Funtools: FITS Users Need Tools

Summary

This document is the Table of Contents for Funtools.

Description

Funtools, is a "minimal buy-in" FITS library and utility package developed at the the High Energy
Astrophysics Division of SAO. The Funtools library provides simplified access to a wide array of

file types: standard astronomical FITS images and binary tables, raw arrays and binary event lists,
and even tables of ASCII column data. A sophisticated region filtering library (compatible with ds9)
filters images and tables using boolean operations between geometric shapes, support world
coordinates, etc. Funtools also supports advanced capabilities such as optimized data searching
using index files. The main goal of the Funtools project has been to develop a minimal buy-in FITS
library for researchers who are occasional (but serious) coders. In this case, "minimal buy-in" means
"easy to learn, easy to use, and easy to re-learn next month". We have tried to achieve this goal by
emphasizing two essential capabilities. The first is the ability to develop FITS programs without
knowing much about FITS, i.e., without having to deal with the arcane rules for generating a
properly formatted FITS file. The second is to support the use of already-familiar C/Unix facilities,
especially C structs and Unix stdio. Taken together, these two capabilities should allow researchers
to leverage their existing programming expertise while minimizing the need to learn new and
complex coding rules.
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Funtools Programs

Summary

funcalc [-n] [-a argstr] [-e expr] [-f file] [-] link] [-p prog] [-u] <iname> [oname [columns]]
funcen [-i] [-n iter] [-t tol] [-v lev] <iname> <region>

funcnts [switches] <source_file> [source_region] [bkgd_file] [bkgd_region|bkgd_cnts]
funcone [-n] [-x|-X|-j|-J] [[-I|-L] list] [-r ra_col] [-d dec_col] <iname> <oname> <ra[hdr]> <dec[hdr]> <radius[dr"]> [columns]
fundisp [-f format] [-]] [-n] [-T] <iname> [columns|bitpix=n]

funhead [-a] [-]] [-s] [-t] [-L] <iname> [oname ename]

funhist [-n|-w]|-T] <iname> [column] [[lo_edge:hi_edge:]bins]

funimage [-a] [-]] [-p x|y] <iname> <oname> [bitpix=n]

funindex <jname> <key> [oname]

funioin [switches] <ifile1> <ifile2> ... <ifilen> <ofile>

funmerge <inamel> <iname2> ... <oname>

funsky [switches] <inamel> [<Iname2> <col1> <col2>]

funtable [-a] [-i|-z] [-m] [-s cols] <iname> <oname> [columns]

funtbl [-¢ cols] [-h] [-n table] [-p prog] [-s sep] [-T] <iname>

funcalc - Funtools calculator (for binary tables)

funcalc [-n] [-a argstr] [-e expr] [-f file] [-] link] [-p prog] <iname> [oname [columns]]

-a argstr # user arguments to pass to the compiled program
-e expr  # funcalc expression

-ffile  # file containing funcalc expression

-llibs  #libs to add to link command

-n # output generated code instead of compiling and executing
-pprog  # generate named program, no execution
-u # die if any variable is undeclared (don’t auto-declare)

funcalc is a calculator program that allows arbitrary expressions to be constructed, compiled, and
executed on columns in a Funtools table (FITS binary table or raw event file). It works by integrating
user-supplied expression(s) into a template C program, then compiling and executing the program.
funcalc expressions are C statements, although some important simplifications (such as automatic
declaration of variables) are supported.

funcalc expressions can be specified in three ways: on the command line usiadekgression]switch,
in a file using thef [file] switch, or from stdin (if neithete nor-f is specified). Of course a file containing
funcalc expressions can be read from stdin.

Each invocation ofuncalc requires an input Funtools table file to be specified as the first command line
argument. The output Funtools table file is the second optional argument. It is needed only if an output
FITS file is being created (i.e., in cases wherefuinealc expression only prints values, no output file is
needed). If input and output file are both specified, a third optional argument can specify the list of
columns to activate (usirfeunColumnActivate()). Note th&tincalc determines whether or not to

generate code for writing an output file based on the presence or absence of an output file argument.



A funcalc expression executes on each row of a table and consists of one or more C statements that
operate on the columns of that row (possibly using temporary variables). Within an expression, reference
is made to a column of tleairrent row using the C struct syntaxir->[colname], e.g. cur->x, cur->pha,

etc. Local scalar variables can be defined using C declarations at very the beginning of the expression, or
else they can be defined automaticallyflmycalc (to be of type double). Thus, for example, a swap of
columns x and y in a table can be performed using either of the following equivaiealc expressions:

double temp;
temp = cur->x;
Cur->x = cur->y;
cur->y = temp;

or:

temp = cur->x;
cur->x = cur->y;
cur->y = temp;

When this expression is executed using a command such as:
funcalc -f swap.expr itest.ev otest.ev

the resulting file will have values of the x and y columns swapped.

By default, the data type of the variable for a column is the same as the data type of the column as stored
in the file. This can be changed by appending ":[dtype]" to the first reference to that column. In the
example above, to force x and y to be output as doubles, specify the type 'D’ explicitly:

temp = cur->x:D;
cur->x = cur->y:D;
cur->y = temp;

Data type specifiers follow standard FITS table syntax for defining columns using TFORM:

A: ASCII characters

B: unsigned 8-bit char

I: signed 16-bit int

U: unsigned 16-bit int (not standard FITS)
J: signed 32-bit int

V: unsigned 32-bit int (not standard FITS)
E: 32-bit float

D: 64-bit float

X: bits (treated as an array of chars)

Note that only the first reference to a column should contain the explicit data type specifier.

Of course, it is important to handle the data type of the columns correctly. One of the most frequent cause
of error infuncalc programming is the implicit use of the wrong data type for a column in expression. For
example, the calculation:



dx = (cur->x - cur->y)/(cur->X + cur->y);

usually needs to be performed using floating point arithmetic. In cases where the x and y columns are
integers, this can be done by reading the columns as doubles using an explicit type specification:

dx = (cur->x:D - cur->y:D)/(cur->x + cur->y);
Alternatively, it can be done using C type-casting in the expression:

dx = ((double)cur->x - (double)cur->y)/((double)cur->x + (double)cur->y);

In addition to accessing columns in the current row, reference also can be madeeéoithes row using
prev->[colname], and to thanext row usingnext->[colname] Note that ifprev->[colname]is specified

in thefuncalc expression, the very first row is not processedelt->[colname]is specified in the

funcalc expression, the very last row is not processed. In this pvay,andnext are guaranteed always
to point to valid rows. For example, to print out the values of the current x column and the previous y
column, use the C fprintf function infancalc expression:

fprintf(stdout, "%d %d\n", cur->x, prev->y);

New columns can be specified using the saore>[colname] syntax by appending the column type (and
optional timin/timax/binsiz specifiers), separated by colons. For example, cur->avg:D will define a new
column of type double. Type specifiers are the same those used above to specify new data types for
existing columns.

For example, to create and output a new column that is the average value of the x and y columns, a new
"avg" column can be defined:

cur->avg:D = (cur->x + cur->y)/2.0
Note that the final ’;’ is not required for single-line expressions.

As with FITS TFORM data type specification, the column data type specifier can be preceded by a
numeric count to define an array, e.g., "10I" means a vector of 10 short ints, "2E" means two single
precision floats, etc. A new column only needs to be defined onclintalc expression, after which it
can be used without re-specifying the type. This includes reference to elements of a column array:

cur->avg[0]:2D = (cur->x + cur->y)/2.0;
cur->avg[1] = (cur->x - cur->Y)/2.0;

The "X’ (bits) data type is treated as a char array of dimension (numeric_count/8), i.e., 16X is processed as
a 2-byte char array. Each 8-bit array element is accessed separately:

cur->stat[0]:16X =1,
cur->stat[l] =2;

Here, a 16-bit column is created with the MSB is set to 1 and the LSB set to 2.

By default, all processed rows are written to the specified output file. If you want to skip writing certain
rows, simply execute the C "continue" statement at the end airtbalc expression, since the writing of
the row is performed immediately after the expression is executed. For example, to skip writing rows



whose average is the same as the current x value:

cur->avg[0]:2D = (cur->x + cur->y)/2.0;
cur->avg[1] = (cur->x - cur->y)/2.0;
if( cur->avg[0] == cur->x )

continue;

If no output file argument is specified on tliacalc command line, no output file is opened and no rows
are written. This is useful in expressions that simply print output results instead of generating a new file:

fpv = (cur->av3:D-cur->av1:D)/(cur->avl+cur->av2:D+cur->av3);

fbv = cur->av2/(cur->avl+cur->av2+cur->av3);

fpu = ((double)cur->au3-cur->aul)/((double)cur->aul+cur->au2+cur->au3);
fou = cur->au2/(double)(cur->aul+cur->au2+cur->au3);

fprintf(stdout, "%M\t%N\t%M\t%An", fpv, fbv, fpu, fbu);

In the above example, we use both explicit type specification (for "av" columns) and type casting (for "au"
columns) to ensure that all operations are performed in double precision.

When an output file is specified, the selected input table is processed and output rows are copied to the
output file. Note that the output file can be specified as "stdout" in order to write the output rows to the
standard output. If the output file argument is passed, an optional third argument also can be passed to
specify which columns to process.

In a FITS binary table, it sometimes is desirable to copy all of the other FITS extensions to the output file
as well. This can be done by appending a '+’ sign to the name of the extension in the input file name. See
funtable for a related example.

funcalc works by integrating the user-specified expression into a template C prograntaladialid.c. The
completed program then is compiled and executed. Variable declarations that bégntale

expression are placed in the local declaration section of the template main program. All other lines are
placed in the template main program’s inner processing loop. Other details of program generation are
handled automatically. For example, column specifiers are analyzed to build a C struct for processing
rows, which is passed EunColumnSelect() and usediknnTableRowGet(). If an unknown variable is
used in the expression, resulting in a compilation error, the program build is retried after defining the
unknown variable to be of type double.

Normally, funcalc expression code is addedftmcalc row processing loop. It is possible to add code to
other parts of the program by placing this code inside special directives of the form:

[directive name]
... code goes here ...
end

The directives are:

global add code and declarations in global space, before the main routine.
local add declarations (and code) just after the local declarations in main
before add code just before entering the main row processing loop

after add code just after exiting the main row processing loop



Thus, the followinguncalc expression will declare global variables and make subroutine calls just before
and just after the main processing loop:

global
double v1, v2;
double init(void);
double finish(double v);
end
before
vl =init();
end
... process rows, with calculations using v1 ...
after
v2 = finish(vl);
if(v2 < 0.0 ){
fprintf(stderr, "processing failed %g -> %g\n", v1, v2);
exit(1);
}

end

Routines such as init() and finish() above are passed to the generated program for linking disfiingkthe
directives ...]switch. The string specified by this switch will be added to the link line used to build the
program (before the funtools library). For example, assuming that init() and finish() are in the library
libmysubs.a in the /opt/special/lib directory, use:

funcalc -1 "-L/opt/special/lib -Imysubs" ...

User arguments can be passed to a compiled funcalc program using a string argument to the "-a" switch.
The string should contain all of the user arguments. For example, to pass the integers 1 and 2, use:

funcalc -a "1 2" ...

The arguments are stored in an internal array and are accessed as strings via the ARGV(n) macro. For
example, consider the following expression:

local
int pmin, pmax;
end

before
pmin=atoi(ARGV(0));
pmax=atoi(ARGV(1));
end

if( (cur->pha >= pmin) && (cur->pha <= pmax) )
fprintf(stderr, "%d %d %d\n", cur->X, cur->y, cur->pha);

This expression will print out X, y, and pha values for all rows in which the pha value is between the two
user-input values:



funcalc -a '1 12’ -f foo snr.ev’[cir 512 512 .1]’
512512 6
5125128
5125125
5125125
5125128

funcalc -a '5 6’ -f foo snr.ev’[cir 512 512 .1]
512512 6
5125125
5125125

Note that it is the user’s responsibility to ensure that the correct number of arguments are passed. The
ARGV(n) macro returns a NULL if a requested argument is outside the limits of the actual number of
args, usually resulting in a SEGV if processed blindly. To check the argument count, use the ARGC
macro:

local
long int seed=1,;
double limit=0.8;
end

before
if( ARGC >= 1) seed = atol(ARGV(0));
if( ARGC >= 2) limit = atof(ARGV(2));
srand48(seed);

end

if (drand48() > limit ) continue;

The macro WRITE_ROW expands to the FunTableRowPut() call that writes the current row. It can be
used to write the row more than once. In addition, the macro NROW expands to the row number currently
being processed. Use of these two macros is shown in the following example:

if( cur->pha:l == cur->pi:l ) continue;

a = cur->pha;

cur->pha = cur->pi;

cur->pi = a;

cur->AVG:E = (cur->pha+cur->pi)/2.0;
cur->NR:I = NROW;

if(NROW < 10 ) WRITE_ROW;

If the -p [prog] switch is specified, the expression is not executed. Rather, the generated executable is
saved with the specified program name for later use.

If the -n switch is specified, the expression is not executed. Rather, the generated code is written to stdout.
This is especially useful if you want to generate a skeleton file and add your own code, or if you need to
check compilation errors. Note that the comment at the start of the output gives the compiler command
needed to build the program on that platform. (The command can change from platform to platform
because of the use of different libraries, compiler switches, etc.)



As mentioned previouslyuncalc will declare a scalar variable automatically (as a double) if that variable
has been used but not declared. This facility is implemented using a sed scripfuracakdsed, which
processes the compiler output to sense an undeclared variable error. This script has been seeded with the
appropriate error information for gcc, and for cc on Solaris, DecAlpha, and SGI platforms. If you find that
automatic declaration of scalars is not working on your platform, check this sed script; it might be
necessary to add to or edit some of the error messages it senses.

In order to keep the lexical analysisfohcalc expressions (reasonably) simple, we chose to accept some
limitations on how accurately C comments, spaces, and new-lines are placed in the generated program. In
particular, comments associated with local variables declared at the beginning of an expression (i.e., not in
alocal...endblock) will usually end up in the inner loop, not with the local declarations:

[* this comment will end up in the wrong place (i.e, inner loop) */
double a; /* also in wrong place */

[* this will be in the the right place (inner loop) */

if( cur->x:D == cur->y:D ) continue; /* also in right place */

a = cur->x;

cur->x = cur->y;

cur->y = a;

cur->avg:E = (cur->x+cur->y)/2.0;

Similarly, spaces and new-lines sometimes are omitted or added in a seemingly arbitrary manner. Of
course, none of these stylistic blemishes affect the correctness of the generated code.

Becausduncalc must analyze the user expression using the data file(s) passed on the command line, the
input file(s) must be opened and read twice: once during program generation and once during execution.
As a result, it is not possible to use stdin for the inputfiilecalc cannot be used as a filter. We will

consider removing this restriction at a later time.

Along with C commentduncalc expressions can have one-line internal comments that are not passed on
to the generated C program. These internal comment start withctieracter and continue up to the
new-line:

double a; # this is not passed to the generated C file
# nor is this

a = cur->x;

cur->X = cur->y;

cur->y = a;

[* this comment is passed to the C file */

cur->avg:E = (cur->x+cur->y)/2.0;

As previously mentioned, input columns normally are identified by their being used within the inner event
loop. There are rare cases where you might want to read a column and process it outside the main loop.
For example, gsort might use a column in its sort comparison routine that is not processed inside the inner
loop (and therefore not implicitly specified as a column to be read). To ensure that such a column is read
by the event loop, use tleaplicit keyword. The arguments to this keyword specify columns that should

be read into the input record structure even though they are not mentioned in the inner loop. For example:



explicit pi pha

will ensure that the pi and pha columns are read for each row, even if they are not processed in the inner
event loop. Thexplicit statement can be placed anywhere.

Finally, note thafuncalc currently works on expressions involving FITS binary tables and raw event files.
We will consider adding support for image expressions at a later point, if there is demand for such support
from the community.

funcen - find centroid (for binary tables)
funcen [-i] [-n iter] [-t tol] [-v lev] <iname> <region>

-i # use image filtering (default: event filtering)
-n iter # max number of iterations (default: 0)

-t tol # pixel tolerance distance (default: 1.0)

-v [0,1,2,3] # output verbosity level (default: 0)

funceniteratively calculates the centroid position within one or more regions of a Funtools table (FITS
binary table or raw event file). Starting with an input table, an initial region specification, and an iteration
count, the program calculates the average x and y position within the region and then uses this new
position as the region center for the next iteration. Iteration terminates when the maximum number of
iterations is reached or when the input tolerance distance is met for that region. A count of events in the
final region is then output, along with the pixel position value (and, where available, WCS position).

The first argument to the program specifies the Funtools table file to process. Since the file must be read
repeatedly, a value of "stdin" is not permitted when the number of iterations is non-zeFunitsas
BracketNotation to specify FITS extensions and filters.

The second required argument is the initial region descriptor. Multiple regions are permitted. However,
compound regions (accelerators, variable argument regions and regions connected via boolean algebra)
are not permitted. Points and polygons also are illegal. These restrictions might be lifted in a future
version, if warranted.

The-n (iteration number) switch specifies the maximum number of iterations to perform. The default is O,
which means that the program will simply count and display the number of events in the initial region(s).
Note that when iterations is 0, the data can be input via stdin.

The-t (tolerance) switch specifies a floating point tolerance value. If the distance between the current
centroid position value and the last position values is less than this value, iteration terminates. The default
value is 1 pixel.

The-v (verbosity) switch specifies the verbosity level of the output. The default is 0, which results in a
single line of output for each input region consisting of the following values:

counts x y [ra dec coordsys]

The last 3 WCS values are output if WCS information is available in the data file header. Thus, for
example:



[sh] funcen -n O snr.ev "cir 505 508 5"
915 505.00 508.00 345.284038 58.870920 j2000

[sh] funcen -n 3 snr.ev "cir 505 508 5"
1120 504.43 509.65 345.286480 58.874587 j2000

The first example simply counts the number of events in the initial region. The second example iterates the
centroid calculation three times to determine a final "best" position.

Higher levels of verbosity obviously imply more verbose output. At
level 1, the output essentially contains the same information as level
0, but with keyword formatting:

[sh] funcen -v 1 -n 3 snr.ev "cir 505 508 5"

event file: snr.ev

initial_region: cir 505 508 5

tolerance:  1.0000

iterations: 1

events: 1120

x,y(physical): 504.43 509.65

ra,dec(j2000): 345.286480 58.874587

final_regionl: cir 504.43 509.65 5

Level 2 outputs results from intermediate calculations as well.

Ordinarily, region filtering is performed using analytic (event) filtering, i.e. that same style of filtering as
is performed byundisp andfuntable. Use thei switch to specify image filtering, i.e. the same style
filtering as is performed bfuncnts. Thus, you can perform a quick calculation of counts in regions, using
either the analytic or image filtering method, by specifying-th@ and optionati switches. These two
method often give different results because of how boundary events are processed:

[sh] funcen snr.ev "cir 505 508 5"
915 505.00 508.00 345.284038 58.870920 j2000

[sh] funcen -i snr.ev "cir 505 508 5"
798 505.00 508.00 345.284038 58.870920 j2000

SeeRegionBoundaries for more information about how boundaries are calculated using these two
methods.

funcnts - count photons in specified regions, with bkgd
subtraction

funcnts [switches] <source_file> [source_region] [bkgd_file] [bkgd_region|bkgd_value]

-e "source_exposure[;bkgd_exposure]"
# source (bkgd) FITS exposure image using matching files
-w "source_exposure[;bkgd_exposure]"
# source (bkgd) FITS exposure image using WCS transform
-t "source_timecorr[;bkgd_timecorr]"
# source (bkgd) time correction value or header parameter name
-g # output using nice g format
-G # output using %.14g format (maximum precision)
-i "[column;]intl;int2..." # column-based intervals



-m # match individual source and bkgd regions

-p # output in pixels, even if wcs is present

-r # output inner/outer radii (and angles) for annuli (and pandas)
-S # output summed values

-v "scol[;bcol]" # src and bkgd value columns for tables

-T # output in starbase/rdb format

-z # output regions with zero area

funcnts counts photons in the specified source regions and reports the results for each region. Regions are
specified using th&patial Regiorfiltering mechanism. Photons are also counted in the specified bkgd
regions applied to the same data file or a different data file. (Alternatively, a constant background value in
counts/pixel**2 can be specified.) The bkgd regions are either paired one-to-one with source regions or
pooled and normalized by area, and then subtracted from the source counts in each region. Displayed
results include the bkgd-subtracted counts in each region, as well as the error on the counts, the area in
each region, and the surface brightness (cnts/area**2) calculated for each region.

The first argument to the program specifies the FITS input image, array, or raw event file to process. If
"stdin" is specified, data are read from the standard inputEulsols Brackelotation to specify FITS
extensions, image sections, and filters.

The optional second argument is the source region descriptor. If no region is specified, the entire field is
used.

The background arguments can take one of two forms, depending on whether a separate background file is
specified. If the source file is to be used for background as well, the third argument can be either the
background region, or a constant value denoting background cnts/pixel. Alternatively, the third argument
can be a background data file, in which case the fourth argument is the background region. If no third
argument is specified, a constant value of 0 is used (i.e., no background).

In summary, the following command arguments are valid:

[sh] funcnts sfile # counts in source file

[sh] funcnts sfile sregion # counts in source region

[sh] funcnts sfile sregion bregion # bkad reg. is from source file
[sh] funcnts sfile sregion bvalue # bkad reg. is constant

[sh] funcnts sfile sregion bfile bregion # bkgd reg. is from separate file

NB: unlike other Funtools programs, source and background regions are specified as separate arguments
on the command line, rather than being placed inside brackets as part of the source and background
filenames. This is because regions in funcnts are not simply used as data filters, but also are used to
calculate areas, exposure, etc. If you put the source region inside the brackets (i.e. use it simply as a filter)
rather than specifying it as argument two, the program still will only count photons that pass the region
filter. However, the area calculation will be performed on the whole field, since field() is the default

source region. This rarely is the desired behavior. On the other hand, with FITS binary tables, it often is
useful to put a column filter in the filename brackets, so that only events matching the column filter are
counted inside the region.

For example, to extract the counts within a radius of 22 pixels from the center of the FITS binary table
snr.ev and subtract the background determined from the same image within an annulus of radii 50-100
pixels:
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[sh] funcnts snr.ev “circle(502,512,22)" "annulus(502,512,50,100)"
# source

# datafile: snr.ev

# degrees/pix:  0.00222222

# background

# data file: snr.ev

# column units

# area: arcsec**2

# surf_bri: cnts/arcsec**2
# surf_err: cnts/arcsec**2

# background-subtracted results
reg net_counts error background berror area surf_bri surf_err

1 3826.403 66.465 555.597 5.972 96831.98 0.040 0.001

# the following source and background components were used:
source region(s)

circle(502,512,22)

reg counts pixels

1 4382.000 1513

background region(s)

annulus(502,512,50,100)

reg counts pixels

all  8656.000 23572

The area units for the output columns labeled "area", "surf_bri" (surface brightness) and "surf_err" will be
given either in arc-seconds (if appropriate WCS information is in the data file header(s)) or in pixels. If the
data file has WCS info, but you do not want arc-second units, use $tch to force output in pixels.

Also, regions having zero area are not normally included in the primary (background-subtracted) table, but
are included in the secondary source and bkgd tables. If you want these regions to be included in the
primary table, use the switch.

Note that a simple sed command will extract the background-subtracted results for further analysis:

[sh] cat funcnts.sed
1,/----*/d
1"$/,%d

[sh] sed -f funcnts.sed funcnts.out
1 3826.403 66.465 555.597 5.972 96831.98 0.040 0.001

If separate source and background files are specitiadnts will attempt to normalize the the

background area so that the background pixel size is the same as the source pixel size. This normalization
can only take place if the appropriate WCS information is contained in both files (e.g. degrees/pixel values
in CDELT). If either file does not contain the requisite size information, the normalization is not
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performed. In this case, it is the user’s responsibility to ensure that the pixel sizes are the same for the two
files.

Normally, if more than one background region is specifiedcnts will combine them all into a single
region and use this background region to produce the background-subtracted results for each source
region. Them (match multiple backgrounds) switch tdilscnts to make a one to one correspondence
between background and source regions, instead of using a single combined background region. For
example, the default case is to combine 2 background regions into a single region and then apply that
region to each of the source regions:

[sh] funcnts snr.ev "annulus(502,512,0,22,n=2)" "annulus(502,512,50,100,n=2)"
# source

# data file: snr.ev

# degrees/pix:  0.00222222

# background

# data file: snr.ev

# column units

# area: arcsec**2

# surf_bri: cnts/arcsec**2
# surf_err: cnts/arcsec**2

# background-subtracted results

reg net_counts error background berror area surf_bri surf_err
1 3101.029 56.922 136.971 1.472 23872.00 0.130 0.002
2 725375 34.121 418.625 4.500 72959.99 0.010 0.000

# the following source and background components were used:
source region(s)

annulus(502,512,0,22,n=2)

reg counts pixels

1 3238.000 373
2 1144.000 1140

background region(s)

annulus(502,512,50,100,n=2)

reg counts pixels

all  8656.000 23572

Note that the basic region filter rule "each photon is counted once and no photon is counted more than
once" still applies when using The to match background regions. That is, if two background regions
overlap, the overlapping pixels will be counted in only one of them. In a worst-case scenario, if two
background regions are the same region, the first will get all the counts and area and the second will get
none.
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Using the-m switch causeBincnts to use each of the two background regions independently with each of
the two source regions:

[sh] funcnts -m snr.ev "annulus(502,512,0,22,n=2)" "ann(502,512,50,100,n=2)"
# source

# data file: snr.ev

# degrees/pix:  0.00222222

# background

# data file: snr.ev

# column units

# area: arcsec**2

# surf_bri: cnts/arcsec**2
# surf_err: cnts/arcsec**2

# background-subtracted results

reg net_counts error background berror area surf_bri surf_err
1 3087.015 56.954 150.985 2.395 23872.00 0.129 0.002
2 755.959 34.295 388.041 5.672 72959.99 0.010 0.000

# the following source and background components were used:
source region(s)

annulus(502,512,0,22,n=2)

reg counts pixels

1 3238.000 373
2 1144.000 1140

background region(s)

ann(502,512,50,100,n=2)

reg counts pixels

1 3975.000 9820
2 4681.000 13752

Note that most floating point quantities are displayed using "f* format. You can change this to "g" format
using the-g switch. This can be useful when the counts in each pixel is very small or very large. If you
want maximum precision and don’t care about the columns lining up nicelyGuadich outputs all

floating values as %.14g.

