG(M3)

GO 70 91
CONTINUE
HMODE = SHIMODE ( INDXH)
IHMSS - ISHmS(lND)GD

DO %@ .11
H(D) = SCNDPK(!NDXH.I)
SH=SH + H(D)
CDNTINUE
CONTIN

SEE IF LEIRD H MODEL PEAK.
IF ¢ SH .LE. 8 ) OVLAP = B
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60813030
08613048
08013050
800813666
80013076
pBo 13089
20013096
fvol131868
00013110
80813120
860131320
80013140
00813150
00013160
20013178
08013160
BE213199
aeg132a0
Bea13210
00013220
08013230
08813240
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80813260
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80013280
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eB013358
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000133768
08013380
20813390
00013400
88013410
08013420
00013430
80813440
80813450
00013460
00013479
06013460
08813490
08013580
20013510
eap013520
00813530
80813540
80813550
88013560
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IF ¢ SH LE. @ ) GO TO 95
CALL TIMESF( HMODE.H.11.GMODE )
ALIGN H~MODEL TO G-MODEL’S TIME CD-ORDINQTE
T ANDTHER VOID .. EH DOGEN

SEE IF PREVIOUS SPECTRUH OVERLRPPED WITH THIS ONE.
IF ( UNION .EQ. 8 ) GO T0 2 ONE
BS&?EE . BaiF*PRE U E
= VI0US ELUTANT NOT OVERLAPPING UITH TH NE.
WE WANT TO MAKE SURE THOSE *SMALL CONTR]BUTXO 15 OnE
WHEN CRLCULATING THE CURRENT SPECTRUM USIN
THE DUBLET RESOLVER IN CONJUNTION UXTH THE PREVIDUS
OVERLAPPING ELUTANT GET USED IF WE ARE AGAIN IN
AN OVERLAPPING SITURTION.
IF ( OVLAP .EQ. B ) GO 10 23
ONLY DD BELDU IF DOUBLET IS AGARIN A DOUBLET
DO 29 1.NMASS
ég SECOND(H) .LE. BUBBLE )} NUSPEC(M) = 8

OVLGP = 1. SO AGAIN IN OVERLAPPING SITUATION, DDN T UNION
N-1 WITH N. RATHER. CALCULATE N°S SPECTRUM(EXCEPT
CSE$0 CONTRIBUTIONS FROM N-1) USING DUBLET RESDLVER.
DVERLRP = @ SO NO DUBLET SITUARTION.THEREFORE UNION
SINCE UNION = 1 WE’LL UNION SPECTRUM N-1°S CONTRIBUTIONS
WITH DUR CURRENT SPECTRUM. N.
DO 6 M = 1.411
IF ( SECOND(M) .LE. 18) SECOND(IM) = B
IF SECDND(N) .NE., 32767 ) NUSPEC(M) = SECOND(M)
CONTINUE
DO 2486 1J=1.9
G(IJ3=GM4(1))
CGLL LKAPRT(7,.NPHIST.PKHIST)
E ABOVE PRINTS THE SECOND HALF OF THE HISTOGRAMS,
lF(JFLRGl .EQ. 1) CALL LKAPRT(FIVE.
THIS HAPPENS IF THE MODEL 1S FLRGGED RS FUNNY IN TLOC
CALL LKAPRT(THREE. IGMASS.G)
PRINT MODELS
IF(OVLAP .EQ. @) RETURN
CALL LKAPRT(ONE,I.R .
THE REOVE gRANgSnéggERtgPi{?GGS$SCI§?N FOUND* MSG.
IF (MODEH.GE. N
THE BELOW WRITES MODEH AS A WARNING THAT THE SECOND
ELUTANT 1S VERY CLOSE
CALL LKAPRT(TWO,MODEH.H)
CONTINUE
MODEH = 12 ONLY IF NEég u?§)1§ IN SLOTS 19.28 OF HISTOS.
CALL LKAPRT( FOUR, IHMA
SEE IF FLAKEY MODEL WAS USED FOR INTERPDLRT!DN
IF CIFLAGCINDXH) .EQ. 1) CALL LKAPRT(SIX.I.H
RETURN

E¥£E CALL STATEMENT ALLOWS FOR PRSSING OF ARRAYS

A NTEGERS.
$E?ESC028U%ER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPORT,
FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612 AND
GM-28832) AND THE NATIONAL AERONAUTICS AND SPACE GDHIN[STRRTION

(GRANT NGR-85-828-632) .
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80013570
80013580
8881359
80013600
800136190
00013628
80012630
80913640
80913650
80812660
00013670
00913680
80013650
090813700
80013719
20613720
20013730
00013740
000813750
28013760
epe1377e
00613780
80013790
86013800
00013818
00013820
20013830
00013840
80013850
20913668
20013870
08813660
00813399
880139500

80013936
90013540
28012350
28013960
22012970
00013980
99013990
908014000
80014010
80014020
80013030
20014040
80014050
20914060
80011070
80014080
80014098
90014100
26814110
86014120
80014138
80814140



SUBROUTINE LKAPRT(N. IAR.AR)
INTEGER N. IONE.NINE.MAD. 1 1AR(28)
INTEGER 1ARR(1)
REAL AR(1)
COMM0H /DUEBUG~/ IFLAG
COMMON ~IMAD/MAD
COMMON ~UNITS~ IRDR, IPTRI, IPTRZ, IPTR3., 1IN, 10UT
DATR IONE.NINE/1,9/
c IFLAG IS RESET IF NO 9RINTING 1S TO BE DONE/
IF C(IFLAG.EQ.O) RETURN
T1IAR(L) =JRR(1)-MAD
IFCTIAR(D .LT.0) 11IRR(1) =0
GO TO (808.90.180,110,120,130.140),N
c THE ABOVE 1S R CASE STATEMENT FOR EXECUTING PRINT
89 gRITE(IPTRZ .588)

C THE ABOVE WRITE IS CQLLED FROM LKAHED(BELOW ALSO)
90 LR!TE(IPTRZ 598 llar(t

RETU!
108 g@lTEéIPTRZ.lBBE) (RRCI)., 1 = [ONE.NINE),IIAR(D)
110 LR]TE(IPTRZ 1188) (ARCI), 1 = 1ONE.NINE).IIAR(D)

RE

128 LRlTE(IPTRZ.IZBB)
RETURE

138 LRITE(!PTRZ.I366)
RETURN

142 WPITEC(IPTR2.1508)
DO S K=2,18
11AR(K) =1AR(K) ~MAD
IFC(TIAR(K) .LT.8) I IAR(K) =0
S CONTINUE
WRITECIPTR2,530) (1IAR(D). I = 18.18 )
WRITECIPTR2,535) ( AR(I1), 1 = 18.18 )
c WRITES SECOND HALF OF HISTOGRAMS.

RETURN
580 FORMAT(/,” OVERLAPPING SPECTRUM FOUND*)

598  FORMAT(® DVERLAPPING ELUTANT 1S CLOSE. RELATIVE SPEC.
1888 FORIAT(/,’ HDDEL USED FOR SINGLET RESOLUTION "./.SF3.8.

-//,° MASS OF MODEL =’,[3)

1188 FORMAT(/* MODEL USED FOR DOUBLET RESOLUTION °,/, 9FS.8
-/7° MASS OF MODEL = “.13.7.° NOTE: THIS MODEL HQS BEEN"

~.” INTERPOLATED TO THE MASS OF THE SINGLET HUDEL

1288 FORMAT(* ook WARNING *kk THIS SPECTRUM HAS A SgSPECT G-MODEL *©

~."PERK"/.* POSSIBLE BACKGROUND PEAK USED AS
-.*  EXAMINE MODEL USING LOOX IF YDU ARE WARY’/

1308 FORMAT(” xokx LIARNING xokk THIS SPECTRUM HAS A SUSPECT H-MODEL *
-."PERK" 7. " POSSIBLE BARCKGROUND PERK USED RS MODEL’~/

- EXAMINE MODEL USING LOOK IF YOU ARE WARY’/)
535 FORMAT(1X,5F9.@)

S38  FORMRT(/.” PEAK HIST ‘/.8X.81677° ION CURRENT HIST *)

1508 FORMAT(s//” HISTOGRAM POSITIONS 18 - 18 ...

END N
SUBROUTINE NEUWTOP (Y,RATE, XTOP.YTOP, ISTART)
REAL RATE. XTOP
. wIMENSION Y(i1)
INTEGER ISTART
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ees14158
08814160
00814170
06014186
20014190
00014200
80014218
88014220
208914230
00314240
880314258
00014260
08014276
ee0142¢€0
000142589
60014360
20014310
00014320
80614338
200143468
800143568
88014368
PB014370
20014380
868014358
208 14380
80014418
080014420
86014430
800144490
86014450
00014469
80014470
80814480
80014496
0014580
2014518
a0014520
8001453,

80014540
80014550
00014560
00014570
860145680
20014590
20013600
ag013610
[JUXBTE T3]
00014530
aen 14648
60014650
80014660
epRl4asro
a00146Em
20014630
2a014700
aoolarie
20014728
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THIS COMPUTER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPORT 20014738
FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612 AN

D 00014749
GM-28832) AND THE NATIONAL RERONAUTICS AND SPRCE ADMINISTRATION 88014750
(GRANT NGR-05-820-632). 00014760

8pB 14770
THIS SUBROUTINE INTERPOLATES R PEAK TO THE MODE OF A PARABOLA 80014789
THRU_THE MIDDLE 5 POINTS. THE MODE IS FOUND USINE A PARABOL IC 88014799

LERST SOUARE FIT THROUGH THE MIDDLE FIVE Y'S . THEN 06014800
SOLVING FGR THE X DISPLACEMENT OF THE MGDE FROM 8. ggg{zgég
SO, IFY s A+ B x X +C % Xkx2 28714838
20014840
X = -B/2C 1S THE DISPLACEMENT. 90814850
Y 20014860
H 80014880
: *x
% : 20014596
= ool ae
: x
* : 20014928
T X aggé?ggga
8 -872C
008014950
THE INTERPOLATION 1S DONE BY A CUBIC FIT USING LAGRANGE'S 08014368
METHOD. I.E.. GIVEN THE 4 PDINTS XB.X1.X2.X3. WE FIND L(X) RS 838}3233
FOLLOWS: S
P06 14936
- (X~ - -%3) 7 (XB-X1) (XB-X2) (XB-X3))@YD + 00015000
Lo :§§-§é;§§-§§§5§—§§3/§(§?—§é)txx-xz)(xn-xzz)ev1 + 80015010
A(X=XB) (X-X1) (X=-X3) 7 ((X2-XB) (X2-X1) (X2-X3))@Y2 + 20015020
A(X=XB) (X=X1) (X=X2) 7 ( (X3-XD) (X3~-X1) (X3-X2))@Y3 gggigggg
. - 806815050
UITH THE X°S INTEGRALLY SPACED. ggg}gggg
ACH CASE WE INTERPOLATE FOR A NEW MIDDLE POINT.OR
E?x§+DX). S0. THE ABOVE EQUATION REDUCES TO ggg}gggg
LOXI4DX) = CO % YB + C1 x Y1 + £2 % Y2 + C3 * Y3 ggg}g%?g
28015120
€8 = DX % (DX-1)(DX-2)/-6
C1 = (DX+1)(DX-1) (DX-2)/2 ggg}g}ig
€2 = (DX+1) (DX) (DX-2)/-2 AR b
€3 = (DX+1) (DX) (DX-1)/6 Baﬂlglgg
WHERE DX = -B/2C ggg}sésa
HANGED P0015190
THIS ROUTINE HAS BEEN CHANGED SO THAT Y(I1) ARE UNC , oaia128
AND A SHOOTHED RATE IS CALCULATED FROM ays ggﬁksg§$§;82(l ggg}ééég
INTEGER 20015530
REAL €1,£2.C3.K1,K2.K3 oeiasae
REAL Y1.¥I1 20015250
REAL 2(113 : 20015280
PIMENSION YOLD(1D) ng}gggg
8
SAVED OLDIES 80615290
P2 #0015300
XTOP =

113
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275

XB = 2 % ¥Y(4) - ¥Y(5) = 2 x Y(6) -~ ¥Y() + 2 % V(B)
JF(XB .EQ. ©) RETURN
XTOP = .7 ® (2 % Y(4) + Y(B) =~ Y(?) - 2 % Y(B))/XB
DX = XTOP
Kl = DX - 1
K2 = DX - 2
K3 = DX + 1
Cl= (DX % (K1) % (K2))/(-6}
C2= ((K3) x (K1) x (K2))/2
C3= ((K3) x (DX) % (K2))/(-2)
€4= ((K3) x (DX) »x (K1))/6
INTERPOLRTE

YTOP = ¥(S) x C1 + Y(6) % C2 + Y(?) * C3 + Y(B) % C4
IS = ISTART - |

. SMOOTH PEAK ALITTLE BEFORE COMPUTING RATE.
TZC RCYC1) 4, 1KY (2)) 780 1

DO 275 1=2.10

2L =YD+ (Y (I-1)+Y(1+1)3)71.2

CONTINUE

2D =Y I+, 1xY(18)) 71,1

C SEE MOD NOTE AT BEGINNING WFH RT! S/31/78

258
c
c

DO 258 I = IS.8
IF ¢ 2¢1) ,EQ. B ) Z(
CALCULATE RATE TO BE ﬂN RPFROXIHRTIDN OF

INTEGRAL (DY~Y) .HIGH RATE FOR SHARP PEAKS.

RATE =
C SEE TDD NOTE ﬂTlg$Gl¥HING LWFH RTI 931,78

302
488

0000

RRTE ' RRTE (2 - ZA-1/7zAa-n
DO 490 1 = 6.7

RATE = RATE + (Z(I) - Z(I+1))/Z2(1+])
RE TURN

END
SUBROUTINE NXTMAX(SPEC.NS.RATEMX, YMAX. NTMAX, SATVAL
[ » SCNDPK . NXTRTE. NSHIFT. IFLAG)

THIS COMPUTER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPORT
FROM THE NARTIONAL INSTITUTES DF HEALTH (GRANTS RR-612 A

GM-20832) AND THE NATIONAL AERONAUTICS AND SPACE RDNINISTRRTIUN
(GRANT NGR-95-820-632).1,1D2

INTEGER SPEC,SCNDPK., IFLAG(3)

INTEGER RDATE.EBITMAP,.GCTIME.HIMASS,POINTS, TAPCNT
INTEGER NX.NTMAX, IYD, ID1, ID2

DIMENSION SPEC(14.411)

DXHENSIDN SCNDPK (3, 11) .NXTRTE(3)

PKH%?T(ZB) +NPHIST (28)

Yre
COMMON GM4,GM3,GM2.6M1.60.GP1.GP2,GP3.6P4
COMMON SG,SG2,.51G.S1.512.AN.AA.BB.CC.DD
COMMON NAME (32) ,RDATE(5).BITMAP(64) ,GCTIME
comon LIBMAP(17), INTEG. LOMASS. HIMRSS.POINTS, TAPCNT
COrMON /MODES/SGMODE (3)., SHNODE(B) GMODE , HMODE
COMMON ALFTRIT/ILEFT, IRIGHT
COMMON /TMRSSES/ISGMAS(3) . ISHMAS (3) . IGASS, THMASS
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00815310
00815320
20815330
ena15340
2008153509
06015260
ooB15370
00015380
80815290
06015400
08O 15410
80815420
088015430
080015440
000154508
00015460
08015470
00015480
20015490
90015580
88815510
80015520
BB215530
80815540
80015550
8061556W
20015578
28015580
80015590
pOB 15680
800815618
00015620
80015630
0B015640
88315650
86615660
80815670
2o 155680
20015690
20815700
80015718
Bua15720
B0 15730
80015740
8o 15756
eae1sree
eoal1s577e
26015786
aAp15790
26915800
80015810
2pg 15828
80815630
80015848
80915850
8p015860
20015870
80015888
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EQUIVALEHCE (YM4,.YMS(2))

EQUIVALENCE (YM3.YMS(3)), (M2, YMS(4)) . (1M1, YM5(5))
EQUIVALENCE (YR.YMS(6))., (YPL.YMS(?)), (YP2,YMS(B))
EQUIVALENCE (YP3,.YMS5(9)). (YP4.YMS(18)). (YPS.YM5(11))

INTEGER LOCLBG. ILEFT

REAL NXTRTE.SCAN

REAL HIST(7).SLOPE, WBMIN, YPSMIN

DATA HIST/~.3333.0..,.3333..6667.1.0.1.3333,1.6667~/

wck ROUTINE TO LOOK RHEAD TO SEE IF THERE ARE ANY OTHER
%k SPECTRA IN THE LOCAL REGION OF CURRENT SPECTRUM

11=NS-13-14%x((NS-14)714)
12=NS-12-14%x((NS-13)/14)
13=HS-11-14%((NS-12)/1d)
14=NS~18-14%((NS-11)/14)
1S=NS~9-14%((NS-18)714)
16=NS-8-14%((NS5-8)/14)
17=NS-7-14%( (NS-8) 714}
18=HS-6-14%((NS-?) 14}
19=NS-5-14x((NS-6)/14)
118=NS-4~14%((NS-5)/14)
111=NS-3~14%((NS-4)714)
112=NS-2-14%((NS-3)714)
113=NS~1~14%((NS-2) 714}
114=NS-14%((NS-1)/14)

TRKE QUT -~ THIS STATEMENT NO LONGER NECESSARY WITH
SCAN SUBROUTINE INSERTED.

WFH RTI 931,78
DIVISO = HIMASS -~ LOMASS
RATEMX=D.0
NTHAX=0
NPOS=NSHIFT+1
NOU LOOP THROUGH MASSES

DO 68 M=1.411
MI =M + 39
MI IS THE ACTUAL MASS NUMBER
Y8=SPEC (18.M)

TH1S MOD MADE AT RTI BECAUSE NO POSSIBLE RERSON
WARS SEEN FOR HAVING AN EO INSTERD OF A IN -
THIS SITUATION.

WFH - RTI 6/14/78

1F (Y2 .GE. SRTVRL) GO TO 686
YN1=SPEC(

IF(Y® .LE. Yﬂl) GO TO €9

PEAK _TOP A Y8 .
YP1=SPEC(IS.M) .

