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Chapter 1:
Overview of IDL Syntax

This reference isacomplete listing of al built-in IDL functions, procedures,
statements, executive commands, and objects, collectively referred to as
“commands.” Every IDL language element that can be used either at the command
line or in aprogram islisted alphabetically. A description of each routine followsits
name.

Note
Descriptions of Scientific Data Formats routines (CDF_*, EOS *, HDF_*, and
NCDF_* routines) can be found in the Scientific Data Formats book.

Routines written in the IDL language are noted as such, and the location of the . pro
file within the IDL distribution is specified. You may wish to inspect the IDL source
code for some of these routines to gain further insight into their inner workings.

Conventions used in this reference guide are described below.
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The following table lists the elements used in IDL syntax listings:

Element

Description

[ ] (Square brackets)

Indicates that the contents are optional. Do not include the
bracketsin your call.

[ ] (Italicized square
brackets)

Indicates that the square brackets are part of the statement
(used to define an array).

Argument

Arguments are shown in italics, and must be specified in
the order listed.

KEYWORD

Keywords are all caps, and can be specified in any order.
For functions, al arguments and keywords must be
contained within parentheses.

/IKEYWORD

Indicates a boolean keyword.

Italics

Indicates arguments, expressions, or statements for which
you must provide values.

{} (Braces)

¢ Indicates that you must choose one of the values they
contain

* Enclosesalist of possible values, separated by vertical
lines(])

* Encloses useful information about a keyword

¢ Definesan IDL structure (thisisthe only casein which
the braces are included in the call).

| (Vertical lines)

Separates multiple values or keywords.

[, Valuey, ..., Value,]

Indicates that any number of values can be specified.

[, Valuey, ..., Valueg]

I ndicates the maximum number of values that can be
specified.

Table 1: Elements of IDL Syntax
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Elements of Syntax

Square Brackets ([])

Content between square brackets is optional. Pay close attention to the
grouping of square brackets. Consider the following examples:

ROUTINE_NAME, Valuel [, Value?] [, Value3]: You must include Valuel.
You do not have to include Value2 or Value3. Value2 and Value3 can be
specified independently.

ROUTINE_NAME, Valuel [, Value2, Value3]: You must include Valuel. You
do not have to include Value2 or Value3, but you must include both Value2 and
Values, or neither.

ROUTINE_NAME [, Valuel [, Value2]]: You can specify Valuel without
specifying Value2, but if you specify Value2, you must aso specify Valuel.

Do not include square brackets in your statement unless the brackets are
italicized. Consider the following syntax:

Result = KRIG2D( Z [, X, Y] [, BOUNDS=[xmin, ymin, xmax, ymax]] )
An example of avalid statement is:
R=KRIG2D( Z, X, Y, BOUNDS=[0,0,1,1] )

Note that when [, Valuey, ... , Value,] islisted, you can specify any number of
arguments. When an explicit number islisted, asin[, Valuey, ..., Valueg], you
can specify only as many arguments as are listed.

Braces ({})

For certain keywords, alist of the possible valuesis provided. Thislistis
enclosed in braces, and the choices are separated by avertical line (|). Do not
include the braces in your statement. For example, consider the following
syntax:

READ_JPEG [, TRUE={1|2|3}]

In this example, you must choose either 1, 2, or 3. An example of avalid
statement is:

READ_JPEG, TRUE=1

Braces are used to enclose the allowable range for a keyword value. Unless
otherwise noted, ranges provided are inclusive. Consider the following syntax:

Result = CVTTOBM( Array [, THRESHOL D=value{ 0 to 255}] )
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An example of avalid statement is:
Result = CVTTOBM( A, THRESHOLD=150)

Braces are also used to provide useful information about a keyword. For
example:

[, LABEL=n{label every nth gridline}]
Do not include the braces or their content in your statement.

Certain keywords are prefaced by X, Y, or Z. Braces are used for these
keywords to indicate that you must choose one of the valuesiit contains. For
example, [{ X | Y}RANGE=array] indicates that you can specify either
XRANGE=array or YRANGE=array.

Note that in IDL, braces are used to define structures. When defining a
structure, you do want to include the braces in your statement.

Italicized words are arguments, expressions, or statements for which you must
provide values. The value you provide can be anumerical value, such as 10, an
expression, such as DIST(100), or a named variable. For keywords that expect
astring value, the syntax is listed as KEY WORD=string. The value you
provide can be a string, such as'Hello' (enclosed in single quotation marks), or
avariable that holds a string value.

Theitalicized values that must be provided for keywords are listed in the most
helpful terms possible. For example, [, XSIZE=pixels| indicates that the XSIZE
keyword expects avalue in pixels, while

[, ORIENTATION=ccw_degrees from horiz] indicatesthat you must provide a
value in degrees, measured counter-clockwise from horizontal.

Procedures

IDL procedures use the following general syntax:
PROCEDURE_NAME, Argument [, Optional_Argument]

where PROCEDURE_NAME is the name of the procedure, Argument is arequired
parameter, and Optional_Argument is an optional parameter to the procedure.

Functions

IDL functions use the following general syntax:

IDL Syntax
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Result = FUNCTION_NAME( Argument [, Optional_Argument] )

where Result is the returned value of the function, FUNCTION_NAME is the name
of the function, Argument is arequired parameter, and Optional _Argument isan
optional parameter. Note that all arguments and keyword arguments to functions
should be supplied within the parentheses that follow the function’s name.

Functions do not always have to be used in assignment statements (i.e.,
A=SI N( 10. 2)), they can be used just like any other IDL expression. For example,
you could print the result of SI N( 10. 2) by entering the command:

PRI NT, SIN(10.2)
Arguments

The “Arguments’ section describes each valid argument to the routine. Note that
these arguments are positional parametersthat must be supplied in the order indicated
by the routine’s syntax.

Named Variables

Often, arguments that contain values upon return from the function or procedure
(“output arguments”) are described as accepting “ named variables’. A named
variableissimply avalid IDL variable name. This variable does not need to be
defined before being used as an output argument. Note, however that when an
argument calls for anamed variable, only a named variable can be used—sending an
EXpression causes an error.

Keywords

The “Keywords® section describes each valid keyword argument to the routine. Note
that keyword arguments are formal parameters that can be supplied in any order.

Keyword arguments are supplied to IDL routines by including the keyword name
followed by an equal sign (*=") and the value to which the keyword should be set.
The value can be avalue, an expression, or a named variable (anamed variableis
simply avalid IDL variable name).

Note
If you set a keyword equal to an undefined named variable, IDL will quietly ignore
the value.

For example, to produce a plot with diamond-shaped plotting symbols, the PSYM
keyword should be set to 4 as follows:
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PLOT, FI NDGEN(10), PSYM=4

Note the following when specifying keywords:

Certain keywords are boolean, meaning they can be set to either 0 or 1. These
keywords are switches used to turn an option on and off. Usually, setting such
keywords equal to 1 causes the option to be turned on. Explicitly setting the
keyword to O (or not including the keyword) turns the option off. In the syntax
listingsin thisreference, all keywords that are preceded by a slash can be set
by prefacing them by the slash. For example, SURFACE, DIST(10), /SKIRT is
a shortcut for SURFACE, DIST(10), SKIRT=1. To turn the option back off,
you must set the keyword equal to 0, asin SURFACE, DIST(10), SKIRT=0.

In rare cases, akeyword's default valueis 1. In these cases, the syntax is listed
as KEYWORD=0, asin SLIDE_IMAGE [, Image] [, CONGRID=0]. In this
example, CONGRID is set to 1 by default. If you specify CONGRID=0, you
can turn it back on by specifying either /TCONGRID or CONGRID=1.

Some keywords are used to obtain values that can be used upon return from the
function or procedure. These keywords are listed as KEY WORD=variable.
Any valid variable name can be used for these keywords, and the variable does
not need to be defined first. Note, however, that when a keyword callsfor a
named variable, only a named variable can be used—sending an expression
Causes an error.

For example, the WIDGET_CONTROL procedure can return the user values
of widgetsin a named variable using the GET_UVALUE keyword. To return
the user value for awidget ID (contained in the variable mywi dget ) in the
variable user val , you would use the command:

W DCGET_CONTROL, nywi dget, GET_UVALUE = userval

Upon return from the procedure, user val contains the user value. Note that
userval did not have to be defined before the call to WIDGET_CONTROL.

