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Abstract

This paper describes an open source program called SOAS, which we devel-
oped with the aim of analysing one-dimensional signals. It offers a large set of
commands for handling voltammetric and chronoamperometric data, includ-
ing smoothing signals, differentiation, subtracting baselines, fitting current
responses, measuring limiting currents, and searching for peak positions. Al-
though emphasis is on the analysis of electrochemical signals, particularly
protein film voltammetry data, SOAS may also prove useful for processing
spectra. This free program is available by download from the internet, and
can be installed on computers running any flavor of Unix or Linux, most
easily on MacOS X.
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1. Introduction

Electrochemistry programs, both free and commercial, are available for
several purposes. Data analysis software allow the user to load data files and
with some degree of user manipulation find peak positions and other param-
eters. Such programs are typically included with electrochemical instrumen-
tation (e.g., BAS, EcoChemie, CHI), but often provide only a limited range
of options. These limitations have led us and others to develop programs
for more efficient and effective processing of experimental data. SOAS, the
program described here, is a free command-driven interactive utility for pro-
cessing and analyzing one-dimensional signals, particularly electrochemical
data.

Several programs for data analysis are currently available to electro-
chemists. For example, the “Electrochemical Science and Technology In-
formation Resource” (ESTIR) website maintains a list of electrochemical
freewares (http://electrochem.cwru.edu/estir/). A program with advanced
utilities for voltammetric data analysis (“UTILS”), running under a DOS
environment, was written by Dr. H.A. Heering and is available as freeware
on request (h.a.heering@chem.leidenuniv.nl). Certain options of this pro-
gram originally inspired SOAS. In addition to data analysis, many programs
use a variety of algorithms to simulate processes at the electrode [for an
overview, see ref 1], and some simulators also incorporate data-fitting capa-
bilities. Most simple electrochemical simulators follow procedure similar to
that outlined by Gosser [2], though more sophisticated simulations of diffu-
sion kinetics incorporate approaches similar to those reported by Rudolph
and Feldberg [3]. Of other programs we have recently examined, SIMSEN-
SOR is available from the laboratory of Dr. Jean-Michel Savéant, and simu-
lates responses for catalysis performed by enzymes adsorbed on an electrode
surface with their cosubstrates in solution [4] (http://www.lemp7.cnrs.
fr/simsensor/Download-instructions.htm). Dr. Carlo Nervi’s Electro-
chemical Simulations Package is also available for free download (http:
//lem.ch.unito.it/chemistry/esp_manual.html) and runs under a DOS
environment. It can simulate staircase cyclic voltammetry and square wave
voltammetry for species in solution, with a mechanism taken from file or
keyboard. Dr. Leslaw K. Bieniasz has also published a electrochemical sim-
ulator [5], available by email from the author (http://home.arcor.de/
aerbe/en/prog/spectraltools.html). Dr. W. Huang has developed Elec-
trochemist.com (previously named POLAR) which is available under a share-
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ware/subscription license, with fees scaled according to the number of soft-
ware features desired. It simulates and fits several mechanisms and tech-
niques, including adsorption mechanisms. It has been reviewed elsewhere [6,
7]. Elchsoft’s DigiElch (http://www.elchsoft.com/DigiElch/Default.aspx)
is also available under a subscription license and performs simulation and fit-
ting. Lars Jeuken’s Jellyfit program can fit trumpet plots (peak position
against scan rate) for adsorbed redox species using various models (http:
//www.mnp.leeds.ac.uk/1ljcjeuken/Jellyfit.htm). Each of these pro-
grams runs on IBM PC-compatible systems, but with varying degrees of
support. Of freely available programs, the open source Echem-++ project
has been more frequently updated [8] (http://www.echem.uni-tuebingen.
de/~bs/echem/software/EChem++/echem++. shtml). Running under Linux,
it can model and simulate species in solution and adsorbed on an electrode.
It is based on a modular, open-source, object-oriented programming model,
where reaction mechanisms and other functions can be customized using the
C++ programming language.

Certainly, users may find several of these programs adequate (or supe-
rior) for their specific needs. We are careful to note, however, that most of
these programs are used for simulating and sometimes fitting electrochemical
responses for species in solution (though a few support adsorbed species as
well), whereas SOAS has been developed primarily for the rapid and efficient
processing of any electrochemical signals, and for fitting protein film voltam-
metry (PFV) data. Here we will describe some of the features of SOAS, with
examples to show its utility in a variety of situations.