IF(YP) ,GE. Y8 GO Y0 6

LE NOW HAVE YB AT TOP 0F PEAK
YM2=SPEC(16.M)
YP2=SPEC(11@,M)
YP3sSPEC(111.M)
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80815890
80015909
82015310
20015920
P0015930
70015540
880159506
00015960
088815970
000615980
86015930
00016060
86016010
00016020
80016030
08016040
00016050
80016860
00016070
0868016080
00016090
00016128
a0a16110
00016128
ne01613a
00016140
00016150
00d16168
28016170
02016160
80016190
28016200

02016260
peo16270
80616280
80216290
89916300
200156310
80016320
90016330
20016340
20016350
20816360
00016370
00016380
20016390
p0016400
20016410
20016420
06016430
90016440
03016450
8D 16460
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YM3=SPEC(15,M)
Y4 = SPEC(14.M)
YP4=SPEC(112.tD
YH5(I)'SPEC(I3 M
YYs = YHM5(

WE HAVE DNLY 14 SPECTRA IN CORE AT A TIME SO:

NSHIFT SPECTRAR AVRILABLE
TO RIGHT OF MODE

<] 5

é 4
IF (NSHIFT-1) 41.42.43
YPS=SPEC(113.M)
GO TO 44
YPS = 9.8
GO TO 44
YP4 = 0.0
YPS = 8.8
CONTINUE
GET HERE TO QUALIFY AS A SINGLET FOR HISTOGRAMMING
IF ¢ Y2 .GE. YM1 ) GO TO 60
IF ¢ YM3 .GE. YM2 ) GO TO 69
IF ( ILEFT .EQ. 3 ) GO TO 1909
IF ¢ Y4 .GE. YM3 ) GO TD €80
CONTINUE
IF C YP2 .GE. YP1 ) GO 7D €0
IF C( YP3 .GE, YPZ ) GO TO 60
IF ¢ NSHIFT .EQ. 2 ) GO_TO 280
IF ( YP4 GE. YP3 ) GO TO 60
CONTIN

UE
PUT Y8 AT TOP OF PERK
CALL NEWTOP (YMS5.RARTE,XTOP, YT

P.,4)
CHECH FOR NARROW RISING PERK (CHAR. OF BACKGROUND) AND.
CHECK FOR PERK MODE OUT OF BOUNDS. IF 50 THE DATA HAD SOME

INFLECTION POINTS.
P - YYS
IF ¢ NSHIFT LEB. B ) YXS = YPS

IF ( NSHIFT .EQ. 1 ) ¥YX5 = YP4

IF_( NSHIFT .EQ. 2 } V& = YP3

YYPS = YTOP - YX5

IF ¢ YYPS .LT. 30 JAND. YYMS .LT. 38 ) GO TO €@
IF(XTOP .LE. .OR, XTOP .GE. 1.) GO TO &0

CHECK FOR SRTURQTIUN
YT0

IF ( P .GE. SATVAL > GO _TOD 68
1IF ( .GE. SATVAL ) GO TO 68
IF ( YM2 .GE. SATVAL ) GO TO 68
IF ( YM3 .GE. SATVAL ) GD TO 68
IF ( ™4 .GE. SATVAL ) GO T0 68
IF ¢ YPl1 .GE. SATVAL ) GO TO €8
IF ( YP2 .GE. $ATVAL ) GO TO €0
IF ¢ YP3 .GE. SRTVAL ) GO TO 60
IF 10 68

( YP4 .GE. SATVAL )} GO TO
SEE IF WE HAVE MAXIMUM RATE
IF ( NSHIFT .GE. § ) GO TO 388
SLOPE = (YPS - YY5)/
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98016470
08B 16480
00816490
09016580
00v16510
pBD 16520
00016538
20816540
pBO 16550
pev 16560
poB 16578
00016580
pRD 16590
00016600
PPBIE610O
80016620
BODIEE30
60816640
02016650
pBO 166606
B2B 16670
80816680
20816698
08016700
80616710
PP 16720
poBl6730
pAR 16740
80016750
80815760
8801i677e
00e 167808
BBE 16790
00016888
peclcgle
80016820
a68e 16830
86216840
90D 16858
Q0P 16EE60
80016870
28016880
90016898
00016968
0oR 16918
28016928
268016938
20016940
20016958
800R 16969
20816370
00016988
816390
ep017800
80817818
88017028
00017030
88817040
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OCLBG = YYS + S x SLOPE

L
CONTINUE

TSHIFT = (MI - LOMASS) /D1VISO

THIS SECTION CHANGED TO FUNCTION SUBROUTINE TO

C
E GRIN INSTRUMENT COMPATABILIT

b2l
5580
C

o000

458

[zlelal

508

[(plpleinlelelsl

OONO
[

WFH RTI 9-/31.78
TSHIFT=SCAN(MD)

IF(RATE.LT.RATEMX) GO TO 58

IFC(YTOP - YYS) .GE. 169) GO TO Sees
IFLAG(NPOS) = 1

FLAG FUNNY MODEL POSSIBLE
GO TO 53500

IFLAG(NPOS) = @

CONTINUE

GET HERE TO QUALIFY AS POSSIBLE MODEL FDR SPECTRUM
RATEMX=RATE

USE A LINEAR BACKGROUND FIRST CUT APPROXIMATION.
MODBKG = SPEC(11.tD)

PICK MIN + SPECC(IJ.M : Il .LE., 1J ,LE. IS e

1F ( MODBKG .GT. SPEC(I2.M) ) MODBKG = SPEC(12.M)
IF ( MODBKG .GT. SPECC(I3,M) ) MODBKG = SPEC(13.tD
IF ¢ MODBKG .GT. SPEC(14,M) ) MODBKG = SPEC(14.t)
IF ¢ MODBKG .GT. SPECC(IS.M) ) MODBKG = SPEC(IS.t)

IF ( NSHIFT .GE. 1 ) LOCLBG = MODBKG :
DgSESgO?gTHNT BACKGROUND IF NO RIGHT END POINT AVAILABLE
SCNDPK (NPOS. IJ) = YMS(1J) - MODBKG

CONTINUE

SHMODE (NPOS) = TSHIFT

SAVE TSHIFT FOR LATER USE

ISHMAS(NPOS) = M]
SAVE MASS OF MODEL PERK
CONTINUE
CONTRI = YTOP - LOCLBG
IF ( CONTRI .LE. ® ) GO TD €8
TITTY = TSHIFT + XT0P
DO Se@  1=1.
IF (TITTY LE HIST(1)) GO TO 608
CONTINUE
CONTINUE
IH = + I + 3xNSHIFT

IH IS IN ONE OF THE THREE SETS +8 TO l4e.~+il T0 17e OR
RSIR gUNCTION OF NSHIFT. NSHIFT = 8. | OR 2.
UPDATE HISTOGRAMS .
PKHIST(IH)=PKH}ST(IH)+ CONTRI

H) NPHIST(IH) +
NPHIST(I A MINOR VUlD «HUI NENG..

R R}

CONTINUE
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280817650
80017060
pRB17a70
80017080
P00 17890
80017180
80017110
86017120
80017130
0e01?7140
80017159
20017160
20017179
80817188
8001?7190
88017200
00017210
0pR17220
90017230
00017240
80817250
80017260
0012270
00017280
88017290
08017300
ese1v3ia
20017320
BB01IT330
68017340
eBe17350
6O 17360
00017370
86317380
86017338
880217408
00817410
80017420
80017430
80017448
80817450
8eY17.60
Bo017470
80017480
8001743890
06017500
8p017510
86017520
80017530
20017540

‘eoe1vs50

0651? 60
BBO17E570
80017580
20017590
p0017600
88017610
80017620
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NXTRTE(NPOS) = RATEMX
iy
SUBROUTINE OFFSET (G.H.GHU.HNU.GPDS.HPDS)

TH1S COMPUTER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPORT
FROM THE NATIONAL INSTITUTES OF HEALTH (GRAITS RR-612

GM-20832) AND THE NATIONAL AERONAUTICS AND SPACE ﬂDHlNlSTRRTION
(GRANT NGR-085-820-632) .

wiox THIS ROUTINE TAKES THE °“GPOS” AND “HPOS® INFO
woox WHICH CHARACTERIZES WHERE ON THE SPECTRUM SCALE
wex TWO OVERLAPP ING COMPOHENTS RRE LOCATED WITH
sk RESPECT TO ONE ANOTHER AND MAKES THE NECESSARY
ok DISPLACEMENTS OF THE TWO MODEL PEAKS (ONHE FOR
xxx EACH OF THE OVERLAPPING COMPONENTS) WITH

sk RESPECT TO EACH OTHER SO THAT THEY CAN

xkk BE USED BY THE DOUBLET RESOLVING ROUTINE

*xkx IN COMJUNCTION WITH THE RAW DATA FOR

ok THE DOUBLETS THAT HAVE YO BE RESOLVED AND

ek BACKGROUND CORRECTED.

DIMENSION G(9).H(11),GNUC18) . HNU(18)
INTEGER GPOS HPOS.HNUT (183, IHSPEC, JLOWER
REAL*8 OFST

DATAR OFST/°OFFSET’ ~

*x¥*#STRETCH OUT THE MODEL PERKS A LITTLE

DD 10 1=1,18
GNU(1)=8
HNU(1) =0
CONTINUE

PUT G AND H INTO LONGER ARRAYS SO THAT THEY CAN BE ALIGNED TO
DngCTRUN HISTOGRAMIC POSITIONS.
GNU(142) = G(I)
CONTINUE

DON*T USE H(1), AND H(11).THESE ARE EXTRA FOR INTERPOLATION
IN LKAHED.
DD 118 1=1.9
HHUTC(I)Y = HOI+D
CONTINUE

ALIGN TO SPECTRUM OF H MODEL
IHSPEC = 6 + (HPOS - 1)/3

6 .LE. IHSPEC .LE.. 11

B Ean "o ¢

HNU(JLOLER) = HNUT(D)
OUER = JLOWER + 1

1000 CUNT]NUE
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88017639
80017640
P0017659
PBDI7EED
pop17670
808176£0
B0O017690
88017700
60817710
epo17v2e
28017730
80017740
08017758
86o177ED
a0017770
ecpl177an
800817790
86017800
8g017e10
BCo017820
80017830
08017840
28817858
80017860
800817870
80017880
88817890
80817300
o0B17310
80817320
80817930

80D 17960
80017970
908617980
808173990
96818000
80018010
Bbo 13820
00018030
86018040
000180508
20218060
80818070
80818080
828180590
eog18109
6o0R18110
ea018120
80018130
60018140
80018150
80818160
80018170
86018180
ac01ie iy
80818200



iginlnlnl

[giglniglaly]

NOW, HNU(IHSPEC) REPRESENTS - ooaleoie
NOU. JUNUCIHSPEC) REPRESENTS THE MODE OF THE H-MODEL. AND 80018220
20216230
RETURN 008018248
= S
USROUTINE OUTDAT(SRL 1B, NNAIE)
INTEGER NNAME(16). ooo1e2ra
%N}'EGER i A 8). MIN. MINL. MAX. MAX] ggg{gggg
NTEGER PDATE (5),PNAME (32),FLA
INTEGER POINTX, TAPCHX. FRXSK Booies1a
RIEeEs Sere T oo, 1ce
BETIME oL 1BMAP, INTEG. LOMR
INTEGER HIMRSS, POINTS, TAPENT, HAXSP. LSTCNT. DEVICE. i 80916350
INTEGER GPEAK.SPARE 1, SPARE2, SPARE3, SPARES, SP oaoigsee
INTEGER NUSPEC.NMASS.OVLAP. SRLIB(5) SPARET 80616366
INTEGER JM(411),JSPCal1) 26318390
INTEGER QDUBLT.OSATS. NL INE 00018460
INTEGER NUZEN. IMOLUT 80018410
REAL RMH(411).RMSP (411) 20018428
REAL CLASS(4)/d** */.SUBCL(4)/dx" */ 90918430
REAL SPARES, SPAREG 00818448
RERL%4 TOTION.STEMA? 82018450
REAL 1SVP8. 1SVPS 00018450
REAL  ONORM, ABFAX 80018476
REAL _ SATSUM.FORM(S) 80018480
REAL*@ OTDT~ OUTDAT °/.SOURCE/* */ 80018496
DITENGION G(3),H(9) . GNUTTB) . HiNiJ (163 . 20218508
COMMON PKHIST(20) . NPHIST (28 92818519
COMMON YMS. Y4, YH3, Y2, YN, YB. YP 1, YP2. YP3, YP4. YPS B0B18520
COMMON GMa, GM3, GM2, GM1 . GO, GP 1, GP2. GP3, GP4 20018530
COMMON SG. 562, 516. 81,512, AN. AR, BB.CC. DD 00018540
COMMON NAVE (323 ,RDATE (59, B1TMAP (64) , GCTIME 80018550
COMMON L 1BAPC17), INTEG., LOMASS , HIMASS . POINTS. TAPCNT 90 16560
COMMON HAXSP., LSTCNT. DEVICE (5) , SPCND 86018570
COMMON SPEC(1d.411): IND(3, 4115 NUSPEC(411).NMASS 90018560
sihet g gt e T
RE 1. SPARE2. , SPARE4, SPARES, SPAREE , SPARE? 800 18600
COMMON RATHIN, RATENX, S 16Y8. S 1GNXT, S1GLST 90A1BE10
COMMON ISVNB. ISVNS, 15VPS. 15VP9. SIGMAT . SATVAL , SATMAX 00018620
COMMON MODE 1, MODE2, NLWCUT, NUPCUT, SATPKS (25) , NSAT, EXPNAM(S) 800 18€30
COMMON /PARAMS/MINT IC. MINNY. NTHIRD. RATH 800 18640
COMMON /SCR~ L 1BBLK DD 16850
COMMON /ERRORS/ERRMIN, ERRMAX. NERR, SIGERR. IACERR (411) 908 1E6E0
COMMON /PRNTFG. IPFLAG 6016570
COMMON /MASSES ISGHAS (3) . ISHMAS (3) . IGMASS., THMASS 800 18680
COMON ~DUBBUGIDEBUG 60D 16630
COMMON /CHEMPO./QDUBLT, GNORM. OSATS, NL INE 60016700
COMMON 7 1MAD/HAD 068 167 16
COMION /NA/PNAME 900 18+20
COMMON /UN1TS. IRDR.IPTR1. IPTR2, IPTRS. 11N. 10UT 80016730
THESE EQUIVALENCE STMTS. HAVE BEEN FOUND SUPERFLUOUS IN 80016740
THE MULTIPLE RUN PROCESSING STRUCTURE OF CLEANUP 00016750
AND HAVE BEEN DELETED . THE VARIABLES INSIDE DUTDAT 900 187€0
LERE MODIFIED IN THE FOLLOWING MANNER 80016170
PSP 1D, EDATE , AT, LOFAGK, HIMASX, LSTCNX, GCTIMX. BOB 1E7ED
INTEGX -~ DELETED FROM OUTDAT 80016799
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SPECNO - INCORPORATED INTO VARIABLE SPCHO
MAXAMP - SHIFTED TO SAVE EXECUTION TIME
TOTION. TICRAT ~ UNMODIFIED
WM F HARGROVE
12/6/78
EQUIVALENCE CEXPID,LIBBLK(84))
EQUIVALENCE (PDATE.L IBBLK(92))
EQUIVALENCE (aMP,LIBBLK(257)
EQUIVALENCE (LOMRSX., L IBBLK(?
EQUIVARLENCE (HIMASX.L IBBLK(?7
EQUIVALENCE (SPECNO. L IBBLK (7
EQU IVALENCE (MARXAMP, L IBBLK(?
EQUIVALENCECTOTION, L 1BBLK (1
EQUIVALENCE (LSTCNX. L IBBLK (7
EQUIVALENCE (GCTIMX.L IBBLK (90
EQUIVALENCE (INTEGX, L IBBLK (B3
EQUIVALENCE (RBMAX, L IBBLK (49)
EQUIVALENCE CTICRAT,LIBBLK(72
DRTR HOW/{H ~

)
S)
4>
g)
7)
))
0)
)
)
)
)

HERE WE GO
TﬂPCNT 1880 IF WE ARE GOING TO LRITE THE BIT MAP
IF ¢ TRPCNT .EGQ. 1800 3 GO TO 12
THIS MOD INSERTED T0 WEED OUT ELLUTANTS WHICH HAVE NO
SUITABLE MODEL.....
RTI WH 11/21/78

IF (IGMASS.GT.8)GO TO S1
IF CIDEBUG.NE.B)WRITE (IPTR2, 3334)
3334 ;g?ﬂgg(lk. SPECTRUM REJECTED FOR LACK OF SUITABLE MODEL’)

CaOoe OO0 OOO0O0OOO0OOO0OMOMNNo

91 ISWERK = ]GMASS - 39
IF ( NUSPECC(ISWEAK) .GT. 8 ) GO TO 93
IF ¢ IDEBUG .E0. ® ) GO TO 92
INEWM=IGMASS-MAD
C calL TRRCE(IGNQSS.HQD)
E THIS WRITE STMT HAS BEEN MADE CDND!TEgNQL TO SAVE PAPER

H RT! S/31/78
IF(IDEBUG.EQ.B)GO TO 92
WRITE(IPTRZ,3333) INELR1
92 RETURN
93 CONTINUE
C CALL ZERQ(L IBBLK, 1824)
C SEE COMENT AT TOP
[ WFH - RTI 127678

[ DO 38 i=1.,1824
€30 LIBBLK(1)=B

TOTION=0.8

C CALL TRACE (NMASS)
DO 4 1 = |.NMASS

4 IF__ ¢ NUSPECC(I) .LT. 8 ) NUSPEC(]) = @
SQTSUH = B

DOS I = NHﬂSS .
NUZEN = NUSPEC
IF_( NUZEN .GE. SﬂTVﬁL ) SATSUM = SATSUM + NUZEN

S TOTION = TOTION + NUZEN

C REJECT SPECTRUM IF TOTION 1S LESS THAN MINIMUM TIC
IF ( TOTION .LT. MINTIC > RETURN

c TICRAT 1S CLEANUP RATIO
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26018800
ooolesie
po0 18820
8B018c38
00018840
83012850
068018860
80018870
po0 18880
00618899
Bo0 18900
2p018510
860128920
aB61€930
00018340
60018959
06018360
00018970
00018960
8081990
860815000
ee0150108
80015020
o0e019030
2B 19040
00219058
0081900
20019079
000150680
88013090
00013100
80619110
20812120
80019130
00019140
20019150
20019160
poe19178
80013180
20019196
a0e 19200
08019218
20019220
00018230
80018240
a0a19250
00019260
eoanisay

eee19280
p0@ 192948
00019300
80019310
20019328
B0019338
00815340
80019358
800193668
20819370



SIGMA? = SIGHMA? - OSATS & SATVAL + SATSUM
TIC TO EXCEED THE RAW. UWE SUBSTITUTE CALCULATED VALUES

[2lslalale]

gND 24578 SATURATED DEFAULT VRLUE IN OUR GC COLLECTION

HASE .

IF SoIOTION LGE. SIGraz > ToTiON - -
TICRAT=TOTIONX108. e/s16m OTION = SIGMA7 - 1|
IF_ ¢ I1DEBUG

L.EQ. 8 GD
LRITE%];TRZ 1888) TOTION 515“87 TICRAT.SATSUM

OUTSL
LSTCNT=LSTCNT+]
CALL MOVE (EXPNAM.EXPID.5)
SEE COMENT AT TOP
WFH - RTI 12-6/78

DO 39 I=1.5
EXPIDCI) =EXPNAMCT)
TH1scfbﬁprggﬁé:$gg'gz?"$63s IT WATFIV &
UIT WATFIV AND BECAUSE IT SER
NO APPARENT PURPOSE... SERVES
UFH AT RTI 4-25-78
DO 32 1=1,32

32 PHNRMECI)=NAME(I)
SEE COMMENT AT TOP
WH - RTl 12,678

INTEGX=INTEG
CaLL rBVE(RDGTE -PDRTE.S)

SEE COMENT A
WrH - RTI 12/6/78
DD 31 I[=1.5
31 PDATE(1)=RDATE(I)
LOMASX=LOMASS
HIMASX=HIMASS
LSTCNX=LSTCNT
SPECND=SPCND
CALL TRACE (NMASS)
MRXAMP DETERMINATION SHXFTED ces
- RTI 12/6/78
IF « XPSLRG .EQ. 8 ) GO TU 12

MAXA
DO 18 I=1.NMASS
18 lF(mxﬂr’P LT.NUSPEC (1)) MAXAMP=NUSPEC(I)
COMPUTE ARESOLUTE MAXIMUM RMPLITUDE.
ABMAX = MAXAMP/ANORM
CALL KAPUT( SPCNO.TOTION. TICRAT.ABMAX )

[alnlelnln N

w
(V]

COOOOO0O00O0000N000000

c THE REOVE PRINTS OUT THE *CHEMISTS® MINIMUM STUFF.
11 CONTIN
CALL SETMAS(L IBMAP,LSTCNT)
£ ... CALL_PUTFIL (OUTSLT,L 18BLK.LSTCNT)
cla CALL CHKF IL(QUTSLT.FLAG)
€..... IF (FLAG) 13,1415
B 13 RITECIPTRI.34) *(LIBBLK (D), 1=1, 128)
€ 34 FORIRT(3(/3214) /1314, 10A4. 51475

120

PO B1 I=1.411
; {F NUSPEC(I) LE.B)GO 70 81
) Z=

121

SINCE COMPUTED SATURATED VALUES MAY CAUSE THE CLEANED UP
FOR tAXIMUM VALUES, THIS 1S LIMIT OF OUR 16 BIT INTEGER.,

080019380
28019390
80019400
000219410
80019420
60019430
80019448
08019450
00019460
0800135478
20019488
200819490
82013508
208195190
28019528
00219538
00019540
00819550
800195698
00019570
28819580
200819590
0808155868
800196180
00819620
28019630
00919649
80019650
20619660
00019679
20019688

800819758
20019760
20019770
80019780
00219798
80819800
80019818
80019820
080819830
82819848
28019850
00019868
28819870
28819880
080019890
008193800
00019318
80019920
88019938
2808199840
80819350