Some routines have keywords that are mutually exclusive, meaning only one of
the keywords can be present in a given statement. These keywords are grouped
together, and separated by a vertical line. For example, consider the following
syntax:

PLOT, [X] Y[, /DATA |, /IDEVICE |, INORMAL]

In this example, you can choose either DATA, DEVICE, or NORMAL, but not
more than one. An example of avalid statement is:

PLOT, SIN(A), /IDEVICE
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« Keywords can be abbreviated to their shortest unique length. For example, the
XSTY LE keyword can be abbreviated to XST because there are no other
keywordsin IDL that begin with XST. You cannot shorten XSTYLE to XS,
however, because there are other keywords that begin with XS, such as XSIZE.
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.COMPILE

The .COMPILE command compiles and saves procedures and programs in the same
manner as.RUN. If one or more filenames are specified, the procedures and functions
contained therein are compiled but not execauted. If you enter this command at the

Command Input Line of the IDLDE and thefiles are not yet open, IDL opensthefiles
within Editor windows and compiles the procedures and functions contained therein.

See RESOLVE_ROUTINE for away to invoke the same operation from within an
IDL routine, and RESOLVE_ALL for away to automatically compile all user-written
or library functions called by all currently-compiled routines.

If the -f flag is specified, Fileis compiled from the source stored temporarily in
TempFile rather than on disk in Fileitself. This allows you to make changes to File
(inan IDLDE editor window, for example), store the modified source into the
temporary file (IDLDE does it automatically), compile, and test the changes without
overwriting the original code stored in File.

Note
.COMPILE isan executive command. Executive commands can only be used at the
IDL command prompt, not in programs.

Syntax

.COMPILE [Filey, ..., File,]
.COMPILE -f File TempFile
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.CONTINUE

The .CONTINUE command continues execution of a program that has stopped
because of an error, a stop statement, or a keyboard interrupt. IDL saves the location
of the beginning of the last statement executed before an error. If it is possible to
correct the error condition in the interactive mode, the offending statement can be re-
executed by entering .CONTINUE. After STOP statements, .CONTINUE continues
execution at the next statement. The .CONTINUE command can be abbreviated; for
example, .C. Execution of a program interrupted by typing Ctrl+C also can be
resumed at the point of interruption with the . CONTINUE command.

Note
.CONTINUE is an executive command. Executive commands can only be used at
the IDL command prompt, not in programs.

Syntax

.CONTINUE

.CONTINUE
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EDIT

The .EDIT command opensfilesin IDL Editor windows when called from the
Command Input Line of the IDLDE. Thisfunctionality isonly available on the
Windows and Motif platforms. Note that filenames are separated by spaces, not
commeas.

Note
.EDIT is an executive command. Executive commands can only be used at the IDL

command prompt, not in programs.

Syntax

EDIT File, [File, ... File,]

IDL Reference Guide .EDIT
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FULL_RESET SESSION

The .FULL_RESET_SESSION command does everything .RESET_SESSION does,
plus the following:

Note

Removes all system routinesinstalled via LINKIMAGE or aDLM.
Removes all structure definitionsinstalled viaaDLM.
Removes all message blocks added by DLMs.

Unloads all sharable libraries loaded into IDL viaCALL_EXTERNAL,
LINKIMAGE, or aDLM.

Re-initializes all DLMsto their unloaded initial state.

FULL_RESET_SESSION is an executive command. Executive commands can
only be used at the IDL command prompt, not in programs.

Syntax

FULL_RESET_SESSION

.FULL_RESET_SESSION IDL Reference Guide
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.GO

The .GO command starts execution at the beginning of a previously-compiled main
program.

Note
.GO is an executive command. Executive commands can only be used at the IDL
command prompt, not in programs.

Syntax

.GO
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OUT

.OuUT

The .OUT command continues executing statements in the current program until it
returns.

Note
.OUT is an executive command. Executive commands can only be used at the IDL
command prompt, not in programs.

Syntax

.OUT
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.RESET_SESSION

The .RESET_SESSION command resets much of the state of an IDL session without
requiring the user to exit and restart the IDL session.

.RESET_SESSION does the following:
Returns current execution point to SMAINS (RETALL).

Removes all breakpoints.
Clears the path cache (see PATH_CACHE for details).

Closes all files except the standard 3 units, the JOURNAL file (if any), and any
filesin use by graphics drivers.

Disables SHMDEBUG mode.
Destroys/Removes the following:

All local variablesin SMAINS.
All widgets. Exit handlers are not called.

All windows and pixmaps for the current window system graphics device
are closed. No other graphics state is reset.

All common blocks.

All handles

All user defined system variables

All pointer and object reference heap variables.
Object destructors are not called.

All user defined structure definitions.

All user defined object definitions.

All compiled user functions and procedures, including the main program
(BMAINS), if any.

Any memory segments created by SHMMAP.

The following are not reset:

IDL Reference Guide
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e Graphicsdrivers are not reset to their full uninitialized state. However, all
windows and pixmaps for the current window system device are closed.

e Thefollowing files are not closed:
e Stdin (LUN 0)
e Stdout (LUN -1)
e Stderr (LUN -2)
e Thejournal file (\JOURNAL) if oneis open.
« Any filesin use by graphics drivers (e.g. PostScript).

e Dynamically loaded graphics drivers (LINKIMAGE) are not removed, nor are
any dynamic sharable libraries containing such drivers, even if the samelibrary
was also used for another purpose such as CALL_EXTERNAL, LINKIMAGE
system routines, or DLMs. Seethe .FULL_RESET SESSION executive
command to unload dynamic libraries.

Note
.RESET_SESSION is an executive command. Executive commands can only be
used at the IDL command prompt, not in programs.

Syntax

.RESET_SESSION
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.RETURN

The .RETURN command continues execution of a program until encountering a
RETURN statement. Thisis convenient for debugging programs since it allows the
whole program to run, stopping before returning to the next-higher program level so
you can examine local variables.

Also see the RETURN command.

Note
.RETURN is an executive command. Executive commands can only be used at the

IDL command prompt, not in programs.

Syntax

.RETURN
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.RNEW

The .RNEW command compiles and saves procedures and functions in the same
manner as .RUN. In addition, all variablesin the main program unit, except thosein
common blocks, are erased. The-T and -L filename switches have the same effect as
with .RUN.

Note
.RNEW is an executive command. Executive commands can only be used at the
IDL command prompt, not in programs.

Syntax

.RNEW [Filey, ..., File]
Tosavelistingin afile: .RNEW -L ListFilelisFile; [, Filey, ..., File]
To display listing on screen: .RNEW -T File, [, File,, ..., File,]

Example

Some statements using the .RUN and .RNEW commands are shown below.

Statement Description
. RUN Accept a program from the
keyboard. Retain the present
variables.
.RUN nyfile Compilethefilemyfile.pro. If it

is not found in the current
directory, try tofind it in the
directory search path.

.RUN -T A B, C Compilethefiles a.pro, b.pro
and c.pro. List the fileson the
terminal.

Table 2: Examples using .RUN and .RNEW
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Statement Description

Erase all variables and compile
the files myfile.pro and
yourfile.pro. Produce alisting
on myfilelis.

.RNEW-L nyfile.lis nyfile, yourfile

Table 2: Examples using .RUN and .RNEW
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.RUN

.RUN

The .RUN command compiles procedures, functions, and/or main programsin
memory. Main programs are executed immediately. The command can be followed
by alist of filesto be compiled. Filenames are separated by blanks, tabs, or commas.

If afile specification isincluded in the command, IDL searchesfor thefilefirstin the
current directory, then in the directories specified by the system variable |PATH. See
“Running IDL Program Files’ in Chapter 9 of the Using IDL manual for more
information on IDL’s search strategy.

If amain program unit is encountered, execution of the program will begin after all
files have been read if there were no errors. The values of all of the variables are
retained. If thefileisn’'t found, input is accepted from the keyboard until a complete
program unit is entered.

Files containing IDL procedures, programs, and functions are assumed to have the
file extension (suffix) . pr o. Files created with the SAVE procedure are assumed to
have the extension . sav. See Chapter 9, " Preparing and Running Programsin IDL”
in the Using IDL manual for further information.

Note
.RUN is an executive command. Executive commands can only be used at the IDL
command prompt, not in programs.

Syntax

.RUN [Filey, ..., Fileg]
Tosavelistingin afile: .RUN -L ListFilelisFile; [, File,, ..., Filey]
To display listing on screen: .RUN -T File, [, File,, ..., File]

Note
Subsequent calls to .RUN compile the procedure again.