From the point of view of the user, the program SOAS can load the ASCII
files exported by GPES, CHI, and EG&G software, but it is also possible to
use its built-in interpreter of commands to load ASCII data files of any partic-
ular format. Although the program can be used to handle any 1-dimensional
signal, such as kinetic traces or spectra, it embeds a number of routines that
are specifically oriented towards electrochemical data analysis. The user can
select any portion of the signal, remove spikes or regular noise, and correct
it by subtracting a blank or a linear or polynomial baseline (a number of
options are available for either catalytic and non-catalytic data). The user
can also measure limiting currents or slopes, search for peaks and measure
their characteristics (e.g., position, intensity, area, half-widths). The data
sets can be transformed (e.g., for correcting a potential scale, normalizing
or taking the log of the current, or applying any other simple modification),
and fitted to either built-in or user-defined functions.
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The user interacts with the program by typing the name of pre-defined
commands (as in other programs, like GNUPLOT for example, http://www.
gnuplot.info/), and many routines let the user change certain parameters
by using the mouse. The results are exported as ASCII files. For example, a
series of cyclic voltammograms at varying scan rates can be processed rapidly
to characterize the shape of oxidation and reduction peaks. The resulting
output file would contain the key metrics for peaks in each voltammogram,
including peak positions, heights, widths and areas. Thus, the user can
rapidly assess changes in peak position as a function of scan rate, or find
peak areas in order to calculate electroactive surface coverage.

From a technical point of view, SOAS uses the core of another pro-
gram called GILDAS (http://www.iram.fr/IRAMFR/GILDAS/, this acronym
stands for “Grenoble Image and Line Data Analysis Software”). GILDAS is
a collection of software oriented towards radioastronomical applications, and
is free for non-profit organizations. Its kernel consists of a command line
interpreter called SIC and an all-purpose graphical program called GREG
(“Grenoble Graphics”), which we used to draw the figures of this paper.
GREG can be used either interactively, or in a non-interactive mode us-
ing scripts, or in the form of a library of subroutines callable from a third-
party application like SOAS. After SOAS is started, the user can either han-
dle the data with the commands provided by SOAS, or enter interactive
GREG and use its command line interpreter, which extends the capabilities
of SOAS. SOAS also interfaces with certain software packages available on
the NETLIB repository (http://www.netlib.org), including a fast Fourier
transform utility (FFTPACK) and a very efficient software routine for non-
linear regression (ODRPACK) [9].

Unlike GREG or GNUPLOT, SOAS is not intended to be a plotting
program: it does not let the user define how the data are displayed, nor does
it export figures, although screen snapshots can be sent to the printer or saved
as Postscript files. The normal output is an interactive plot window or ASCII
files. The latter are readily opened in a user’s preferred graphing/spreadsheet
applications for additional processing or presentation.

SOAS is available for download (http://bip.cnrs-mrs.fr/bip06/software.
html), and can be installed on computers running any flavor of Unix. A one-
click installer for Apple computers running Mac-OS 10.3 and above is also
available. As SOAS is an open source program, users can freely edit, mod-
ify and redistribute the code under the terms of the GNU General Public
License. We will welcome and incorporate in the version we distribute the
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contributions we receive.

Here, our goal is to give an idea of what the program can do by de-
scribing its most useful features, rather than explaining the syntax of ev-
ery command; the latter information can be found in the online manual
(http://bip.cnrs-mrs.fr/bip06/soas/).

2. An overview of selected features

2.1. The basics

2.1.1. Starting the program

A user launches the program by typing “soas -ffGPES” in an X terminal
(the “~f£GPES” option is specific to EcoChemie Autolab users). The prompt
becomes “Soas>" and a graphic window pops-up (Figure 1). The commands
will be typed in the terminal. A command history log allows previous com-
mands to be retrieved with the up and down arrows of the keyboard, and
then edited for execution. The readline function used in SOAS is identical to
that used in GNU Bash and GNU Emacs: for example ctrl K deletes from
the current word to the end of line, etc. Automatic completion of command
names and filenames (e.g. when the user is loading a file) is possible with
the TAB key. Many commands let the user select options and parameters
by clicking with the mouse in the plot window and/or using keys on the key-
board. The list of actions that are available while any command is being used
is displayed in the terminal, unless the user does not need such prompting
and chooses to work in “expert” mode.