JH(IZ) = 1439-MAD

80819560

C MM(12) = (1+39-MAD) %19 88019970
RM1(12) = 1+39-11AD 80013980
JSP(1Z) =NUSPEC (1) 06019950

C MSP(12) =NUSPEC (1) 20020000
RMSP ( l’) =NUSPEC(]) pPE20010

81 CONTIN 20020020

€ THESE I.RITE STHTS HAVE BEEN MADE CONDXTIDNQL FOR CONSISTENCY 26020030

c H RTI 9731/78 p0B20040
1F (IDEBUG.EQ.8)GD TO 85 00020850
WRITE(IPTR2,88)SPCNOD, 1Z., (NNAME (K) .K={,15) 80020060

89 FORMAT(4X,"SPECTRA = °.15,° NO. OF PEAKS = °,14.2X.15A4," CLERNE 80020078

*D,*/) BDO200E0
WRITECIPTR2.83) (JM(K),ISP(K).K=1,12) 860820650

83 FORMAT(46(1B8167)7) 800208100

85 CALL XTREM(JSP. IZ,.MIN, MINL. MAX. MAX]) aooznl1ie
BASE=MAX 80020120

c CALL TRACE(1Z) 008020138
DO 68 1-=1.12 00020140

60 RMSP (1) =(RMSP (1) /BASE) *1080. pBp2eIse
RMSP (MAX]) =99.99 20820160

c WRITE(8.6088)SPECND. 12, (NNAME (1), 1=1,15) ,CLASS, SUBCL . HOW, IMOLUT 00020170

C THE FOLLOUING TWO WRITE STATEMENTS WERE CONENTED QUT BECAUSE 80020120

C THEY SEEM TO.YEILD NOTHING INTERESTING AND ALSO BECAUSE NO 28820190

C CARRIAGE CONTROL FOR THE PRINTER HRS BEEN lNCLUDED [0220200

c M.F .HARGROVE - 20020210

[ WRITE ( IPTR2,688) SPECND, 12, (NNRME(1). 1=1.15) .CLASS. SUBCL HDU. IMOLWTR0820220

EGBB FORMAT(15.13.15R4.9R1.13) aagggg;g

C HERE IS THE MAIN OUTPUT STATEMENT WRITING THE CLEANUPED 80020258

€ UP SPECTRUM TO A DISK DATASET PB020260

C THE CHANGE TO A SUBROUTINE CALL HAS BEEN MADE WITH THE pB0202708

C ONSET OF MULTIPLE RUN PROCESSING AND A LINERR SYSTEM. 00020280

c WM F HARGROVE 20028290

C 11/25,78 860203700

c WRITE(9) SPCNO,NUSPEC 000203180
CALL _WRTSPC(SPCNO,NUSPEC,QDUBLT. TICRAT. IZ. TOTION) 80028320
N= (1247} /8 20020330

1F=1 20020340
IT=B 8e020350
DO 62 1= 80020360

C THIS HJD XNSERTED T0 BLCIT OUT APPARENTLY USELESS WRITE STMT. 80020370

c 5/ 31/?8 ~ RTI 20020380

c WRITE(B,€681) (RMM(K), RNSP(K) K=1F,. 1T 00020330

C ANOTHER WRITE STMT MADE CONDITIONAL FOR CONSISTENCY’S SAKE 80020400

c WFH RTI 35/31/78 20020410

1F (IDEBUG.EQ.B)GO TO 63 86020420
WRITE (IPTR2.682) (RMM(K) .RMSP(K) . K=1F.IT) 20320430
63 CONTINUE 86020440
IF=1T+1 200z0450

6 ]T=I[F+7 0020450

CeB1l FORMAT(B(FS5.1,.F5.2)), 00020470

602 FDRMAT(1X.B(FS.).F5.2)) 80020480
DO 61 1=1.411 ge020498
RMM(1)=8.08 08020500

6! RMSP(1)=8.8 e0020518

C ansmm(mxn/xe 20020520

c BASE=MA 80B20530

122



DO S8 I=1.12
HD1=JSP(])
S8 MSP(I)=(HD1/BASE)*100800

“on

cog?!TE(B)HU.Xl » 12, BASM. NNRME . SOURCE . FORM. (MM1(K) . MSP(K}.K=1. 12}
REQN T WRITE BITHAP UNTIL LAST RECORD.
HERE FOR WRITING BITMAP TD LIST.MAS
12 CALL ZERO(LIBBLK.1024)
12 DO _33 I=1.1024 4
33  LIRBLK(I)=p
OUTSLY = B
LSTCNX=LSTCNT
READ(?7, ZB)LIBBLK
20 FORMAT(IS
CALL GETFIL(DUTSLT.LIBBLK a)

. LY

OOOOO0OOO000O00NOOOO0OOCOOO00~00N0000

..28 CALL CHKFIL(OUTSLT FLAG)
IF(FLAG) 13.2

.21 CONTINUI
.a CﬂLL H?VE(LIBHHP +LIBBLK,17)

35 L!BBLK(I)tLIBHﬂP(I)

WRITE (IPTR3.36)L IBBLK

36 FORMAT(IB)
.. CALL PUTFIL(OUTSLT.LIBBLK.®)
.16 CALL CHKFIL (OUTSLT.FLAG)
.. IF(FLRG) 13.16.17
.. 13 CALL PUTNUM(°FILE ERROR FLAG = ’,FLRG)
. g?ﬁ% PUTSTR(*BOMBED WRITTING TO LIST.MAS IN OUTDAT*)

c..17

CALL CLSFIL(OUTSLT)
URN

T
1888 FORMAT(/." TOTAL 10N CUERENT =".F8.a. /.‘ UNC SIG =".E15.8B,
=/’ TICRAT =°,13/° SAT PEAK SuM =".F12.8
3333 FDRHRT(/.' SPECTRUM REJECTED BECRUSE HﬁSS ‘.13,°.THE °
1° MODEL PERK, HRS @ CONTRIBUTION

END
SUBROUTINE PARDIR

TH1S COMPUTER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPORT

FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612 AND

GM-20832) AHD THE NATIOHAL RERONAUTICS AND SPACE ADMINISTRATION
FURTHégRgNT HGR-85-820-632) .

FOR PROCESSING OF MULTIPLE RUNS. THIS VERSION OF PARDIR IS ALSO USED
IN THE VERSIN OF CLERNUP SUPPLIED TO EPA BY RTI.THE FUNCTION OF
PARDIR 15 TO READ IN CONTROL PARAMETERS FROM A TERMINAL OR
CONTROL CARDS THAT ARE COMSTANT ACROSS DIFFERENT RUNS. THE
MEANING OF THE VgRIﬂEgES-RERD HEREIN SHOULD BE SELF-DOCUMENTING
FROM THE ECHO MESSARGES.

WM. F .HARGROVE

RTI 11/22/78

COMMON /UNITS/ IRDR, IPTR1.IPTRZ, IPTR3, IIN. IOUT
INTEGER IRDR.IPTR1.IPTR2, IPTR3. 1IN. IOUT

[glglnislinisiplisiplelslinlislielsly]
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808027549
20020550
88020560
00020578
28020550
80620590
800206080
80820610
88820620
00020630
00020640
00020650
0008208660
000206789
28020689
88020690
800206780
080026710
80n20720
00020720
800208740
20020750
80028760
20020770
086020780
80020790
080020800
80020218
00020520
86020830
800208840
08020850
80620860
0868570
0a020E80
80020890
80020500
280020910
00020320
00026930
00620348
00020950
00020968

8
THIS VERSION OF PARDIR HAS BEEN COMPLETELY REWRITTEN IN ORDER TO ALLOWRQ®21000

80021010
00021020
80021030
88021040
080021050
000210608
oeonz1ere
88021080
80dz189a
20021108
80021110



COMMON ~TOMS /1 TOM

COMON /PRNTFG/IPFLAG

COMMON AFTRIT/ILEFT, IRIGHT
/CRATMX/RATI NXX

COrt1ON ~bUBBUG~ IDEBU

COMMON /PRRGNS/NINTIC MINNY.NTHIRD.RATM
COMMON 7AVG/ NAVG, HAYG

INTEGER 1TOM. IPFLAG. ILEFT. IRIGHT. 1DEBUG.NTHIRD
REAL RATMXX,RATM

INTEGER NRAVG.HAVG

INTEGER MINNY.MIN

TiC
€ PROMPT AND RERD CONTROL PaRns - LIFTED FROM OLD CLERNUP SOURCE
C AN ADDITIONAL PARAMETER WAS ADDED TO AVERAGE N INFU
C SPECTRA IF 1T BECAME NECESSHRY - as uxm THE mcns nnm
c - WFH 1/14-7%

WRITE(IPTR1,32408)

3248 FORMAT(1X. ENTER CLEANUP PRINT FLAGCIN I1):*)
RERD(IRDR 3241) IPFLAG

3241 FORMA
LRITE(XPTRI 3242) IPFLARG

3242 FORMAT(1IX,* IPFLAG=*, 1)

IPFLAG IS PRINT OPTION FLAG FOR CLEANUP
INITIAL 1ZE DEFQULTS FOR VRRIOUS PARAMETERS IN COMMON
WRITE(IPTR]. 310
3108 FORMAT(1X.,* ENTER DEBUGGING SWITCH IN I1 (B=N.1=Y):")
RERD(!RDR 3101) IDEBUG
3101 FORMAT(
LRlTE(lPTRl 31083) IDEBUG
C3183 FORMAT(1X. * IDEBUG=".11)

WRITECIPTRI, 123)

123 FORMAT(1X,"ENTER # OF INPUT SPECTRA TO AVERAGE IN 12:*)
RERD(]RDR 121) NAVG

121 FORMAT(
LRITE(IPTRI 122) NAVG

122 FORMAT(1X, *NAVG=",12)
HAVG=NAVG /2+1
WRITECIPTRL,3128)

3128 FORMATC(IX, MINIMUM THIRDS BETUWEEN ELLURNTS IN I11:°)
READC(IRDR.3121) NTHIRD
3121 FORMAT(I1)
WRITEC(IPTR1.3123) NTHIRD
c3123 FORMAT(1X. “THIRDS BETUWEEN ELLUANTS=",11)

: WRITEC(IPTR], 3130)
3138 FORMAT(1X,"ENTER DETECTION WINDOW IN 14:*)
RERD(IRDR,2131) 1TOM
3131 FORMAT(14)
WRITECIPTR].3132) 1TOM
c3132 FORMAT(1X, ‘DETECTION WINDOW=".1d)

. UR[TE(IPTR1,314S)
3148 FORMAT(IX. ENTER MINIMUM FOR LT S PERKS IN 16:°)
READC(IRDR,3141) MINNY
3141 FORMAT(16)
WRITECIPTR!.3143) MINNY
3143 FORMAT(1X, *MINNY=", 16)

[glple]
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020821120
80821138
80021140
80021150
80021160
80821176
B0021180
e0021190
86021208
008021210
068021220
8p021230
28021248
80021250
80021260
00021270
60021280
00021290
2021360
pB0B21310
B0R21320
08021338
80021348
80021350
86021360
08021370
86021380
88021390
8802 1400
08021410
80021428
06021430
086021440
00021450
8002146U
80021470
06821488
p00e21498
80021500
8BB215108
28021520
2821539
8p821540
28021558
080021560
08021570
08021580
ar021590
800216080
0B021610
20021620
0021630
00021640
008021650
80021660
00021670
00021680

‘80821690



3150
3151

3152
C

3168
3161

3162
c

3170
3171

3172
c

3180

3181

3182
C

oOOOO0OOMNOONOOOO0nno

3158
3191
3192

LRI

. M FOR MORE s
READ(IRDR,3151) MINTIC THAN 4 PERKS IN 16:°)
FORMAT(16)

WRITECIPTRL.3152) MINTIC

FORMAT(1IX, "MINTIC=". 16)

SR

. N M QUALIFYING RA e
READ(IRDR, 3161) RAT TE IN FB.4:)
FORMAT(FB.4)

WRITE(IPTR].3162) RATM

FORMAT(1IX,*RATHM=".FB.4)

WRITE(IPTR].3178)

FORMAT(1X. "ENTER ERROR RATIO IN FB.4:°)
READ(IRDR,3171) RATMXX

FORMAT(FB.4)

WRITECIPTRL,3172) RATMXX

FORMAT(1X. "RATMXX=",FB.4}

WRITECIPTR].2180)

FORMAT(1X, "ENTER POINTS TO LEFT OF MODE IN 13:°)
READ(IRDR.3181) ILEFT

FORMAT(13)

WRITECIPTR],3182) ILEFT

FORMAT(1X.* ILEFT=",1I3)

WRITECIPTR],3199)
FORMAT(1X, "ENTER POINTS TO RIGHT OF MODE IN I3:°)
READC(IRDR,3191) IRIGHT
FORMAT(13)
WRITE(IPTR].3192) IRIGHT
FORMAT(1IX. * IRIGHT= .13
RETURN

END 088022
SUBROUTINE SARTLSQ (NS.M.RPKHGT,G.,SPEC.SATYAL,GPDS.OVLAP,HPOS, PKHXSggBZZB?B

TH!S COMPUTER PROGRAM WARS DEVELOPED WITH THE FUNDING SUPPORT
FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612 AND
GM-28832) AND THE NATIONAL RERONAUTICS AND SPACE ADMINISTRATION

(GRANT NGR-85-828-632) .
THIS ROUTINE COMPUTES SATURARTED YALUES IN THE

FOLLOWING WAY:
1. REMOVE LOCAL BACKGROUND FROM SATURATED PROFILE.

2. COMPUTE THE RATIOS OF PERK(I)/MODEL (D)
FOR NON- SQTURRTED FOINTS IN THE PERK.

THE AVERAGE RATIO, AND MULTIPLY IT TIMES
3 TSET}DDELGHDDE THIS IS THE RETURNED SATURATED

VALUE,
REAL LOCLBG.GG.PKHIST(20)
INTEGER SPEC(14.411).GP0S.0OVLAP.HPOS
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00021780
BRO21710
80021720
90021729
86221740
088021750
208021768
00021770
80021786
80821790
80021880
88021819
800821820
80021830
20021849
09021850
08021660
80021870
80621880
20021890
80921982
86621910
80021929
800821930
80021940
0200821959
80821960
880821970
00021980
088621990
080822@00
080022019
080822020
880220830
89922040
90022059

860

080

4]
80022110
00022128
80022130
00022140
200221560
08022168
08022170
08022180
00022190
ﬁ002’208
800222
8002 228
80022230
80022249
00822250
88022260
00822270
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INTEGER MINHGT,SATLST.SATINX

INTEGER 1J, IK, IL.LSTOP,RSTART, STOPF.RCOUNT

DIMENSION G(9).Y(13),RATIOS(13)

COMON /CSARTLS/SATLST(25),SATINX

COMMON /MODES/SGHMODE (3) . SHMODE (3) , GMODE . HMODE

COMON /QUIXDT/IQUIT
[22NS~12-14%((NS-13)/14)
I3=NS-11-14%((NS5-~12)/14)
14=RS-18-14%((NS-11)714)
15=N5-9-14%( (NS~103/14)
16=NS-B-14%((NS-3) /14)
17=NS-7-14%((NS-B)/14)
18=NS-6~14%((NS-?7) ~14)
19=NS-5-14%{ (NS-6) 714)
118=NS-4-14%((NS-5)-14)
111=NS-3-14x((NS5~-4)/14)
[112=NS-2-14%((NS-3) 714)
113=NS~-1-14%((NS-2)/14)

IK = 13

DO S I = 1.12

J = NS - IL - 14 x ((NS - [K)/14)
Y(I) = SPEC(1J.M)
IK = IK - 1

CONTINUE

SATVAL WILL BE DEFGULT IN CASE OF SUPER SATURATION

RPKHGT - -SR
MINHGT =

ILFT

ILEFT = B

IRIGHT = B

NPTS = 12

NSATS = B

DO S8 1 = {,NPTS

IF (Y(1).GE.SATVAL) GO _TO 18
IF (ILFT.EQ.1) GO TO 2@

COUNT POINTS TO LEFT OF FIRST SATURATED POINT

ILEFT = XLEFT + 1
GO 70
CDNTINUE

COUNT POINTS TO RIGHT OF LAST SATURATED POINT
égngT = IRIGHT +
XE2¥ND FIRST SATURATED POINT
NSATS = NSRTS

NSATS COUNTS SGTURRTED VALUES.
CONTINUE

ILEFT = NUMBER OF POINTS TO LEFT OF FIRST SATURATED POINT.
IRIGHT = NUMBER OF POINTS TO RIGHT OF LAST SATURATED POINT.
FIND NIDDLE POINT OF SATURATED VALUES AND D MAKE SURE

7 1s IN D-1.MID+1@.NOTE: THE INTERVAL IS CLOSED.

IOUIT =
IFIRST = lLE T+
ILAST =~ ILEFT + NSRTS

126

NINHGTBIS NlNIrUH QCCEPTHBLE HEIGHT IN MODEL FOR RATIOING.

080222680
80022290
88022300
00822310
0806822320
00022320
00022340
00822350
08822360
pER22378
80822380
000822390
00022400
822410
80022420
0008224306
80022440
00022458
86022460
080224708
08022480
88822490
0880225008
80022518
PPB22528
89822530
08022548
080225508
80822560
80822570
p0822586
98822590
88022600
90022610
80022620
20822630
88022640
88822650
000226689
00822670
80822660
80822550
00822700
00022710
00822720
80022730
00022740
80022750
00022760
08822770
80022780
009022790
00022800
88022810
80622829
280222838
28622840
080822850
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THE LAS
TO SUIT WATFIV....

LLLLLSSSSRRR
IFIRST ILAST

ST%D.li TIDDLE POINT OF SRTURQTED VALUES. AND REAL.
"NOTE: 7”18 Tnbe:
: lNDEX OF CURRENT SPECTR
7 MUST BE WITHIN (RMID-1.RMID+1), unt.

ACTUALLY. RMID MUST BE IN +6.80 FOR SATURATED
VALUE TO BE PROCESSED.
IF C RUIND .LT. B ) RUIND = -RWIND
IF ¢ RWIND .LE. 1.8 ) GD TO 68
IQUIT = |
RETURN
CONTINUE
rsgéNT aﬁTU§RTED MASS ENCOUNTERED STUFF
SEEZI§ HﬂSSSEELONGS TO PREDESSOR.
IF_C SATLST(I) .NE. MASS ) GO TO 62
SATLST(I) = @
10UIT = 2
RETURN
CONTINUE
DETERMINE IF THIS rnss BELDNGS TO AN AJACENT SPECTRUM
IF ( OVLAP .EQ. 8 )
NXTSPC = € + ( HPOS- l /
SEE 1F SATVALS OCCUR IN NEXT SPECTRUN CONTINUDUSLY
IF ¢ ILAST ,LT. NXTSPC ) GO TO 7
RDIFF = NXTSPC - RMID
SEE IF RMID 1S CLDSE TO NEXT SPECTRUM.
IF ( RDIFF .GT. ) GO 10 78
GIVE UNDECIDED NRSS TO SPECTRUM WITH BIGGEST TIC.
IF ( PKHIST(GPOS) .GE. PKHIST(HPOS) ) GO TO 6
IQUIT = 1
RETURNH
CONTINUE
FLAG FOR NEXT GUY TO AVOID.
SATLST(SATINX) = HRSS
SQTINX = SATINX
1F SﬂTINX .EQ. 26 ) SATINX = 25
CONTIN

THE LAST THREE ARGUMENTS Y. Y.Y) HAVE BEEN CHANGED TO
SATVAL . SATVAL . SATVAL) TO SUIT WATFIV...THEY HRVE NO
FUNCTION WITHIN SPEPRT.

WFH RT1 4/38/78
CALL SPEPRT(1.MASS.Y.SATVAL.SATVAL.SATVAL)

RT] 4/38/78

PRINT DEFAULT "SATURATED VALUE
CALL SPEPRT(2.NPTS.Y.SATVAL.SATVAL.SATVAL)

HORHAAOKKK NDU BEGIN DUR SATURATION STUFF saatoxaoiniok
LSTOP = IL
RSTART = NPTS - IRIGHT + 1
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,Y) HAVE ALSO BEEN CHANGED TO SATVAL.SATVAL)
Tuate RRGUFE#;EYYHQVE NO APPARENT FUNCTIDN INSIDE SPEPRT

20022860
80022870
80022880
00022890
080022500

0800225320
800822940
80022950
808229€0
88022970
0880229€0
80022990
00023000
000230190
86023020
08823030
0008230840
0806023850
88023660
000230870

- 90023880

000230950
88823100
20023110
88023120
00023130
00823140
00023150
80023160
080023170
00023180
eep23198
08023200
00023210
00823220
00023238
88823240
80023250
20023260
80023270
00823280

90822310
00023320
00023330
80023340
00023350
08023360
800823370
080023360
pO023330
89023400
00223410
080823420
080923439



208
300

325
358

lale]

900

[wlgislalels]

™
0f
S

LOCLBG = Y(I
SUBTRACT LEFT POINT FROM ALL VALUES AS AH APPROXIMATION
SQSPEQCKgROUHD .THIS 1S TO BE SYMMETRIC WITH MODEL PERK.