Using .RUN to Make Program Listings

The command arguments -T for terminal listing or -L filename for listing to a named
file can appear after the command name and before the program filenamesto produce
anumbered program listing directed to the terminal or to afile.
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For instance, to see alisting on the screen as aresult of compiling a procedure
contained in afile named anal yze. pr o, use the following command:

.RUN -T anal yze

To compile the same procedure and save the listing in afile named anal yze. | i s,
use the following command:

.RUN -L analyze.lis analyze

In listings produced by IDL, the line number of each statement is printed at the | eft
margin. This number isthe same as that printed in IDL error statements, simplifying
location of the statement causing the error.

Note
If the compiled file contains more than one procedure or function, line numberingis
reset to “1” each time the end of a program segment is detected.

Each level of block nesting isindented four spacesto the right of the preceding block
level to improve the legibility of the program’s structure.

IDL Reference Guide .RUN
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The .SKI1P command skips one or more statements. It is useful for moving past a
program statement that caused an error. If the optional argument nis present, it gives
the number of statements to skip; otherwise, asingle statement is skipped.

Note that .SKIP does not execute or evaluate the code it is skipping. Rather, it
arbitrarily atersthe current program counter to the nth physical statement following
the current point. This has implications that may not be obvious oninitial
consideration:

e .SKIP does not skip into a called routine.

e .SKIP movesto the nth physical statement following the current program
location. This may not be the statement that execution would have actually
have moved to if you had allowed the program to run normally.

e Arbitrarily moving the program counter in thisway may leave your program in
an unrunnabl e state, depending on resulting state of the local variables and the
statements that the newly positioned program counter attempts to execute next.

In contrast, the .STEP executive command has none of the above drawbacks and can
be used instead in many situations. The advantage of .SKIP over .STEP isthat .SKIP
can move past statements that .STEP cannot, such as:

*  Statements with errors that cause execution to halt.
e Infiniteloops, and similar logic errors.

For example, consider the following program segment:

READF, 1, XXX,

If the OPENR statement fails because the specified file does not exist, program
execution will halt with the OPENR statement as the current statement. Execution
can not be resumed with the executive command . CONTINUE because it attemptsto
re-execute the offending OPENR statement, causing the same error. The remainder of
the program can be executed by entering .SKIP, which skips over the incorrect OPEN
Statement.

Note
.SKIP is an executive command. Executive commands can only be used at the IDL

command prompt, not in programs.
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Syntax

SKIP[n]
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The .STEP command executes one or more statements in the current program starting
at the current position, stops, and returns control to the interactive mode. This
command is useful in debugging programs. The optional argument n indicates the
number of statements to execute. If n is omitted, a single statement is executed.

Note

.STEP is an executive command. Executive commands can only be used at the IDL
command prompt, not in programs.

Syntax

STEP[n] or .S[n]
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STEPOVER

The .STEPOVER command executes one or more statements in the current program
starting at the current position, stops, and returns control to the interactive mode.
Unlike .STEP, if .STEPOV ER executes a statement that calls another routine, the
called routine runs until it ends before control returns to interactive mode. That is, a
statement calling another routine is treated as a single statement.

The optional argument n indicates the number of statements to execute. If nis
omitted, a single statement (or called routine) is executed.

Note
.STEPOVER is an executive command. Executive commands can only be used at
the IDL command prompt, not in programs.

Syntax

.STEPOVER [n] or .SO [n]
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.TRACE

The . TRACE command continues execution of a program that has stopped because of
an error, a stop statement, or akeyboard interrupt.

Note
.TRACE is an executive command. Executive commands can only be used at the
IDL command prompt, not in programs.

Syntax

.TRACE

.TRACE IDL Reference Guide
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A_CORRELATE

The A_CORRELATE function computes the autocorrelation Px(L) or autocovariance
Rx(L) of a sample population X as a function of the lag L.

N-L-1
Z (X =X) (X 4. —X)
P (L) = P(-L) = K=0

N-1

z (X — X)?2

k=0

N-L-1
R(L) = Ry(-L) = X 3 (X=R)(Xs %)
k=0

where x isthe mean of the sample population X = (Xg, X1, Xp, -+ , XN-1)-

Note
Thisroutineis primarily designed for use in 1-D time-series analysis. The mean is
subtracted before correlating. For image processing, methods based on FFT should
be used instead if more than afew tens of points exist. For example:

Function AutoCorrelate, X

Tenp = FFT(X, -1)

RETURN, FFT(Tenp * CONJ(Tenmp), 1)
END

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
a_correl ate. prointheli b subdirectory of the IDL distribution.

Syntax

Result = A_CORRELATE(X, Lag [, /COVARIANCE] [, /IDOUBLE] )
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Arguments

X
An n-element integer, single-, or double-precision floating-point vector.
Lag

An n-element integer vector in the interval [-(n-2), (n-2)], specifying the signed
distances between indexed elements of X.

Keywords
COVARIANCE

Set this keyword to compute the sample autocovariance rather than the sample
autocorrelation.

DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.

Examples

Define an n-el enent sanpl e popul ati on:
X =13.73, 3.67, 3.77, 3.83, 4.67, 5.87, 6.70, 6.97, 6.40, 5.57]
; Conpute the autocorrelation of X for LAG=-3, 0, 1, 3, 4, 8:
lag = [-3, 0, 1, 3, 4, 8]
result = A CORRELATE(X, | ag)
PRI NT, result

IDL prints:
0.0146185 1.00000 0.810879 0.0146185 -0.325279 -0.151684

Version History
Introduced: 4.0
See Also

CORRELATE, C_CORRELATE, M_CORRELATE, P_CORRELATE,
R_CORRELATE
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The ABS function returns the absolute value of its argument.

Syntax

Result = ABS(X)

Return Value

Returns the absol ute value of its argument.

Arguments

The value for which the absolute value is desired. If X is of complex type, ABS
returns the magnitude of the complex number:

JReal2 + Imaginary?

If X isof complex type, theresult is returned as the corresponding floating point type.
For all other types, the result hasthe sametype as X. If Xisan array, the result hasthe
same structure, with each element containing the absolute value of the corresponding
element of X.

ABS applied to any of the unsigned integer types resultsin the unaltered value of X
being returned.

Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by 'CPU for asingle invocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.
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Examples

To print the absolute value of -25, enter:
PRI NT, ABS(-25)

IDL prints:
25

Version History

Introduced: Original

IDL Reference Guide ABS
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ACOS

The ACOS function returns the angle, expressed in radians, whose cosineis X (i.e.,
the arc-cosine). For real input, the range of ACOS is between 0 and .

For input of a complex number, Z = X +iY, the complex arccosineis given by,
acos(Z) = acos(B) - i alog(A + sqrt(A%- 1)) if Y >=0
acos(Z) = acos(B) +i alog(A + sqrt(AZ- 1)) if Y <0
where
A =05sgrt((X + 1)%+Y?) + 0.5 sort((X - 1)% + Y?)
B =05sgrt((X + 1)2+Y?) - 0.5 sgrt((X - 1)+ Y?)

The separation of the two formulasat Y = 0 takes into account the branch-cut
discontinuity along the real axisfrom -oo to -1 and +1 to +oo, and ensures that
cos(acos(2)) isequal to Z. For reference, see formulas 4.4.37-39 in Abramowitz, M.
and Stegun, 1.A., 1964: Handbook of Mathematical Functions (Washington: National
Bureau of Standards).

Syntax
Result = ACOS(X)
Return Value
Returns the angle, expressed in radians, whose cosineis X (i.e., the arc-cosine).
Arguments
X

The cosine of the desired angle. For real input, X should beintherange-1to +1. If X
is double-precision floating or complex, the result is of the same type. All other types
are converted to single-precision floating-point and yield floating-point results. If X
isan array, the result has the same structure, with each element containing the arc-
cosine of the corresponding element of X.
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Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingleinvocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Examples

Find the angle whose cosineis 0.707 and print the result in degrees by entering:

PRI NT, 180/! Pl * ACOS(0.707)
IDL prints:
45. 0086

Find the complex arccosine of 2 + i and print the result by entering:

PRI NT, ACOS( COWPLEX(2, 1))
IDL prints:
( 0. 507356, -1.46935)

See the ATAN function for an example of visualizing the complex arccosine.
Version History

Introduced: Original
PHASE keyword: 5.6

See Also

COS, COSH, ASIN, SIN, SINH, ATAN, TAN, TANH
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ADAPT HIST EQUAL

The ADAPT_HIST_EQUAL function performs adaptive histogram equalization, a
form of automatic image contrast enhancement. The algorithm is described in Pizer
et. a., “Adaptive Histogram Equalization and its Variations.”, Computer Vision,
Graphics and Image Processing, 39:355-368. Adaptive histogram equalization
involves applying contrast enhancement based on the local region surrounding each
pixel. Each pixel is mapped to an intensity proportional to its rank within the
surrounding neighborhood. This method of automatic contrast enhancement has
proven to be broadly applicable to awide range of images and to have demonstrated
effectiveness.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
adapt _hi st _equal . prointhel i b subdirectory of the IDL distribution.