2.1.2. The stack

SOAS internally stores the data sets as “buffers” and manages them in
a “buffer stack”. Every time an operation changes a data set (such as file
loading, baseline subtraction, filtering), the former data set is pushed onto
an “undo stack”. These data can be recovered with an “undo” function.
The undo stack has a limited size of 10 operations, with a “first-in first-out”
replacement procedure when the stack is full. Older operations cannot be
recovered. We are planning to lift this limit in a future release of SOAS.
Complementary to the “undo” stack, there is a “redo” stack, onto which
newer data get pushed whenever older operations are undone.

The data sets in the entire stack (undo + redo) can be used for various
operations, such as overlaying another buffer on the current buffer or sub-
tracting one buffer from another. The entire contents of the stack can also
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Figure 1: Screen shot showing the appearance of SOAS at start up. (The annotations in
blue were added after the screen was grabbed.) The first flag, on the left side of Figure 1,
points to the command that was typed in the X-terminal in order to launch the program
(the option “-~ffGPES” indicates that the program will load files that were exported by
GPES software). A short menu, pointed to by the second flag, lists the most useful
commands. The line “1 7”7, at the third flag, loads the file 7.0CW, which is then plotted
in the pop-up window.

be displayed in the graphic window, as well as be saved to or loaded from a
single data file.

2.1.3. The central concept of markers

For performing a variety of operations, including defining baselines and
measuring data coordinates, the user will first place “markers” on the data.
This is achieved by clicking with the mouse in the graphic window, and the
coordinates of the marker are calculated according to one of three protocols,
as illustrated in figure 2. “Exact” uses as marker coordinates the data point
that is nearest to the position of the mouse cursor. “Off data” places the
marker at the coordinates specified by the mouse position in the graphics
window. The “Smooth” protocol is for noisy data sets: in that case the y-
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coordinate of the cursor is calculated by averaging data on either side of the
position of the mouse. Technically speaking, the y-coordinate of the marker
is calculated from the average of a maximum of 10% of the dataset around
the cursor position; a line is fitted through the range of points to be averaged,
and the range is decreased until less than range/4 consecutive residuals with
the same sign are found. That is, the range must contain at least 2 periods
of noise and must not span a significantly non-linear part of the data.

2.2. Remouing spikes and regular noise

Spikes are erroneous data points that are clearly offset from the data.
SOAS offers separate commands for removing them manually (simply by
clicking close to where the wrong data point is) or automatically. In the
latter case, the program calculates the average and variance of the absolute
increments |y(i + 1) — y(i)| over the entire data set. A threshold value is
calculated from the value of average plus 200 times the variance. A spike is
defined as a point y(i) such that |y(i) — y(i — 1)| and |y(i + 1) — y(i — 1)|
are greater and lower than the threshold, respectively. The y- value of the
erroneous data point is replaced with the average of y(i — 1) and y(i + 1).
This definition is generalized to allow for spikes consisting of up to 5 data
points.

In Figure 3, we illustrate the effect of removing irregular noise from the
raw voltammogram plotted with a black line in panel A. Panel B shows
what is subtracted from the data by the command that automatically detects
and removes spikes. Panel C shows the contribution that can be further
subtracted when the user selects with the mouse the data points that should
be deleted. The bottom panel is the regular noise subtracted by using a
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Fourier transform procedure (see below). The resulting, smoothed signal is
shown in red on the top panel. Performing this series of corrections won'’t
take more than 30 sec using SOAS. The green data show the result of an
unsuccessful attempt to remove regular noise before taking out the spikes.
Regarding regular noise, SOAS offers two main options for smoothing the
data. One is to convolve the signal with a Gaussian curve, the width of
which is adjusted so as to remove the high frequency noise. This is achieved
by using a Fourier transform. The interface is friendly in that the user can
continuously adjust the size of the filter and see at the same time the raw
data, the filtered data and the difference between the two. The latter should
be used as a control, to decrease the risk of over-filtering and distorting the
data. Regular noise should oscillate evenly over the course of the signal and
the displayed difference should reflect this. Overfiltering is readily identified
when the difference between the raw and smoothed data displays peaks or
valleys. In this extreme, the filter is operating on frequencies comparable to
that of the actual signal, and relevant data is being suppressed. Alternatively,
rather than examining the difference between the raw and smoothed data,
the user can choose to visualise the power spectrum of the raw and smoothed
signals (Fig. 4). The reciprocal size of the optimized filter is easily read from
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this plot of power against frequency, and it can be selected by the user simply
by clicking with the mouse. An option also makes it possible to set to zero
the Fourier coefficients that correspond to a user-defined intermediate range
of frequencies (e.g. to remove 50Hz mains interference).

