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1 INTRODUCTION

1 Introduction

IFEFFIT is a program and programming library for analyzing x-ray absorption fine-structure
(XAFS) data. As its name may suggesEFFIT: gives an interactive method for fitting XAFS
data using calculations froreFF, and is based on the fitting programsrFFiTof theuwXAFs3.0
Analysis Package. There have been significant additiorg#e1T, and the user interface has
been completely rewritten.

IFEFFITis a complete XAFS analysis package, allowing general data manipulation, analysis,
and plotting, as well as meeting the unique demands of analyzing XAFS data. For those of you
familiar with the uwxarFs3.0 PackagelFEFFIT combines the functionality okuToBK and
FEFFIT and adds many more features. A major goalreFFIT is to make a graphical user
interface (GUI) for XAFS analysis, bufeFFIT is not simply a GUI program by itself. It is,
instead, a command-based library that can be run either as a command-line program or called
from other programs, including both graphical and non-graphical interfaces. At this writing, an
enhanced command-line program naneedrEFFIT is distributed withiFEFFIT, and the GUI
programsATHENA, ARTEMIS, TKATOMS, andSIXPACK make use OfFEFFIT.

This Reference Guide describes the commands and syntaxr&rFiT, and is intended for
people who want direct access to the underlyirgkgFFIT engine’, either directly from the
command-line program or through their analysis scripts. While some people may be satisfied
with high-level GUI wrappers, many scientists appreciate a simple, scriptable command-based
interface to a set of core XAFS analysis routines. The commands and syntax described here are
an attempt to provide such an interface.

This guide starts with an example in Chap®eaind then discusses the general syntax and
structure of the commands in Chapfer The next several chapters give more in-depth infor-
mation about input and output files, plotting, fitting XAFS data wittFF calculations, and
fitting non-XAFS data to simple functions. Chapédists all the commands and their complete
syntax. Chaptet0 discusses writing simple macros fieFFIT and more complicated scripts
using scripting languages.

In addition to thisReference Guide, there is alsdThe IFEFFIT Tutorial which gives a more
gentle introduction toFEFFIT. More information aboutFEFFIT, including installation instruc-
tions, further examples, a searchable mailing list, and the other documention are available with
the source code and at tieeFFIT web site:http://cars9.uchicago.edu/ifeffit/

Acknowledgements

IFEFFIT was written with helpful suggestions from Julie Cross, Bruce Ravel, and John Rehr, and
is based largely on the UWXAFS3.0 Package, written at the University of Washington under
the direction of Edward Stern. More detailed acknowledgements and historical information
can be found in th& HANKSfile distributed withiIFEFFIT. Many of the features that make
IFEFFIT useful and successful are from excellent feedback and suggestions given from the large
community of users.

1The name was originally intended to standifeTERACTIVE FEFFIT, but | sort of like the simple self-declarative
nature of the name as well as the literary allusiod, t6laudius andI, Robot. It could also be interpreted as the
answer to the question, "How do you analyze your XAFS data?”. It is in no way intended as a subliminal insertion
of FEFFinto thatother Chicago technological institute known to do some XAFS.
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2 The Basics ofiFEFFIT

IFEFFIT is a command-based program. That is, you iiedlFFIT to do something, it does that

and then waits for you to tell it what to do next. The commands i#eftFIT accepts are sim-

ple statements (there are no loops or conditional statements) useful for data manipulation, and
especially for XAFS analysis. Most commands teltFFIT to manipulate arrays of numerical

data. There are commands for reading arrays from files, writing arrays to files, plotting arrays,
doing simple mathematical manipulation of arrays, and more XAFS-specific commands such as
background-spline removal and Fourier transforms. It can also fit XAFS data using theoretical
standards fronkrErFwith complex modeling abilities and automated error analysis. This chap-
ter gives a quick overview aFEFFIT with a simple annotated example. Much of this material

is also covered ifThe IFEFFIT Tutorial .

2.1 Starting the program

Typing ifeffit at the system command prompt will start the basErFIT command-line
program. You should get a set of messages and a command prompt that looks like this:

Ifeffit 1.2.5 Copyright (c) 2004 Matt Newville, Univ of Chicago
command-shell version 1.1 with GNU Readline
Ifeffit>

At this point, you're ready to start typingtEFFIT commands at the prompt. If you don'’t get
such a prompt, consult the installation instructions that come withrbreri T distribution.

2.2 A Sample Run

We start with a fairly complete example (see the tutorial for a more gentle introduction). We'll
assume that we have some raw data from a beamline in a plain-text column format, and want to
convert it tou(E), do a background subtraction, Fourier Transform, and then see what the data
looks like in R-space. Though a very practical request, it's a fair bit of data processing. Here’s
what the session might look like:

Ifeffit> read_data(file=Cu.dat, type=raw, group= cu)
Ifeffit> cu.energy = cu.l * 1000.0

Ifeffit> cu.xmu = In(cu.2 / cu.3)
Ifeffit> spline(energy = cu.energy, xmu = cu.xmu,
Ifeffit> rbkg=1.1, kweight=1., kmin=0)

Ifeffit> plot(cu.energy, cu.xmu)

Ifeffit> plot(cu.energy, cu.bkg, xmin=8850, xmax=9300,
Ifeffit> color=red)

Ifeffit> cu.chi_kw = cu.chi * cu.k™2

Ifeffit> newplot(cu.k, cu.chi_kw)

Ifeffit> fftf(real = cu.chi, kmin = 2.0, kmax = 13.0,

Ifeffit> dk = 1.0, kweight=2)

Ifeffit> newplot(cu.r, cu.chir_mag, xmax==8)

Ifeffit> $titlel = "Test: writing out Kk, chi, chi*k"
Ifeffit> $title2 = "  data from Cu.dat, rbkg = 1.0"

Ifeffit> write_data(file = Out.chi, cu.k, cu.chi,
Ifeffit> cu.chi_kw, $titlel, $title2)
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One important aspect ofEFFIT is that you can save commands into a file and execute all
commands in that file at one time. By saving the above commands into thediless.iff ,
we could simply typdoad process.iff at thelIFEFFIT command line. These two methods
of running these commands are completely equivalent.

We'll now go through each of these lines in detail. If theréos much detail here, please
go through thelhe IFEFFIT Tutorial.

Ifeffit> read_data(file=Cu.dat, type=raw, group= cu)

This command reads in data arrays from the ASCII column@iledat . The arguments
type=raw andgroup=cu helpread _data()() name the arrays it reads in. Because
arrays are often read in and processed together, it is convenient to give them names that are
related. Arrays names always have two parts — a prefix and suffix, with a dot .’ in between.
The prefix gives the group name, and the suffix explains what the data contains.ctidse,

used as the group name (prefix). The type is the simplest type, so the suffixes will just

be the column index. To make a long story short, we just read in the aways, cu.2 , and

cu.3 .

Ifeffit> cu.energy = cu.l * 1000.
Ifeffit> cu.xmu = In(cu.2 / cu.3)

Presumably, we know what the contents of our data file. ForGhislat file, the column
contained energy in keV, the second contaiigend the thirdl, for absorption data measured

in transmission. There might have been more columns in the file, but this is all we need at this
point. IFEFFIT prefers to think about energy in eV not keV, so we make an aiuagnergy

that has energy in eV, and then we calculat&’) and call thattu.xmu . Note that the math

here is done on all elements of the array.

Ifeffit> spline(energy = cu.energy, xmu = cu.xmu,
Ifeffit> rbkg=1.1,kweight=1.,kmin=0)

This computes the background spling( E) for our u(E) using theauToBK algorithm. The
argumengnergy = cu.energy names the array to use as the energy valuesxand =
cu.xmu names thei(E) array.rbkg=1.1 sets the value oRy,,, while kweight=1.  sets
the k-weighting, andkmin=0 sets the value o .;,.

Like many other commandspline()  uses, modifies, and (if necessary) creates several
arrays and scalars. The complete list of wétne() uses is listed in sectioh42. For now
a partial list will do: spline() sets the arraysu.bkg to containug(F), cu.k to contain
the k values, anctu.chi  to containy(k). Several scalar values (includinigkg , kweight
kmin , ande0) are also set bgpline() . You can see the values of these variables with the
show() command —tryshow(e0, kmax) for example.

Ifeffit> plot(cu.energy, cu.xmu)

This plotsi(E). That is a plot window should appear and a trace:@F) should be drawn

on it. If this does not happen, please consult the installation instructionspldt com-

mand has many optional arguments, but here we're just giving the array names for the ordinate
cu.energy and the abscissau.xmu .
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Ifeffit> plot(cu.energy, cu.bkg, xmin= 8850, xmax= 9300,
Ifeffit> color=red)

This adds a plot ofiy(E) to the previous plot. We specify the x range of the plot within

= 8850, xmax = 9300 to look at just the near-edge region, and explicitly give the color
to use forug(E). Note that overplotting is the default behavior. See secli@n? for all the
plotting options, and chaptérfor even more information about plotting witREFFIT.

Ifeffit> cu.chi_kw = cu.chi * cu.k"kweight
This creates the arragu.chi _kw which containgc?y (k).
Ifeffit> newplot(cu.k, cu.chi_kw)

This plots thek-weightedy (k) that we just calculatechewplot() s a variation ofplot()
command that reinitializes the plot, so that it won't be plotted over the current window (which
was still showingu(E) andpug(E)).

Ifeffit> fftf(real = cu.chi, kmin = 2.0, kmax = 13.0,
Ifeffit> dk = 1.0, kweight=2)

This does the forward XAFS Fourier transformydf). The argumenteal = cu.chi tells
fftf() to usecu.chi  (which is the unk-weightedy (k) from spline() ) as the real part
of the function to Fourier transform. We could have sadg = cu.chi to usex(k) as
the imaginary part. This is, to some extent, a matter of convention (see App@ridixmore
details). The Fourier transform window was specified with the paramieteirs, kmax, dk,
andkweight . fftf() creates arraysu.r for R, andcu.chir _re, cu.chir _im, and
cu.chir _magfor the real part, imaginary part, and magnitudey¢f?), among other things.

Ifeffit> newplot(cu.r, cu.chir_mag, xmax = 8)

Now we plot|x(R)|, explicitly limiting the R-range to8A. By default, theR-based arrays from
fftf() will extend to10A.

Ifeffit>  $titlel
Ifeffit>  $title2

"Test: writing out k, chi, chi*k"
" data from Cu.dat, rbkg = 1.1"

Here we define a pair déxt stringvariables, which always have names starting with a dollar
sign. These are useful for doing things like

Ifeffit> write_data(file = out.chi, cu.k, cu.chi,
Ifeffit> cu.chi_kw, S$titlel, $title2,e0,rbkg)

in which we save the (k) and k-weightedx (k) data to the fileout.chi . The rest of the
arguments give the arrays, text strings, and scalars to write to the file. Text strings will be
written first, then the scalars, and finally the data arrays will be written, in the order listed.
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2.3 Theshow() and print() Commands

Two important commands were left out of the above example that will greatly help you learning
about and interacting wittFErrIT. These are thehow() andprint() commands, which

will write out information about Program Variables, including their values. imawv() com-
mand takes a simple list of program variables, like this:

Ifeffit> show e0, kmin, $titlel, cu.chi

and will print something like

el = 8982.315

kmin = 2.000000

$titlel = Test: writing out k, chi, chi*k
cu.chi = 302 pts [ -0.3232080 : 1.233829 ]

show() doesn't print out entire arrays but gives just enough information (the number of points,
and the minimum and maximum value) to convince you that an array exists.shidw()
command can also be used to show all current scalars, arrays, and strings. You can read more
about theshow() command in sectiof.41

Whereas thshow() command will only report about existing variables, and will not do
any processing, therint() command is a bit more literal, printing out thhaluesof variables
or expressions. That iprint(e0) will just print the numerical value af0 to the screen:

Ifeffit> print e0
8982.315

Ifeffit> print "sqrt(25) + 1.001"
6.00100

Note that in the last example, the math expression was enclosed in double quotes. This (or
equivalently, enclosing brace$}”) tells IFEFFIT to evaluate the expression, instead of printing

it literally, and tellsiIFEFFIT where the expression ends. Using single quotes would print the
expression literally:

Ifeffit> print 'sqrt(25) + 1.001 = ’, "sqrt(25) + 1.001"
sgrt(25) + 1.001 = 6.00100

You can alsqrint() ~ out several expressions at once:

Ifeffit> print "sqrt(25) + 1.001", "pi / 2"
6.001000 1.570796

Usingprint()  for arrays (or an expression that gives an array) will print all the values of the
arrays:

Ifeffit> print indarr(4)/5
0.2000000 0.4000000 0.6000000 0.8000000

Section3.7 gives a more complete description of all the ways of getting information back
from IFEFFIT. We’'ll come back tashow() andprint() in section3.8, where the ability to
change where these outputs are printed will be discussed.

At this point, you may find it useful to go through the example session mixistpda()
or print() commands and plotting some of the other arrays. That should give you enough of
a feel foriIFEFFIT to be able to use it for simple data processing and allow you to use the rest of
this document as a reference guide.
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3 Structure and Syntax of IFEFFIT

This chapter takes an in-depth view it FFIT's data and syntax. Itis more formal and complete
than the previous chapter, but most of the topics here were touched on there. For those of you
with some programming experience or some familiarity withFFIT, this chapter should not be

too confusing. In some sensegFFIT is a language for data analysis and this chapter describes
theIFEFFIT language. As a programming languagesFFIT is pretty weak, missing many key
features. SincereFFIT is really XAFS data analysis program, I'll try not to make this sound

like a programming text, and keep the examples in the previous chapter close at hand throughout
this chapter.

IFEFFIT keeps a single storage areas for all its data, and gives you access to this data through
named variables. You may pick your own variable names for your data and do simple algebraic
manipulation of your data. In the previous chapter we saw an example of this when we read in
data from a file to variables with names corresponding to the column labels in the file, and then
constructed:(E) using simple mathematical manipulation of this data.

3.1 Commands

IFEFFIT is @ command-based program, and every operation you type at the command-line or
send tolFEFFIT through a script is a interpreted as a command. NMestFIT commands have
syntax like this:

Ifeffit> command(argumentl, argument2, ... )
Ifeffit> command(keyword= value, keyword= value,
keyword= value, ..).

Thatis, there is a unigue command name that is given first, then a set of arguments separated by
commas. Most arguments are keyword/value pairs, which have thekiyword= value
wherekeyword is a predefined string andhlue is the value you wish to assign to it. Some
commands use arguments that are not keyword/value pairs, but have some or all of their ar-
guments be lists of strings or program variables. The majority of command arguments are
keyword/value pairs. We’'ll come back to these topics in se@ién

The enclosing parentheses for commands are optional, so that

Ifeffit> command keyword= value, keyword= value

is allowed. If you use an open paren “(", you must match it with a close paren )", even if that
means the command extends over several lines. That allows commands to be extended over
several lines, which will be necessary in some cases. Commands are not processed until they
have matching open and closing parentheses. When using the command-line program, you'll
getapromptof..> instead of the usudfeffit> when a command is partially completed.

As we saw in the example of the previous chapter, and as we will see in the next few sections,
much of the processing you will do WitREFFIT is to create and define Program Variables from
your data. These procedures are done with the commaeifs andset() which differ
slightly but which both have the effect of specifying a value for a Program Variable. That is

Ifeffit> def(kweight = 2.0, kmin = 2.50, kmax = 15.4)

will create and define (or redefine, if they already existed) values for the Program Variable
kweight , kmin , andkmax.

But, as you have probably noticed, we didn't use ded() orset() command in the
previous example, and simply said
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Ifeffit> cu.energy = cu.l * 1000.0
Ifeffit> cu.xmu = In(cu.2 / cu.3)

This is because the default commandéf() . Thatis, if the first word on the command line is
not a known command or macro (which we’ll get to eventually),de&) command is used.
An important consequence of this is that when you do really want to ussetfle com-
mand, you'll need to specify it explicitly. We’ll come back to this topic in secadwhere the
difference betweenet() anddef() are explained. For now, you can simply remember that

The default command isdef()

3.2 Scalars, Arrays, and Strings

IFEFFIT has three types of variables: numeric scalars, numeric arrays, and text strings. [I'll
call all of these “Program Variables” throughout this Reference Manual to mean all the named
guantities thatFEFFIT knows about — you shouldn’t confuse “Program Variables” with values
that are adjusted in a fit which I'll call “Fitting Variables” (see secti#) when there’s room for
confusion. If you have some programming experiemeerFITs data types should be familiar:
numeric scalars are real numbers, numeric arrays are arrays of real numbers, and text strings are
sequences of characters. If that you're not familiar with the ways computers store data, numeric
scalars contain a single number, numeric arrays contain a set of numbers that is referred to as
a whole, and text strings contain a single line of tedteFFIT uses double precision (64bit)
floating point numbers for all it's numeric values, and does not have a separate integer type.
Due to implementation limitations, the maximum number of elements in an array is 16384, and
the maximum length of text strings is 128 characters. These limits are setirdrmT is built.
In principle, these limits could be changed, but | wouldn't guarantee it to be easy to do.

All Program Variables are named, and @lebal in the sense that every part BfeFFIT
sees the same variables using the same names. As yoaarseT, you will define variables
for your data, and tell the commands which data to use by name. Inik@#gIT'S commands
will access variables by name, and may even create named variables or overwrite the values
of variables already defined. That is, the variables you create and the ones tirerhe
commands use will live in the same “name-space”. This gives yourgrFIT'sS commands
equal access to the variables. Thought this should definitely be seen as a strength, it also means
that you should use some care in haming your variables. Normally, there’s not much too worry
about, as long as you avoid things like trying to store the valug,dh a variable name&min .
In general,IFEFFIT expects named variables to store quantitiesxpects. A glossary of the
names and meaningseEFFIT expects is listed at the end of Appendix

To create a variable, you would say something ke = (1 + sqrt(5))/2 . To set
the value ofk,,;, (used by several commands for Fourier transforms), you mighkiseay =
1.00 . You can also use any variable to assign to other variables. If you were so inclined,
you could have said something likenin = phi*(phi-1) , or possibly something along
the lines ofx= exp(0), kmin = 4*atan(x)/pi is more of your idea of a good time.
Actually, these aren’t exactly equivalent ways to define variables, but we’ll get to that shortly.

IFEFFIT uses a simple and strict naming convention for Program Variables, and distinguishes
the 3 variable typeby name This means that everyone (and every command) can tell the
variable type from its name alone. The convention may be a somewhat unusual, but shouldn’t
be very difficult to get used to. The rules are:

1. Text strings have names that begin with a dollar sign ($). Names for numeric scalars and
arrays do not begin with a dollar sign.
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2. Arrays have names that contain one dot (*."), with at least one character before and after
the dot. This gives arrays a prefix and suffix, which leads to a conventiompréfigis
associated with thgroup of the array, and theuffixdescribes the contents of the array.
Neither scalars nor text strings may have a dot in their name.

3. Scalars, the prefix and suffix of arrays, and the characters in the name of a text string after
the dollar sign can contain only letters, numbers, '&’, '?’, "', ant(underscore). They
are limited to 64 characters.

4. Scalars and array prefixes names cannot begin with a numeral. Text strings and the suf-
fixes of array names can begin with a numeral.

5. Variable names are not case-sensitive.

Some examples of the naming convention: ‘$file’ and ‘$mlotor’ are text strings. So is ‘$20’,

but ‘$19.95" isnot allowed. ‘$1’ is a valid name for a text string, beEFFIT uses ‘$1’' ...'$9’

as special variables for macro arguments (see chapjeand it will likely cause confusion if

you actually try to use such variable names, especially in macros. ‘$test.1’ is not allowed, nor
is ‘dec$window’ (it contains a ‘$’ in the middle of it's name, and might inspire a wistful pining
for VMS). Array names look like ‘my.energy’ and ‘data.chi’. ‘X.11’ is allowed, and as we saw

in the previous chapter, the common convention for how to name data from column files, but
‘8.3’ is not allowed as a variable (because it's a plain number). Typical scalar names are ‘EQ’
and ‘edgestep’. ‘10thvar’ is not allowed, since it starts with a numeral. Neither ‘data-10’ nor
‘the_end.” are allowed (the former contains a minus sign, the latter has a dangling dot *.").

‘&’ is allowed in variable names, and by convention, several built-in “system” scalar vari-
ables begin with ‘&', notably&print _level and&screen _echo. The characters '?’,”,
and '’ are also allowed in variable names, and are not currently given any special meaning.
Speaking of special characters, ‘@’ is not allowed in any variable names, but is used with
theshow() command as a primitive wildcard or glob character. In addition, *' is used in
thewrite _data() command as a glob character, to match multiple string names, but isn’t
allowed in real string names. We’ll come back to these glob characters later.

The naming convention gives a clear distinction between the three types, making life easier
on all of us. Text strings will likely be used less than numbers, so the extra $ (with the mnemon-
ics of “string” for English speakers) was chosen for text strings. The ‘.’ in an array name
suggests that they are associated with files (or data structures for the programmers out there). It
also gives a prefix and a suffix to the array names, which gives a handy convention for grouping
them together. Though this convention can be disregarded, it is generally a good idea to use the
prefix to associate related arrays (say, from the same file, or along a single line of analysis), and
to use the suffix to distinguish the contents of the array. This allead _data() to assign
decent array names based either on the column labels in the file or ¢yptheandgroup
keywords. It also means you can have arrays na@etl.xmu and Cu2.xmu, containing
w(E) data from two different files. Apline() command withCul.xmu would generate
Cul.bkg , etc, while aspline()  onCu2.xmu would generat€u2.bkg , etc.

One more thing on naming conventions: though we haven’t discussed macros much yet,
macros are hamed sequencesrEFFIT commands. They share the same naming rules as
plain scalars. In facttommandslso share the same naming rules as plain scalars. To avoid
confusion, you cannot assign a scalar a name of an existing macro or command. By the same
token, you won't be able to create a macro with the name of a known scalar or command.
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Before leaving this section | should admit that there actually is some data that you do not
have direct access to through the Program Variables. The most notable example of data that
is not available through Program Variables is the complete set of information for an EXAFS
Path. The hiding of this data was a difficult design decision, but | felt it provided a simpler
and cleaner interfacg and one that was more amenable to expanding. For the most part, you
probably won'’t even notice that this path data is missing. Besides, almost all of the information
about a Path can be converted into Program Variables.

3.3 Dynamic Variables:set() ,def() ,andsync()

As seen in the previous chapter, you can define your own variablesmriT simply like this:

Ifeffit> a = 1, b = 3
Ifeffit> c (a + b)2

When you say something like this, it's pretty clear that the value should be 2. But a
complication can arise when you redefine a variable. For example, if you now say

Ifeffit> b = 5

Shouldc be 2 or 3? There are two slightly separate parts to this question, and both are important
for understanding howreEFFIT works: 1) shouldrFEFFIT store the value or the formula for a
defined variable? and 2) if the formula is stored, how often should the value be re-evaluated?

The answer to question 1 is thesErFFIT can store either the value or the formula for a
variable. It stores the formula by default, which means thaill be 3. If you don’t want the
formula stored, but want the current value of an expresaidhe time of definitionuseset()
command should be used:

Ifeffit> set (c = (a + b)/2 )

With set() , the formula is not stored, so no matter what valaes b are changed ta; will
be 2.

This “store the formula” aspect ofEfFFIT is fairly unusual in data-processing programs
and languagesFeFFIT is primarily designed for complex dataodeling and this approach is
extremely useful for setting up complex models for fitting.

Well, that brings us to the second question: if the formula is stored, whercviaé re-
evaluated? NormallyfFeFFIT automatically re-evaluates the variables for you. As you might
imagine, if lots of interrelated formulas are stored, re-evaluating them to make sure they’re all
consistent can turn become complicated and inefficiemrFIT tries to hide all this from you,
and isn't as inefficient as you might guésst's possible thatFEFFIT can get confused about
variables and their interdependencies. You can force the variables to be re-evaluated with the
sync() command.sync() checks the dependencies of each variable (both scalars and ar-
rays), re-orders the list of variables, and makes sure that the values are up-teyaetg.

2If you have some programming experience, it might help to think of Paths as Objects: A complex data structure
which you cannot access directly, but only through the supplied methods. In this view, path() defines and creates a
path object, and the commansisow() , ff2chi() andfeffit() , the functiongdebye() andeins() , and
special variables likeeff anddegen access this data.

3That is, it's not storing the text string for the formulas and re-using them — that would be far too inefficient for
data modeling. InsteadrEFFIT parses and converts the formula into a sort of ‘byte-code’ for easy re-evaluation.
Thesync() command inspects this ‘byte-code’ for each formula to determine the simplest order of re-evaluation
of the variables so that all the inter-dependencies are satisfied
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is done internally at the beginning of mamyeFFIT commands. These are listed in chap-
ter 9, and includedef() , set() , plot() , write _data() , and the fitting commands
(minimize()  andfeffit() ). You should never need to usgnc() explicitly, but it's
there if you think you need it.

You can see all this in action witshow @scalars andshow @arrays , which list
variable names, values, afokrmulasfor scalars and arrays. In fact, the variable list shown
is as re-ordered bgync() to reflect the order of inter-dependencies of variables, so that the
variables can be correctly evaluated in one pass. Trivial formulasxiike ‘1 + 1’ are not
stored, sinceFEFFIT can easily tell that the value fwon’t change.

Before moving on, let me try to clarify the distinction betwesst() anddef() one
more time. Everything you type at the command line is interpreted as a command. The default
command igef() . Whenyoutypea = 1, b = 3 , IFEFFIT first looks ata to see if it's a
command. Recognizing that it is NOEEFFIT translates the line tdef(a = 1, b = 3)

This has the consequences that you don't really need todgfig , though keeping in mind
that it's really there all the time is generally a good idea.

3.4 Fitting Variables: guess()

In the previous section, we discussed two varieties of scalars: those thdefére ined as
expressions of other scalars and arrays, and those that{je to a static value. There is
actually a third categoryfitting variables These are a lot like statis€t() ) scalars except that
their values will be changed by the fitting commamaisimize()  andfeffit() . Fitting
variables are a little special in that they keep track of their uncertainties and correlations with
other variables as well as their value. To define a fitting variable, and to give the initial value for
it, you use thguess() command, which has a syntax like this:

Ifeffit> guess my _age = 19

There are nditting arraysor fitting strings

It should be clear that many commands alter the values of scalars. For exprapledge()
can alter the value @0. Butin this case0 is not considered afitting variablejme _edge() ,
because it is not defined aggaess() ed scalar. You may, however, define a fitting variable
e0 when doing fitting of the XAFS with théeffit() command. That is, a scalar is a fitting
variable if it was defined witlguess() , not just if its value changes.

After afit is executed (either with tHeffit() orminimize() command), an estimate
of the uncertainties in the fitted variables will be determined and stored in scalar variable. The
variable will be named with delta _ pre-pended to each variable nardeita _air _lines
will contain the uncertainty imir _lines , and so on.

Finally, there is arunguess() command that will turn all fitting variables into regular
scalars, with their current value. This effectively doese) on all variables, and can be
very convenient when changing fitting models, as unused variables can make it impossible to
determine error bars. For complicated macros, scripts, or programs, it is usually a good idea
to execute amnguess() before executing youguess() commands to clear any unwanted
variables.