Syntax

Result = ADAPT_HIST_EQUAL (Image [, CLIP=value] [, FCN=vector]
[, NREGIONS=nregions] [, TOP=valug] )

Return Value

The result of the function is a byte image with the same dimensions as the input
image parameter.

Arguments

Image

A two-dimensional array representing the image for which adaptive histogram
equalization isto be performed. This parameter is interpreted as unsigned 8-bit data,
so be sure that the input values are properly scaled into the range of 0 to 255.

Keywords
CLIP

Set this keyword to a nonzero value to clip the histogram by limiting its slope to the
given CLIP value, thereby limiting contrast. For example, if CLIPisset to 3, the
slope of the histogram is limited to 3. By default, the slope and/or contrast is not
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limited. Noise over-enhancement in nearly homogeneous regions is reduced by
setting this parameter to values larger than 1.0.

FCN

Set this keyword to the desired cumulative probability distribution function in the
form of a 256 element vector. If omitted, alinear ramp, which yields equal
probability binsresults. Thisfunction islater normalized, so magnitudeis
inconsequential, though should increase monotonically.

NREGIONS

Set this keyword to the size of the overlapped tiles, as afraction of the largest
dimensions of the image size. The default is 12, which makes each tile 1/12 the size
of the largest image dimension.

TOP
Set this keyword to the maximum value of the scaled output array. The default is 255.

Examples

The following code snippet reads a datafile in the exanpl es/ dat a subdirectory of
the IDL distribution containing a cerebral angiogram, and then displays both the
original image and the adaptive histogram equalized image:

OPENR, 1, FILEPATH('cereb.dat', $
SUBDI RECTORY=[ ' exanpl es','data'])

;lmage size = 512 x 512
a = BYTARR(512, 512, / NOZERO

‘Read it
READU, 1, a
CLCSE, 1

Reduce size of image for conparison
a = CONGRID(a, 256, 256)

; Show ori gi nal
TVSCL, a, O

; Show processed
TV, ADAPT_H ST _EQUAL(a, TOP=!D. TABLE SIZE-1), 1
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Version History
Introduced: 5.3
See Also

H_EQ CT,H_EQ INT, HIST 2D, HIST_EQUAL, HISTOGRAM
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ALOG

The ALOG function returns the natural logarithm of X.

For input of a complex number, Z = X +iY, the complex number can be rewritten as
Z = R exp(i0), where R = abs(Z) and 6 = atan(y,x). The complex natural log isthen
given by,

aog(Z) =dog(R) +iq

In the above formula, the use of the two-argument arctangent separates the solutions
at Y = 0 and takes into account the branch-cut discontinuity along the real axisfrom -
o t0 0, and ensures that exp(alog(Z)) isequal to Z. For reference, seeformulas4.4.1-3
in Abramowitz, M. and Stegun, 1.A., 1964: Handbook of Mathematical Functions
(Washington: National Bureau of Standards).

Syntax

Result = ALOG(X)
Return Value

Returns the natural logarithm of X.
Arguments

X

Thevalue for which the natural log isdesired. For real input, X should be greater than
or equal to zero. If X isdouble-precision floating or complex, theresult is of the same
type. All other types are converted to single-precision floating-point and yield
floating-point results. If X isan array, the result has the same structure, with each
element containing the natural 1og of the corresponding element of X.

Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the |CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
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TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingle invocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Examples

Find the natural logarithm of 2 and print the result by entering:

PRI NT, ALOE 2)
IDL prints:
0. 693147

Find the complex natural log of sqrt(2) + i sqrt(2) and print the result by entering:

PRI NT, ALOZX COWPLEX(sqrt(2), sqrt(2)))
IDL prints:
( 0. 693147, 0. 785398)

Note
Therea part of theresult isjust ALOG(2) and the imaginary part givestheangle (in
radians) of the complex number relative to the real axis.

See the ATAN function for an example of visualizing the complex natural log.
Version History

Introduced: Original
See Also

ALOG10, ATAN
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ALOG10

The ALOG10 function returns the logarithm to the base 10 of X.

For input of a complex number, Z = X +iY, the complex number can be rewritten as
Z = Rexp(iq), where R = abs(Z) and g = atan(y,x). The complex log base 10 is then
given by,

alogl0(Z) = doglO(R) + i g/alog(10)

In the above formula, the use of the two-argument arctangent separates the solutions
at Y = 0 and takes into account the branch-cut discontinuity along the real axisfrom -
oo to 0, and ensures that 10"(alogl10(Z)) isequal to Z. For reference, see formulas
4.4.1-3 in Abramowitz, M. and Stegun, |.A., 1964. Handbook of Mathematical
Functions (Washington: National Bureau of Standards).

Syntax

Result = ALOG10(X)
Return Value

Returns the logarithm to the base 10 of X.
Arguments

X

The value for which the base 10 log is desired. For real input, X should be greater
than or equal to zero. If X isdouble-precision floating or complex, the result is of the
same type. All other types are converted to single-precision floating-point and yield
floating-point results. If X isan array, the result has the same structure, with each
element containing the base 10 log of the corresponding element of X.

Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the |CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
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TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingle invocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Examples

Find the base 10 logarithm of 100 and print the result by entering:

PRI NT, ALOGL0(100)
IDL prints:
2. 00000

See the ATAN function for an example of visualizing the complex logarithm.
Version History

Introduced: Origina
See Also

ALOG, ATAN
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AMOEBA

The AMOEBA function performs multidimensional minimization of afunction
Func(x), where x is an n-dimensional vector, using the downhill simplex method of
Nelder and Mead, 1965, Computer Journal, Vol 7, pp 308-313.

The downhill simplex method is not as efficient as Powell’s method, and usually
requires more function evaluations. However, the smplex method requires only
function evaluations—not derivatives—and may be more reliable than Powell’s
method.

Thisroutineiswritten in the IDL language. Its source code can be found in thefile
anoeba. pro inthel i b subdirectory of the IDL distribution. AMOEBA is based on
the routine anpeba described in section 10.4 of Numerical Recipesin C: The Art of
Scientific Computing (Second Edition), published by Cambridge University Press,
and is used by permission.

Syntax

Result = AMOEBA( Ftol [, FUNCTION_NAME=string]
[, FUNCTION_VALUE=variable] [, NCALLS=value] [, NMAX=value]
[, PO=vector, SCALE=vector |, SIMPLEX=array] )

Return Value

If the minimum isfound, AMOEBA returns an n-element vector corresponding to the
function’s minimum value. If a minimum within the given tolerance is not found
within the specified number of iterations, AMOEBA returns a scalar value of -1.
Results are returned with the same precision (single- or double-precision floating-
point) asis returned by the user-supplied function to be minimized.

Arguments

Ftol

The fractional tolerance to be achieved in the function value—that is, the fractional
decrease in the function value in the terminating step. If the function you supply
returns a single-precision result, Ftol should never be less than your machine's
floating-point precision—the value contained in the EPS field of the structure
returned by the MACHAR function. If the function you supply returns a double-
precision floating-point value, Ftol should not be less than your machine’ double-
precision floating-point precision. See MACHAR for details.
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Keywords

AMOEBA

FUNCTION_NAME

Set this keyword equal to a string containing the name of the function to be
minimized. If this keyword is omitted, AMOEBA assumes that an IDL function
named “FUNC” isto be used.

The function to be minimized must be written as an IDL function and compiled prior
to calling AMOEBA. Thisfunction must accept an n-element vector asits only
parameter and return a scalar single- or double precision floating-point value asits
result.

See the Example section below for an example function.
FUNCTION_VALUE

Set this keyword equal to a named variable that will contain an (n+1)-element vector
of the function values at the simplex points. The first element contains the function
minimum.

NCALLS

Set this keyword equal to a named variable that will contain a count of the number of
times the function was eval uated.

NMAX

Set this keyword equal to a scalar value specifying the maximum number of function
evaluations allowed before terminating. The default is 5000.

PO

Set this keyword equal to an n-element single- or double-precision floating-point
vector specifying the initia starting point. Note that if you specify PO, you must also
specify SCALE.