Alternatively, the user can approximate the data by setting a few care-
fully chosen points (using the markers discussed above) and let the program
calculate the smooth function that passes through all those points, as il-
lustrated by the screen capture in Figure 5. For this, SOAS uses a spline
procedure [10] to interpolate a third order polynomial in between each pair
of consecutive markers.

2.3. Differentiating

The above two methods for smoothing the data can also be used within
SOAS to differentiate a signal. One of the two available commands is based
on the Fourier transform routine (Figure 4). This is because, from a technical
point of view, it is very easy to compute a derivative from the Fourier trans-
form: SOAS only has to multiply the Fourier coefficient by the frequency to
the power of n to obtain the n-th order derivative of the signal. Therefore,
the commands for differentiating and filtering the signal have the same in-
terface (Figure 4) and options, and indeed they are based on the same code.
This FFT-based procedure was used to differentiate the catalytic data for
hydrogen oxidation by A. vinosum NiFe hydrogenase in fig 2C of ref [11].

Alternatively, while the user is smoothing the data by fitting them with a
spline function (Figure 5), the program can return the derivative of the spline
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function, which approximates in a crude way the derivative of the data (since
the spline function contains only intervals of cubic polynomials, its derivative
consists of intervals of second order polynomials).

2.4. Baseline corrections

A command in SOAS calculates a linear baseline (dashed blue line in
Figure 6) by fitting a straight line to a portion of data that has been selected
by the user, and extrapolating through the entire range. This command also
returns the equation of the line that is fitted through the data, and therefore
it can also be used for measuring slopes.

The following 2nd-order polynomial baseline will be useful for voltam-
metric data obtained with a rotating disk electrode (RDE) and for some
chronoamperometric data. As an alternative to a simple linear baseline
guided by a part of the sweep where the faradaic current is zero (the i = 0
range), SOAS provides a simple non-linear baseline, guided by both the i = 0
range and by a part of the sweep where the faradaic current has reached a
limiting value (the i = iy, range). In Figure 6A, each pair of red markers
defines an interval, one in the ¢ = 0 region, and the other in the ¢ = 4y,
part of the voltammogram (empty and filled symbols, respectively). For
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both ranges, the average potentials, zy and xy,,, currents, yy and ¥y, and
slopes, y, and yj,,,, are measured.  The value of ilim and the three pa-
rameters that define the 2nd order polynomial baseline in the intermediate
range of potential (rqg > x > zy,) are calculated from the following set of
four conditions, namely (i) it goes through the points of coordinates (z,yo)
and (Zyim,Yim — %im ), and (ii) its slopes at these positions match the values
of y, and gy, . In the ranges © > zg and = < Zyy, the baseline is linearly
extrapolated. This arithmetic is described in the online manual, under the
heading “Subtract polynomial baseline from catalytic wave”. The dashed
red line in Figure 6A shows the resulting composite baseline. The catalytic
current left by subtracting this baseline (red line in Figure 6B) reaches a
limiting current at high driving force, whereas if a linear baseline is sub-
tracted (dashed blue line) the corrected current keeps increasing linearly at
high driving force without reaching a plateau (blue line in Figure 6B). Only
the user can decide whether subtracting a baseline that forces the corrected
data to reach a true limiting current is the right thing to do. We shall only
note that the lack of a strict limiting current is often observed with adsorbed
electrocatalysts; it has been attributed to the existence of a distribution of
orientations of the catalyst on the electrode surface [12, 13]. According to
this model, some information is embedded in the value of the residual slope
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at high driving force; the latter can be measured with SOAS using the tool
that is also used for subtracting linear baselines. The polynomial baseline
described above was used to correct the data for succinate oxidation by FE.
coli fumarate reductase in fig. 2 of ref [14].