3.5 Mathematical Syntax and Operations

As mentioned in the previous section, the definitions of numeric scalars and arrays are inter-
preted as mathematical expressions. These are simple algebraic expressions, using numbers,
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named variables (scalars and arrays), mathematical operations, and intrinsic functions. The
syntax is fairly standard, and the case of the operators and variable names is ignored.

When arrays are used in an expression, the result will typically be an array, with each
element of the array being operated on. For example,

Ifeffit> my.y = sin(my.x)

will define my.y as an array of the same sizerag.x , with the sine operation done on each
element of the array. In addition, arrays canthglt with IFEFFIT using functions such as
range ,

Ifeffit> my.x = range(1,4,1)
Ifeffit> print my.x
1.0000 2.0000 3.0000 4.0000

Several more functions for creating and manipulating array data, as well as details of built-in
math functions are given in the following sections.

3.5.1 Common Math Operations

The supported math operations incluge/, +, -, **, and ~ , With exponentiation
done with eithef* or”~ . Standard math precedence (quantities inside parentheses first, from
inner to outer parentheses, thign and” , followed by* and/ , and then + and -) is obey&d
but parentheses are encouraged. If syntax errors like out-of-range arguments or nonsense math
operations are give, an error message will be printed, and the value will be zero.

There are two built-in constants, whose values you won't be able to changeajives
the value ofr; 3.1415926..., aneétok gives the value onme/h2 in units of 1/eVA2;
0.2624683.... The utility ofr should be obvious. For XAFS, converting photo-electron en-
ergy E in eV to wavenumbek in A~ can be done ak = sgrt(E * etok) . This line
just keeps

3.5.2 Common Math Functions

The supported math functions are listed in Tahl€able2, and Table3. You'll find all the usual
trigonometric functions there, as well as a few other special functions. Note thablotand
In give the natural logarithm, bage All trigonometric functions use radians.

While most functions listed in Tablesshould be familiar, there are a few here that may
need further explanation. Gamma, log-gamma, and error function are suppogatas(),
loggamma(), and erf() , following the usual description found in standard mathematical
handbooks.

The functionsgauss(), loren(), and pvoight() are available for constructing
typical lineshapes to model data, which are especially convenient when used the general least-
squares minimization commamdinimize() . The functions are most likely used with the
first argument being an array, though this is not required. The versions here are properly nor-
malized so that they integrate to 1. For examples gauss(x,x0,sigma) gives

y = Gz, 20,0) = Nl% expl—(z — 20)/20%) 1)

“Actually, IFEFFIT violates standard math precedence by incorrectly associating exponentiation from left to right
instead of right to left. That is, it evaluatd$*3**2 as 4096 (= (4**3)**2) instead of the correct value of 262144
(= 4**(3**2)). Fixing this is not high on the priority list.
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Table 1: Table of Mathematical Functions, Part | (common functions). All function arguments
can be expressions themselves. The listing below indicates the expected type for all these
functions as scalar. When applied to arrays, these functions return an array of values with the
function applied to each element of the argument.

Function Prototype Description

y = abs(x) absolute value

y = min(x1,x2) smaller of two values
y = max(x1l,x2) larger of two values
y = sign(x) sign (1.0 or -1.0) of x
y = sqgrt(x) square root

y = exp(x) exponential, base

y = log(x) logarithm, base

y = Inx) logarithm, base

y = logl0o(x) logarithm, base 10

y = sin(x) sine

y = cos(X) cosine

y = tan(x) tangent

y = asin(x) arc-sine

y = acos(xX) arc-cosine

y = atan(x) arc-tangent

y = sinh(x) hyperbolic sine

y = cosh(x) hyperbolic cosine

y = tanh(x) hyperbolic tangent

y = coth(x) hyperbolic cotangent
y = gamma(x) gamma function

y = loggamma(x) log of gamma function
y = erf(x) error function

y = gauss(x,x0,sigma) Gaussian function
y = loren(x,x0,sigma) Lorentzian function
y = pvoight(x,x0,fwhm,eta) pseudo-Voight function

wherez is X, zg is X0, ando is sigma . Similarly,y = loren(x,x0,sigma) gives

o/2m
(z — x0)* + (0/2)?

y = L(x,x0,0) = (2)

The pseudo-Voight function is a linear combination of a Gaussian and Lorentzian function
with the same full-width-at-half-maximum (FWHM), often used to describe real diffraction
lineshapes. Since the same FWHM for the Lorentzian and Gaussian functions imply different
values ofc, the resultis thay = pvoight(x,x0,sigma) gives

y= 775(%95070) =+ (1 - 77)9(957330709) (3)

where the specified FWHM z ando, = 0/2/21n(2).
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Table 2: Table of Mathematical Functions, Part Il (array-specific functions). All function ar-
guments can be expressions themselves. The listing below indicates the expectedftype (
scalar,my.x for array) for arguments and results. Functions with array arguments return a

scalar valuerfpts() ...vprod() ,nofx() ) will work on scalar arguments, with trivial re-
sults. Functions with a scalar arguments that return arraysifidarr  ...range ) will use
the first element of an array argument as the scalar used.

Function Prototype Description

y = floor(my.a) smallest element of array

y = ceil(my.a) largest element of array

y = vsum(my.a) sum of all elements of array

y = vprod(my.a) product of all elements of array

y = npts(my.a) number of elements in array

my.y = indarr(n) generate array 1, 2, .n.,

my.y = ones(n) generate arrayobnes

my.y = zeros(n) generate arrayozeros

my.y = range(start,stop,step) generate array over a given range

my.y = join(my.x1,my.x2) concatenate 2 arrays

my.y = slice(my.x,n1,n2) generate sub-array my.x[n1:n2]

n = nofx(my.x,x) index of my.x with value closest to x

3.5.3 Array-Specific Operations

As mentioned above, when arrays are used in expression, the result is usually an array. In addi-
tion, the functions listed in Tablésare designed especially to work with arrays, and may either
create arrays given a few scalars or return a scalar given an array expressions. For example, the
functionsceil(), floor(), vsum(), vprod(), and npts() each return a scalar
given an array argumenteil()  andfloor() give the maximum and minimum element of
the array, respectivelwsum() returns the sum of all elements of an arnggrod() returns
the product of all the elements, angts() returns the number of points in an array. As with
all functions, these can be used on expressions as well as on named arrays. Nui(that
is different frommax() , asceil()  returns the single largest value of an array, wiilex()
returns the larger of two values. The functidtwor() andmin() are not the same.

As mentioned earlier, there are a number of functions to help build arrays from scratch.
The functionindarr() takes one scalar argument as an array length and fills the array with
integers: 1, 2, 3, .... For example

Ifeffit> my.index = indarr(10)

will fill my.index be the array (1, 2, 3, ..., 10). The functiooges() and zeros()
create arrays of a specified length, only the created arrays will have all elements setto 1 and O,
respectively. Of course, these functions can be used anywhere in a math expression:

Ifeffit> my.xval = 1 + indarr( max(x1,1) ) /100

It is an error to give these functions an argument that evaluates to less than 1. If the argument
to one of these three functions is itself an array, the first element will be used as the dimension,
and the rest of the array will be ignored.
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The functionrange() is a more general function for creating evenly spaced arrays. It
takes three arguments: a starting value, a stopping value, and a step size for the array. That is

Ifeffit> my.x = range(3,10,1)
will create the array (3, 4, 5, ...10), and
Ifeffit> my.x = range(2,4,0.1)

will create an array with values (2,2.1,2.2,..., 3.8,4.0). If the range is not an exact multiple of
the step sizerange()  will make sure all elements of the array are within the range specified
by the start and stop values. Negative step sizes are allowed, but should be used with care.

Arrays can also be built up and broken apart usingjoivg) , slice() , andnofx()
functions. Thgoin()  function concatenates two arrays, for example

Ifeffit> my.x1 = indarr(3)
Ifeffit> my.x2 = range(10,16,1.5)
Ifeffit> my.x = join(my.x1,my.x2)

Ifeffit> print my.x
1.0000 2.0000 3.0000 10.0000 11.5000 13.0000 14.50000 16.0000

Theslice() function will select asub-array or portion of the array defined by indices for
the first and last point desired. Counting of indices begins with 1, so that

Ifeffit> my.x1 = indarr(10)
Ifeffit> my.x2 = slice(my.x1,3,6)
Ifeffit> print my.x2

3.0000 4.0000 5.000 6.0000

The functionnofx()  will return the index of an array nearest to a given scalar value:

Ifeffit> my.x1 = range(90,180,9)
Ifeffit> nx = nofx(my.x1,126)
Ifeffit> print my.x1
90.0000 99.0000 108.000 117.000 126.000 135.000
144.000 153.000 162.000 171.000 180.000
Ifeffit> print nx
5.0000

If multiple values in the array match (or are equally close to) the requested scalar, the first
occurrence of “the closest value” will be reported.

3.5.4 Functions for Smoothing and Interpolating Data

The functions listed in Tablédo need some more detailed explanation. Many of these functions
are for smoothing and interpolating data. Tdexiv()  function returns the derivative (in the
finite-difference sense) of its argument (a single array). Simeoth() function returns a
three-point smoothing of its array argument. There are three functions for interpolation of
arrays,linterp() ginterp() , do linear and quadratic interpolation, respectively, while
splint() does a cubic spline interpolation. These routines map an x-y pair onto another set
of x-values, with syntax
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Table 3: Table of Mathematical Functions, Part Il (special functions). See notes for Tables
and2 for explanation of arguments and text for explanation of the functions themselves.

Function Prototype Description

myy = deriv(my.x) finite-difference derivative of array

my.y = smooth(my.x) three-point smoothing of array

my.y = interp(old.x,old.y,my.x) linear interpolation of arrays

my.y = (interp(old.x,old.y,my.x) guadratic interpolation of arrays

my.y = splint(old.x,old.y,my.x) spline interpolation of arrays

my.y = rebin(old.x,old.y,my.x) re-binning interpolation of arrays

my.z = Iconvolve(my.x,my.y,sigma) convolve data with Lorentzian

my.z = gconvolve(my.x,my.y,sigma) convolve data with Gaussian

y = debye(temp,theta) o2 in Debye approximation

y = eins(temp,theta) o2 in Einstein approximation
Ifeffit> new.y = linterp(old.x, old.y, new.x)

Ifeffit> new.y = qinterp(old.x, old.y, new.x)
Ifeffit> new.y = splint(old.x, old.y, new.x)

It may be a bit confusing to remember the order of arguments, but is important to keep straight.
The idea is that you're movingld.y fromold.x ontonew.x .

Therebin()  function works in a similar manner to these interpolation schemes, but will
average input data onto the output x array. That is, if the input x-array is finer than the output x-
ray (over any portion of the two arrays), the corresponding y-values wélbeagedvhere it is
appropriate to do so. This is especially useful for finely-spaced data, as QEXAFS or continuous
scan data. Note that tlspline() = andbkg _cl() commands use this algorithm for all XAFS
data when converting from(E) to x (k).

As with other functions, even though the interpolation functions are intended for working
with other arrays, they can be used with some of their arguments as scalars. This can be useful
to estimate a single value of an array as a scalar as

Ifeffit> y = splint(old.x, old.y, x)

which will definey to be the scalar value alld.y atold.x = x

The functiondconvolve() andgconvolve()  provide ways to convolve a data (given
by two arraysy(z) represented byy.x andmy.y for x andy, respectively) with a Lorentzian
or Gaussian function. For example,

Ifeffit> my.y = Iconvolve(my.x,my.y,sigma)
will convolve y(z) with a Lorentzian function described lsjgma . Similarly,
Ifeffit> my.y = gconvolve(my.x,my.y,sigma)

will convolve y(x) with a Gaussian function described sigma . Convolution can be a slow
process, show this should be used with caution, and special care should be given to whether
set() ordef() isused withthese functions.
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3.5.5 XAFS-specific Functions forr?

There are two intrinsic functions to calculaté for an XAFS path. Thelebye(temp,
theta) function generates? for a path given a temperatutemp and Debye Temperature
theta using the correlated Debye Model implemented by Reh@l. in FEFF.  Similarly,
eins(temp,theta) calculatess? for a path given a temperatutemp and Einstein Tem-
peraturgheta using the Einstein Model.

Of course, these two functions need more information than just external temperature and
characteristic temperature. All of the other information depends on which XAFS path is be-
ing considered, and is found using the concept ofGluerent Path further discussed in Sec-
tion 7.1 Without repeating too much of that discussion here, the basic point isFheti T
keeps track of which path it is considering with the varigtégh _index . Within the func-
tionsff2chi  andfeffit() , this variable is looped through the paths you specified, and the
path-dependent values likeff are automatically updated. Similarly, ife¢ Path Parameter
depends odebye() oreins() (even indirectly), it will automatically be updated. From out-
sideff2chi() andfeffit() , you can sepath _index yourself, and then bottiebye()
andeins()  will use be evaluated for the specified path.

3.6 Commands, Arguments, and Keyword/Values

As mentioned in sectioB. 1, every operation you send BEFFIT is a command, and commands
have the general syntax

Ifeffit> command(key= value, key= value, key= value, ...).

Here, we'll give a more in-depth discussion of the functionality hinted at in se8tibn

Generally speaking, arguments (including keyword/value pairs) can be in any order. The
rules for dealing with keyword/value pairs are discussed below , but for I'll just say that the
keyword itself determines what type of variable will be read, and that the equal sign (=) and
comma (,) are the delimiters between the keyword and the value. The value is often treated as a
character string, in which case it's often safest to enclose it in quotes.

Many commands have default keywords that are expected in the first few arguments. For ex-
ample,spline has default keywords a@nergy andxmu for the first and second arguments,
so that

Ifeffit> spline( my.x, my.y)

is shorthand for
Ifeffit> spline(energy= my.x, xmu= my.y)

Similarly, plot()  has default keywords of andy for the first two arguments, so that
Ifeffit> plot(my.x, my.y)

is the same aglot(x = my.x, y = my.y) . Let me clarify this. In this example, the first
keyword is taken az for plot()  becauseny.x is not a keyword, and it is the first argument

in the list. This is not to say that the first argument without a known keyword will be used as
thex-array.

Ifeffit> plot(color = blue, my.x, y = my.y) # No!
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will not work. For several commands, there are keywords that don't really require a value. Such
keywords are often used Hags and so just giving the keyword is sufficient. For:

Ifeffit> pre_edge(my.energy, my.xmu, eOfind)

theeOfind  will causeE to be determined, even if it appears to be known already. Similarly,
in

Ifeffit> plot(my.energy, my.bkg, nogrid, xmin = 8800)

thenogrid flag will draw the plot without the background grid. Actually, flags likegrid

don't really ignore their value — they interpret their value as either ‘true’ or ‘false’, and are true
unless the first character of the valué i3, n, N, or 0. Specifically, a blank value means ‘true’,

so that a value is not needed.

Some commands don’t use keyword/value pairs for all their arguments, but use lists for
some of their arguments. The notable examples of thisaaite _data() , ff2chi() ,
andfeffit() .write _data() uses lists of arrays of text strings to write out to a file. Both
ff2chi() andfeffit() take a list ofFEFFpaths to use in the sum-over-pathsite _data()
is somewhat more complicated, as it interprets a few arguments as keyword/values (notably, the
file  keyword), but expects lists of arrays and strings. Singee _data() can even take a
glob *’ character, it is definitely the command with the least ‘normal’ syntax. It may be con-
venient to think of lists as values without keywords, but it's probably better to not think about it
at all. Lists are used when they make sense, which turns out to not be very often.

As mentioned in sectiof.2, commands take their input from both the argument list and the
global Program Variables. More precisely, many commands deé&alltvalues for command
parameters from the global set of Program Variables. In all cases, there is a corresponding
keyword (often using the same name as the Program Variable) that can be used to override the
value read from the Program Variable. Typically, the Program Variables that are used as default
inputs are also written to when the command is finished, so that subsequent executions of that
command focus on what to change from the earlier execution.

This mechanism of having default values allows you to use a mixture of explicit arguments
and “silent” Program Variables. For example, ffif) command in the initial example took
it's value for thek-weight from the Program Variablaveight which had been explicitly set
a few a lines up. We could have also said

Iff> fftf(real = my.chi, kmin = 2.0, kmax = 13.0,
Iff> dk = 1.0, kweight=2)

which is more explicit. Of course, there is plenty of room for confusion in this approach of mix-
ing implicit and explicit parameters for a command. In general, the use of implicit parameters
setting should be kept to a minimum. Though it means a bit more typing, you'll probably be
happier explicitly specifying all command arguments you care about.

The general execution procedure for all commands is this:

1. read the needed parameters from the list of program variables. If a program variables has
not yet been defined, it will be created, and initialized to O for numeric variables or blank
for strings.

2. read the command parameters from the argument list. This effectively overrides the val-
ues read from the program variables.
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3. perform its main tasks, possibly altering or creating some program variables.
4. update the output program variables to the new values.

The description in Chaptér for each command contains a complete list of the variables read
as inputs, the variables set on output, as well as the complete list of keywords and the variables
they correspond to.

The procedure listed above may a bit abstract, so an example will probably help. Let's
investigate thespline() call in the example of the previous chapter in more detail. There,
the deceptively simple command

Ifeffit> spline(energy = my.energy, Xxmu = my.xmu,
Ifeffit> rbkg=1.1, kweight=1., kmin=0)

was used. Looking ahead to secti®d?2 you may notice thaspline() actually needs the
values for several scalar variablebkg , €0,kmin _spl , kmax_spl , kweight _spl , etc to
name a few. So how doapline() get its values forbkg , €0, andkmax_spl ?

First, spline() checks if there are already variables namdy , €0, etc. If these exist,
their values are taken. Theapline() reads its argument list. Since the keywaobdg is
given in this example, that value is used in place of eblyg variable already defined. Now,
some values don't have defaults, but are requiregfdine() : the name of the energy and
w(E) arrays are required. If these aren’t found in the argumentiine()  will complain
and return without calculating anything.

Oncespline() has determined all the input parameters, it calculaté¢®’) based on all
the scalar and array parameters. The method used is essentially the same algoxitmmeas
and is described in detail iIXAFS Analysis with IFEFFIT , but it's sort of secondary at this
point. What's important here is that the values of some scalar and array parameters may be
changed, or been created if they didn’t exist already. For exarePlandkmax_spl may be
changed if their values at the beginningsgfine() were out of the data range. Because
of this possibility, the last thingpline() ~ does before returning is to reset the values of the
Program Variables it has used. This ensures that both you and all the commands you run later
will agree on the values of the program variables Eke

Of course, each command has its own set of program variables that it will look for on input
and reset on output. Chaptlists the input and output variables for each command, as well as
a bunch of other information about each command.

For the most part, command arguments are interpreted as keyword/value pairs. Keywords
are single words (no whitespace), and are not case-sensitive. Generally, a keyword is followed
by an equal sign, and the text between the equal sign, and up to the next comma or right paren-
these8 is taken as the value.

The value is interpreted according to witgbe of value the keyword wants. That is, if the
keyword wants an array, the value is read as an array, and if the keyword wants a text string (say,
a filename or comment string) the value is read as a string. Most arguments that expect array or
scalar values takexpressionsvhich could be a simple value (as& = 8979.5 ), the name
of existing variable (as ienergy = my.energy ) or something more complicated, like

Ifeffit> set  rbkgl = 1.2
Ifeffit> spline(my.energy, "a.xmu+b.xmu", rbkg = rbkgl)

Note that all the Fourier transform parametersdpline()  are stored in variables that end wisipl .
SActually, up to the first unprotected comma or right parentheses. A comma or parentheses can be protected by
enclosing it in pairs of parentheses, double quotes, or curly braces.
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Though this may seem unnecessarily extravagant for command-line use, it can be very useful for
more elaborate scripts. This feature is also especially convenient wigiidt{e  command,
as it avoids needing to define intermediate arrays just to plot them:

Ifeffit> newplot(my.energy, "my.xmu - my.bkg")

Note that when an expression is given, it is usually a good idea to enclose the expression in
matched parentheses, double quotes, or curly braces.

3.7 Getting information back from IFEFFIT

At some point, you'll probably want to get information about Program Variables, Paths, and
other aspects aFEFFIT's state. The most basic way to do this is with giew() command.

The show command will print out information about the program variables, fitting vari-
ables, paths, macros, color table, and built-in commands. In it's simplest how() will
print the value and, if appropriate the formula, for a program variable. For scalag)()
works like this:

Ifeffit> a = 8, X =9/ a
Ifeffit> show a, x
a = 8.00000000
X = 1.12500000 := 9/a

Note that both the value and formula are shownxXorFor text strings, the results are pretty
straightforward — there’s no stored formula, so the string is simply printed.

Ifeffit> $string = ' My favorite string ’
Ifeffit> show  $string
My favorite string

For arrays, however, the results are a little different. Since it's unlikely you'll want to see
every element of an array (and if you do, there’s alwpgiat() ), so the number of points,
maximum, minimum values, and if appropriate the formula are printed:

Ifeffit> my.x = indarr(10)/3
Ifeffit> show my.x
my.x = 10 pts [ 0.33333 : 3.3333 ] := indarr(10)/3

To see the contents of a pre-defined macro, just telbbimav() command the macro name:

Ifeffit> show make_ps
macro make_ps ifeffit.ps /cps
"dump plot to a postscript file"
plot(device=$2, file= $1)
end macro

The arguments tshow() can be of mixed type — you can show scalars, strings, arrays, and
macros with a single command. If a program variable is not known, an ‘undefined variable’ will
be printed.

Beyond these simple exampleshow() can also print out classes of program variables,
using the specia@lsymbol. That is, to get a listing of all the scalars (with values and definitions,
if appropriate), typeshow @scalars . Similarly, show @arrays andshow @strings
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will show all the arrays and strings, respectively. The listing shown for scalars and arrays will
be sorted with “most constanti.¢., those values that weset() ) at the top, and the “least
constant” {.e., those that depend on other variables) at the bottom. This means the listing is
subject to re-ordering at any time.

All the fitting variables can be shown wighow @variables : both the current value
(which would be the initial value before a fit and best-fit value after a fit) and estimated un-
certainty will be shownshow @colors will print out the plotting color table (discussed in
section5.3). show @macros will print out all the macro names, with description and default
arguments, but won't print out the full text for each macro. You cansteow @macro =
make_ps or justshow make_ps to see the full contents of a macro.

For XAFS paths defined with theath() commandshow @paths will list the values
of all the path parameters for all paths. To get a listing for a limited selection of Etbg;
@path = 1 orshow @path = 1,2,5 will show just those paths.

In addition to theshow() command, you can also print out messages witheitteo()
andprint() commands.echo() simply prints its argument, which is of limited utility at
the command line, but is often helpful in more complicated scripts:

Ifeffit> echo(" | am in macro BKG, about to write outputs")
| am in macro BKG, about to write outputs

Ifeffit> echo " t"

t

print() , on the other hand, is a more general purpose printing command, interpreting its
arguments as strings or mathematical expressions where appropriate, and printing out the re-
sultingvalues For example,

Ifeffit> print pi
3.141593

You can print out more than one value at a time, and even print out the value of expressions,
makingprint() act like a simple calculator:

Ifeffit> var = 100.

Ifeffit> $string = 'This is a string’

Ifeffit> print pi/2 sqrt(5*var) $string
1.570796 22.36068 This is a string

print() does a mediocre job of parsing, so it is best to enclose expressions in quotes or
double quotes. Enclosing in single and double quotes have different results, though. Double
guotes cause evaluation, while single quatesventsevaluation, so the string is written out
literally. That is, you can say something like this.

Ifeffit>print 'x , sqrt(x) = * )" x ", " sqgrt(x) / 2 "
X, sgrt(x) = 10.22000 1.598437
Ifeffit>print * Rbkg ="', rbkg, ' Ang ’
Rbkg = 1.2000000 Ang

Finally, unlike show() , print() will print out all elements of an array. | won't give an
example of that — you can try it for yourself.
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Table 4: Table of Values fascreen _echo
Value Meaning

0 save message to echo buffer.

1 print message to screen.

2 print message to log file, if open.

3 print message to both screen and to log file.

3.8 Log Files,echo() , show() , and print()

In the previous section we saw hagho() , show() andprint()  were used to get various
information fromIFEFFIT printed to the screen during an interactive session. Sometimes, you
don’t care to have such information printed to the screen, but would like to write it directly to a
file. Furthermore, when controlling EFrFIT from an external program or script, you may want
to save the messages that would've been written to the screen and read them into the calling
program. All of these things are possible withireFFIT and in this section.
IFEFFIT sends all its output messages through a single routine that either writes the message

to the screen (technically, standard output) or to an external log file, or saves the message into a
buffer that a calling program can read later. Which of these actions is taken depends on the scalar
variable&screen _echo and whether a log file is actually open and in use. The valid values
and meanings fakscreen _echo are given in Tabld. WhenIFEFFIT starts&screen _echo
is 1, even when run from an external program, so to set up an external program to 'capture the
echo buffer’, you need to séiscreen _echo to 0. If doing this, it's probably a good idea to
check the echo buffer after each command. Examples of doing this are available.

For normal interactive use, the defaiicreen _echo is probably appropriate until you want
to write some of the information fronFEFFIT to a log file. For that, théog() command is
exactly what you need. Usirigg() is simple:

Ifeffit> log(file = my.log)

will close any existing log file (there can be only one log file at a time), and apelog as

the current log file. It will also sekscreen _echo to 2, so that any subsequent outputs from
IFEFFIT, including from theshow() , print() , andecho() commands are sent to this file
instead of the screen. Because of system-specific constraints, you can'’t rely on the log file being
completely full until it's closed, which you can do explicitly with

Ifeffit> log(close)

Though it’'s not completely necessary, you can alsddglf) the level of&screen _echo to
use as well:

Ifeffit> log(file
Ifeffit> log(file
Ifeffit> log(file

my.log, screen_echo = 3)
my.log, screen_echo both)
my.log, screen_echo = tee)

will all tell log() to write all text output to both the log file and the screen. You can also
change the value @&screen _echo yourself while a log file is open.

Note that because a script or program may use the echo buffer for its own purposes, it may
not be wise to overwrite the value &screen _echo from within aniFEFFIT application. For
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example, most of the other GUI applications (includig.FEFFIT, ATHENA, andARTEMIS)
set&screen _echo to 0 and then intercept the output to save in a history buffer or display to
some information screen. This means that you don’t need tssgeen _echo yourself, and

that bad things may happen if you do! On the other hand, getting a history of the input or output
from these programs is usually a matter of cutting-and-pasting from the displayed output.
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4 Input and Output Files

At some point, you'll want to read your data inteerFIT. Getting data in the expected format

is quite possibly the hardest part of dealing with any data analysis program. Curmesti,T

uses plain text files with data in columns delimited by white space (blanks and/or tab characters).
There is also some support fonreFFIT-specific file format for storing data to be read back
into subsequentEFFIT sessions. The ‘old-style’ UWXAFS RDF binary files are not currently
supported.

IFEFFIT expects data to be in plain text (also known as ASCII) files that have some lines of
descriptive text followed by some numerical arrays stored in space- or tab-delimited columns.
The column-based data files have the feature that only one set of related data can be stored in a
given file. In particular, all arrays in an ASCII column file must have the same number of data
points. This is not usually a serious problem, but it is something to keep in mind. Another thing
to keep in mind is thatFerFIT does not yet have any special procedures to support beamline-
specific data.