For example, in a 3-dimensional problem, if theinitial guessis the point [0,0,0], and
you know that the function’s minimum value occurs in the interval:

-10 < X[0] < 10, -100 < X[ 1] < 100, -200 < X[ (2] < 200,
specify: PO=[0,0,0] and SCALE=[10, 100, 200].
Alternately, you can omit PO and SCALE and specify SIMPLEX.
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SCALE

Set this keyword equal to a scalar or n-element vector containing the problem'’s
characteristic length scale for each dimension. SCALE is used with PO to form an
initial (n+1) point simplex. If al dimensions have the same scale, set SCALE equal to
ascalar.

If SCALE is specified as a scalar, the function’s minimum lies within a distance of
SCALE from PO. If SCALE isan N-dimensional vector, the function's minimum lies
within the Ndim+1 simplex with the vertices PO, PO + [1,0,...,0] * SCALE, PO +
[0,1,0,...,0] * SCALE, ..., and PO+[0,0,...,1] * SCALE.

SIMPLEX

Set thiskeyword equal to an n by n+1 single- or double-precision floating-point array
containing the starting simplex. After AMOEBA has returned, the SIMPLEX array
contains the simplex enclosing the function minimum. The first point in the array,
SIMPLEX[*,0], corresponds to the function’s minimum. This keyword isignored if
the PO and SCALE keywords are set.

Examples

Use AMOEBA to find the slope and intercept of a straight line that fits a given set of
points, minimizing the maximum error. The function to be minimized (FUNC, in this
case) returns the maximum error, given p[0] = intercept, and p[1] = slope.

First define the function FUNC:
FUNCTI ON FUNC, P
COWMON FUNC XY, X, Y
RETURN, MAX(ABS(Y - (P[O] + P[1] * X)))
END

; Put the data points into a common bl ock so they are accessible to
; the function:
COMMON FUNC_XY, X, Y

Define the data points:

FI NDGEN( 17) *5

[ 12.0, 24.3, 39.6, 51.0, 66.5 78.4, 92.7, 107.8, $
120.0, 135.5, 147.5, 161.0, 175.4, 187.4, 202.5, 215.4, 229.9]

Call the function. Set the fractional tolerance to 1 part in
1075, the initial guess to [0,0], and specify that the m ni num
shoul d be found within a distance of 100 of that point:

R = AMOEBA( 1. Oe-5, SCALE=1.0e2, PO = [0, 0], FUNCTI ON_VALUE=fval)
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; Check for convergence:
IF N ELEMENTS(R) EQ 1 THEN MESSAGE, ' AMOEBA failed to converge

Print results:
PRINT, 'Intercept, Slope:', r, $

"Function value (max error): ', fval[0]
IDL prints:
I ntercept, Slope: 11. 4100 2.72800
Function val ue: 1. 33000

Version History
Introduced: 5.0
See Also

DFPMIN, POWELL, SIMPLEX
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ANNOTATE

The ANNOTATE procedure starts an IDL widget program that allows you to
interactively annotate images and plots with text and drawings. Drawing objects
include lines, arrows, polygons, rectangles, circles, and ellipses. Annotation files can
be saved and restored, and annotated displays can be written to TIFF or PostScript
files. The Annotation widget will work on any IDL graphics window or draw widget.

This routine iswritten in the IDL language. Its source code can be found in thefile
annot at e. pro inthel i b subdirectory of the IDL distribution.

Using the Annotation Widget

Before calling the Annotation widget, plot or display your datain an IDL graphics
window or draw widget. Unless you specify otherwise (using the DRAWABLE or
WINDOW keywords), annotations will be made in the current graphics window.

For information on using the Annotation widget, click on the widget's “Help” button.
Syntax

ANNOTATE [, COLOR_INDICES=array] [, DRAWABLE=widget_id|,
WINDOWS=index] [, LOAD_FILE=filename] [, /TEK_COLORS]

Arguments
None.
Keywords
COLOR_INDICES

An array of color indices from which the user can choose colors. For example, to
allow the user to choose 10 colors, spread evenly over the available indices, set the
keyword as follows:

COLOR | NDI CES = I NDGEN(10) * (!D.N COLORS-1) / 9

If neither TEK_COLORS or COLOR_INDICES are specified, the default isto load
10 colors, evenly distributed over those available.
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DRAWABLE

The widget ID of the draw widget for the annotations. Do not set both DRAWABLE
and WINDOW. If neither WINDOW or DRAWABLE are specified, the current
window is used.

LOAD_FILE
The name of an annotation format file to load after initialization.
TEK_COLORS

Set this keyword and the Tektronix color table is loaded starting at color index
TEK_COLORS(0), with TEK_COLORS(1) color indices. The Tektronix color table
contains up to 32 distinct colors suitable for graphics. If neither TEK_COLORS or
COLOR_INDICES are specified, the default is to load 10 colors, evenly distributed
over those available.

WINDOW

The window index number of the window to receive the annotations. Do not set both
DRAWABLE and WINDOW. If neither WINDOW or DRAWABLE are specified, the
current window is used.

Examples

; Qutput an inmmge in the current w ndow
TVSCL, HANNI NG( 300, 200)

; Annotate it:

ANNOTATE

Version History
Introduced:; Pre 4.0
See Also

PLOTS, XYOUTS
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ARG_PRESENT

The ARG_PRESENT function is useful in user-written procedures that need to know
if the lifetime of avalue they are creating extends beyond the current routine’s
lifetime. This can be important for two reasons:

1. To avoid expensive computations that the caller is not interested in.

2. To prevent heap variable |eakage that would result if the routine creates
pointers or object references and assigns them to arguments that are not passed
back to the caller.

Syntax
Result = ARG_PRESENT(Variable)

Return Value

Returns a nonzero value if the following conditions are met:

¢ Theargument to ARG_PRESENT was passed as aplain or keyword argument
to the current routine by its caller, and

e Theargument to ARG_PRESENT isanamed variable into which avalue will
be copied when the current routine exits.

In other words, ARG_PRESENT returns TRUE if the value of the specified variable
will be passed back to the caller.

Arguments

Variable

The variable to be tested.
Example
Suppose that you are writing an IDL procedure that has the following procedure
definition line:
PRO nyproc, RET_PTR = ret_ptr

Theintent of the RET_PTR keyword is to pass back a pointer to a new pointer heap
variable. The following command could be used to avoid creating (and possibly
losing) a pointer if no named variableis provided by the caller:
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| F ARG PRESENT(ret _ptr) THEN BEG N

The commands that follow would only be executed if r et _pt r is supplied and will
be copied into avariable in the scope of the calling routine.

Version History
Introduced: 5.0
See Also

KEYWORD_SET, N_ELEMENTS, N_PARAMS
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ARRAY_EQUAL

The ARRAY_EQUAL function is afast way to compare data for equality in
situations where the index of the elements that differ are not of interest. This
operation is much faster than using TOTAL (A NE B), because it stops the
comparison as soon as the first inequality is found, an intermediate array is not
created, and only one pass is made through the data. For best speed, ensure that the
operands are of the same data type.

Arrays may be compared to scalars, in which case each element is compared to the
scalar. For two arraysto be equal, they must have the same number of elements. If the
types of the operands differ, the type of the least preciseis converted to that of the
most precise, unlessthe NO_TY PECONYV keyword is specified to prevent it. This
function works on all numeric types, strings, pointer references, and object
references. In the case of pointer and object references, ARRAY_EQUAL compares
the references (which are long integers), not the heap variables to which the
references point.

Syntax
Result = ARRAY_ EQUAL(Opl, Op2[,/NO_TYPECONV ])
Return Value

Returns 1 (true) if, and only if, all elements of Opl are equal to Op2; returns O (false)
at the first instance of inequality.

Arguments
Opl, Op2
The variables to be compared.
Keywords

NO_TYPECONV

By default, ARRAY _EQUAL converts operands of different types to a common type
before performing the equality comparison. Set NO_TYPECONYV to disallow this
implicit type conversion. If NO_TYPECONYV is specified, operands of different
types are never considered to be equal, even if their numeric values are the same.
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Examples

; Return True (1) if all elenments of a are equal to a 0 byte:
| F ARRAY_EQUAL(a, Ob) THEN ...

Return True (1) if all elenents of a are equal all
| F ARRAY_EQUAL(a, b) THEN ...

Version History

el enents of b:

Introduced: 5.4
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ARRAY_INDICES

The ARRAY _INDICES function converts one-dimensional subscripts of an array
into corresponding multi-dimensional subscripts.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
array_i ndi ces. prointheli b subdirectory of the IDL distribution.

Syntax
Result = ARRAY _INDICES(Array, Index)
Return Value

If Index isascalar, returns a vector containing m dimensional subscripts, where mis
the number of dimensions of Array.