The spline procedure of SOAS can be used in a straightforward manner
for defining baselines. As soon as the user has set three or more markers
on the data, the program will interpolate the smooth baseline consisting of
cubic polynomial intervals (Figure 5). Technically speaking, cubic spline in-
terpolation between n user-defined markers involves solving the equations for
n — 1 cubic polynomials, such that both the y-values, the first derivatives,
and the 2nd derivatives of two adjacent polynomials are equal at the position
of the marker, thus yielding a quasi-continuous curve [10]. This procedure is
mostly useful in situations where the baseline is interpolated from regions of
the signal where the current reaches the background: this is so for voltam-
metric peaks resulting from adsorbed redox species (see e.g. fig. 2 in ref
[15]), or in certain chronoamperometric experiments with adsorbed enzymes
which are transiently inhibited (see e.g. supplementary fig. S3 in ref [16]).
A cubic spline baseline provides virtually unlimited flexibility, thus needs to
be used carefully and with sound judgment, using as few markers as possible.
To estimate a baseline under a voltammetric peak, it is usually sufficient to
define two or three markers on either side of the peak. We advise not to set
the markers too close to the wings of the peak, because this will distort the
signal.

In each of the three cases above, the difference between the data and the
baseline is plotted while the baseline is being adjusted (see e.g. Figure 5),
and the user can choose whether the data should be corrected by subtracting
the baseline or by dividing the data by the baseline.

The user can also use the buffers in the stack to perform simple operations
related to baseline corrections: this includes subtracting a blank or dividing
the main signal by another data set. = The latter operation may be very
useful for correcting chronoamperometric data for film loss, as described in
ref [17].

2.5. Peak search

Following selection of a single sweep for a voltammogram, baseline correc-
tion, and noise correction (if necessary), the user can with a single keystroke
have SOAS find one or two peaks. The peak position and other key details,
such as widths and areas, are automatically appended to a cumulative ASCII
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output file for the current working file directory. By using the stack and file
manipulation commands in SOAS, a user can rapidly work through peak as-
signment for a large set of voltammograms, with remarkably few keystrokes
and mouse clicks. Further processing of peaks can be performed, including
fitting and filtering. Processed peaks can also be output as ASCII files, for
use in other programs.

2.6. Using interactive GREG

Most users should find the commands of SOAS enough for their needs.
Should this not be the case, using the command line interpretor of GREG,
as described below, greatly pushes back the limits of SOAS. Without exit-
ing SOAS, the user can modify the data by entering “interactive GREG”
(in which case the prompt changes from “Soas>" to “GreG>") and using
its command line editor. GREG has its own syntax, documented under the
heading “GREG1 Language Internal Help” in the manual of GREG (http:
//www.iram.fr/IRAMFR/GILDAS/doc/html/greg-html/greg.html). Typ-
ing HELP will return a description of the available commands and their ar-
guments. A simple command like “LET Y LOG10(Y)” can be used to trans-
form the current before returning to SOAS to keep working on the data
set. The list of elementary functions recognized by SIC, the command
interpretor of GILDAS, is listed under the heading “Functions and Oper-
ators” in the manual of SIC (http://www.iram.fr/IRAMFR/GILDAS/doc/
html/sic-html/sic.html). Any user-defined transformation can be per-
formed in this manner, and the data can be passed along when the user quits
GREG to return to SOAS. The user may also use interactive GREG to load
a data file in an ASCII format that is not supported by SOAS. For exam-
ple the GREG command “COLUMN X 1 Y 2 /FILE Myfile.dat /LINES 3
100” loads into the arrays X and Y the 1st and 2nd columns of the text file
“Myfile.dat”. The “/LINES” option limits the range of lines read in the in-
put file. This may be useful to avoid non-data lines. The lines of commands
are stored and can be retrieved using the up/down arrows of the keyboard,
then edited (making use of the typical GNU control keys) before execution.
There is no auto-completion with the TAB key but the commands can be
abbreviated: e.g. “COL” is understood like “COLUMN”, but “C0” is ambiguous
because there is also a “CONNECT” command. All this is described in the
online manual of SIC.
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2.7. Fitting

SOAS embeds ODRPACK (http://www.netlib.org/odrpack/), a FOR-
TRAN package which can fit data to a model function by finding the param-
eters that minimise the sum of the square weighted orthogonal distances
from a set of observations to a curve determined by parameters. The al-
gorithm implemented by ODRPACK is an efficient and stable trust region
Levenberg-Marquardt procedure, as described in ref [9]. The ODRPACK
manual is available from the NETLIB repository, or from the online manual
of SOAS under the heading “Fits/Preamble.” It is a very efficient and robust
procedure to solve ordinary nonlinear least squares problems. Of course, us-
ing good starting values for the parameters to be adjusted is as important as
with all other nonlinear least squares software: a poor initial approximation
may prevent a solution (or worse, the right solution) from being found.