The commands for dealing with column files aead _data() andwrite _data()

These commands are discussed in this chapter and in se@tFend9.46

4.1 Reading ASCII Column Files

When reading data files witlead _data() , IFEFFIT needs to assign array names to the arrays
read from the file. Deciding the arrays names is the only tricky patdad _data() . Since
all arrays inIFEFFIT have two-part names, with a “group name” for the suffix, and since data
in any data file are usually meant to be grouped togetRerFIT will use a common group
name for all arrays read from a given file. The group name used can be specified explicitly with
thegroup keyword to theread _data() command. If not specified, the group name will be
automatically set based on the file name itself.

Before we get on to the details of naming the arrays, let’s discuss the title lines in the file.
As said above, these lines contain descriptive text about the data, and not the numerical data
itself. Normally, IFEFFIT will try to figure out where the descriptive text ends and the numeric
data begins. One simple way to ensure that this is done correctly is to put some non-numeric
character in the first column of each line of the header. ‘#, ‘%’, *, ‘I, and ‘;’ are popular
choices for such “comment characters”, argFFIT will respect them all. Another possibility
is to specify the number of title lines explicitly, with thide  _lines keyword, as in

read_data(file=my.chi, title_lines = 3)

It is generally easier to arrange for files to have title lines that always begin with some comment
character than to have to count the number of title lines for each file.

The first 64 title lines will be stored in strings named according to the “group hame” with
names likebGROURitle  _Il . That is, when reading a file with group namdife ", the
firstcommentline will be save ifixfile  _titte  _01, and the twelfth irbxfile  _title _12.

OK, on to the naming of the arrays. There are several ways to specify how the suffixes
of the array names will be. The sheer number of options may seem unnecessary at this point,
but after usingrerFIT for a while, you will probably end up using several of these methods
depending on the data file you're using. The simple way to hame the arrays from a file is to
make the suffix of each array name be the integer for that column, by spgoéfyraw in the
read _data() command. Thatis,

read_data(file=myfile.dat, group = A, type = raw)
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Table 5: Table of Known Data Types fogad _data() . Note that if there are more columns
in the file, the subsequent arrays will be named by the column index.

Data Type Array suffixes

Xmu energy, xmu

chi k, chi

rsp r, chirre, chirim, chir.mag, chirpha
gsp g, chigre, chigim, chig.mag, chigpha

chi_std kstd, chistd

xmu.dat energy, evrt0, k, mu, mu0, chi

chi.dat k, chi, mag, phase

feff.dat k, cphase, mag, phase, redfactor, lambda, realp

will create arraysA.1, A.2, A.3, and so on. The “raw” names aren’t very mnemonic, but
they're simple and and very predictable. For analyzing several similar files, you could read in
the data usingtype = raw " and write a macro to rename the “raw” column arrays. For
more on macros, see chapiel

Often times data comes in fairly standard file types, in which the columns have known
arrays. So the second way to name arrays®¥FIT is to specify one of several known “type”
toread _data . Thus,

read_data(file=my.chi, group = A, type = chi)

will name the array from the first colunfu.k , and that from the second columnchi . Any
remaining columns will bé\.3 , and so on. Similarly,

read_data(file=cu.xmu, type = xmu)

will name the array from the first columeu.energy , and that from the second column
cuxmu . (Note here thatdgroup ” was not specified, and so was taken from the file name
itself). Tables lists all the recognized file types and the associated column names.

Another common situation is for files to come with column labels already provided in the
file. In such a case, thigpe = label can be used teead the column labels from the file
itself, provided the file has been formatted with this in mind. By that | mean 1) the file has text
strings at the top of the file, before the column data, 2) that the next to last text line is a line of
minus signs (the important thing is that the third through eight character on the line are minus
signs), and 3) the last text line is a label line. Such a file would look like this

# Cu XAFS

# data file containing xmu(energy)
H.

#

energy xmu i0
8760.02 1.313982 60351.3
8770.01 1.323154 59808.3
8779.98 1.332213 59290.3
8790.02 1.344031 58709.3
8799.98 1.352667 58245.3
8810.02 1.364248 57719.3
8819.99 1.375764 57165.3
8829.98 1.384695 56690.3
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and be said to have column labels “energy”, “xmu”, and “i0”. All the files distributed with
IFEFFIT have columns labeled in this way amaEFFIT normally write out files with such labels.
To read this file, and have the array be named by the given labels, you would say

read_data(file=my.xmu, group = A, type = label)

which will create the arrayé.energy , A.xmu, andA.i0 . There are some minor issues
when column labels contain characters (“()./,” and so forth) which can’t be in the suffix part of
an array name, in which case the arrays names will end up a little mangled — ustialily be

used instead of the offending character.

When all else fails, you'll just want to specify the array names yourself. Keeping in my
the previous method, the preferred way to specify the names is witaltbe keyword. This
overrides all the above methods, and can be used to override default column names from the
file itself. The argument tabel is a space delimited string with the array suffixes as if it had
been the label string in the file. Thus, using

read_data(file=my.xmu, group = A, label = 'x y 2)

would create array8.x , Ay , andA.z , even if the arrays are labeled something else in the
file.

A note of caution: there is nothing preventing two columns from having the same label.
This is currently an unsolved ‘feature’ that may be fixed in the future.

As we have seen, there are several options for how to name arrays readrieaglittdatal()

So, which one is the default if neithgpe orlabel are given, or if both are given? The an-
swer is this: First the string from tHabel keyword is used. Ifabel is not given, then the
type specified by theype keyword is used to generate the array names (with results shown in
Tableb). If neither of thelabel ortype keywords are given, the existing “label line” from
the file is used. Finally, if there is no label line in the file, the column indicestype=raw )

are used.

Given these complicated rules, it might be nice to know for sure what arrays were actually
read in. This may not seem so important when ushmgfFIT at the command-line, because you
can always do ahow @arrays or evenshow @group=A and figure it out. But if you're
writing a script, this can be a serious issue. In all casesd _data() will set the string
$column _label to a space-delimited string of the arrayffixegust read in, as if this had
been the label string in the file.

4.2 Sorting Data withread _data()

In general,IFEFFIT expects data to be well-ordered. RefFE) data, it generally expects the
data to be in strictly increasing order of energy — and without repeated energy values. Unfortu-
nately, not all data comes like this. Notably, XAFS data collected in “continuous scan mode”
or “Quick-EXAFS” is rarely guaranteed to be in strictly increasing order. In addition, data is
not always perfectly ordered for some beamlines using encoder-readback for monochromator
position even in step-scan mode.

To overcome problems resulting from poorly-sorted degad _data() allows you spec-
ify a columnnumberto put into strictly non-decreasing order (that is, increasing order but with
repeated points retained) and to sort the other columns accordingly. To do this, you would use
the “sort” keyword,

read_data(file=sro_xafs.dat, group = sro, sort=1)
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Note that the column number is given, not the column name. The reason for this is that the actual
column names are not necessarily known prior to runniagl _data() , and confusion could
easily occur between similarly named columns. By default, the data will not be sorted. You can
ensure that sorting will not be done by usiegd _data(...,no _sort=1,...)

Thespline() , pre _edge() , andbkg cl() commands will internally sont(F) data
into strictly increasing order (averaging repeated energy points) to avoid such problems. Sitill,
if you may have poorly-sorted data, it is recommended that you sort itnedl _data()
before doing any processing on it.

4.3 Writing ASCII Column Files

To write data withiIFEFFIT, you use thewnrite _data() command, specifying the name of
the output file, and listing the names of the text strings, scalars, and arrays to write to this file.
Text strings are written at the top of file, one per line, in the order you specify. The “comment
character” is written at the beginning of each of the lines of text (in the first non-blank row).
To specify the comment character, either set the Program Vaablementchar or set the
commentchar keyword towrite _data .

After the string variables are written, scalars are written, one per line, in the form

<comment character> <scalar name> = <scalar value>

After the scalars, a line of minus signs is written, and the a label line (suitable for later read-
ing with read _data(..., type = label) ) is written containing all the arraguffixes
The label written can be explicitly given with thabel keyword. If not specified, the label
will be generated from the suffixes of the array names. Both the line of minus signs and the
label line will still have the “comment character” at the front of the line).

Finally, the arrays are written out in columns, in the order (left-to-right) listed.

write _data() will write the same number of points for all arrays. If the arrays have
different number of points, theninimumnumber of points will be written. At this writing,
write _data() is limited to writing out 64 columns per file.

It's not unusual to want to write ol the strings namefiGROURitle  _Il to afile, so
as to preserve the comments from the starting file(s). Typing each name individually would be
painful, sowrite _data() supports the usual “*” glob character to mean “all that match”. So
putting$GROURitle  _* in the list would cause all strings matching that name to be written.
You can use a “*” in this way to match any string names. You could even use it to match array
names using something likexmu ora.* , but since the number of points could be different
for the different arrays, this should be used with caution.

4.4 The PAD Format for Save and Restore Files

Though ASCII column files are often the most convenient form to use, they are somewhat
limited for large amounts of data. The least desirable features of ASCII files are that they take
too much space, that they can’t store arrays of different sizes, and that they can’'t hold many
arrays. All of these limitations can be overcome by using the PAD (that stands for Packed ASCII
Data) file format specially designed feerrandIFEFFIT. PAD files are fully portable plain-

text files that can store an unlimited number of arrays of different sizes and can be transferred
to (and read on!) any machine. The PAD format stores approximately 12 significant digits for

each numerical value.
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Of course, there are drawbacks to the PAD file system. These are 1) a slightincrease in time
to read the file compared to regular binary (but much faster than a set of plain ASCII files!!),
and 2) these files cannot be used directly in any other program. The second point is a serious
problem. Like the UWXAFS RDF files that they're intended to replace, the PAD format is a
home-built file storage system. Moving to one of the accepted scientific data formats such as
netCDF may be necessary in the future.

PAD files are especially suited forerFIT because they can store and mix all types of
Program Variables. This makes them ideal for saving a full seEefFIT variables. The
save() command (sectiof.39 uses the PAD format to save the current stateBFFITinto a
save file that can be then read in widstore() (section9.38) to re-create a previoOuseFFIT
session. Since all Program Variables are saved and since the PAD files are saved in printable
ASCII characters, thisave() /restore() mechanism makes a completely portable way to
preserve amFEFFIT session into a single file for later inspection or to share with a colleague.
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5 Plotting with IFEFFIT

Graphical displays of data are essential to data analysisFIT uses PGPLOT, a simple graph-

ics library that is fairly well-supported and portable, and can be accessed from fortran, C, and

a variety of scripting languages. PGPLOT supports many graphics devices (terminals, graph-
ics files, hardcopies), and works well on Unix, MacOS X using X Windows, and Windows
systems. Much of the information in this chapter is adapted from the PGPLOT documentation.
That documentation is aimed at the programmer and not the end user, but the concepts discussed
are fairly simple. If you have a question aboBEFFIT graphics, you may wish to consult the
PGPLOT documentation, which can be foundhtip://www.astro.caltech.edu/ tjp/pgplot/

Plotting inIFEFFIT is encapsulated in the commaralet() , newplot() , cursor()
zoom() , color() ,plot _text() ,plot _marker() ,andplot _arrow() . These com-
mands make respectable looking plots on screen and paper, and provide good flexibility for
graphical data analysis. These routines allow different colors and linestyles for each trace on
the plot, They allow other symbols, text strings, and arrows anywhere on the plot window, and
allow a 'legend’ of plotted trace to be easily and automatically built. They also allow you to
use the cursor to get x-y positions of particular points on the plot window and to zoom in on
particular areas of the plot window.

The hardcopies made by PGPLOT are of reasonable quality, but may not satisfy your criteria
of publication quality. Since there are many programs designed especially for these purposes,
and sincelFEFFIT is intended to be an XAFS analysis program, not a high-quality graphics
program or a data visualization tool, the quality of the resulting graphics seems acceptable.

Theplot() command is the main plotting commandiEFFIT, making a two-dimensional
line-plot or scatter-plot given x and y arrays. There are many optional arguments, most of which
will be discussed in this chapter. A complete list is given in seclicdY. The newplot()
command is a minor variation guiot() , that will always erase the current plot before plot-
ting. The rest of this chapter will discuss the details of the various plotting options available in
IFEFFIT.

5.1 Specifying Data for Plotting

Theplot() command plots arrays of data. Typically, you you will specify array names for
both the x- and y-arrays, as in

Ifeffit> plot(x= my.x, y= my.y)

Of course there are many other optional keywords you can gigkot§ , but here we're just
focusing on thex andy arguments because they are the most important. As yowrgSEIT,
you'll find that a simpleplot() command such as the one above gets used a lot. Because of
this, even this simplplot() = command can be made easier, more flexible, and more powerful,
as will be discussed here.

First, theplot() command uses the concept of positional keywords, so that you can drop
thex= andy=, and just use

Ifeffit> plot(my.x,my.y)

that is, the first argument in the list (i.e., everything between ’(’ and the the first comma) with-
out an explicit keyword is assumed to be the valuexfpand the second argument without a
keyword is assumed to be the value yorSince a command that fits on a single line can drop
the parentheses, this can become


http://www.astro.caltech.edu/~tjp/pgplot/
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Ifeffit> plot my.x, my.y

Much, or perhaps most, of the data you'll want to plot will be in a single group. Ikthe
andy arrays you intend to plot are in the same group, you can specify the group once, and only
give the suffixes of the array names:

Ifeffit> plot x, y, group=my

In fact, if the string variablébgroup is set to the group you want (and it often is set to the
“current group” after most data processing commands, angltt® command itself), this
group name will be used by default:

Ifeffit> $group = my
Ifeffit> plot X, y
Ifeffit> plot x, z

which greatly simplifies the task of over-plotting data from the same group.

Since there are twplot() commands in the above example, this is a good time to discuss
when the plot window gets cleared for a fresh plot. Normally,dled() command adds the
specified trace to the existing plot: over-plotting is the normal behavior. To clear the plot, you
can use

Ifeffit> newplot (my.x, my.z)

which will erase the previous plot and start over. You can simply send an erapiglot()
command and subsequeatbt() commands will add to this refreshed plot window.

In many cases, you'll want to plot more than gnarray as a function of the samearray.
This leads to a slight variation on the rule for positional keywords. | said above that the first
argument without a keyword is taken forand the second for, but the full truth is a little more
complicated. If exactly one argument has no keyword, and there is no explicith=set
argument, then the argument without a keyword is actually taken as the y array. In this case, the
X array is thepreviousx array. That is, after

Ifeffit> newplot (my.energy, my.xmu)
these two commands will produce the same effect:

Ifeffit> plot my.energy, my.bkg
Ifeffit> plot bkg

If you give only one array for the first trace to plot, a simple index array (i.e, 1,2,3,4,...) will
be used fok, so that

Ifeffit> newplot my.energy
would be equivalent to

Ifeffit> my.tmpx = indarr( npts(my.energy))
Ifeffit> newplot my.tmpx, my.energy

That covers how to make th@ot()  command simpler, now let's look at how to make it
more complicated. As the last example hints at, sometimes it's desirable to plot arrays that do
not yet exist as named arraysIFerFFIT. For example, to view (E) = u(E) — po(E) after a
background subtraction frospline() , you might say
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Ifeffit> cu.chie = cu.xmu - cu.bkg
Ifeffit> plot(x= cu.energy, y= cu.chie)

or use one of the simplified forms discussed above. But if you only want to yigw, not
do any processing with it, it seems unnecessary to create it. So, in fact you can pass a simple
expression as thg (or x) argument tglot()

Ifeffit> plot(x= cu.energy, y=cu.xmu-cu.bkg)

In fact, the expression can include any of the data and any of the functions described in sec-
tion 3.5. This provides a flexible way to plot a variety of functions, but there are some caveats to
using expressions instead of existing arrays. First, to be sure the expression is parsed correctly,
you should put it in quotes:

Ifeffit> plot(cu.energy, y="(cu.xmu - cu.bkg)*(cu.energy-e0)")

This is especially true if the value in the keyword/value pair contains spaces: use quotes or
you're likely to get several warnings and weird results. Also, when using an expression instead
of an existing array, you should not rely enandy being default positional keywords, and
explicitly use they= as shown above.

5.2 Error Bars

If you have experimental data for which you have estimates of the uncertainties in the data,
it is often useful to display these uncertainties using error bars. This can be done using the
keywordsdy anddx which name arrays for the point-by-point uncertainties inyhand x

arrays, respectively. That is,dfat.sigma is an array of uncertainties gat.y ,

Ifeffit> plot(dat.x, y=dat.y, dy=dat.sigma)

will add vertical error bars extending frodat.,y -dat.sigma todat.y +dat.sigma
Similarly, though it somewhat less usual for EXAFS data, if you have an estimate for the
uncertainties in the ordinate array, these can be displayed using

Ifeffit> plot(dat.x, y=dat.y, dx=dat.delx)

will add horizontal error bars extending frothat.x -dat.delx todat.x +dat.delx

Though we’ll discuss how to select plot colors and line styles in the next section, the error-
bar plots generated with thept() = commands will use a single color and style for the main
trace and error bars. If you'd like to see the error bars alone, or have thee error bars in a different
color from the main trace, the you should stgle=pointsl when plotting the error bars:

Ifeffit> plot(dat.x, y=dat.y, color=red)
Ifeffit> plot(dat.x, y=dat.y, dy=dat.sigma,
color=black, style=pointsl)
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5.3 Colors, Line Styles, and Other Attributes

IFEFFIT allows different colors for each trace as well as the background, the foreground (text
strings and the box around the plot), and the optionally displayed grid. It also supports different
styles of lines (solid, dashed, points, etc.) to be used for different x-y pairs. This section will
explain how to use these options in detail.

There are a few different ways to specify colors for x-y traces, background, foreground, and
optional grid. First and most simply, you can specify the color for each object directly by name:

Ifeffit> plot(my.x,my.y, color=red, bg=white)

which will draw the x-y trace in red on a white background. This is probably the easiest way
to get the colors you want. The available set of named colors is determined when the PGPLOT
routines are installed, and are listed in the f@e.txt  in the PGPLOT directory. This file is
usually very close to the standard X-Windows set of colors, so you can speciferblue3
andbisque , but notteal . For other colors, you can specify the red-green-blue intensities in
hexadecimal format, using the somewhat standard ‘#RRGGBB’ format:

Ifeffit> plot(my.x,my.y,color="#FFO0FF’)

will be magenta, for example.

If colors are not specified in th@ot() command, the default values used will be taken
from an internal “color table”. The color table lists the colors used for background, fore-
ground, grid, and then the traces in order that they are drawn, and can be displayed with either
color(show)  orshow @colors . A typical output would look like this:

Ifeffit> show @colors
plot color table:

bg = white

fg = black

grid = #CCBEEO
blue
red
darkgreen
black

A WN P
I

which means the first trace drawn would be in blue, the second in red, and so on. You can
change the values in the color table usingdbir()  command, like this:

Ifeffit> color(fg = black, bg = white, grid = "#AABB99)
Ifeffit> color(1 = yellow, 2 = cyan)
Ifeffit> color(3 = white, 4 = magenta)

which will reset the default colors to plot with. Such commands may be placed in a start-up file
Jifeffit . For postscript output intended for a printer please note that a black background
will use a lot of ink — a white background is recommended for hardcopies.

There are a few different line styles available as values fostjile  keyword. The sup-
ported line styles are given in Talavith examples shown in Figure There is a fair selection
of points available for th@oints andlinespoints styles, which are specified by integer
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Table 6: Supported Plotting line styles for thiet() command. These can be specified with
plot(..., style=lines) and so forth. The available point types are show in Figure

Line Style Description

solid solid line

dashed dashed line

dotted dotted line

dot-dash mixed dot-dashed line

points a special marker at each point (see Fiqyre

linespoints  solid line with a special markerd at each point

Solid

Dashed __---"7~ -
T Herreeenssoeee

" Dot-Dash--"" . _
P linespoints?2 . points3

linespoints4 *

S

Figure 1: A selection of plotting line and points styles fEEFFIT.

with pointsl , points2 |, linespoints12 , etc, with examples of the available point types
shown in Figure.

The width of the lines for all traces and axes can be set witHitieevidth keyword,
which takes an integer value. Values between 1 to 5 are appropriate, and the default is 2.

5.4 Text Strings and Labels

Text strings can be put on a plot to labels axes, give a title, as a legend for each trace, and to
put text at user-specified coordinates. There is some control over the character size and font
used, and there is a primitive syntax for non-standard characters that allows Greek letters, the
Angstrom symbol, subscripts, and superscripts. Like many aspects of PGPLOT, the possibilities
are limited, but include a reasonable set of functionality needed for most applications. The full
list of plot()  keywords affecting the placement of text strings on the plot window are given

in Table7. In addition to theplot() = command, thelot _text() = command can be used to

put text strings at selected x-y coordinates.

The keywordslabel andylabel set the labels for the x-axis and y-axis, respectively,
whiletitle  will set the title above the drawing box. Each x-y trace can have a legend that will
appear along the right side of the plot, with a short version of the plot line style and a “legend
key” — a short text string that you can set with #ey keyword, as in
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o 0 1 + 2 x5 o 4
x 5 o 6 a 7 e 8 o 9
10 o 11 x 12 s 13 s 14
s 15 - 16 . 17 * 18 O 19

20 o 21 o 22 o 23 O 24
O 25 | () 26 ©27 « 28 > 29

Figure 2: The plotting point types forFEFFIT, as produced with syntax such as
style=points3 , and so forth. The linespoints types suchsige=linespoints3
will show the same point type, joined with a solid line.

Ifeffit> plot(dat.r,dat.chir_mag, color=red, key='data’)
Ifeffit> plot(fit.r,fit.chir_mag, color=red, key='fit)

Text strings can also be put anywhere on the plot using eithetettie keyword, which
will put a label at a coordinates specified by the keywaelg _x andtext _y or by the
plot _text() command.

You can put on multiple labels (up to 32) on a plot, but once on they can only be erased by
making a new plot, which will erase all the labels.

Ifeffit> plot( text="300 K Data’, text x=7025, text_y=0.2)
or

Ifeffit> plot_text(x=7025,y=0.3, text="400 K Data’)
Ifeffit> plot_text( 7025, 0.5, ’'500 K Data’)

As you can see, the advantage of et _text()  variation is that it has default positional
keywords forx, y, andtext which greatly simplifies the syntax. Such labels are often useful
when coupled with arrows, discussed in sectidh

The sizes of the various text strings and plot markers can each be set separately. The text
size for the axis, x- and y-labels, and title can be set with the keyvatrelsize . The
text size for legend keys and explicitly-placed text strings are set with the keyexisize
The size of the point markers for point and linespoints line styles are set withaHesrsize
keyword. The keywordharsize  will set all of the sizes to the same value. The value taken is
a real number, with appropriate values usually in the range of 1.0 to 3.0. To completely suppress
the axis text, you might be tempted to tabelsize  to zero. This can cause odd results, so
using a very small value such as

Ifeffit> plot(dat.x, dat.y, labelsize=0.0001)

"These two variations of plot(text="300 K Data’, text X=7025, text _y=0.2) and
plot _text(x=7025,y=0.2,text="300 K Data’) really are equivalent and can be mixed.
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Table 7: Arguments for thplot() command for putting text strings on the plot window.

Keyword Meaning

xlabel the label of the x-axis

ylabel the label of the y-axis

title plot title along top

key keyword describing each trace for legend
charfont integer to select font for text

charsize character size for all characters and markers
labelsize character size of axis labels and numbers
textsize character size of text strings and legend keys
markersize size of plotting point markers

text text string for a general plot label

text x x-coordinate for this text string

text .y y-coordinate for this text string

will effectively suppress the axes from being drawn.

The syntax of the text strings themselves is almost straightforward. The PGPLOT docu-
mentation gives a more complete description, but I'll outline the main points here. Most text is
displayed as typed, of course. You can also use “control sequences” to control formatting and
special characters.

PGPLOT uses Hershey (vector) fonts which are easy to render when rotated but look slightly
less than ideal. You can specify one of four fonts as the default font witlchiefont
keyword, which takes an integer 1-4 as its val@arfont =1 is the normal typeface — a
sans serif fontCharfont = 2 gives aroman fonCharfont = 3 gives an italic font, and
Charfont = 4 gives a script font which is pretty difficult to read. You can mix these fonts
in a text string with the an escape sequence.

\fn The Sans Serif Font \fi The Italic Font
\fr The Roman Font \fs The Script Font

which will render fonts as shown in Figuge

To get Greek characters, escape sequences starting gvitte used:\gm give u, for ex-
ample. Subscripts are done witld and superscripts withu. There are no sub-subscripts,
super-superscripts, sub-superscripts, etc. Angstrom symbol is,A. Examples of these, and
some string sequences to get common symbols for XAFS analysis are shown inJF;ignce
are provided in the examples distributed witlEFFIT.

5.5 Markers and Arrows

The plot points as shown in FiguBecan be put at any location on the plot windownaarkers
This is done with theplot _marker() command

Ifeffit> plot_marker(x=7000,y=4,marker=1)
Ifeffit> plot_marker(7000,2,3)

where the value ofmarker gives the integer from Figur2 for the symbol to use. Like the
plot _text() command, this command can use default positional keywordx,fgr, and
marker , greatly simplifying the syntax.
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1 The Sans Serif Font 3 The Italic Font
2 The Roman Font 4 The Seripb Fond
Greek letters (\ga ... \gz): a B £€6 ¢ ¢ ¥

O LYKANUVOTYPOTUY W
Common XAFS Symbols:

\gm(E) w(E)
Nax(R)| (\A\u—3\d) X(R)| (&%)
KU2\d\gx(K) (\W\u—2\d)  kZx(k) (R7?)
\gs\u2\d (\A\u2\d) o? (R?)

Figure 3: Sample of plotting text strings, fonts, and special characterseeriT

Arrows and lines can be put anywhere on the plot window, pointing to some spectral feature
of the plotted data. This is done with tiplot _arrow() command, which takes beginning
and end points, and parameters describing how draw the arrow head (including whether to have
no arrow head at all). An arrow can be placed like this:

Ifeffit> plot_arrow(x1=7000,y1=4, x2=7050,y2=3)

More complex control over the shape of the arrowhead can be obtained with the keywords
size , angle , andbarb . Thesize keyword alters the size of the arrowhead, wiitegle

gives the angle subtended by the point in degrees. btb keyword controls the shape

and concavity of the arrowhead. Examples, with reasonable values faizihe andbarb
parameters include

Ifeffit> plot_arrow(x1=10, yl= 4, x2=25, y2=4, barb=2)

Ifeffit> plot_arrow(x1=65, yl= 4, x2=90, y2=4, barb=0,outline=1)
Ifeffit> plot_arrow(x1=65, yl= 0, x2=90, y2=0, angle=100,barb=0)
Ifeffit> plot_arrow(x1=65, yl=-4, x2=90, y2=-4, size=5)

Ifeffit> plot_arrow(x1=30, yl= 8, x2=90, y2=8, no_head=1)

The result of these and othglot _arrow() commands are shown in FiguteThe arrowhead
can be made hollow by settimytline=1 . To get a line between points (x1,y1) and (x2,y2),
the plot _arrow() command is used witho_head=1, which completely suppresses the
arrowhead.