If Index is avector containing n elements, returns an (mx n) array, with each row
containing the multi-dimensional subscripts corresponding to that index.

Arguments

Array
An array of any type.
Index
A scalar or vector containing the one-dimensional subscripts to be converted.

Keywords

None.
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Examples

Example 1

This example finds the location of the maximum value of arandom 10 by 10 array:

seed = 111

array = RANDOMJ(seed, 10, 10)

mk = MAX(array, |ocation)

ind = ARRAY_I NDI CES(array, |ocation)

PRINT, ind, array[ind[O],ind[1]], $
FORMAT = ' (% Value at [%d, %] is %")'

IDL prints:
Value at [3, 6] is 0.973381

Example 2

This example routine locates the highest point in the example Maroon Bells data set

and places aflag at that point.
Enter the following code in the IDL editor:
PRO ExARRAY_| NDI CES

I mport Maroon Bells data.

file = FILEPATH(' surface.dat', $
SUBDI RECTORY = [' exanples', 'data'])

data = READ BI NARY(file, DATA DIMS = [350, 450],
DATA TYPE = 2)

Di spl ay dat a.
| SURFACE, data

; Cal cul ate the val ue and one-di nensi onal
; array location of the highest point.
maxVal ue = MAX(data, nmaxPoint)

; Using ARRAY_INDI CES to convert the one-

; dinensional array location to a two-

; dinensional aray |ocation.

maxLocati on = ARRAY_I NDI CES(dat a, maxPoi nt)

Print the results.
PRI NT, ' Highest Point Location: ', maxLocation
PRI NT, ' Highest Point Value: ', naxValue

; Create flag for the highest point.

ARRAY_INDICES

$
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X maxLocat i on[ 0]

y maxLocat i on[ 1]

z = maxVal ue

xFlag = [x, x, x + 50., X]

yFlag = [y, y, y + 50., V]

zFlag = [z, z + 1000., z + 750., z + 500.]

Display flag at the highest point.
| PLOT, xFlag, yFlag, zFlag, /OVERPLOT

END

Save the code as EXARRAY_| NDI CES. pr o, compileit and run it. The following
figure displays the output of this example:

Figure 3-1: Maroon Bells Surface Plot with Flag at Highest Point Before Rotation
(Left) and After Rotation (Right)

For a better view of the flag, use the Rotate tool to rotate the surface.
Version History

Introduced: 6.0
See Also

MAX, MIN, WHERE

IDL Reference Guide ARRAY _INDICES



108 Chapter 3: Procedures and Functions

ARROW

The ARROW procedure draws one or more vectors with arrow heads.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
arrow. pro inthel i b subdirectory of the IDL distribution.

Syntax

ARROW, X0, YO, X1, Y1[, /DATA |, /NORMALIZED] [, HSIZE=length]
[, COLOR=index] [, HTHICK=valu€] [, /SOLID] [, THICK=valug]

Arguments

X0, YO

Arrays or scalars containing the coordinates of the tail end of the vector or vectors.
Coordinates are in DEVICE coordinates unless otherwise specified.

X1,Y1

Arrays or scalars containing the coordinates of the arrowhead end of the vector or
vectors. X1 and Y1 must have the save number of elements as X0 and YO.

Keywords
DATA

Set this keyword if vector coordinates are DATA coordinates.
NORMALIZED

Set this keyword if vector coordinates are NORMALIZED coordinates.
HSIZE

Use this keyword to set the length of the lines used to draw the arrowhead. The
default is 1/64th the width of the display (!D.X_SIZE/ 64.). If the HSIZE is positive,
the value is assumed to be in device coordinate units. If HSIZE is negative, the
arrowhead length is set to the vector length * ABS(HSIZE). The lines are separated
by 60 degrees to make the arrowhead.
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COLOR

The color of the arrow. The default is the highest color index.
HTHICK

The thickness of the arrowheads. The default is 1.0.
SOLID

Set this keyword to make a solid arrow, using polygon fills, looks better for thick
arrows.

THICK
The thickness of the body. The default is 1.0.

Examples

Draw an arrow from (100,150) to (300,350) in DEVICE units:
ARROW 100, 150, 300, 350
Draw a sine wave with arrows from theline’Y = 0 to SIN(X/4):

X = FI NDGEN( 50)
Y = SIN(x/ 4)
PLOT, X, Y

ARROW X, REPLI CATE(O,50), X, Y, /DATA
Version History
Introduced: Pre 4.0
See Also

ANNOTATE, PLOTS, VELOVECT
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ASCII_TEMPLATE

The ASCII_TEMPLATE function presents a graphical user interface (GUI) which
generates atemplate defining an ASCII file format. Templates are IDL structure
variables that may be used when reading ASCI| fileswith the READ_ASCII routine.
See READ_ASCII for details on reading ASCI| files.

This routine iswritten in the IDL language. Its source code can be found in thefile
ascii _tenpl ate. prointheli b subdirectory of the IDL distribution.

Syntax

Result = ASCII_TEMPLATE( [Filename] [, BROWSE_LINES=lines]
[, CANCEL=variable] [, GROUP=widget_id] )

Return Value
Returns atemplate defining an ASCI| file format.
Arguments

Filename

A string containing the name of afile to base the template on. If Filename is not
specified, adialog allows you to choose afile.

Keywords

BROWSE_LINES

Set this keyword equal to the number of lines that will be read in at atime when the
“Browse” button is selected. The default is 50 lines.

CANCEL

Set this keyword to a named variable that will contain the byte value 1 if the user
clicked the “Cancel” button, or O otherwise.
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GROUP

The widget ID of an existing widget that serves as “group leader” for the
ASCII_TEMPLATE graphical user interface. When a group leader is killed, for any
reason, all widgets in the group are also destroyed.

The ASCII_TEMPLATE Interface

When the ASCII_TEMPLATE function isinvoked, the following dialog is
displayed..

&l STEP 1 of 3. Define Data Type / Range

Chaose the field type which best descibes your data:
€ Fived Width [fields are aigned in colurns)

@ Delimited [commas, whitespace, ste. separate ach fisld)

Comment Sting to lgnore:
Data Starls at Line

Sellested Test Fil Fead i hext 50 Lines

This file conkains ASCII format data in a tab-delimbed table
with comments prefaced by the "$" character. It is used as

an example in documentation for Insight.

*
‘ Cancel | <2ack | Mew> | Finsh ‘

Figure 3-2: ASCII Template - Define Data Type / Range

Note
If nofilenameis supplied in the call to the ASCII_TEMPLATE function, afile

selection dialog is displayed prior to the first ASCII_TEMPLATE screen.

Thefirst page displays a representative sample of lines from the data file with their
numbers on the left. Select the field type that best describes the data. Click the Next
button on the bottom-right corner of the screen to move to the next page.
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The second page displays the number of fields per linewhichislisted asthree and the
white space is selected for the data delimiter. Click the Next button on the bottom
right corner of the screen to move to the next page.

@l STEP 2 of 3: Define Delimiter / Fields

Nurnber of Fields Per Line: (10.11.6.7 6.7/

Delimiter Between Data Elements:

 ‘White Space (" Comma " Colon
© Semicelon © Tab " Other ]

Selected Records:

Text

N EE 22.1 19.3 400 & First resord

N 15,1 33.4 & Second record
| & |0z 78.0 22.1 3.3 & Third resord
4 »

| Concel | <Back |filsts ||

Figure 3-3: ASCII Template - Define Delimiter / Fields
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Thethird page displays the columns in the data set which can be named and their data

type specified. Name the fields by typing in the name text at the upper right of the
form. Click the Finish button on the bottom-right corner of the screen.

&l STEP 3 of 3: Field Specification

[Home | Datavoe | | |y [l
fieldl |Sting
[ 2 [z suing Typs: |Sting |
fiekdll  Sting
fiekd4  Sting
f String Group WniGioup
[ s
e Group Al | Ungroup 41

Value to Assign to Missing Data: % [EEE Nal € |:|

Sample Record:

file contains  ASCIT format data in -
comments  prefaced by the g characker.
xampl. n documentati for Insight.

22.1 19.3 40.0 B First record

15.1 33.4 3 Second record

78.0 22.1 3.3 B Third record

o

| Cancel | <Back | Keso | Finsh ||

Figure 3-4: ASCII Template - Field Specification
Examples

Use the following command to generate a template structure from the file “myFile”:
nmyTenpl ate = ASClI | _TEMPLATE( nyFi | e)

Version History
Introduced: 5.0

See Also

READ_ASCII, BINARY_TEMPLATE
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ASIN

The ASIN function returns the angle, expressed in radians, whose sineis X (i.e., the
arc-sine).