When counting photons using the annulus and panda (pie and annuli) shapes, it often is useful to have
access to the radii (and panda angles) for each separate regiensWhiteh will add radii and angle
columns to the output table:

[sh] funcnts -r snr.ev "annulus(502,512,0,22,n=2)" "ann(502,512,50,100,n=2)"
# source

# data file: snr.ev

# degrees/pix:  0.00222222

# background

# data file: snr.ev

# column units

# area: arcsec**2
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# surf_bri: cnts/arcsec**2
# surf_err: cnts/arcsec**2
# radii: arcsecs

# angles: degrees

# background-subtracted results
reg net_counts error background berror area surf_bri surf_err radiusl radius2 anglel angle2

1 3101.029 56.922 136.971 1.472 23872.00 0.130 0.002 0.00 88.00 NA NA
2 725375 34121 418.625 4.500 72959.99 0.010 0.000 88.00 176.00 NA NA

# the following source and background components were used:
source region(s)

annulus(502,512,0,22,n=2)

reg counts pixels

1 3238.000 373
2 1144.000 1140

background region(s)

ann(502,512,50,100,n=2)

reg counts pixels

all 8656.000 23572

Radii are given in units of pixels or arc-seconds (depending on the presence of WCS info), while the angle
values (when present) are in degrees. These columns can be used to plot radial profiles. For example, the
scriptfuncnts.plot in the funtools distribution) will plot a radial profile using gnuplot (version 3.7 or

above). A simplified version of this script is shown below:

#!/bin/sh
if [ x"$1" = xgnuplot ]; then

if [ x'which gnuplot 2>/dev/null* = x ]; then
echo "ERROR: gnuplot not available"

exit 1
fi
awk ’
BEGIN{HEADER=1; DATA=0; FILES=""; XLABEL="unknown"; YLABEL="unknown"}
HEADER==1{

if( $1 == "#" && $2 == "data" && $3 == "file:" ){
if( FILES 1= ") FILES = FILES ","
FILES = FILES $4

}
else if( $1 == "#" && $2 == "radii:" ){

XLABEL = $3

}

else if( $1 == "#" && $2 == "surf_bri:" }{
YLABEL = $3

}

else if( $1 == "----" }{

printf "set nokey; set title \"funcnts(%s)\"\n", FILES
printf "set xlabel \" radius(%s)\"\n", XLABEL

printf "set ylabel \"surf_bri(%s)\"\n", YLABEL

print "plot \"-\" using 3:4:6:7:8 with boxerrorbars"

HEADER =0
DATA=1
next

}

14



}
DATA==1{

if(NF ==12){
print $9, $10, ($9+$10)/2, $7, $8, $7-$8, $7+3$8, $10-$9
}
else{
exit
}

}
"| gnuplot -persist - 1>/dev/null 2>&1

elif [ x"$1" = xds9 ]; then
awk ’
BEGIN{HEADER=1; DATA=0; XLABEL="unknown"; YLABEL="unknown"}
HEADER==1{
if( $1 =="#" && $2 == "data" && $3 == "file:"
if( FILES !="") FILES = FILES ","
FILES = FILES $4

}
else if( $1 == "#" && $2 == "radii:" ){

XLABEL = $3
}
else if( $1 =="#" && $2 == "surf_bri:" ){
YLABEL = $3
}
else if($1 =="----" }
printf "funcnts(%s) radius(%s) surf_bri(%s) 3\n", FILES, XLABEL, YLABEL
HEADER =0
DATA=1
next
}
}
DATA==1{
if(NF == 12
print $9, $7, $8
}
else{
exit
}
}
else
echo "funcnts -r ... | funcnts.plot [ds9|gnuplot]”

exit 1
fi

Thus, to rurfuncnts and plot the results using gnuplot (version 3.7 or above), use:

funcnts -r snr.ev "annulus(502,512,0,50,n=5)" ... | funcnts.plot gnuplot

The-s (sum) switch causdancnts to produce an additional table of summed (integrated) background
subtracted values, along with the default table of individual values:
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[sh] funcnts -s snr.ev "annulus(502,512,0,50,n=5)" "annulus(502,512,50,100)"
# source

# data file: snr.ev

# degrees/pix:  0.00222222

# background

# data file: snr.ev

# column units

# area: arcsec**2

# surf_bri: cnts/arcsec**2
# surf_err: cnts/arcsec**2

# summed background-subtracted results
upto net_counts error background berror area surf_bri surf_err

2880.999 54.722 112.001 1.204 19520.00 0.148 0.003
3776.817 65.254  457.183 4.914 79679.98 0.047 0.001
4025.492 71.972 1031.508 11.087 179775.96 0.022 0.000
4185.149 80.109 1840.851 19.786 320831.94 0.013 0.000
4415.540 90.790 2873.460 30.885500799.90 0.009 0.000

a b~ wWNBEF

# background-subtracted results
reg counts error background berror area surf_bri surf_err

1 2880.999 54.722 112.001 1.204 19520.00 0.148 0.003
2 895.818 35.423 345182 3.710 60159.99 0.015 0.001
3 248.675 29.345 574325 6.173100095.98 0.002 0.000
4  159.657 32.321 809.343 8.699 141055.97 0.001 0.000
5 230.390 37.231 1032.610 11.099179967.96 0.001 0.000

# the following source and background components were used:
source region(s)

annulus(502,512,0,50,n=5)

reg counts pixels sumcnts sumpix

2993.000 305 2993.000 305
1241.000 940 4234.000 1245
823.000 1564 5057.000 2809
969.000 2204 6026.000 5013
1263.000 2812 7289.000 7825

g~ wWNBEF

background region(s)

annulus(502,512,50,100)

reg counts pixels

all  8656.000 23572

The-t and-e switches can be used to apply timing and exposure corrections, respectively, to the data.
Please note that these corrections are meant to be used qualitatively, since application of more accurate
correction factors is a complex and mission-dependent effort. The algorithm for applying these simple
corrections is as follows:
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C = Raw Counts in Source Region

Ac= Area of Source Region

Tc= Exposure time for Source Data

Ec= Average exposure in Source Region, from exposure map

B= Raw Counts in Background Region

Ab= Area of Background Region

Tbh= (Exposure) time for Background Data

Eb= Average exposure in Background Region, from exposure map

Then, Net Counts in Source region is
Net= C - B * (Ac*Tc*EC)/(Ab*Tb*Eb)

with the standard propagation of errors for the Error on Net. The net rate would then be
Net Rate = Net/(Ac*Tc*Ec)

The average exposure in each region is calculated by summing up the pixel values in the exposure map for
the given region and then dividing by the number of pixels in that region. Exposure maps often are
generated at a block factor > 1 (e.g., block 4 means that each exposure pixel contains 4x4 pixels at full
resolution) anduncnts will deal with the blocking automatically. Using theeswitch, you can supply

both source and background exposure files (separated by ";"), if you have separate source and background
data files. If you do not supply a background exposure file to go with a separate background data file,
funcnts assumes that exposure already has been applied to the background data file. In addition, it
assumes that the error on the pixels in the background data file is zero.

NB: The-e switch assumes that the exposure map overlays the imaggdi#y, except for the block

factor. Each pixel in the image is scaled by the block factor to access the corresponding pixel in the
exposure map. If your exposure map does not line up exactly with the idoaget usethe-e exposure
correction. In this case, it still is possible to perform exposure corrattmth the image and the

exposure map have valid WCS information: use-thswitch so that the transformation from image pixel

to exposure pixel uses the WCS information. That is, each pixel in the image region will be transformed
first from image coordinates to sky coordinates, then from sky coordinates to exposure coordinates. Please
note that usingw can increase the time required to process the exposure correction considerably.

A time correction can be applied to both source and background data usihgwiiteh. The value for the
correction can either be a numeric constant or the name of a header parameter in the source (or
background) file:

[sh] funcnts -t 23.4 ... # number for source
[sh] funcnts -t "LIVETIME;23.4" ... # param for source, numeric for bkgd

When a time correction is specified, it is applied to the net counts as well (see algorithm above), so that
the units of surface brightness become cnts/area**2/sec.

The-i (interval) switch is used to rdancnts on multiple column-based intervals with only a single pass
through the data. It is equivalent to runnfagcnts several times with a different column filter added to

the source and background data each time. For each interval, thuémifs output is generated, with a
linefeed character (“L) inserted between each run. In addition, the output for each interval will contain the
interval specification in its header. Intervals are very useful for generating X-ray hardness ratios

17



efficiently. Of course, they are only supported when the input data are contained in a table.

Two formats are supported for interval specification. The most general format is semi-colon-delimited list
of filters to be used as intervals:

funcnts -i "pha=1:5;pha=6:10;pha=11:15" snr.ev "circle(502,512,22)" ...
Conceptually, this will be equivalent to runnifugncnts three times:

funcnts snr.ev’[pha=1:5] "circle(502,512,22)"
funcnts snr.ev’[pha=6:10] "circle(502,512,22)"
funcnts snr.ev’[pha=11:15]" “circle(502,512,22)"

However, using the switch will require only one pass through the data.

Note that complex filters can be used to specify intervals:
funcnts -i "pha=1:5& 1=4;pha=6:10& 1=5;pha=11:15& T1=6"snr.ev ...

The program simply runs the data through each filter in turn and generatefutfuats outputs,
separated by the line-feed character.

In fact, although the intent is to support intervals for hardness ratios, the specified filters do not have to be
intervals at all. Nor does one "interval” filter have to be related to another. For example:

funcnts -i "pha=1:5;pi=6:10;energy=11:15" snr.ev "circle(502,512,22)" ...
is equivalent to runninfuncnts three times with unrelated filter specifications.

A second interval format is supported for the simple case in which a single column is used to specify
multiple homogeneous intervals for that column. In this format, a column name is specified first, followed
by intervals:

funcnts -i "pha;1:5;6:10;11:15" snr.ev "circle(502,512,22)" ...

This is equivalent to the first example, but requires less typingfurieats program will simply prepend
"pha=" before each of the specified intervals. (Note that this format does not contain the "=" character in
the column argument.)

Ordinarily, whenfuncnts is run on a FITS binary table (or a raw event table), one integral count is
accumulated for each row (event) contained within a given regionvTiseol[;bcol]" (value column)

switch will accumulate counts using the value from the specified column for the given event. If only a
single column is specified, it is used for both the source and background regions. Two separate columns,
separated by a semi-colon, can be specified for source and background. The special token '$none’ can be
used to specify that a value column is to be used for one but not the other. For example, 'pha;$none’ will
use the pha column for the source but use integral counts for the background, while '$none;pha’ will do
the converse. If the value column is of type logical, then the value used will be 1 for T and O for F. Value
columns are used, for example, to integrate probabilities instead of integral counts.
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If the -T (rdb table) switch is used, the output will conform to starbase/rdb data base format: tabs will be
inserted between columns rather than spaces and line-feed will be inserted between tables.

Finally, note thafuncnts is an image program, even though it can be run directly on FITS binary tables.

This means that image filtering is applied to the rows in order to ensure that the same results are obtained
regardless of whether a table or the equivalent binned image is used. Because of this, however, the number
of counts found usinfuncnts can differ from the number of events found using row-filter programs such
asfundisp or funtable For more information about these difference, see the discussRenain

Boundaries.

funcone - cone search of a binary table containing RA, Dec
columns

funcone <switches> <iname> <oname> <ra[hdr]> <dec[hdr]> <radius[dr']> [columns]

-d deccol:[hdr] # Dec column name, units (def: DEC:d)

- # join columns from list file

-J # join columns from list file, output all rows

-l listfile  # read centers and radii from a list

-L listfile  # read centers and radii from a list, output list rows

-n # don’t use cone limits as a filter

-r racol:[hdr] # RA column name, units (def: RA:h)

-X # append RA_CEN, DEC_CEN, RAD_CEN, CONE_KEY cols

-X # append RA_CEN, DEC_CEN, RAD_CEN, CONE_KEY cols, output all rows

Funcone performs a cone search on the RA and Dec columns of a FITS binary table. The distance from
the center RA, Dec position to the RA, Dec in each row in the table is calculated. Rows whose distance is
less than the specified radius are output.

The first argument to the program specifies the FITS file, raw event file, or raw array file. If "stdin" is
specified, data are read from the standard input Rus¢ools BrackeNotation to specify FITS
extensions, and filters. The second argument is the output FITS file. If "stdout" is specified, the FITS
binary table is written to the standard output.

The third and fourth required arguments are the RA and Dec center position. By default, RA is specified
in hours while Dec is specified in degrees. You can change the units of either of these by appending the
character "d" (degrees), "h" (hours) or "r" (radians). Sexagesimal notation is supported, with colons or
spaces separating hms and dms. (When using spaces, please ensure that the entire string is quoted.)

The fifth required argument is the radius of the cone search. By default, the radius value is given in
degrees. The units can be changed by appending the character "d" (degrees), "r" (radians), "™ (arc
minutes) or " (arc seconds).

By default, all columns of the input file are copied to the output file. Selected columns can be output using
an optional sixth argument in the form:

"columnl columnl ... columnN"

A seventh argument allows you to output selected columns from the list file-jMbitch is used. Note
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that the RA and Dec columns used in the cone calculation must not be de-selected.

Also by default, the RA and Dec column names are named "RA" and "Dec", and are given in units of
hours and degrees respectively. You can change both the name and the units using the -r [RA] and/or -d
[Dec] switches. Once again, one of "h", "d", or "r" is appended to the column name to specify units but in
this case, there must be a colon ":" between the name and the unit specification.

If the -I [listfile] switch is used, then one or more of the center RA, center Dec, and radius can be taken
from a list file (which can be a FITS table or an ASCII column text file). In this case, the third (center

RA), fourth (center Dec), and fifth (radius) command line arguments can either be a column name in the
list file (if that parameter varies) or else a numeric value (if that parameter is static). When a column name
is specified for the RA, Dec, or radius, you can append a colon followed by "h", "d", or "r" to specify units
(also’ and " for radius). The cone search algorithm is run once for each row in the list, taking RA, Dec,
and radius values from the specified columns or from static numeric values specified on the command
line.

When using a list, all valid rows from each iteration are written to a single output file. Usesthigch to

help delineate which line of the list file was used to produce the given output row(s). This switch causes
the values for the center RA, Dec, radius, and row number to be appended to the output file, in columns
called RA_CEN, DEC_CEN, RAD_CEN and CONE_KEY, respectively. Alternatively; tfein)

switch will append all columns from the list row to the output row (essentially a join of the list row and
input row), along with the CONE_KEY row number. These two switches are mutually exclusive.

The-X and-J switches write out the same data as their lower case counterparts for each row satisfying a
cone search. In addition, these switches also write out rows from the event file that do not satisfy any cone
search. In such cases, that CONE_KEY column will be given a value of -1 and the center and list position
information will be set to zero for the given row. Thus, all rows of the input event file are guaranteed to be
output, with rows satisfying at least one cone search having additional search information.

The-L switch acts similarly to thd switch in that it takes centers from a list file. However, it also

implicitly sets the -j switch, so that output rows are the join of the input event row and the center position
row. In addition, this switch also writes out all center position rows for which no event satisfies the cone
search criteria of that row. The CONE_KEY column will be given a value of -2 for center rows that were
not close to any data row and the event columns will be zeroed out for such rows. In this way, all centers
rows are guaranteed to be output at least once.

If any of "all row" switchesX, -J, or-L) are specified, then a new column named JSTAT is added to the
output table. The positive values in this column indicate the center position row number (starting from 1)

in the list file that this data row successful matched in a cone search. A value of -1 means that the data row
did not match any center position. A value of -2 means that the center position was not matched by any
data row.

Given a center position and radius, the cone search algorithm calculates limit parameters for a box
enclosing the specified cone, and only tests rows whose positions values lie within those limits. For small
files, the overhead associated with this cone limit filtering can cause the program to run more slowly than
if all events were tested. You can turn off cone limit filtering usingnh&witch to see if this speeds up

the processing (especially useful when processing a large list of positions).
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For example, the default cone search uses columns "RA" and "Dec" in hours and degrees (respectively)
and RA position in hours, Dec and radius in degrees:

funone in.fits out.fits 23.45 34.56 0.01
To specify the RA position in degrees:
funcone in.fits out.fits 23.45d 34.56 0.01

To get RA and Dec from a list but use a static value for radius (and also write identifying info for each
row in the list):

funcone -x -l list.txt in.fits out.fits MYRA MYDec 0.01

User specified columns in degrees, RA position in hours (sexagesimal notation), Dec position in degrees
(sexagesimal notation) and radius in arc minutes:

funcone -r myRa:d -d myDec in.fits out.fits 12:30:15.5 30:12 15’

fundisp - display data in a Funtools data file
fundisp [-f format] [-1] [-n] [-T] <iname> [columns|bitpix=n]

-f # format string for display

-l #display image as a list containing the columns X, Y, VAL
-n  #don't output header

-F [c] # use specified character as column separator (def: space)
-T  # output in rdb/starbase format (tab separators)

fundisp displays the data in the specifietf S Extension and/oimageSection of a FITS file, or in a
Section of a non-FITS array or raw event file.

The first argument to the program specifies the FITS input image, array, or raw event file to display. If
"stdin" is specified, data are read from the standard inputFUstols Brackelotation to specify FITS
extensions, image sections, and filters.

If the data being displayed are columns (either in a FITS binary table or a raw event file), the individual
rows are listed. Filters can be added using bracket notation. Thus:

[sh] fundisp "test.ev[time-(int)time>.15]"

X Y PHA PI TIME DX DY
10 8 10 8 17.1600 8.50 10.50

9 9 9 9 17.1600 9.50 9.50

10 9 10 9 18.1600 9.50 10.50
10 9 10 9 18.1700 9.50 10.50

8 10 8 10 17.1600 10.50 8.50

9 10 9 10 18.1600 10.50 9.50

9 10 9 10 18.1700  10.50 9.50
10 10 10 10 19.1600 10.50 10.50
10 10 10 10 19.1700 10.50 10.50
10 10 10 10 19.1800 10.50 10.50

21



[NB: The FITS binary table test file test.ev, as well as the FITS image test.fits, are contained in the
funtools funtest directory.]

When a table is being displayed usfogdisp, a second optional argument can be used to specify the
columns to display. For example:

[sh] fundisp "test.ev[time-(int)time>=.99]" "x y time"
X

Y TIME

5 -6 40.99000000
4 -5 59.99000000
-1 0 154.99000000
-2 1 168.99000000
-3 2 183.99000000
-4 3 199.99000000
-5 4 216.99000000
-6 5 234.99000000
-7 6 253.99000000

The special columBREGION can be specified to display the region id of each row:

[sh $] fundisp "test.ev[time-(int)time>=.99&&annulus(0 0 0 10 n=3)]" 'x y time $REGION’

X Y TIME REGION
5 -6 40.99000000 3
4 -5 59.99000000 2
-1 0 154.99000000 1
-2 1 168.99000000 1
-3 2 183.99000000 2
-4 3 199.99000000 2
-5 4 216.99000000 2
-6 5 234.99000000 3
-7 6 253.99000000 3

Here only rows with the proper fractional time and whose position also is within one of the three annuli
are displayed.

Columns can be excluded from display using a minus sign before the column:

[sh $] fundisp "test.ev[time-(int)time>=.99]" "-time"

X Y PHA PI DX DY
5 -6 5 -6 5.50 -6.50
4 -5 4 -5 4.50 -5.50
-1 0 -1 0 -1.50 0.50
-2 1 -2 1 -2.50 1.50
-3 2 -3 2 -3.50 2.50
-4 3 -4 3 -4.50 3.50
-5 4 -5 4 -5.50 4.50
-6 5 -6 5 -6.50 5.50
-7 6 -7 6 -7.50 6.50

All columns except the time column are displayed.
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The special columfN can be specified to display the ordinal value of each row. Thus, continuing the
previous example:

fundisp "test.ev[time-(int)time>=.99]" -time $n’

Y PHA PI DX DY N
5 6 5 -6 5.50 -6.50 337
4 5 4 -5 4.50 -5.50 356
-1 0 -1 0 -1.50 0.50 451
-2 1 -2 1 -2.50 1.50 465
-3 2 -3 2 -3.50 2.50 480
-4 3 -4 3 -4.50 3.50 496
-5 4 -5 4 -5.50 4.50 513
-6 5 -6 5 -6.50 5.50 531
-7 6 -7 6 -7.50 6.50 550

Note that the column specification is enclosed in single quotes to protect '$n’ from begin expanded by the
shell.

In general, the rules for activating and de-activating columns are:

e |f only exclude columns are specified, then all columns but the exclude columns will be activated.

e |f only include columns are specified, then only the specified columns are activated.

e |f a mixture of include and exclude columns are specified, then all but the exclude columns will be
active; this last case is ambiguous and the rule is arbitrary.

In addition to specifying columns names explicitly, the special symbaigl- can be used to activate and
de-activateall columns. This is useful if you want to activate the SREGION column along with all other
columns. According to the rules, the syntax "SREGION" only activates the region column and de-activates
the rest. Use "+ $REGION" to activate all columns as well as the region column.

If the data being displayed are image data (either in a FITS primary image, a FITS image extension, or an
array file), an mxn pixel display is produced, where m and n are the dimensions of the image. By default,
pixel values are displayed using the same data type as in the file. However, for integer data where the
BSCALE and BZERO header parameters are present, the data is displayed as floats. In either case, the
display data type can be overridden using an optional second argument of the form:

bitpix=n
where n is 8,16,32,-32,-64, for unsigned char, short, int, float and double, respectively.

Of course, runnindundisp on anything but the smallest image usually results in a display whose size
makes it unreadable. Therefore, one can uses bracket notation (see below) to apply section and/or blocking
to the image before generating a display. For example:
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[sh] fundisp "test.fits[2:6,2:7]" bitpix=-32
2 3 4 5 6

3.00 4.00 5.00 6.00 7.00
4.00 5.00 6.00 7.00 8.00
5.00 6.00 7.00 8.00 9.00
6.00 7.00 8.00 9.00 10.00
7.00 8.00 9.00 10.00 11.00
8.00 9.00 10.00 11.00 12.00

Noakrwn

Note that is is possible to display a FITS binary table as an image simply by passing the table through
funimage first:

[sh] ./funimage test.ev stdout | fundisp "stdin[2:6,2:7]" bitpix=8
2 3 4 5 6

2: 3 4 5 6 7
3: 4 5 6 7 8
4: 5 6 7 8 9
5: 6 7 8 9 10
6: 7 8 9 10 11
7 8 9 10 11 12

If the -I (list) switch is used, then an image is displayed as a list containing the columns: X, Y, VAL. For
example:

fundisp -I "testl.fits[2:6,2:7]" bitpix=-32
X Y VAL

2 2 6.00
3 2 1.00
4 2 1.00
5 2 1.00
6 2 1.00
2 3 1.00
3 3 5.00
4 3 1.00
5 3 1.00
6 3 1.00
2 4 1.00
3 4 1.00
4 4 4.00
5 4 1.00
6 4 1.00
2 5 1.00
3 5 1.00
4 5 1.00
5 5 3.00
6 5 1.00
2 6 1.00
3 6 1.00
4 6 1.00
5 6 1.00
6 6 2.00
2 7 1.00
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1.00
1.00
1.00
1.00

o U AW
~N NN~

If the -n (nohead) switch is used, then no header is output for tables. This is useful, for example, when
fundisp output is being directed into gnuplot.

Thefundisp program uses a default set of display formats:

datatype = TFORM format

double D "%21.8f"
float E "%11.2f"

int J "%10d"
short | "%8d"

byte B "%6d"
string A "%12.12s"
bits X "%8xX"

logical L "%1x"
Thus, the default display of 1 double and 2 shorts gives:
[sh] fundisp snr.ev "time x y"

TIME X Y

79494546.56818075 546 201
79488769.94469175 548 201

You can change the display format for individual columns or for all columns of a given data types by
means of the -f switch. The format string that accompanies -f is a space-delimited list of keyword=format
values. The keyword values can either be column names (in which case the associated format pertains
only to that column) or FITS table TFORM specifiers (in which case the format pertains to all columns
having that data type). For example, you can change the double and short formats for all columns like this:

[sh] fundisp -f "D=%22.11f I=%3d" snr.ev "time x y"
TIME X Y

79494546.56818075478 546 201
79488769.94469174743 548 201

Alternatively, you can change the format of the time and x columns like this:
[sh] fundisp -f "time=%22.11f x=%3d" snr.ev "time x y"

TIME X Y

79494546.56818075478 546 201
79488769.94469174743 548 201
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Note that there is a potential conflict if a column has the same name as one of the TFORM specifiers. In
the examples above, the the "X" column in the table has the same name as the X (bit) datatype. To resolve
this conflict, the format string is processed such that TFORM datatype specifiers are checked for first,
using a case-sensitive comparison. If the specified format value is not an upper case TFORM value, then a
case-insensitive check is made on the column name. This means that, in the examples above, "X=%3d"
will refer to the X (bit) datatype, while "x=%3d" will refer to the X column:

[sh] fundisp -f "X=%3d" snr.ev "x y"

X Y
546 201
548 201

[sh] fundisp -f "x=%3d" snr.ev "x y"

X Y
546 201
548 201

As a rule, therefore, it is best always to specify the column name in lower case and TFORM data types in
upper case.

The-f [format] will change the format for a single execution of fundisp. You also can use the
FUN_FORMAT envronment variable to change the format for all invocations of fundisp. The format of
this environment variable’s value is identical to that used withfte@itch. This global value can be
overridden in individual cases by use of thformat] switch.

Caveats: Please also note that it is the user’s responsibility to match the format specifier to the column
data type correctly. Also note that, in order to maintain visual alignment between names and columns, the
column name will be truncated (on the left) if the format width is less than the length of the name.
However, truncation is not performed if the output is in RDB format (using the -T switch).

[An older-style format string is supported but deprecated. It consists of space-delimited C format
statements for all data types, specified in the following order:

double float int short byte string bit.

This order of the list is based on the assumption that people generally will want to change the float
formats.

If "-" is entered instead of a format statement for a given data type, the default format is used. Also, the
format string can be terminated without specifying all formats, and defaults will be used for the rest of the
list. Note that you must supply a minimum field width, i.e., "%6d" and "%-6d" are legal, "%d" is not legal.
By using -f [format], you can change the double and short formats like this:
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[sh] fundisp -f "22.11f - - 3d" snr.ev "time x y"

TIME X Y
79494546.56818075478 546 201
79488769.94469174743 548 201

NB: This format is deprecated and will be removed in a future release.]

The-F[c] switch can be used to specify a (single-character) column separator (where the default is a
space). Note that column formatting will almost certainly also add spaces to pad individual columns to the
required width. These can be removed with a program such as sed, at the cost of generating unaligned
columns. For example:

fundisp -F';" snr.ev’[cir 512 512 .1]’
X, Y, PHA, P, TIME, DX, DY

6 7, 79493997.45854475, 578, 574

, 8, 9, 79494575.58943175, 579, 573

512, 512, 5, 6, 79493631.03866175, 578, 575
5 5, 79493290.86521725, 578, 575

8 9, 79493432.00990875, 579, 573

fundisp -F'," snr.ev’[cir 512 512 .1]' | sed 's/ *, */,/g’
X,Y,PHA,PI,TIME,DX,DY

512,512,6,7,79493997.45854475,578,574
512,512,8,9,79494575.58943175,579,573
512,512,5,6,79493631.03866175,578,575
512,512,5,5,79493290.86521725,578,575
512,512,8,9,79493432.00990875,579,573

fundisp -f "x=%3d y=%3d pi=%1d pha=%1d time=%20.11f dx=%3d dy=%3d" -F',’ snr.ev’[cir 512 512 .1]' | sed 's/ *, */,/g’
X,Y,A,l,TIME,DX,DY

512,512,6,7,79493997.45854474604,578,574

512,512,8,9,79494575.58943174779,579,573

512,512,5,6,79493631.03866174817,578,575

512,512,5,5,79493290.86521725357,578,575

512,512,8,9,79493432.00990875065,579,573

If the -T (rdb table) switch is used, the output will conform to starbase/rdb data base format: tabs will be
inserted between columns rather than spaces. This format is not available when displaying image pixels
(except in conjunction with thé switch).

Finally, note thatundisp can be used to create column filters from the auxiliary tables in a FITS file. For
example, the following shell code will generate a good-time interval (GTI) filter for X-ray data files that
contain a standard GTI extension:

#l/bin/sh

sed '1,/---- .*/d

17$/,$d’ | awk 'tot>0{printf "||"};{printf "time="$1":"$2; tot++}’
If this script is placed in a file called "mkgti", it can be used in a command such as:
fundisp foo.fits"[GTI]" | mkgti > gti.filter

The resulting filter file can then be used in various funtools programs:
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funcnts foo.fits"[@agti.filter]" ...

to process only the events in the good-time intervals.

funhead - display a header in a Funtools file

funhead [-a] [-s] [-{] [-L] <iname> [oname ename]

-a # display all extension headers

-s #display 79 chars instead of 80 before the new-line
-t # prepend data type char to each line of output

-L  # output in rdb/starbase list format

funhead displays the FITS header parameters in the speéfiEf Extension.