IF ( LSTOP .NE. ©) GO TO 952

STOPF = |

GO 70 185

CONTINU

Do lﬁB I = 1,LSTOP

Eé!) = Y(l) - LOCLBG

IF (STDPF ED 1 .AND. RSTART .GT. NPTS) GO TO 960
IF UE GO TO 989 IT MEANS ALL VALUES ARE SATURATED
IF (RSTART .GT. NPTS) GO TO 120

PO 118 1 = RSTART.NPTS

Y(1) = Y(1) - LOCLBG

CONTINUE

RRTD = B

4]
lF (LSTOP LT 3) GD TO 308
DO 2008 I = 3.LST

GG = G(I-2)

IFC GG .LT. HlNHGT ) GO TO 2@0
NOTE: MIN

RQTIOS(I) = Y(l)/c

RATO = RATO + RRT]US(I)

RCOUNT = RCOUNT +

CONTINUE
CDNTINUE

IF (RSTART .GT. 11) GO TO 358
PO 325 1 = RSTHRT. {
GG = G(1-2

IF ( GG LT MINHGT ) GO TO 325
RATIOS(1) = Y(1)/GG
RATO = RATO + RATIOS(D)
RCDUNT = RCOUNT + 1
CONTIN E
CONTIN

IF(RCDUNT .LE. 1) GO TO 998

ABOVE TAKES CARE BF SUPER SATURATION
RATO = RATO/RCOUNT

IF(RATO .LE. B) GO TO 9080

THE ABOVE TRKES CARE OF A VERY FUNNY LOCAL BACKGROUND
RPKHGT = RATD x G(3)

THE ABOVE TRKES CARE OF SATURARTED PEAKS WITH TO HIGH
OF BACKGROUND APPROXIMATIONS

CALL SPEPRT(3.1,RPKHGT.LOCLBG.RATD,G(5))

RETURN

CONTINUE

gELL SPEPRT(4.I RPKHGT.RATO.RATO.RATD)

END .

IS SUBROUTINE WAS INCORPORATED TO ACCOUNT FOR THE POSSIBILITY
F DIFFERENT SCAN_FUNCTIONS ON THE FINNIGAN QUADROPOLE
PECTROMETER AND TO ALLOW FOR HMAGNETIC INSTRUMENTS IN THE FUTURE

WFH RTI 9/31/78
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00823440
90023458
000234608
80023470
08822480
00023490
08022500
00023510
80023520
00023538
20023540
PBB22559
868023568
80023570
88623580
00023599
000823600
0023618
00023620
20023630
00023640
88023656
80823660
80023670
98023680
060232630
880232700
00023710

-90N23720

800232730
80823740
080023750
88023760
80023770
Bp023760
06023790
80023800
800823810
82023820
B0O0C23830
00023840
8023850
e0D238€0
88023870
080023890
808023900
80023916
80023920
800823930
88623340
80023250
80023960
00023976
28023980
800232990
088024000
20024010
80024020



REAL FUNCTION SCAN(MASS)
INTEGERX4 MASS Donzan3e
. REAL*4 HIMASS/458./,LOMASS/4D. / D040
RMASS=HASS 80924970
ggnm(Rmss-l.omssvmlmss—wmss> 80024080
TURN 98024899
. SUBROUT INE SETBUG (NNAME . EOF) Do0341.0
800241208

AM_WAS DEVELOPED WITH THE FUNDING SUPPOR
L L ML IO KR S o LIS
¢ (GRANT NGR-85-820-632) . SPACE ABHINISTRATION 88024170
£ FURMER HOTE: eoury agozaice
UTINE SETBUG Has REWRITTEN IN ORDER TO PERMIT >
€ MULTIPLE RUN PROCESSING AND T FIT INTO THE CONTEXT OF THE EPG AND  oobods.s
€ RTI ACGUIS]TION SYSTEMS. 175 FUNCTION 1S 06 FERD AND FILL - THE SPEETRUMIGSSAZA
€ BUFFER WITH THE FIRST 13 SPECTRA FROM ERCH RUN. 000242308
COTON PKHIST(Z0) NPHIST(20) 86824240
COMMON YIS, Y14, YM3. Y12, YM1, 1.¥P2. YP3, YP4, YP5 80024250
EOMMON A, CH3 . LrD. Os . Ub EP ) . Lp 2. Pa. bPa PeR24260
COMMON SG.SG2,516.51.S12.AN,RA,BB. CC,DD 28p24270
COMMON NAME (32) ,RDATE (5) ,B I THAP (64) . GCTIME 80024286
COMMON L1IBMAP(17). INTEG.LOMASS. HIMASS, POINTS. TAPCNT pBA24290
COMION MAXSP.LSTCRT.DEVICE (5) , SPCNO 80024300
COMMON SPEC(14.411). IND(3,411),NUSPEC(411) . NMASS PP0243 10
COMMON RMAX(3) . IR(3).BK (3, NM(3) ,NTH(3) , GPEAK (3, 11) 88824328
COMMON SPARE 1. SPARE2. SPARE 3, SPARE 4, SPARES . SPAREG . SPARE? pEA24330
COMION RATMIN, RATEMX.S16YB, S 1GNXT,SIGLST 20024340
COMMON 15VNB. ISVNS. ISVPB, ISVP9. S 1GMA7 , SATVAL . SATMAX 20024350
COTON MODE 1 MODE2 . NLUEUT. NUPCUT. SATPKS (253 NSAT. EXPNAI(S) #0024368
REAL SATVA PP024370
TNTEGER NVESPC(411) ., NAVG: HAVE 9P024380
INTECER EOF L IBBLK. RDATE . LOMASS . HIMASS. ADS. POINTS, 90024390
1SPCNO. SPEC. NNATE 80224480
Borron VSChy L IBBLKL 1024) 20024419
COMMON ~1ADS/ ADS 28024426
comon 7IMAD/ MAD 80024430
COMMON /RVG/ NAVG.H 88024440
€ READ IN RUN HERDER Bib RETURN 1F END OF FILE 20824450
CALL BPNRUN (L 1BBLK.EOF) PRA24460
IF CEOF . NE . @) RE TURN 80024470
£ HOUSE CLEARING FOR HISTORICAL VARIABLES STILL LEFT IN CLEANUP 824450
o it g
12 BoRTecl> ~L3BBLK (1427

C SETTING OF HIGH MASS. LOMASS AND OF & OF SPECTRA IN RUN BDB24520
MAXSP=L IBBLK (38) AP TPERT
LOMASS =40 . 2PB24550
HIMASS=458 - ey
ADS=L 1BBLK (36) e
Hoit e S8 LOrRSS 89624560
C By SERENDIPIDY NNAME CAN BE MODIFIED TO CONTAIN THE RUN TITLE AND 8024590

C EXPNAM TO CONTRIN THE INSTRUMENT TYPE...

129
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DO 28 I=f.18
20 NNAME (1) =L IBBLK(12+1D)
DO 28 I=i,
30 EXPNAM(1) =L IBBLK(7+1)
THE INTERNALS OF SETBUG HAVE BEEN MODIFIED SO RS TO
INCLUDE AN RVERAGING OVER THE INPUT SPECTRA
RTI - WFH 1/13/79
DO 59 J=1.13

INITIRLéfE MAIN SPECTRUM ARRAY IN CORE FOR ADDITION

K=1,41}

Do
31 SPEC(1,1K>=B
READ_IN NAVG SPECTRA FOR THE CURRENT CORE POSITION
DO 48 IJ'I.NQVG

10UPD=0
10UPD ENSURES THRT THE QUE IN THE 1/0 ROUTINES 1S
UPDATED ONLY ONCE
114 TELLS WHICH QUEUE LOCATION TO UPDATE

IF (1J.EQ.HAVG) IQUPD=1

CALL RDSPCC(ISCNO.AYGSPC. 1. 1QUPD. EOF)

1QUPD=8

IF(EQOF.EQ.B)GO TO 34

EOF HAS BEEN ENCOg?TERED BEFORE ALL 13 CORE POSTIONS WERE FILLED

WRITE(IPTRL,6

68 FORMAT( =", xxx UNARBLE TO FILL 13 CORE POSITIONS - EOF w»kx")

STOP
34 CONTINUE
NOU INCREMENT MRIN ARRAY IN CORE

DO 32 1K=1.4
32 SPEC(!.IKJ'SPEC(I.IK)+QVGSPE(1K)
40 CONTINUE
NOW DIVIDE BY NAVG IF NECESSRRY
IF (NAVG. EQ l)GD
DO 46 IK=1.411
46 SPEC(I. IK)-SPEC(I 1K) 7NAVG
47 CONTINUE
58 CONTINUE
NOW SET INTERNAL SPECTRUM NUMBER
SPCNO = 1SCNO-63NAVG-HAVE
RETURN

END N
SUBROUTINE SETGHY(NS.M.GNU.HNU,GPOS,HPOS, ISUW. GMX)

wkx THIS ROUTINE ACTURLLY DOES THE SETUP AND
sk INTERPOLATION PRIOR TO DOUBLET RESOLUTION
H woxk 1T CALLS THE DOUBLET RESOLVER.

INTEGER NAME.RDATE,.BITMAP.GCTIME.L IBHAP, INTEG,LOMASS
INTEGER HIMASS,POINTS. TRPCNT.?&XSP,LSTCNT,DEVICE SPCNO
INTEGER SPEC. IND, IR, BK.NM.NTM

INTEGER GPEAK.SPARE]. SPQREZ SPARE3. SPAREA4. SPARE?7

REAL SPRARES. SPRREG

INTEGER GPOS.HPOS

INTEGER g¥8PEE NHRSS OVLAP, ISU

INTEGER

REAL ISVPB. ISVPS
REAL DMX

REAL GMX
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80824610
9908246206
000824630
000824640
8pB24658
00024660
608024678
066824€80
00024€90
00024700
20824710
00024729
epB24730
068024740
000824750
80024760
80024770
00024780
080024790
pBR24800
900248108
88024820
BOD24836
800824840
08824859
98024860
20024870
20024880
280248390
088824900
88824910
08024920
080024930
80024949
80024959
00024960
088024970
28824960
98024990
80825000
80025010
080025029
28025030
00025040
000250508
20825868
00825070
200825088
88025050
08825188
80025118
00025120
80025138
80825140
80625150
88825168
80025170
8868251860
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DIMENSION GNU(18).HNU(18).Y(
COMION %XST(Z%N%5%2B) 19
C: . . . - YM1. Y8, YP1,YP2.YP3. YP4,
COMON GﬂdaGﬂ3oGNZ,Gﬂl.GBnGPl.GPZ.GPg-GPi YP4.YPS
COMION S6.56G2.51G6.51.512,AN.AA.BB.CC. DD
i
O T e i omes
. . »411) NUSPEC(411),
o B RS ea
C . . . 4,SPARES. .
COMON RQTHIN.RRTENX-SIGYB.SIGNXT.SIGLSTS SPARES. SPARE?
COMION 1SVNB. 1SVND. ISVPB, ISVWPI.SIGMA7 . SATVAL . SATMAX
COMION %gééﬁg;ﬁﬁg&%ugﬁ'ﬁ%‘;&?g; SATPKS (25) , NSAT, EXPNAM(S)
O N opESSer . ~GMODE . HMODE
INTEGER BEDROK
DATA BEDROK~/48/

JDg ?ngRY BUFFER INDEXING OF SPEC(14.NUMRSSES)
D0 1880 1=§,13
K=J-1

1J = NS - K = 14 %x ((NS - J)/14)
Y(1) = SPEC(1J.MD)
J = J -]
CONTINUE
DO NOT LET ANY PEAKS WITH SRTURATED VALUES IN THEIR
PROF ILES PASS THROUGH DOUBLET RESOLVER.
Do 58 i= 1,11
IF ( Y(1) .GE. SATVAL ) GO TO 5
CONTINUE

WE TRY TO ELIMINARTE BACKGROUND PEAKS FROM PASSING THROUGH

DOUBLET FILTER: SO. LET K1 = .B125 % Y(7). AND K2 = .8125 x G(7).

THEN: WHERE M = MAX*K1,K2@. LET D = MINH1.78¢.AND D = MAX+D,30@
(LE USE AN ABSOLUTE MAX OF 70 SO RS NOT TO MISS HIGH MASS
PEAKS WITH SMALL CONTRIBUTIONS WHEN THE BASE PEAK IS
LARGE.AND A MIN OF 38 FOR LOW AMPLITUDE DRIBBLE.)

- - : (-E Y(?) + E
. "o, * € Y T, -
. . £
...... € Y -E
THE FRAGMENTOGRAM STAYS IN THE ABOVE ENVELOPE FROM Y(3) TO
a1 1Y CIHEN UE CONSIDER 1T R BACKGROUND PEAK.
A S
L 3 *
WE MUST RECALL-THAT G(7) HAS BEEN NORMALIZED IN GETHGT
Kz » D * NU(7) - BHX
DHX =
1F ¢ DMX LT . K2 ) DMX = K2
PMX 1S MAX*K1.K29
IFC DMX .GT. 78) DMX = 70
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080825198
8e025280
80025210
88025220
80025238
080025240
2e025259
90025260
008025279
80025288
000252980
00025360
20025310
00025329
000253308
86025340
88025350
200825360
00025378
000823388
20025390
00025408
08025418
p0025420
08025438
88025448
BOB25450
82025460
208025478
800254390
80025498

80025550
82825568
80025579

88025760



C DMX = MINADMX. 700
IF(DMX .LT. BEDROK ) DMX = BEDROK
DX = MAX*BEDROK.Drxe
El = Y(?) + DMX

IF (Y(l) .GT. E! 10R. Y1) LT. E2) GO TO 209
188  CONTINUE

GHGT = 8
RETURN
EOB CONTINUE
[ WE NOW TRY TO ELIMINATE LOCALLY "NERRLY L INERR"
[ CONTRIBUTIONS BY FITTING AR LINE TO THE LOCAL FRAGMENTOGRAM
E IN A LEAST SQUARES WAY. AND EXAMINING
E RATIO = (ROOT MEAN SQUARE ERROR)/(AVERAGE VALUE OF Y(I1))
C
E gtéEDTEST HAS BEEN VERY SUCESSFUL IN ELIMINATING COLUMN
CALL BLEED(Y(S).RATIO)
C THIS MOD INSERTED ON A TEMPORARY BASIS TO GATHER STATISTICS
C ON ERROR RATIO - CODE 3
c WFH RTI 9/31/78
c ITYP=3
c I1SPC=SPCND  *
c WRITE(20.8250) ITYP, ISPC.RATI0.RATIO
£6258 FORMAT(2R4,28X,2R4)

IF (RATIO .GT. RATMXX) GO TO 290
GHGT = 9

RETURN
2980  CONTINUE
c ALSO. IF Y(1) IS NON INCREASING FOR 1=4.9, IE.Y(1) .GE. Y(I+1),
c THEN DON”T CONSIDER. RS IT IS EITHER BACKGROUND
C OR TRIL OF PRECEDING PEAK
DO 300 I = 4.9
IF € Y(I) .LT. Y(1+1) ) GO TO 4088
3e8 EONT[NU

489  CONTINUE

C ARITHMETIC BELOW HAS BEEN REPLACED BY FUNCTIDH SUBROUTINE

C IN ORDER TO ACCOMODATE MAGNETIC. lNSTRUHE NTS.

€ T1 WFA 11,2078

c TSHIFT = FLOAT(MI - LOHRSS)/(HIHRSS - LOMASS)
TSHIFT = SCAN(MI)

c INTERPOLATE PEAK PROFILE TO TlﬂE COORD INRTE OF MODEL PERK.G
CALL TIMESF(TSHIFT,Y(2).11,GM0

g CANNOT USE ENDPDINTS RFTER INTERPDLﬂTIUN

C

c

[

c

c

»okx NOW USE LEAST SQUARES DOUBLET RESOLVER TO GET
ok THE AMPLITUDE OF THE COMPONENT AT THE DETECTED SPECTRUH.

IHSPEC = 6+(HPDOS-1)/3
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P0025778
80825760
p0B25790
800256800
0025810
00025620
020825820
AB025840
PBR2SE5H
80025860
80025878
80025680
80025890
20025908
00025918
00825920
PpD25930
P0B25940
28025950
80025960
80025978
80025980
02008253990
80026000
00026018
00826020
00826030
20026040
080026050
p0B26060
00026870
986826080
90026098
08026180
28026110
080826120
800626130
80026140
a8a26150
080026160
80026170
88026180
800261908
80026200
86026210
880826220
80026220
080026240
PRA2E250
00826260
80826270
00826268
00026290
P0026300
20026310
00026320
88826330
800826340
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IHSPEC = 6 - 1]
STORE = @ 08826350

00026360
STORE WILL BE SET 1 BY DUBLET IF ™ QUALIF R . 7
CALL DUBLET(GNU,HNU.Y.STORE.M, IHSPEC, GHGT.}ga,Fg N AL T O eat0

80826360

20026330

SAVE THE COMPONENT CONTRIBUTING TO THE DETECTED SPECTRUM. gggggd?g

a

09826420

SAVE CONTRIBUTION WITH MINIMUM ERROR. 806026430

80026440

IF (GHGT .GT, 32767) GHGT = 32?6? 80026458

MADE SURE NO INTEGER OVE FLOI 86026460
IF_(GHGT .LE. 18) GHGY = B

20026479
HEIGHTS LE 18 ARE CDNSIDERED ARTIFACTS OF THE DOUBLET RESOLVER 80026480

IF(STORE .EQ. 1) NUSPEC (M) =GHGT ggggéﬁgg
Feg o pu |
ENp B0026220
nB2 .5
THIS SUBROUTINE DOES ALL PRINTING PPO2ES 30
FOR CLEANUP. PLEASE USE IT YO ADD NEW PRINTING POB26548
IN ANY SUBROUTINE. 82826550
THE CALL STATEMENT ALLOWS FOR PASSING OF ARRAYS PRB26560
REALS AND INTEGERS. 80826570
THIS COMPUTER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPURT 2pn26580
FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612 AND 20026599
GM-20832) AND THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 80826608
(GRANT NGR-85-820-632) 80026610
SUBROUTINE SPEPRT(N. an AR.R1.R2.R3) 80026620
INTEGER N. IONE.NINE.MR PrA26630
REAL R]. RZ.R 00826630
THE DIMMENSIONS OF AR auo IAR HAVE BEEN SET TO (1).(1) FROM eae.sssg
TO HELP WITH WATFIV... 0002666
WFH RTI 4/38/78 80026678
DIMENSION 1ARC1),.AR(1) gggﬁgggg
COMMON ~/DUBBUG-IFLAG po0ze800
COMMON ~IMAD/MAD Bozeres
COMMON ~UNITS/ IRDR.IPTRI, IPTR2, IPTR3, [ IN. I0UT 30036720
DATA IONE.NINE/1.9/ ooozered
IFLAG 1S RESET IF NO PRINTING 1S TO BE DONE/ 65036749
1F (IF%gg gg gé RETURN pooserae
Ggugonaove IS A 'cnss STATEMENT FOR EXECUTING PRINT gggggfgg
OPTIONS.C
NOW DO STALSO OUTPUT ggg;grgg
11AR=1AR(1)-MAD APt
URITECIPTR2.688) 11AR AP
Rgggggaovf WRITE 15 FOR MASS OF SATURATICH ggggsggg
WRITECIPTR2.558) R1 enseRie
uexrst;ggnz)sla> 00026550
&g?TE(lPTRZrSBS) (ARC1). I=IONE. IUP) gggggggg
RETURN 80026860
WRITE( IPTR2.880) . 88056850
t§}¥55{2¥§3 gsa) AR(1).R1.R2.R3 gggggg?g
WURITES RPKHGT.LOCAL BACKGROUND.RATID.G(3) Bo026318
RETURN
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70 WRITE (1PTR2.708)

c Rg#SRaBOVE WRITES SATURATED DEFAULT VALUE.

C FORMAT STATEMENTS FOLLOUW.

535 FORMAT(/.B8X.7F7.8,/,.8X.6F7.8,/)

958  FORMAT(BX.,/” SATURATED YALUE = *.F7.1)

568  FORMAT(8X." PEAK HEIGHT = *.F7.0./.8%.° BACK GROUND =-.F7.0.
=/.8X," PERK TO MODLEL RATIOS AVERAGE. RATIO =°.E15.8./.BX.
-/." G(S) =*,F7.8./7)

600 FORMAT(/.° SATURATION EMCOUNTERED. MASS = *.14./)

618  FORMAT(® SATURATED PEAK PROFILE FOLLOWS /)

780  FORMAT(/,” SUPER SRTURATION ENCOUNTERED ./.BX.

=’PEAK HEIGHT DEFAULTS TO MAXIMUM VALUE “//)
888 FORMAT(/° SATURATED PEAK ANAYLSIS */)
909 EORNRT(/’ NOTE: PEAK HEIGHT = RATIO X G(S)* /)

SUBROUTINE TIMESF(DELTIM, Y.N.GTIME)
GTIME

REAL
INTEGER N
REAL RATE,DELTIM
Y HAS BEEN REDIMENSIONED DOWN FROM 1S TO 1
TO MAKE _THIS THING WATFIV COMPATRBLE - WFH RTI 4/25/78

DIMENSION Yo

TH1S COMPUTER PROGRAM WARS DEVELOPED WITH THE FUNDING SUPPORT
FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612

GM-208832) AND THE NATIONAL AERONAUTICS AND GPACE RDHINISTRRTION
(GRANT NGR-85-829-632) .