5.6 Cursor and Zooming

For interactive data analysis, it is often desirable to get the x-y coordinates of some particular
point on a plot, or to zoom in on a particular region of the plot window. €hesor()
command allows you get the coordinates of a point on the plot window by clicking on it with
the mouse. The x- and y-coordinates are then stored irFtrrIT variablescursor _x and
cursor _y. These values can be written to the screen immediately by usirstptive keyword:

Ifeffit> cursor(show)
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plain no_head=1 outline=1
A
el
barb=2 barb=0 barb=0,outline=1
- > >
angle=20 angle=50 barb=0,angle=100
N
V.
size=1 size=2 size=5
N, )
Ve
size=4,barb=1.5 size=3,angle=70 size=3,barb=-0.4

Figure 4: A selection of examples of plotting arrow parametersHoFFIT.

This will wait for you to click on the plot window, then print out the result in the form
cursor: x = 7.78890 , Yy = 0.963039

Itis important to remember that tloersor()  command blocks all other processing until you
click on the plot window. For one thing, this means that puttiogsor()  in a macro should
be done with caution.

By default,cursor()  will show a small cross at the cursor point, but it is possible to
change the look of the cross-hair shown while selecting the cursor point. For example,

Ifeffit> cursor(crosshair)

will show a moving crosshair that extends the full height and width of the plot window. There
are a few other variations on the look of the cursor when selecting points. For example,
cursor(vert) will show just a vertical line that spans the entire length of the plot win-
dow, and follows the cursor as you move the mouse. Similadssor(horiz) will show a
horizontal line that extends over the entire plot window and moves with the cursor position.

For selecting x-ranges (say, for choosing an energy range for the pre-edge region), it is
often useful to see the previously chosen cursor position as you select the next one. This can
be accomplished witlcursor(xrange) which will show a stationary vertical line at the
previously selected cursor point (or, if you explicitly sefrsor _x yourself, that value will
be used) and also show a vertical line that moves with the mouse. Similarly, for selecting a y-
range cursor(yrange) will draw a stationary horizontal line at the value setdoysor _y
as well as a horizontal line that moves with the mouse.

The zoom() command will allow you to select a region on the current plot window to
“zoom in” on. This will first show the full-length cross-hair, as fraursor(crosshair) ,
until the mouse is clicked, then show a box with one corner at the first selected point and the
opposite corner that follows the cursor until the mouse is clicked again. At that point, the
window will be zoomed to this selected box. Usigpm(nobox) will suppress the drawing
of the cross-hair and “zoom box”, showing only the normal cursor plus sign.

You can get the resulting x- and y-coordinates of corners of the selected zoom box by using
zoom(show) . This will print out two lines of the form
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Table 8: Typical PGPLOT device labels and their meaning. Note that several of these are re-
stricted to a single platform, and that other plotting devices may be available on some platforms.

Device Name Platforms  Description

/null all none — no plot will be drawn
Ips all black-and-white Postscript file, portrait mode
Ivps all black-and-white Postscript file, landscape mode
/cps all color Postscript file, portrait mode
Ivcps all color Postscript file, landscape mode
[qgif many GIF file, portrait mode
Ivgif many GIF file, landscape mode
/png many PNG file
/tpng many PNG file with a transparent background
/xwindow Unix/X X-window screen
Ixserve Unix/X X-window screen, persistent plot frame
/gw Win32 GrWin graphics screen
faqt Mac OS X Optional Mac Aquaterm (non-X) screen
cursor: x = 1.03020 , Yy = 0.001020
cursor: X = 4.30290 , Y = 0.963039

that will contain the limits of the zoomed plot window.
IMPORTANT NOTE: On Windows systems these variations on the cursor lines and “zoom
box” are not working. This is under investigation.

5.7 Graphics Devices

PGPLOQOT, and thereforgEFFIT, uses the concept of a plottimgviceto distinguish different
output forms. Depending on how PGPLOT was installed, there can be several different devices,
including output to the screen (possibly using different screen plotting libraries) and graphic
image files suitable for making hardcopies or including in other documents. The list of devices
typically available is given in Tabl8. To see the available devices for any installationFafr-

FIT, you can inspect the strirgplot _devices , which will contain a simple space-delimited
string of device names as given in TaBle

Ifeffit> print $plot_devices
[gif /vgif /png /tpng /null /ps /vps /lcps /veps /xwindow /xserve

The currently selected device is containeépiot _device . For each platform, at least one
interactive plotting screen device is available. Normally one of these is the default plotting
device, so that plots are ’live’ and interactive. The following sections describe several of the
plotting devices in details and how to customize the settings for them.

5.7.1 X-Windows Graphics

For Unix (including Mac OS X), the X Windows library is well supported by PGPLOT and
IFEFFIT. To uselFEFFIT on an Unix/X window system, you’ll need to set two environmental
variables. First, the variable PGPLIR gives the directory location of the PGPLQOT library
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(probably /usr/local/pgplot/). Second, the variable PGPLAV sets the default plotting de-
vice. To draw to the X window, this should be set to either ‘/XSERVE’ or '/XWINDOW'. In
c-shell and derivatives, this would be done like this (possibly put indslerc ~ file):

# csh syntax
setenv PGPLOT_DIR /ust/local/pgplot/
setenv PGPLOT_DEV /XSERVE

In bash and ksh shells, this would look like this (possibly in.frefile file):

# bash syntax

PGPLOT_DIR /usr/local/pgplot/
PGPLOT_DEV /XSERVE
export PGPLOT_DIR

export PGPLOT_DEV

The '/ XWINDOW’ and '/XSERVE’ devices look identical, but there is one important dif-
ference between them. The '/XWINDOW’ plot window will disappear when you |ep&eFIT,
while the '/XSERVE’ plot window will remain plotted until explicitly killed by your window
manager (say, by clicking the little X button). If after leavimgEFFIT you start anotherFer-
FIT session (possibly on a different machine) that same plot window will be used, though two
concurrentFEFFIT sessions will not use the same window.

In addition to the choice of X window type, there are a few other X-window settings for
PGPLOT that you may way to customize in yoMXidefaults or .Xresources file. The
two most important settings are:

pgxwin.server.visible: false
pgxwin.Win.geometry: 610x377

The first of these suppresses a little X-server window that pops up. The second sets the initial
window geometry in pixels. Of course, you can resize it, but this will set it to a decent size to
begin with. Finally, the X-Windows device has a tendency to use up the X color map, which
causes color flashing, especially on machines with older video cards, and especially when other
color-intensive programs are running. If this happens, try limiting the number of colors that
PGPLOT can set aside:

pgxwin.Win.maxColors: 64

did the trick on my old laptop.

5.7.2 GrWin Graphics for Win32 systems

For Win32 users (that is, Microsoft Windows NT 4.0, 95, 98, 2000, ME, and whatever else they
come up with), the GrWin graphics used IReFFIT are fairly straightforward to use. Cut and
Paste to the Windows clipboard works, so importing graphics into documents is easy.

For most users, the GrWin graphics are set-up when the icons to run the command-line
programifeffit.exe or one of the GUIs. In general, using the GrWin graphics requires
setting the environmental variable PGPLOEV to /GW and the environmental variables PG-
PLOT_DIR and IFEFFITDIR to point to the directory of thecEFFIT installation, and add this
directory to the system PATH. These setting can be done through the “normal setting of en-
vironmental variables”: autoexec.bat for older versions of Windows, and through the Control
Panel or system registry for Windows NT and later.
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Alternatively, These settings can be encapsulated into a batch file which rureetrer
executable program itself. The Windows distributionrefFrFIT includes such batch files. At
this writing, the Windows version ofEFFIT supports the GrWin, Postscript, and GIF devices.

5.7.3 Aquaterm Graphics for Mac OS X

On Mac OS X,IFEFFIT can be built with X Windows graphics, in which case the information

in section5.7.1applies. If you install the provided disk image package installerefriT, this

will use the default X Windows library, though the PGPLOT library will be/Applica-
tions/Ifeffit/pgplot not/usr/local/pgplot . For Mac OS X users who wish to
build IFEFFIT without X Windows, there is an alternative to plot directly to the Aquaterm. This
PGPLOT device is still under active development, and though | have seen this work, | have not
myself built or used this plotting device.

5.7.4 PostScript, GIF and PNG Graphics Files

The plots generated hyEFFIT can be saved to Postscript, GIF, and PNG files, though these
may not all be available on all platforms. The creation of hardcopy as described in this section
is an ideal job forFEFFIT macros, as discussed in chaptér You'll probably want to play with
the 'hardcopy generation’ macros once and then use them extensively without looking at them.
As with many aspects of PGPLOT, the quality is not the highest (notably, vector fonts are used,
even in the PostScript output), but the results are passable enough for many situations.

To save a plot image to a file, you need to supply a file name and the type of output device.
Thuse, to save a black-and-white PostScript version of the current plot to tteffitgps ,
you would type:

Ifeffit> plot(device="/ps" file= "ifeffit.ps")

The plot device is automatically reset to the default interactive window after saving the file.
Other devices listed in Tabkewill produce different forms of output.

It must be noted that the images generated will preserve the background and foreground
color, even for black-and-white output. This means that if you're plotting on a screen with a
black background and a white foreground (ie, white text), then the output image file will use a
lot of ink when you print it out. You almost certainly want to redraw plots with black foreground
and white background for printing:

Ifeffit> plot(device="/vps",file= "ifeffit.ps",
bg=white,fg=black)

The size of the output postscript file is set (in units of 0.001” =25 with the environ-
mental variables PGPLOPSHEIGHT and PGPLOTPSWIDTH:

# bash syntax: set PGPLOT PostScript size
PGPLOT_PS HEIGHT 6000
PGPLOT_PS WIDTH 4000
export PGPLOT_PS HEIGHT
export PGPLOT_PS_WIDTH

While Postscript files are appropriate for printing and inclusion in papers, GIF and PNG
files are more widely used for Web publication. GIF files can be produced with the "/gif” plot
device. Landscape mode GIFS are generated with "/vgif’. As with the Postscript drivers, the
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colors generated in the GIF file will be close to those on the screen, including the background
and foreground colors. The text strings, on the hand, may be rendered slightly differently than
on the screen. The size of the GIF output file can be set in pixels with the environmental
variables PGPLOIGIF_HEIGHT and PGPLOTGIF_WIDTH:

# cshrc syntax: set PGPLOT PostScript size
setenv PGPLOT_GIF_HEIGHT 800
setenv PGPLOT_GIF_WIDTH 1000

Due the limited quality of the GIF output, it may be tempting to create very large GIF file and
reduce it afterwards. This works reasonably well, though to be honest, I've had better success
with doing screen grabs of the PGPLOT window to a native bitmap and converting that to the
desired format.

PNG files are similar to GIF, though generally smaller and slightly superior in quality. The
PNG files written by PGPLOT are, however, about the same quality as the GIF output. On the
bright side, they are not burdened by use of a software patent.
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6 Basic XAFS Data Processing

IFEFFIT is designed for processing XAFS data. Though the physical justifications for the anal-
ysis procedures are outside the scope of this Reference Manual, some details of how the com-
mands for XAFS data processing are used will be given here. This is not meant as an exhaustive
or introductory treatment — the reader is expected to know why these procedures should be done
and, to some extent, what pitfalls to avoid.

Many of the simple processes here are easily incorporated into macros, scripts, and other
programs. The GUIs forFEFFIT are all able to automate, or at least provide forms-based
interfaces for, the basic XAFS processing described here. The goal here then is not to give
exhaustive examples for novice XAFS analysts, but to give the basic ideas of how the commands
are operated at the command-line level.

6.1 Data Manipulation and Corrections

XAFS data is generally collected in a small number of data channels (that is, arrays) and either
collected at discrete energy values or at least binned in someway into discrete energy values.
Typically, there are signals from somewhere between 2 and 20 “detectors” that are collected
at discrete energy points. The XAR8E) can then be determined by simple manipulation of
these detector signals.

If that all sounds too abstract, here’s a more concrete situation. Usually, one monitors the
intensity of the x-ray beam incident on the samplg),(and either the intensity of the x-ray
beam trasmitted through’) or fluoresced by ;) the sample at several distinct energy values.
The XAFSu(FE) that is analyzed is then given either @st) = In(I1/1y) or u(E) = Iy/Io.

Of course, sincdy, I, andI; are imperfect measures of x-ray intensities, the validity of using
these expressions is only as good as the measure of intensities themselves.

Since much of this Reference Manual discusses the simple manipulation of data, the opera-
tions to convert measured intensitieg#@”) should be straightforward by now:

Ifeffit> read_data(file=rb_xafs.dat, group=rb,
label="energy i0 it if’)

Ifeffit> set rb.xmu_trans = log(rb.it / rb.i0)

Ifeffit> set rb.xmu_fluor = rb.if / rb.i0

When using multiple-element fluorescence detectors, it is usually necessary to add several data
channels together to get the total fluorescence intensity. This can be accomplished simply by
adding arrays:

Ifeffit> read_data(file=med_xafs.dat, group=med,

label="energy i0 f1 f2 f3 f4 5 f6 7 f8 f9 f10’)
Ifeffit> set med.if = med.fl + med.f2 + med.f3 + ...
Ifeffit> set rb.xmu = med.if / med.i0

When dealing with data files with similar structures, the use of macros (see chiptan
make such processing easier.
6.2 De-glitching

It is sometimes necessary to remove data points from the meaguf8dspectra because the
measurement is obviously dominated by a systematic measurement error. A typical example of
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this is a monochromator glitch, where a second diffraction condition is met, lowering the inten-
sity of the desired beam diffracted by the monochromator. Though there may be a temptation to
replace the offending points with “smoothed values”, it is usually best to simply remove these
points from the arrays, reflecting the fact that though you know the measuements were wrong,
you don’t know what they should have been.

Deglitching by removing a single point is possible wikEFFIT'S syntax, if somewhat
klunky. It goes something like this:

Ifeffit> new.x = join(slice(old.x,1,badx-1),
slice(old.x,badx+1,npts(old.x)))
join(slice(old.y,1,badx-1),

slice(old.y,badx+1,npts(old.y)))

Ifeffit> new.y

wherebadx is the x location of the bad point (which could be found with the cursor, and then
badx = nofx(old.x,cursor X) ). This is an excellent task for a macro or script, and
can be done by at least some of the data processing programs.

6.3 Pre-Edge Subtraction, FindingE,,, and Normalization

The first step in processing XAFS data is typically to remove the base-line absorption and to
normalizeu(E) so that it has values: 0 below the absorption edge and 1 well above the
absorption edge. In addition, an estimate of the edge posifjas often made at this point.

IFEFFIT has two commands for these steps, both starting with arrays for energy values and
a calculation ofu(E). Thepre _edge() command will perform all the steps of pre-edge sub-
traction and normalization given only the input spectra. Alternativelybkgecl() command
will use the Cromer-Libermann calculations for the pre-edge and normalization processes, and
also give a very bad post-edge background subtraction. spliee() command will also
normally runpre _edge() if Ey has not been determined when it is run.

Thepre _.edge() command will findE, from the maximum of the first derivative. This
is usually ends up being a reasonable estimate of the threshold energy, Fghishmeant
to represent. The maximum of the first derivative is also easy to define and so can easily be
compared for data from various source.

In many cases, however, you’ll want override this default value. This can be especially
important when trying to compare many data sets, where the maximum-of-the-first-derivative
may move by a point or two even for fairly good data. You can do this by explicitly telling
pre _edge() what value ofE to use, with

pre_edge(...,e0=7115.0,...)
You can also explicitly set the value &k in thespline() command:
spline(...,e0=7115.0,...)

In pre _edge() , the normalization is done by matching a polynomial function to the post-
edge absorption data, and extrapolating this functioBfoThe difference between this value
and the extrapolation of the pre-edge lineHg gives the edge step. This is illustrated in Fig-
ure5, which shows the pre-edge line, the quadratic polynomial for the post-edge normalization
curve, and the edge step. A line is fit the pre-edge portign(éf), and a polynomial (usually
quadratic) is fit to the post-edge portion/afE). These two curves are extrapolateddg and
the difference between them is set to the edge AtefFy) used for normalizing the XAFS.
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Figure 5: Edge Step

In bkg _cl() ,the normalization is included in the scaling of tabulated calculationg &fr
Cromer-Libermann. Here, the

Thepre _edge() andbkg_cl() commands save the edge stepedge _step . It also
saves the parameters for the pre-edge line in the sgatarsslope andpre _offset and
the polynomial coefficients for the normalization curve in the scadars _cO, norm _c1, and
norm _c2 so that these curves can be reconstructed as

pre_edge(dat.energy,dat.xmu)
set dat.pre_line = (pre_offset + dat.energy * pre_slope)
set dat.norm_curve = (norm_cO0 +
dat.energy * (norm_cl + dat.energy * norm_c2))

The normalized XAFS is then simply set as the pre-edge subtracted and normalized XAFS:
set dat.norm = (dat.xmu - dat.pre_line)/edge_step

Thepre _edge() andbkg _cl() commands saves the normalized XAFS like this for you.

The extrapolation to determine the edge step should cause you to question the accuracy of
this method — and rightly so. The extrapolation of the pre-edge line seems to be fairly reliable,
but determining the right curve to extrapolate in the post-edge region is more troublesome. The
spline() command refines this somewhat by fitting the normalization curve to the back-
ground functionuo (E), which is a bit more stable.

Finally, you can also explicitly set the value of the edge step irsfiae() command:

spline(..., edge_step = 1.22, ..)
which will use this value folA;.( Ey) in the definition ofy (k) as

_ WE) — po(E)
xk) = Ap(Eo)
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6.4 Simple XANES spectral analysis

Though not necessarily giving a complete understanding of the spectral features, a common
approach to XANES analysis is to describe the edge structure as either a sum of pre-defined
lineshapes or measured spectra from known “standards”. Pre-defined lineshapes typically in-
clude a combination of arc-tangents, Gaussian, Lorentzians, or pseudo-Voight functions.

6.5 Post-Edge Background Subtraction: isolatingy (k)

To fully analyze the extended fine-structure, it is traditional to isolate the fine-strugtiye
from the slowly-varying “background’uo(E). In IFEFFIT, this is done with thesuToBK al-
gorithm, which selectg,(F) from the lowest frequency componentsidfE). The description
here will

6.6 XAFS Fourier Transforms

The Fourier Transform is essential to the understanding of EXAFS.

6.6.1 Forward Fourier Transforms with fftf()
6.6.2 BackTransforms withfftr()
6.6.3 Phase-Corrected XAFS Fourier Transforms

The XAFS Fourier transforng( R) is well-known to have peaks &t values considerably lower
than the neighbor distances. The difference between the pgdikinand the neighbor distance
is typically~ —0.5 A. This difference is well-understood to be due to the scattgrimegpe-shift
the (k) term in the XAFS equation:

x(k) =
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7 Fitting XAFS Data with FEFF Calculations

Of course, a major point ofFEFFIT is to be able to manipulateerr calculations of XAFS
spectra, and especially to fit XAFS data wiBFF calculations. Though many of the details
of how this happens is discussedXAFS Analysis with IFEFFIT , this chapter discusses the
mechanics of implementing fitting witREFF calculations infFEFFIT. Some familiarity with
FErFFandrFEFFIT will definitely help when reading this chapter.

In order to do a&EFFfit, these things need to be done:

1. run FEFFfor a model structure that is expected to resemble your system.
2. read iny (k) data to fit to.

3. decide on the fitting spacé (R, or back-transformed) and Fourier transform parame-
ters to use.

4. define a set of paths, including tireFrfile to use and any numerical path parameters
(S2, AR, 0% and the like).

5. build a fitting model to determine what should be varied in the fit, what should be held
constant, and what constraints should be put in place.

6. execute the fit.
7. inspect the results.

If you made it this far in this manual, the first three items should be fairly straightforward.
The x(k) data can be read-in from a file or generated fromspine() command. When
using data generated from other programs, an important point is thetghe T array storing
the x data needs to be on an evenly spakeatray, with the first point corresponding ko= 0
and thek-grid of 0.05 AL Theinterp  function can help align data onto this grid, with
syntax like

read_data(file = my_chi.dat, type = chi, group = unaligned)
new.k = range(0,ceil(my_chi.k),0.05)
new.chi = interp(my_chi.k, my_chi.chi, new.k)

This use ofrange() andceil()  guarantees thatew.k will start at zero, and goes out far
enough ink, both of which are important.

Deciding on the fitting space and Fourier transform parameters depends on what your data
looks like, and what you're trying to get from the fit. Those are important topics, but left aside
here in favor of getting through the mechanics efficiently.

7.1 Defining and Using Paths

The fit of XAFS data wittFEFFcalculations uses the idea o$eattering pattas the basic unit of

the XAFS signal. Some approaches to XAFS analysis use the concept of a “shell” or “sphere”,
which are similar but not identical to the “path”. A shell is generally thought of as a group of
atoms, usually of the same atomic species, at roughly the same distance from the central atom.
A path, on the other hand, represents a set of atoms through which the photo-electron can scatter
from before returning to the central atom. For single-scattering XAFS the distinction is subtle,
and possibly not worth worrying about — but for multiple-scattering the difference is important,
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and the approach of using scattering paths is clearly superior. The total XAFS is then just a sum
of these individual paths. A convenient aspect of this approach is that the sum can usually be
limited by path distance or to a limited set of “important” paths.

FEFF8 calculates the XAFS contributions for each path separately. A series of files named
feffnnnn.dat is written, one for each path withnnn replaced with a 4 digit “path in-
dex”. Starting withFEFF8, all the scattering information for all the paths is written to the
single filefeff.bin . IFEFFIT can use this file directly, or you can convert it to a series of
feffnnnn.dat files with the appropriat€®RINT flag in FEFF (consult theFEFF documen-
tation for details).FEFF also writes out a single file of the sum-of-paths calbhildat , but
IFEFFIT doesn't use this file — it makes it's own sum-of-paths instead.

Thepath() command is used to define pathsmeFFIT. The path definition consists of
apath indexthefeffnnnn.dat file to use for this path, a text-string label, and a set of path
parameters which will be used to alter the XAFS for the path. The path index is an integer by
which the path will be referred irFEFFIT. This path index does not need to be the same as the
index used by EFF, but that is often a convenient way to label them. The syntax and keywords
for thepath command are listed in sectién25 Specifically, the keywords02, €0, delr ,
sigma2 , andthird give the “standard EXAFS parameters”, and should look familiar to those
who've used-EFFIT. There are three additional path parameters for the patRg iaFI T that are
arraysto givek-dependent phase-shifts and amplitudes. While these may be necessary for some
advanced analyses, or to extend the cumulant expansion Atttegeendent path parameters are
infinitely abusable and should be used with caution.

A typical path definition command would look like this:

path(index = 1,

feff = feffcuOl.dat,

label = "Cu metal first neighbor",
s02 = my_s02,

delr = my_delr,

sigma2 = my_ss2,

e0 =my el )

This defines path #1 to be basedfeffcu0l.dat , and sets the path parametéfs, AR,

o2, andE to take the values of th&EFFIT scalaramy.s02 , my.delr , my.ss2 , andmy.e0,
respectively. Actually, since theath() command only defines the path parameters, you can
use repeated calls instead of long continuation lines:

path(1, feff = feffcuOl.dat)

path(1, label = "Cu metal first neighbor")
path(1, s02 = my_s02, e0 = my_e0)
path(1, delr = my_delr, sigma2 = my_ss2)

Note that the path index must be supplied for each executipatbf) . Abbreviatedpath()
commands like this are especially convenient for redefining path parameters.

The feffnnnn.dat file is a very important part of the path definition. Each path must
have afeffnnnn.dat file associated with it. But geffnnnn.dat file can be used for
more than one path definition — this is a useful trick in many cases, and very important for
multiple data set fits. Because of the likelihood of repeated utsfohnn.dat files, IFEF-

FIT keeps an internal list deffnnnn.dat files that have been read in, and will not read in a

8IFEFFIT requires version 5 or higher 6EFF. FEFF7 or higher is recommended for use WitlEFFIT.
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feffnnnn.dat more than once. In addition, the actéeffnnnn.dat file will not be read
until it is needed. The file wilhot be read in when you run thgath() command, but rather
when you actually need the information: either wtgtchi() , feffit() are executed

or when you ask to see information about the path wshlow @paths or get _path()

So don't be alarmed if thpath() command executes without seeming to have read the
feffnnnn.dat file — it's not supposed to.

When summing paths witfi2chi() or feffit() , IFEFFIT loops through each path,
and sets scalars fpath _index ,reff , anddegen corresponding to the “current path”. This
allows you to refer taeff anddegen in definitions of Path Parameters and be assured that
the right value will be used for each path.

As mentioned above, thehow @paths command is helpful in displaying which paths
have been defined, and what their settings are. You may also view individual paths by specifying
the path indexshow @path=1 will show information for path 1, whilshow @path=1,2,4
will show that for paths 1, 2, and 4. A typical output from executimpw @ paths would
look like this:

PATH 1

feff = ..[feff/feffcu0l.dat

id = Cu metal first neighbor

reff = 2.547800, degen = 12.000000
s02 = 0.937476, €0 = -0.867040
dr = 0.007575, ss2 = 0.003522
3rd = 0.000000, 4th = 0.000000
ei = 0.000000, dphase = 0.000000

In addition to the simplshow() command you can convert path information to Program
Variables with theget _path() command. This is a very simple command, taking only the
path index and a prefix to use for the names of the output scalars:

get_path(1, prefix=pathl)

which will create Program Variablggmthl _s02,pathl _eO, pathl _delr ,pathl _sigmaZ2 ,
...,pathl _reff from the current values of the Path Parameters for that path.

7.2 Creating x (k) data with ff2chi()

Once a single path or set of paths have been defined, it is often desirable to convert {ti&im to
data so that they can be plotted and compared to one another or to data array2cHife
command will do a simple sum-of-paths to giyék) data. This essentially mimics the final
step ofFEFF, with the additional features like being able to alter any of the path parameters and
includefeffnnnn.dat files from different runs oFEFFin the sum.

ff2chi() is a fairly simple command, with most of its arguments describing optional
output parameters that are usually not needed. The main argument will be a “path list”, which
is a list of path indices to sum. Building on the path definition above, the simple

ff2chi(1, group=feff)

will generate arrayfeff.k  andfeff.chi from the path #1 defined above. If we then add a
second path, with
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path(2, file
sigmaz2

feffcu02.dat, s02 = s02,
{sqrt(2) * ss2}, e0 = €e0)

we can add these two paths together, like this,
ff2chi(1,2, group=two_paths)

which will generatdwo _paths.k andtwo _paths.chi

The path list for theff2chi() (and feffit() ) command can be a simple list like
“1,2,3,4”, or use a dash like “1-6", or some combination of both, like “1, 3-8, 10, 100-105". Be
warned though that a path listed twice will be used twice.

7.3 Building a Fitting Model

Now for the tricky part. Like it's predecesseeFFIT, the fitting of XAFS data inFEFFIT is
general and flexible, allowing a variety of physical constraints to be imposed on the fit. This
is made possible by having the “Path Parameters” be written as a mathematical function of
variables and scalars.