The first argument to the program specifies the Funtools input file to display. If "stdin" is specified, data
are read from the standard inpkEtintools Brackelotation is used to specify particular FITS extension to
process. Normally, the full 80 characters of each header card is output, followed by a new-line.

If the -a switch is specified, the header from each FITS extensions in the file is displayed. Note, however,
that the-a switch does not work with FITS files input via stdin. We hope to remove this restriction in a
future release.

If the -s switch is specified, only 79 characters are output before the new-line. This helps the display on 80
character terminals.

If the -t switch is specified, the data type of the parameter is output as a one character prefix, followed by
77 characters of the param. The parameter data types are defined as: FUN_PAR_UNKNOWN ('u’),
FUN_PAR_COMMENT (’c’), FUN_PAR_LOGICAL (I'), FUN_PAR_INTEGER ("),

FUN_PAR_STRING (’s’), FUN_PAR_REAL ('r’), FUN_PAR_COMPLEX ('X)).

If the-L (rdb table) switch is used, the output will conform to starbase/rdb data base list format.

For example to display the EVENTS extension (binary table):

[sh] funhead "foo.fits[EVENTS]"

XTENSION="BINTABLE’ / FITS 3D BINARY TABLE
BITPIX = 8 / Binary data

NAXIS = 2 | Table is a matrix

NAXIS1 = 20 / Width of table in bytes
NAXIS2 = 30760 / Number of entries in table
PCOUNT = 0 / Random parameter count
GCOUNT = 1 / Group count

TFIELDS = 7 | Number of fields in each row
EXTNAME ='EVENTS | Table name

EXTVER = 1 / Version number of table
TFORM1 ="11 ' | Data type for field

TTYPE1 ='X ! / Label for field

TUNIT1 =" ! / Physical units for field
TFORM2 ="11 ' | Data type for field

etc. ...

END
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To display the third header:

[sh] funhead "foo.fits[3]"

XTENSION="BINTABLE’ / FITS 3D BINARY TABLE
BITPIX = 8 / Binary data

NAXIS = 2 | Table is a matrix

NAXIS1 = 32 / Width of table in bytes
NAXIS2 = 40 / Number of entries in table
PCOUNT = 0 / Random parameter count
GCOUNT = 1 / Group count

TFIELDS = 7 | Number of fields in each row
EXTNAME ='TGR '’ / Table name

EXTVER = 1 / Version number of table
TFORM1 ="1D ° | Data type for field

etc. ...

END

To display the primary header (i.e., extension 0):

sh> funhead "coma.fits[0]"

SIMPLE = T /STANDARD FITS FORMAT
BITPIX = 16 /2-BYTE TWOS-COMPL INTEGER
NAXIS = 2 INUMBER OF AXES

NAXIS1 = 800/

NAXIS2 = 800/

DATATYPE="INTEGER*2’ /SHORT INTEGER

END

The funhead program also can edit (i.e. add, delete, or modify) or display individual headers parameters.
Edit mode is signalled by the presence of two additional command-line arguments: output file and edit
command file, in that order. Edit mode acts as a filter: the output file will contain the entire input FITS
file, including other extensions. The edit command file can be "stdin", in which case edit command are
read from the standard input.

The edit command file contains parameter comments (having '#' in the first column) and delete and
assignment(modify or add) operations. A delete operation is specified by preceding the parameter name
with a minus sign "-". A display operation (very useful in interactive sessions, i.e., where the edit
commands are taken from stdin) is specified by preceding the parameter name with a question mark "?".
In either case, a parameter value need not be specified. An assignment operation is specified in the same

two ways that a parameter is specified in a text header (but without the comment character that precedes
header params), i.e.:

® FITS-style comments have an equal sign "=" between the keyword and value and an optional slash
"I" to signify a comment. The strict FITS rules on column positions are not enforced.

e Free-form comments can have an optional colon separator between the keyword and value. In the
absence of quote, all tokens after the keyword are part of the value, i.e. no comment is allowed.

For example, the following interactive session checks for the existence of parameters, adds new
parameters, modifies them, and modifies and deletes existing parameters:

29



sh$ ./funhead snr.ev foo.fits -
# look for FOO1

? FOO1

WARNING: FOOL1 not found

# add new fool

FOO1 =100

# add foo2

FOO2 =200

# reset fool to a different value
FOO1 -1

# delete foo2

-FOO2

# change existing value
EXTVER 2

? XS-SORT

XS-SORT ='EOF '’ / type of event sort
# delete existing value
-XS-SORT

# exit

D

SeeColumn-based Teiles for more information about header parameter format.

funhist - create a 1D histogram of a column (from a FITS binary
table or raw event file) or an image
funhist [-n|-w|-T] <iname> [column] [[lo:hi:]bins]

-n  # normalize bin value by the width of each bin
-w  # specify bin width instead of number of bins in arg3
-T # output in rdb/starbase format (tab separators)

funhist creates a one-dimensional histogram from the specified columrislég&xtension binary table

of a FITS file (or from a non-FITS raw event file), or from a FITS image or array, and writes that
histogram as an ASCII table. Alternatively, the program can perform a 1D projection of one of the image
axes.

The first argument to the program is required, and specifies the Funtools file: FITS table or image, raw
event file, or array. If "stdin" is specified, data are read from the standard inplEubtemIs Bracket
Notation to specify FITS extensions, and filters.

For a table, the second argument also is required. It specifies the column to use in generating the
histogram. If the data file is of type image (or array), the column is optional: if "x" (or "X"), "y" (or "Y")

is specified, then a projection is performed over the x (dim1) or y (dim2) axes, respectively. (That is, this
projection will give the same results as a histogram performed on a table containing the equivalent x,y
event rows.) If no column name is specified or "xy" (or "XY") is specified for the image, then a histogram
is performed on the values contained in the image pixels.

The argument that follows is optional and specifies the number of bins to use in creating the histogram
and, if desired, the range of bin values. For image and table histograms, the range should specify the min
and max data values. For image histograms on the x and y axes, the range should specify the min and max
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image bin values. If this argument is omitted, the number of output bins for a table is calculated either
from the TLMIN/TLMAX headers values (if these exist in the table FITS header for the specified column)
or by going through the data to calculate the min and max value. For an image, the number of output bins
is calculated either from the DATAMIN/DATAMAX header values, or by going through the data to
calculate min and max value. (Note that this latter calculation might fail if the image cannot be fit in
memory.) If the data are floating point (table or image) and the number of bins is not specified, an
arbitrary default of 128 is used.

For binary table processing, the (bin width) switch can be used to specify the width of each bin rather
than the number of bins. Thus:

funhist test.ev pha 1:100:5
means that 5 bins of width 20 are used in the histogram, while:
funhist -w test.ev pha 1:100:5

means that 20 bins of width 5 are used in the histogram.

The data are divvied up into the specified number of bins and the resulting 1D histogram (or projection) is
output in ASCII table format. For a table, the output displays the low_edge (inclusive) and hi_edge
(exclusive) values for the data. For example, a 15-row table containing a "pha" column whose values
range from -7.5 to 7.5 can be processed thus:

[sh] funhist test.ev pha

# data file: /home/eric/data/test.ev
# column: pha
# min,max,bins: -7.57.515
bin  value lo_edge hi_edge
1 22 -7.50000000 -6.50000000
2 21 -6.50000000 -5.50000000
3 20 -5.50000000 -4.,50000000
4 19 -4.50000000 -3.50000000
5 18 -3.50000000 -2.50000000
6 17 -2.50000000 -1.50000000
7 16 -1.50000000 -0.50000000
8 30 -0.50000000 0.50000000
9 16 0.50000000 1.50000000
10 17 1.50000000 2.50000000
11 18 2.50000000 3.50000000
12 19 3.50000000 4,50000000
13 20 4,50000000 5.50000000
14 21 5.50000000 6.50000000
15 22 6.50000000 7.50000000

[sh] funhist test.ev pha 1:6

# data file: /home/eric/data/test.ev
# column: pha
# min,max,bins: 0.56.56

bin  value

lo_edge

hi_edge
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1 16 0.50000000 1.50000000
2 17 1.50000000 2.50000000
3 18 2.50000000 3.50000000
4 19 3.50000000 4.50000000
5 20 4.50000000 5.50000000
6 21 5.50000000 6.50000000

[sh] funhist test.ev pha 1:6:3

# data file: /homel/eric/data/test.ev

# column: pha

# min,max,bins: 05653

bin  value lo_edge hi_edge
1 33 0.50000000 2.50000000
2 37 2.50000000 4.50000000
3 41 4.50000000 6.50000000

For a table histogram, tha(normalize) switch can be used to normalize the bin value by the width of the
bin (i.e., hi_edge-lo_edge):

[sh] funhist -n test.ev pha 1:6:3

# data file: test.ev

# column: pha

# min,max,bins: 0.56.53

# width normalization (val/(hi_edge-lo_edge)) is applied

bin value lo_edge hi_edge
1 16.50000000 0.50000000 2.50000000
2 6.16666667 2.50000000 4.50000000
3 4.10000000 4.50000000 6.50000000

This could used, for example, to produce a light curve with values having units of counts/second instead
of counts.

For an image histogram, the output displays the low and high image values (both inclusive) used to
generate the histogram. For example, in the following example, 184 pixels had a value of 1, 31 had a value
of 2, while only 2 had a value of 3,4,5,6, or 7:

[sh] funhist test.fits

# data file: /home/eric/data/test.fits
# min,max,bins: 177
bin value lo_val hi_val

1 184.00000000 1.00000000 1.00000000
2 31.00000000 2.00000000 2.00000000
3 2.00000000 3.00000000 3.00000000
4 2.00000000 4.00000000 4.00000000
5 2.00000000 5.00000000 5.00000000
6 2.00000000 6.00000000 6.00000000
7 2.00000000 7.00000000 7.00000000
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For the axis projection of an image, the output displays the low and high image bins (both inclusive) used
to generate the projection. For example, in the following example, 21 counts had their X bin value of 2,
etc.:

[sh] funhist test.fits x 2:7

# data file: /home/eric/data/test.fits
# column: X

# min,max,bins: 2 7 6

bin value lo_bin hi_bin

1 21.00000000 2.00000000 2.00000000
2 20.00000000 3.00000000 3.00000000
3 19.00000000 4.00000000 4.00000000
4 18.00000000 5.00000000 5.00000000
5 17.00000000 6.00000000 6.00000000
6 16.00000000 7.00000000 7.00000000

[sh] funhist test.fits x 2:7:2

# data file: /home/eric/data/test.fits

# column: X

# min,max,bins: 2 7 2

bin value lo_bin hi_bin
1 60.00000000 2.00000000 4.00000000
2 51.00000000 5.00000000 7.00000000

You can use gnuplot or other plotting programs to graph the results, using a script such as:

#l/bin/sh

sed -e '1,/---- .*/d

7$/,$d’ |\

awk '\

BEGIN{print "set nokey; set title \"funhist\"; set xlabel \"bin\"; set ylabel \"counts\"; plot \"-\" with boxes"} \
{print $3, $2, $4-$3}’ |\

gnuplot -persist - 1>/dev/null 2>&1

Similar plot commands are supplied in the sdiiothist.plot:

funhist test.ev pha ... | funhist.plot gnuplot

funimage - create a FITS image from a Funtools data file

funimage [-a] <iname> <oname> [bitpix=n]
funimage [-] <iname> <oname> <xcol:xdims> <ycol:ydims> <vcol> [bitpix=n]
funimage [-p x|y] <iname> <oname> [bitpix=n]

-a # append to existing output file as an image extension

-l # input is a list file containing xcol, ycol, value
-p [X|y] # project along x or y axis to create a 1D image

funimage creates a primary FITS image from the specik€dS Extension and/oimageSection of a
FITS file, or from arilmageSection of a non-FITS array, or from a raw event file.
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The first argument to the program specifies the FITS input image, array, or raw event file to process. If
"stdin" is specified, data are read from the standard inputEulsemols Brackelotation to specify FITS
extensions, image sections, and filters. The second argument is the output FITS file. If "stdout" is
specified, the FITS image is written to the standard output. By default, the output pixel values are of the
same data type as those of the input file (or type "int" when binning a table), but this can be overridden
using an optional third argument of the form:

bitpix=n
where n is 8,16,32,-32,-64, for unsigned char, short, int, float and double, respectively.

If the input data are of type image, the appropriate section is extracted and blocked (based on how the
ImageSection is specified), and the result is written to the FITS primary image. When an integer image
containing the BSCALE and BZERO keywords is converted to float, the pixel values are scaled and the
scaling keywords are deleted from the output header. When converting integer scaled data to integer
(possibly of a different size), the pixels are not scaled and the scaling keywords are retained.

If the input data is a binary table or raw event file, these are binned into an image, from which a section is
extracted and blocked, and written to a primary FITS image. In this case, it is necessary to specify the two
columns that will be used in the 2D binning. This can be done on the command line using the
bincols=(x,y) keyword:

funcnts "foo.ev[EVENTS,bincols=(detx,dety)]"

The full form of thebincols=specifier is:
bincols=([xname[:timin[:timax:[binsiz]]]],[yname[:timin[:timax[:binsiz]]]])

where the timin, timax, and binsiz specifiers determine the image binning dimensions:

dim = (tlmax - timin)/binsiz  (floating point data)
dim = (tlmax - timin)/binsiz + 1 (integer data)

Using this syntax, it is possible to bin any two columns of a binary table at any bin size. Note that the
timin, timax, and binsiz specifiers can be omitted if TLMIN, TLMAX, and TDBIN header parameters
(respectively) are present in the FITS binary table header for the column in question. Note also that if only
one parameter is specified, it is assumed to be timax, and timin defaults to 1. If two parameters are
specified, they are assumed to be timin and timaxB8eeng FITS Binary Tables and Non-FITS Event

Files for more information about binning parameters.

By default, a new 2D FITS image file is created and the image is written to the primary HDUalf the
(append) switch is specified, the image is appended to an existing FITS file as an IMAGE extension. (If
the output file does not exist, the switch is effectively ignored and the image is written to the primary
HDU.) This can be useful in a shell programming environment when processing multiple FITS images
that you want to combine into a single final FITS file.

funimage also can take input from a table containing columns of x, y, and value (e.g., the output from
fundisp -I which displays each image x and y and the number of counts at that position.) Whé¢listhe
switch is used, the input file is taken to be a FITS or ASCII table containing (at least) three columns that
specify the x and y image coordinates and the value of that image pixel. In thisicesage requires
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four extra arguments: xcolumn:xdims, ycolumn:ydims, vcolumn and bitpix=n. The x and y col:dim
information takes the form:

name:dim # values range from 1 to dim
name:min:max # values range from min to max
name:min:max:binsiz  # dimensions scaled by binsize

In particular, the min value should be used whenever the minimum coordinate value is something other
than one. For example:

funimage -l foo.lst foo.fits xcol:0:512 ycol:0:512 value bitpix=-32

The list feature also can be used to read unnamed columns from standard input: simply replace the column
name with a null string. Note that the dimension information is still required:

funimage -I stdin foo.fits "":0:512 "":0:512 "" bitpix=-32
2402501
255 256 2

D
The list feature provides a simple way to generate a blank image. If you @aksyan-based Texile to

funimage in which the text header contains the required image information, then funimage will correctly
make a blank image. For example, consider the following text file (called foo.txt):

x:1:1:10 y:1:1:10

This text file defines two columns, x and y, each of data type 32-bit int and image dimension 10. The
command:

funimage foo.txt foo.fits bitpix=38
will create an empty FITS image called foo.fits containing a 10x10 image of unsigned char:

fundisp foo.fits

ENWRION®OG
I—‘OOOOOOOOO
OO OO0 OOOO0O 4o
OO OO0 OOOO0O 4o
OOOOOOOOOO
OO OO0 OOOO0O 4o
OOOOOOOOOO
OO OO0 O0OOOO0O 4o
OO OO0 OOOO0O 4o
OOOOOOOOOO
OO OO0 O0OOOO0O 4o

Note that the text file must contain at least one row of data. However, in the present example, event
position 0,0 is outside the limits of the image and will be ignored. (You can, of course, use real x,y values
to seed the image with data.)
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Furthermore, you can use the TEXT filter specification to obviate the need for an input text file altogether.
The following command will create the same 10x10 char image without an actual input file:

funimage stdin'[TEXT(x:1:10,y:1:10)]’ foo.fits bitpix=8 < /dev/null

or
funimage /dev/null’[TEXT(x:1:10,y:1:10)] foo.fits bitpix=8

You also can use either of these methods to generate a region mask simply by appending a region inside
the filter brackets and specfyimgask=all along with the bitpix. For example, the following command
will generate a 10x10 char mask using 3 regions:

funimage stdin’[TEXT(x:1:10,y:1:10),cir(5,5,4),point(10,1),-cir(5,5,2)]’ \
foo.fits bitpix=8,mask=all < /dev/null

The resulting mask looks like this:

fundisp foo.fits

EPENWROON®OG
OOOOOOOOOO
CORRPRRERRLRRLROO
ORRPRPRPRRPREPEROq
OI—‘I—‘OOOI—‘I—‘OO
OrPOOORRrROo
OHHOOOHHOO
ORRPRRPRRPRRELREOq
OCORRPRRPRRELPRELROO
OOOOOOOOOO
NOOOOOOOO

You can usdunimage to create 1D image projections along the x or y axis usingpthdy] switch. This
capability works for both images and tables. For example consider a FITS table named ev.fits containing
the following rows:

GORARDWOWWWNNNNRPRPRPRPPRPRE
gouobhabhwoaobrwNOWOWNE

A corresponding 5x5 image, called dim2.fits, would therefore contain:
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N
(N)
w
I
(&1

PR R R
ORr R RER
COoORrRERER
coOoORrRR
[eReNoN=W=

A projection along the y axis can be performed on either the table or the image:

funimage -p y ev.fits stdout | fundisp stdin
1 2 3 4 5

1: 1 2 3 4 5

funimage -p y dim2.fits stdout | fundisp stdin
1 2 3 4 5

1: 1 2 3 4 5

Furthermore, you can create a 1D image projection along any column of a table by using the
bincols=[column] filter specification and specifying a single column. For example, the following
command projects the same 1D image along the y axis of a table as useof $heétch:

funimage ev.fits'[bincols=y]’ stdout | fundisp stdin
1 2 3 4 5

1: 1 2 3 4 5

Examples:

Create a FITS image from a FITS binary table:
[sh] funimage test.ev test.fits

Display the FITS image generated from a blocked section of FITS binary table:

[sh] funimage "test.ev[2:8,3:7,2]" stdout | fundisp stdin
1 2 3

1 20 28 36
2: 28 36 44

funindex - create an index for a column of a FITS binary table

funindex <switches> <iname> [oname]

NB: these options are not compatible with Funtools processing. Please
use the defaults instead.

-C # compress output using gzip"

-a # ASCII output, ignore -c (default: FITS table)"

-f # FITS table output (default: FITS table)"

-l # long output, i.e. with key value(s) (default: long)"

-S # short output, i.e. no key value(s) (default: long)"
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The funindex script creates an index for the specified column (key) by running funtable -s (sort) and then
saving the column value and the record number for each sorted row. This index will be used automatically
by funtools filtering of that column, provided the index file’s modification date is later than that of the

data file.

The first required argument is the name of the FITS binary table to index. Please note that text files cannot
be indexed at this time. The second required argument is the column (key) name to index. While multiple
keys can be specified in principle, the funtools index processing assume a single key and will not
recognize files containing multiple keys.

By default, the output index file name is [root]_[key].idx, where [root] is the root of the input file.
Funtools looks for this specific file name when deciding whether to use an index for faster filtering.
Therefore, the optional third argument (output file name) should not be used for funtools processing.

For example, to create an index on column Y for a given FITS file, use:
funindex foo.fits Y

This will generate an index named foo_y.idx, which will be used by funtools for filters involving the Y
column.

funjoin - join two or more FITS binary tables on specified
columns
funjoin [switches] <ifile1> <ifile2> ... <ifilen> <ofile>

-a cols # columns to activate in all files

-al cols ... an cols # columns to activate in each file

-b 'cl:bvl,c2:bv2’ # blank values for common columns in all files
-bn 'c1:bvl,c2:bv2’ # blank values for columns in specific files

-j col # column to join in all files

-j1 col ... jn col # column to join in each file

-m min # min matches to output a row

-M max # max matches to output a row

-S # add ’jfiles’ status column

-S col # add col as status column

-t tol # tolerance for joining numeric cols [2 files only]

funjoin joins rows from two or more (up to 3E)JTS Binary Tabldiles, based on the values of specified
join columns in each file. NB: the join columns must have an index file associated with it. These files are
generated using tifanindex program.

The first argument to the program specifies the first input FITS table or raw event file. If "stdin" is
specified, data are read from the standard input. Subsequent arguments specify additional event files and
tables to join. The last argument is the output FITS file.

NB: Do not useFuntools Brackelotation to specify FITS extensions and row filters when running
funjoin or you will get wrong results. Rows are accessed and joined using the index files directly, and this
bypasses all filtering.
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The join columns are specified using theol switch (which specifies a column name to use for all files)
or with -j1 col1, -j2 col2, ...-jn coln switches (which specify a column name to use for each file). A join
column must be specified for each file. If bejtlsol and-jn coln are specified for a given file, then the

latter is used. Join columns must either be of type string or type numeric; it is illegal to mix numeric and
string columns in a given join. For example, to join three files using the same key column for each file,
use:

funjoin -j key inl.fits in2.fits in3.fits out.fits
A different key can be specified for the third file in this way:

funjoin -j key -j3 otherkey inl.fits in2.fits in3.fits out.fits

The-a "cols" switch (andal "coll", -a2 "cols2" counterparts) can be used to specify columns to
activate (i.e. write to the output file) for each input file. By default, all columns are output.

If two or more columns from separate files have the same name, the second (and subsequent) columns are
renamed to have an underscore and a humeric value appended.

The-m min and-M max switches specify the minimum and maximum number of joins required to write
out a row. The default minimum is O joins (i.e. all rows are written out) and the default maximum is 63
(the maximum number of possible joins with a limit of 32 input files). For example, to write out only
those rows in which exactly two files have columns that match (i.e. one join):

funjoin -j key -m 1 -M 1 inl.fits in2.fits in3.fits ... out.fits

A given row can have the requisite number of joins without all of the files being joined (e.qg. three files are
being joined but only two have a given join key value). In this case, all of the columns of the non-joined
file are written out, by default, using blanks (zeros or NULLSs). -Bhel:bvl,c2:bv2and-bl

'cl:bvl,c2:bv2’ -b2 'cl:bvl,c2:bv2’ ...switches can be used to set the blank value for columns common

to all files and/or columns in a specified file, respectively. Each blank value string contains a
comma-separated list of column:blank_val specifiers. For floating point values (single or double), a
case-insensitive string value of "nan" means that the IEEE NaN (not-a-number) should be used. Thus, for
example:

funjoin -b "AKEY:???" -b1 "A:-1" -b3 "G:NaN,E:-1,F:-100" ...

means that a non-joined AKEY column in any file will contain the string "??7?", the non-joined A column
of file 1 will contain a value of -1, the non-joined G column of file 3 will contain IEEE NaNs, while the
non-joined E and F columns of the same file will contain values -1 and -100, respectively. Of course,
where common and specific blank values are specified for the same column, the specific blank value is
used.

To distinguish which files are non-blank components of a given rows{séatus) switch can be used to

add a bitmask column named "JFILES" to the output file. In this column, a bit is set for each non-blank
file composing the given row, with bit O corresponds to the first file, bit 1 to the second file, and so on.
The file names themselves are stored in the FITS header as parameters named JFILEL, JFILE2Setc. The
col switch allows you to change the name of the status column from the default "JFILES".
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A join between rows is the Cartesian product of all rows in one file having a given join column value with
all rows in a second file having the same value for its join column and so on. Thus, if filel has 2 rows with
join column value 100, file2 has 3 rows with the same value, and file3 has 4 rows, then the join results in
2*3*4=24 rows being output.

The join algorithm directly processes the index file associated with the join column of each file. The
smallest value of all the current columns is selected as a base, and this value is used to join equal-valued
columns in the other files. In this way, the index files are traversed exactly once.

The-t tol switch specifies a tolerance value for numeric columns. At present, a tolerance value can join
only two files at a time. (A completely different algorithm is required to join more than two files using a
tolerance, somethng we might consider implementing in the future.)

The following example shows many of the features of funjoin. The input files t1.fits, t2.fits, and t3.fits
contain the following columns:

[sh] fundisp t1.fits
AKEY KEY A B

aaa O 0 1
bbb 1 3 4
cce 2 6 7
ddd 3 9 10
eee 4 12 13

fff 5 15 16
ggg 6 18 19
hhh 7 21 22

fundisp t2.fits
AKEY KEY C D

i 8 24 25
ggg 6 18 19
eee 4 12 13
ccc 2 6 7
aaa 0 O 1
fundisp t3.fits
AKEY KEY E F G

ggg 6 18 19 100.10
i 9 27 28  200.20
aaa O 0 1 300.30
ddd 3 9 10  400.40

Given these input files, the following funjoin command:

funjoin -s -al "-B" -a2 "-D" -a3 "-E" -b \
"AKEY:???" -b1 "AKEY:XXX,A:255" -b3 "G:NaN,E:-1,F:-100" \
-j key t1.fits t2.fits t3.fits foo.fits

will join the files on the KEY column, outputting all columns except B (in t1.fits), D (in t2.fits) and E (in
t3.fits), and setting blank values for AKEY (globally, but overridden for t1.fits) and A (in file 1) and G, E,
and F (in file 3). A JFILES column will be output to flag which files were used in each row:
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AKEY KEY A AKEY_2 KEY_2 C AKEY_3 KEY_3 F G JFILES

aaa 0 O aaa 0 O aaa O 1 300.30 7
bbb 1 3 ??7?2 0 O ??? 0 -100 nan 1
ccc 2 6 ccc 2 6 ??? 0 -100 nan 3
ddd 3 9 ???2 0 O ddd 3 10  400.40 5
eee 4 12 eee 4 12 ??? 0 -100 nan 3
fff 5 15 ?7??2 0 O ??? 0 -100 nan 1
ggg 6 18 ggg 6 18 ggg 6 19 100.10 7
hhh 7 21 ???2 0 O ??? 0 -100 nan 1
XXX 0 255 i 8 24 ??? 0 -100 nan 2
XXX 0 255 ??? 0 O 9 28  200.20 4

funmerge - merge one or more Funtools table files

funmerge [-w|-X] -f [colname] <inamel> <iname2> ... <oname>
-f # output a column specifying file from which this event came

-w  # adjust position values using WCS info
-X # adjust position values using WCS info and save old values

funmerge merges FITS data from one or m&i@' S Binary Tabldiles or raw event files.

The first argument to the program specifies the first input FITS table or raw event file. If "stdin" is
specified, data are read from the standard input. Ruséools Brackelotation to specify FITS extensions

and row filters. Subsequent arguments specify additional event files and tables to merge. (NB: Stdin
cannot not be used for any of these additional input file arguments.) The last argument is the output FITS
file. The columns in each input table must be identical.