THIS SUBRDUTINE TIME ALIGNS A PEAK AT A GIVEN MASS M TO
THE SRME TIME CO-ORDINARTE SYSTEM RS THE MODEL’S MASS.
(THE TIME CO-ORDINRTE IS GTIME FOR MODEL)

DELTIM=(M-LOMASS) 7 (HIMASS~-LOMARSS)
Y IS 'THE ABCISSAS OF THE FRAGMENTOGRAM AT tASS M.

THIS ALIGNMENT 1S DOME BY A CUBIC FIT USING LAGRANGE’S
;%Etgaél.E.. GIVEN THE 4 POINTS XB.Xi.X2.X3, WE FIND L(X) RS

LX) =2 (X-X1) (X-X2) (X-X3) 7 ((XB~X1) (XB-XK2) (X0~-X3))eYB +
AX=XB) (X-¥2) (X~X3) 7 ((X1-X8) (X]{-X2) (XI-X33)@Y] +
A(X-XB) (X-X1) (X~X3) 7 ((X2-X0) (X2-X1) (X2-X3})@Y2 +
ALX-XD) (X-X1) (X=-X237((X3-X0) (X3-X1) (X3-X2))eY3

WITH THE X*S INTEGRALLY SPACED.

IN EACH CASE WE INTERPOLATE FOR A NEW MIDDLE POINT.OR
L(X1+DX)>. SO. THE ABOVE EQUATION REDUCES TO

LIX1#DX) = CB x Y8 + C1 X Y1 + C2 x Y2 + C3 % Y3

€B = DX % (DX-1)(DX-2)/-6
C1 = (DX+1)(DX-1) (DX-2) 2
€2 = (DX+1) (DX) (DX~2) /=2
C3 = (DX+1) (DX) (DX-1)/6

[zlzisisipglsiviziginlnizinisisislgisivivisisinislplsislsinslaisinininio Bl oly]
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008263930
aen26940
P0B26950
80826960
ere2€970
8680263980
00026950
20027000
80027010
28027020
28027030
80027040
80027058
80027660
86027070
ae827880
08027890
80027100
00027110
80027120
80827138
00027140
80027150
80027160
000827170
BBO27 180
80027190
ap027200
aB027219
8027228
080827238
08027240
08027250
8B027266
2p82v27e
epn27280

08027330
80027340
epB27350
800827360
epo27v3ve
80827380
80027390
00027400
80027410
08027420
p0027438
00027440
00827450
20827460
008027470
88027480
80027490
80027508
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WHERE DX = GTIME ~ DELTIM
INTEGER [

K1.K2.K3.K4.DXP0S

DO 5@ I=1.N
YOLDCI) = ¥(I)
CONTINUE

SAVED OLDIES

DX = GTIME - DELTIM

DXPOS = DX

IF ( DXPOS .LT. @ ) DXPOS = -DX

IF ¢ DXPOS .LT. 8.808001) RETURN
DON‘;XXNTERPDLRTE FOR. SMALL VALUES OF DX

K2 = DX -~ 2
K3 = DX + 1
K4 = DX + 2
Cl= (DX * (K1}
C2= ((K3) x (
C3= ((K3) x (
Cda= ((K3) = (

INTERPOLATE

JN =N -2
DO 188 1=2.JN

) x (K2))/(-6)
K1) x (K2))-2
DXy x (K2))/(-2)
DX) x (K1))s6

Y(I)eC1xYDLD(1-1) + C2xYOLDC(I) + C3IxYOLD(I+1) + C4 % YOLD(I+2)

CONTINUE

El= C4

E2= ((K4) x (DX} x (K1))r2
E3= ((K4) * (K3) x (K1)} (-2)
Ed4= ((K4) x (K3) % (DX))/6

NN = N - 1

Y(NN) = Y(N-3) x El + Y(N-2) x E2 + Y(NN) x E3 + Y(N) x E4
DO 275 1 = 2,NN

JF(YC(DY LT. ©) Y(I) =0

CONTINUE

RETURN

END
SUBROUTINE TLOC(NS.M1.M2,M3, IFOUND.EOF)

THIS COMPUTER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPORT
FROM THE NRTIONAL INSTITUTES OF HEALTH (GRANTS RR-512 AND
GM-288323 AND THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

(GRANT NGR-05-820-632).

xnx THE MAIN FUNCTION OF THIS ROUTINE IS Tg £

»xx THE CURRENT DATA IN THE PROCESSING WIN

AND DETECT WHEN THERE IS R COMPONENT PRESENT IN THE
::: UINDSU. THIS IS DONE BY KEEPING A HISTOGRAM OF
wxx HOW MANY PERK MODES ARE MAXIMIZING WITHIN
sk THE WINDOW. A HISTOGRAM 1S ALSO KEPT OF THE
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20827510
80827528
00827530
80827540
ape27550
00827560
800827570
80027580
80n27590
880827€00
080027610
000827620
80027630
800827640
00027650
86027660
80027678
09027680
60027650
00027700
80027719
080027720
00027730
080027740
80027759
880827760
80827776
80027780
80027790
0200276080
00027810
8802782a
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0aa27330
av027890
86027900
epe27918
8a027520
2n027930
88027340

20027980
80027998
80028000
20026010
80028020
80028030
BB02E0408
80828050
8002800
00026070
808268080
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Do
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wokx JON CURRENTS ASSOCIATED WITH THE PEAKS THAT ARE
xxx ARE MAXIMIZING., THIS LATTER MEASURE 1S MORE
sk EFFECTIVE FOR COMPONENT DETECTION. AN INDEX
sk SET 1S KEPT OF THOSE MASSES THART HAVE MAXIMIZED
xkk IN THE WINDOW (ARRAY “IND”). DURING THIS WHOLE
a0k PROCESS A MODEL PEAK FOR THE COMPONENT 1S ALSO
wkx CHOSEN “GPEARK® USING A SHARPNESS CRITERIOH.
PARAMETER EOF ADDED - SEE COMMENT NEAR CALL STHMT 12T7R5§31/7B
INTEGER NAME.RDATE,.BJTMARP.GCTIME.L IBMAP, INTEG LOMASS
INTEGER HIMASS.POINTS, TRPCNT.MAXSP.LSTCNT,.DEVICE,SPCNQ
INTEGER SPEC. IND, IR.BK.NM.NTM. RECNO.FLAG.KSTOR(58@) , MAD.,
1KMAD(2.56)
INTEGER NUSPEC.NMASS.OVLAP,EQF
INTEGER MODBKG.LOCLBG
INTEGER GPERK.SPARE 1, SPRRE2, SPARE3.SPARE4, SPARE?
INTEGER FSTREC.AJACEN.AHEAD
REAL SPARES. SPARES
THIS HAS BEEN INSERTED FOR THE QVERREING FRCILITY

Tl WH 1/14/79
INTEGER NAVG,HAVG. RVGSPC(dll)
REAL*8 TLC/" TLOCXX
REAL 1SVPB. ISVPS
THE IDENTIFIER DIB HAS BEEN CHANGED TO SCAN TO MAKE
WAY FOR THE NEWLY JINCORPORATED FUNCTION SUBROUTINE
WFH RT! 9/31,78
REAL F1.F2.F3.YTOP,HIST(?).SLOPE.SCRH
COMMON PKHIST(20).NPHIST(20)
COMMON YMSC11)
COMMON GM4.GM3.GM2.GM1.GB.GP1.GP2.GP3,GP4
COMMON SG.5G2,51G,51.512,AN.AA,BB.CC.DD
COMMON NAME (32) .RDATE(S) . BITMAP (64) ,GCTIME
COMMON LIBMAP(17), INTEG.LOMASS.HIMASS.POINTS. TRPCNT
COMMON MAXSP,LSTCNT,. DEVICE(S).SPCHOD
COMMON SPEC(14.411), IND(3.411),NUSPEC(411),.NMASS
COMMON RMAX(3) . IR(3).BK (3),NM(3) ,NTM(3) .GPERK (3, 11)
COMMDN SPARE 1. SPARE2, SPARE3, SPAREA, SPARES. SPAREG., SPARE?
COrMON RATMIN,RATEMX.SIGYB.SIGMXT.SIGLST
COMMON ISVNB, ISYNS, ISVPB, I1SVF3, SIGMA7 , SATVAL » SATMAX
COMMON MODE 1, MODE2. NLUCUT.RUPCUT, SRATPKS(25) . NSAT, EXPNAM(S)
COM0N ~DUBBUG~ I DEBUG
COMMON /TMODES/SGMODE (3) , SHMODE (3) . GMODE , HMODE
COMMON /MASSES/ISGMAS(3) ., ISHMAS (3) . IGMASS, IHMASS
COMMION ZIFF/IFLAG(3)
COMMON /RJACKHT/AJACEN(2)
COMMON /PARAMS/MINTIC, MINNY.NTHIRD,RATH
COMMON /LFTRIT/ILEFT. IRIGHT
COMMON /HIND/IHL, IH2.MSINGS(2.50) . MINX, LINGS(S8) . L INX
COMMON /CRALBU/RAWBUF (411)
COMMON /CFSTRE-FSTREC
COMMON ZRVG/ NRVG.HAVG
COMMON /CRHER/RHERD (8)
MMON 7 IMARD/MAD
MSINGS SAVES HRSCES DF SINGLETS IN HISTOGRAMS.
EQUIVALEHCE (YM4, YMS(2)
EQUIVALENCE (YM3, YH5(3)) (YM2.YM5(4)), (YM1,.YMS(5))
EQUIVALENCE (YR, YM5(6)), (YPI,YM5(7)), (YP2.YM5(8))}
EQUIVALENCE (YP3,YM5(9)). (YP4.YMS(18)) . (YPS,YMS(11))
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pB028090
28628100
8802€110
6Bu28120
00028130
00028140
60828150
app28160
a0028170
06028160
8002¢€190
00028200
00828210
p0B28220
pE028236
08028240
800282506
80028260
00028278
00028280
08028230
800283600
00028318
00028326
00828339
BOG26340
60828350
00028360
06028370
peo28380
00028390
80028400
20028410
80028420
80028420
60n28440
20028450
80028460
00028470
80028430
20028430
86028500
20028510
80028520
000628530
00828549
00028556
60028568
60028578
06028580
88828590
20028600
080028616
00028620
68028530
80028640
00028650
00028660
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DRTA HIST/-.3333.0...3333,.6667.1.0,1.3333.1. 6667/
wkx CIRCULAR QUEUE TO CONTROL 1
11=NS-13-14%((NS-14) /14> CURRENT DATR SET
12=NS-12~14%((NS-13)714)
13=NS-11-14%((NS-12)714)
14=NS~18-14%((NS-11) 714)
15=NS-9-14%( (N5-18)/14)
16=NS-8-14%((NS-9)/14)
17=NS-7~14%((NS-8)714)
18=NS-6-14%((NS~-7)/14)
19=NS-S~14%((NS-6) /14)
119=NS-4-14%((NS-5)/14)
111=NS-3-14%((NS-4)/14)
112=NS-2-14%((NS-3)/14)
113=NS-1-14%((NS-2)/14)
114=NS-14x((NS-1)/14)
aokx READ IN NEXT SPECTRUM
NOTE: NS = 14.15.....MAXSPE 19
FIRST RECORD TO BE RERD 1S NUMBER 13.
RECNO = NS
INSLT=1

THE PRIMARY INPUT STATEMENT HAS BEEN MODIFIED TO INCLUDE
AN AVERAGING FACILITY OVER NAVG INPUT S;E TRA

I - WH 1/13/79
INITIALIZE CURRENT SPECTRUM [N CORE
DO 98 IK=1.,411
98 SPEC(114, 1K)=8
ADD AS MANY INPUT SPECTRA AS MNECESSARY TO CORE SPECTRUM
DO 92 1J=1.NAVG
IQUPD ENSURES THAT THE QUEUE DOWN INSIDE THE READ ROUTINES IS

UPDRIEBPngY ONCE OVER THE SPREAD DF NAVG INPUT SPECTRA

IF (1J.EQ.HAVG) 1QUPD=1
IQUPD TELLS WETHER OR NOT TO UPDRTE READ ROUTINE QUEUE
114 TELLS RDSPC GQUEUE POSITION

CALL RDSPC(ISCNO.AVGSPC. 114, IQUPD.EQF)

10UPD=8

1F (EOF .EQ.8)GO TO 4

RETURN

RERD ONWARD,..
4 CONTINUE
DO 97 IK=!
a7 SPEC(Ild.IKJ-SPEC(lld.IK)+RVGSPC(IK)
92 CONTINUE
DIVIDE RS NECESSA
IF ¢ ggV?KEQ liGO TO %54
Do =i,
95 SPEC(I!4.IK)-SPEC(II4.IK)/NHVG
94 CONTIN
nou ”"E“Sﬂ%‘éﬁ%ﬁ”&k%&?ﬁ%&
SPLHO= % -
THE FOLLOWING TEH STIENTS OR SU HAVE BEEN DISCARDED
IO MAKE WAY FOR MULTIPLE RUN PROCESSING AS WELL
AS THE COMMON BLOCK ~/CRAWBU/ AS NEITHER SERVES ANY
USEFULL PURPOSE. WFH - RTI

1276778
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29828670
0860028620
88028690
88026700
208025710
80828720
0800287320
00828740
00028750
08028768
08028770
06828780
80028798
60026809
00028810
80825820
BnA28:30
80828240
00028850
00822269
20828878
0882£880
08028899
00028300
80028910
00028320
20028330
80023340
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8002850
00828370
80028380
08028950
00023000
88025019
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00029030
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800823850
80029078
00029080
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80029100
00029118
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20029130
80029148
20029158
20029160
80023170
20029160
00029190
00029208
20025210
00825220
80828230
00029248
80029258
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GO TO
LRITE(! TR' 3D
g?L% T%PRNT(3 SNPHIST, PKHIST. XY. XY. XY, 1, 1. 1)
gg?ﬂgg(‘ *kFATAL READ ERROR ON MAIN INPUT FILE-IN TLOCxiok®)
DO 10 M=1,NMASS
SPEC(114.M) = RAWBUF (M
ngﬂgé I&E RE OFF RAND RUNNlNG WHILE THE DISK IS HUMMING ....
M3=NS3-3%((NS3-1)/3)
M2=NS3~1-3%((NS3~2)/3)
Mi=NS3-2-3%((NS3-3) /3)
RMAX(M3)=0.0
SGMODE(M3) =0
BK(M3) =8
iR(M3) =B
ISGMAS(M3) = -1
HMAX=D
S1GMA7=0.0
IFLAG(M3) = B
NAVE = 8
LINGS 1S SET UP IN NXTMAX AND CONTAINS STUFF FROM HIST 10.11
WHICH BECOMES HIST OF 7.8 HERE.
DO 12 | = {.58
MSINGSC(IHE. 1) = MSINGS(IH2. 1)
MSINGS(IH2.1) = LINGS(])
SET_MINX FOR STORING IN MSINGS.

PO 13 I = 1.49

IF (LINGS(I) .EQ. 8) GO TO 14

CONTINUE

MINX =

LlNX = l

DO 17 J =~ 1.1

LXNGSIJ) -8

NINX = 1

DO 1B I =

lF(ﬂSIHGS(lHl 1) .EQ. 8 ) GD TO 19

CONTINUE

CONTINUE

NINX = ]

OINX IS USED FOR STORING HISTOGRAMED MASSES IN H(5-6)
NOW MOVE DETECTION FLAG FOR PREVIOQUS SPECTRUM IHTO
THE FLAG FOR ITS IMMEDIATE PREDECESSOR.THIS IS USED
IN GETHGT SO SINGLETS FROM IMMEDIARTED PPEDECESSORS
ARE NOT INCLUDED IN THEIR IMMEDIRTE SUCESSORS.

AJACENC(]) = QJQCEN 2)

AJACEN(2) =
LOOP THRO?GH ALL MASSES AND RESET FOUHD INDICES.

NPHIST(B)= ISVNS .
NPHIST(9) = TSVNS
PKHIST(B)= ISVP8
PKHIST(S)- 1svP3

DO 16 J=1.6
PKHISTC(J) =PKHIST(J+3)
CONTINUE
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0088292608
80022270
06829280
20029290
20023380
pB0232108
86029320
00029320
80025340
88629353
BBEZ93E0
0025378
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pee29410
80029420
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8av23470
00829430
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80023510
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600235308
80629540
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80023698
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20029780
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e0029810
80823620
20023830
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PKHISTC1) «PkHIST(A), .., .PSHIST(E) ¢
PKHIST(7)= (SPARES) B PRHIST(9)
PKHIST(B) = (SPAREG)
PKHIST(9) =0
DD 231 J=).6
NPHIST(J) =NPHIST(J+3)
cagﬂlsgﬁl) NPHIST
€HPH (Q).....NPHIST(6) ¢
NPHIST(?)« SPRRE3 6) <NPHIST(S)
NPHIST(8)= SPRRE4
NPHIST(S) =B
NPHIST(10) =0
NPHIST(11)=8
PKHIST(18) =0
PKHIST(11) =08
DO 43 I = 2.5
AHEARD(1-1) = AHEAD(I)
AHEAD(S) = B
THE ARBOVE IS A BINARY LIST OF SPECTRA DETECTED AHERD.
WE SHIFT 1T LEFT AT EACH NEW SPECTRUM SEARCH.IT IS
gRgE T0 GURRGNTEE ANY SPECTRUM DETECTED AHEAD IS ALUWAYS

STATEMENT REFDVED BECAUSE NO LONGER NEEDED LITH SCAN ROUTINE

H RTI 931,78

DIB = Hlmss - LorMass
DO 78 M=1

RUN THROUGH MASSES
Y@=SPEC(18,.M)

SAVE FOR CLEAN UP RATID. TICRAT

SIGMA7 = SIGMA7 + YB

IF(Y8.GE.SATVAL) GO TO 6

#*ok MARK SATURATED NRSSES FOR LATER PROCESSING
YM1=SPECCI7.M)
YP1=SPEC(IS.M)

TEST FOR SINGLET

. .

. Yo . <{~- SHAPE REQUIREMENT.