In SOAS, a number of built-in model functions can be used for fitting
Nernstian non-catalytic peaks for adsorbed redox species to the model of
Laviron [12], catalytic waves, Nernstian sigmoids, exponential and multi-
exponential decays. The user who needs a function that is not yet built-in can
either edit the source code of SOAS and recompile the program to incorporate
the new model (that is the hard way) or use a SOAS command that makes
it possible to type in simple model functions , as in “f (x)=a*exp(-x/b)+c”,
where a, b and ¢ are the parameters to be adjusted (this functionality is
available provided the program was linked to scalc libraries at the time of
compilation. See installation notes). The model function can call any of the
following elementary functions: exp, In, sin, cos, tan, sqrt, asin, acos, atan,
cosh, sinh, tanh, erf, gamma, heavy; “**” is the symbol for exponentiation.
SOAS will attempt to guess the starting parameters only when the data are
fitted to a built-in function. In all cases, the user can set or modify the
starting parameters and decide whether they will be adjusted or held fixed
at their input values. The user may also specify whether the fit is to be
by orthogonal distance regression or by ordinary least squares, and whether
SOAS displays detailed iteration reports or only the final result. The software
returns the best values of the model parameters and a covariance matrix,
which is useful for constructing confidence intervals for the parameters.

Extensive code writing will be needed before SOAS can fit voltammet-
ric data obtained with diffusing species. This is because the corresponding
problems rarely have closed-form solutions; that is, the current equations
cannot be expressed analytically in terms of certain elementary functions.
Rather, they are obtained by numerically solving a certain set of differen-
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tial equations, but the open source version of SOAS which we distribute
does not include a routine for evaluating integrals, or an ordinary differen-
tial equation integrator to be called within the fitting procedure. For fitting
diffusion-limited voltammetry, users may wish to investigate one of several
alternative programs mentioned earlier.

3. Downloading, installing, and acknowledging SOAS

SOAS can be downloaded from our web site (http://bip.cnrs-mrs.fr/
bip06/software.html). It is written in Fortran, with a few parts in C/C++,
and embeds public domain NETLIB numerical libraries, FFTPACK (http:
//www.netlib.org/fftpack/), ODRPACK [9] (http://www.netlib.org/
odrpack/), spline (the http://www.netlib.org/sfmm/spline.f and sfmm/seval.f
routines from the netlib repository), SSORT [18] (http://www.netlib.org/
slatec/src/ssort.f), and the GILDAS suite, which is “freely available
to non-profit institutes on an as-is basis” (http://www.iram.fr/IRAMFR/
GILDAS/). Redistribution and modifications of SOAS are possible under the
terms of the GNU General Public License (http://www.gnu.org/licenses/
old-licenses/gpl-2.0.html).

Soas can be compiled on any system where Gildas can be compiled. Great
effort has been spent in making Soas compatible with as many versions of
Gildas as possible. To make the most of SOAS, it is recommended to have
development files for the readline library (version 5), and the SCalc library for
fits with arbitrary functions. No precompiled binary packages are available,
except for MacOS.

A self-extracting binary distributions of SOAS for Mac OS X (10.4 and
above) can also be downloaded from our web site. This version was compiled
on a PPC-based Macintosh using gfortran 4.3, on a system augmented by
libraries for scalc 0.2 and readline 5.2. Successful compiling required tem-
porarily disabling Apple-provided readline libraries to avoid conflicts during
compilation. It was also necessary to compile the GILDAS software package
from source as well, using the same compiler environment. In our experi-
ence, finding a suitable environment (compiler, source, libraries) to compile
GILDAS and other supporting software was the most difficult aspect of bring-
ing SOAS to new platforms. However, we have compiled, and made available,
SOAS and GILDAS binaries that run on default MacOS systems without the
end-user requiring additional software beyond X11 graphics support (avail-
able from Apple as an optional system installation). Currently, SOAS runs
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on Intel-based Macintosh systems through Apple’s Rosetta emulation; as
gfortran development improves, native-Intel releases are under development.

We welcome an acknowledgement in publications using SOAS software
to analyse data: if you find this program useful, thank you for letting others
know by citing this paper.
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