If an input file begins with the '@’ character, it is processed as an include file, i.e., as a text file containing
event file names (as well as blank lines and/or comment lines starting with the '# sign). If standard input
is specified as an include file (@stdin’), then file names are read from the standard input until EOF ("D).
Event files and include files can be mixed on a command line.

Rows from each table are written sequentially to the output file. If the sWitoblname] is specified on

the command line, an additional column is added to each row containing the number of the file from
which that row was taken (starting from one). In this case, the corresponding file names are stored in the
header parameters having the préfXNFIL , i.e., FUNFILO1, FUNFILO2, etc.

Using the-w switch (or-x switch as described belowlinmerge also can adjust the position column

values using the WCS information in each file. (By position columns, we mean the columns that the table
is binned on, i.e., those columns defined byhiineols=switch, or (X,Y) by default.) To perform WCS
alignment, the WCS of the first file is taken as the base WCS. Each position in subsequent files is adjusted
by first converting it to the sky coordinate in its own WCS coordinate system, then by converting this sky
position to the sky position of the base WCS, and finally converting back to a pixel position in the base
system. Note that in order to perform WCS alignment, the appropriate WCS and TLMIN/TLMAX

keywords must already exist in each FITS file.

When performing WCS alignment, you can save the original positions in the output file by usikg the
(for "xtra™) switch instead of thev switch (i.e., using this switch also implies ustag The old positions
are saved in columns having the same name as the original positional columns, with the added prefix
"OLD_".
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Examples:

Merge two tables, and preserve the originating file number for each row in the column called "FILE"
(along with the corresponding file name in the header):

[sh] funmerge -f "FILE" test.ev test2.ev merge.ev

Merge two tables with WCS alignment, saving the old position values in 2 additional columns:

[sh] funmerge -x test.ev test2.ev merge.ev

This program only works on raw event files and binary tables. We have not yet implemented image and
array merging.

funsky - convert between image and sky coordinates

funsky iname[ext] # RA,Dec (deg) or image pix from stdin
funsky iname[ext] [Iname] # RA, Dec (deg) or image pix from list
funsky iname[ext] [coll1] [col2] # named cols:units from stdin

funsky iname[ext] [Iname] [col1] [col2] # named cols:units from list

-d # always use integer timin conversion (as ds9 does)

-r # convert x,y to RA,Dec (default: convert RA,Dec to X,y)

-0 # include offset from the nominal target position (in arcsec)
-V # display input values also (default: display output only)

-T # output display in rdb format (w/header,tab delimiters)

Funsky converts input sky coordinates (RA, Dec) to image coordinates (or vice versa) using the WCS
information contained in the specified FITS file. Several calling sequences are supported in order to make
it easy to specify coordinate positions in different ways.

The first required argument is always the input FITS file (or extension) containing the WCS information

in an extension header. Note that the data from this file is not used. By default, the program converts input
RA and Dec values to X and Y using this WCS information. If the WCS is associated with a FITS image,
then the X,Y values are image values. If the WCS is associated with a binary table, then the X, Y values
are physical values. To convert X,Y to RA and Dec, usertfverse) switch.

If no other command arguments are supplied, then the input positions are read from the standard input.
Each line is assumed to contain a single coordinate position consisting of an RA in hours (or X in pixels)

followed by a Dec in degrees (or Y in pixels). The usual delimiters are supported (spaces, commas, tabs).
For example:

# read from stdin, default column names and units
[sh] funsky snr.ev
22.982695 58.606523 # input RA (hrs), Dec(deg)
510.00 510.00
22.982127 58.607634 # input
512.00 510.50
22.981700 58.614301 # input
513.50 513.50
"D # end of input
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If a second argument is supplied, this argument is assumed to be a file containing RA (X) and Dec (Y)
positions. The file can either be an ASCII table or a FITS binary table. The order of columns is
unimportant, if the table has a column header. In this case, the names of the columns must be one of "RA",
"DEC", or "X", "Y" for sky to image and image to sky conversions, respectively. If the table has no

header, then once again, RA (X) is assumed to first, followed by DEC (Y). For example:

# read from file, default column names and units
[sh] cat hd.in
RA DEC
22.982695 58.606523
22.982127 58.607634
22.981700 58.614301

[sh] funsky snr.ev hd.in
510.00 510.00
512.00 510.50
513.50 513.50

If three arguments are supplied, then the input positions again are read from the standard input. Each line
is assumed to contain a single coordinate position consisting of an RA (or X in pixels) followed by a Dec
(or Y in pixels), with the usual delimiters supported. However, the second and third arguments now
specify the column names and/or sky units using a colon-delimited syntax:

[colname]:[h|d|r]

If the colname is omitted, the names default to "RA", "DEC", "X", "Y", "COL1", or "COL2" as above. If

the units are omitted, the default is hours for RA and degrees for Dec. When the -r switch is used (convert
from image to sky) the units are applied to the output instead of the input. The following examples will
serve to illustrate the options:

# read from stdin, specifying column names (def. units: hours, degrees)
[sh] cat hd.in
MYRA MYDEC
22.982695 58.606523
22.982127 58.607634
22.981700 58.614301

[sh] funsky snr.ev MYRA MYDEC < hd.in
510.00 510.00
512.00 510.50
513.50 513.50

# read from stdin, specifying column names and units
[sh] cat dd.in
MYRA MYDEC
344.740432 58.606523
344.731900 58.607634
344.725500 58.614301

[sh] funsky snr.ev MYRA:d MYDEC:d < dd.in
510.00 510.00
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512.00 510.50
513.50 513.50

# read stdin, convert image to sky, specifying output sky units
[sh] cat im.in

510.00 510.00

512.00 510.50

513.50 513.50

[sh] cat im.in | funsky -r snr.ev :d :d
344.740432 58.606523
344.731900 58.607634
344.725500 58.614301

Finally, four command arguments specify both and input file and column names and/or units:

[sh] cat dd.in

MYRA MYDEC
344.740432 58.606523
344.731900 58.607634
344.725500 58.614301

[sh] funsky snr.ev dd.in MYRA:d MYDEC:d
510.00 510.00
512.00 510.50
513.50 513.50

# read file, convert image to sky, specifying output sky units
[sh] cat im.in

510.00 510.00

512.00 510.50

513.50 513.50

[sh] funsky -r snr.ev im.in :d :d
344.740432 58.606523
344.731900 58.607634
344.725500 58.614301

By default, the output of funsky consists only of the converted coordinate position(s), one per output line.
This makes parsing in shell scripts easy. Usewul{eerbose) switch to specify that the input coordinates
should be pre-pended to each line. For example:

[sh] cat dd.in

MYRA MYDEC
344.740432 58.606523
344.731900 58.607634
344.725500 58.614301

[sh] funsky snr.ev dd.in MYRA:d MYDEC:d
510.00 510.00
512.00 510.50
513.50 513.50
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[sh] funsky -v snr.ev dd.in MYRA:d MYDEC:d
344.740432 58.606523 510.00 510.00
344.731900 58.607634 512.00 510.50
344.725500 58.614301 513.50 513.50

In addition, a full starbase table can be output usingTti{&able) switch. This switch can be used with or
without the -v switch. If the -T and -v are both specified, then a descriptive header parameters are output
before the table (mainly to remind you of the sky units):

# output table in non-verbose mode
[sh] funsky -T snr.ev dd.in MYRA:d MYDEC:d
X Y

510.00 510.00
512.00 510.50
513.50 513.50

# output table in verbose mode

[sh] funsky -T -v snr.ev dd.in MYRA:d MYDEC:d
# IFILE = /Users/eric/data/snr.ev

#I1COL1 = MYRA

#1COL2 = MYDEC

#IUNITS1=d

#IUNITS2 =d

#0OCOL1 =X

#0C0OL2=Y

MYRA MYDEC X Y

344.740432 58.606523 510.00 510.00
344.731900 58.607634 512.00 510.50
344.725500 58.614301 513.50 513.50

Finally, the-d (ds9) switch mimicks ds9’s use of integer TLMIN and TLMAX values for all coordinate
transformations. FITS conventions seem to call for use of floating point TLMIN and TLMAX when the
data are floats. This convention is followed by funsky but results in a small discrepancy with ds9’s
converted values for floating point data. We will remedy this conflict in the future, maybe.

funtable - copy selected rows from a Funtools file to a FITS
binary table

funtable [-a] [-i]-z] [-m] [-s cols] <iname> <oname> [columns]

-a # append to existing output file as a table extension
-i  # for image data, only generate X and Y columns
-m # for tables, write a separate file for each region

-s "coll ..." # columns on which to sort

-z # for image data, output zero-valued pixels

funtable selects rows from the specifiedlT S Extension (binary table only) of a FITS file, or from a
non-FITS raw event file, and writes those rows to a FITS binary table file. It also will create a FITS binary
table from an image or a raw array file.
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The first argument to the program specifies the FITS file, raw event file, or raw array file. If "stdin" is
specified, data are read from the standard input Rus¢ools Brackelotation to specify FITS

extensions, and filters. The second argument is the output FITS file. If "stdout" is specified, the FITS
binary table is written to the standard output. By default, all columns of the input file are copied to the
output file. Selected columns can be output using an optional third argument in the form:

"columnl columnil ... columnN"

Thefuntable program generally is used to select rows from a FITS binary table TabigFilters and/or
Spatial Regiorfilters. For example, you can copy only selected rows (and output only selected columns)
by executing in a command such as:

[sh] funtable "test.ev[pha==1& 1==10]" stdout "x y pi pha" | fundisp stdin
X Y PHA PI
1 10 1 10
1 10 1 10
1 10 1 10
1 10 1 10
1 10 1 10
1 10 1 10
1 10 1 10
1 10 1 10
1 10 1 10
1 10 1 10

The special columBREGION can be specified to write the region id of each row:

[sh $] funtable "test.ev[time-(int)time>=.99&&annulus(0 0 0 10 n=3)]" stdout 'x y time $REGION’ | fundisp stdin
X Y TIME REGION

5
4
-1 154.99000000
-2 168.99000000

6 40.99000000 3
5 2
0
1

-3 2 183.99000000
3
4
5
6

59.99000000

-4 199.99000000
-5 216.99000000
-6 234.99000000
-7 253.99000000

WWNNN PR BE

Here only rows with the proper fractional time and whose position also is within one of the three annuli
are written.

Columns can be excluded from display using a minus sign before the column:

[sh $] funtable "test.ev[time-(int)time>=.99]" stdout "-time" | fundisp stdin

X Y PHA Pl DX DY
5 -6 5 -6 5.50 -6.50
4 -5 4 -5 4.50 -5.50

-1 0 -1 0 -1.50 0.50
-2 1 -2 1 -2.50 1.50
-3 2 -3 2 -3.50 2.50
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4 3 4 3 -4.50 3.50
5 4 5 4 -5.50 4.50
6 5 6 5 -6.50 5.50
7 6 7 6 -7.50 6.50

All columns except the time column are written.
In general, the rules for activating and de-activating columns are:

e |f only exclude columns are specified, then all columns but the exclude columns will be activated.

e |f only include columns are specified, then only the specified columns are activated.

e [f a mixture of include and exclude columns are specified, then all but the exclude columns will be
active; this last case is ambiguous and the rule is arbitrary.

In addition to specifying columns names explicitly, the special symbalsd- can be used to activate and
de-activateall columns. This is useful if you want to activate the SREGION column along with all other
columns. According to the rules, the syntax "SREGION" only activates the region column and de-activates
the rest. Use "+ $REGION" to activate all columns as well as the region column.

Ordinarily, only the selected table is copied to the output file. In a FITS binary table, it sometimes is
desirable to copy all of the other FITS extensions to the output file as well. This can be done by appending
a '+’ sign to the name of the extension in the input file name. For example, the first command below
copies only the EVENT table, while the second command copies other extensions as well:

[sh] funtable "/proj/rd/data/snr.ev[EVENTS]" events.ev
[sh] funtable "/proj/rd/data/snr.ev[EVENTS+]" eventsandmore.ev

If the input file is an image or a raw array file, tHantable will generate a FITS binary table from the

pixel values in the image. Note that it is not possible to specify the columns to output (using
command-line argument 3). Instead, there are two ways to create such a binary table from an image. By
default, a 3-column table is generated, where the columns are "X", "Y", and "VALUE". For each pixel in
the image, a single row (event) is generated with the "X" and "Y" columns assigned the dim1 and dim2
values of the image pixel, respectively and the "VALUE" column assigned the value of the pixel. With
sort of table, runningunhist on the "VALUE" column will give the same results as runrfunghist on

the original image.

If the -i ("individual" rows) switch is specified, then only the "X" and "Y" columns are generated. In this
case, each positive pixel value in the image generates n rows (events), where n is equal to the integerized
value of that pixel (plus 0.5, for floating point data). In effdcapproximately recreates the rows of a

table that would have been binned into the input image. (Of course, this is only approximately correct,
since the resulting x,y positions are integerized.)

If the -s [coll col2 ... coln]"sort") switch is specified, the output rows of a binary table will be sorted

using the specified columns as sort keys. The sort keys must be scalar columns and also must be part of
the output file (i.e. you cannot sort on a column but not include it in the output). This facility uses the
_sort program (included with funtools), which must be accessible via your path.
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For binary tables, then ("multiple files") switch will generate a separate file for each region in the filter
specification i.e. each file contains only the rows from that region. Rows which pass the filter but are not
in any region also are put in a separate file.

The separate output file names generated bynthgwitch are produced automatically from the root

output file to contain the region id of the associated region. (Note that region ids start at 1, so that the file
name associated with id O contains rows that pass the filter but are not in any given region.) Output file
names are generated as follows:

® A $n specification can be used anywhere in the root file name (suitably quoted to protect it from the
shell) and will be expanded to be the id number of the associated region. For example:

funtable -m input.fits’[cir(512,512,1);cir(520,520,1)...]’ 'foo.goo_3$n.fits’

will generate files named foo.goo_0.fits (for rows not in any region but still passing the filter),
foo.goo_1 fits (rows in region id #1, the first region), foo.goo_2.fits (rows in region id #2), etc. Note
that single quotes in the output root are required to protect the '$’ from the shell.

e [f $n is not specified, then the region id will be placed before the first dot (.) in the filename. Thus:

funtable -m input.fits’[cir(512,512,1);cir(520,520,1)...]’ foo.evt.fits

will generate files named foo0.evt.fits (for rows not in any region but still passing the filter),
fool.evt.fits (rows in region id #1), foo2.evt.fits (rows in region id #2), etc.

e |f no dot is specified in the root output file name, then the region id will be appended to the filename.
Thus:

funtable -m input.fits'[cir(512,512,1);cir(520,520,1)...] 'foo_evt’

will generate files named foo_evtO (for rows not in any region but still passing the filter), foo_evtl
(rows in region id #1), foo_evt2 (rows in region id #2), etc.

The multiple file mechanism provide a simple way to generate individual source data files with a single
pass through the data.

By default, a new FITS file is created and the binary table is written to the first extensionalf the
(append) switch is specified, the table is appended to an existing FITS file as a BINTABLE extension.
Note that the output FITS file must already exist.

If the -z ("zero" pixel values) switch is specified afidls not specified, then pixels having a zero value
will be output with their "VALUE" column set to zero. Obviously, this switch does not make sense when
individual events are output.

funtbl - extract a table from Funtools ASCII output

funtable [-c cols] [-h] [-n table] [-p prog] [-s sep] <iname>

[NB: This program has been deprecated in favor of the ASCII text processing support in funtools. You can
now perform fundisp on funtools ASCII output files (specifying the table using bracket notation) to extract
tables and columns.] THantbl script extracts a specified table (without the header and comments) from
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a funtools ASCII output file and writes the result to the standard output. The first non-switch argument is
the ASCII input file name (i.e. the saved output from funcnts, fundisp, funhist, etc.). If no filename is
specified, stdin is read. The -n switch specifies which table (starting from 1) to extract. The default is to
extract the first table. The -c switch is a space-delimited list of column numbers to output, e.g. -c "1 3 5"
will extract the first three odd-numbered columns. The default is to extract all columns. The -s switch
specifies the separator string to put between columns. The default is a single space. The -h switch specifies
that column names should be added in a header line before the data is output. Without the switch, no
header is prepended. The -p program switch allows you to specify an awk-like program to run instead of
the default (which is host-specific and is determined at build time). The -T switch will output the data in
rdb format (i.e., with a 2-row header of column names and dashes, and with data columns separated by
tabs). The -help switch will print out a message describing program usage.

For example, consider the output from the following funcnts command:

[sh] funcnts -sr snr.ev "ann 512 512 0 9 n=3"
# source

# data file: /proj/rd/data/snr.ev

# arcsec/pixel: 8

# background

# constant value: 0.000000

# column units

# area: arcsec**2
# surf_bri: cnts/arcsec**2
# surf_err: cnts/arcsec**2

# summed background-subtracted results

upto net_counts error background berror area surf_bri surf_err
1 147.000 12.124 0.000 0.000 1600.00 0.092 0.008
2 625.000 25.000 0.000 0.000 6976.00 0.090 0.004
3 1442.000 37.974 0.000 0.000 15936.00 0.090 0.002

# background-subtracted results

reg net_counts error background berror area surf_bri surf_err
1 147.000 12.124 0.000 0.000 1600.00 0.092 0.008
2 478.000 21.863 0.000 0.000 5376.00 0.089 0.004
3 817.000 28.583 0.000 0.000 8960.00 0.091 0.003

# the following source and background components were used:
source_region(s)

ann 512 512 0 9 n=3

reg counts pixels sumcnts sumpix
1 147.000 25  147.000 25
2 478.000 84  625.000 109
3 817.000 140 1442.000 249
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There are four tables in this output. To extract the last one, you can execute:

[sh] funcnts -s snr.ev "ann 512 512 0 9 n=3" | funtbl -n 4
1 147.000 25 147.000 25

2 478.000 84 625.000 109

3817.000 140 1442.000 249

Note that the output has been re-formatted so that only a single space separates each column, with no
extraneous header or comment information.

To extract only columns 1,2, and 4 from the last example (but with a header prepended and tabs between
columns), you can execute:

[sh] funcnts -s snr.ev "ann 512 512 0 9 n=3" | funtbl -c "1 2 4" -h -n 4 -s "\t"
#reg counts sumcnts

1 147.000 147.000

2 478.000 625.000

3 817.000 1442.000

Of course, if the output has previously been saved in a file named foo.out, the same result can be obtained
by executing:

[sh] funtbl -c "1 2 4" -h -n 4 -s "\t" foo.out
#reg counts sumcnts

1 147.000 147.000

2 478.000 625.000

3 817.000 1442.000

Go to Funtools Helpndex

Last updated: April 1, 2007

50



FunDS9: Funtools and DS9 Image Display

Summary

Describes how funtools can be integrated into the ds9 Analysis menu.

Description

SAOImage/DS9 is an astronomical imaging and data visualization application used by astronomers around
the world. DS9 can display standard astronomical FITS images and binary tables, but also has support for
displaying raw array files, shared memory files, and data files automatically retrieved via FTP and HTTP.
Standard functional capabilities include multiple frame buffers, colormap and region manipulation, and
many data scaling algorithms. DS9’s advanced features include TrueColor visuals, deep frame buffers,
true PostScript printing, and display of image mosaics. The program’s support of image tiling, "blinking",
arbitrary zoom, rotation, and pan is unparalleled in astronomy. It also has innovative support for automatic
retrieval and display of standard image data such as the Digital Sky Survey (using servers at SAO, StScl,
or ESO).

DS9 can communicate with external programs such as Funtools usikBAhmessaging system. In

addition, programs can be integrated directly into the DS9 GUI by means of a configurable Analysis
menu. By default, the DS9 Analysis menu contains algorithms deemed essential to the core functions of
DS9, e.g., display cross-cuts of data, iso-intensity contours, and WCS grids. However, new programs can
be added to DS9 by creating a set-up file which can be loaded into DS9 to reconfigure the Analysis menu.

The basic format of the analysis set-up file is:
#
# Analysis command descriptions:
# menu label/description
# file templates for this command
# "menu" (add to menu) |"bind" (bind to key)
# analysis command line

For example, the funcnts program can be specified in this way:
Funcnts (counts in source/bkgd regions; options: none)
*

menu
funcnts $filename $regions(source,,) $regions(background,,) | $text

As shown above, DS9 supports a macro facility to provide information as well as task support to

command lines. For example, the $regions macro is expanded by DS9 to provide the current source and/or
background region to the analysis command. The $text macro is expanded to generate a text window
display. It also is possible to query for parameters using a $param macro, plot data using a $plot macro,
etc. See the DS9 documentation for further details.

A set-up file calleduntools.ds9 will load some useful Funtools applications (counts in regions, radial
profile, X-ray light curve and energy spectrum, 1D histogram) into the DS9 Analysis menu (version 2.1
and above). The file resides in the bin directory where Funtools programs are installed. It can be manually
loaded into DS9 from thieoad Analysis Commands ..option of theAnalysis menu. Alternatively, you
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http://hea-www.harvard.edu/saord/xpa/index.html

can tell DS9 to load this file automatically at start-up time by adding the pathname to the
Edit->Preferences>Analysis Menu->Analysis File menu option. (NB: make sure you select
Edit->Preferences>Save Preferencesfter setting the pathname.)

The tasks in this setup file generally process the original disk-based FITS file. Funcnts-based results
(radial profile, counts in regions) are presented in WCS units, if present in the FITS header. For situations
where a disk file is not available (e.g., image data generated and sent to DS9’s 'fits’ XPA access point),
versions of the radial profile and counts in regions tasks also are also offered utilizing DS9’s internal
image data. Results are presented in pixels. Aside from the units, the results should be identical to the
file-based results.

Go to Funtools Helpndex

Last updated: November 16, 2005
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FunLib: the Funtools Programming Interface

Summary

A description of the Funtools library.

Introduction to the Funtools Programming Interface

To create a Funtools application, you need to include the funtools.h definitions file in your code:
#include <funtools.h>

You then call Funtools subroutines and functions to access Funtools data. The most important routines
are:

FunOpen: open a Funtools file

FuninfoGet: get info about an image or table
FunimageGet: retrieve image data

FunimageRowGet: retrieve image data by row
FunlmagePut: output image data

FunimageRowPut: output image data by row
FunColumnSelect: select columns in a table for access
FunTableRowGet: retrieve rows from a table
FunTableRowPut: output rows to a table

FunClose: close a Funtools file

Your program must be linked against the libfuntools.a library, along with the math library. The following
libraries also might be required on your system:

® -|socket -Insl| for socket support
e -|dl for dynamic loading

For example, on a Solaris system using gcc, use the following link line:
gcc -o foo foo.c -Ifuntools -Isocket -Insl -ldl -Im

On a Solaris system using Solaris cc, use the following link line:
gcc -o foo foo.c -Ifuntools -Isocket -Insl -Im

On a Linux system using gcc, use the following link line:
gcc -o foo foo.c -lfuntools -IdI -Im

Once configure has built a Makefile on your platform, the required "extra" libraries (aside from -Im,
which always is required) are specified in that file’s EXTRA_LIBS variable. For example, under Linux
you will find:
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grep EXTRA_LIBS Makefile
EXTRA_LIBS = -[dI

The Funtools library contains both the zlib library (http://www.gzip.org/zlib/) and Doug Mink’s WCS
library (http://tdc-www.harvard.edu/software/wcstools/). It is not necessary to put these libraries on a
Funtools link line. Include files necessary for using these libraries are installed in the Funtools include
directory.

Funtools Programming Tutorial

The FunOpen() function is used to open a FITS file, an array, or a raw event file:

/* open the input FITS file for reading */

ifun = FunOpen(iname, "r", NULL);

[* open the output FITS file for writing, and connect it to the input file */
ofun = FunOpen(iname, "w", ifun);

A new output file can inherit header parameters automatically from existing input file by passing the input
Funtools handle as the last argument to the new fg'®Open() call as shown above.

For image data, you then can dalinimageGet() to read an image into memory.

float buf=NULL;
[* extract and bin the data section into an image buffer */
buf = FunimageGet(fun, NULL, "bitpix=-32");

If the (second) buf argument to this call is NULL, buffer space is allocated automatically. The (third) plist
argument can be used to specify the return data type of the array. If NULL is specified, the data type of the
input file is used.

To process an image buffer, you would generally make a callitnfoGet() to determine the dimensions
of the image (which may have been changed from the original file dimensionsEugdols image
sectioning on the command line). In a FITS image, the index along

the dim1 axis varies most rapidly, followed by the dim2 axis, etc.
Thus, to access each pixel in an 2D image, use a double loop such as:

buf = FunimageGet(fun, NULL, "bitpix=-32");
FuninfoGet(fun, FUN_SECT_DIM1, &dim1, FUN_SECT_DIM2, &dim2, 0);
for(i=1; i<=dim2; i++){
for(j=1; j<=dim1; j++){
... process buf[((i-1)*dim1)+(j-1)] ...
}
}
or:
buf = FunimageGet(fun, NULL, "bitpix=-32");
FuninfoGet(fun, FUN_SECT_DIM1, &dim1, FUN_SECT_DIM2, &dim2, 0);
for(i=0; i<(dim1*dim2); i++){

... process buf[i] ...

}
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Finally, you can write the resulting image to disk ugtuglmagePut():
FunimagePut(fun2, buf, dim1, dim2, -32, NULL);

Note that Funtools automatically takes care of book-keeping tasks such as reading and writing FITS
headers (although you can, of course, write your own header or add your own parameters to a header).

For binary tables and raw event files, a cafFtmOpen() will be followed by a call to the
FunColumnSelect() routine to select columns to be read from the input file and/or written to the output
file:

typedef struct evstruct{

double time;

int time2;

} *Ev, EVRec;

FunColumnSelect(fun, sizeof(EvRec), NULL,
"time", "D", "rw", FUN_OFFSET(Ev, time),
"time2", "J", "w", FUN_OFFSET(Ev, time2),
NULL);

Columns whose (third) mode argument contains an "r" are "readable", i.e., columns will be read from the
input file and converted into the data type specified in the call's second argument. These columns values
then are stored in the specified offset of the user record structure. Columns whose mode argument
contains a "w" are "writable", i.e., these values will be written to the output fileETin€olumnSelect()

routine also offers the option of automatically merging user columns with the original input columns when
writing the output rows.

Once a set of columns has been specified, you can retrieve rowgusifigbleRowGet(), and write the
rows usingcunTableRowPut():

Ev ebuf, ev;
[* get rows -- let routine allocate the array */
while( (ebuf = (Ev)FunTableRowGet(fun, NULL, MAXROW, NULL, &got)) ){
[* process all rows */
for(i=0; i<got; i++){
[* point to the i'th row */
ev = ebuf+i;
[* time2 is generated here */
ev->time2 = (int)(ev->time+.5);
/* change the input time as well */
ev->time = -(ev->time/10.0);
}
[* write out this batch of rows with the new column */
FunTableRowPut(fun2, (char *)ebuf, got, 0, NULL);
[* free row data */
if( ebuf ) free(ebuf);
}

The input rows are retrieved into an array of user structs, which can be accessed serially as shown above.
Once again, Funtools automatically takes care of book-keeping tasks such as reading and writing FITS
headers (although you can, of course, write your own header or add your own parameters to a header).

55



When all processing is done, you can EalhClose() to close the file(s):

FunClose(fun2);
FunClose(fun);

These are the basics of processing FITS files (and arrays or raw event data) using Funtools. The routines
in these examples are described in more detail below, along with a few other routines that support
parameter access, data flushing, etc.