YP4

IF(YB .LE. YM1) GO TO 78
IF(vya . LE. YP1) GO TO 78
YM2=SPEC(IE.M)
YP2=SPEC(]18.M
YM3=SPEC(IS5.M)
YP3sSPEC(IL11.M)

Y4 =SPEC(14,M)
YP4=SPEC(]112.11
YM5¢1)=SPEC(13,.M)
$$§=$;§C(Xl3,ﬂ)

TEST LEFT SLOPE OF PERK

139

JLEFT IS REOUIRED NUHBER OF STRICKLY DECRERSING LEFT POINTS
yHM1 _.LE. YM2) GO T

08029840
80829850
868029868
2np2927o
80029880
000829830
28029300
80023910
80623920
80029330
80829540
88029950
00822960
800822570
00029980
20029990
06030000
80030018
26630026
80023030
080020040
are30050
800300608
00030070
08030080
80030030
080030100
aog3nlle
00030120
00030130
806030140
80030150
000301668
00030170
eoozoise
80030190
20030260
00030218
00030220
80030230
[eo3e24a0
60030250
00030260
20030270
200302€0
0030290
PO20300
Cco03v210
pcozo3ze
20830330
80030340
00030350
20030360
80020370
00030360
80830330
806030400
80030410
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IF(YM3 .LE. YM4) GO0 YO 65
CONTINUE
TEST RIGHT SLOPE DF PEAK
IRIGHT IS REQUIRED NUFBgR OF STRICKLY DECREASING RIGHT POINTS

IF(YP3 .LE. YP4) GO TO &5
CONTINUE
CALCULATE VALUE AT MODE OF PERK.YTOP. AHD
X DISPLACEMENT, XTOP.
CALL NEWTOP(YMS,RATE.XTOP, YTOP.4
IF XTOP 1S OUT OF RANGE THE PERK 1S NOT ELUTING HERE OR
THE DRTR HRS TOO MANY lNFLECTlDN POlNTS

IF (XT! LE. -1, .GE. 1.) GO ¥0O 6
MAKE SURE THE PEAK 1S INCREQSING FRSTER THAN BACKGROUND
IFC (YTOP - YY5).LT.380 .AND. YTOP. - YPS).LT.30 ) GOTO 7@

SEE_IF QUALIFIES FOR MODEL FRUN RATE.
IF(YTOP,.GE.SATVAL .OR.YP1.GE.SATVAL .OR.YMI.GE,SATVALIGD TO 65
IF (YP2.GE . SATVAL .OR. YP3.GE , SATVAL .OR. YP4.GE.SATVAL) GO_TO 65
IF (YM2.GE . SATVAL .OR, YM3,GE,SATVAL .OR. YM4.GE .SATVAL)GO TO €5
PREVENT SUPER SATURATION BY ABOVE
SEE IF RATE IS MAXIMUM TO QUALIFY AS MODEL PERK
MODEL = @
Ml =M+ 39
SLOPE = (YPS - YY3)/10

G = YYS + SLOPE %

LOCLB * 5
E CHANGED TO HRVE FUNCTION SUBROUTINE TO HAVE DIFFERENT INSTRUMENTS

2089
2508

WFH RTI 9/31/78
TSHIFT=SCAN(MI)
TSHIFT = (MI - LOMRSS)/DIB
lF(RRTE LT.RMAX(M3)) GO TO 59

MODEL 1
lF((YTOP - YY3) .GE. 160} GO TO 28086
IFLAG(MZ) = 1
FLAG AS FUNNY MODEL
GO TO 2590
IFLAG(M3) = P
CONTINUE
RMAX(M3) =RATE
IR(M3) =M
USE L INERR BQCKuROUND AS FIRST CUT APPROXIMATION
rDDBKG = SPEC(Ii.M
( MODBKG .GT. SPEC(!Z M) ) MODBKG = SPEC(I2.M)

IF ¢ MOPBKG .GT. SPECCI3.M) ) MODBKG = SPEC(IZ,M)
IF ¢ MODBKG .GT. SPEC(I4.t1) ) MODBKG = SPEC(14.M)
IF ¢ MODBKG .GT. SPEC(IS.M) ) MODBKG = SPEC(IS.M)
IF ( MODBKG .GT. SPEC(I11.M) ) MODBKG = SFEC(I1LI.M)
IF ( MODBKG .GT. SPECCI12.M) ) MODBKG = SPEC(I12.M)
IF ¢ MODBKG .GT. SPEC(113.1M) ) MODBKG = SFECCI13.M)
IF ( MODBKG .GT. SPEC(114,.t) ) MODBKG = SPEC(114.M)
MODBKG = HIN ¢ SPEC(IJ.H) ¢ I1 LLE. 1J .LE. 1140

DO 4o 1J = 1.11

GPERK(H3 I = ¥5(1J) - MODBKG
CONTINUE

ISGMAS(M3) = MI
SGMODE (M3 =TSHIFT
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80030420
88030430
80830440
80036450
268030460
8BB3047va
08830480
80030490
BO030500
pBo6305186
800308520
BEBZ0530
ara3n540
80038550
00030568
2ne30S70
epr3a580
68030590
66030600
60030610
0030620
0BB306320
00030648
00030650
00030660
BO0306708
[Jalakial=1=1)
pEo38690@
ens36708
00030718
26038720
60630730
80630740
8ao03a75e
00030760
0aa306vvo
80020780
00030790
00Y30800
00020818
20030820
20030830
660030840
BOB30685Q
00830860
BOB20870
80B3a3€e0
80030890
000308900
anp2a910
806030920
08030930
80030540
060023950
20830960
28030978
0868030380
80030938



50
s

C

C

C
808

908
C
C

0w o 0 00

958
c

97e
c
960

998
c
65

C
C

BK(M3) = MODBKG

CONTINUE

XY=YTOP ~ (LOCLBG)

IF ( XY .LE. B8 ) XY = 1.0

SIGYD (EXCEPT IN COMMON DECLARATIONS) APPEAR
STATEMENT. HENCE IT HAS BEEN COMMENTED QUT. S ONLY IN THIS
WFH

SIGYB=SIGYD + AT RTI 4,19/78

IF (TITTY .LT. HIST(1J)) GO TO see
CONTINUE
IH =4 + 1J

IH =S5 70 11

HISTOGRAM DATA PKHIST FOR INTENSITY, NPHIST FOR COUNT OF PERKS

PKHISTCIH) =PKHISTC(IR) + XY
NPHISTCIH) =NPHIST(IH) +1
SAVE MODE OF MODEL PERK
RESET MODEL FLAG
IF ¢ MODEL .EQ. 1 ) GO TO 925
ALWAYS LOG mss OF MODEL.
NGOGO = IH -
NGOGO = 1.2, 3.

.5.6,7
DGO TJO ¢ 950 950. 925 925r925 96..360 %. NGUGD

H1STOGRAM SLDTS + ? 8. 9 -]

MSINGS (1H2.MINX) = M]

MINX = MINX + |

IF(MINX JEQ. S1) MINX =

IF ( MODEL .EQ. 1) GO TU 958

GO TO 990

CONTINUE

HISTOGRAM SLOTS 5

IF ¢ IH .GE. 7 ) GD TD 960

MSINGS (1M1, NINX) =

NINX = NINX 1

IF(NINX LEQ. 51) NINX = 50

IF ( MODEL EO 8 ) GO TO 990
WE HAVE A _POSSIBLE MODEL FOR PREVIOUS SP‘%TRUH S0
IF THE RATE CRITERIA 1S SATISFIED. SAVE

IF ¢ RATE .LE. RMAX(M2) ) GO TO 9958

ISGMAS(M2) = M1

RMAX(M2) = RATE

IFLAG(M2) = @

Do 978 I = 1,11

GPERK (M2, IM) = GPEAK(M3., IMD

HISTOGRAM SLOTS 10.11

CONTINUE

IF ( IH .LT. 10 ) GO TO 9398

LINGS(LINX) = Hl

LINX = LINX +

lF(LINﬁE .EQ. '51) LINX = 508

NTIN

cgﬂVE HMAXItUM OF 50 MASSES DUE TO CORE LIMITATIONS
L]

NEQVE MASS THAT 1S CONSIDERED A CONTRIBUTION

NHMAX 1S NUMBER OF MASSES MAXIMIZING .
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20821000
880210190
808031820
80631938
80031040
80031050
080216860
080031078
80031080
80031030
800311008
enep3llle
068031126
80031138
80031140
880321150
800631160
pB031178
2a031186
26831190
006031200
20031210
00031220
80031238
88031240
20031250
20031260
eBL31270
00p31280
20031290
26031208
0a031310
06031320
00031330
20031340
20031350
800831360
26031370
pO031380
90031290
80031400
08031410
80031420
08031430
80031440
20031450
80031460
00031470
80031450
006031490
80031500
20031518
00031520
80831539
206831540
806031550
pB031560
808315780



IND(H3 H) -M

142

00031580

78 CONTIN 88031590
c HOW CHECK FOR DETECTED SPECTRUM IN +4.5.6@ #8031600
; NL=1 B0O31€10
NU=9 00031620
1DXL=4 008031630
1DXU=6 00031640
SPARE3=NPHIST(10) 60031650
SPARE4=NPHIST(11) 00021660
SPARES=PKHIST(10) 20831670
SPAREGsPKHIST(11) 880321680
ISVNB=NPHIST(B) 60831690
ISWNS=NPHIST(9) 000831700
1SvPB=PKHIST(8) 09831710
ISVPI=PKHIST(S) 00031728

CALL  DETEKT(PKHIST. HPHIST 1FOUND. NLWCUT. NUPCUT 08831720

& L NL.NU, IDXL. IDXU.MODE1 00831748

c MODE1 IS THE LOCATION HISTUGRRHICRLLY OF THE SPECTRUM. 0008317508
c 4.LTE.MODEL.LTE.6 09831766
C IFOUND 1S 1 IF SPECTRUM DETECTED 80031770
€ PUT_IN HEURISTIC FIX FOR THE CASE WHERE NO SUITQBLE 60031780
E MODEL 1S FOURD - INSERTED AT RTI BY WFH - 5-23/7 gggg}ggg
IF CISGMAS (M3) ,EQ.~1.AND. ISGMAS(M2) ,EQ.~1) IFOUND=B 00831810

IF (IFOUND.NE.1) GO 7O 888 00831820
AJACEN(2) = 1 08031836

C SETS SPECTRUM DETECTED FLAG. #0031840
C TEMPORARY MOD HAS BEEN ARDDED TO GATHER STATISTICS ON 6p831850
€ PERK RRTES- RTI WFH 9/31/78 80031860
C 10BS= 60031878
c UPITE(ZB 6251) 10BS,SPCND. RMAX(M3) 00031880
€625t FORMAT(A4,R4, 12X.R4) 80031890
IF (RMAX(M3) .GE. RATM) GO TO 889 88031900
AJACEN(2) = B 80031910
IFOUND = B 80031920

C.. CALL_PUTNUM("SPEC. REJECTED FOR MIN. RATE. SPEC =°,SPTNO) 00031930
c.. CALL PUTFLTC® RATE = *,RMAX(M3)) 20831940
CALL TLPRNT(4.NPHIST.PKHIST,RMAX(M3) ., XY, XY.SPCNO, 1. 1) Bp0B31950

C WRITE (IPTRZ2.32)SPCHD. RMAX(M3) 20031360
€32 FORMAT(® SPEC. REJECTED FOR MIN. RATE. SPEC = *,16/" RATE = *,F1080031970
C *,3/) 00031960
GO TO 888 0008313890

889  CONTINUE 00032000
C IFOUND = | IF SPECTRUM DETECTED. 80032010
CALL TLPRNT(1,SPEC.SPEC. XY. XY, XY.SPCNO. NLUCUT.NUPCUT) 20032020

CALL TLPRNT(2.NPHIST,PKHIST,XY.XY.XY.1.1. 1) 06032030

1F ( IDEBUG .EQ. B ) GO 7O 888 88032040

COLL TLPRHT(S.NPHIST,PKHIST. XY, XY.XY. 1, 1. 1) 068032050

c WRITE(IPTR2.5000) 80632060
DO 9 KX=1,2 00032070

D0 9 KZ2=1.50 80032080

KMAD (KX, KZ) =MS INGS (KX. KZ)-MAD 06832090
IF(KHRD(KXZKZ)\LE B)KMAD (KX, K2) =B 00832100

9 CONTINUE B0032116
DO B85S I = ].5 60832126

JLOW = (1 - 1) x 18 + ] 02032130

C JLOW = 1.11.....41 88032140
JuP = JLOW + 9 80832150



c xi'm()xr'nﬁ?rﬁ?'ﬁéu?a LE. © G0 T ppos21es
.LE. 9 0 886

T YET ANDTHER MOD TO TLPRNT foa32} oo

¢ WFH RTI ep932186

. 187178 26032150

DO 731 1K=1,58 20635200

731 KSTOR(IK) sKMAD (IH1. IK) 20032212

CALL TLPRNT(6.KSTOR,PKHIST, XY, XY, XY, JLOW. JUF. 1) 0032220

c LRITE(XPTRZ 5108) (KMAD(IHL.K), K = JLOUW.JUP) 99932228

885  CONTIN 20032248

886 CDNTINUE PEB22350

888 CONTINUE 90032260

NMIM3) =NMAX 00832278

o SRVE NUI‘BER OF MASSES MAXIMIZING 28032280

20032290

csaea FSR"QT"’iéréﬁ?G*ET MASSES CONTRIBUTING YO DETECTED SPEC. (MAXIMUMAOQ32320

csxae EgﬁnnTtlatzx.xz)) 888%%%58

00032330

€ : THIS ROUTINE DOES ALL PRINTING FOR CLEANUP. PLEASE USE IT TO RDD 80032340

€ ' NEW PRINTING IN BNY SUBROUTINE. 06032350

€ THE CALL STATEMENT ALLOWS FOR PASSING OF ARRAYS 00032368
C REALS AND INTEGERS 00832378
C THIS COMPUTER PROGRAM WAS DEVELOPED WITH THE FUNDING SUPPORT 00832380
c FROM THE NATIONAL INSTITUTES OF HEALTH (GRANTS RR-612 200832350
c GM-28832) AND THE NATIONAL RERONAUTICS AND SPACE RDHINISTRGTIUN PB032400
£ (GRANT NGR-05-820-632) 80032410
SUBROUTINE TLPRNT(N, 1AR.AR.R1,R2.R3.11.12,13) 00032420
JNTEGER N.11.12.13, IONE.NINE. IP/B/ 80032420

REAL R1.R2.R3 PP032440
DIMENSION IARC1).ARCI) 80032450
COMMON /DUBEUG/IFLAG 80832460
COMMON ~UNITS/ IRBR. IPTR1,IPTR2, IPTR3. IIN. 10UT 86032470

DATA IONE,NINE/1,9/ REA32420

C IFLAG IS RESET IF NO PR[NTING IS TO BE DONE~ 90032490
c IF (IFLAG.ED.B) RETU pEB32500
G0 TO (20.38. 40 58, sa 7a. 80932510

c THE ABOVE IS5 R cass STRTEHENT FOR EXECUTING PRINT POO32520
c2n WRITECIPTR2.5 06032530
20 IF(IFLAG.ED. l)RET URN 80032540
WRITECIPTR2.528) 11,12,13 80032558

C....WRITE TO TERMINAL aeazzggg

1F (IP.EQ. 1DRETURN gegggsee

c XF(XP EQ.1)G0 TO 21 8 32560

€ THE WRITE TO UNIT 7 STRTEHENTS WERE DETERMINED TO BE aeozzfﬂe

E SUPERFLUOUS AND WERE COMMENTED OUT 3/386;3 33339210

el

¢ ey coeiiess
M 20032650

C 2t WRITE(?,22)11 60032660
C 22 FORMAT(IG) Bp35es
c REHIS DOES TLOC STUFF Doo3%ers

I

39 IF (IFLAG.EQ B)RETURN ggggéggg
WRITEC(1PTR2,14080) 00835710
WRITE(IPTR2.538) (IAR(I). I=IONE,NINE) pooszrie

¢ nzxgvgxgﬁé;E535§HE§£(l) 1=10NE. NINE) 28032730
c ABOVE WRITES PKHIST 20032740
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TURN 80832756

C£315 FORHRT(/.IB(‘ ------- 88032760
520 FORMAT(1HL, 1X," k00K SPECTRUH DETECTED xolokkk* ,/, opR32770
-7 SPECTRUﬂ NO. IS ‘.15. . LEFT AND RIGHT HISTOGRRH BOUNDS °, 00032780

*ARE .15.‘ AND*, 15.°.°7) p0B32790

538  FORMAT(/.* PERK HIST °/.8X.816.77° ION CURRENT HIST *) 000326600
535 FORMAT(1X,9F3.8) 00032610
xaea FORMATC(® HISTOGRAM POSITIONS | - 00032820
C THESE tMODS HAVE BEEN ADDED WITH ﬂDDlTlDNAL STRTErENTS (WRITE) 06022830
C BEING INCORPORATED IN TLOC p0032640
C WFH RTI 9/31/78 00032850
40 WRITEC(IPTR2,.31) p0B32860

31 FORMATC(® =xxFATAL REARD ERROR ON MAIN INPUT FILE IN TLOCwxowk’) 00032870
RETURN 20032e80

S50 IF(IFLAG.EQ. B)RETURN 08032590
WRITECIPTR2.32) I1.R 88032900

32 FORMAT(* SPEC. REJECTED FOR MIN. RRTE. SPEC = *,167° RATE = *.F10000323180
. %.3) 20032920

: RETURN pBB32930

) lF(lFLRG.ED.B)RETURH pB032940

H WRITE(IPTR2,5000 080322950
saga FORHRT(//. SINGLET MASSES CONTRIBUTING TO DETECTED SPEC. (MAXIMUMARD32960
! x OF 56 PRINTED) 08032970

}  RETURN 008032980
C: ° POR32990
; IF(IFLAG.EQ.B)RETURN PB0330020
v WRITECIPTR2. 5188)(IRR(I) I=11.12) 00033010
51 FORMAT(10(2X, I13)) 90033020
| RETURN 6033030
C: 88032p49
188 WRITECIPTR2.,55) 00833BS0
159 FORMAT(1X,* INCORRECT NUHBER OF RECORDS SPECIFIED - 00033060

Y J*EXECUTION NOT AFFECTED®) 26033070

{ RETURN 00033080

I END BER3Z3098

! SUBROUTINE XTREM(ARRAY.NPTS.XMIN.MININD. XNQX.HRXIND) 00033100

! INTEGER RRRAY(411).,XMIN. MININD. XMAX.MAXIN p0R33110

{ XMINSARRAY(1) 90033120

) XRX=ARRAY (1) 8033130

} MININD=} PBO33140

¢} MRXIND=1 80033150

: IF(NPTS.LE. 1IRETURN 00033162
DO 2 I=2.NPTS 0833170

' 1F (ARRARY (1) .GE . XMIN)GO TO 1 00033180
XMIN=ARRAY(I) 98033150
MININD=1 00033200

GO TO 2 006332108

1 1F (RRRAY (1) ,LE. XMAX)GO TO 2 80033220
XMAX=ARRAY (1) 00033230
MAXIND =1 2e833249

2 CONTINUE 80033250
RETURN' - . 80033268

END - 5 90033270
SUBROUTINE OPNFIL 90033280
INTEGER CLNFLG 90033290
INTEGER MASBUF (6), VALBUF (6) .AJACEN. RHEAD. 1S0(1008) 00033300
INTEGER NAME.RDATE.BITMRP,.GCTIME.L IBMAP, INTEG,LOMASS. MAD, RDS 0033310
INTEGER HIMASS.POINTS. TAPCNT.MAXSP, LSTCNT.DEVICE.,SPCND 08833320
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INTEGER LSTMIN.SPEC. IND. IR, BK, NM. NTM. PNAME (32)
INTEGER HIST(I8),UNIT.NNAME (18). IRNO
INTEGER NUSPEC.NMASS. OVLAP., EXPNAM, SRL 1B (S) . SECOND
INTEGER ODUBLT.QSATS. NL INE . RALBUF . FSTPGE , FSTREC
ot STt b It
) . SPARE2. SPARE 3. SPARE4. SPAR
INTEGER*4 TIMREM. TIMCNT SPRRE?
REAL  SPARES,SPAREG
REAL  ISVPB. ISVPI
REAL  ONORM
REAL*E  C4.C1.C2.SGX, SHX
DIMENSION G(9),H(11).GNUCIB) . HNUC18)
COMMON PKHIST(28) .NPHIST(20)
COMON YMS, YM4, YM3. YM2, YM1, YB. YP 1, YP2, YP3. YP4. YPS
COMMON GM4. GM3,GM2.GM1.GB,GP1.GP2.GP3,GP4
COMMON SG.S5G2.51G,51.512.AN,AA.BE.CC,DD
COMMON NAME (32) , RDATE (5) B 1THMAP (64) . GCTIME
COMMON L IBMAP(17), INTEG.LOMASS. HIMASS, POINTS, TAPCNT
COMMON FAXSP.LSTCNT. DEVICE (5) . SPCND
COMMON SPEC(14.411), IND(3.411),NUSPEC(411).NMASS
COMMON RMAX(3), IR(3). B (3). NM(3) ,NTM(3) . GPEAK (3. 11)
COMMON SPARE ). SPARE2.SPARE3. SPARE4. SPARES . SPAREG . SPARE?
COMION RATHIN, RATEMX.SIGYD, S 1GNXT,SIGLST
COMMON ISVNS. ISVNS. 1SVPB. 1SVPS. S 1GHAZ. SATVAL . SATMAX
COMMON MODE 1.MODE2.NLWCUT.NUPCUT.,SATPKS (25) . HSAT. EXPNAMI(S)
COMMON ~UNITS/ IRDR, IPTRI. IPTR2, IPTR3. 1IN, 10UT
C THIS COMPRISES THE FIRST OF S1X SUBROUTINES FOR THE EPA [0
C INTERFACE TO THE CLEANUP PROGRAM. IN THE RT! SYSTEM. THE
€ PRIMARY INPUT AND OUTPUT FILES WOULD BE OPENED HERE. FOR EPA
€ ONLY R DUMIY RETURN 1S NECESSARY.
[ WM. F .HARGROVE

RTI 11/25/78
EQUIVALENCE (RSEC, ISEC)
C NOW PICK UP SATURATION VALUE FROM TTY...

WRITECIPTRI.31180) .

3118 FORMAT(1X,.“ENTER SATURATION VALUE IN F6.8:°)
READ(IRDR.3112) SATVAL

3112 FORMAT(F6.8)
WRITECIPTR].3113) SATVAL

3113 FORMATC(IX.*SATVAL= “,FB.1)
RE TURN

END .
SUBROUTINE CLSFIL
IS ECFER 55 T S o, st ST E0 T 90 10
TERFACE TO THE CL . ,
F"SIMRY INPUT AND OUTPUT FILES WOULD BE CLOSED HERE. FOR EPR
ONLY A DUMMY RETURN IS NECESSARY. WM. F . HARGROVE

RTI 11/25/78

[alplninlgln]

RETURN

END .