In many cases, the fitting model is simple and straightforward to implement. An example
would be to use one path, and adjust parame$grsE,, and AR. To do this, you define
variables for each of these parameters:

guess (my_s02 = 0.7 , my_ss2
guess (my_e0= 0.0123, my_delr

0.021)
0.1)

and then use these variables in the path definition:

path(index = 1, feff = feffcu0l.dat,
label = "Cu metal first neighbor",
s02 = my_s02,
sigma2 = my_ss2,
e0 = my_e0 ,
delr = my_delr)

In the path definition, the left-hand-side names the path parameters@ay,and the right-
hand-side ry_s02 ) gives the formula used to calculate its value in terms of the variables and
other IFEFFIT scalars. Here it's a simple formula, but it could have been more complicated.
Using max(0.5, my _s02) would put a lower limit on the value of thg? parameter, for
example. An important feature of this approach of having the path parameters be functions
of the variables (and not variables themselves) is that any variablenfk€02 can be used
multiple times, say to set th&2 parameter for different paths. In the most general case, the
different path parameters can be quite complex functions of the set of fitting variables.

7.4 Executing a Fit

Most of the hard work (and flexibility) for the user is in building the fitting model. The actual
feffit command is actually fairly simple to execute. Like its codahi() , feffit()

sums a list of paths and generatd#) data. The principle difference is thigfit() does a

fit — the defined variables are adjusted until a set of data is best-fit. That means that, in addition
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to setting up the paths, you also have to set upyttie data and and Fourier transform and
fitting parameters for thieffit() command.

A simple example is probably best, so here’s a relatively short but complete example of a
fit. We read in ay(k) data file, 1 feff path, define 4 variables, set up the Fourier transform
parameters, and do the fit. It looks like this:

# read in chi(k) data file
read_data(file=../data/cu_chi.dat, type=chi,group=data)

# turn off all previously defined variables
unguess

# give initial values for fitting variables

guess s02 = 1.0
guess ss2 = 0.0
guess e0 = 0.0

guess delr = 0.0

# define a scattering path
path(index = 1,

feff = ..[feff/feffcuOl.dat,

label = "Cu metal first neighbor",
s02 = s02,

e0 = e0,

sigma2 = ss2,

delr = delr)

# define FFT parameters
set (kmin = 2, kmax =17)
set (kweight=2, dk1 = 1, dk2 =1)
set (rmin = 1, rmax = 3)

# keep initial guess , and generate chi(R) for it
ff2chi(1, group=init)
fftf(real = init.chi)

# do the actual fit
feffit(1, chi= data.chi, group = fit)

# show results
show @variables
plot(data.r, data.chir_mag, color = blue, xmax = 7, new)
plot( fit.r, fit.chir_mag, color ed)

=
plot(init.r, init.chir_mag, color = black, style=dashed)

We'll refer to this example for the next few sections.

It's important to note that the Fourier transform parameters are set once here, not at each
call to fftf() andfeffit() . This relies on the default values for the Fourier transforms
being taken from the appropriately named scalars. The values could be set directly in each call
to fftf() andfeffit() , but then you have to be more careful that the Fourier transform
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parameters are the same for all of the commands. The convention here is a very convenient and
reduces chance of typing errors.

The feffit() command generates the best-fit values forghess ed variablesg02 ,
and so on in this example). It also genera{ér) arrays for the data and best-fit — tthata.r
data.chir  _mag, fit,r , andfit.chir _mag arrays here — so that they're immediately
ready for plotting or saving to file.

7.5 Estimating the uncertainties in fitted variables

The uncertainties in the fitted variables will be estimated byaffé¢ =~ command immediately
after the fit is done. No extra input from the user is required for this automated error analysis.
The correlations between pairs of variables will also be calculated. We'll get to those is a bit,
after talking about the variable uncertainties.

For each variablexx , the scaladelta _xxx will be used to store the estimated uncer-
tainty for that variable. This allows you to see the uncertainties two ways. Either you can either
view the set of variables, best fit values and uncertainties together

Iff> show @variables

s02 = 0.93747649 +/- 0.02586825
e0 = -0.86703986 +/- 0.34801825
delr = 0.00757485 +/- 0.00153554
Ss2 = 0.00352229 +/- 0.00015579

or you can select individual variables or uncertainties

Iff> show s02, delta s02, e0, delta_e0

s02 = 0.937476486
delta_s02 = 0.025868253
e0 = -0.867039864
delta_eO = 0.348018253

The estimated uncertainties reflect the goodness-of-fit statistics and include the correlations
between variables. Of course, the uncertainties are only an estimate. Also, note that if a variable
is later set with sset() ordef() command, the scalatelta _xxx will remain, probably
holding an irrelevant value.

As mentioned above, the correlations between pairs of fit variables are also generated by
feffit() . Because there are very many possible correlation parameters, many of which are
small and uninteresting, these valuesm@weautomatically converted to Program Variables, but
are kept internally (until the next time you executkeHit() orminimize() command.)

To view the correlations or to convert them to Program Variables, you can usertied()
command. A simple way to print out all the correlations is to say

Iff> correl(@all,@all,print)

correl_delr_s02 = 0.115944
correl_delr_ e0 = 0.870971
correl_ss2_s02 = 0.880360
correl_ss2_delr = 0.116302

The will create the scalars showoofrel _XX.YY for variablesXX and YY) and print out
their values. Theorrel() command (further discussed in sectigm) takes its first two
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arguments as the name of the variables to find the correlation of (with the special@alle
meaning to find the correlations with all variables). The keywmidt means to print out as

well as save the correlation values. The minimum correlation (absolute value) to report can be
set with themin keyword — the default value is 0.05.

7.6 Goodness of Fit Parameters

In addition to doing the fit, théeffit() command generates a few scalars for the goodness-
of-fit statistics. The scalarshi _square , chi _reduced , andr _factor will contain the
values of goodness-of-fit parametars x2, andR, respectively. The estimated uncertainties
in the data ink and R space will be stored iepsilon _k, andepsilon _r. Details of these
calculations are given iXAFS Analysis with IFEFFIT . In addition, the number of variables in

n_varys , the number of fit iterations i&fit _iteration , and the number of independent
points in the data im_idp , which is defined as
Nugp = 2ALAR

whereAk = kmax-kmin andAR = rmax-rmin . This value gives an estimate of the maxi-
mum number of parameters that can be determined from the data.

The estimated uncertainties reflect the goodness-of-fit statistics and include the correlations
between variables. Of course, the uncertainties are only an estimate, and there are a couple of
things you can do to affect these estimates. By far the most important thing you can do is to
improve the fit — that’s not always that easy.

The goodness-of-fit parameters and, to a very small extent the uncertainties in the fitted
parameters, depend on the estimated uncertainty in the data (which can be specified kither in
or R-space). Normallyfeffit() automatically estimates these for you from the data itself
and you don’t have to worry about them. If, on the other hand, you want to worry about or
change these values, you can use ¢he _noise() command to do this.chi _noise()
will estimate the uncertainty in the XAFS daték) andx(R) (epsilon _k andepsilon _r,
respectively), based on the assumption that the noise in the data can be approximated from the
high-R components of (k). This can be done explicitly simply as

Iff> chi_noise(chi = data.chi)

which will calculateepsilon _k andepsilon _r, given the current set of Fourier Transform
parameters (you can give these with the usual parameters, of course). If this default calculation
for the uncertainty in the data is not good enough for your needs, you can explicitly specify the
value ofepsilon _k orepsilon _r to use in thdeffit() command:

Iff> feffit(1, chi= data.chi, group = fit, epsilon_k = 0.0008)
This will alter the resulting values farthi _square andchi _reduced , but notr _factor
or the uncertainties in the fitted variables.
7.7 Post-Fitting Tasks

feffit() will generatey (R) for the data and total best-fit. It will not, however, generate the
back-transforms (k) or thex(R) for the individual paths directlyff2chi() will not gener-
atex(R) or back-transformegd (k) either. So, depending on which set of paths (or partial sums
of paths) you'd like to see, you may want to generate the contribution from paths separately by
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callingff2chi()  , and possiblyftf() several times. Such tasks are an ideal job for macros
or scripts. As a simple example of a pair of macros | use often, consider

macro makepath 1
"make chi(k) and chi(R) for a single path"
ff2chi($1, group=path$1l)
fitf(real = path$1.chi)
end macro
macro showpath 1
makepath $1
plot(path$l.r, -path$l.chir_mag, $2)
end macro

This pair can then be used after a fit like this to show the data and best-fit, and the contributions
from each path:

feffit(1-3, chi= data.chi, group = fit)
newplot data.r, data.chir_mag, xmax=7

plot fit.r, fit.chir_mag

showpath 1 "color=blue"

showpath 2 “color=red"

showpath 3 “color=black,style=linespoints2"”

You'll also have to manage the writing of output files of the data and fit yourself too, as well
as log files. You may want to plot the data and fit first, or look at the variables and then try
re-defining some paths or path parameters of variables, or whatever else you can think of to get
that perfect fit. Again, usingeffit() well is generally helped greatly by writing macros for
such tasks.

7.8 Additional Fitting Features of feffit()

Though already somewhat complex and feature-rich, the u$effaf) described so far

really only shows the basic fitting capabilities of tiedfit() . Scattering paths are defined,
what to vary and what to keep fixed in the fit is described, and the paths are summed together
until they match the data, and the results are inspected. It is by no means trivial or easy to

come up with a realistic fitting model or assess whether a fit is meaningfuiethitif) as
described so far gives you all the tools to do these tasks.
In the rest of this chapter, more advanced featurésfof() are described. The features

include the ability to refine the background,( E)) parameters at the same time as the structural
model, the ability to include additional knowledge about the physical parameters of the systems,
and the ability to create and fit a model describing more than one data set at a time. | call these
features “advanced”, but most of these features are very easy to use, especially when compared
to the rather large undertaking of building up a simple fitting model. That is to say that although
these features may seem like “advanced topics”, and so best left alone by the beginner, they
can, in fact, help greatly in assessing the quality and reliability of many fits, and should be kept
in mind for many analyses, even by fairly new users. These abilities are being built-in to the
ARTEMIS GUI program, and | heartly recommend trying these features.
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7.8.1 Including Background Refinement

It is often desirable in XAFS analysis to understand how the background absorption function
effects or is affected by the structural fitting parameters. Trationally, this has been difficult to do,
as background removal and parameter fitting have been completely separated. iHeeegh

still separates these procedures, fféit() command can be used to modify background-
like parameters fox (k) at the same it modifies structural parameters. This option is very easy
to add to a fit: simply add the argumettd _bkg = true to feffit()

Iff> feffit(1, chi= data.chi, group = fit, do_bkg=true)

This will automatically add several variables to define a smoothly varying spljite) (now
in k-space instead af-space) that will be added to the modglk) to match your data. The
miminum R value used in the fit will be set to 0.0. Timmberof spline parameters will be
determined bymin , which now takes the role abkg in thespline() command) so that
the spline will only be “free enough” to easily match the I@&wportion (ie, those parts below
rmin ) of the spectra.

The main purpose of this feature is to investigate how the background parameters are corre-
lated with the structural (or rather, traditional) fitting parameters. The additional outputs from
using this switch are a set of fitting variabldgy01 01 ...bkg01 NNfor NNbackground vari-
ables. The uncertainties in these variables and the correlations between these and the traditional
fitting parameters will be available as normal. Note that this feature can greatly increase the
number of fitting variables and therefore slow down the fit. In addition to addinigikitp@l NN
fitting variables, thelo _bkg switch will also cause the output of additional arrétykbkg
which will contain the additional background functigmy (k) added to the model in order to
match the data.

7.8.2 Constraints and Restraints in Fitting

The amount of information available from XAFS is limited, and there is often a fair amount
known about the system before you even collect XAFS on it. Because of this, the ability to
include someorior knowledgeabout the physical parameters describing the system can be very
important to a successful analys. As a first step, you need to be able to impose relationships
between path parameters affecting the fit, for example to sagthahould be the same for all
paths, or thatlelr of one path should be related to that of another path. Up to now, we've only
discussed imposing constraints between parameters, usimgt)e command as discussed
in section3.3to define an exact mathematical relationship between two or more parameters.
Sometimes, however, our prior knowledge is not exact and it desirable to inmeEct
knowledge opreferencesn the fit. This can be easily accomplished witlestraint. Whereas
asconstraint is a hard, exact relationship imposed on the figstraint is a softer relationahip
imposed on the fit. I'll avoid an in-depth discussion of restraints in XAFS analysis here, in favor
of describing how to do them witlFEFFIT. A restraint is essentially a scalar to be added as an
additional element of the vector for the least-squares minimization. To make this happen, you
need to define the restraint condition expressed as a scalar value that you would like minimized
in the least-squares fit of the data, and then to identify this scalar witie $traint keyword
in feffit() . A simple (if not altogether useful) example would be to impose a restraint that
a distancek should be near some value expected from other information:

set r_expect = 2.5400
set weight = 0.01
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def resl = (reff + delr - r_expect) / (weight)
feffit(1, chi= data.chi, group = fit, restraint=resl)

The fit will add the restraint value defined gs1 to the normal sum-of-squares of the differ-
ence between data and fit. An important concept here is the relative weight (represented here
with the imaginitively named scalaveight ) between restraint condition and the normal fit to

the data. This topic is left for later discussion.

7.8.3 Multiple-k-Weighting

As we'll see in the next sectiorsFEFFIT can simultaneously fit more than one data set at a time.

In the FEFFIT program, one early and very common use of this feature was to fit the same data
set with more than onk-weight at a time. This is an important ability, as simultaneous fits with
more than Z-weight can significantly reduce the correlation between the EXAFS parani&ters
andEy and betweerV 52 ando?. This ability is so important that it is implementediFEFFIT
directly, without the need to use the more complicated mechanism of multiple data-set fits.

To fit with only onek-weight at at time, you simply give theweighting power with the
kweight keyword: feffit(...,kweight=2,...) , or rely on the previously defined
value of the scalakweight . To fit with more than oné-weight at at time, you simply give
repeated values édweight , asin

Iff> feffit(1, chi= data.chi, kweight=2, kweight=0, kweight=4)

which will cause the fit to usg-weights of 0,2, and 4 at the same time. Up tb-@eights can
be used simultaneously. You must list all theveights explicitly, however, and the value in the
kweight scalar will not automatically be used.

When fitting with multiplek-weights, the order of the listegtweights only matters for the
weight of the automatically created outputR) arrays. These will be formed using tfiest
k-weight listed. Of course, to get arrays for the otkeweights, you can also construct your
own output arrays usinff2chi() andfftf() as described in section?.

7.8.4 Simultaneous Fitting of Multiple Data Sets

A very important feature ofFEFFIT is ability to simultaneously fit more than one data set at a
time. To be honest, unlike most of the features above, this really is something of an advanced
topic, and you should probably be fairly well-acquainted with usingfeiffie() command
or with using the oldeFeFFIT program before trying this yourself. As discussed in the previous
section, fitting multiple data sets while only varying theveighting is no longer necessary in
IFEFFIT.

The key concept in simultaneously fitting multiple sets of data is pose the fitting model
to thesetof spectra, not to individual spectra. This can greatly change the physically model
imposed. Nonetheless, even for simple data, the simultaneous analys of multiple data sets can
be valuable, as the two key non-structural XAFS Path Parameters (na&halyd F;) can often
be asserted to be the same for a set of data that has been measured under similar experimental
conditions and that is carefully aligned in energy.

To fit more than one data set at a time, you simply give a seriéeffit{) commands
for fits to each of the individual data sets, while identifying each data set as unigue, and giving
the total number of data sets to be simultaneously fit. The actual fit will not actually be done
until all the expected fits to the individual data sets have been defined. Fitting variables, path
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indices, and all program variables are globally available, and can be shared between the models
for the different data sets Since all path definitions are visible to all fits, you may have to
define different paths that are very similar to one another for fits to different data sets.

A simple example will illustrate this. We’'ll stick with Cu metal, and fit the data for 3
different temperatures simultaneously. In fact, we'll use the Einstein modef’*foand vary
the Einstein temperature in the fit instead of the individsighma2 parameters. For those
with experience usingerFIT for multiple-data-set fits, the example shown below should look
familiar.

The paths for each data set are defined separately: even though they really use the same
feffnnnn.dat file, the values of the Path Parametdedr andsigma2 may be differ-
ent. In fact, each of these parameters is taken to be temperature depeladients linear in
temperature andigma2 is calculated from the Einstein model. Edefffit() command
includesdata _set to identify each data set, amtata _total to tell how many total data
sets there will be. The fit is not really done urttdta _total is equal to the total number of
defined data sets — in this case 3.

®For those of you with experience WitlEFFIT, the concept of the “local” variable does not existigrrIT. All
variables are truly global.
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# simultaneous fit to 1st shell XAFS for Cu at 10K,
# 50K, and 150K using einstein model for sigma’2

guess (s02 =09, e0 = 3.5

guess (alpha = 0.0, beta = 0.00, theta = 240)
rmin = 1.60 , rmax = 2.75

kmin =15 , kmax = 18.5

dk = 1.0 , kweight = 2

read_data(file= ../data/culOk.chi, group=dat 10, type=chi)
read_data(file= ../data/cu50k.chi, group=dat 50, type=chi)
read_data(file= ../data/cul50Kk.chi,group=dat_150,type=chi)

path(index = 101, feff = . [feff/feffcu0l.dat,
label = "Cu metal first shell, for 10K",
s02 = s02, e0 = e0,
sigma2 = eins(10, theta),
delr = reff * (alpha + 10.0 * beta) )
path(index = 201, feff = . [feff/feffcuQl.dat,
label = "Cu metal first shell, for 50K",
s02 = s02, e0 = e0,
sigma2 = eins(50, theta),
delr = reff * (alpha + 50.0 * beta) )
path(index = 301, feff = ../feff/feffcu0l.dat,
label = "Cu metal first shell, for 150K",
s02 = s02, e0 = e0,
sigma2 = eins(150, theta),
delr = reff * (alpha + 150.0 * beta) )

feffit(chi = dat_10.chi, group = fit_10, 101,
data_set=1, data_total=3)

feffit(chi = dat_50.chi, group = fit 50, 201,
data_set=2, data_total=3)

feffit(chi = dat_150.chi, group fit 150, 301,
data_set=3, data_total=3)

show @variables, r_factor, chi_square
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8 Fitting Non-XAFS Data with IFEFFIT

Well, fitting XAFS data toFeFF calculations is OK, but sometimes you just want to fit a simple
line, polynomial, or Gaussian to some data. This can be done usimgitir@ize command,
which gives a simple but powerful interface to a non-linear least-squares fitting routine. There
are a few implementation quirks, but this general approach is definitely sufficient to fit simple
functions to data, and to add a set of known XANES spectra to fit an unknown spectrum. This
chapter will describe theminimize command and give a few examples of its use.

When fitting data, the general idea is to minimize some function in the least-squares sense.
Usually the function to minimize is the difference between the data and a parameterized model
describing the data. This function to be minimized is sometimes callectitual of the fit.

In keeping with that spirit, theninimize  function inIFEFFIT takes a residual vector that you
define, and adjusts the defined variables until this residual is minimized. An example complete
would look like this:

read_data(file=my.dat, group= data, label= "x y")
guess (a0 = 1, al = 2, a2 = 0.012)

fit.y = a0 + al * data.x + a2 * data.x2
fit.resid = fity - data.y

minimize(fit.resid)

Here we read in the data, rename the default array names to more convenient names. The model
functionfit.y  is defined as a simple quadratic polynomial, with the three coefficients defined
as variables. The residual is then simply the difference of model and data, and the variables are
optimized to minimize the sum of the squaredibfesid . Really, that’s pretty much all
there is to it minimize is remarkably simple and powerful.

There are a few bells and whistles to thenimize command. Sometimes you’ll want to
fit a limited portion of an array, say just over some peak. Of course, you could edit the data
to only include the portion of the data you want to fit. Bainimize gives an alternative to
this: you can specify therdinate (or z-array) corresponding to the data you're fitting, and a
minimum and/or maximum values for thearray. In the above example, we could have said

minimize(fit.resid, x = data.x, xmin = 3., xmax=10.)

to limit the fitting range.

A fitis generally of limited use without some idea of the uncertainties in the fitted parame-
ters. Many otherwise bright people seem to ignore this, and believe they can judge the reliability
of fitted parameters by the overall quality of a fit —usually by some visual inspection. Well, a
reliable estimate of uncertainties in fitted parameters is a bit more involved than that. In general,
it's difficult to get a reasonable estimate without a good estimate of the uncertainties in the data
itself. This is further discussed INAFS Analysis with IFEFFIT and in standard data analysis
texts. For now, the important point is that if you have a good estimate of the uncertainties in the
data, you can use them to determine the uncertainties in the fitted parameters. To do this, you
can specify amrray of uncertainties in the data — the same length as the data and residual itself,
of course. To use such an array, tircertainty keyword will be helpful:

read_data(file=my.dat, group= data, label= 'x y dy’)
guess (a0 = 1, al = 2, a2 = 0.012)
fit.y = a0 + al * datax + a2 * data.x2
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fit.resid = fity - data.y

minimize(fit.resid, uncertainty = data.dy)

As with the feffit function, this will create scalars for the estimated uncertainties in the
fitted variables with names based on the variable name itself. In this case, the created variables
delta _a0,delta _al, anddelta _a2 will hold the estimated uncertainties.

At this writing, restraints and multiple-data-set fits are not supporteaimimize()
This will probably change in the future.
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9 Commands

This chapter lists all the commands availablerbBrrFIT. As discussed in sectidh6, the basic
syntax forlIFEFFIT commands is

Iff> command(key = value, key = value, key = value, ... )

Thatis, each command recognizes a set of command arguments, usually given as keyword/value
pairs, where the keyword itself determines what type of variable will be read fromaibe
field, and what the command will do with that value. Some commands also use simple lists
(comma delimited, but without the forkey = valug for some or all of their input arguments.

Some commands read default values for their command parameters from the global set of
Program Variables. Such default values are always beddrethe keyword/value arguments
are read, so that explicitly using the corresponding argument will always overwrite the default
value. Many commands will write or change output values (scalars, arrays, and/or strings) to
the global set of Program Variables.

For each command, the following sections will list these attributes:

Description: gives a brief description of the command. This description does not include
much information about the algorithm used or when the use of the command would be
appropriate for EXAFS analysis.

Input Program Variables: lists the Program Variables read as the default values of the
command parameters.

Keywords/Values: describes the keywords for the command parameters, usually with a ta-
ble of keywords, default program variable used for input, default value (if not given and
default program variable is not set), and a description of the paranketgn6rd, Vari-
able, Default, andDescription respectively). Many commands have default keywords
for the first few keywords — these are indicated by a leading superstiilpt: would
mean thafile  was the default for the first keyword.

Output Program Variables: lists and describes the program variables that are created or
modified. When arrays are created, they are listed with the generic grouh@&R@UP
which will be substituted by the current value$group .

Notes: gives some additional information on the command, typically pointing out the un-
usual program variables used.

Examples: lists one or more examples of this command, though not necessarily using every
feature.

See also: lists similar commands and other places in Rigerence Guide

Many of theIFEFFIT commands use similar syntax, program variables, and conventions
for their command arguments. This is especially true for the input and output of scalars and
data arrays, and for parameters used in background removal and Fourier transforms. To this
end, and for the sake of brevity and coherence, the glossary in App&ndontains more
detailed description of the common program variables and conventions used. Additional hints
can usually be found in thidotes: section.
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9.1 bkg _cl()

Description: Use values of x-ray scattering factors derived from the Cromer-Libermann
tables to estimate the pre-edge and normalization constant for XAFS data. The tabulated
values for f”(F) are modified by multiplying by a constant and adding a quadratic
polynomial in energy so that they best match the input XAFS déia).

Input Program Variables: $group .

Keywords/Values:
Keyword  Variable Default Description
lenergy energy array name
Zxmu Xmu array name
3z atomic number for element
group $group group name for output arrays
e0 Ey, the energy origin
width energy convolution width for calculated £)
edgestep Edge Step
prel -200. pre-edge line lower limit
pre2 -50. pre-edge line upper limit
norml 100. normalization line lower limit
norm2 300. normalization line upper limit
norm.order 2. order of normalization polynomial
find_e0 F flag to force finding
interp quad method to use for data interpolation

Output Program Variables: Scalars:e0, edge _step , prel , pre2 , norml, norm2,
pre _slope , pre _offset ,norm_c0, norm_cl, norm_c2, $group .

Arrays: $SGROUP.pre, $GROUP.norm $GROUP.k and$GROUP.chi for the data
and$GROUP.f2, $SGROUP.f2pre , and$GROUP.f2norm for the calculation.

Notes: The Cromer-Libermann calculations have a sharp jumf/’iff) at the absorption
edge which generally needs to be broadened (here, by usdig , in eV) to match
u(E) data.

The output pre-edge subtracted m#EROUP.pre and$GROUP.normfor the nor-
malized version) are probably the most useful — wBiEBROUP .kand$GROUP.chi

may be completely useless. The output arrays for the calculation are chosen to match
the inputu( E) data BGROUP.f2) and the pre-edge subtract&fROUP.f2pre ) and
normalized $§GROUP.f2norm)) data.

Examples:

Iff> bkg_cl(data.energy,data.xmu, z = 29)

See also: f1f2() (Sectior.15,spline() (SectiorR.42), pre _edge() (Sectiond.31).
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9.2 chi _noise()

Description: Estimates the measurement uncertainty of XAFS data. The estimates are made
simply from the RMS value of the higi-range ofy(R), under the assumption that the
EXAFS has died out substantially aboveAlSr so.

Input Program Variables: FT parameterkmin , kmax, kweight ,dk1,dk2, $kwindow ,
and$altwindow

Keywords/Values:
Keyword Variable Default Description
Lchi array ofy data to estimate noise of.
k array ofk data.
group $group group name for arrays.
kmin kmin 0 FT parameter
kmax kmax 0 FT parameter.
dkl dk1 FT parameter.
dk2 dk2 FT parameter.
dk sets bottdk1l anddk?2 .
kweight kweight FT parameter.
kwindow  $kwindow FT parameter.
altwindow FT parameter.
rwgtl 15. lowerR bound of highR range.
rwgt2 25. uppeR bound of highR range.

Output Program Variables: epsilon _k will contain the estimated uncertainty k),
andepsilon _r will contain the estimated uncertaintyy{ R). kmin , kmax, kweight ,
dkl, dk2, and$group will be updated.

Notes: In practice,chi _noise is rarely used directly, becauseffit will automati-
cally run this for you. It is sometimes useful to understand how the uncertainties are
estimated.

Examples:

Iff>  chi_noise(data.chi,kmin=2,kmax=15,dk=1,kweight=2)

See also: feffit() (Section9.17).
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9.3 color()

Description: Manipulate the plotting color table. The color table is used to set the default
colors for the traces (x-y pairs) in a plot as well as the background, foreground and grid
colors. Note that colors on screen will not be affected witit()  is re-executed.

Input Program Variables: None.

Keywords/Values:
Keyword Variable Default Description
show display color table
fg black foreground color
bg white background color
grid #CCBEEO color of grid displayed on window
1 blue first x-y trace

2 red second x-y trace
3 green third x-y trace

4 black fourth x-y trace
5 magenta fifth x-y trace

Output Program Variables: None.

Notes: The foreground color will be used for the outer box, tick marks, and all text on plot.
The list of named colors can be found in the fil.txt  in the PGPLOT installation
directory.

Examples:

Iff> color (fg = white, bg = black)
Iff> color (1 = red, 2 = '#33EEBB)

See also: linestyle() (Section9.19,plot()  (Section9.27), section5.3.