Compiling and Linking

To create a Funtools application, a software developer will include the funtools.h definitions file in
Funtools code:

#include <funtools.h>

The program is linked against the libfuntools.a library, along with the math library (and the dynamic load
library, if the latter is available on your system):

gcc -o foo foo.c -Ifuntools -Idl -Im

If gcc is used, Funtools filtering can be performed using dynamically loaded shared objects that are built
at run-time. Otherwise, filtering is performed using a slave process.

Funtools has been built on the following systems:

Sun/Solaris 5.X

Linux/RedHat Linux 5.X,6.X,7.X
Dec Alpha/OSF1 V4.X
WindowsNT/Cygwin 1.0
SGI/IRIX64 6.5

A Short Digression on Subroutine Order

There is a natural order for all I/0 access libraries. You would not think of reading a file without first
opening it, or writing a file after closing it. A large part of the experiment in funtools is to use the idea of
"natural order" as a means of making programming easier. We do this by maintaining the state of
processing for a given funtools file, so that we can do things like write headers and flush extension
padding at the right time, without you having to do it.

For example, if you open a new funtools file for writing ustiumOpen(), then generate an array of image
data and calFunimagePut(), funtools knows to write the image header automatically. There is no need to
think about writing a standard header. Of course, you can add parameters to the file first by calling one of
the FunParamPut() routines, and these parameters will automatically be added to the header when it is
written out. There still is no need to write the header explicitly.
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Maintaining state in this way means that there are certain rules of order which should be maintained in any
funtools program. In particular, we strongly recommend the following ordering rules be adhered to:

® \When specifying that input extensions be copied to an output file via a reference handle, open the
output filebefore reading the input file. (Otherwise the initial copy will not occur).

® Always write parameters to an output file using one ofRilmeParamPut() callsefore writing any
data. (This is a good idea for all FITS libraries, to avoid having to recopy data is the FITS header
needs to be extended by adding a single parameter.)

e |f you retrieve an image, and need to know the data type, use the FUN_SECT_BITPIX option of
FuninfoGet() after calling FunimageGet(), since it is possible to change the value of BITPIX from
the latter.

® \When specifying that input extensions be copied to an output file via a reference handle, close the
output filebefore closing input file, or else ugaunFlush() explicitly on the output fileefore closing
the input file. (Otherwise the final copy will not occur).

We believe that these are the natural rules that are implied in most FITS programming tasks. However, we
recognize that making explicit use of "natural order" to decide what automatic action to take on behalf of
the programmer is experimental. Therefore, if you find that your needs are not compatible with our
preferred order, please let us know -- it will be most illuminating for us as we evaluate this experiment.

Funtools Programming Examples

The following complete coding examples are provided to illustrate the simplicity of Funtools applications.
They can be found in the funtest subdirectory of the Funtools distribution. In many cases, you should be
able to modify one of these programs to generate your own Funtools program:

evread.c: read and write binary tables

evcols.c: add column and rows to binary tables

evmerge.c: merge new columns with existing columns
evnext.c: manipulate raw data pointers

imblank.c: blank out image values below a threshold
asc2fits.c: convert a specific ASCII table to FITS binary table

The Funtools Programming Reference Manual

#include <funtools.h>

Fun FEunOpen(char *name. char *mode. Fun re

void *  FunlmageGet(Fun fun, void *buf, char *plist)

int  FunlmagePut(Fun fun. void *buf. int dim1. int dim2. int bitpix. char *plist)
void *  FunlmageRowGet(Fun fun. void *buf. int rstart, int rstop. char *plist)

void *  FunimageRowPut(Fun fun, void *buf, int rstart, int rstop, int dim1, int dim2, int bitpix, char *plist)
int  FunColumnSelect(Fun fun, int size, char *plist. ...)

void FunColumnActivate(Fun fun, char *s, char *plist)

int  FunColumnLookup(Fun fun, char *s, int which, char **name, int *type, int *mode, int *offset, int *n, int *width)
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void * FunTableRowGet(Fun fun, void *rows, int maxrow, char *plist, int *nrow)
int FunTableRowPut(Fun fun, void *rows, int nev. int idx, char *plist)

int  FunParamGetb(Fun fun, char *name, int n, int defval, int *got)

int EunParamGeti(Fun fun, char *name, int n, int defval, int *got)

double FunParamGetd(Fun fun, char *name, int n. double defval, int *got)

char* FEunParamGets(Fun fun, char *name, int n, char *defval, int *got)

int  EunParamPutb(Fun fun, char *name, int n. int value, char *comm, int append)

int  FunParamPuti(Fun fun, char *name, int n. int value, char *comm. int append)

int  FunParamPutd(Fun fun, char *name, int n, double value, int prec, char *comm, int append)
int  EFunParamPuts(Fun fun. char *name. int n. char *value. char *comm. int append)

int  FuninfoGet(Fun fun. int type. ...)

int  EFuninfoPut(Fun fun. int type. ...)

void EunFlush(Fun fun. char *plist)

void  FunClose(Fun fun)

FunOpen - open a Funtools data file

#include <funtools.h>

Fun FunOpen(char *name, char *mode, Fun ref);

TheFunOpen() routine opens a Funtools data file for reading or appending, or creates a new FITS file for
writing. Thename argument specifies the name of the Funtools data file to open. You can use IRAF-style
bracket notation to specifyuntools Files, Extensions, aRdters. A separate call should be made each

time a different FITS extension is accessed:

Fun fun;
char *iname;

if( !(fun = FunOpen(iname, "r", NULL)) ){
fprintf(stderr, "could not FunOpen input file: %s\n", iname);
exit(1);

}

If modeis "r", the file is opened for reading, and processing is set up to begin at the specified extension.
For readingname can bestdin, in which case the standard input is read.

If modeis "w", the file is created if it does not exist, or opened and truncated for writing if it does exist.
Processing starts at the beginning of the file. fdme can bestdout, in which case the standard output is
readied for processing.

If modeis "a", the file is created if it does not exist, or opened if it does exist. Processing starts at the end
of the file. Thename can bestdout, in which case the standard output is readied for processing.
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When a Funtools file is opened for writing or appending, a previously ofgemgdols referencbandle

can be specified as the third argument. This handle typically is associated with the input Funtools file that
will be used to generate the data for the output data. When a reference file is specified in this way, the
output file will inherit the (extension) header parameters from the input file:

Fun fun, fun2;

[* open input file */
if( !(fun = FunOpen(argv[1], "r", NULL)) )

gerror(stderr, "could not FunOpen input file: %s\n", argv[1]);
[* open the output FITS image, inheriting params from input */
if( !(fun2 = FunOpen(argv[2], "w", fun)) )

gerror(stderr, "could not FunOpen output file: %s\n", argv[2]);

Thus, in the above example, the output FITS binary table file will inherit all of the parameters associated
with the input binary table extension.

A file opened for writing with d&untools referenckandle also inherits the selected columns (i.e. those
columns chosen for processing using Bu@ColumnSelect() routine) from the reference file as its default
columns. This makes it easy to open an output file in such a way that the columns written to the output file
are the same as the columns read in the input file. Of course, column selection can easily be tailored using
the FunColumnSelect() routine. In particular, it is easy to merge user-defined columns with the input
columns to generate a new file. Seedlimerge for a complete example.

In addition, when &untools referenckandle is supplied inBunOpen() call, it is possible also to specify

that all other extensions from the reference file (other than the input extension being processed) should be
copied from the reference file to the output file. This is useful, for example, in a case where you are
processing a FITS binary table or image and you want to copy all of the other extensions to the output file
as well. Copy of other extensions is controlled by adding a "C" or "c" to the mode string-ofitBpen()

call of the input reference file If "C" is specified, then other extensions always copied (i.e., copy is

forced by the application). If "c" is used, then other extensions are copied if the user requests copying by
adding a plus sign "+" to the extension name in the bracket specification. For examioletabie

program utilizes "c" mode, giving users the option of copying all other extensions:

/* open input file -- allow user copy of other extensions */
if( !(fun = FunOpen(argv[1], "rc", NULL)))

gerror(stderr, "could not FunOpen input file: %s\n", argv[1]);
[* open the output FITS image, inheriting params from input */
if( !(fun2 = FunOpen(argv[2], "w", fun)) )

gerror(stderr, "could not FunOpen output file: %s\n", argv[2]);

Thus,funtable supports either of these command lines:

# copy only the EVENTS extension

csh> funtable "test.ev[EVENTS,circle(512,512,10)]" foo.ev
# copy ALL extensions

csh> funtable "test.ev[EVENTS+,circle(512,512,10)]" foo.ev

Use of aFuntools referenckandle implies that the input file is opened before the output file. However, it
is important to note that if copy mode ("c" or "C") is specified for the input file, the actual input file open
is delayed until just after the output file is opened, since the copy of prior extensions to the output file
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takes place while Funtools is seeking to the specified input extension. This implies that the output file
should be opened before any I/O is done on the input file or else the copy will fail. Note also that the copy
of subsequent extension will be handled automaticallyunClose() if the output file is closed before the
input file. Alternatively, it can be done explicitly ByunFlush(), but again, this assumes that the input file

still is open.

Upon succesBunOpen() returns a Fun handle that is used in subsequent Funtools calls. On error, NULL
is returned.

FunimageGet - get an image or image section

#include <funtools.h>

void *FunimageGet(Fun fun, void *buf, char *plist)

TheFunimageGet() routine returns an binned image array of the specified section of a Funtools data file.

If the input data are already of type image, the array is generated by extracting the specified image section
and then binning it according to the specified bin factor. If the input data are contained in a binary table or
raw event file, the rows are binned on the columns specified yiritbels=keyword (using appropriate

default columns as necessary), after which the image section and bin factors are applied. In both cases, the
data is automatically converted from FITS to native format, if necessary.

The first argument is the Funtools handle returnegunyOpen(). The secormlif argument is a pointer to

a data buffer to fill. If NULL is specified, FunimageGet will allocate a buffer of the appropriate size.
Generally speaking, you always want Funtools to allocate the buffer because the image dimensions will be
determined byuntools imagsectioning on the command line.

The thirdplist (i.e., parameter list) argument is a string containing one or more comma-delimited
keyword=value parameters. It can be used to specify the return data type usimitptke keyword. If

no such keyword is specified in the plist string, the data type of the returned image is the same as the data
type of the original input file, or is of type int for FITS binary tables.

If the bitpix= keyword is supplied in the plist string, the data type of the returned image will be one of the
supported FITS image data types:

8 unsigned char
16 short

32 int

-32 float

-64 double

For example:
void *buf;
[* extract data section into an image buffer */

if( !(buf = FunimageGet(fun, NULL, NULL)))
gerror(stderr, "could not FunimageGet: %s\n", iname);

will allocate buf and retrieve the image in the file data format. In this case, you will have to determine the
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data type (using the FUN_SECT_BITPIX value in BuminfoGet() routine) and then use a switch
statement to process each data type:

int bitpix;

void *buf;

unsigned char *cbuf;
short *sbuf;

int *ibuf;

buf = FunimageGet(fun, NULL, NULL);
FuninfoGet(fun, FUN_SECT_BITPIX, &bitpix, 0);
[* set appropriate data type buffer to point to image buffer */
switch(bitpix){
case 8:
cbuf = (unsigned char *)buf; break;
case 16:
sbuf = (short *)buf; break;
case 32:
ibuf = (int *)buf; break;

See themblank exampleode for more details on how to process an image when the data type is not
specified beforehand.

It often is easier to specify the data type directly:

double *buf;

[* extract data section into a double image buffer */

if( !(buf = FunimageGet(fun, NULL, "bitpix=-64")) )
gerror(stderr, "could not FunimageGet: %s\n", iname);

will extract the image while converting to type double.

On success, a pointer to the image buffer is returned. (This will be the same as the second argument, if
NULL is not passed to the latter.) On error, NULL is returned.

In summary, to retrieve image or row data into a binned image, you simply call FunOpen() followed by
FunimageGet(). Generally, you then will want to ¢alhinfoGet() to retrieve the axis dimensions (and
data type) of the section you are processing (so as to take account of sectioning and blocking of the
original data):

double *buf;

inti, j;

int dimi, dim2;

... other declarations, etc.

/* open the input FITS file */
if( !(fun = FunOpen(argv[1], "rc", NULL)))
gerror(stderr, "could not FunOpen input file: %s\n", argv[1]);
[* extract and bin the data section into a double float image buffer */
if( !(buf = FunimageGet(fun, NULL, "bitpix=-64")) )
gerror(stderr, "could not FunlmageGet: %s\n", argv[1]);

[* get dimension information from funtools structure */
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FuninfoGet(fun, FUN_SECT_DIM1, &dim1, FUN_SECT_DIM2, &dim2, 0);

* loop through pixels and reset values below limit to value */
for(i=0; i<dim1*dim2; i++){

if( buf[i] <= blimit ) buf[i] = bvalue;
}

Another useful plist string value is "mask=all", which returns an image populated with regions id values.
Image pixels within a region will contain the associated region id (region values start at 1), and otherwise
will contain a 0 value. Thus, the returned image is a region mask which can be used to process the image
data (which presumably is retrieved by a separate call to FunimageGet) pixel by pixel.

If a FITS binary table or a non-FITS raw event file is being binned into an image, it is necessary to specify
the two columns that will be used in the 2D binning. This usually is done on the command line using the
bincols=(x,y) keyword:

funcnts "foo.ev[EVENTS,bincols=(detx,dety)]"

The full form of thebincols=specifier is:
bincols=([xname[:timin[:timax:[binsiz]]]],[yname[:timin[:timax[:binsiz]]]])
where the timin, timax, and binsiz specifiers determine the image binning dimensions:

dim = (tlmax - timin)/binsiz  (floating point data)
dim = (tlmax - timin)/binsiz + 1 (integer data)

These timin, timax, and binsiz specifiers can be omitted if TLMIN, TLMAX, and TDBIN header

parameters (respectively) are present in the FITS binary table header for the column in question. Note that
if only one parameter is specified, it is assumed to be timax, and timin defaults to 1. If two parameters are
specified, they are assumed to be timin and timax.

If bincolsis not specified on the command line, Funtools tries to use appropriate defaults: it looks for the
environment variable FITS_BINCOLS (or FITS_BINKEY). Then it looks for the Chandra parameters
CPREF (or PREFX) in the FITS binary table header. Failing this, it looks for columns named "X" and "Y"
and if these are not found, it looks for columns containing the characters "X" and "Y".

SeeBinning FITS Binary Tables and Non-FITS Evéiiles for more information.

FunlmagePut - put an image to a Funtools file

#include <funtools.h>

int FunimagePut(Fun fun, void *buf, int dim1, int dim2, int bitpix,
char *plist)

The FunimagePut() routine outputs an image array to a FITS file. The image is written either as a
primary header/data unit or as an image extension, depending on whether other data have already been
written to the file. That is, if the current file position is at the beginning of the file, a primary HDU is
written. Otherwise, an image extension is written.
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The first argument is the Funtools handle returnegunyOpen(). The secormlif argument is a pointer to
a data buffer to write. Théimlanddim2 arguments that follow specify the dimensions of the image,
where dim1 corresponds to naxisl and dim2 corresponds to naxisBitJikeargument specifies the data
type of the image and can have the following FITS-standard values:

8 unsigned char
16 short

32int

-32 float

-64 double

WhenFunTableRowPut() is first called for a given image, Funtools checks to see if the primary header
has already been written (by having previously written an image or a binary table.) If not, this image is
written to the primary HDU. Otherwise, it is written to an image extension.

Thus, a simple program to generate a FITS image might look like this:

inti;
int dim1=512, dim2=512;
double *dbuf;
Fun fun;
dbuf = malloc(dim1*dim2*sizeof(double));
[* open the output FITS image, preparing to copy input params */
if( !(fun = FunOpen(argv[1], "w", NULL)) )
gerror(stderr, "could not FunOpen output file: %s\n", argv[1]);
for(i=0; i<(dim1*dim2); i++){
... fill dbuf ...
}
/* put the image (header will be generated automatically */
if( !IFunimagePut(fun, buf, dim1, dim2, -64, NULL) )
gerror(stderr, "could not FunlmagePut: %s\n", argv[1]);
FunClose(fun);
free(dbuf);

In addition, if aFuntools referenchandle was specified when this table was opened, the parameters from
this Funtools referenchandle are merged into the new image header. Furthermore, if a reference image
was specified duringunOpen(), the values dfim1, dim2, andbitpix in the calling sequence can all be

set to 0. In this case, default values are taken from the reference image section. This is useful if you are
reading an image section in its native data format, processing it, and then writing that section to a new
FITS file. See theénblank exampleode.

The data are assumed to be in the native machine format and will automatically be swapped to FITS
big-endian format if necessary. This behavior can be over-ridden witotvert=[true|false] keyword
in theplist param list string.

When you are finished writing the image, you should[EafiFlush() to write out the FITS image padding.
However, this is not necessary if you subsequently call FunClose() without doing any other 1/O to the
FITS file.
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FunimageRowGet - get row(s) of an image

#include <funtools.h>

void *FunimageRowGet(Fun fun, void *buf, int rstart, int rstop,
char *plist)

The FunimageRowGet()routine returns one or more image rows from the specified section of a Funtools
data file. If the input data are of type image, the array is generated by extracting the specified image rows
and then binning them according to the specified bin factor. If the input data are contained in a binary
table or raw event file, the rows are binned on the columns specified bintdwds= keyword (using

appropriate default columns as needed), after which the image section and bin factors are applied.

The first argument is the Funtools handle returnegunyOpen(). The secormlif argument is a pointer to
a data buffer to fill. If NULL is specified, FunimageGet() will allocate a buffer of the appropriate size.

The third and fourth arguments specify the first and last row to retrieve. Rows are counted starting from 1,
up to the value of FUN_YMAX(fun). The finglist (i.e., parameter list) argument is a string containing

one or more comma-delimitéayword=value parameters. It can be used to specify the return data type
using thebitpix= keyword. If no such keyword is specified in the plist string, the data type of the image is
the same as the data type of the original input file, or is of type int for FITS binary tables.

If the bitpix=value is supplied in the plist string, the data type of the returned image will be one of the
supported FITS image data types:

8 unsigned char
16 short

32int

-32 float

-64 double

For example:

double *drow;
Fun fun;
... open files ...
[* get section dimensions */
FuninfoGet(fun, FUN_SECT_DIM1, &dim1, FUN_SECT_DIM2, &dim2, 0);
[* allocate one line's worth */
drow = malloc(dim1*sizeof(double));
[* retrieve and process each input row (starting at 1) */
for(i=1; i <= dim2; i++){
if( 'TFunimageRowGet(fun, drow, i, i, "bitpix=-64") )
gerror(stderr, "can’t FunimageRowGet: %d %s\n", i, iname);
I* reverse the line */
for(j=1; j<=dim1; j++){
... process drow[j-1] ...
}
}
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On success, a pointer to the image buffer is returned. (This will be the same as the second argument, if
NULL is not passed to the latter.) On error, NULL is returned. Note that the considerations described
above for specifying binning columnskunimageGet() also apply EunimageRowGet()

FunimageRowPut - put row(s) of an image

#include <funtools.h>

void *FunimageRowPut(Fun fun, void *buf, int rstart, int rstop,
int dim1, int dim2, int bitpix, char *plist)

The FunimageRowPut() routine writes one or more image rows to the specified FITS image file. The
first argument is the Funtools handle returnedcbgOpen(). The secormif argument is a pointer to the

row data buffer, while the third and fourth arguments specify the starting and ending rows to write. Valid
rows values range from 1 to dim2, i.e., row is one-valued.

Thedimlanddim?2 arguments that follow specify the dimensions, where dim1 corresponds to naxis1 and
dim2 corresponds to naxis2. Thigpix argument data type of the image and can have the following
FITS-standard values:

8 unsigned char
16 short

32int

-32 float

-64 double

For example:

double *drow;
Fun fun, fun2;
... open files ...
[* get section dimensions */
FuninfoGet(fun, FUN_SECT_DIM1, &dim1, FUN_SECT_DIM2, &dim2, 0);
/* allocate one line’s worth */
drow = malloc(dim1*sizeof(double));
[* retrieve and process each input row (starting at 1) */
for(i=1; i <= dim2; i++){
gerror(stderr, "can’t FunimageRowGet: %d %s\n", i, iname);
... process drow ...
if( IFunimageRowPut(fun2, drow, i, i, 64, NULL) )
gerror(stderr, "can’t FunimageRowPut: %d %s\n", i, oname);

}

The data are assumed to be in the native machine format and will automatically be swapped to big-endian
FITS format if necessary. This behavior can be over-ridden witbaheert=[true|false] keyword in the
plist param list string.
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When you are finished writing the image, you should [eatiFlush() to write out the FITS image padding.
However, this is not necessary if you subsequently call FunClose() without doing any other 1/O to the
FITS file.

FunColumnSelect - select Funtools columns

#include <funtools.h>

int FunColumnSelect(Fun fun, int size, char *plist,
char *namel, char *typel, char *model, int offsetl,
char *name2, char *type2, char *mode2, int offset2,

NULL)
int FunColumnSelectArr(Fun fun, int size, char *plist,

char *names, char **types, char **modes,
int *offsets, int nargs);

The FunColumnSelect()routine is used to select the columns from a Funtools binary table extension or
raw event file for processing. This routine allows you to specify how columns in a file are to be read into a
user record structure or written from a user record structure to an output FITS file.

The first argument is the Fun handle associated with this set of columns. The second argument specifies
the size of the user record structure into which columns will be read. Typically, the sizeof() macro is used
to specify the size of a record structure. The third argument allows you to specify keyword directives for
the selection and is described in more detail below.

Following the first three required arguments is a variable length list of column specifications. Each
column specification will consist of four arguments:

® name the name of the column
e type: the data type of the column as it will be stored in the user record struct (not the data type of the
input file). The following basic data types are recognized:
O A: ASCII characters
O B: unsigned 8-bit char
O |: signed 16-bit int
O U: unsigned 16-bit int (not standard FITS)
O J: signed 32-bit int
O V:unsigned 32-bit int (not standard FITS)
O E: 32-bit float
O D: 64-bit float
The syntax used is similar to that which defines the TFORM parameter in FITS binary tables. That is,
a numeric repeat value can precede the type character, so that "101" means a vector of 10 short ints,
"E" means a single precision float, etc. Note that the column value from the input file will be
converted to the specified data type as the data is reBdifableRowGet().
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[ A short digression regarding bit-fields: Special attention is required when reading or writing the
FITS bit-field type ("X"). Bit-fields almost always have a numeric repeat character preceding the 'X’
specification. Usually this value is a multiple of 8 so that bit-fields fit into an integral number of bytes. For
all cases, the byte size of the bit-field B is (N+7)/8, where N is the numeric repeat character.

A bit-field is most easily declared in the user struct as an array of type char of size B as defined

above. In this case, bytes are simply moved from the file to the user space. If, instead, a short or int scalar
or array is used, then the algorithm for reading the bit-field into the user space depends on the size of the
data type used along with the value of the repeat character. That is, if the user data size is equal to the byte
size of the bit-field, then the data is simply moved (possibly with endian-based byte-swapping) from one
to the other. If, on the other hand, the data storage is larger than the bit-field size, then a data type cast
conversion is performed to move parts of the bit-field into elements of the array. Examples will help make
this clear:

O If the file contains a 16X bit-field and user space specifies a 2B char array[2], then the bit-field
is moved directly into the char array.

o If the file contains a 16X bit-field and user space specifies a 1l scalar short int, then the bit-field
is moved directly into the short int.

O If the file contains a 16X bit-field and user space specifies a 1J scalar int, then the bit-field is
type-cast to unsigned int before being moved (use of unsigned avoids possible sign extension).

O If the file contains a 16X bit-field and user space specifies a 2J int array[2], then the bit-field is
handled as 2 chars, each of which are type-cast to unsigned int before being moved (use of
unsigned avoids possible sign extension).

O If the file contains a 16X bit-field and user space specifies a 1B char, then the bit-field is treated
as a char, i.e., truncation will occur.

O If the file contains a 16X bit-field and user space specifies a 4J int array[4], then the results are
undetermined.

For all user data types larger than char, the bit-field is byte-swapped as necessary to convert to native
format, so that bits in the resulting data in user space can be tested, masked, etc. in the same way
regardless of platform.]

In addition to setting data type and size,tipe specification allows a few ancillary parameters to be
set, using the full syntax faype:

[@][n]<type>[[['B’]poff]][:[timin[:timax[:binsiz]]]]

The special character "@" can be prepended to this specification to indicated that the data element is
a pointer in the user record, rather than an array stored within the record.

The [n] value is an integer that specifies the number of elements that are in this column (default is 1).
TLMIN, TLMAX, and BINSIZ values also can be specified for this column after the type, separated
by colons. If only one such number is specified, it is assumed to be TLMAX, and TLMIN and

BINSIZ are set to 1.

The [poff] value can be used to specify the offset into an array. By default, this offset value is set to
zero and the data specified starts at the beginning of the array. The offset usually is specified in terms
of the data type of the column. Thus an offset specification of [5] means a 20-byte offset if the data
type is a 32-bit integer, and a 40-byte offset for a double. If you want to specify a byte offset instead
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of an offset tied to the column data type, precede the offset value with 'B’, e.g. [B6] means a 6-bye
offset, regardless of the column data type. The [poff] is especially useful in conjunction with the pointer @
specification, since it allows the data element to anywhere stored anywhere in the allocated array. For
example, a specification such as "@I[2]" specifies the third (i.e., starting from 0) element in the array
pointed to by the pointer value. A value of "@2I[4]" specifies the fifth and sixth values in the array. For
example, consider the following specification:

typedef struct EvStruct{
short x[4], *atp;

} *Event, EventRec;

[* set up the (hardwired) columns */

FunColumnSelect( fun, sizeof(EventRec), NULL,
"2i", "21'", "w", FUN_OFFSET(Event, x),
"2i2", "21[2]", "w", FUN_OFFSET(Event, X),
"at2p”, "@21", "w", FUN_OFFSET(Event, atp),
"at2p4”, "@21[4]", "w", FUN_OFFSET(Event, atp),
"atp9”, "@I[9]", "w", FUN_OFFSET(Event, atp),
"ath20", "@I[B20]", "w", FUN_OFFSET(Event, atb),
NULL);

Here we have specified the following columns:
O 2i: two short ints in an array which is stored as part the record
O 2i2: the 3rd and 4th elements of an array which is stored as part of the record
O an array of at least 10 elements, not stored in the record but allocated elsewhere, and used by
three different columns:
® at2p: 2 short ints which are the first 2 elements of the allocated array
® at2p4: 2 short ints which are the 5th and 6th elements of the allocated array
® atp9: a short int which is the 10th element of the allocated array
O atb20: a short int which is at byte offset 20 of another allocated array
In this way, several columns can be specified, all of which are in a single/dBay.is the
programmer’s responsibility to ensure that specification of a positive value for poff does not point
past the end of valid data.

e read/write mode "r" means that the column is read from an input file into user space by
FunTableRowGet(), "w" means that the column is written to an output file. Both can specified at the
same time.

e offset the offset into the user data to store this column. Typically, the macro
FUN_OFFSET(recname, colname) is used to define the offset into a record structure.

When all column arguments have been specified, a final NULL argument must added to signal the column
selection list.