For real input, the range of ASIN is between -i/2 and /2.
For input of acomplex number, Z = X +iY, the complex arcsineis given by,
asin(Z) = asin(B) + i alog(A + sqrt(A2- 1)) if Y >=0
asin(Z) = asin(B) - i alog(A + sqrt(AZ- 1)) if Y <0
where
A =05sgrt((X + 1)% + Y?) + 0.5 sgrt((X - 1)% + Y?)
B=05sgrt((X + 1)2+Y?) - 0.5 sgrt((X - 1)+ Y?)

The separation of the two formulasat Y = 0 takes into account the branch-cut
discontinuity along the real axis from -0 to -1 and +1 to +oo, and ensures that
sin(asin(Z)) isequal to Z. For reference, see formulas 4.4.37-39 in Abramowitz, M.
and Stegun, 1.A., 1964: Handbook of Mathematical Functions (Washington: National
Bureau of Standards).

Syntax
Result = ASIN(X)
Return Value
Returns the angle, expressed in radians, whose sineis X (i.e., the arc-sine).
Arguments
X

The sine of the desired angle. For real input, X should beintherange-1to +1. If X is
double-precision floating or complex, the result is of the same type. All other types
are converted to single-precision floating-point and yield floating-point results. If X
isan array, the result has the same structure, with each element containing the arcsine
of the corresponding element of X.
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Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingleinvocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Examples

Find the angle whose sine is 0.707 and print the result in degrees by entering:

PRI NT, 180/! Pl *ASI N(0. 707)
IDL prints:
44,9913

Find the complex arcsine of 2 + i and print the result by entering:

PRI NT, ASI N( COWLEX( 2, 1))
IDL prints:
( 1. 06344, 1. 46935)

See the ATAN function for an example of visualizing the complex arcsine.
Version History

Introduced: Original
See Also

ACOS, COS, COSH, SIN, SINH, ATAN, TAN, TANH
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ASSOC

The ASSOC function associates an array structure with afile. It provides abasic
method of random access input/output in IDL.

Note
Unformatted datafiles generated by FORTRAN programs under UNIX contain an
extralong word before and after each logical record in the file. ASSOC does not
interpret these extra bytes but considers them to be part of the data. Thisistrue even
if the F77_UNFORMATTED keyword is specified in the OPEN statement.
Therefore, ASSOC should not be used with such files. Instead, such files should be
processed using READU and WRITEU. An example of using IDL to read such data
isgivenin “Using Unformatted Input/Output” in Chapter 10 of the Building IDL
Applications manual.

Note
Associated file variables cannot be used for output with files opened using the
COMPRESS keyword to OPEN. Thisisdueto the fact that it is not possible to
move the current file position backwardsin a compressed file that is currently open
for writing. ASSOC is alowed with compressed files opened for input only.
However, such operations may be slow due to the large amount of work required to
change the file position in a compressed file.

Effective use of ASSOC requires the ability to rapidly position the file to arbitrary
positions. In general, filesthat require random access may not be good candidates
for compression. If thisis necessary however, such files can be processed using
READU and WRITEU.

Syntax
Result = ASSOC( Unit, Array_Structure [, Offset] [, /PACKED] )
Return Value
Returns a value that when assigned to a variable, stores the association between an

array structure and afile in an associated variable. This variable provides a means of
mapping afileinto vectors or arrays of a specified type and size.
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Arguments
Unit
The IDL file unit to associate with Array_Structure.

Array_Structure

An expression of the data type and structure to be associated with Unit are taken from
Array_Structure. The actua value of Array_Structure is not used.

Offset

The offset in the file to the start of the datain thefile, in bytes.
Keywords
PACKED

When ASSOC is applied to structures, the default action is to map the actual
definition of the structure for the current machine, including any holes required to
properly align the fields. (IDL uses the same rules for laying out structures asthe C
language). If the PACKED keyword is specified, 1/0 using the resulting variable
instead works in the same manner as READU and WRITEU, and datais moved one
field at atime and there are no alignment gaps between the fields.

Examples

Suppose that the filei mages. dat holds 5 images as 256-element by 256-element
arrays of bytes. Open thefile for reading and create an associated variable by
entering:

OPENR, 1, 'inmmges.dat' ;Open the file as file unit 1.
A = ASSOC(1, BYTARR(256, 256)) ;Make an associ ated vari abl e.

Now A[Q] correspondsto the first imagein thefile, A[1] isthe second element, etc.
To display the first image in thefile, you could enter:

TV, A 0]

The datafor the first image is read and then displayed. Note that the data associated
with A[0] is not held in memory. It isread in every time there is areference to A[0].
To store the image in the memory-resident array B, you could enter:

B = AL0]
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Note
Itisalso possibleto refer to individual elements within an associated array directly,
using multiple subscripts. See“ Multiple Subscripts With Associated File Variables
in Chapter 10 of the Building IDL Applications manual for details and examples.

Version History
Introduced: Original
See Also

OPEN, READU, “Associated Input/Output” in Chapter 10 of the Building IDL
Applications manual.
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ATAN

The ATAN function returns the angle, expressed in radians, whose tangent is X (i.e.,
the arc-tangent). If two parameters are supplied, the angle whose tangent is equal to
Y/Xisreturned.

For real input, the range of ATAN is between -r/2 and ©/2 for the single argument
case, and between -t and 7 if two arguments are given.

In the single argument case with a complex number, Z = X +iY, the complex
arctangent is given by,

atan(Z) = 0.5 atan(2x, 1 - X% - y2) + 0.25 i aog((x? + (y+1)2)/(x% + (y-1)?))

In the above formula, the use of the two-argument arctangent separates the solutions
at X = 0 and takes into account the branch-cut discontinuity along the imaginary axis
from -ico to -i and +i to +ioo, and ensuresthat tan(atan(2)) isequal to Z. For reference,
see formulas 4.4.37-39 in Abramowitz, M. and Stegun, |.A., 1964: Handbook of
Mathematical Functions (Washington: National Bureau of Standards).

In the two argument case with two complex numbers Zy and Zx, the complex
arctangent is given by,

atan(Zy, Zx) = -i dog((Zx + iZy)/sqrt(Zx? + Zy?))

In the two argument case (either real or complex), if both arguments are zero then the
result is undefined.

Syntax

Result = ATAN(X [, /PHASE] )
or

Result = ATAN(Y, X)
Return Value

Returns the angle, expressed in radians, whose tangent is X (i.e., the arc-tangent). If
two parameters are supplied, the angle whose tangent is equal to Y/X is returned.
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ATAN
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Arguments

The tangent of the desired angle. If X is double-precision floating or complex, the
result is of the same type. All other types are converted to single-precision floating-
point and yield floating-point results. If X isan array, the result has the same
structure, with each element containing the arctangent of the corresponding element
of X.

An optional argument. If this argument is supplied, ATAN returns the angle whose
tangent is equal to Y/X. If both arguments are arrays, the function matches up the
corresponding elements of X and Y, returning an array with the same dimensions as
the smallest array. If one argument is a scalar and the other argumentsis an array, the
function uses the scalar value with each element of the array, and returns an array
with the same dimensions as the input array.

Keywords
PHASE

If this keyword is set, and the argument is a complex number Z, then the complex

phase angle is computed as ATAN(Imaginary(Z), Real _part(Z)). If this keyword is

not set then the complex arctangent is computed as described above. If the argument

is not complex, or if two arguments are present, then this keyword is ignored.

Tip
Using the PHA SE keyword is equivalent to computing ATAN(Imaginary(Z),
Real_part(Z)), but uses less memory and is faster.

Thread Pool Keywords

Thisroutine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by CPU for asingleinvocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.
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Example
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Find the angle whose tangent is 0.5 and print the result in degrees by entering:

PRI NT, 180/! Pl *ATAN(O. 5)
IDL prints:
26. 5651

Find the angle whose tangent is 0.5, taking into account that the tangent came from
the ratio -0.25/-0.5:

PRI NT, 180/!PI *ATAN(-0.25, -0.5)
IDL prints:
-153. 435

Find the complex arccosine of 2 + i and print the result by entering:

PRI NT, ATAN( COWPLEX(2, 1))
IDL prints:
( 1.17810, 0.173287)

Create avisualization of the complex arctangent:

Create a grid of conplex nunbers.