SUBROUTINE CLSRUN(1SQ.MU)
THIS COMPRISES THE .THIRD OF SIX SUBROUTINES FOR THE EPA 10
INTERFACE TO THE CLERNUP PROGRAM. IN THE RTI SYSTEM, THETHE HEADER
FIRST. LAST. AND NUMBER DF SCANS WOULD BE INSERTED INTO HERDES
RECORD WHICH WOULD THEN BE WRITTEN OUT. FOR EPA ALL THRT IS
1S A RETURN.

INTEGER ™MU. 150(1088)

lylgiglelnl
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98032330
080833340
00033350
88033360
BoB33370
00833380
080833390
268033460
00033410
26033420
00032420
80@33440
00033450
000332460
60033470
80033480
80032490
20033500
80033510
80033520
8608335320
00033540
00033550
20032560
80033570
200332580
20033590
00033600
00033610
80033620
BODB33638
20233640
80033650
00033660
08033670
28033680
80033690
80033780
80033718
80033720
80033730
00033740
900833750
80033768
80033770
80233780
2aQ33790
80032800
00033810
80033820
00033838
80033849
00033850
00833860
60033670
PBB32E60
80033690
8008339500



RETURN

88833310

END 00933520

SUBROUTINE OPNRUN(CL 1BBLK. JEOF) 32328

C THIS COMPRISES THE FOURTH OF SIX SUBROUTINES FOR THE EPA 1/0 XNTERFGCEBEB3394B

C TO THE CLEANUP PRDGRAM, THE HERDER RECORDS ARE READ IN 90832350

£ AND LRITTEN OUT AGRIN AND THE CIRCULAR QUEUE FOR REEPING TRACK OF SCANBEB33520

€ TIMES 15 INITIALIZED. THE MAIN DIFFERENCE BETWEEN EPA’S OPNRUN AND 800833570

€ RTI’S OPNRUN IS THAT HERE FOR EPA SATVAL IS READ IN FROM THE TTY. 96933380

€ WHERERS RT1°S SETUP PICKS 1T OFF THE RUN HERDER RECORD. #E032930

c WM. F . HARGROVE POB32828

c RT1 11,2578 208340810

INTEGER LIBBLK(1024).EOF.NS 90834020

INTEGER IRDR. 1PTR1. IPTR2, IPTR3. IIN. 10UT, IEOF. ISEC 20034830

REAL SATVAL.SECSCH,RSEC 90834040

INTEGER NAME (3) . HDRFLG.DATE (2) . RUNHDR, RUNMIN, 90034050

1SAMPID (16) . INAM(2) , RUNCONC16) . BUF4(11) . LOPMAS, HIPMAS, 00634060

2RETMIN(14) .RETSEC ( 14) , BLANK/* *,. INCOS(2) 7* INCO*.°S  *~ 80034870

COMMON /HDR1. NAME,HDRFLG. DATE . RUNHDR , RUNMIN 90034088

COMMON ~HDR2/ SAMP 1D, INAM 90624090

COMMON /HDR3, RUNCON.SECSCN 96034100

COMMON ~HDR4~ BUF4.10PMAS.HIPMAS P0034110

COMMON /FLAGS~ EOF 82034120

c P0B34130

COMTON /UNITS, IRDR IPTR . IPTR2, IPTR3, TIN. I0UT 800834148

N ~COUEUE, RETMIN.RETSEC 98034150

c INITlngZE CIRCULAR QUEUE FOR snv1ne SCAN TIMES 00934158
1

C HAND CONTROL TO PADDOCK #0034188

CALL EPAHDR PBB34190

IEQF =EQF $B834208

IF (1EOF .EQ. 1IRETU 00034210

C NOW PUT THINGS [N THETR ﬂPPROPRIRTE PLACES FOR CLEANUP 90034220

" IF(HDRFLG.EQ.8)GO0 TO PAB34230

;. WRITECIPTRI.20) 00034240

28 FORMATC1X, *a%x EXEXUTION TERMINRTING. INCORRECT FORMAT OF HERDER 800834250

IRECORD DETECTED AT BEGINNING OF FILE IN OPNF IL%wk*) #nA34260

. STOP PDA34270

€ NOW PICK UP DATE 90034280

18 CONTINUE 908034290

DO 36 1=1,2 P0034300

30 LIBBLK(1+30) =DATE (1) p034310

€ SET UP INSTRUMENT NAME APE34328

DO 35 [=18.12 20824330

35 LIBBLK( 1) =BLANK 0BA34340

DO 46 1=1.2 PB0343580

40 LIBBLK(I147)=INCOS(I) 90834360

C RUN SAMPLE 1D 900934370

L 1BBLK (29) =BLANK 80034380

L IBBLK (3B) =BLANK 00034230

DO 56 I=1.16 p0634408

S8 L IBBLK(1+12) sSAMPID (1) 06034410

c REnﬂPrs DN RUN .COND1TIONS 80034420

0 60 I=1,16 #R024330

60 LIBBLK (14139 sRUNCONCT) PA033330

L IBBLK { 155) =BLANK 08034450

L 18BLK ( 154) =BLANK 90034458

£ PICK UP SCAN RATE 00834470

RSEC*SECSCN PB034480
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¢ L 1BBLK(S?)=1SEC
C MOVE IN MASS SCAN RANGE

LIBBLK(42) =LOPMAS
C SET HDRELG = FIRST SPECTR

= P UM NUMBER I

L1BBLK(36) =HDRFLG N RN
C SET MAXIMUM NUMBER OF SPECTRA IN RUN

LIBBLK(BB) 100000

END

SUBROUTINE RDSPL (SPCNO, AVGSPC. 114, 1QUPD. 1EQF)
C THIS COMPRISES THE FIFTH OF SIX SUBRDUTINES FOR EFR 1.0
C INTERFACE _TO_THE CLEANUP PROGRAM. HERE 1S WHERE CLEANUP
C REQUESTS THAT A SCAN RECORD BE READ. ASIDE FROM THE 1.0
E S$g;EHENTS. THE LOGIC IS THE SAME RS FOR THE RTI LINEAR
€ UH F . HARGROVE
[» /25/78

INTEGER AVGSPC(411).SPCND. 114.EQOF. IE

INTEGER INAM(3). ISCN, IDBUF(2). IDHDR IDMIN, IRTHIN,
1IRTSEC, INMBARS, INBUF (411) . INSEQ.NIN

INTEGER RETHIN(14) RETSEC(14) NS ,

REAL IRBAS., IRTIC.CFACT

INTEGER IRDR, IPTR1. IPTR2, IPTR3. I IN. IOUT

COMMON /IHDR/ INAM, ISCN, IDBUF. IDHDR. IDMIN, IRTMIN,
1IRTSEC. INMBAS. IRBAS, IRTIC

COMMON /INDATR/ INBUF., INSEQ.NIN

COMMON ~FLAGS/ EOF

COMMON ~UNITS/ IRDR, IPTR1.IPTR2, IPTR3., I IN. IOUT
COMMON ~CQUEUE~ RETMIN.RETSEC,NS

C HAND THE BALL TO PADDOCK AND GET A RECORD

CALL EPARD

1EOF =EOF

1F(EOF.LT.2)GO TO 18

WRITECIPTR].20)

20 FORMATC1X, ‘xxxEXECUTION TERMINATING DUE TO IMPROPER EOF CONDITION

lgEgECTED IN RDSPCx%%* )

C CONTINUE WITH NOPNRL PROCESSING
18 IF(EOF.EQ.1)RETU
C NDRNchSEE?gRUN RETRIEVED - GET SCAN NUMBER
PCNO=
C CALCULATE CORPECTION FACTOR
CFACT=IRBAS 7993
C NOW SET UPIQTD LOoP SPEC ARRAY FROM INBUF
DO €8 I1=1.4
60 ﬂVGSPC(!)tCFRCT*INBUF D
C UPDRTE CIRCULRR QUEUE WHEN NECESSARY
1F C(1GUPD.EQ.B)RETURN
NS=N5+1
RETMINC]14) =IRTMIN
RETSEC(114)=IRTSEC
c HISSIEN ACCOMPLISHED - 1 HOPE....

END
UBROUTINE WRTSPC(SPCNO.NUSPEC. DUBLT.RATE.NPK.TICIN}
c THISSCDNPRISES THE LAST OF SIX SUBROUTINES FOR THE EPA
€ 1,0 INTERFACE TO THE CLEANUP PROGRAM. THE CLERNED UP SCAN
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80034490
200834500
8en34s106
080634520
08034536
00034540
00034550
00024560
200324570
98834580
20834596
20034600
60034510
00034620
90034630
006834640
80034650
00034660
00034670
00034580
80034690
08034700
200347 19
00034720
080034730
806834740
00834750
80834760
80034770
020034780
080034730
/0034800
po034310
00034320
000348320
0@034846
00834850
00834560
00034270
80034288
80334890
#9034500
Boe34910e
00034920
080034930
20034948
98034250
0DB343€0
80034870
080834380
000343%0
00035000
86u3Salo
80035028
AA035030
20035040
20035050
86035060



C RECORD 1S5 REFORMATTED AND NECESSARY INFL.'MATION IS RETRIEVED 80835070

€ FROM A CIRCULAR QUEUE. THE LOGIC EXACTLY PARALLELS THAT FOR 00035088

C THE RTI LINEAR ACQUISITION SYSTEM VERSION. 28835050

c WM. F .HARGROVE 88835100

C RT1 11,26/78 ene3s11ae

c 80035128

INTEGER SPCNO NUSPEC(411).DUBLT.NIN,RATE 80035130

RERL T 00635140

INTEGER INRH(B) ISCN. IDBUF (2) ., IDHDR.IDNIN IRTHIN IRTSECpI?; 00035150

1 INMBAS . INBUF (411) , INSER, ONAM(3) . OSCN. ODBU . ODHR 800835 1€0

20DMIN, ORTMIN. ORTSEC, ONMBAS, OTBUFF (411) . DTSED NOUT.NPK 008035170

REAL IRBAS. IRTIC.ORBAS.ORTIC.CFACT 80835180
INTEGER NS,RETMIN(14) ,RETSEC(14)

COMMON /1IHDR/ INRH.ISCN.IDBUF IDHDR. IDMIN, IRTMIN. 08835190

1IRTSEC, INMBRS. IRBAS. IRTIC 8B935200

COMMON ~INDATA~ INBUF, INSEQ.NIN BBR35210

COMMON ~COUEUE/ RETMIN.RETSEC.NS 880352208

COM1ON ~OHDR/ ONAM,OSCN, ODBUFF ODHR, ODMIN.ORTMIN, 080835230

20RTSEC. ONMBAS . ORBAS., ORT 00035248

COMMON ~OTDATA/ OTBUFF. DTSEG NOUT 60835250

COMMON_/UNITS/ IRDR. IPTR1, IPTR2. IPTR3, 1IN, IOUT 00835260

C NOU START FORMING THE HERDER RECORD 90035278

- b0 19 I=1.3 80035288

18 ONRMC(1)=INAM(I) 80035290

DSCN=SPCNO 80835308

. DO 28 I=1.2 80835218

20 0DBUFF(I)=IDBUF(I) ap8353za

© ODHR=IDHDR 808635320

ODMIN=[DMIN 80035340

C RETRIEVE SCAN RETENTION TIMES FROM CIRCULAR QUEUE 00035358

. 17=NS-7-14x((NS-B)~14) end353¢60

ORTMIN=RETMINC1?) 88835370

ORTSEC=RETSEC(I?) 60035380

C FORM QUTFUT ARPAY AND FIND BASE PEAK MASS AND INTENSITY 08035390

€ TRANSFER AND DETERMINE NUMBER OF PERKS AND BASE PERK 00354600

OREAS=6 60035418

© ONMBARS=B 80035420

+ ORTIC=8.8 88035430

Nour-a BA0354340

DO 48 .411 00035450

IF(NUSPEC(I) LE.®)GO T0 30 80835460

ORTIC=0RTIC+NUSPEC (1) 80035470

NOUT=NOUT+1 #0B354S80

3@ CONTINUE 80035498

IF (NUSPECC(I).LT.ORBRS)GO TO 40 80035580

ORBAS=NUSPEC(1) 00035510

ONMBARS=1 80035520

49 CONTINUE 00035530

ONMBAS =0NMBAS+39 00035540

C CALCULATE CORRECTION FACTOR 80035550

1F (ORBAS.GT.B)GO _TO 56 a08355€0

WRITE(IPTR2,45) SPCMO 00035570

45 FORMAT(” ="~ xxx WARNING ~ @ BASE PEAK IN WRTSPC. SCAN .15, "wok’)p0n035580

RETURN 80035590

C CALCULATE CORRECTION FACTOR 208356008

58 CFACT=999.8/0RBAS eeB35618

C NORMAL IZE SPECTRUM 20835620

D0 68 1=§.411 080035630

148



€68 OTBUFF (1) =CFACTHNUSPEC(1)+,085

C NOW EVERYTHING 1S -READY FOR PADDOCK*S OQUTPUT ROUTINE

CALL EPAWRT
RETURN
END
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Reprinted with permission from Analytical Chemistry.

Copyright by the American Chemical

Society.

Extraction of Mass Spectra Free of Background and
Neighboring Component Contributions from Gas
Chromatography/Mass Spectrometry Data

R. G. Dromey,! Mark J. Stefik, Thomas C. Rindfleisch,® and Alan M. Duffield?
Departments of Computer Science, Genetics, and Chernistry, Stanford University, Stanford, Calif. 94305

An effective, minicomputer-based method Is described for
systematically extracting resolved mass specira of mixture
components from GC/MS data. Using tabular peak models
derived direcily from the raw data, the specira have column
bleed background removed and are corrected for interference
from neighboring elulants and peak saturstion. individual
componants are detected in the dats by means of a pair of
histograms which statistically characterize the positions of
mass fragmentogram pesk modes. These data-adaptive cor-

1 Present address, Research School of Chemistry, Australian Na-
tiona) University, Canberra, A.C.T., Australia. .

2 Present address, School of Physiology and Pharmacology, Uni-
versity of New South Wales, 2033, Australia.
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rections avoid costly Herative numaerical procedures and silow
obtaining representative mass spectra from GC/MS data of
complex mixiures on o routine basis. Using this approach,
components that elute within less than two speciral scan times
of each other can be detected and thelr mass specira well
resolved.

With the increasing application of gas chromatography/
mass spectrometry (GC/MS) systems to mixture component
identification in hiomedical research (1, 2) and other areas (3),
it has become important to be able to systematically isolate
and identify minor components in the complex mixtures being
analyzed. Because of instrumentation limitations, the mass
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Figure 1. @ Spectrum at indole acetic acki 3-methyl ester from a GC/MS analysis of human urine bafore processing. (b) Resolved spectrum of

indole acetic acid 3-methyl aster

spectra obtained from a GC/MS analysis of a complex mixture
are often’ markedly different from the spectra of the corre-
spondxnge pure compounds. Differences may be caused by
contributions from untesolved neighboring components
during partial separation and also from GC septum and col-
umn bleéd. These extraneous contributions may severely
distort the relative intensities of ions in the mass spectrum of
a particular component as well as contribute peaks that are
not characteristic of the component being examined. Char-
acterization and removal of these spurious ion contributions
is especially important in the analysis of minor constituents
where the mass spectra of interest may be substantially
masked or distorted.

Our objective has been to implement a solution to these
problems which is general and can systematically and reliably
resolve GC/MS data with a minimum of human intervention.
At the same time we have constrained the design so that the
programs can run on & laboratory minicomputer. The first of
these objectives has necessitated the use of a relatively com-
plex mathematical treatment of the GC peak profile analyses
as compared to that previously reported by Biller and Bie-
mann (4). Both the present approach and that of Ref. 4 are
based on analyses of mass fragmentogram profiles (4-6), a
method which has been in use in various laboratories including
our own, for a number of years. The method described here,
however, differs substantially in the extraction of information
from the profiles and thereby avoids several serious limitations
inherent in the system described previously (4). By using
tabular models of the elutant peak shapes together with a
polynomial approximation to the GC background, and by
deploying the elutent location and multiplicity information
gained in analyzing individual fragmentogram profiles to as-
sist in analyzing the others, we can achieve significant ad-
vantages in the quality of the reduced data. These include
better final GC resolution, the proper assignment of ions to
resolved elutant spectra (whether or not they are shared be-
tween neighboring components), more accurate spectral
amplitudes free from background contributions, and the re-
covery of usable information from distorted data as in satu-
rated peaks. We feel these improvements are important to a
system which can reliably extract component spectra of suf-
ficiently high quality from GC/MS runs to enable more de-
finitive library matching, easier human interpretation of
unknowns, and even the addition of extracted spectra toa li-
brary as authentic spectra. In our experience, these are es-
sential assets for a GC/MS data system which is to be routinely

applied in medical research and amply justify the complexity
of the analysis.

EXPERIMENTAL

The GC/MS computer system used in this investigation consists
of a Finnigan 1015 Quadrupole mass spectrometer interfaced to a
PDP-11/20 mi p for data isition. In one frequent
mode of operation a complete mass scan (from mass 40 to 450) is
completed each 3.7 s and 600 consecutive mass spectra are collected
duringa typlcul GC/MS analysis. Our initial experience of coraparing
the exper tal mass tra from a plex GC/MS analysis with
8 hbrary of known mass epec'.ra produced very poor results because
of ion of the exp data by spedn of column bleed
and of nelghbonng, ved ble matches were
only achieved when s P t was prmnt in large quantity in the
GC/MS analysis. In order to overcome these problems, we have de-

da of ically extracting from
the raw GC/MS dau tpectrn representative of the pure elutant
compounds.

The raw mass spectrum (Figure 1a) of indole acetic acid 3-methy!
ester obtained from a GC/MS analysis of the acidic fraction (after
methylation} of human urine typifies this situation. This component
elutes at or near spectrum number 492 in the total ion plot (TIC)
shown in thure 2. Closer examination of Figure 2 shows that this
component is submerged both in mass spectral contributions from

i ing an ) d from GC col bleed. For
eompnnson, a llbmy spectrum (7) of indole acetic acid 3. meth)l ester
is shown in Figure 3. Figure 1b shows how, after processing the raw
GC/MS data by the method described below, we can retrieve 4 high
quality mass spectrum of indole acetic acid 3-methyl ester free from
the environmental perturbations present in Figure 1a.

Thus, in the systematic analysis of GC/MS data the problem is first
to detect where in the GC trace each t shows its i
ion intensity and then to extract from these regions representative
spectra for each of the detected components. The extracted mass

should be as free a5 possible from intensity distortions relative
to their library counterparts, and from the presence of extraneous ions
{e.z., peaks from either neighboring components or gas chromato-
graphic column bleed).

DESCRIPTION OF METHOD

To obtain a reliable solution to these problems, it is neces-
sary to analyze a number of spectra on either side of the ion
current maximum for each elutant. A basic assumption of our
approach is that the mass spectra of two neighboring unre.
solved elutants can be distinguished; that is, there exist some
masses for which ions occur in the mass spectrum of one
component but not in the other and vice versa. A schematic
representation for two closely spaced elutants is given in
Figure 4. By locating the “resolved” or singlet fragmentogram
peaks at such masses (detected on the basis of profile mor-
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Figure 3. Mass spactrum of indole acetic acid 3-methy! ester taken
from a library of biological compounds

phology), one can infer directly the positions of the elutants
present and derive tabular models of the individual peak
shapes. These models can be used subsequently to separate
the unresolved fragmentogram complexes. The use of tabular
peak models derived from the data itself accurately accom-
modates the a priori unknown peak profiles of particular
elutants without solving for multiparameter, nonlinear model
functions. Since the data are sampled often enough to satisfy
the sampling theorem (8), these tabular models contain the
necessary information to reconstruct a continuous peak en-
velope and can therefore be used as if they were continuous
analytical models. For the typical peak shapes encountered,
the collection of 5~10 mass spectra per singlet elutant peak
represents a sampling frequency greater than twice the Fou-
rier bandwidth of the peak. In addition, the mass by mass
analysis of the fragmentogram peak complexes facilitates the
mass dependent subtraction of background. (The large vari-
ation in background levels for different masses is a function
of both the type of GC column used and the mixture being
analyzed.)

By addressing the problem in this way, we have been able
to produce accurate intensity information for the processed
mass spectra and simultaneously distinguish with greater
confidence which masses contribute to particular elutant
spectra. We have been able to distinguish reliably elutants
coming off within one and a half to two spectral scan times of
each other. The succeeding sections discuss in more detail the

4370 « ANALYTICAL CHEMISTRY, VOL. 48, NO. 9, AUGUST 1976

153

lysis of a urine sampl

e

SPECTAUM NUMBER ——

FM‘.AmlcmtbndhutMpmhlmm
rmentograms for two closely spaced elutants. Components A and B have
some masses in common

procedures used to detect and resolve the mass spectra of
unique elutants.