As an alternative to the vararganColumnSelect() routine, a non-varargs routine called
FunColumnSelectArr() also is available. The first three arguments (fun, size, plist) of this routine are the
same as ifrtunColumnSelect(). Instead of a variable argument list, howBuaColumnSelectArr() takes

5 additional arguments. The first 4 arrays arguments contain the names, types, modes, and offsets,
respectively, of the columns being selected. The final argument is the number of columns that are
contained in these arrays. It is the user’s responsibility to free string space allocated in these arrays.
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Consider the following example:

typedef struct evstruct{
int status;
float pi, pha, *phas;
double energy;

} *Ev, EVRec;

FunColumnSelect(fun, sizeof(EvRec), NULL,
"status”, "J", "r", FUN_OFFSET(Ev, status),
"pi", "E", "r", FUN_OFFSET(Ev, pi),
"pha", "E", "r", FUN_OFFSET(Ev, pha),
"phas”, "@O9E", "r", FUN_OFFSET(Ev, phas),
NULL);

Each time a row is read into the Ev struct, the "status" column is converted to an int data type (regardless
of its data type in the file) and stored in the status value of the struct. Similarly, "pi" and "pha”, and the

phas vector are all stored as floats. Note that the "@" sign indicates that the "phas" vector is a pointer to a
9 element array, rather than an array allocated in the struct itself. The row record can then be processed as

required:

[* get rows -- let routine allocate the row array */
while( (ebuf = (Ev)FunTableRowGet(fun, NULL, MAXROW, NULL, &got)) ){
[* process all rows */
for(i=0; i<got; i++){
[* point to the i'th row */
ev = ebuf+i;
ev->pi = (ev->pi+.5);
ev->pha = (ev->pi-.5);

}

FunColumnSelect() can also be called to define "writable" columns in order to generate a FITS Binary
Table, without reference to any input columns. For example, the following will generate a 4-column FITS
binary table wherunTableRowPut() is used to write Ev records:

typedef struct evstruct{
int status;
float pi, pha
double energy;

} *Ev, EVRec;

FunColumnSelect(fun, sizeof(EvRec), NULL,
"status”, "J", "w", FUN_OFFSET(Ev, status),

"pi", "E", "w", FUN_OFFSET(Ev, pi),

"pha’, "E", "w", FUN_OFFSET(Ev, pha),
"energy", "D", "w", FUN_OFFSET(Ev, energy),
NULL);

All columns are declared to be write-only, so presumably the column data is being generated or read from
some other source.

In addition,FunColumnSelect() can be called to deti¢h "readable" and "writable" columns. In this
case, the "read" columns are associated with an input file, while the "write" columns are associated with
the output file. Of course, columns can be specified as both "readable” and "writable", in which case they
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are read from input and (possibly modified data values are) written to the outp&uB@elumnSelect()
call itself is made by passing the input Funtools handle, and it is assumed that the output file has been
opened using this input handle agHtstools referenchandle.

Consider the following example:

typedef struct evstruct{
int status;
float pi, pha, *phas;
double energy;

} *Ev, EVRec;

FunColumnSelect(fun, sizeof(EvRec), NULL,
"status”, "J", "r", FUN_OFFSET(Ev, status),
"pi", "E", "rw", FUN_OFFSET(Ev, pi),

"pha”, "E", "rw", FUN_OFFSET(Ev, pha),
"phas”, "@9E", "rw", FUN_OFFSET(Ev, phas),
"energy”, "D", "w", FUN_OFFSET(Ev, energy),
NULL);

As in the "read" example above, each time an row is read into the Ev struct, the "status" column is
converted to an int data type (regardless of its data type in the file) and stored in the status value of the
struct. Similarly, "pi" and "pha", and the phas vector are all stored as floats. Since the "pi", "pha", and
"phas" variables are declared as "writable" as well as "readable”, they also will be written to the output
file. Note, however, that the "status" variable is declared as "readable" only, and hence it will not be
written to an output file. Finally, the "energy" column is declared as "writable" only, meaning it will not

be read from the input file. In this case, it can be assumed that "energy" will be calculated in the program
before being output along with the other values.

In these simple cases, only the columns specified as "writable" will be outputusifigbleRowPut().
However, it often is the case that you want to merge the user columns back in with the input columns,
even in cases where not all of the input column names are explicitly read or even known. For this
important case, thenerge=[type] keyword is provided in the plist string.

The merge=[type] keyword tells Funtools to merge the columns from the input file with user columns on
output. It is normally used when an input and output file are opened and the input file provides the
Funtools referenckandle for the output file. In this case, each thinaTableRowGet() is called, the raw
input rows are saved in a special buffefzuihTableRowPut() then is called (before another call to
FunTableRowGet()), the contents of the raw input rows are merged with the user rows according to the
value oftype as follows:

® update: add new user columns, and update value of existing ones (maintaining the input data type)

® replace add new user columns, and replace the data type and value of existing ones. (Note that if
timin/timax values are not specified in the replacing column, but are specified in the original column
being replaced, then the original timin/timax values are used in the replacing column.)

e append only add new columns, do not "replace" or "update" existing ones

Consider the example abovenerge=updateis specified in the plist string, then "energy" will be added
to the input columns, and the values of "pi", "pha", and "phas" will be taken from the user space (i.e., the
values will be updated from the original values, if they were changed by the program). The data type for
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HIBT]

"pi", "pha", and "phas" will be the same as in the original fileaéfge=replaceis specified, both the data
type and value of these three input columns will be changed to the data type and value in the user
structure. Ifmerge=appendis specified, none of these three columns will be updated, and only the
"energy" column will be added. Note that in all cases, "status" will be written from the input data, not
from the user record, since it was specified as read-only.

Standard applications will calunColumnSelect() to define user columns. However, if this routine is not
called, the default behavior is to transfer all input columns into user space. For this purpose a default
record structure is defined such that each data element is properly aligned on a valid data type boundary.
This mechanism is used by programs such as fundisp and funtable to process columns without needing to
know the specific names of those columns. It is not anticipated that users will need such capabilities
(contact us if you do!)

By default,FunColumnSelect() reads/writes rows to/from an "array of structs”, where each struct contains
the column values for a single row of the table. This means that the returned values for a given column are
not contiguous. You can set up the 10 to return a "struct of arrays” so that each of the returned columns

are contiguous by specifyirggg=structofarrays (abbreviationorg=sog in the plist. (The default case is
org=arrayofstructs or org=aos)

For example, the default setup to retrieve rows from a table would be to define a record structure for a
single event and then cédunColumnSelect() as follows:

typedef struct evstruct{
short region;

double x, y;
int pi, pha;
double time;
} *Ev, EVRec;
got = FunColumnSelect(fun, sizeof(EvRec), NULL,
"X, "D:10:10", mode, FUN_OFFSET(Ev, x),
"y"  "D:10:10", mode, FUN_OFFSET(Ev, y),
"pi",  "J",  mode, FUN_OFFSET(Ev, pi),

"pha", "J", mode, FUN_OFFSET(Ev, pha),
"time", "1D", mode, FUN_OFFSET(Ev, time),
NULL);

Subsequently, each call to FunTableRowGet() will return an array of structs, one for each returned row. If
instead you wanted to read columns into contiguous arrays, you spegsifsoa

typedef struct aevstruct{
short region[MAXROW];
double Xx[MAXROW], yIMAXROW];
int piiMAXROW], pha[MAXROW];
double time[MAXROW];

} *AEv, AEVRec;

got = FunColumnSelect(fun, sizeof(AEvRec), "org=soa",

"x",  "D:10:10", mode, FUN_OFFSET(AEV, x),
"', "D:10:10", mode, FUN_OFFSET(AEV, y),
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"oi", "J",  mode, FUN_OFFSET(AEv, pi),
"pha", "J", mode, FUN_OFFSET(AEv, pha),
"time", "1D", mode, FUN_OFFSET(AEv, time),
NULL);

Note that the only modification to the call is in the plist string.

Of course, instead of using staticly allocated arrays, you also can specify dynamically allocated pointers:

/* pointers to arrays of columns (used in struct of arrays) */
typedef struct pevstruct{

short *region;

double *x, *y;

int *pi, *pha;

double *time;
} *PEv, PEVRec;

got = FunColumnSelect(fun, sizeof(PEvRec), "org=structofarrays",

"$region”, "@I", mode, FUN_OFFSET(PEv, region),
"x", "@D:10:10", mode, FUN_OFFSET(PEv, x),

"y, "@D:10:10", mode, FUN_OFFSET(PEv, y),
"pi", "@J", mode, FUN_OFFSET(PEv, pi),

"pha’, "@J", mode, FUN_OFFSET(PEv, pha),
"time", "@1D", mode, FUN_OFFSET(PEV, time),
NULL);

Here, the actual storage space is either allocated by the user ofHun@®alumnSelect() call).

In all of the above cases, the same call is made to retrieve rows, e.g.:
buf = (void *)FunTableRowGet(fun, NULL, MAXROW, NULL, &got);

However, the individual data elements are accessed differently. For the default case of an "array of
structs”, the individual row records are accessed using:

for(i=0; i<got; i++){
ev = (Ev)buf+i;
fprintf(stdout, "%.2f\t%.2f\t%d\t%d\t%.41\t%.4\t%21.8f\n",
ev->X, ev->y, ev->pi, ev->pha, ev->dx, ev->dy, ev->time);
}

For a struct of arrays or a struct of array pointers, we have a single struct through which we access
individual columns and rows using:

aev = (AEv)buf;
for(i=0; i<got; i++){
fprintf(stdout, "%.2f\t%.2f\t%d\t%d\t%.41\t%.41\t%21.8f\n",
aev->x[i], aev->y[i], aev->pi[i], aev->phali],
aev->dx[i], aev->dy[i], aev->timel[i]);

}

Support for struct of arrays in tlieinTableRowPut() call is handled analogously.
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See theevread exampleode andvmerge exampleode for working examples of how
FunColumnSelect() is used.

FunColumnActivate - activate Funtools columns

#include <funtools.h>

void FunColumnActivate(Fun fun, char *s, char *plist)

The FunColumnActivate() routine determines which columns (set ugHmwpColumnSelect()) ultimately
will be read and/or written. By default, all columns that are selected BaimQolumnSelect() are
activated. Th&unColumnActivate() routine can be used to turn off/off activation of specific columns.

The first argument is the Fun handle associated with this set of columns. The second argument is a
space-delimited list of columns to activate or de-activate. Columns preceded by "+" are activated and
columns preceded by a "-" are de-activated. If a column is hamed without "+" or "-", it is activated. The
reserved strings "$region” and '$n’ are used to activate a special columns containing the filter region value
and row value, respectively, associated with this row. For example, if a filter containing two circular
regions is specified as part of the Funtools file name, this column will contain a value of 1 or 2, depending
on which region that row was in. The reserved strings "$x" and "$y" are used to activate the current
binning columns. Thus, if the columns DX and DY are specified as binning columns:

[sh $] fundisp foo.fits[bincols=(DX,DY)]

then "$x" and "$y" will refer to these columns in a calFtmColumnActivate().

In addition, if the activation string contains only columns to be activated, then the routine will de-activate
all other columns. Similarly, if the activation string contains only columns to de-activate, then the routine
will activate all other columns before activating the list. This makes it simple to change the activation state
of all columns without having to know all of the column names. For example:

"pi pha time" # only these three columns will be active
"-pi -pha -time" # all but these columns will be active
"pi -pha" # only pi is active, pha is not, others are not
"+pi -pha" # same as above

"pi -pha -time" # only pi is active, all others are not

"pi pha" # pha and pi are active, all others are not

"pi pha -x -y" # pha and pi are active, all others are not

You can use the column activation list to reorder columns, since columns are output in the order specified.
For example:

# default output order
fundisp snr.ev’[cir 512 512 .1]

X Y PHA PI TIME DX DY
512 512 6 7 79493997.45854475 578 574
512 512 8 9 79494575.58943175 579 573
512 512 5 6 79493631.03866175 578 575
512 512 5 5 79493290.86521725 578 575
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512 512 8 9 79493432.00990875 579 573

# re-order the output by specifying explicit order
fundisp snr.ev’[cir 512 512 .1] "time x y dy dx pi pha"
TIME X Y DY DX Pl PHA

79493997.45854475 512 512 574 578
79494575.58943175 512 512 573 579
79493631.03866175 512 512 575 578
79493290.86521725 512 512 575 578
79493432.00990875 512 512 573 579

© 1o O
01 U1 0 O

A "+" sign by itself means to activate all columns, so that you can reorder just a few columns without
specifying all of them:

# reorder 3 columns and then output the rest
fundisp snr.ev’[cir 512 512 .1]' "time pi pha +"
TIME Pl PHA Y X DX DY

79493997.45854475 7 6 512 512 578 574
79494575.58943175 9 8 512 512 579 573
79493631.03866175 6 5 512 512 578 575
79493290.86521725 5 5 512 512 578 575
79493432.00990875 9 8 512 512 579 573

The column activation/deactivation is performed in the order of the specified column arguments. This

noun

means you can mix "+", "-" (which de-activates all columns) and specific column names to reorder and
select columns in one command. For example, consider the following:

# reorder and de-activate
fundisp snr.ev’[cir 512 512 .1] "time pi pha + -X -y"
TIME Pl PHA DX DY

79493997.45854475 7 6 578 574
79494575.58943175 9 8 579 573
79493631.03866175 6 5 578 575
79493290.86521725 5 5 578 575
79493432.00990875 9 8 579 573

We first activate "time", "pi", and "pha" so that they are output first. We then activate all of the other

columns, and then de-activate "x" and "y". Note that this is different from:

# probably not what you want ...
fundisp snr.ev’[cir 512 512 .1] "time pi pha -x -y +"
TIME Pl PHA Y X DX DY

79493997.45854475 7 6 512 512 578 574
79494575.58943175 9 8 512 512 579 573
79493631.03866175 6 5 512 512 578 575
79493290.86521725 5 5 512 512 578 575
79493432.00990875 9 8 512 512 579 573

Here, "X" and "y" are de-activated, but then all columns including "x" and "y" are again re-activated.
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Typically, FunColumnActivate() uses a list of columns that are passed into the program from the
command line. For example, the code for funtable contains the following:

char *cols=NULL;

[* open the input FITS file */
if( !(fun = FunOpen(argv[1], "rc", NULL)))
gerror(stderr, "could not FunOpen input file: %s\n", argv[1]);

[* set active flag for specified columns */
if( argc >= 4 ) cols = argv[3];
FunColumnActivate(fun, cols, NULL);

The FunOpen() call sets the default columns to be all columns in the input filEuR@olumnActivate()
call then allows the user to control which columns ultimately will be activated (i.e., in this case, written to
the new file). For example:

funtable test.ev foo.ev "pi pha time"
will process only the three columns mentioned, while:
funtable test.ev foo.ev "-time"

will process all columns except "time".

If FunColumnActivate() is called with a null string, then the environment varfaide COLUMNS will
be used to provide a global value, if present. This is the reason why we call the routine even if no columns
are specified on the command line (see example above), instead of calling it this way:

[* set active flag for specified columns */
if(argc >= 4 ){

FunColumnActivate(fun, argv[3], NULL);
}

FunColumnLookup - lookup a Funtools column

#include <funtools.h>

int FunColumnLookup(Fun fun, char *s, int which,
char **name, int *type, int *mode,
int *offset, int *n, int *width)

The FunColumnLookup() routine returns information about a named (or indexed) column. The first
argument is the Fun handle associated with this set of columns. The second argument is the name of the
column to look up. If the name argument is NULL, the argument that follows is the zero-based index into
the column array of the column for which information should be returned. The next argument is a pointer
to a char *, which will contain the name of the column. The arguments that follow are the addresses of int
values into which the following information will be returned:

e type: data type of column:
O A: ASCII characters
O B: unsigned 8-bit char
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O |: signed 16-bit int
O U: unsigned 16-bit int (not standard FITS)
O J: signed 32-bit int
O V:unsigned 32-bit int (not standard FITS)
o}

E: 32-bit float

O D: 64-bit float
® mode bit flag status of column, including:

O COL_ACTIVE 1 is column activated?

O COL_IBUF 2 is column in the raw input data?

O COL_PTR 4 is column a pointer to an array?

O COL_READ 010 is read mode selected?

O COL_WRITE 020 is write mode selected?

O COL_REPLACEME 040 is this column being replaced by user data?
e offset byte offset in struct
® n: number of elements (i.e. size of vector) in this column
e width: size in bytes of this column

If the named column exists, the routine returns a positive integer, otherwise zero is returned. (The positive
integer is the index+1 into the column array where this column was located.) If NULL is passed as the
return address of one (or more) of these values, no data is passed back for that information. For example:

if( IFunColumnLookup(fun, "phas", 0, NULL NULL, NULL, NULL, &npha, NULL))
gerror(stderr, "can’t find phas column\n");

only returns information about the size of the phas vector.

FunTableRowGet - get Funtools rows

#include <funtools.h>

void *FunTableRowGet(Fun fun, void *rows, int maxrow, char *plist,
int *nrow)

The FunTableRowGet() routine retrieves rows from a Funtools binary table or raw event file, and places
the values of columns selected ynColumnSelect() into an array of user structs. Selected column values
are automatically converted to the specified user data type (and to native data format) as necessary.

The first argument is the Fun handle associated with this row data. The sawesraigument is the array

of user structs into which the selected columns will be stored. If NULL is passed, the routine will
automatically allocate space for this array. (This includes proper allocation of pointers within each struct,
if the "@" pointer type is used in the selection of columns. Note that if you pass NULL in the second
argument, you should free this space using the standard free() system call when you are finished with the
array of rows.) The thirdhaxrow argument specifies the maximum number of rows to be returned. Thus,

if rows is allocated by the user, it should be at least of size maxrow*sizeof(evstruct).
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The fourthplist argument is a param list string. Currently, the keyword/value pair "mask=transparent" is
supported in the plist argument. If this string is passed in the call’s plist argument, then all rows are passed
back to the user (instead of just rows passing the filter). This is only usefulBuh@olumnSelect() also

is used to specify "$region" as a column to return for each row. In such a case, rows found within a region
have a returned region value greater than 0 (corresponding to the region id of the region in which they are
located), rows passing the filter but not in a region have region value of -1, and rows not passing any filter
have region value of 0. Thus, using "mask=transparent" and the returned region value, a program can
process all rows and decide on an action based on whether a given row passed the filter or not.

The final argument is a pointer to an int variable that will return the actual number of rows returned. The
routine returns a pointer to the array of stored rows, or NULL if there was an error. (This pointer will be
the same as the second argument, if the latter is non-NULL).

[* get rows -- let routine allocate the row array */
while( (buf = (Ev)FunTableRowGet(fun, NULL, MAXROW, NULL, &got)) ){
[* process all rows */
for(i=0; i<got; i++){
[* point to the i'th row */
ev = buf+i;
[* rearrange some values. etc. */
ev->energy = (ev->pi+ev->pha)/2.0;
ev->pha = -ev->pha;
ev->pi = -ev->pi;
}
[* write out this batch of rows */
FunTableRowPut(fun2, buf, got, 0, NULL);
[* free row data */
if( buf ) free(buf);
}

As shown above, successive callEtmTableRowGet() will return the next set of rows from the input file
until all rows have been read, i.e., the routine behaves like sequential Unix 1/O calls such as fread(). See
evmerge exampleode for a more complete example.

Note that FunTableRowGet() also can be called as FunEventsGet(), for backward compatibility.

FunTableRowPut - put Funtools rows

int FunTableRowPut(Fun fun, void *rows, int nev, int idx, char *plist)

The FunTableRowPut() routine writes rows to a FITS binary table, taking its input from an array of user
structs that contain column values selected by a previous ¢alhGolumnSelect(). Selected column
values are automatically converted from native data format to FITS data format as necessary.

The first argument is the Fun handle associated with this row data. The sewsratgument is the array
of user structs to output. The thmdow argument specifies the number number of rows to write. The
routine will write nrow records, starting from the location specifiedrows.

The fourthidx argument is the index of the first raw input row to write, in the case where rows from the
user buffer are being merged with their raw input row counterparts (see below). Note tiolxt vaisie is
has nothing to do with the row buffer specified in argument 1. It merely matches the row being written
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with its corresponding (hidden) raw row. Thus, if you read a number of rows, process them, and then write
them out all at once starting from the first user row, the valugxashould be O:

Ev ebuf, ev;
[* get rows -- let routine allocate the row array */
while( (ebuf = (Ev)FunTableRowGet(fun, NULL, MAXROW, NULL, &got)) ){
[* process all rows */
for(i=0; i<got; i++){
[* point to the i'th row */
ev = ebuf+i;

}
[* write out this batch of rows, starting with the first */
FunTableRowPut(fun2, (char *)ebuf, got, 0, NULL);
[* free row data */
if( ebuf ) free(ebuf);

}

On the other hand, if you write out the rows one at a time (possibly skipping rows), then, when writing the
i'th row from the input array of rows, siix to the value of i

Ev ebuf, ev;
[* get rows -- let routine allocate the row array */

while( (ebuf = (Ev)FunTableRowGet(fun, NULL, MAXROW, NULL, &got)) ){
[* process all rows */

for(i=0; i<got; i++){
[* point to the i'th row */
ev = ebuf+i;

[* write out the current (i.e., i'th) row */
FunTableRowPut(fun2, (char *)ev, 1, i, NULL);
}

[* free row data */
if( ebuf ) free(ebuf);
}

The final argument is a param list string that is not currently used. The routine returns the number of rows
output. This should be equal to the value passed in thenttiveFunParamGet - get a Funtools param
value

#include <funtools.h>

int FunParamGetb(Fun fun, char *name, int n, int defval, int *got)

int FunParamGeti(Fun fun, char *name, int n, int defval, int *got)

double FunParamGetd(Fun fun, char *name, int n, double defval, int *got)

char *FunParamGets(Fun fun, char *name, int n, char *defval, int *got)

The four routines-unParamGetb(), FunParamGeti(), FunParamGetd(), andFunParamGets() return
the value of a FITS header parameter as a boolean, int, double, and string, respectively. The string

returned byrunParamGets()is a malloc’ed copy of the header value and should be freed when no longer
needed.
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The first argument is the Fun handle associated with the FITS header being accessed. Normally, the
header is associated with the FITS extension that you openeBuwi@®pen(). However, you can use
FuninfoPut() to specify access of the primary header. In particular, if you set the
FUN_PRIMARYHEADER parameter to 1, then the primary header is used for all parameter access until
the value is reset to 0. For example:

int val;

FunParamGeti(fun, "NAXIS", 1, 0, &got); # current header

val=1;

FuninfoPut(fun, FUN_PRIMARYHEADER, &val, 0); # switch to ...
FunParamGeti(fun, "NAXIS", 1, 0, &got); # ... primary header
FunParamGeti(fun, "NAXIS", 2, 0, &got); # ... primary header
val=0;

FuninfoPut(fun, FUN_PRIMARYHEADER, &val, 0); # switch back to ...
FunParamGeti(fun, "NAXIS", 2, 0, &got); # current header

Alternatively, you can use the FUN_PRIMARY macro to access parameters from the primary header on a
per-parameter basis:

FunParamGeti(fun, "NAXIS1", 0, 0, &got); # current header
FunParamGeti(FUN_PRIMARY (fun), "NAXIS1", 0, 0, &got); # primary header

NB: FUN_PRIMARY is deprecated. It makes use of a global parameter and therefore will not not
appropriate for threaded applications, when we make funtools thread-safe. We recommend use of
FuninfoPut() to switch between the extension header and the primary header.

For output data, access to the primary header is only possible until the header is written out, which usually
takes place when the first data are written.

The second argument is the name of the parameter to access. Theatiginthent, if non-zero, is an

integer that will be added as a suffix to the parameter name. This makes it easy to use a simple loop to
process parameters having the same root name. For example, to gather up all values of TLMIN and
TLMAX for each column in a binary table, you can use:

for(i=0, got=1; got; i++){
fun->colsl[i]->timin = (int)FunParamGeti(fun, "TLMIN", i+1, 0.0, &got);
fun->colsl[i]->timax = (int)FunParamGeti(fun, "TLMAX", i+1, 0.0, &got);
}

The fourthdefval argument is the default value to return if the parameter does not exist. Note that the data
type of this parameter is different for each specific FunParamGet() call. Thgdirsaigument will be 0O if

no param was found. Otherwise the data type of the parameter is returned as follows:
FUN_PAR_UNKNOWN ('u’), FUN_PAR_COMMENT (’c’), FUN_PAR_LOGICAL (I"),
FUN_PAR_INTEGER (i"), FUN_PAR_STRING (’s’), FUN_PAR_REAL (’r'), FUN_PAR_COMPLEX

(x).

These routines return the value of the header parameter, or the specified default value if the header
parameter does not exist. The returned value is a malloc’ed string and should be freed when no longer
needed.
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By default,FunParamGets()returns the string value of the named parameter. However, you can use
FuninfoPut() to retrieve the raw 80-character FITS card instead. In particular, if you set the
FUN_RAWPARAM parameter to 1, then card images will be returned by FunParamGets() until the value
is reset to O.

Alternatively, if the FUN_RAW macro is applied to the name, then the 80-character raw FITS card is
returned instead\B: FUN_RAW is deprecated.It makes use of a global parameter and therefore will

not not appropriate for threaded applications, when we make funtools thread-safe. We recommend use of
FuninfoPut() to switch between the extension header and the primary header.

Note that in addition to the behaviors described above, the rduiimearamGets()will return the 80

raw characters of theth FITS card (including the comment)riameis specified as NULL and is

positive. For example, to loop through all FITS header cards in a given extension and print out the raw
card, use:

for(i=1; ;i++){
if( (s = FunParamGets(fun, NULL, i, NULL, &got)) {
fprintf(stdout, "%.80s\n", s);
free(s);

}

else{
break;

}
}

FunParamPut - put a Funtools param value

#include <funtools.h>

int FunParamPutb(Fun fun, char *name, int n, int value, char *comm,
int append)

int FunParamPuti(Fun fun, char *name, int n, int value, char *comm,
int append)

int FunParamPutd(Fun fun, char *name, int n, double value, int prec,
char *comm, int append)

int FunParamPuts(Fun fun, char *name, int n, char *value, char *comm,
int append)

The four routinegunParamPutb(), FunParamPuti(), FunParamPutd(), andFunParamPuts(), will set
the value of a FITS header parameter as a boolean, int, double, and string, respectively.

The first argument is the Fun handle associated with the FITS header being accessed. Normally, the
header is associated with the FITS extension that you openeBuwii@®pen(). However, you can use
FuninfoPut() to specify that use of the primary header. In particular, if you set the
FUN_PRIMARYHEADER parameter to 1, then the primary header is used for all parameter access until
the value is reset to 0. For example:
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int val;

FunParamPuti(fun, "NAXIS1", 0, 10, NULL, 1); # current header

val=1;

FuninfoPut(fun, FUN_PRIMARYHEADER, &val, 0); # switch to ...
FunParamPuti(fun, "NAXIS1", 0, 10, NULL, 1); # primary header

(You also can use the deprecated FUN_PRIMARY macro, to access parameters from the primary header.)

The second argument is thame of the parameter. ( In accordance with FITS standards, the special
namesCOMMENT andHISTORY, as well as blank names, are output without the "=" value indicator
in columns 9 and 10.

The thirdn argument, if non-zero, is an integer that will be added as a suffix to the parameter name. This
makes it easy to use a simple loop to process parameters having the same root name. For example, to set
the values of TLMIN and TLMAX for each column in a binary table, you can use:

for(i=0; i<got; i++){
FunParamPutd(fun, "TLMIN", i+1, timin[i], 7, "min column val", 1);
FunParamPutd(fun, "TLMAX", i+1, timax[i], 7, "max column val", 1);

}

The fourthdefval argument is the value to set. Note that the data type of this argument is different for
each specific FunParamPut() call. Tdeenm argument is the comment string to add to this header
parameter. Its value can be NULL. The fiapbendargument determines whether the parameter is added
to the header if it does not exist. If set to a non-zero value, the header parameter will be appended to the
header if it does not exist. If set to 0, the value will only be used to change an existing parameter.