9.4 comment()

Description: Write a comment line to the command history buffer.
Input Program Variables: None.

Keywords/Values: None.

Output Program Variables: None.

Examples:

Iff> comment ’'this next part requires four hands to play’

See also: history() (Section9.18.
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9.5 correl()

Description: Converts selected values from the correlation matrix of fitting variables into
named program variables.

Input Program Variables: correl _min.

Keywords/Values:
Keyword Variable Default Description
Ix name of first fitting variable
2y name of second fitting variable
out (see notes) scalar name for result
min correl _min 0.05 minimum correlation to report
print F flag to print correlation values
save T flag to save correlation values to scalars
no_save F flag to NOT save correlation values to scalars

Output Program Variables: None.

Notes: If the out argument is not given and if treave option is used, the output scalar
containing the correlation will be namedrrel _xx _yy for variablesxx andyy .

The value@all can be used for either or bothxfandy to tell the command to extract
all the correlations for that variables.

If the correlation value requested is smaller than the minimum reportable correlation,
then nothing is printed or saved.

Examples:
Iff> correl(x=e0,y=delr_1,print,no_save)
correl_e0 _delrl = 0.870124

Iff> correl(x=e0,y=delr_1,save,min=0.2)
Iff> print correl_e0_delr_1
correl_e0_delrl = 0.870124

Iff> correl(x=e0,y=@all,print,min=0.6)
correl_e0 _delrl = 0.870124

See also: feffit() (Section9.11), minimize()  (Section9.23.
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9.6 cursor()

Description: Select a point on the graphics screen, and get its x and y values. The point
is typically selected with a left-click of the mouse button. The program will wait until
the point is selected before continuing. Since the program will do nothing until input is
given, it is recommended that macros, scripts, and programs inform the user that input

is expected.
Input Program Variables: None.
Keywords/Values: The following flags can be given to customize the behaviauo$or()

Keyword Description

show print output string after selection

last pos start cursor at previously selected position
cross-hair  show cross-hair over full plot window

horiz show horizontal line over full plot window
vert show horizontal line over full plot window
xXrange see sectidn6
yrange see sectidn6

Output Program Variables: cursor _x, andcursor _y contain the x and y positions of
the cursor, respectively.

Notes:
Examples:

Iff> cursor(show)
cursor_x = 2.05795 , cursor_y = -3.34442

See also: plot() (Section9.27), zoom() (Section9.47), Sections.6.
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9.7 def()

Description: define a Program Variable. In contrasstet() ,def() remembers the defi-
nition (ie, the mathematical formula) of numerical Program Variables. This is especially
useful for complex math expressions used in non-linear least squares fits.

Input Program Variables: None.

Keywords/Values: The keyword is taken as the name of the variable to be assigned, and
the Value is taken as the mathematical expression to use for the definition.

Output Program Variables: None.

Notes: def() is the default command and so is optional. That is, simply typing b is
equivalenttadef a = b .

Examples:

Iff> def (b = a + 1, ¢ = 100 * sgrt(b) )
Iff> def my.chik = my.chi * my.K’kweight

Note that bottb andc will change ifa changes, and thaty.chik  will automatically
update wherkweight changes.

See also: set() (Section9.40), sync() (Section9.43.
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9.8 echo()

Description: echo a text string to the screen, without any interpolation of variables. This is
mostly useful in macros.

Input Program Variables: &screen _echo, which can be used to turn on and off the ac-
tual ‘echo’ing.

Keywords/Values: None.

Output Program Variables: None.

Notes: Setting&screen _echo to zero will suppress the actual ‘echo’ing (see example).
Note that this will also cause aflause() commands to be ignored, which can be
useful for batch processing.

In fact, setting&screen _echo to an even value will suppress the actual echo, and
setting it to an odd number will turn on the echo. This can be used in conjuction with
thelog() command to fully control printing to the screen and/or the log file defined
with log() . &screen _echo of 0 will suppress all printing, 1 will print to the screen
but not the log file, 2 will print to the log file but not the screen, and 3 will print to both.

Examples:

Iff> echo "here’'s a comment!"
here’s a comment!

Iff> &screen_echo = 0

Iff> echo "here's a comment!"

Iff>

See also: comment() (Sectior9.4),log() (Sectiom.21), macro() (Sectiom.22), pause() (Sectiom.26),
print()  (Section9.32).
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9.9 erase()

Description: Erase one or more Program Variables. Erasing removes the variable from
memory (as opposed to just resetting it). This is not a keyword/value command, but a

list-directed command see sectidi).
Input Program Variables: None.

Keywords/Values: @arrays , @scalars , @strings ,will erase every array, scalar, and
string. You can also erase an entire group w@lyroup, or a path definition with

@path.
Notes: You cannot currently erase only fitting variables, or individual macros.

Output Program Variables: None.
Examples:

Iff> erase kmin, my.energy
Iff> erase @strings
Iff> erase @group = my

This first will erase the scal&min , and the arrayny.energy . The second will erase
all text strings. The third will erase all arrays in timgy group.

See also: rename() (Section9.36),set() (Sectior9.40), show() (Sectiond.41), unguess()

9.10 exit()

Description: Exit the program.
Keywords/Values: None.

Output Program Variables: None.

Examples:

Iff> exit

See also: quit() (Section9.33.

(Sectior9.44).
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9.11 feffit()

Description: Fit XAFS x (k) data to a sum aferFFpaths, optimizing a set of fitting variables
in the process.

Input Program Variables: rmin , rmax, kmin , kmax, kweight ,dk1, dk2, $kwindow ,
data _set ,data _total ,$fit _space.

Keywords/Values:
Keyword Variable Default Description
Ipath list list of paths (see note 1)
chi array ofy data to fit
k array ofk data
group $group feffit group name for created arrays
rmin rmin 0 Ruyin: lower R bound of fit
rmax rmax 0 Rumax: upperR bound of fit
kmin kmin 0 FT parameter
kmax kmax 0 FT parameter
dk1 dkl FT parameter
dk2 dk2 FT parameter
dk sets botidk1l anddk?2
kweight kweight FT parameter
kwindow  $kwindow FT parameter
altwindow FT parameter.
epsilonk  epsilon _k uncertainty iny (k) data
epsilonR epsilon _r uncertainty iny(R) data (see note 2)
toler 1.e-8 fitting tolerance
dataset data _set 1 index of the current data set
datatotal data _total 1 total number of data sets in fit
fit_space  $fit _space name of space for fit (see note 3)
do_real F save real part of best-itk)
do_mag F save magnitude of bestitk)
do_phase F save phase of bestxfik)
do_bkg F refine background spline (see note 4)
macro user macro to run at each iteration (see note 5)
restraint scalar restraint (see note 6)

Output Program Variables: data _total , chi _square , chi _reduced , r factor ,
n_idp , n_varys , epsilon Kk, epsilon _r,and the above FT parameters. In addi-
tion, the estimated uncertainty for each variable will be stored in variables with names
like delta _VAR Arrays will be created (or overwritten) for the best<itk) and
X(R): $GROUP.kand$GROUP.chi , $GROUP.chir _mag $GROUP.chir _real ,
$GROUP.chir _imag .

Optional output arrays can be written for other parts of the comgléx according
to the appropriate keyword$GROUP.chi _real (do_real ), $GROUP.chi _mag
(do_mag), and$GROUP.chi _phase (do_phase).

Notes: 1. feffit() uses a list of paths as the default argument.

2.If neitherepsilon _k norepsilon _r arguments are providetgffit() will
executechi _noise() on the supplied data to get these values.
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3.Valid values forfit _space are 'k’, 'R’, and 'Q’, with 'Q’ meaning backtrans-
formedk-space. The default is 'R’.

4.By usingdo _bkg, the fit will add several variables to define a splmgk) that
will be added to the mode} (%), and the miminumR value used in the fit will
be set to 0.0. Thaumberof spline parameters will be determinedogin  (now
acting in the role ofbkg in the spline() command) so that the spline will
only be “free enough” to easily match the laf&portion of the spectra.

5. A user-defined macro can be run at each iteration of the fit. This will cause serious
problems wherfieffit() is itself called in a macro, but works otherwise. This
makes for a convenient way to inspect a fit as it happens.

6.Up to separate 10 restraint conditions can be added.

Examples:

Iff> feffit(chi=cu.chi, 1,2,4-6, rmin=1,rmax=4,

kmin=2, kmax=18, kweight=2, dk=5,
kwindow="Kaiser’)

See also: chi _noise() (Sectiom.2),ff2chi()  (Sectior9.12, minimize() (Section9.23,
path() (Section9.25, Chapter7.
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9.12 ff2chi()

Description: Sum a set oFEFF paths to generatg(k). The paths must be defined by the

path() command.
Input Program Variables: None.

Keywords/Values:
Keyword Variable Default Description
Ipath list list of paths
group feff group name for created arrays
kmin 0. kmin for output arrays
kmax 20. kmax for output arrays
s02 1. overall scale factor for(k)
sigma2 0. overaly? for y (k)
do_real F save real part of(k)
do_phase F save phase-shiftyfk)
do.mag F save magnitude qf k)
do_all F save all optional output

Output Program Variables: Arrays for k£ and x (k) will be written to $GROUP.k and
$GROUP.chi .

Optional output arrays can be written for other parts of the comgléx according
to the appropriate keyword$GROUP.chi real (do_real ), $GROUP.chi _mag
(do_mag), and$GROUP.chi _phase (do_phase).

Notes: Like feffit() , ff2chi() uses a list of paths as the default argument.
Examples:

Iff> ff2chi(1,2,4-9, do_phase)

See also: feffit() (Section9.11), fftf() (Section9.13, Chapter7.
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9.13 fftf()

Description: Forward XAFS Fourier Transform of an array. Generally used for transform-
ing from x (k) to x(R). This does a discrete Fourier Transform.

Input Program Variables: kmin , kmax, dk1 ,dk2 kweight , $kwindow andrmax _out .

Keywords/Values:
Keyword Variable Default Description
lreal array foRe[x (k)]
imag array fodm[y (k)].
k array ofk data
group $group group name for output arrays
kmin kmin 0 kmin FT parameter
kmax kmax 0 kmax FT parameter
dkl dkl FT parameter
dk2 dk2 FT parameter
dk sets botlukl anddk2
kweight kweight k-weight FT parameter
kwindow $kwindow FT window function
altwindow array for alternate FT window.
phasearray phase array for phase-correction.
pc_edge element name and edge symbol for phase-correction.
pc_feff_path index of path to use for phase-correction.
pc_caps flag to use central-atom phase-shift in phase-correction
pc_full flag to use full phase-shift in phase-correction

Output Program Variables: kmin , kmax, dk1, dk2, kweight , andrmax _out will be
set on output.

In addition, several arrays will be createRGROUP.win will contain thek-space win-
dow array, W (k); $GROUP.r will contain the array of values $GROUP.chir _mag
will contain|x(R)|, $GROUP.chir _re will containRe[x(R)], andbGROUP.chir _im
will containIm[y(R)].

Notes: See AppendiB.
Normally, $ftf _real names the¢(k) array, andftf _imag remain unset.

If the real (or imaginary) part of the inpwt(k) data doesot start atk = 0, the array of
k values should be specified with the keywdardOtherwise, the FT will be inaccurate.

Phase-corrected Fourier transforms can be done by providing a phase array — see sec-
tion 6.6.3and AppendixB for details.

Examples:
Iff> fftf(real=my.chi, kmin = 1.0, kmax =16.0,
dk=1.0, kweight=2., kwindow= ’hanning’ )

See also: fftr()  (Section9.14), window() (Section9.45, section6.6, section6.6.3
AppendixB.
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9.14 fitr()

Description: Reverse XAFS Fourier Transform of an array. Generally used for transform-
ing from x(R) to x(k). This does a discrete Fourier Transform..

Input Program Variables: rmin , rmax, rkl ,rk2 ,$rwindow .

Keywords/Values:
Keyword Variable Default Description
lreal array foRe[x (R)].
imag array fodm[y(R)].
r array of R data
group $group group name for output arrays
rmin rmin 0 Ry FT parameter
rmax rmax 0 Rpax FT parameter
drl drl FT parameter
dr2 dr2 FT parameter
dr sets bothdrl anddr2
rweight rweight R-weight FT parameter
rwindow  $rwindow FT window function
altwindow array for alternate FT window.

Output Program Variables: rmin , rmax, drl ,dr2 , rweight , andrmax _out will be
set on output.
In addition, several arrays will be createBlGROUP.rwin will contain the R-space
window array, W (R); $GROUP.qwill contain the array oft values for the back-
transform,$GROUP.chig _-mag will contain |x(k)|, $GROUP.chiq _re will contain
Re[x(k)], and$GROUP.chiq _im will contain Im[¥ (k)].

Notes: See AppendiB.

rweight sets theR-weight for the Fourier Transform, but is not traditionally used.

Examples:

Iff> fftr(real=my.chir_re, imag = my.chir_im,
rmin = 1.0, rmax =4.0, dr = 0.2)

See also: fftf() (Section9.13), window() (Section9.45), AppendixB.
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9.15 f1f2()

Description: Get x-ray scattering factoy8(F) andf” (E) derived from the Cromer-Libermann
tables over a specified energy range. The tabulated values can be broadened with a
Lorenztian function.

Input Program Variables: $group .

Keywords/Values:
Keyword Variable Default Description
lenergy energy array name
2z atomic number for element
group $group group name for output arrays
width 0. energy convolution width.
do.fl T flag for calculatingf’(E).
do.f2 T flag for calculatingf” (E).

Notes: The width, if supplied, will be used to broaden bgtfiE') and /" (E).

The sign convention used fgf' (E) and f”(FE) are the “conventional”, if somewhat
internally inconsistent version that is in wide use in crystallography. Th#t (&) is a
positive quantity and”’(E) is negative, and at an absorption edge the changé(if)
will be positive and the cusp ifi’ (E) will point down.

Output Program Variables: Arrays$GROUP.f1 (for f/(E)) and$GROUP.f2 for f”(FE)
will be generated for each energy of the input energy array.

Examples:

Iff> f1f2(energy=cu.energy, z=29)

See also: bkg _cl() (Section9.l),
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9.16 get _path()
Description: Convert Path Parameters fronfarF path into regular program variables.
Input Program Variables: None.
Keywords/Values:
Keyword Description

Ipath Path index.
2group group name for arrays and prefix for scalar names.
do.arrays flag to create arrays

Output Program Variables: The scalar values of the Path Parametéts, €0, ei , delr ,
sigma2 ,third ,fourth ,degen,andreff ,will be writtento variable®REFIX_s02,
PREFIX_e0, PREFIX ei ,...PREFIX_reff wherePREFIX s the given path prefix.

If do_arrays is set, the arrays from tHeffnnnn.dat file will be turned intolFEF-

FIT arrays, with nameBREFIX.k , PREFIX.amp, PREFIX.phase ,PREFIX.caps ,
PREFIX.rep , andPREFIX.lambda . These arrays are on a non-uniform and fairly
sparsek-grid, which can be interpolated onto a unifokagrid.

Notes: The default prefix for patlivV N NV is pathNNN. That is, the default prefix for path
1ispathO01 .

Examples:
Iff> get path(2)
Iff> show path002_reff, path002_s02

path001_reff = 3.6032000
path001_s02 = 0.9300000

See also: feffit() (Sectior9.11), ff2chi()  (Sectiom9.12), andpath() (Sectior9.25.

9.17 guess()

Description: Define a fitting variable, and set it’s initial value.
Input Program Variables: None.

Keywords/Values: None.

Output Program Variables: Keywords forguess() are interpreted as names of numeric
scalars. The Values are interpreted as math expressions, evaluated upon definition to
give the initial value of the variable.

Several Keyword/Value pairs can occur together. The parentheses are optional.
Examples:

Iff> guess (x = 1. , y = 2.00 )
Iff> guess z = y * sqrt(2)

See also: set() (SectiormR.40),sync() (Sectiom.43), feffit() (Sectiomd.11), minimize()  (Sectiom.23),
unguess() (Section9.44).
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9.18 history()
Description: Open a file to record a “history” aFEFFIT commands as they are executed.
Input Program Variables: None.
Keywords/Values:
Keyword Variable Default Description

Hile name of history file.
off flag to turn off history recording.
Output Program Variables: The variableShistoryfile is updated to name the current

(or most recently used) history file.

Notes: The formal syntax for setting variables is recorded. This reflects the fact that the
commands recorded are those actually executed. Certain commands (such as the record-
ing of macros andhistory itself) are not recorded.

The history file isnot guaranteed to be readable until afteerFrFIT has been exited, or
until the recording has been explicitly turned off witthiatory(off) command.
Examples:

Iff> history(ifeffit.his)

Iff> comment "Here’'s a comment"
Iff> a = 1.22

Iff> b = a * 8

Iff> history(off)

This will create a fildafeffit.his , and then fill it with the following lines:

# Here’'s a comment
def (a = 1.22)
def (b = a * 8)

See also: comment() (Section9.4), load() (Section9.20).
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9.19 linestyle()

Description: Manipulate the table of plotting linestyles. The linestyle table (like the color
table) is used to set the default linestyles for the traces (x-y pairs) in a plot.

Input Program Variables: None.
Keyword Variable Default Description

show display linestyle table
1 solid first x-y trace
Keywords/Values: 5 solid second x-y trace

3 solid third x-y trace

Output Program Variables: Valid values for the linestyles arsolid , dashed , dotted ,
dot-dashed , pointsN andlinespointsN (both for N =1,2,3,...).

Like for the color table, the linestyle table is affected by explicitly setting the linestyle
of a trace with theplot() = command.

Examples:

Iff> linestyle(1=solid, 2 =dashed)
See also: color() (Section9.3), plot() (Section9.27).

9.20 load()

Description: Load a file ofiFEFFIT commands and execute them. The file loaded can have
any valid filename, and can itsétfad() other files. This is especially useful in con-
junction with thehistory() command, and for writing macros.

Input Program Variables: None.
Keywords/Values: None.
Output Program Variables: None.

Notes: load() 's can be nested, so thialad ed files can themselves contdgad state-
ments.

Examples:

Iff> load My _macros.iff

See also: history()  (Section9.18), macro() (Section9.22), Chapterl0.
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9.21 log()

Description: Control the writing of commands and screen output to an extéogdile.
Keyword Variable Default Description

Keywords/Values: file log file name to open and write to
close close log file

Output Program Variables: None.

Notes: A log file cannot be namedose .

If a file namedfile.log exists when executinipg(file=file.log) , that file
will be replace with the new log file.

Examples:

Iff> log(file = analysis.log)
Iff> log(close)

See also: echo() (Section9.8).

9.22 macro()

Description: Define a macro — a sequencelsEFFIT commands to be executed later by
simply typing the macro name (and optional parameters). Macro definitions end with
the line ‘'end macro ’, and can call other macros.

Input Program Variables:
Keywords/Values: None.
Output Program Variables: None.

Notes: Macros may take positional parameters, which are interpreted as text strings. In the
macro definition, these parameters are referenced by the special string variables $1, $2,
. 89

Examples:

macro prex
read_data( $1, type = xmu, group = my)
pre_edge(my.energy, my.xmu)
show e0, edge_step

end macro

This macro will read in au(E) data file, subtract a line for the pre-edge, and plot the
normalized, pre-edge subtracte@Z) as a function of energy relative 1. It would
be called like this:

Iff> pre my_data.xmu

Note that one parameter is used in this macro, and that it will continually overwrite the
arrays in themy group.

See also: macro() (Section9.22, ChapterlO.
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9.23 minimize()

Description: Minimize an array in the least squares sense, by adjusting the values of the
fitting variables. This gives a simple and flexible way to fit general data to a fairly
simple models.

Input Program Variables: None.

Keywords/Values:
Keyword  Variable Default Description
Larray residual to be minimized
X x-array associated with array
uncertainty array of uncertainties in residual
Xmin low-x value for fit range
Xmax high-x value for fit range
toler 1l.e-8 fitting tolerance
restraint scalar fitting restraint

Output Program Variables: chi _square , chi _reduced . For each variablXXX the
variabledelta _XXXwill be given it's estimated uncertainty.

Notes: The array named by is optional, and is necessary onlyihin or xmax are given.
The array given byincertainty is optional as well.

Currently, only 1 restraint scalar can be added.
Examples:
Iff> guess (@ =1, b = 0)

Iff> my.resid = my.data - (a * my.x + b)
Iff> minimize(my.resid)

See also: feffit() (Section9.11), Chapter8.

9.24 newplot()

Description: Draw a new plot on the graphics device (usually the screen).
Input Program Variables: None.

Keywords/Values: Same aplot()

Output Program Variables: Same aplot()

Examples:

Iff> newplot(my.x, my.y)

See also: plot() (Section9.27), Chaptels.
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9.25 path()

Description: Define arerFpath and specify the path parameters. The paths defined in this
way can be used in eithé2chi() or feffit() to createy (k).

Paths are referred to by an intedgredex which is a required keyword. Every path must
have an index and feffnnnn.dat file associated with it — all other path parame-
ters are optional, taking “normal defaults” (zero for all parameters ex@@ptwhich
defaults to one).

Input Program Variables: feff _file s used as the defaukffnnnn.dat file.

Keywords/Values: All values are treated as text strings exceptifatex which must be
an integer. Except fdabel andfeff , strings for path parameters are interpreted as
math expressions, either giving a scalar or array.

Keyword  Variable Default Description

lindex path index, an integer used to make path lists
2feff feffnnnn.dat file to use for this path
label text string to describe path
s02 1 NS3 - constant amplitude factor
e0 Ey — energy shift
delr AR — change in path distance
sigma2 o? — mean-square-displacement
third C3 — third cumulant
fourth Cy — fourth cumulant
ei E; — shift in imaginary energy term.
array of k-values for k-dependent phase-shift and
k_array .
amplitudes
phasearray array of-dependent phase-shift
amparray array ofc-dependent amplitude factor

Output Program Variables: None.

Notes: All the numerical Path Parameters can be generakzedessionsf the fitting vari-
ables and othedef ined Program Variables. Thmath() command only defines the
path, and may not even cause te#nnnn.dat file to be read.

Examples:
Iff> path(index = 1, file = feff0001.dat, s02= 1,
sigma2 = sig2)
Iff> path(2, feff0002.dat, s02= 1, sigma2 = sig2)

Iff>
Iff> path(3, feff0003.dat, sigma2 = ’'sig2 * sqrt(3)’)
Iff> path(3, delr = reff * alpha)

See also: ff2chi() (Sectiom.12), feffit() (Sectiom9.11), get _path() (Sectiond.16),
Chapterr.
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9.26 pause()

Description: Write a message to the screen, and suspend the program until the user hits any
key on the keyboard. This is often useful to put in macrowad() ed files that will
perform multiple plotting tasks.

Input Program Variables: &screen _echo, which determines whether messages are sent
to the screen, anfipause _ignore , which sets whether or not to ignore pHuse()
commands, will influence the operation of this command.

Keywords/Values: pause() takes one argument — a string that is printed to the screen
to prompt the user to ‘hit any key’. The default string is hit any key to
continue -- ’

Output Program Variables: None.

Notes: In order for thepause() command to actually be executédcreen _echo must
be 1 and&pause _ignore must be 0. Thus, settingpause _ignore to 1 will sup-
press the command, which may be useful for batch processing or scripts.

Examples:

Iff> pause '>> hit any key to see chi(k) <<

See also: echo() (Section9.9), print()  (Section9.32).
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9.27 plot()

Description: The general plotting command, specifying x- and y-arrays to plot, and plot
attributes. The plot created can be either to the graphics screen or to the current output

graphics device (such as a postscript file).

Theplot() command takes a huge variety of arguments.
Input Program Variables: $plot _device |, $plot file $plot xlabel
$plot _ylabel , $plot _title , $group .

Keywords/Values:
Keyword  Variable Default Description
Ix x-array
2y y-array
group $group group name
dy array of error bar size fory
dx array of error bar size for x
Xmin lower limit for x-range
Xxmax upper limit for x-range
ymin lower limit for y-range
ymax lower limit for y-range
color (table) color for current trace
style (table) line style for current trace
width 2 line width for current trace
bg white background color
fg black foreground (labels,axis) color
grid T flag for showing grid
nogrid flag for hiding grid
gridcolor #CCBEEO color of grid lines
xlabel $plot  _xlabel string for x-axis label
ylabel $plot _ylabel string for y-axis label
title $plot _title string for plot title
key text of key for legend
charfont 1 font for text strings
charsize 1.5 font size for all text strings
labelsize 1.5 font size for axis labels and titles
markersize 1.5 font size for point markers
textsize 1.5 fontsize faext labels
text text string for general label
textx x-coordinate for text string
texty y-coordinate for text string
cleartext flag to erase all "text” labels
file $plot _file file name for non-screen outputs
device $plot _device name of plot device
new flag for not overplotting
reset flag to reset all plot attributes

Output Program Variables: $plot _device ,

$plot _ylabel

, $plot _title

If a plot

$plot file $plot xlabel ,
attribute (color, style) for a particu-
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lar trace is altered, it will be remembered until a ‘reset’ is issued.
Notes: Further details are in Chaptér

The default color and linestyle are dictated by internal tables.
Examples:

Iff> plot(my.x, my.y, color=green,xmin= 0,
titte = 'Y v. X)

See also: color() (Section9.3), cursor() (Section9.6), newplot() (Section9.24),
zoom() (Section9.47), plot _arrow() (Section9.28, plot _marker() (Sec-
tion 9.29, plot _text()  (Section9.30), Chapters.

9.28 plot _arrow()
Description: Add an arrow or line to the current plot.
Input Program Variables: None.

Keywords/Values:
Keyword Description
Ix1 x-coordinate of arrow tail
2y1 y-coordinate of arrow tail
3x2 x-coordinate of arrow head
dy2 y-coordinate of arrow head
clear erase all arrows from plot
no_head use no arrow head
fill fillin arrow head
outline use outline of arrow head
size size of arrow head
angle angle of arrow head
barb size of arrow barb

Output Program Variables: None.
Examples:
Ifeffit> plot_arrow(x1=10, yl= 4, x2=25, y2=4, barb=2)

See also: Section5.5.

9.29 plot _marker()
Description: Add a marker or symbol to the current plot. See Figier the available

symbols.
Input Program Variables: None.
Keywords/Values:
Keyword Description
Ix x-coordinate of marker
2y y-coordinate of marker

3marker  integer of plot marker to use
clear erase all markers from plot
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Output Program Variables: None.
Examples:

Ifeffit> plot_marker(x=7000,y=4,marker=1)

See also: Section5.5, Figure?2.

9.30 plot _text()

Description: Add a text string to an arbitrary location on the current plot. This is equivalent
to usingtext X, text _y,andtext arguments telot()

Input Program Variables: None.

Keywords/Values:
Keyword Description
Ix x-coordinate of text
2y y-coordinate of text
Stext text string to add to plot
size font size fotext labels
clear erase all strings from plot

Output Program Variables: None.
Examples:

Ifeffit> plot_text(x=7025,y=0.3, text="400 K Data’)

See also: plot() (Section9.27), Sections.4.
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9.31 pre _edge()

Description: Calculate the pre-edge line through XARSE) data, the energy origity,
and the edge step.

Note that thespline command may calbre _edge for you if it appears that it has
not already been called.