Detection of Elutants in GC/MS Data. Elutant detection
involves finding the location of each mixture component in
the GC/MS data, even if it does not have a corresponding peak
maximum in the overall total ion current trace. Ideally for a
given elutant, the fragmentograms for all its ion masses will
show maxima at the same time and, in practice, this holds for
well-resolved materials. However, for partially resolved
mixtures, the complicating factors of peak overlap and
background contributions can caus fragmentogram maxima
for neighboring components to show significant variation in
their positions on the time axis. Reliable position information
for each elutant is best derived from the fragmentogram
profiles containing singlet peaks for that elutant, that is, from
fragmentograms at those spectral masses unique to the elutant
relative to its neighbors.

The approach used for elutant detection is to compute two
‘histograms of candidate singlet peak positions and to select
as elutant locations significant histogram maxima. The first
histogram measures the number of singlet mass fragmento-
gram profiles which reach maxima in each time interval. The
second histogram measures the total singlet ion intensity
above background at these maxima. These two types of his-
togram contribute complementary information for judging
elutant locations. At a given elution time, the histograms in-
clude fragmentogram peak maxima from all masses over seven
spectra. The position of each maximum is determined by s
parabolic least squares interpolation about the top five points
in the sampled peak data. If the intensities of the five points
contributing to the maximum are Y5, Y., Yo, ), and Y3,
then the expression for the time coordinate of the maximum
is



= 702Y. o + Ya-Y - 2Y3)
10(2Y.g =~ Y1 = 2Yo~ Y, + 2Y)

The time coordinates of maxzima are estimated to one third
of the time to collect each spectrum in order to separate very
cose neighbors. Because we measure peak locations to une
third of a spectral scan time, appropriate shifts are also in-
cduded to account for the fact that higher masses are measured
later in each spectral scan than lower masses. To build these
histograms, the program examines the profiles of each mass
fragmentogram in the data. Only peaks with intensities above
aprescribed threshold are added into their appropriate time
positions in the histograms. Peaks that are obvious multiplets
(multiple extrema) are not incorporated into the histograms
but are marked for later resolution. After all of the histogram
information is collected for a given region, components are
defined to be detected at locations where both the intensity
and peak count histograms show maxima that are above a
threshold. This statistical approach, looking for clusters” of
fragmentogram peaks in the histograms, does not depend
upon a correct decision for each peak but rather on a pre-
ponderance of good decisions looking over all of the data. It
will fail to resolve elutants very close together which do not
have enough distinguishing mass spectral components as
described above. In general, however, using this approach we
are ablé to detect and resolve spectra reliably that elute with
aseparation in time as small as one and a half to two spectral
scan times. (T'wo scan times correspond to 25% of a typical GC
peak width at the scan rate we use.) Elutants this close often
do not show multiple extrema in the fragmentogram profiles
of masses common to both spectra and could not be separated
properly except for this type of procedure. If two elutants are
separated by less than 1.5 scan times, resolution becomes less
certain'depending on their relative concentrations and mass
spectra! distinctness.

Estimation of Spectral Intensities and Background for
Well Resolved Elutants. Once the locations of elutants in
the GC effluent have been determined, we proceed to compute
a resolved spectrum for each material. To illustrate the
principles involved in spectral amplitude and background
estimation, we consider the simple case of an elutant that is
well separated in time from its nearest neighbors. This anal-
ysis will be extended to the more complicated case of multiplet
resolution in a later section. By “well-separated” we imply
only that there are no maxima in the elutant detection histo-
grams for three or four spectra on either side of the elutant
under consideration. In such a situation, each of the mass
fragmentogram profiles in the vicinity of the elutant will
consist of a background on which is superimposed & peak with
amplitude representative of the elutant spectral component
at that mass. The background (contributed by both GC col-
umn bleed and possible tailing from nearby, high-concen-
tration elutants) is distinguished from the elutant peak by the
fact that it varies much more slowly with time. Reasonable
estimates can be made by assuming that, for any particular
mass fragmentogram, the background amplitude varies at
most linearly with elution time in the vicinity of a given elu-
tant. This approach to background determination, using the
actual fragmentogram characteristics around each elutant,
automatically tracks changes in the bleed levels observed
during a run. It should be noted that our model is a first-order
approximation subject to some error. A more accurate ap-
proximation would involve representing the background
variations over a larger span of spectral scans than we are able
to manage with the current program organization and com-
puter memory limitations. We feel that the linear estimate is
justified, h , in that it prod results within the error
limits from other data uncertainties.

To complete the estimation process, we use a model peak

to determine the contribution of each mass fragmentogram -
to the elutant spectrum. Much work has been done on the
analytic approximation of gas chromatographic peak shapes
(9, 10). Our experience has been that relatively simple models
do not adequately approximate the range of shapes encoun-
tered and more complex models require large amounts of
computing to determine model parameters. Noting that a
separate model must be developed for each elutant and with
a view toward obtaining the peak shape and definition nec-
essary for multiplet resolution within reasonable computing
resources, we have approached the problem by using tabular
peak models taken from the data itself. Such models, defined
at discrete sample points, can be evaluated at any required
intermediate point by interpolation (since the sampling the-
orem is satisfied) and automatically reflect any peak asym-
metries which may be present. For a given elutant, the model
will be independent of mass, assuming that relative molecular
fragmentation probabilities do not change with elutant
pressure within the mass spectrometer. A number of criteria
should be satisfied by the tabulated model peaks. They should
be singlet peaks superimposed on as small a background as
possible and they should be relatively intense in order to en-
sure a good signal-to-noise ratio and good definition of peak
skirts.

Candidate singlet peaks may be distinguished from doublet
or background peaks by the feature that they are relatively
sharp. One way to measure peak “sharpness” is to use a log-
arithmic rate function defined as follows:

e [Yemi =Y (Yoo - Y-r)]

rate = 3 [ Y, + Y

where the Y, are evaluated at equal scan widths at each side
of the mode of the peak. It can be seen that this rate will be
large for peaks which are sharp and smaller for peaks which
are broad. The rate as defined is also independent of ampli-
tude for pesks of identical shape. A peak with a computed rate
below a threshold appropriate to the experimental conditions
is considered to be either an artifact of the gas chromatograph
(background peak) or a multiplet and is not included in the
detection histograms.

During the process of computing the detection histograms,
a list is kept of the unimodal fragmentogram peaks having the
highest rate factors in the region under analysis. When a
component is detected in a given region, a model peak is then
immediately in hand that can be used in the peak height es-
timation and background removal process. The local minima
just on either side of the model peak are used as estimates of
the local background (a straight line through the greatest of
these minima is removed before the model peak is used for
analysis). The selection of the peak with the highest rate factor
as our model peak has worked well in producing models which
are singlets and suffer least from interference by background
and neighboring fragmentogram peaks.

Given the fragmentogram peak model for this case of a
well-separated elutant, we can now correct the individual mass
fragmentograms for background and estimate true mass
spectral intensities for the elutant. For the fragmentograms
exhibiting peak maxima “near™ the location of this elutant (see
below for detailed selection criteria), each peak in the set is
Qquadratically interpolated to align it on a common time origin
(this removes the time shift between collection of low and high
mass data). This is done by fitting & parabola through suc-
cessive groups of three points near the peak mode and inter-
polating to give four equally spaced points about the mode,
separated by one spectral scan time. With the peaks in this
standard form, they are ready for the least squares analysis
below. Assuming a linear background model over the region
of 5 to 10 scan intervals under consideration, the local back-
ground B, at time ¢ is approximated by
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8¢~€+dt

where ¢ is the background offset and d is its slope. The in-
terpolated elutant peak model is normalized to unit area and
has amplitudes P; at times ¢. Then for a given mass frag-
mentogram, the amplitude of the actual fragmentogram
profile Y; at time ¢ can be approximated by

Yl ~pP¢ + (C +dt)

where p measures the elutant amplitude above background.
Note that t.his model assumes a superposition principle based
on the earlier assumption of constant relative fragmentation
probabilities and a linear encoding of ion current information.
If ion current data are obtained from nonlinear electronic
systems or read from film, the peak mode! itself would be
amplitude dependent and this linear analysis could not be
applied until appropriate amplitude linearization corrections
were made. From the above model, we can derive a least
squares estimate for the elutant amplitude p and the back-
g.round parameters ¢ and d by minimizing the error func.
tion
E=3% (Y, - pP, ~c~dt)?

according to the conditions

8E 3E JE

—F e —m ()

dp dc od
The summation in the error function is over all available
points in the peak profile as well as the neighboring back-
ground points within the window of scans contained in the
computer’s memory. These conditions yield three linear
equations in the three parameters which can be solved by
standard techniques (7). From the solution of these equa-
tions for the value of p, we get the spectral intensity for the
mass under consideration. This analysis is applied to ali mass
fragmentograms with maxima near the elutant location to
obtain the complete, intensity-corrected spectrum. It is worth
noting that this method, using a tabular model peak derived
from the data and elutant locations obtained from the de-
tection histogram analysis, reduces the calculation for each
mass spectrum intensity to the solution of a set of linear
equations. Specifically, this avoids iterative methods for de-
termining the parameters of a theoretical peak model and for
determining elutant time positions.

Fragmentograms are selected for this analysis on the basis
of several criteria. Given the nominal elutant position from
the detection histogram analysis, a fragmentogram is excluded
(mass spectrum assigned zero intensity) if it has no local peak
maximum or if its maximum is displaced from the reference
elutant position by more than two thirds of a spectral scan
time on either side. Each fragmentogram peak meeting this
test must also have an acceptably high rate factor, to be in-
cluded in the analysis. For peaks of masses greater than 200
amu, we require a rate factor gresater than 25% of the rate for
the model peak. This restriction is useful for eliminating
contributions caused by peaking in column bleed components.
In carefully examining GC/MS data sets, we can observe that
masses characteristic of the spectra of colurnn bleed compo-
nents show mazxima in their mass fragmentograms just prior
(one to two spectra) to the elution of an actual component. In

the comp t appears to “push” the bleed out ahead
of itself. Because these peaks are formed by a different process
than normal elutant mass fragmentogram peaks, they usually
have a much broader shape. Consequently their rate factors
will be significantly reduced and they can be eliminated by
the rate threshold criterion. The combination of the fr.ag:
mentogram peak location criterion together with the mini-
mum rate criterion effectively discriminates against extra-
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neous contributions to the intensity-corrected spectra without
removing authentic mass peaks.

. Extraction of Poorly Separated Elutant Spectra. Many
instances'arise in the analysis of GC/MS data where two or
more elutants are poorly resolved by the gas chromatograph.
The resulting mass spectra in such a region exhibit ion in-
tensity distortions which reflect the interactions {overlap)
between adjacent elutants in addition to the ion contributions
of background. The extension of the above procedures to the
general case is not difficult. Through the histogram detection
and model procedures, one can extract normalized peak
models P, Q, R, . . . for the various elutants present. Then with
the assumption of a linear background, the elutant contri-
butions to each fragmentogram profile Y can be estimated by
minimizing the error function

E=Y(Y,—pPi-qQ, —rR, —... —c —dt)?

with respect to the elutant amplitudes p, g, r, ..., and the
background coefficients. Sets of linear equations result for
each mass to extract the resolved spectra. In practice, we have
not implemented this full procedure beyond the doublet case.
Through the following approximations, reasonable results are
achievable within available minicomputer resources. Using
the histogram method described earlier, neighboring elutants
are handled with a “look ahead” procedure. That is, infor-
mation about an elutant that has just been detected is stored
and the detection algorithm is applied to the data in the im-
mediate neighborhood by extending the range over which the
detection histograms are calculated. If by including this ex-
tended region an additional elutant is detected, we record the
position of its mode, seléct a model peak for this second elu-
tant using the rate criterion, and initiate a doublet resolver
algorithm. At present, the extended histograms project four
spectral scan widths beyond the position where the first elu-
tant of the multiplet was detected (limited by computer
memory). The same criteria are applied as in the singlet case
to decide which fragmentogram peaks belong to the pair of
detected components. The model used to process the com-
posite fragmentogram peaks (many of which may be singlets
belonging to either elutant) assumes that there are two over-
lapping peaks superimposed on a linear background. The
doublet model rep ts an oversimplification of some sit-
uations as, for example, in the case where 3 components elute
within a very brief interval. By applying it, however, to suc-
cessive pairs of elutant peaks (taking first-order account of
peak tail contributions from any earlier elutant), it provides
acceptable accuracy and peak resolution effectiveness. As
indicated above, a fit of the two peak models P and Q witha
linear background to the fragmentogram profile Y may be
described by the approximation

Y. ~pP, +qQ, +c+dt

Minimizing an error function analogous to the earlier singlet
case results in 4 linear equations in the peak amplitudes p and
¢ and the background parameters ¢ and d. This set of equa-
tions again can be solved by standard methods.

In cases where peaks are actually singlet peaks, the solution
should yield zero for the amplitude of the missing component.
In practice, for such cases the amplitude of the second com-
ponent is a very small positive or negative value which is
representative of how well the model fits the data. Amplitude
results for masses that belong to'the second component of the
doublet are stored temporarily until this component is moved
into the processing window at which time they are incorpo-
rated into the analysis of the newly detected component.

Reconstruction of Saturated Peaks in Elutant Spectra.
From a practical viewpoint, a fairly common occurrence in
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GC/MS data collection systems is the problem of mass peak
saturation, Saturated peaks occur when the concentration of
a component in the ion source is such that for one or more ion
masses the detection system analog-to-digital converter be-
comes overloaded. Saturated peaks are easily detected because
of their characteristic flat tops which have an amplitude de-
termined by the overload limit of the detection system (e.g.,
the saturation value is 4095 for a twelve-bit analog-to-digital
converter).

To obtéin accurate amplitudes for component spectra that
include saturated mass peaks, we must reconstruct these
peaks to estimate their true amplitudes. A convenient way to
do this in the singlet case is to use the least squares mode! that
we derived in the preceding sections. T'o actually apply it for
reconstruction of saturated mass fragmentogram peaks, we
need to make a small modification to the equations. Instead
of summing over all the points in the peak, we sum over only
those points that are not saturated in the fragmentogram. As
an estimate of the peak mode, we use the mode of the intensity
histogram for the component being analyzed. An example of
reconstruction of a mass spectrum with saturated ion inten-
sities is given in Figure 5. Figure 5a shows a saturated spec-
trum of tetracosane (spectrum number 545 in Figure 2) and
Figure 5b is the corresponding reconstructed spectrum. It is
clear that the reconstructed spectrum will give a far better
match with a library spectrum than the saturated spectrum
which is badly saturated at masses 43, 57, and 71.

Before leaving the discussion of saturation, we should point
out that we have not in practice extended the procedure for
saturation correction of singlet peaks to the doublet case as
we believe that it would be inadequate for reliable intensity
estimates. If too many points are overloaded, there will be
insufficient data to accurately estimate the amplitude of each
multiplet component. Despite such correction algorithms,
there is no substitute for the collection of good quality raw
data at the start.

RESULTS AND DISCUSSION

The program based on the aigorithm outlined in the pre-
ceding sections has been tested on a wide variety of biological
lu_nples. It fits comfortably into a DEC PDP 11/45 computer
(with 28K words of memory) and takes approximately 8 min
to analyze a raw GC/MS data set of 600 mass spectra (scanned
from masses 40 to 450). Much of this time is spent in reading
the raw data from the disk and other input-output operations.
Co;?iec of the program, which is written in FORTRAN, are
available from the authors, Currently, this program forms part

after pr g and correction for satura-

of an automated analysis system for the GC/MS analysis of
urine and blood samples. The program reduces the raw
GC/MS data set of approximately 600 spectra to a set of about
60 resolved elutant spectra which are then matched against
a library of mass spectra of biological compounds. This whole
process takes about 20 min and produces an analysis of the
sample, with known compounds in the mixture identified and
the remaining unknown set marked for further study by
chemists or other DENDRAL programs (12-14).

In evaluating performance of the program, a major issue is
how well it is able to detect elutants in the data. The vertical
bars on the TiC (Figure 2) indicate all the places where the
program detected and isolated a component from the raw
GC/MS data. The program’s power of detection is illustrated
for example by the elutant detected near spectrum number
492 in the total ion current plot shown in Figure 2. Although
there is no evidence of a maximum in the TIC in the region
near 492, the program was able to detect and isolate a good
quality spectrum of indole acetic acid methyl ester (Figure 1).
In the raw data, this spectrum is clearly submerged in back-
ground and overlapping contributions. A comparison of the
resolved spectrum (Figure 1b) with a library spectrum (Figure
3) shows that the basic spectral intensity profiles are very
similar even including the very low intensity ion of mass 89.
Some very small ions (of intensity less than 5% relative
abundance) are absent from the resolved spectrum because
they have been lost in the background noise. It is worth noting
that there are no peaks present in the resolved spectrum that
are not in the library spectrum, that is, the extraneous mass
spectral peaks in the raw data including peaks at masses 105,
253, and 315 are not included in the resolved spectrum. The
relative intensities of the mass spectral peaks at masses 51,
62, 65, and 77 have been changed significantly from their levels
in the raw data. This illustrates the importance of correcting
the intensities for background. The mass spectral peaks at
masses 51, 52, 63, 78, and 129 appear to maximize near spec-
trum 496 in the raw data instead of spectrum 492 because of
the overlapping contributions of a poorly resolved elutant.
Similar examples of the power of this technique exist in other
parts of the GC profile in Figure 2.

The detectability of unresolved elutants is clearly a function
of their amplitude relative to neighboring components and
background. One way to characterize this is to measure the
ratio of the total ion intensity (sum of the mass spectrum
amplitudes) in the resolved spectrum compared to that in the
unprocessed spectrum including background and overlap
effects. The mass spectrum of the processed component at
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Figure 7. (a) Spectrum of an unknown aromatic ester before processing.

spectrum number 492 comprises only 4% of the total raw ion
current. It can be expected that there will be problems de-
tecting components with an ion current ratio that falls much
below a level of 4%, Also if two compounds elute within less
than 1.5 to 2 spectral scan times of one another, there is an
increasing chance that the program will make the wrong de-
cision as to whether there is one or actually two elutants
present. Such errors are dependent on the ion current ratio
between adjacent elutants, the similarity of their mass spectra,
and the stability with which peak positions can be determined.

As an example of doublet resolution, consider the region
near spectrum numbers 317 and 318 in Figure 2. The program
detects that there are two elutants present and Figures 6 and
7 illustrate the raw and resolved spectra at these locations. The
spectrum in Figure 6b is a good representation for 4-
methoxyphenylacetic acid methyl ester. The other component
is an unknown aromatic ester.

We have evaluated the efficiency of background removal
for singlet elutants by examining their mass fragmentograms.
After calculating the least squares peak and background levels,
we concluded that the computed results are consistent (within
5-10%) with human estimates. They tended to be less accurate
for very weak peaks whose shapes were more sensitive to noise
distortions.

For the multiplet case, where the peak profiles can be con-
siderably more complex, there is a stronger possibility that
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(b} Resoived spectrum of unknown ester in Figure 7a

the model will not produce accurate amplitude information.
In such cases, as when there are three rather than two elutants
present, there is a danger that background contributions will
be incorrectly estimated particularly with the limited number
of scans that can be held in our minicomputer memory at one
time. We feel however that use of a more complex model for
triplets is not likely to be able to guarantee much greater
precision. A sequential application of the doublet model has
produced acceptable results in our experience with the pro-
gram. Problems most frequently occur when a small amount
of an elutant occurs just prior to, or just after, an elutant of
high concentration. The intensities of peaks in the small
elutant that are common to the large elutant tend to be less
accurately calculated than singlet peaks and sometimes may
even be discarded as negligible if their intensity relative to the
large peak falls much below 10%. This may be especially im-
portant for the molecular ions of compounds with the same
molecular weight which would be expected to elute near each
other.

Comparison with library mass spectra has indicated that
correction of intensities for saturated singlet peaks is satis-
factory. However, as expected, the accuracy of the calculation
decreases as peaks become more heavily saturated. In our case,
we are working with model peaks that extend over nine points
(i.e., nine scan widths). If more than four of a peak’s nine
points are saturated, we can expect that its estimated intensity



will have only limited accuracy because there is insufficient
information left to accurately characterize its shape.

Conditions arise in the raw GC/MS data for which it is not
possible to extract resolved mass spectra unambiguously. One
case is when the elutant-to-background ratio falls significantly
below 5%. In these cases, the very weak intensity ions, in-
cluding isotope ions, usually do not appear in the resolved
mass spectra. The other difficulties arise when it is not pos-
sible to detect the presence of multiple elutants because they
occur within Jess than one mass spectrum scan time of each
other. In this case, the processed spectrum represents the
mixture of the two elutants.

In general, we have found that the present system works
very well and is capable of detecting and isolating high quality
representative mass spectra in GC/MS experiments involving
complex biological mixtures.
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