Note that the double precision routine FunParamPutd() supports apedi@gument after thealue

argument, in order to specify the precision when converting the double value to ASCII. In general a
20.[prec] format is used (since 20 characters are alloted to a floating point number in FITS) as follows: if
the double value being put to the header is less than 0.1 or greater than or equal to 10**(20-2-[prec]), then
%20.[prec]e format is used (i.e., scientific notation); otherwise %20.[prec]f format is used (i.e., numeric
notation).

As a rule, parameters should be set before writing the table or image. It is, however, possible to update the
value of arexisting parameter after writing an image or table (but not to add a new one). Such updating
only works if the parameter already exists and if the output file is seekable, i.e. if it is a disk file or is

stdout being redirected to a disk file.

It is possible to add a new parameter to a header after the data has been written, but only if space has
previously been reserved. To reserve space, add a blank parameter whose value is the name of the
parameter you eventually will update. Then, when writing the new parameter, specify a value of 2 for the
append flag. The parameter writing routine will first look to update an existing parameter, as usual. If an
existing parameter is not found, an appropriately-valued blank parameter will be searched for and
replaced. For example:
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/* add blank card to be used as a place holder for IPAR1 update */
FunParamPuts(fun, NULL, 0, "IPAR1", "INTEGER Param", 0);

[* write header and data */
FunTableRowPut(fun, events, got, 0, NULL);

[* update param in file after writing data -- note append = 2 here */
FunParamPuti(fun, "IPAR", 1, 400, "INTEGER Param", 2);

The parameter routines return a 1 if the routine was successful and a 0 on failure. In general, the major
reason for failure is that you did not set the append argument to a non-zero value and the parameter did
not already exist in the file.

FuninfoGet - get information from Funtools struct

#include <funtools.h>

int FuninfoGet(Fun fun, int type, char *addr, ...)

TheFuninfoGet() routine returns information culled from the Funtools structure. The first argument is

the Fun handle from which information is to be retrieved. This first required argument is followed by a
variable length list of pairs of arguments. Each pair consists of an integer representing the type of
information to retrieve and the address where the information is to be stored. The list is terminated by a 0.
The routine returns the number of get actions performed.

The full list of available information is described below. Please note that only a few of these will be useful
to most application developers. For imaging applications, the most important types are:

FUN_SECT _DIM1 int /* diml for section */
FUN_SECT _DIM2 int /* dim2 for section */
FUN_SECT_BITPIX int /* bitpix for section */

These would be used to determine the dimensions and data type of image data retrieved using the
FunimageGet() routine. For example:

[* extract and bin the data section into an image buffer */
buf = FunimageGet(fun, NULL, NULL);
[* get required information from funtools structure.
this should come after the FunimageGet() call, in case the call
changed sect_bitpix */
FuninfoGet(fun,
FUN_SECT_BITPIX, &bitpix,
FUN_SECT_DIM1, &diml,
FUN_SECT_DIM2, &dim2,
0);
* loop through pixels and reset values below limit to value */
for(i=0; i<dim1*dim2; i++){
switch(bitpix){
case 8:
if( cbufi] <= blimit ) cbuf[i] = bvalue;

}..
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It is important to bear in mind that the callRanimageGet() can change the value of
FUN_SECT_BITPIX (e.qg. if "bitpix=n" is passed in the param list). Therefore, a dalltmfoGet()
should be madafter the call toFunimageGet(), in order to retrieve the updated bitpix value. See the
imblank exampleode for more detalils.

It also can be useful to retrieve the World Coordinate System information from the Funtools structure.
Funtools uses the the WCS Library developed by Doug Mink at SAO, which is avagabldMore

information about the WCSTools project in general can be foengl) TheEunOpen() routine initializes

two WCS structures that can be used with this WCS Library. Applications can retrieve either of these two
WCS structures usinguninfoGet():

FUN_WCS struct WorldCoor * /* wcs structure, for image coordinates*/
FUN_WCSO struct WorldCoor * /* wcs structure, for physical coordinates */

The structure retrieved by FUN_WCS is a WCS library handle containing parameters suitable for use with
image coordinates, regardless of whether the data are images or tables. For this structure, the WCS
reference point (CRPIX) has been converted to image coordinates if the underlying file is a table (and
therefore in physical coordinates). You therefore must ensure that the positions being passed to a routine
like pix2wcs are in image coordinates. The FUN_WCSO structure has not had its WCS reference point
converted to image coordinates. It therefore is useful when passing processing physical coordinates from a
table.

Once a WCS structure has been retrieved, it can be used as the first argument to the WCS library routines.
(If the structure is NULL, no WCS information was contained in the file.) The two important WCS
routines that Funtools uses are:

#include <wcs.h>

void pix2wcs (WCS,Xpix,ypix,Xxpos,ypos)
struct WorldCoor *wcs; /* World coordinate system structure */
double xpix,ypix;  /*x andy coordinates in pixels */
double *xpos,*ypos; /* RA and Dec in degrees (returned) */

which converts pixel coordinates to sky coordinates, and:

void wcs2pix (wcs, Xpos, Ypos, Xpix, ypix, offscl)
struct WorldCoor *wcs; /* World coordinate system structure */
double xpos,ypos;  /* World coordinates in degrees */
double *xpix,*ypix; /* coordinates in pixels */
int *offscl; [* 0 if within bounds, else off scale */

which converts sky coordinates to pixel coordinates. Again, please note that the wcs structure returned by
FUN_WCS assumes that image coordinates are passed to the pix2wcs routine, while FUN_WCSO0
assumes that physical coordinates are passed.

Note that funtools.h file automatically includes wcs.h. An example program that utilizes these WCS
structure to call WCS Library routinestigcs.c.

The following is the complete list of information that can be returned:
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name type comment

FUN_FNAME char * [* file name */

FUN_GIO GIO * gio handle */

FUN_HEADER FITSHead [* fitsy header struct */
FUN_TYPE int /* TY_TABLE, TY_IMAGE, TY_EVENTS, TY_ARRAY */
FUN_BITPIX int [* bits/pixel in file */

FUN_MIN1 int * timin of axisl -- tables */
FUN_MAX1 int /* timax of axisl -- tables */
FUN_MIN2 int * timin of axis2 -- tables */
FUN_MAX2 int /* timax of axis2 -- tables */
FUN_DIM1  int /* dimension of axis1 */

FUN_DIM2 int /* dimension of axis2 */
FUN_ENDIAN int [* O=little, 1=big endian */
FUN_FILTER char* I* supplied filter */

FUN_IFUN  FITSHead [* pointer to reference header */
FUN_IFUNO FITSHead /* same as above, but no reset performed */
[* image information */

FUN_DTYPE int [* data type for images */
FUN_DLEN int /* length of image in bytes */
FUN_DPAD int /* padding to end of extension */
FUN_DOBLANK int /* was blank keyword defined? */
FUN_BLANK int * value for blank */

FUN_SCALED int /* was bscale/bzero defined? */
FUN_BSCALE double [* bscale value */

FUN_BZERO double [* bzero value */

[* table information */

FUN_NROWS int /* number of rows in file (naxis2) */
FUN_ROWSIZE int [* size of user row struct */
FUN_BINCOLS char * [* specified binning columns */
FUN_OVERFLOW int /* overflow detected during binning? */
[* array information */

FUN_SKIP  int [* bytes to skip in array header */

[* section information */

FUN_SECT_XO0 int /* low dim1 value of section */
FUN_SECT_X1 int /* hi dim1 value of section */
FUN_SECT_YO int * low dim2 value of section */
FUN_SECT_Y1 int * hi dim2 value of section */
FUN_SECT_BLOCK int I* section block factor */
FUN_SECT_BTYPE int /*’s’ (sum), 'a’ (average) for binning */
FUN_SECT_DIM1 int /* dim1 for section */
FUN_SECT_DIM2 int [* dim2 for section */
FUN_SECT_BITPIX int [* bitpix for section */
FUN_SECT_DTYPE int [* data type for section */
FUN_RAWBUF char * [* pointer to raw row buffer */
FUN_RAWSIZE int [* byte size of raw row records */
/* column information */

FUN_NCOL int /* number of row columns defined */
FUN_COLS  FunCaol [* array of row columns */

[* WCS information */
FUN_WCS struct WorldCoor * /* wcs structure, converted for images*/
FUN_WCSO0  struct WorldCoor * /* wcs structure, not converted */

Row applications would not normally need any of this information. An example of how these values can
be used in more complex programs isg¢lieext exampleode. In this program, the time value for each
row is changed to be the value of the succeeding row. The program thus reads the time values for a batch

84



of rows, changes the time values to be the value for the succeeding row, and then merges these changed
time values back with the other columns to the output file. It then reads the next batch, etc.

This does not work for the last row read in each batch, since there is no succeeding row until the next

batch is read. Therefore, the program saves that last row until it has read the next batch, then processes the
former before starting on the new batch. In order to merge the last row successfully, the code uses
FUN_RAWBUF to save and restore the raw input data associated with each batch of rows. Clearly, this
requires some information about how funtools works internally. We are happy to help you write such
programs as the need arises.

FuninfoPut - put information into a Funtools struct

#include <funtools.h>

int FuninfoPut(Fun fun, int type, char *addr, ...)

TheFuninfoPut() routine puts information into a Funtools structure. The first argument is the Fun handle
from which information is to be retrieved. After this first required argument comes a variable length list of
pairs of arguments. Each pair consists of an integer representing the type of information to store and the
address of the new information to store in the struct. The variable list is terminated by a 0. The routine
returns the number of put actions performed.

The full list of available information is described above withEbalnfoPut() routine. Although use of
this routine is expected to be uncommon, there is one important situation in which it plays an essential
part: writing multiple extensions to a single output file.

For input, multiple extensions are handled by calkngOpen() for each extension to be processed. When
opening multiple inputs, it sometimes is the case that you will want to process them and then write them
(including their header parameters) to a single output file. To accomplish this, you open successive input
extensions usingunOpen() and then cd&tuninfoPut() to set thd=untools referenckandle of the output

file to that of the newly opened input extension:

/* open a new input extension */

ifun=FunOpen(tbuf, "r", NULL)) )

/* make the new extension the reference handle for the output file */
FuninfoPut(ofun, FUN_IFUN, &ifun, 0);

Resetting FUN_IFUN has same effect as when a funtools handle is passed as the final argument to
FunOpen(). The state of the output file is reset so that a new extension is ready to be written. Thus, the
next 1/0 call on the output extension will output the header, as expected.

For example, in a binary table, after resetting FUN_IFUN you can theRwaltolumnSelect() to select
the columns for output. When you then ¢alhimagePut() oFunTableRowPut(), a new extension will be
written that contains the header parameters from the reference extension. RemembEuid-kedh() to
complete output of a given extension.

A complete example of this capability is given in #veol exampleode. The central algorithm is:
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® open the output file without a reference handle
® |oop: open each input extension in turn
O set the reference handle for output to the newly opened input extension
O read the input rows or image and perform processing
O write new rows or image to the output file
O flush the output
O close input extension
e close output file

Note thatFunFlush() is called after processing each input extension in order to ensure that the proper
padding is written to the output file. A call FmnFlush() also ensures that the extension header is written
to the output file in the case where there are no rows to output.

If you wish to output a new extension without usirfeuatools referenckandle, you can call
FuninfoPut() to reset the FUN_OPS value directly. For a binary table, you would then call
FunColumnSelect() to set up the columns for this new extension.

/* reset the operations performed on this handle */
int ops=0;
FuninfoPut(ofun, FUN_OPS, &ops, 0);
FunColumnSelect(fun, sizeof(EvRec), NULL,
"MYCOL", "J", "w", FUN_OFFSET(Ev, mycol),
NULL);

Once the FUN_OPS variable has been reset, the next I/O call on the output extension will output the
header, as expected.

FunFlush - flush data to output file

#include <funtools.h>

void FunFlush(Fun fun, char *plist)

TheFunFlush routine will flush data to a FITS output file. In particular, it can be called after all rows
have been written (using ti@inTableRowPut() routine) in order to add the null padding that is required
to complete a FITS block. It also should be called after completely writing an imagd-usimgagePut()

or after writing the final row of an image usikgnTableRowPut().

Theplist (i.e., parameter list) argument is a string containing one or more comma-delimited
keyword=value parameters. If the plist string contains the parameter "copy=remainder" and the file was
opened with a reference file, which, in turn, was opened for extension copying (i.e. tHeun@uien()

mode also was "c" or "C"), then FunFlush also will copy the remainder of the FITS extensions from the
input reference file to the output file. This normally would be done only at the end of processing.

Note thatFunFlush() is called with "copy=remainder"” in the mode string by FunClose(). This means that
if you close the output file before the reference input file, it is not necessary Eun&lush() explicitly,
unless you are writing more than one extension. Segvilmnerge exampleode. However, it is safe to call
FunFlush() more than once without fear of re-writing either the padding or the copied extensions.
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In addition, ifFunFlush() is called on an output file with the plist set to "copy=reference" and if the file

was opened with a reference file, the reference extension is written to the output file. This mechanism
provides a simple way to copy input extensions to an output file without processing the former. For
example, in the code fragment below, an input extension is set to be the reference file for a newly opened
output extension. If that reference extension is not a binary table, it is written to the output file:

[* process each input extension in turn */
for(ext=0; ;ext++){
[* get new extension name */
sprintf(tbuf, "%s[%d]", argv[1], ext);
[* open input extension -- if we cannot open it, we are done */
if( !(ifun=FunOpen(tbuf, "r*, NULL)) )
break;
/* make the new extension the reference handle for the output file */
FuninfoPut(ofun, FUN_IFUN, &ifun, 0);
[* if its not a binary table, just write it out */
if( !(s=FunParamGets(ifun, "XTENSION", 0, NULL, &got)) ||
stremp(s, "BINTABLE")Y{
if( s ) free(s);
FunFlush(ofun, "copy=reference");
FunClose(ifun);
continue;
}
else{
I* process binary table */

-
}

FunClose - close a Funtools data file

#include <funtools.h>

void FunClose(Fun fun)

TheFunClose()routine closes a previously-opened Funtools data file, freeing control structures. If a
Funtools referenclandle was passed to thenOpen() call for this file, and if copy mode also was
specified for that file, theRunClose() also will copy the remaining extensions from the input file to the
output file (if the input file still is open). Thus, we recommend always closing the output Funtools file
before the input file. (Alternatively, you can catunFlush() explicitly).

FunRef: the Funtools Reference Handle

Summary

A description of how to use a Funtools reference handle to connect a Funtools input file to an output file.
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Description

The Funtools reference handle connects a Funtools input file to a Funtools output file so that parameters
(or even whole extensions) can be copied from the one to the other. To make the connection, the Funtools
handle of the input file is passed to the final argument oftim®©pen() call for the output file:

if( !(ifun = FunOpen(argv[1], "r", NULL)) )

gerror(stderr, "could not FunOpen input file: %s\n", argv[1]);
if( !I(ofun = FunOpen(argv[2], "w", ifun)) )

gerror(stderr, "could not FunOpen output file: %s\n", argv[2]);

It does not matter what type of input or output file (or extension) is opened, or whether they are the same
type. When the output image or binary table is written usinmgmagePut() oFunTableRowPut() an
appropriate header will be written first, with parameters copied from the input extension. Of course,
invalid parameters will be removed first, e.g., if the input is a binary table and the output is an image, then
binary table parameters such as TFORM, TUNIT, etc. parameters will not be copied to the output.

Use of a reference handle also allows default values to be pasagdnwagePut() in order to write out an
output image with the same dimensions and data type as the input image. To use the defaults from the
input, a value of 0 is entered for dim1, dim2, and bitpix. For example:

fun = FunOpen(argv[1], "r", NULL);
fun2 = FunOpen(argv[2], "w", fun);

buf = FunimageGet(fun, NULL, NULL);
... process image data ...
FunimagePut(fun2, buf, 0, 0, 0, NULL);

Of course, you often want to get information about the data type and dimensions of the image for
processing. The above code is equivalent to the following:

fun = FunOpen(argv[1], "r", NULL);

fun2 = FunOpen(argv[2], "w", fun);

buf = FunimageGet(fun, NULL, NULL);

FuninfoGet(fun, FUN_SECT_DIM1, &dim1, FUN_SECT_DIM2, &dim2,
FUN_SECT_BITPIX, &bitpix, 0);

... process image data ...

FunimagePut(fun2, buf, dim1, dim2, bitpix, NULL);

It is possible to change the reference handle for a given output Funtools handle uBungrfePut()
routine:

/* make the new extension the reference handle for the output file */
FuninfoPut(fun2, FUN_IFUN, &fun, 0);

When this is done, Funtools specially resets the output file to start a new output extension, which is
connected to the new input reference handle. You can use this mechanism to process multiple input
extensions into a single output file, by successively opening the former and setting the reference handle
for the latter. For example:

88



/* open a new output FITS file */
if( !(fun2 = FunOpen(argv[2], "w", NULL)) )
gerror(stderr, "could not FunOpen output file: %s\n", argv[2]);
[* process each input extension in turn */
for(ext=0; ;ext++){
[* get new extension name */
sprintf(tbuf, "%s[%d]", argv[1], ext);
[* open it -- if we cannot open it, we are done */
if( !(fun=FunOpen(tbuf, "r", NULL)) )
break;
[* make the new extension the reference handle for the output file */
FuninfoPut(fun2, FUN_IFUN, &fun, 0);
... process ...
/* flush output extension (write padding, etc.) */
FunFlush(fun2, NULL);
[* close the input extension */
FunClose(fun);

}

In this example, the output file is opened first. Then each successive input extension is opened, and the
output reference handle is set to the newly opened input handle. After data processing is performed, the
output extension is flushed and the input extension is closed, in preparation for the next input extension.

Finally, a reference handle can be used to copy other extensions from the input file to the output file. Copy
of other extensions is controlled by adding a "C" or "c" to the mode string Blititepen() calbf the

input reference file. If "C" is specified, then other extensions al@ays copied (i.e., copy is forced by

the application). If "c" is used, then other extensions are copied if the user requests copying by adding a
plus sign "+" to the extension name in the bracket specification. For examlatide program

utilizes user-specified "c" mode so that the second example below will copy all extensions:

# copy only the EVENTS extension

csh> funtable "test.ev[EVENTS,circle(512,512,10)]" foo.ev
# copy ALL extensions

csh> funtable "test.ev[EVENTS+,circle(512,512,10)]" foo.ev

When extension copy is specified in the input file, the cdiuaOpen() on the input file delays the actual

file open until the output file also is opened (or until I/O is performed on the input file, which ever

happens first). Then, when the output file is opened, the input file is also opened and input extensions are
copied to the output file, up to the specific extension being opened. Processing of input and output
extensions then proceed.

When extension processing is complete, the remaining extensions need to be copied from input to output.
This can be done explicitly, using tReanFlush() call with the "copy=remaining"” plist:

FunFlush(fun, "copy=remaining");
Alternatively, this will happen automatically, if the output file is clobetbre the input file:
/* we could explicitly flush remaining extensions that need copying */
/* FunFlush(fun2, "copy=remaining"); */
/* but if we close output before input, end flush is done automatically */

FunClose(fun2);
FunClose(fun);
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FunFiles: Funtools Data Files

Summary

This document describes the data file formats (FITS, array, raw events) as well as the file types (gzip,
socket, etc.) supported by Funtools.

Description

Funtools supports FITS images and binary tables, and binary files containing array (homogeneous) data or
event (heterogeneous) data. IRAF-style brackets are appended to the filename to specify various kinds of
information needed to characterize these data:

file[ext]ind|ARRAY ()|EVENTS(),section][filters]
or
file[ext]ind|ARRAY()|JEVENTS(),section,filters]

where:

file is the Funtools file name

extis the FITS extension name

ind is the FITS extension number

ARRAY() is an array specification

EVENTS() is an event specification

sectionis the image section specification
filters are spatial region and table (row) filters

Supported Data Formats
Funtools programs (and the underlying libraries) support the following data file formats:

FITS images (and image extensions)

FITS binary tables

binary files containing an array of homogeneous data

binary files containing events, i.e. records of heterogeneous data
column-based text files, which are documeritecke

non-disk files and lists of files

Information needed to identify and characterize the event or image data can be specified on the command
line using IRAF-style bracket notation appended to the filename:

foo.fits # open FITS default extension
image.fits[3] # open FITS extension #3
events.fitsfEVENTS] # open EVENTS extension
array.file[ARRAY(s1024)] # open 1024x1024 short array

events.file[EVENTS(x:1024,y:1024...)] # open non-FITS event list
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Note that in many Unix shells (e.g., csh and tcsh), filenames must be enclosed in quotes to protect the
brackets from shell processing.

FITS Images and Binary Tables

WhenFunOpen() opens a FITS file without a bracket specifier, the default behavior is to look for a valid
image in the primary HDU. In the absence of a primary image, Funtools will try to open an extension
named eitheEVENTS or STDEVT, if one of these exists. This default behavior supports both FITS
image processing and standard X-ray event list processing (which, after all, is what we at SAO/HEAD
do).

In order to open a FITS binary table or image extension explicitly, it is necessary to specify either the
extension name or the extension number in brackets:

foo.fits[1] # open extension #1: the primary HDU
foo.fits[3] # open extension #3 of a FITS file
foo.fits[GTI] # open GTI extension of a FITS file

The ext argument specifies the name of the FITS extension (i.e. the value of the EXTENSION header
parameter in a FITS extension), while the index specifies the value of the FITS EXTVER header
parameter. Following FITS conventions, extension numbers start at 1.

When a FITS data file is opened for reading ugingOpen(), the specified extension is automatically
located and is used to initialize the Funtools internal data structures.

Non-FITS Raw Event Files

In addition to FITS tables, Funtools programs and libraries can operate on non-FITS files containing
heterogeneous event records. To specify such an event file, use:

o file[EVENTS(event-spec)]
o file[EVENTS()]

whereevent-speds a string that specified the names, data types, and optional image dimensions for each
element of the event record:

e [name]:[n][type]:[(lodim:)hidim]

Data types follow standard conventions for FITS binary tables, but include two extra unsigned types (U’
and 'V’):

® B -- unsigned 8-bit char
® | -- signed 16-bit int

® J -- signed 32-bit int

e K -- signed 64-bit int

® E -- 32-bit float

® D -- 64-bit float

® U -- unsigned 16-bit int
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® V -- unsigned 32-bit int

An optional integer valua can be prefixed to the type to indicate that the element is an array of n values.
For example:

foo.fitsfEVENTS(x:1,y:l,status:4J)]

defines x and y as 16-bit ints and status as an array of 4 32-bit ints.

Furthermore, image dimensions can be attached to the event specification in order to tell Funtools how to
bin the events into an image. They follow the conventions for the FITS TLMIN/TLMAX keywords. If the
low image dimension is not specified, it defaults to 1. Thus:

e RAWX:J:1:100
® RAWX:J:100

both specify that the dimension of this column runs from 1 to 100.

NB: it is required that all padding be specified in the record definition. Thus, when writing out whole C
structs instead of individual record elements, great care must be taken to include the compiler-added
padding in the event definition.

For example, suppose a FITS binary table has the following set of column definitions:

TTYPE1 =X ' [ Label for field
TFORM1 ="1I ' | Data type for field
TLMIN1 = 1/ Min. axis value
TLMAX1 = 10 / Max. axis value
TTYPE2 =Y ' [ Label for field
TFORM2 ="1I ' | Data type for field
TLMIN2 = 2 / Min. axis value
TLMAX2 = 11/ Max. axis value
TTYPE3 ='PHA " [ Label for field
TFORMS3 ="1I ' | Data type for field
TTYPE4 ="PI ' [ Label for field
TFORM4 ="1] ' | Data type for field
TTYPE5 ='TIME ' [ Label for field
TFORMS5 ="1D ' | Data type for field
TTYPE6 ='DX ' | Label for field
TFORM6 ='1E ' | Data type for field
TLMING6 = 1/ Min. axis value
TLMAX6 = 10 / Max. axis value
TTYPE7 ='DY ' | Label for field
TFORM7 ="1E ' | Data type for field
TLMIN7 = 3/ Min. axis value
TLMAX7 = 12 / Max. axis value

An raw event file containing these same data would have the event specification:

EVENTS(X:1:10,Y:1:2:11,PHA:I,PI:J, TIME:D,DX:E:10,DY:E:3:12)
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If no event specification string is included within the EVENTS() operator, then the event specification is
taken from the&eEVENTS environment variable:

setenv EVENTS "X:I:10,Y:1:10,PHA:I,PI:J, TIME:D,DX:E:10,DY:E:10"

In addition to knowing the data structure, it is necessary to knoenttan ordering of the data, i.e.,

whether or not the data is longendian format, so that we can convert to the native format for this

platform. This issue does not arise for FITS Binary Tables because all FITS files use big-endian ordering,
regardless of platform. But for non-FITS data, big-endian data produced on a Sun workstation but read on
a Linux PC needs to be byte-swapped, since PCs use little-endian ordering. To specify an ordering, use the
bigendian= or endian= keywords on the command-line or the EVENTS_BIGENDIAN or

EVENTS_ENDIAN environment variables. The value of tingendian variables should be "true" or

"false", while the value of thendian variables should be "little" or "big".

For example, a PC can access data produced by a Sun using:

hrc.nepr[EVENTS(),bigendian=true]
Olrhrc.nepr[EVENTS(),endian:big]
Orsetenv EVENTS_BIGENDIAN true
Orsetenv EVENTS_ENDIAN big

If none of these are specified, the data are assumed to follow the format for that platform and no
byte-swapping is performed.

Non-FITS Array Files

In addition to FITS images, Funtools programs and libraries can operate on non-FITS files containing
arrays of homogeneous data. To specify an array file, use:

o file[ARRAY (array-spec)]
o file[ARRAY()]

where array-spec is of the form:
e [type][dim1][.dim2][:skip][endian]
and where [type] is:

b (8-bit unsigned char)

s (16-bit short int)

u (16-bit unsigned short int)
i (32-bit int)

r,f (32-bit float)

d (64-bit float)
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The dim1 specification is required, but dim2 is optional and defaults to dim1. The skip specification is
optional and defaults to 0. The optional endian specification can be 'I' or 'b’ and defaults to the endian
type for the current machine.

If no array specification is included within the ARRAY() operator, then the array specification is taken
from theARRAY environment variable. For example:

foo.arr[ARRAY(r512)] # bitpix=-32 dim1=512 dim2=512
foo.arr[ARRAY(r512.400)]  # bitpix=-32 dim1=512 dim2=400
foo.arr[ARRAY(r512.400])  # bitpix=-32 dim1=512 dim2=400
foo.arr[ARRAY(r512.400:2880)] # bitpix=-32 dim1=512 dim2=400 skip=2880
foo.arr[ARRAY (r512I)] # bitpix=-32 dim1=512 dim2=512 endian=little
setenv ARRAY "r512.400:2880"

foo.arr[ARRAY()] # bitpix=-32 dim1=512 dim2=400 skip=2880

Specifying Image Sections

Once a data file (and possibly, a FITS extension) has been specified, the next (optional) part of a bracket
specification can be used to select imsgetioninformation, i.e., to specify the x,y limits of an image
section, as well as the blocking factor to apply to that section. This information can be added to any file
specification but only is used by Funtools image processing routines.

The format of the image section specification is one of the following:

file[xy0:xy1,block]
file[x0:x1,y0:y1,block]
file[x0:x1,*,block]
file[*,y0:y1,block]
file[*,block]

where the limit values can be ints or "*" for default. A single "*" can be used instead of val:val, as shown.
Note that blocking is applied to the section after it is extracted.