Input Program Variables: prel , pre2 ,norml, norm2.

Keywords/Values:
Keyword Variable Default Description
lenergy energy array name
Zxmu Xmu array name
group $group group name
e0 e0 Ey, the energy origin
edgestep edge _step Edge Step
prel prel -200. pre-edge line lower limit
pre2 pre2 -50. pre-edge line upper limit
norml norml 100. normalization line lower limit
norm2 norm2 300. normalization line upper limit
preslope pre _slope slope of pre-edge line
preoffset pre _offset offset of pre-edge line
find_e0 F flag to force finding?

Output Program Variables: e0, edge_step , prel, pre2, norml, norm2,
pre _slope , pre _offset , $group , and$GROUP.pre.

Notes: The edge step will be found unless specifiéd.will be found unless specified and
in the data range.

Examples:

Iff> read_data(my.xmu, group = my)
Iff> pre_edge(my.energy, my.xmu)

See also: bkg cl() (Section9.1), spline() (Section9.42.
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9.32 print()

Description: Write the value of a list of Program Variable or expressions to the screen.
Becauseprint  uses list context, it does a poor job parsing complex expressions. Ex-
pressions that include spaces should be enclosed in parentheses. Alternatively, you can
enclose strings in quotes to prevent them from evaluation. This gives a reasonably flex-
ible way to format outputs.

Input Program Variables: None.
Keywords/Values: None.

Output Program Variables: None.
Examples:

Iff> print "7 * sqgrt(99.11) = ", (7 * sqrt(99.11))
7 * sqrt(99.11) = 69.6878038

See also: echo() (Section9.8), show() (Section9.41).

9.33 quit()

Description: Quit the program.
Input Program Variables: None.
Keywords/Values: None.

Output Program Variables: None.
Examples:

Iff> quit

See also: exit() (Section9.10.
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9.34 random()
Description: Generate arrays of random numbers, with choices of distributions.

Input Program Variables: None.
Keywords/Values:

Keyword Variable Default Description

Loutput Name of output array of random numbers.
2npts number of points in random array.

dist distribution to use for outuput array.

sigma characteristic width of distribution.

seed seed to reset random number generator.

Output Program Variables: An array of pseudo-random numbers will be generated.
Examples:
Iff> random(output= random.y, npts=100, sigma=0.01, dist=normal)

See also:
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9.35 read _data()

Description: Read array data from ASCII column file.
Input Program Variables: $commentchar .
Keywords/Values:

Keyword Variable Default Description

Lile Name of input file.

group Default group name for arrays.

type File Type to assume for array names.
label Label line to use for array names.
npts length of arrays to read.

narray number of array to read.
commentchar $commentchar  # comment character for text lines.

All arrays read in will share a common group name. If not explicitly given, the group
name will be determined from the file name. The arrays read in will be named according
to conventions described in Chapfeand Chapte#.

Output Program Variables: Arrays will be read in, and text strings will be read in. In
addition,$group will hold the group name used, agdommentchar will hold the
comment character use&filetype will hold the file ‘type’, if appropriate. Most
importantly,$column _label will hold what the colum labeshould have beeto give
the resulting array names. That s, it will contain a space-delimited list of array suffixes.

Comment strings at the top of the data file will also be saved in text strings with names
$GROURItle 01, $GROURitle 02, ....

Examples:

Iff> read_data(file= My.dat, type=raw, group= my)
Iff> read_data( CuS04_002.dat, label = ’energy xmu i0")

See also: write _data() (Section9.46), Chapter3, Chapter.
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9.36 rename()

Description: Rename one or more Program Variables.
Input Program Variables: None.

Keywords/Values: None.

Output Program Variables: None.

Notes: Use of this command can be very detrimental to effective and rational use of defini-
tions and complex fitting models. In short, th@meof the variable is changed, but does
not change its definition or the definitions of the variables that depend on it. Sometimes
this is exactly what you want. Sometimes it is not.

Examples:

Iff> rename kmin kmin_save
Iff> rename my.x your.x

Iff> a =1

Iff> b =a + 1

Iff> rename(a, c)

Iff> c =5

Iff> print b
6.000000

Iff> rename(b, d)

Iff> ¢ = 10

Iff> print d
11.000000

See also: erase() (Section9.9), set() (Section9.40), show() (Section9.41).

9.37 reset()

Description: Reset allFEFFIT Program Variables.

Input Program Variables: None.

Keywords/Values: None.

Output Program Variables: All Program Variables are erased, and all program settings

re-initialized.
Examples:
Iff> reset

See also: exit() (Section9.10).
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9.38 restore()
Description: Restore aave 'ed IFEFFIT session.
Input Program Variables: None.

Keywords/Values: The only argument is the name of the save file to restore. The keyword
file is optional.

Output Program Variables: All Program Variables read from treave file are updated.
Examples:

Iff> restore(my.sav)

See also: save() (Section9.39.

9.39 save()
Description: Save alllFEFFIT program variables into a single file for later restoration.
Input Program Variables: All Program Variables.

Keywords/Values:
Keyword Variable Default Description
ile ifeffit.sav Name of output save file.
npad 8 WordLength for PAD numbers.
no_strings F Flag to not save text strings.
no.arrays F Flag to not save arrays.
no_scalars F Flag to not save scalars.
no_sys F Flag to not save “system scalars”.
with_strings T Flag to save text strings.
with_arrays T Flag to save arrays.
with_scalars T Flag to save scalars.
with_sys T Flag to save “system scalars”.

Notes: A wordlengthnpad of 8 gives at least 12 significant digits. Higher precision can
be achieved by settingpad as high as 12, which results in about 15 significant digits
—roughly at the machine resolution of most implementations of double precision. True
double precision cannot be guaranteed with this format, but 12 digjtertéble data
will mask many machine differences, and is probably good enough for most applications
involving experimental data.

Output Program Variables: None.
Examples:

Iff> save(my.sav)

See also: restore()  (Section9.38.



9 COMMANDS 90

9.40 set()

Description: Set a Program Variable. In contrastdef , set does not remember the
definition (ie, the mathematical formula) of numerical Program Variables, but only the
value at the time of creation.

Note thatdef is the default command, which means teat must be done explicitly.
Input Program Variables: None.
Keywords/Values: The keyword is taken as the name of the variable to be assigned, and
the Value is taken as the mathematical expression to use for the definition.
Output Program Variables: Well, the Program Variable is set.
Examples:

c = 100 * sqgrt(b) )

Iff> set (b = a + 1,
= my.chi * my.K'kweight

Iff> set my.chik

Note that neitheb norc will change ifa changes, and thaty.chik  will not change
whenkweight changes. Sometimes this kind of constance and predictability is exactly
what you want. For those other times, you'll walef .

See also: def() (Section9.7), sync() (Section9.43, print()  (Section9.32).
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9.41 show()

Description: Show information aboufreFFIT Program Variables, commands, macros, and
feffit paths.

Input Program Variables: None.

Keywords/Values: The argument tshow is usually interpreted as a list of the names of
Program Variables to display. In addition to the ‘normal’ Program Variables, the names
of user-defined macros can also be included. For scalars and ssfirys will display
the value of these Program Variables. For arrays, the number of points and maximum
and minimum values are shown (thant()  (Section9.32 command will print all
the values of an array, if that's what you want).

show can also take a few “global” arguments to show several variables at once. All
such global arguments begin with “@”, which can be taken as a mnemonic for “all”,
and a few can take an additional argument. The table below lists the available “global”

arguments.
Argument Value What is Shown
@scalars all scalars.
@arrays all arrays.
@strings all text strings.
@variables all fitting variables, with uncertainties.
@groups all array “groups”.
@group group name all arrays in selected group.
@paths all paths for the current data set.
@path path list selected paths.
@commands all commands, with brief description.
@macros all user-defined macros.

See the examples below for syntax.
Output Program Variables: Outputs are written to the screen.

Examples:
Iff> show rmin, fit.chi
rmin = 1.30000000
fit.chi = 499 points [-0.5341341 : 0.5121385]
Iff> show @groups
data
fit
Iff> show @group=data
data.k = 499 points [ 0.500000E-01: 24.95000]
data.chi = 499 points [-0.1756163 : 0.1433899]
Iff> show @path=1
PATH 1
feff = feffcuOl.dat
id = Cu metal first neighbor
reff = 2.547800 , degen = 12.000000
s02 = 0.934530 , e0 = 0.558189

dr = 0.000771 , ss2 = 0.003483
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3rd
ei

See also: set() (Section9.40, print()

0.000000 , 4th
0.000000 , phase

0.000000
0.000000

(Section9.32), echo() (Section9.8).
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9.42 spline()

Description: Calculate the background splipg(E) and EXAFS and((k) given arrays for
w(E). This command uses threyTOBK algorithm, described in more detail XAFS
Analysis with IFEFFIT .

Input Program Variables: e0, rbkg , toler , nknots , kmin _spl , kmax_spl ,
kweight _spl , dk1 _spl , dk2 _spl , $kwindow , edge _step , prel, pre2,

norml, norm2.

Keywords/Values:
Keyword Variable Default Description
lenergy energy array name
Zxmu Xmu array name
group $group group name
e0 e0 Ey, the energy origin
rbkg rbkg 1.0 Ry
toler toler 1.d-3 Fitting tolerance
nknots nknots Number of knots in spline
kmin kmin _spl kmin for FFT in spline evaluation
kmax kmax_spl kmax for FFT in spline evaluation
kweight  kweight spl 1 k-weight for FFT in spline
dkl dkl _spl 0ky parameter for FFT in spline
dk2 dk2 _spl dko parameter for FFT in spline
kwindow  $kwindow name of FFT window type for spline
edgestep edge _step Edge Step
prel prel -200 pre-edge line lower limit
pre2 pre2 -50 pre-edge line upper limit
norml norml 100 normalization line lower limit
normz2 normz2 300 normalization line upper limit
eefind F flag to force findindyy
varyeO F flag to allowE to vary in spline fit
find_step F flag to force finding of Edge Step
fnorm F flag to normalize by (E).
do_pre T flag to force the finding of the pre-edge
do_spl T flag to force spline fit
interp quad method to use for data interpolation

Output Program Variables: $group , €0,
kweight _spl , dk1 spl , dk2 _spl , $kwindow , edge _step , prel, pre2,

norml, norm2.
Examples:

rbkg , nknots , kmin _spl , kmax_spl ,

Iff> spline(my.energy,my.xmu,rbkg=1.0,kmin=0)

See also: pre _edge() (Section9.31).
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9.43 sync()

Description: Synchronize numeric Program Variables (fitting variables, scalars and arrays)
so that all dependencies are up-to-date and all values are consistent with one another.
This command is implicitly run at the beginning of commafi@shi() , feffit() ,
andminimize()

Input Program Variables: None.
Keywords/Values: None.
Output Program Variables: None. Well, all scalars and arrays are ‘re-arranged’.

Examples:

Iff>a = 1, b = 3, c = (a+ b)2

Iff>b = 5

Iff> show a, b, c
a = 1.00000
b = 5.00000
c = 2.00000

Iff> sync

Iff> show a, b, c
a = 1.00000
b = 5.00000
c = 3.00000

See also: ff2chi()  (Section9.12), feffit() (Sectiom.11), minimize()  (Section9.23),
set() (Section9.40, def() (Section9.7), and sectiors.3.

9.44 unguess()

Description: Change alguess() ed program variables teet() variables with the cur-
rent values.

Input Program Variables: None.
Keywords/Values: None.
Output Program Variables: None. Well, all fitting variables are changes to regular scalars.

Examples:

Iff> unguess()

See also: set() (Sectior9.40),def() (Sectiom.7),guess() (Sectiond.17), section3.3.



9 COMMANDS

95

9.45 window()

Description: Generate an XAFS Fourier Transform window, without actually doing the
Fourier transform.

Input Program Variables: kmin , kmax, dk1 ,dk2 kweight , $kwindow andrmax _out .

Keywords/Values:
Keyword Variable Default Description
lreal array foRe[x (k)]
imag array folm[x (k)].
k array ofk data
group $group group name for output arrays
kmin kmin 0 Fkmin FT parameter
kmax kmax 0 Fkmax FT parameter
dkl dkl FT parameter
dk2 dk2 FT parameter
dk sets botldkl anddk2
kweight kweight k-weight FT parameter
kwindow  $kwindow FT window function
altwindow array for alternate FT window.

Output Program Variables: kmin , kmax, dkl1, dk2, kweight , andrmax _out will be
set on output.

The array$GROUP.win will contain thek-space window arrayy (k).
Notes: See AppendiB.
Examples:

Iff> window(real=my.chi, kmin = 1.0, kmax =16.0,
dk=1.0, kweight=2., kwindow= 'hanning’ )

See also: fftf() (Section9.13), fftr() (Section9.14), AppendixB.
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9.46 write _data()
Description: Write scalars, strings, and arrays to an ASCII data file.
Input Program Variables: $group , $commentchar .

Keywords/Values: The arguments fowrite _data() are mostly interpreted as a list of
Program Variables to write to the file. The list elements can be either strings or arrays,
but (currently) not scalars. The text strings will be written first, followed by a line of
minus signs, and then the arrays will be written in column format. Currently supported
keywords are:

Keyword Variable Default Description

lfile Name of output file.

group Default group name for arrays.
npts number of array points to write.
commentchar $commentchar  # comment character for text lines.
label from array names  string to use for column label

For writing groups of text strings, ‘globs’ are supported with the *’ character. Thatis, a
** in the name of text string variables will be expanded so that all strings matching the
pattern will be printed. Text lines will begin with a ‘comment character’. By default,
this is ‘#’, but can be set to any two character sequence.

The maximum number of arrays that can be written to a single file is 16. Axpyes-
sionsare not supported.

Output Program Variables: None.
Examples:
Iff> write_data(file=out.dat, $title*, my.x, my.y)

See also: read _data() (Section9.35.

9.47 zoom()

Description: Zoom in on a region of the plot window. Using the cursor (typically a mouse),
click on the lower-left and upper-right portion of the plot window you wish to enlarge.

Input Program Variables: None.
Keywords/Values: The following flags can be given to customize the behaviaooim() :

Keyword Description

show print output string after selection
nobox suppress drawing of 'active zoom box’

Output Program Variables: cursor _x,andcursor _y will contain the x and y positions
of the cursor for the last point chosen.

Examples:
Iff> zoom

See also: cursor() (Section9.6), plot() (Section9.27), Section5.6.
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10 Macros inIFEFFIT

As described so far in this GuideEFFIT is definitely not suitable for the casual user. The syn-

tax is a bit fussy and cryptic, and the whole notion of a command-based system is not generally
considered ‘user friendly’. Even for the experienced user, typing at a command prompt can get
pretty tedious for repetitive tasks.

With that in mind, this chapter and the next might be the most important chapters in this
Guide, because they are all about makirgFrIT easier to use. With the macro capability de-
scribed in this chapter, it is easy to write and customize files for “batch processing” of data.
The next chapter will extend these ideas further, and move beyond the simple macros described
here, and discusses writing full-blown application programs usiagrIT with real program-
ming languages like fortran, C, Perl, Python, and Tcl.

Data analysis often involves repetitious processing of dataEerIT has a simple built-
in macro capability that is easy-to-use and reasonably flexible. A macro is a named block of
IFEFFIT lines that can be executed as a single unit by typing the name of the macro. An example:

macro make_ps
plot(device="/ps" file= "ifeffit.ps")
end macro

With this definition, typingmake_ps at the command line would execute the tplot com-
mands, making a postscript namigeffit.ps showing the current plot, and setting the
plotting device back to the X-window. As you can probably tell, macros are defined with the
commandmacro macro_name. All lines up toend macro (which must be on its own line)
make up the text of the macro, and will be executed in order when the macro is invoked.

To make macros slightly more useful, you can use positional arguments to pass information
into macros. The parameters are handled as text strings, and simply inserted in the macro text
before being executed. In keeping with tiFEFFIT naming convention, and following many
shell and batch processing facilities, the parameters are named $1, $2, ...$9. So, to make the
above macro a little more flexible, we use

macro make_ps
plot(device="/ps" file= $1)
end macro

Now, typing make_ps my_plot.ps at the command line will dump the current plot to a
file namedmy_plot.ps , and you can make several different postscript files by changing the
argument.

Unfortunately the file name in parameter $tdquiredby the macro, which might not be all
that useful unless you always remembered it. To help with the problem of required arguments,
you can specify default values for each argument when defining a macro, like this:

macro make_ps ifeffit.ps
"Make Postscript file of current Plot"
plot(device="/ps" file= $1)

end macro

This version ofmake_ps will use ifeffit.ps as the default value of the first argument. So
typingmake_ps my.ps will make a file calledny.ps , andmake_ps without any arguments
will write ifeffit.ps

Notice the extra line at the top of this macro:
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"Make Postscript file of current Plot"

This is the optionamacro description, which acts as built-in documentation. If the first line of
amacrois enclosed in single quotes, double quotes, or braces, itis used as the macro description.
This line is not executed when the macro is run, but is only used to describe the macro to the
outside world. Specificallyghow @macros will show all macro names, default arguments,
and description.

Here’s an example macro to automate pre-edge subtraction:

macro do_pre_edge a
"Read File, Calculate Pre-Edge, Plot, Write File"
read_data($1.xmu, type = xmu, group = my)
pre_edge(my.energy, my.xmu)
my.norm = my.pre / edge_step
$titlel = ’'normalized, pre-edge subtracted data’
write_data(file = $1.pre, $titlel, energy, pre, norm, xmu)
end macro

Now, typingdo_pre _edge Data _1 would read inData _1.xmu , calculate the normal pre-
edge parameters lik&j, and the edge step, and write out the pre-edge subtra¢fépdata (in
my.pre ) to Data _1.pre . And do_pre _edge Data _2 would repeat these same steps on
another file.

The variables $1 through $9 are special text strings that can only be used in macros. The
contents of these strings are destroyed when the macro is exited. Within the macro, these strings
are simply substituted in place. This is an admittedly feeble system — adding string manipulation
functions and simple control structures would enhance the utility of macros, and is planned for
future versions.

Macros can be nested. Parameters passed into underlying macros are always handled by
position number, and the “argument stack” is automatically managed, which should be what
you'd expect. That is, with

macro macl
mac2 $3 $2
print $1

end macro

macro mac2
print $1
print $2

end macro

typingmacl A B Cwill print “C”, then “B”, and then “A’. As mentioned above, macro ar-
guments are interpreted as strings and are substituted in place just before execution. To specify
the argument values, then, it will often be helpful to separate them by commas, or to enclose
them in double quotes (“...") or brace§.(..}). Then

macl “As usual”’, {1}, “Here is the third argument”
will print

Here is the third argument
1
As usual
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The macro processing does essentially no error checking. And, again, the arguments $1
to $9 are simply inserted as text strings. So if an argument $1 to $9 is expected and is not
explicitly provided and no default is given for it in the macro definition, then a null string will
be used. If a null string is not a valid argument in some command, the command will still
be executed, occasionally with non-sensical results or error messages. If you're working on a
complex macro, it may be helpful to ‘debug macros’ by putting the line

show @args
Note that the following

print $1, $2, $3, $4
pause == my_macro: are these parameters right? ==

may not be as helpful, since the arguments will already have been substituted in place of $1,
... $4.

Of course a key point of having macros is to re-use them. For that, you’ll probably want to
save your favorite macro definitions to a file and use tbad ' command.
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11 Scripting and Programming with IFEFFIT

The macro system irFEFFIT described in the previous chapter only goes so far, and sometimes
it's just not enough. There are several limitations to tir&FFIT language’ and to the macro
mechanism that make complex data processing difficult. The lack of conditional (if-then-else)
statements and loops (for or do) are the most notable missing features.

All of the programming capabilities missing fromEFFIT and more are available in es-
sentially every programming and scripting language. Modern scripting languages (which are
roughly distinguished from programming languages by not having a compilation to machine
code separate from execution but rather being run directly from the text of the code) are es-
pecially attractive for such applications, as they allow quick development and execution and a
wide range of programming capabilities. Scripting languages are generally simpler to learn than
full-blown programming languages, and more flexible and forgiving of errors to boot. Scripting
languages have a proven track record as being useful for creating “wrappers” around low-lying
libraries such as theeerFIT library.

There are several possible general-purpose scripting languages and a few “scientific visu-
alization languages” that could, in principle, be used to exteg@rIT's capabilities. Tcl/Tk,

Perl, Python, IDL, Java, VisualBasic, LabView, Matlab, and Mathematica all come to mind. At
this time, IFEFFIT works well with Perl, Python, and Tcl as well as with C and Fortran. If you
have a favorite language that is not on this list and would like toeseFIT with it, please let

me know.

The interface betweerrEFFIT and the various programming and scripting languages are
all quite similar. The interfaces allow you to send commands from the language just as you
would type commands at the command-line program, and also provide ways to move Program
Variables back and forth between the underlying engine and the calling program. This chapter
describes using-ErFIT from Fortran and C, as well as Perl, Python, and Tcl. Though the basic
concepts are the same for all the languages, there are some slight differences in implementation
S0 as to be able to best exploit the features of the different languages. Even if you're only
planning on using one of the scripting languages, | recommend that you read the Fortran and C
sections since it has the most complete description of the interface.

11.1 Which language to use?

If you're unfamiliar with the world of scripting languages and are interested in getting more
out of IFEFFIT, you're probably wondering at this point which of the scripting language to use.
Allow me to give some brief recommendations. These should be immediately be seen as the
free advice of a highly opinionated person. Oddly, | believe they are in fairly close agreement
with most others familiar with these languages.

If you already know C or Fortran, those are fine languages to use. If you don't know
either C or Fortran it is difficult to recommend learning them just so you can write complex
IFEFFIT scripts. Both languages are fairly intolerant of mistakes and have fewer features than
the modern scripting languages. Once mastered, however, Fortran and C give very fast and
efficient programs.

Whether or not you know C or Fortran, if you're interested in writing compksFFIT
scripts or programming in general, | recommend learning one of Perl, Python, or Tcl. These
scripting languages are remarkably similar in that they all work well on every major platform,
are free, and well-supported via the internet. They are all fairly easy to learn, and make it easy to
write and debug simple scripts. They also hide the really ugly parts of C from you, and provide
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‘high-level’ data structures which lets you do some fairly sophisticated things that would be
more painful in C or Fortran. They all have their quirks, too, which can be both maddening and
charming. Learning any of them will greatly improve your computer skills, as well as making
complexIFEFFIT scripts possible.

Of the three, Tclf] is probably the oldest, simplest and least powerful language. That's not
to say it’'s bad — it's power is certainly good enough for most things. It may even be the most
popular of the three languages. Its syntax is very simple, and yet a lot of amazing things have
been done in Tcl/Tk. These days Tcl is essentially synonymous with the truly wonderful and
portable Tk GUI toolkit, and is often just referred to as Tcl/Tk. It is hard to over-emphasize the
ability to write GUIs that work on Unix, Mac, and Win32 machines. Still, in my opinion Tcl/Tk
is the least interesting scripting language.

Perl[2, 3] is probably best known as a Unix system-administration and Web-scripting lan-
guage. In some sense, Perl is Unix distilled into a single language, for both good and bad. It
excels at string and text processing (parsing, pattern matching, and formatting of text output). If
you're interested in learning web-scripting or Unix, learning Perl is a good choice. Perl attempts
to be a ‘natural language’ and so provides several syntax options and some truly breathtaking
constructs. All this can lead to programs that intermix punctuation-laden lines and near-English
text. The Tk GUI toolkit works with Perl on Windows and Unix, but not on Macintoshes.
SeverallFEFFIT scripts have been written in Perl, and Bruce Ravel (who rewrotetoes
program in Perl), has some advanced Perl modules for usewgIT.

If you don't already know Tcl or Perl, learning Pythdhjmay be your best bet. Though
probably the least popular of the three languages, Python is growing in popularity and is espe-
cially good for scientific programming (complex math is supported!). Python has a very nice
implementation of object-orientation and is generally hailed for its readability and “cleanli-
ness”. That's not to say that Python is without its own quirks, but it is almost certainly the most
elegant and easiest to learn of the three scripting languages mentioned. As a bonus, the Tk GUI
toolkit works with Python on Mac, Windows, and Unix. As an additional incentive FEFFIT
is written in python.

11.2 Controlling screen outputs: The echo buffer

An important consideration for either scripting or programming WithFFIT is how to handle

the text messages that are written to the screen during an interactive session. These messages
include unprompted warnings and error messages as well as information that you explicitly
asked to be shown, say througtslhow() command. The variabl&screen _echo, first
mentioned in sectioB.8, can be used to control whether this output is actually written to the
screen (technically speakingtandard outpytwhich may not even be visably available from

your program) or saved to atho buffeithat you can access from your program.

11.3 The Fortran interface toIFEFFIT

IFEFFIT is written primarily in Fortran, so using it from within Fortran programs is quite easy.
The basic use ofFEFFIT is to send command strings to arFEFFIT engine” which acts just
like an interactiva FEFFIT session run at the command prompt. The underlying engine has its
own set of Program Variables that are kept in its own memory space, separate from the calling
program. The session “stays alive” until the calling program ends.

Though you could directly call any of the subroutines or functions infBerIT library, it is
highly recommended that yaowot make such direct calls. Instead, you should use the functions
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Table 9: Integer return values froifieffit() , a function to executecEFFIT commands in
an “IFEFFIT engine”. The function is accessible from Fortran, C, C++, Perl, Python, and Tcl.

Return value Meaning

0 normal, successful execution

-2 in the middle of a macro definition

-1 in the middle of an incomplete command line
1 normal exit

>1 abnormal exit

provided in the application programming interface (API), as described here and encapsulated in
the Fortran include fil&effit.inc that can be found with the configuration files in the
EFFIT distribution (typically in the/usr/local/share/ifeffit/config/ directory).

ThelFerFIT Fortran API defines eight external functions, all of which are integer functions.
To use these functions, you can simply put a fortimriude  statement at the top of your
program, so that instead of explicitly declaring the integer fundfieffit , you could say

program use_if
integer i
include ’/usr/local/share/ifeffit/config/ifeffit.inc’

ifeffit(’ ")
ifeffit(read_data(cu.xmu, group=cu, type=xmu)’)
ifeffit(spline(cu.energy, cu.xmu, rbkg = 1.2))

i
i
i
i ifeffit(plot(cu.k, cu.chi))

o

en

This shows a very simplerEFFIT session converted into a Fortran program, using only the
functionifeffit() . This function is the main interface to the underlyirgFFIT engine.

As this example shows, it is recommended that you firstifefit() with an “initial-
ization string”, typically a blank line, but optionally setting system configuration variables.

How do you actually build an executable out of this program file? That, of course, depends
on details of your system. Most of the settings needed are put in thedilig.mak in the
same location ageffit.inc . This file contains Makefile instructions needed for linking
your IFEFFIT application with thearFeFFIT library and all the other libraries needed to make an
executable. An example Makefile (using the above code and the settings of Config.mak from a
fairly normal linux system) is included in trexamples/scripting section of the source
distribution.