In addition to image sections specified by the lo and hi x,y limits, image sections using center positions
can be specified:

file[diml@xcen,dim2@ycen]
file[xdim2@xcen@ycen]
file[dim1@xcen,dim2@ycen,block]
file[dim@xcen@ycen,block]

Note that the (float) values for dim, dim1, dim2, xcen, ycen must be specified or else the expression does
not make sense!

In all cases, block is optional and defaults to 1. An’s’ or 'a’ can be appended to signify "sum" or
"average" blocking (default is "sum"). Section specifications are given in image coordinates by default. If
you wish to specify physical coordinates, add a 'p’ as the last character of the section specification, before
the closing bracket. For example:
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o

® file[-8:-7,-8:-7p]
file[-8:-7,-8:-7,2p]

A section can be specified in any Funtools file name. If the operation to be applied to that file is an
imaging operation, then the specification will be utilized. If the operation is purely a table operation, then
the section specification is ignored.

Do not be confused by:

foo.fits[2]
foo.fits[*,2]

The former specifies opening the second extension of the FITS file. The latter specifies application of
block 2 to the image section.

Note that the section specification must come after any of EXT8ame oiind number, but all sensible
defaults are supported:

o file[ext]

file[ext,index]
file[index]
file[ext,section]
file[ext,index,section]
file[index,section]
file[section]

Binning FITS Binary Tables and Non-FITS Event Files

If a FITS binary table or a non-FITS raw event file is to be binned into a 2D image (e.qg., using the
funimage program), it is necessary to specify the two columns to be used for the binning, as well as the
dimensions of the image. Funtools first looks for a specifier of the form:

bincols=([xnam[:timin[:timax:[binsiz]]]],[ynam[:timin[:timax[:binsiz]]]])

in bracket syntax, and uses the column names thus specified. The timin, timax, and binsiz specifiers
determine the image binning dimensions using:

dim = (tlmax - timin)/binsiz  (floating point data)
dim = (tlmax - timin)/binsiz + 1 (integer data)

These timin, timax, and binsiz specifiers can be omitted if TLMIN, TLMAX, and TDBIN header
parameters are present in the FITS binary table header, respectively. If only one parameter is specified, it
is assumed to be timax, and timin defaults to 1. If two parameters are specified, they are assumed to be
timin and timax. For example, to bin an HRC event list columns "VPOS" and "UPOS", use:
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hrc.nepr[bincols=(VPOS,UPOS)]
or
hrc.nepr[bincols=(VP0S:49152,UPOS:4096)]

Note that you can optionally specify the dimensions of these columns to cover cases where neither
TLMAX keywords are defined in the header. If either dimension is specified, then both must be specified.

You can set the FITS_BINCOLS or EVENTS_BINCOLS environment variable as an alternative to adding
the "bincols=" specifier to each file name for FITS binary tables and raw event files, respectively. If no
binning keywords or environment variables are specified, or if the specified columns are not in the binary
table, the Chandra parameters CPREF (or PREFX) are searched for in the FITS binary table header.
Failing this, columns named "X" and "Y" are sought. If these are not found, the code looks for columns
containing the characters "X" and "Y". Thus, you can bin on "DETX" and "DETX" columns without
specifying them, if these are the only column names containing the "X" and "Y" characters.

Ordinarily, each event or row contributes one count to an image pixel during the 2D binning process.
Thus, if five events all have the same (x,y) position, the image pixel value for that position will have a
value of five. It is possible to specify a variable contribution for each event by using the vcol=[colname]
filter spec:

vcol=[colname]

The vcol colname is a column containing a numeric value in each event row that will be used as the
contribution of the given event to its image pixel. For example, consider an event file that has the
following content:

x:eid yed ve

P WONEPAWNPE
A WONEFEPR~AONPE
o
o

There are two events with x,y value of (1,1) so ordinarily a 2D image will have a value of 2 in the (1,1)
pixel. If the v column is specified as the value column:

foo.fits’[vcol=v]’

then each pixel will contain the additive sum of the associated (x,y) column values from the v column. For
example, image pixel (1,1) will contain 1. + 1. = 2, image pixel (2,2) will contain (2 + 2) = 4, etc.

An important variation on the use of a value column to specify the contribution an event makes to an
image pixel is when the value column contains the reciprocal of the event contribution. For this case, the
column name should be prefixed with a / (divide sign) thus:
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foo.fits’[vcol=N]'

Each image pixel value will then be the sum of the reciprocals of the value column. A zero in the value
column results in NaN (not a number). Thus, in the above example, image pixel (1.1) will contain 1/1 +
1/1 = 2, image pixel (2,2) will contain (1/2 + 1/2) = 1, etc. Image pixel (4,4) will contain (1/0 + 1/4) =
NaN.

You can set the FITS_VCOL or EVENTS_VCOL environment variable as an alternative to adding the
"vcol=" specifier to each file name for FITS binary tables and raw event files, respectively.

Finally, when binning events, the data type of the resulting 2D image must be specified. This can be done
with the "bitpix=[n]" keyword in the bracket specification. For example:

events.fits[bincols=(VPOS,UPQOS),bitpix=-32]

will create a floating point image binned on columns VPOS and UPOS. If no bitpix keyword is specified,
bitpix=32 is assumed. As with bincols values, you also can use the FITS_BITPIX and EVENTS_BITPIX
environment variables to set this value for FITS binary tables and raw event files, respectively.

Thefunimage program also allows you to create a 1D image projection along any column of a table by
using thebincols=[column] filter specification and specifying a single column. For example, the
following command projects a 1D image along the chipx column of a table:

funimage ev.fits'[bincols=chipx]" im.fits
Seefunimage for more information about creating 1D and 2D images.

Finally, please note that Funtools supports most FITS standards. We will add missing support as required
by the community. In general, however, we do not support non-standard extensions. For example, we
sense the presence of the binary table 'variable length array’ proposed extension and we pass it along
when copying and filtering files, but we do not process it. We will add support for new standards as they
become official.

Table and Spatial Region Filters

Note that, in addition extensions and image sections, Funtools bracket notation can be used to specify
table and spatial region filters. These filters are always placed after the image section information. They
can be specified in the same bracket or in a separate bracket immediately following:

o file[ext|ind|ARRAY()|EVENTS(),section][filters]
o file[ext|ind|ARRAY()|EVENTS(),section,filters]

where:

file is the Funtools file name

ARRAY)() is an array specification
EVENTS() is an event list specification
extis the FITS extension hame

ind is the FITS extension number
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® sectionis the image section to extract
e filters are spatial region and table (row) filters to apply

The topics of table and region filtering are covered in detail in:

® TableFiltering
® Spatial Regioffiltering

Disk Files and Other Supported File Types

The specifiedile usually is an ordinary disk file. In addition, gzip’ed files are supported in Funtools:
gzip’ed input files are automatically uncompressed as they are read, and gzip'ed output files are
compressed as they are written. NB: if a FITS binary table is written in gzip format, the number of rows in
the table will be set to -1. Such a file will work with Funtools programs but will not work with other FITS
programs such as ds9.

The special keywords "stdin" and "stdout" designate Unix standard input and standard output,
respectively. The string "-" (hyphen) will be taken to mean "stdin" if the file is opened for reading and
"stdout" if the file is opened for writing.

A file also can be an INET socket on the same or another machine using the syntax:
machine:port

Thus, for example:
karapet:1428

specifies that 1/0O should be performed to/from port 1428 on the machine karapet. If no machine name is
specified, the default is to use the current machine:

1428

This means to open port 1428 on the current machine. Socket support allows you to generate a distributed
pipe:

on karapet: funtaskl in.fits bynars:1428
on bynars: funtask2 :1428 out.fits

The socket mechanism thus supports simple parallel processingousiegs decompositionNote that
parallel processing usirdata decompositionis supported via thgectionspecifier (see below), and the
row# specifier, which is part dfableFiltering.

A file also can be a pointer to shared memory using the syntax:
shm:[id|@key][:size]

A shared memory segment is specified wighe: prefix, followed by either the shared memory id or the
shared memory key (where the latter is prefixed by the '@’ character). The size (in bytes) of the shared
memory segment can then be appended (preceded by the "’ character). If the size specification is absent,
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the code will attempt to determine the length automatically. If the open mode contains the string "w+",
then the memory segment will be created if it does not exist. (It also will be released and deleted when the
file is closed.) In the case where a memory segment is being created, the length of the segment is required.

A file also can be Unix piped command (i.e. a program to run) using the syntax:
"pipe: command arg1l ... argn”

The output from the command must be a valid FITS file. It is important to use quotes to protect spaces so
that command arguments are passed correctly. A silly example is:

fundisp "pipe: funtable foo.fits[cir 512 512 .1]" stdout"

This seemed like a good idea at the time ...

Lists of Files

Funtools also will process a list of files as a single file using the syntax:
"list: filel file2 ... filen"

The files in the list are separated by whitespace. Any of the above file types can be used. For example, if
two files, fool.fits and foo2.fits, are part of the same observation, they can be processed as a single file
(using their own filters):

fundisp "list: fool.fits[cir(512,512,10)] foo2.fits[cir(511,511,10)]"

X Y PHA PI TIME DX DY
512 512 6 7 79493997.45854475 578 574
512 512 8 9 79494575.58943175 579 573
512 512 5 6 79493631.03866175 578 575
512 512 5 5 79493290.86521725 578 575
512 512 8 9 79493432.00990875 579 573
511 511 5 5 79488631.09462625 580 575
511 511 10 11 79488780.60006675 580 573
511 511 4 4 79494562.35474326 580 575
511 511 6 6 79488203.01561825 580 575
511 511 6 6 79488017.99730176 580 575
511 511 4 4 79494332.45355175 580 575
511 511 9 10 79492685.94014275 581 574
511 511 5 5 79487708.71298325 580 575
511 511 8 9 79493719.00160225 581 573

Again, note that it is important to avoid spaces in the filters because the list separator also is whitespace.
To protect whitespace in a filter, enclose the file specification in quotes:

fundisp "list: "fool.fits[cir 512 512 .1]' foo2.fits[cir(511,511,.1)]"

Go to Funtools Heljndex
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Last updated: February 15, 2006
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Funtext: Support for Column-based Text Files

Summary

This document contains a summary of the options for processing column-based text files.

Description

Funtools will automatically sense and process "standard" column-based text files as if they were FITS
binary tables without any change in Funtools syntax. In particular, you can filter text files using the same
syntax as FITS binary tables:

fundisp foo.txt'[cir 512 512 .1
fundisp -T foo.txt > foo.rdb
funtable foo.txt'[pha=1:10,cir 512 512 10] foo.fits

The first example displays a filtered selection of a text file. The second example converts a text file to an
RDB file. The third example converts a filtered selection of a text file to a FITS binary table.

Text files can also be used in Funtools image programs. In this case, you must provide binning parameters
(as with raw event files), using the bincols keyword specifier:

bincols=([xname[:timin[:timax:[binsiz]]]],[yname[:timin[:timax[:binsiz]]]
For example:

funcnts foo’[bincols=(x:1024,y:1024)] "ann 512 512 0 10 n=10"

Standard Text Files

Standard text files have the following characteristics:

® Optional comment lines start with #
e Optional blank lines are considered comments
® An optional table header consists of the following (in order):
O a single line of alpha-numeric column names
O an optional line of unit strings containing the same number of cols
O an optional line of dashes containing the same number of cols
e Data lines follow the optional header and (for the present) consist of the same number of columns as
the header.
e Standard delimiters such as space, tab, comma, semi-colon, and bar.

Examples:

102



# rdb file
fool foo2 foo3 foos

1 22 3 XXXX
10 20.2 30 yyyy

# multiple consecutive whitespace and dashes
fool foo2 foo3 foos

1 22 3 xxxx
10 20.2 30 yyyy

# comma delims and blank lines
fool,foo2,fo03,foos

1,2.2,3,XXXX
10,20.2,30,yyyy

# bar delims with null values
fool|foo2|foo3|foos
1]|3[xxxx

10]20.2|lyyyy

# header-less data
1 2.2 3 XxXxXxx
10 20.2 30 yyyy

The default set of token delimiters consists of spaces, tabs, commas, semi-colons, and vertical bars.
Several parsers are used simultaneously to analyze a line of text in different ways. One way of analyzing a
line is to allow a combination of spaces, tabs, and commas to be squashed into a single delimiter (no null
values between consecutive delimiters). Another way is to allow tab, semi-colon, and vertical bar
delimiters to support null values, i.e. two consecutive delimiters implies a null value (e.g. RDB file). A
successful parser is one which returns a consistent number of columns for all rows, with each column
having a consistent data type. More than one parser can be successful. For now, it is assumed that
successful parsers all return the same tokens for a given line. (Theoretically, there are pathological cases,
which will be taken care of as needed). Bad parsers are discarded on the fly.

If the header does not exist, then names "coll", "col2", etc. are assigned to the columns to allow filtering.
Furthermore, data types for each column are determined by the data types found in the columns of the first
data line, and can be one of the following: string, int, and double. Thus, all of the above examples return
the following display:

fundisp foo’[foo1>5]
FOO1 FOO2 FOO3 FOOS

10 20.20000000 30 yyyy

Comments Convert to Header Params

Comments which precede data rows are converted into header parameters and will be written out as such
using funimage or funhead. Two styles of comments are recognized:
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1. FITS-style comments have an equal sign "=" between the keyword and value and an optional slash "/"
to signify a comment. The strict FITS rules on column positions are not enforced. In addition, strings only
need to be quoted if they contain whitespace. For example, the following are valid FITS-style comments:

# fitsO = 100

# fits1 = /usr/local/bin

# fits2 = "/usr/local/bin /opt/local/bin”

# fits3c = /usr/local/bin /opt/local/bin /usr/bin

# fits4c = "/usr/local/bin /opt/local/bin" / path dir

Note that the fits3c comment is not quoted and therefore its value is the single token "/usr/local/bin" and
the comment is "opt/local/bin /usr/bin". This is different from the quoted comment in fits4c.

2. Free-form comments can have an optional colon separator between the keyword and value. In the
absence of quote, all tokens after the keyword are part of the value, i.e. no comment is allowed. If a string
is quoted, then slash "/" after the string will signify a comment. For example:

# com1 /usr/local/bin

# com2 "/usr/local/bin /opt/local/bin"

# com3 /usr/local/bin /opt/local/bin /usr/bin

# comdc "/ust/local/bin /opt/local/bin" / path dir

# com11: /usr/local/bin

# com12: "/usr/local/bin /opt/local/bin®

# com13: /usr/local/bin /opt/local/bin /usr/bin

# coml4c: "lusr/local/bin /opt/local/bin" / path dir

Note that com3 and com13 are not quoted, so the whole string is part of the value, while comz4c and
coml4c are quoted and have comments following the values.

Some text files have column name and data type information in the header. You can specify the format of
column information contained in the header using the "hcolfmt=" specification. See below for a detailed
description.

Multiple Tables in a Single File

Multiple tables are supported in a single file. If an RDB-style file is sensed, then a ~L (vertical tab) will
signify end of table. Otherwise, an end of table is sensed when a new header (i.e., all alphanumeric
columns) is found. (Note that this heuristic does not work for single column tables where the column type
is ASCII and the table that follows also has only one column.) You also can specify characters that signal
an end of table condition using teet=keyword. See below for details.

You can access the nth table (starting from 1) in a multi-table file by enclosing the table number in
brackets, as with a FITS extension:

fundisp foo’[2]

The above example will display the second table in the file. (Index values start at 1 in oder to maintain
logical compatibility with FITS files, where extension numbers also start at 1).
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TEXT() Specifier

As with ARRAY () and EVENTS() specifiers for raw image arrays and raw event lists respectively, you
can use TEXT() on text files to pass key=value options to the parsers. An empty set of keywords is
equivalent to not having TEXT() at all, that is:

fundisp foo
fundisp foo’ [TEXT()]’

are equivalent. A multi-table index number is placed before the TEXT() specifier as the first token, when
indexing into a multi-table: fundisp foo’[2, TEXT(...)]'

The filter specification is placed after the TEXT() specifier, separated by a comma, or in an entirely
separate bracket:

fundisp foo’[TEXT(...),circle 512 512 .1]’
fundisp foo’[2, TEXT(...)][circle 512 512 .1

Text() Keyword Options

The following is a list of keywords that can be used within the TEXT() specifier (the first three are the
most important):

delims="[delims]"
Specify token delimiters for this file. Only a single parser having these delimiters will be used to
process the file.

fundisp foo.fits’[TEXT(delims="1")]’
fundisp foo.fits’ [TEXT(delims="\t%")]'

comchars="[comchars]"
Specify comment characters. You must include "\n" to allow blank lines. These comment characters
will be used for all standard parsers (unless delims are also specified).

fundisp foo.fits'[TEXT(comchars="\n")]’

cols="[namel:typel ...]"
Specify names and data type of columns. This overrides header names and/or data types in the first
data row or default names and data types for header-less tables.

fundisp foo.fits'[TEXT(cols="x:1,y:l,pha:l,pi:l,time:D,dx:E,dy:e")]’

If the column specifier is the only keyword, then the cols= is not required (in analogy with
EVENTS()):

fundisp foo.fits’[TEXT(x:1,y:l,pha:l,pi:l,time:D,dx:E,dy:e)]’

Of course, an index is allowed in this case:
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fundisp foo.fits’[2, TEXT(x:I,y:l,pha:l,pi:l,time:D,dx:E,dy:e)]’

eot="[eot delim]"
Specify end of table string specifier for multi-table files. RDB files support ~L. The end of table
specifier is a string and the whole string must be found alone on a line to signify EOT. For example:

fundisp foo.fits'[TEXT(eot="END")]’
will end the table when a line contains "END" is found. Multiple lines are supported, so that:
fundisp foo.fits’[TEXT(eot="END\nGAME")]'

will end the table when a line contains "END" followed by a line containing "GAME".

In the absence of an EOT delimiter, a new table will be sensed when a new header (all alphanumeric
columns) is found.

nulll="[datatype]"
Specify data type of a single null value in row 1. Since column data types are determined by the first
row, a null value in that row will result in an error and a request to specify names and data types
using cols=. If you only have a one null in row 1, you don’'t need to specify all names and columns.
Instead, use nulll="type" to specify its data type.

alen=[n]
Specify size in bytes for ASCII type columns. FITS binary tables only support fixed length ASCII
columns, so a size value must be specified. The default is 16 bytes.

nullvalues=["true"|"false"]
Specify whether to expect null values. Give the parsers a hint as to whether null values should be
allowed. The default is to try to determine this from the data.

whitespace=["true"|"false"]
Specify whether surrounding white space should be kept as part of string tokens. By default
surrounding white space is removed from tokens.

header=["true"|"false"]
Specify whether to require a header. This is needed by tables containing all string columns (and with
no row containing dashes), in order to be able to tell whether the first row is a header or part of the
data. The default is false, meaning that the first row will be data. If a row dashes are present, the
previous row is considered the column name row.

units=["true"|"false"]
Specify whether to require a units line. Give the parsers a hint as to whether a row specifying units
should be allowed. The default is to try to determine this from the data.

i2f=["true"|"false"]
Specify whether to allow int to float conversions. If a column in row 1 contains an integer value, the
data type for that column will be set to int. If a subsequent row contains a float in that same column,
an error will be signaled. This flag specifies that, instead of an error, the float should be silently
truncated to int. Usually, you will want an error to be signaled, so that you can specify the data type

106



using cols= (or by changing the value of the column in row 1).

comeot=["true"|"false"|0|1|2]
Specify whether comment signifies end of table. If comeot is O or false, then comments do not signify
end of table and can be interspersed with data rows. If the value is true or 1 (the default for standard
parsers), then non-blank lines (e.g. lines beginning with '#’) signify end of table but blanks are
allowed between rows. If the value is 2, then all comments, including blank lines, signify end of

table.

lazyeot=["true"|"false"]
Specify whether "lazy" end of table should be permitted (default is true for standard formats, except

rdb format where explicit ~L is required between tables). A lazy EOT can occur when a new table
starts directly after an old one, with no special EOT delimiter. A check for this EOT condition is
begun when a given row contains all string tokens. If, in addition, there is a mismatch between the
number of tokens in the previous row and this row, or a mismatch between the number of string
tokens in the prev row and this row, a new table is assumed to have been started. For example:

ivall sval3
1 two
3 four

10 20 thirty
40 50 sixty

Here the line "jvall ..." contains all string tokens. In addition, the number of tokens in this line (3)
differs from the number of tokens in the previous line (2). Therefore a new table is assumed to have

started. Similarly:

ivall ival2 sval3

10 20 thirty
40 50 sixty

Again, the line "jvall ..." contains all string tokens. The number of string tokens in the previous row
(1) differs from the number of tokens in the current row(3). We therefore assume a new table as been
started. This lazy EOT test is not performed if lazyeot is explicitly set to false.

hcolfmt=[header column format]

Some text files have column name and data type information in the header. For example, VizieR
catalogs have headers containing both column names and data types:
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#Column e_Kmag (F6.3) ?(k_msigcom) K total magnitude uncertainty (4) [ucd=ERROR]
#Column Rflg  (A3) (rd_flg) Source of JHK default mag (6) [ucd=REFER_CODE]
#Column Xflg (11) [0,2] (gal_contam) Extended source contamination (10) [ucd=CODE_MISC]

while Sextractor files have headers containing column names alone:

# 1 X_IMAGE Obiject position along x [pixel]

# 2Y_IMAGE Obiject position along y [pixel]

# 3 ALPHA_J2000 Right ascension of barycenter (J2000) [deg]
# A4 DELTA_J2000 Declination of barycenter (J2000) [deq]

The hcolfmt specification allows you to describe which header lines contain column name and data
type information. It consists of a string defining the format of the column line, using "$col" (or
"$name") to specify placement of the column name, "$fmt" to specify placement of the data format,
and "$skip" to specify tokens to ignore. You also can specify tokens explicitly (or, for those users
familiar with how sscanf works, you can specify scanf skip specifiers using "%*"). For example, the
VizieR hcolfmt above might be specified in several ways:

Column $col ($fmt) # explicit specification of "Column" string
$skip $col ($fmt)  # skip one token
%*s $col ($fmt)  # skip one string (using scanf format)

while the Sextractor format might be specified using:

$skip $col # skip one token
%*d $col # skip one int (using scanf format)

You must ensure that the hcolfmt statement only senses actual column definitions, with no false
positives or negatives. For example, the first Sextractor specification, "$skip $col", will consider any
header line containing two tokens to be a column name specifier, while the second one, "%*d $col",
requires an integer to be the first token. In general, it is preferable to specify formats as explicitly as
possible.

Note that the VizieR-style header info is sensed automatically by the funtools standard VizieR-like
parser, using the hcolfmt "Column $col ($fmt)". There is no need for explicit use of hcolfmt in this
case.

debug=["true"|"false"]
Display debugging information during parsing.

Environment Variables

Environment variables are defined to allow many of these TEXT() values to be set without having to
include them in TEXT() every time a file is processed:
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keyword environment variable

delims TEXT_DELIMS
comchars TEXT_COMCHARS
cols TEXT_COLUMNS

eot TEXT_EOT
nulll TEXT_NULL1
alen TEXT_ALEN

bincols TEXT_BINCOLS
hcolfmt TEXT_HCOLFMT

Restrictions and Problems

As with raw event files, the '+’ (copy extensions) specifier is not supported for programs such as funtable.

String to int and int to string data conversions are allowed by the text parsers. This is done more by force
of circumstance than by conviction: these transitions often happens with VizieR catalogs, which we want
to support fully. One consequence of allowing these transitions is that the text parsers can get confused by
columns which contain a valid integer in the first row and then switch to a string. Consider the following
table:

111 aaa bbb
ccc 222  ddd

The xxx column has an integer value in row one a string in row two, while the yyy column has the reverse.
The parser will erroneously treat the first column as having data type int:

fundisp foo.tab
XXX YYY 772

111 '‘aaa’ bbb’
1667457792 222 'ddd’

while the second column is processed correctly. This situation can be avoided in any number of ways, all
of which force the data type of the first column to be a string. For example, you can edit the file and
explicitly quote the first row of the column:

XXX yyy  zzz

"111"aaa bbb
ccc 222  ddd

[sh] fundisp foo.tab
XXX YYY 777

111 'aaa’ ‘bbb’
‘ccc’ 222’ 'ddd’

You can edit the file and explicitly set the data type of the first column:
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XXX:3A yyy zzz

111 aaa bbb
ccc 222 ddd

[sh] fundisp foo.tab
XXX YYY 277

111 'aaa’ ‘bbb’
‘ccc’ 222’ 'ddd’

You also can explicitly set the column names and data types of all columns, without editing the file:

[sh] fundisp foo.tab’[TEXT (xxx:3A,yyy:3A,zzz:3a)]’
XXX YYY 277

111’ '‘aaa’ ‘bbb’
‘ccc’ 222 ‘ddd’

The issue of data type transitions (which to allow and which to disallow) is still under discussion.

Go to Funtools Helpndex

Last updated: August 3, 2007
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Funview: Database View Support for Tables

Summary

This document contains a summary of the options for utilizing database-inspired Views of tables.
Description

Database Views

In database parlanceVéew defines a "virtual table", i.e., a description of row and/or column selection
filters (but with no permanent storage space allocated). When used in place of a table, a View selects the
specified rows and/or columns from one or more real tables. Views enable you to see complicated data
tables in a more convenient format. They also can be used as a security mechanism, by restricting user
access to specific columns and/or rows. [See:

http://www.cs.unibo.it/~ciaccia/COURSES/RESOURCES/SQLTutorial/sqglch5.htm

for a good discussion of SQL Views.]

Funtools supports an expanded notion of Views for all tabular data (FITS tables, raw binary tables, and
ASCII column files). Funtools Views allow you to pre-set values for the filter specification, the columns

to activate, and display format (though the latter is for fundisp only). Setting the filter and column
activation values provides functionality equivalent to that of a classical database View, while the ability to
set the format is similar to classical report writing capabilities.

Funtools View Attributes

A Funtools View is a text file containing one or more of the following columns:

column description

view name of view

file data file name or template
filter filter specification

columns columns to activate
format fundisp format specification

All of the attribute columns are optional, including thew name itself. This means that a View can be
named or unnamed. Unnamed Views can refer to a specific file or a template of files (obviously if neither
the view or the file column is specified, the input View specification will never be used). You can specify
any combination of filter, column, and format parameters. (It also is possible to apply file-specific View to
other files; see the discussiondiew Lists below). Each column has a size limit of 1024 characters.

For example, consider the following View file:

111



view file format columns filter

x3  ${HOME}/data/snr.ev 1=%4d xypipha cir512512.1

x2  ${HOME}/data/snr.ev Xy pipha cir512512.1
x1  ${HOME}/data/snr.ev cir512 512 .1
xla ${HOME}/data/snr.ev X'y pi pha
x0  ${HOME}/data/snr.ev
xf 1=%4d
XC X'y pi pha
Xr cir512512 .1
*.ev Xy pi pha
* fit xydxdy cir400400 3
* fits I=%3d xydxdy cir400400 3

This database example is in rdb format, i.e. using tab delimiters and permitting null values. Any valid
ASCII table format is acceptable, but if you use a format that does not permit null values, it will be
necessary to quote the null strings.

The first five entries (x3, x2, x1, x1a, x0) are named entries defining default values specifically for the
snr.ev data file. Typically, you would use these Views by specifying View name, and the corresponding
file, filter, column, and format values would be used. Note that the x0 View is essentially an alias for the
pathname of this file.

The next three entries define defaults that can be applied to any file. You typically would use these View
names in conjunction with a specific file name (gemw Lists below) so that the associated parameter(s)
were applied to that file.

The last three entry in the database define unnamed Views that pertains to all files ending with the
specified templates. In these cases, any View that specifies a file hna