11.3.1 integer functionifeffit()

Theifeffit() function takes a string as an argument (up to 1024 characters), and returns an
integer, which will have one of the following values given in Table

You should be somewhat careful about the characters you actually séfeéfitQ :
especially with respect to non-printable characters and line-ending issues. Though it tries to
remove non-printing characters, it may not be wise to simply open a file and send its contents
to ifeffit() without checking that the file does not contain binary data.
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11.3.2 integer functioniffputsca()

The iffputsca() function takes two arguments: the first is a character string (up to 128
characters) that names meFFIT scalar (following the naming rules outlined in chaggrand
the second is a double precision value. The effect is to set the named scalar with the given value.
If the scalar already exists, it will be overwritten. Note that this is equivalentset@()
command, notdef()() command: for that, you should use fifeffit() function.

iffputscal) always returns 0.

= iffputsca(’kmin’, 3.d0)
= sgrt(100.)
= iffputsca(’kmax’, x)

[
X
[
[ ifeffitC show kmin, kmax’)

would show the values to be 3.0 and 10.0, respectively.

11.3.3 integer functioniffgetsca()

The iffgetsca() function takes two arguments: the first is a character string (up to 128
characters) that names an existirgFrIT scalar (following the naming rules outlined in chap-
ter 3), and the second is a double precision variable. The effect is to retrieve the value of the
named FEFFIT scalar and put it into the provided Fortran variable. If the scalar does not exist
in the IFEFFIT session, the value will be set to 0.

iffgetscal) always returns 0.

i = ifeffitC set var = sqrt(100.0)")
i = iffgetsca('var’, x)
print*, ’

X=,X

would show the value 10.0.

11.3.4 integer functioniffputarr()

Theiffputarr() function takes three arguments: the first is a character string (up to 128
characters) that names &€eFFIT array (following the naming rules outlined in chap8y the
second is an integer giving the length of the array, and the third is a double precision array. The
effect is to set the named@eFFIT array with the provided array. If the array already exists, it
will be overwritten.

iffputarr() always returns 0.

double precision x(200),y(200)

do i = 1, 200
x@i) =i * 4.0
y(i) = sin(x(i) / 100.)

end do

[ iffputarr(my.x’, 100, x)
iffputarr(my.y’, 100, vy)

ifeffitC show @arrays’)

ifeffitC plot my.x, my.y, color=red’)

would show the arraysiy.x andmy.y to have 100 elements.
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11.3.5 integer functioniffgetarr()

The iffgetarr() function takes two arguments: the first is a character string (up to 128
characters) that names an existingrrIT array (following the naming rules outlined in chap-
ter 3), the second is a double precision array to store the output result. The effect is to retrieve
the value of the name@EFFIT array and store it into the provided Fortran array.

iffgetarr() will return the length of the output array. It is an error for the array to not
contain enough elements to be filled.

double precision x(200)
i = ifeffitCmy.x = range(0,100,1)")
n = iffgetarr(my.x’, x)

print*, '’x has ', n, ' elements:’
print* , x(1), x(2), ' ... ', x(n)
would show the array to have 100 elements: 1, 2, ..., 100.

11.3.6 integer functioniffputstr()

The iffputstr() function takes two arguments: the first is a character string (up to 128

characters) that names &€eFFIT string (following the naming rules outlined in chap&but

with the leading '$’ optional), and the second is a character string for the value. The effect is

to set the named string with the given value (only the first 128 characters will be used — any

remaining characters will be ignored). If the string already exists, it will be overwritten.
iffputstr() always returns 0.

character*128 txt

txt = 'Here is a string’

i iffputstr(textl’, txt)

i ifeffit show @strings’)

would show the strintextl to be 'Here is a string’.

11.3.7 integer functioniffgetstr()

The iffgetstr() function takes two arguments: the first is a character string (up to 128
characters) that names an existingFrIT string (following the naming rules outlined in chap-
ter 3, but with the leading '$’ optional), and the second is a character string variable to hole the
value. The effect is to retrieve the named string with the given value. The string variable pro-
vided should be large enough to hold the result (128 characters is a safe value, as the returned
value will never be larger than that).

iffgetstr() will return the real, useful length of the string.

character*128 txt

i = ifeffit’ set $textl = "string test 1")
n = iffgetstr(textl’, txt)

print*, ' txt = 7, txt(1:n)



11 SCRIPTING AND PROGRAMMING WITH IFEFFIT 105

11.3.8 integer functioniffgetecho()

The iffgetecho() function takes one argument: a character string variable to hold the
value returned. The effect is to retrieve the next element in the “echo buffer”. Any remaining
lines in the echo buffer will be shifted down (or popped, as it is often called), and the value
of &echo _lines  will be decreased by one. The echo buffer will only be filled if the variable
&screen _echo is setto 0, which indicates that you intend to handle all text that would be sent
to the screen yourself. Since any command may write to the echo buffer, it is recommended that
you check the value &&echo _lines and retrieve all “echo”ed lines after each command.
iffgetecho() will return the real, useful length of the echo string.

character*128 txt(32)
double precision xnbuff
integer nbuff, ]
i = iffgetsca(’&echo_lines’, xnbuff)
nbuff = min(32,int(xnbuff))
do 10 j = 1, nbuff
il = iffgetecho(txt(j))
print*, * echo line *, j , ' =", txt()(1:il)
10 continue

11.4 The C interface tOIFEFFIT

AccessingFeFFITfrom a C program is very easy. The basic concepts and many of the details of
the IFEFFIT application interface (or API for the programmers out there) given here also apply
to usingIFEFFIT from within scripting languages, as described later in this chapter. C++, by the
way, is similar enough to C that callingerriT from it should be straightforward once the C
interface is described. If you've read the previous section, you'll find that the C interface is also
very similar to the Fortran interface.

The basic use of theeerFIT C interface is to send command strings to &EefFIT engine”
which acts just like an interactiv€EFFIT session run at the command prompt. The underlying
engine has its own set of Program Variables that are kept in its own memory space, separate
from the calling program. The session “stays alive” until the calling program ends. Though you
could directly call any of the subroutines or functions in therrIT library, it is highly recom-
mended that yomot make such direct calls. Instead, you should use the functions provided in
the application programming interface (API), as described here and encapsulated in the C in-
clude fileifeffit.h that can be found with the configuration files in therFrIT distribution
(typically in the/usr/local/share/ifeffit/config/ directory).

TheIFerFIT C API defines eight external functions, all of which are integer functions. To
use these functions, you can simply putiaciude directive at the top of your program:

#linclude "ifeffit.h"
int main() {

int i

i = ifeffit(" ");
ifeffit("read_data(cu.xmu, group=cu, type=xmu)");
ifeffit("spline(cu.energy, cu.xmu, rbkg = 1.2)");
ifeffit("plot(cu.k, cu.chi)");

}
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This shows a very simple&EFFIT session converted into a C program, using only the function
ifeffit() , the main interface to the underlyimgeFFIT engine.

As this example shows, it is recommended that you firstifefit() with an “initial-
ization string”, typically a blank line, but optionally setting system configuration variables.

How do you actually build an executable out of this program file? That, of course, depends
on details of your system. Most of the settings needed are put in thEdidig.mak in
the same location afeffit.h . This file contains Makefile instructions needed for linking
your IFEFFIT application with tharFeFFIT library and all the other libraries needed to make an
executable. An example Makefile (using the above code and the settings of Config.mak from a
fairly normal linux system) is included in trexamples/scripting section of the source
distribution.

11.4.1 functionifeffit()

The ifeffit() function takes 1 argument that is a character string up to 1024 characters
long (including any newline characters and the like) and returns an integer. Theugirioghe

first newline character is interpreted and run as a command by ifeeFFIT engine. After the
command has been fully processed, an integer is returned, indicating a return status according
to Table9. For backwards compatibility, the functioffi _exec() has identical behavior to
ifeffit()

11.4.2 functioniff _put _scalar()

Theiff _put _scalar()  function takes two arguments: the first is a pointer to a character
string (up to 128 characters) that namesraFFIT scalar (following the naming rules outlined
in chapter3), and the second is a pointer to a double. The effect is to set the named scalar with
the given double precision value. If the scalar already exists inFiberIT engine, it will be
overwritten. Note that this is equivalent tsat()() = command, not @ef()() = command:
for that, you should use theeffit() function itself.

iff _put _scalar() always returns 0.

double X, *px;

int i;

x = 3.00;

i = iff_put_scalar("kmin", &x);
X = sqrt(100.0);

i = iff_put_scalar("kmax", &x);

i = ifeffit(" show kmin, kmax");

would show the values to be 3.0 and 10.0, respectively.

11.4.3 functioniff _get _scalar() andiff _scaval()

Theiff _get _scalar()  function takes two arguments: the first is a pointer to a character
string (up to 128 characters) that names an exigtagFIT scalar (following the naming rules
outlined in chapteB), and the second is a pointer to a double. The effect is to retrieve the value
of the namedFEFFIT scalar and put it into the provided C pointer. If the scalar does not exist in
the IFEFFIT session, the value will be set to 0.

iff _get _scalar() always returns 0.
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double *x;

x = calloc(1,sizeof(double));

[ ifeffit( set var = sqrt(100.0)’);
i iff_get_scalar(var’, x);

printf(" x = %g \n", *X);

would showx to have the value 10.0.

A more convenient version of this function is also available: ifhe _scaval()  function
takes one arguments: the name of an existrEgFIT scalar, and returns a pointer to its double
value. The above code could thus be rewritten as

double *x;

i = ifeffit( set var = sqrt(100.0)";
x = iff_scaval('var’);

printf(" x = %g \n", *X);

would showx to have the value 10.0.

11.4.4 functionput _string()

Theput _string() function takes 2 arguments to set the value of a text string Program Vari-
able. The first argument is thrmmeof the variable in theFEFFIT name space, and the second

is the value for the variable. Both the name and the variable itself are text strings (up to 128
characters long). To comply with theerrFIT naming rules, the variable name needs to begin
with a $.

11.4.5 functionget _string()

The get _string() function takes 1 arguments that is the name of a text string Program
Variable in thelFEFFIT name space, and returns its value, which will be a text string up to 128
characters long (make sure to allocate enough memory!). To comply witReRelT naming
rules, the variable name must begin with a $.

11.4.6 functionput _array()

Theput _array()  function takes 3 arguments to set the value of an array Program Variable.
The first argument is theameof the variable in theFEFFIT name space. The second is the
number of points (typént* ) in the array, and the third is the array itself (tyg@uble* ). To
comply with thelFEFFIT naming rules, the variable name needs to contain a dot *.".

11.4.7 functionget _array()

Theget _array()  function takes 2 arguments to retrievelagaFFIT array Program Variable

into an array (some languages call these lists) in the calling language. The first argument is
the name of the variable in theerFIT name space, and the second is the array itself (type
double* ). To comply with theaFEFFIT naming rules, the variable name needs to contain a dot

‘’. The value returned bget _array()  will be the number of points in the array.
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11.4.8 functionget _echo()
11.5 ThelrFerrIT Perl Module

Perl is an Open-Source scripting language, available for frégtat/www.perl.com/ It runs
on every significant operating system. For those with programming (especially C) or Unix
experience, Perl is an easy language to learn, and is especially good for processing text files
and controlling processes. For those without much programming experience, Perl is still fairly
easy to learn. Many excellent booRsB] are available, and the support available on the web
is excellent. Perl’s flexibility and text-processing capabilities makes it very useful for many
projects, including web-scripting.

To uselFEFFIT from within a perl program, you need tiheerrFIT Perl Module, which is a
pluggable extension to perl included in thireFFIT distribution. Using theFerFFIT module is
fairly easy. Somewhere near the top of your perl script you pse * Ifeffit; " to tell perl
that you want to use theEFFIT module. This provides perl with a function callddffit
that takes a text string as an argument, sends that torHreIT engine and returns after the
command has executed. Subsequent califetht continue in the sameEFFIT session,
so that variables (arrays, scalars, strings, etc.)FiFFIT's memory can be accessed by later
IFEFFIT commands. A simple script might look like this:

#!/usr/bin/perl -w

use Ifeffit;

$plot_command = "plot(my.x,my.y,color=blue)";

ifeffit(" my.x = indarr(600) / 300 ");

ifeffit(" my.y = 4 * exp(-my.x/5.) * cos(4*my.x - 70)");
ifeffit($plot_command);

Theifeffit function returns an integer, which is normally O for ‘success’. If the command
appears to be an incomplete line (that is, the line is expected to be contiifefitl), returns

-1. If an ‘exit’ has been sent tifieffit , it returns 1, and if a serious error occurs within
IFEFFIT, a value greater than 1 is returned.

In addition to sending commands as text strings tolHeEEFIT function, you can also di-
rectly access the scalars, arrays, and text stringeiFFI T's store. There are six additional func-
tions — one for each of “set” and “get” of the three data tygpst _scalar , get _string ,
get _array , put _scalar , put _string , andput _array . To use these functions, you'll
need to tell perl you want to use these functions (in keeping with perl’s custom, the default
behavior is tanot provide loads of function names without explicitly asking for them) with

use Ifeffit ;
use Ifeffit gw(get_scalar get_string get_array);
use Ifeffit gw(put_scalar put_string put_array);

With these declarations, you can now put something like

ifeffit(" read_data(my.xmu, type = xmu)");

ifeffit(" spline(my.energy, my.xmu, rbkg = 1.0)");

$e0 = get_scalar("e0");

$rbkg = get_scalar("rbkg");

$perl_string = "Spline Rbkg = $rbkg EO = $e0\n";
put_string("titlel", $perl_string)

ifeffit(" write_data(file=my_out.chi,$titlel, my.k, my.chi)");


http://www.perl.com/
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in your perl script. After reading(E) data and doing a background subtraction, this script got
the values of?,., and Ey, wrote those values into a perl text string and then passed that string
directly back intolFEFFIT. SincelFEFFIT has essentially no string processing capabilities, this
is a good way to write a decent title line for an output file. Finally, this script teldFIT to
write an output file fory (k) using this newly-formed title line.

If the IFEFFIT perl module is installed on your system, more complete documentation is
available by typing perldoc Ifeffit " at a command-line prompt.

11.6 UsingIFEFFIT from Python

Like Perl and Tcl, Python is an Open-Source scripting language that runs on every significant
operating system and is available for freengtp://www.python.org/ Python is easy to learn,

and is growing in popularity, especially for scientific programming. It's supports the Tk toolkit
on Unix, Windows, and Mac, and even has some 2d-plotting capabilities builtin.

To uselFEFFIT from within Python, you’'ll need to make theEFFIT extension to Python
(consult the installation documentation). Once that's done, you can import the Ifeffit module to
get the same sort of functions described above for Perl and Tcl. That is, therdeffian
function that takes a command string argument and returns an integer. There are also functions
get _scalar , get _string , get _array , put _scalar , put _string , andput _array
for copying each of the three data types back and forth between the underAgiFrRIT session
and the Python script itself.

#/usr/bin/python

import Ifeffit

iff = Ifeffit.Ifeffit()

iff.ifeffit( "read_data(my.xmu, group=my, type = xmu)")
iff.ifeffit( "spline(my.energy, xmu = my.xmu, rbkg = 1.0)")
e0 = iff.get_scalar("e0")

rbkg = iff.get_scalar("rbkg")

str = "Spline Rbkg = %f8.2 EO = %f9.2" % (rbkg, €0)
iff.put_string("title1", str)

iff.ifeffit( "write_data(file = my_out.chi, my.k, my.chi)")

11.7 UsingIFEFFIT from Tcl

Tcl[1] is an Open-Source scripting language, available for frelattat//www.scriptics.com/

Like Perl, it runs on every significant operating system, and is especially popular when used
with it's exceptional Tk widget set for building cross-platform GUIs. The Tcl syntax is fairly
simple, and many books and web-sites are devoted to it.

To get access to theerFIT functionality from within Tcl, you'll need to make theErFIT
extension to Tcl for your system. Once that’s done (see the installations instructions for details),
you can “source” the Ifeffit.tcl file to get the same sort of functions described above for Perl.
That is, there is aifeffit function that takes a command string argument and returns an
integer. There are also functioget _scalar , get _string , get _array , put _scalar
put _string ,andput _array for copying each of the three data types back and forth between
the underlyingFEFFIT session and the Tcl script itself.

A Tcl script usinglFEFFIT might look like this:

source Ifeffit.tcl
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ifeffit ~ "read_data(my.xmu, group=my, type = xmu)"
ifeffit  "spline(my.energy, xmu = my.xmu, rbkg = 1.0)
set e0 [ get_scalar "e0" ]

set rbkg [ get _scalar "rbkg" ]

set tcl_string "Spline Rbkg = $rbkg EO = $e0"
put_string S$titlel  $tcl_string

ifeffit ~ "write_data(file = my_out.chi, my.k, my.chi)"

n
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A Glossary of Program Variables

This appendix describes and lists the Program VarialslesrIT expects you to use. Itis a
compilation of the Program Variables used as default input and output from the commands listed
in chapter. It also describes common conventions used for the naming of arrays generated by

the commands.

A.1 Scalar Naming Conventions

The tables below list the commonly used scalars and text strings Program Variables, giving a
very brief description of the expected meaning for the variables and the commands that use this
variable either as input or output. More details about the meaning and use of these variables can

be found in the entry for each command.

General and System Variables

Program Variable  Description
$column _label data column label

Used in Commands
read _data()

$commentchar comment character read _data() ,write _data()
&echo _lines number of lines t&echo() echo() ,load()
$filename file name for input read _data()
$group default group name many
$history  file name command history file history()
$&install  _dir  installation directory f1f2()
&pause _ignore ignorepause() commands pause()
&screen _echo screen echo setting echo() ,log() , macro()
&sync _level synchronization level save() ,set() ,show()
$1...99 macro arguments at macro execution
Plotting
Program Variable  Description Used in Commands
cursor _x cursorx coordinate cursor() ,zoom()
cursor .y cursory coordinate cursor() ,zoom()
$plot _device plotting device plot()
$plot file filename for hardcopy plot  plot()
$plot _title title for plot plot()
$plot _xlabel label for x-axis plot()
$plot _ylabel label for y-axis plot()
FEFF Paths
Program Variable  Description Used in Commands
$feff _file name ofFEFFfile path()
path _index path index path()
reff R of aFeFFpath get _path()
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Pre-Edge and Spline
Used in commandgre _edge() , andspline()

Program Variable Description Used in Commands
e0 FEy, wherek =0

edge _step Au(Ey), edge step

norm _cO normaliztion parameter

norm _cl normaliztion parameter

norm _c2 normaliztion parameter

norml normalization range

normz2 normalization range

norm _order order of normalization polynomial

pre _offset offset of pre-edge line

pre _slope slope of pre-edge line

prel pre-edge range

pre2 pre-edge range

rbkg Ryxg for XAFS spline spline()

(see also Fourier transform parameterssfgiine() )

Fourier Transform

Used in commandshi _noise() , feffit() , Fitf() , andfftr()
Program Variable Description Used in Commands
$altwindow alternate window array
dk1 dky
dk2 dks
drl dR1
dr2 dRy
kmax Kmax
kmin kmin
kweight k-weightw
kwindow k — R window type
rmax Ronax
rmin Ruin
rwindow R — g window type
dk1 _spl dky spline()
dk2 _spl dko spline()
kmax_spl kmax spline()
kmin _spl Kmin spline()

kweight _spl k-weightw spline()
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Fitting
Program Variable Description Used in Commands
chi _square fit statistic feffit() , minimize()
chi _reduced fit statistic feffit() , minimize()
epsilon k €k, uncertainty iny(k)  chi _noise() , feffit()
epsilon r er, uncertainty iny(R) chi _noise() , feffit()
&fit _iteration number of fit interations feffit() , minimize()
$fit  _space fitting space feffit()
n_idp Nidp feffit()
n_varys number of variables feffit() , minimize()
r factor fit statistic feffit()

A.2 Array Naming Conventions

Arrays created by commands will have predictable names, and depend only on the current
group name, held in the string varialffgroup , or specified as a command argument. By
convention, the prefix of the array name is the group name, and the suffix of the array name
contains a meaningful identification for the data. The following table lists the commonly used
suffixes, their meaning, and commands that use or create arrays with these suffixes.

Array suffix Description Used in Commands
energy E none

xmu 1 none

pre pre-edge subtracted pre _edge() , spline()
norm normalizedpre pre _edge() , spline()

bkg background. spline()

k k spline() ,fftf() , feffit()
chi X spline() ,fftf() , feffit()
win Wy (k-window function) fftf() , feffit()

chir _mag IX(R)| fftf()

chir _re Re[x(R)] fftf()

chir _im Im[x(R)] fftf()

chir _phase phase[x(R)] fftf()
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B Fourier Transforms in IFEFFIT

This appendix describes and lists the conventions used for Fourier transfoimas .

B.1 Fourier transform Conventions

Many of IFEFFIT's command use Fourier transforms (FT) to perform their tasks. In addition to
fftf() andfftr() , which are principly designed to do Fourier transforms, the commands
chi _noise() , feffit() , andspline() all do (or can do) Fourier transforms as part of
their data processing. The form of the Fourier transform done by all these commands is the
same, and is really an XAFS-specific Fourier transform that conygis$ into x(R) in the
forward direction andy(R) into x(k) in the reverse direction. The XAFS-specific FT done
by these commands will be described in detail shortly. For now, an important point to empha-
size is that all these commands share many arguments and grogram variables describing the
Fourier transforms. These shared command arguments and program variables are the topic of
this section.

The forward XAFS Fourier transform, done witftf()  , transformsy(k) to x(R). To
do this, thex (k) data is first multiplied by &-weighting factor of the fornk™ and a window
function before the actual Fast Fourier transform is performed kflweighting factorw is used
to “even out” the decaying (k) function and to emphasize differektregions of the EXAFS
in the resultingy(R). Popular choics fow are 1, 2, and 3.

Formally, the XAFS Fourier transform can be written as

U(R) = jﬁ 7 dne e (4)

whereQ)(k) is the window function, ana is thek-weighting factor. The window function can
take a variety of functional forms, all of which rise from a small value (possible zero) at Jow-
rise up to one, and then fall back towards zero at higlFhe window is intended to smooth

out any ringing in the resulting FT amplitude while maintaining as much resolution as possible,
and will be discussed in more detail in the next section.

A discrete form of the above formula is actually used so that the Fast Fourier Transform
algorithm can be exploited. The key point here is that the data is sampled on a finite and
uniformgrid in k (or R for the back-transform). Thi-space grid used throughowEFFIT is
5k =0.054"". The array sizes foy (k) andy (R) areNg, = 2048, and the data igero-padded
out to high# (or high-R). The zero-padding fox (k) will smooth the data points iRR-space,
and the zero-padding of(R) will smooth the data in backtransforméedspace. The grid in
R-space i$ R = 7/ Ng; 0k, which is then~ 0.0307 A.

For the discrete Fourier transforms, we wiite= ndk andRR,,, = m 0 R, and have

iok N e
UBm) = == 30 xlkn) Q) Rype?minm /e (5)
n=1
for the forward transform and
~ 27’6R o ~ —2minm
Wkn) = Z== X UBw) Q(R) 727/ (6)
m=1

for the back transform. These normalizations preserve the symmetry properties of the Fourier
Transforms with conjugate variablésand2R.
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There are few slight complication with these formulas. The first arises from the fact that
because the classic EXAFS equation has a term of the é&#if} or sin(2k R), it customary to
usek and2R as the Fourier conjugate variables while still desiringEhgpace function to be a
function of R. This changes the normalization factors in front of the integral to those above.
The other minor complication is that the “measuredk) derived fromu(E) and is a
strictly real function while the Fourier transform inherently tregté) as complex functions,
signified by théabove they). There is an ambiguity about how to construct the comglegx).
In many formal treatments, the measured XAFS is written as the imaginary part of some func-
tion, so that constructing (k) as(0, Xmeasured (k)) Might seem a natural choice. For historical
reasons|FEFFIT uses the opposite convention, constructiii) as(xmeasured (k), 0). You can
easily override this default however and do transforms assuii(ihgis the imaginary part of
X (k). Normally, one does a forward transform with

Iff> fftf(real = data.chi)
which setsy (k) as(xdata(k),0). You can use
Iff> fftf(imag = data.chi)

to constructy (k) as(0, xdata(k)).

The Fourier transform requires that tRéek) data begin ak = 0. More to the point, the
fftf() commandassumethat the supplied array fah: starts ak: = 0 unless told otherwise.
Itis important to include th&-array with this keyword. If not given, thearray will be assumed
to have it's first point be((k = 0), and then to be input on an evérgrid with spacing).05 A.

B.2 Fourier transform window functions

There are seven optional forms for the Fourier transform win€igw). There is quite a bit

of literature on the different windows, and generally more opinion than justified reason for
selecting one window function over others. | believe that all the window functior=eirFIT

are appropriate and useful for EXAFS analysis. My recommendation is to pick one function and
stick with it. If you're unsure about which one to pick, my favorites are the Hanning window
(the default inFEFFIT, largely for historical reasons) and the Kaiser-Bessel window. Again, |
have not seen any objective rational for preferring any other windows, and the choice is really a
matter of taste.

The available window functions are described below, first in the table giving a brief descrip-
tion, then with an equation for the window function, and finally with a representative plot. For
simplicity, all are written as functions @f. The R-space windows are exactly analogous with
k replaced by .

altwindow names an alternative windoarray is named with this keyword, overriding
the ‘normal’ window. The array specified must be created before invdkifidy
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Table 10: Table of Fourier Transform Window Functions. The first four windows list ramp up
from O to 1 over &-range defined by thdk parameter, stay at 1 for somerange, and then
drop back down to zero. The final three window functions apply a continuous function that
may never go to zero over the entiterange of the window. For each window type, the Key

in the second column gives the value to use forkinindow parameter offtf() , or the
rwindow parameter offtr()

Window Name Key Description

Hanning hanning ramps up and down ass?(k)

Parzen parzen ramps up and down linear with

Welch welch ramps up and down linear witk?

Sine sine a Sine function over the fukt-range

Gaussian gaussian a Gaussian function over the fultrange
Kaiser-Bessel kaiser a modified Bessel function over the fulrange

window(kmin=2,kmax=17,dk=2,kwindow="'hanning')

T T — —
dk1=2.0 dk2=2.0
= ) 4

" | "
10
kK &M

Figure 6: Anatomy of the Hanning Window.
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17,dk=2.,kwindow="'parzen')

2,kmax

window(kmin

17.0

20

15

kK &M

Figure 7: Anatomy of the Parzen Window.

2,kmax=

2.,kwindow="welch")

17,dk

window(kmin

"9
~

2.0
1

kmin

15 20

10
k (&M

Figure 8: Anatomy of the Welch Window.
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window(dk1=3.00,dk2=10.5,kwindow="'gauss')
L e VU AL B
Q(k)=exp[—(k—dk2)?/(2dk1}

~
—_

FWHM=2xsqrt(2xlog(2))*dk1

'e}

o[ L 7
|
|
|
, dk2=10.5
|
I
|

o 1 11y 1

0 5 10 15 20
k (&7
Figure 9: Anatomy of the Gauss Window.
window(kmin=2,kmax=17,kwindow="kaiser")
L L L
dk=3.0
0
2 -
dk=6.0
o L L L n 1 L L L L 1 " L L L 1 L " " L
0 5 10 15 20

k (&M

Figure 10: Anatomy of the Kaiser Window.
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0.5

window(kmin=2,kmax=17,dk=2,kwindow="sine")

T T T T

T

kmax+dk=18.0

)

Figure 11: Anatomy of the Sine Window.
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