100

(FINDGEN(Nn)-(n-1)/2.0)/(n/ 4)

DCOVPLEX( REBI N( x, n, n), REBI N( TRANSPOSE( x), n, n))

n
X
z

; Try any of these transcendental functions:

; ACCS, COs, COsH, ASIN, SIN, SINH,

ATAN, TAN, TANH, ALOG EXP

fn = ATAN(z)

oReal = OBJ_NEW' | DLgrSurface', FLOAT(fn), x, x, $
COLOR=[ 255, 180, 0], STYLE=2)

olmag = OBJ_NEW ' | DLgr Surface', | MAQ NARY(fn), x, x, $
COLOR=[ 0, 150, 255], STYLE=2)

; Add graphics objects to a nodel and rotate to nice view
oMbdel = OBJ_NEW' | DLgr Model ')

oMbdel - >Add, oReal

oMbdel - >Add, ol mag

oMbdel - >ROTATE, [0,0,1], 25

oMbdel - >ROTATE, [1,0,0], -30

; Display using XOBJVI EW
; Block input so we can destroy objects after.
XOBJVI EW oModel, /BLOCK, SCALE=1, $
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TI TLE=' Conpl ex transcendental function', $
XS| ZE=700, YSI ZE=700
OBJ_DESTROY, oModel

Version History
Introduced: Original
See Also

ACOS, COS, COSH, SIN, ASIN, SINH, TAN, TANH
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AXIS
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The AXIS procedure draws an axis of the specified type and scale at a given position.

The new scaleis saved for use by subsequent overplotsif the SAVE keyword

parameter isset. By default, AXISdrawsan X axis. The XAXIS, YAXIS, and ZAXIS

keywords can be used to select a specific axis type and position.

Syntax

AXIS[, X[, YL, ZJ]] [, /OBJECTS] [, XAXIS={0| 1} | YAXIS={0| 1} | ZAXIS={0|

1|23 [, /XLOG] [, /YNOZERO] [, /YLOG]

Graphics Keywords: [, CHARSIZE=value] [, CHARTHICK=integer]
[, COLOR=valug] [, /DATA |, /DEVICE |, INORMAL] [, FONT=integer]

[, /INODATA] [, /INOERASE] [, SUBTITLE=string] [, /T3D] [, TICKLEN=value]

[,{X|Y | Z} CHARSIZE=value]

[,{X |Y | Z} GRIDSTYLE=integer{ 0 to 5}]
[{X|Y | ZYMARGIN=[left, right]]

[,{X |Y | Z} MINOR=integer]

{X|Y | Zy RANGE=[min, max]]

AX|Y | Z}STYLE=value]
| Y | Z} THICK=value]

’
’
’

Y | Z} TICK S=integer]

Y | Z} TICKV=array]

’

X
X
X
X
X
X
X
X
X
X

{
{
{
{
{
{
{
{
{
{
{
{

X |Y | Z} TITLE=string]

[
[
[
[
[
[
[,
[,
[
[
[
{
[, ZVALUE=value{0to 1}]

Arguments

X,Y,and Z

| 'Y | Z} TICKFORMAT=string]

| Y | Z} TICKINTERVAL= value]

| Y | Z} TICKLAYOUT=scalar]

| Y | Z} TICKLEN=value]

| Y | Z} TICKNAME=string_array]
|

I

I

Y | Z} TICKUNITS=string]

|Y | Z} TICK_GET=variable]

Scalars giving the starting coordinates of the new axis. If no coordinates are specified,
the axisis drawn in its default position as given by the [ XY Z]AXIS keyword. When
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drawing an X axis, the X coordinate isignored, similarly the Y and Z arguments are
ignored when drawing their respective axes (i.e., new axes will always point in the
correct direction).

Keywords

SAVE

Set this keyword to indicate that the scaling to and from data coordinates established
by the call to AXISisto be saved in the appropriate axis system variable, !X, Y, or
1Z. If thiskeyword is not present, the scaling is not changed.

XAXIS

Set this keyword to draw an X axis. If the X argument is not present, setting XAXIS
equal to 0 draws an axis under the plot window with the tick marks pointing up, and
setting XA XIS equal to one draws an axis above the plot window with the tick marks
pointing down. If the X argument is present, the X axisis positioned accordingly, and
setting XAXIS equal to 0 or 1 causesthe tick marks to point up or down, respectively.

XLOG
Set this keyword to specify alogarithmic X axis
YAXIS

Set this keyword to draw a'Y axis. If the Y argument is not present, setting YAXIS
equal to O draws an axis on the left side of the plot window with the tick marks
pointing right, and setting YAXIS equal to one draws an axis on the right side of the
plot window with the tick marks pointing |eft. If the Y argument is present, the Y axis
is positioned accordingly, and setting YAXIS equal to 0 or 1 causes the tick marks to
point right or left, respectively.

Note
The YAXIS keyword must be specified in order use any Y* graphics keywords. See
the note under “ Graphics Keywords Accepted”’ on page 125 for more information.

YLOG
Set this keyword to specify alogarithmic Y axis.
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YNOZERO

Set this keyword to inhibit setting the minimum Y axis valueto zero whenthe Y data
are al positive and non-zero, and no explicit minimum Y valueis specified (using
YRANGE, or 'Y.RANGE). By default, the Y axis spans the range of 0 to the
maximum value of Y, in the case of positive Y data. Set bit 4in!Y.STYLE to make

this option the default.
ZAXIS

Set this keyword to draw a Z axis. If the Z argument is not present, setting ZAXIS has
the following meanings:

e 0=lower (front) right, with tickmarks pointing | eft
¢ 1=lower (front) left, with tickmarks pointing right
e 2= upper (back) left, with tickmarks pointing right
e 3= upper (back) right, with tickmarks pointing left

If the Z argument is present, the Z axis is positioned accordingly, and setting ZAXIS
equal to 0 or 1 causesthetick marksto point left or right, respectively.

Note that AXI1S uses the 3D plotting transformation stored in the system variable
field !PT.

Note
The ZAXIS keyword must be specified in order use any Z* graphics keywords. See
the note under Graphics Keywords Accepted for more information.

Graphics Keywords Accepted

See Appendix B, “Graphics Keywords’ for the description of graphics and plotting
keywords not listed above.

Note
In order for the Y* or Z* graphics keywords to work with the AXIS procedure, the

corresponding YAXIS or ZAXIS keyword must be specified. For example, the
following code will not draw atitle for the Y axis:
AXI'S, YTITLE = Y-axis Title'

To use the YTITLE graphics keyword, you must specify the YAXIS keyword to
AXIS:
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AXIS, YAXIS = 0, YTITLE ="' Y-axis Title'

Because the AXIS procedure draws an X axis by default, it is not necessary to
specify the XAXIS keyword in order to use the X* graphics keywords.

CHARSIZE, CHARTHICK, COLOR, DATA, DEVICE, FONT, NODATA,
NOERASE, NORMAL, SUBTITLE, T3D, TICKLEN, [XYZ]CHARSIZE,
[XYZ]GRIDSTYLE, [XYZ]MARGIN, [XYZ]MINOR, [XYZ]RANGE,
[XYZ]STYLE, [XYZ]THICK, [XYZ]TICKFORMAT, [XYZ] TICKINTERVAL,
[XYZ]TICKLAYOUT, [XYZ]TICKLEN, [XYZ]TICKNAME, [XYZ]TICKS,
[XYZ]TICKUNITS, [XYZ]TICKV, [XYZ]TICK_GET, [XYZ]TITLE, ZVALUE.

Examples

The following example shows how the AXI1S procedure can be used with normal or
polar plots to draw axes through the origin, dividing the plot window into four
quadrants:

; Make the plot, polar in this exanple, and suppress the X and Y
; axes using the XSTYLE and YSTYLE keywords:
PLOT, /POLAR, XSTYLE=4, YSTYLE=4, TITLE= Polar Plot', r, theta

; Draw an X axis, through data Y coordi nate of 0. Because the XAXI S
; keyword paraneter has a value of 0, the tick marks point down:
AXI'S, 0, 0, XAX=0, / DATA

; Simlarly, draw the Y axis through data X = 0. The tick nmarks
; point left:
AXI S, 0, 0, 0, YAX=0, / DATA

Version History
Introduced: Original
See Also

LABEL_DATE, PLOT
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BAR PLOT

The BAR_PLOT procedure creates a bar graph. This routine iswrittenin the IDL
language. Its source code can be found inthefilebar _pl ot. prointhelib
subdirectory of the IDL distribution.

Syntax

BAR_PLOT, Values [, BACKGROUND=color_index]

[, BARNAMES=string_array] [, BAROFFSET=scalar] [, BARSPACE=scalar]
[, BARWIDTH=value] [, BASELINES=vector] [, BASERANGE=scalar{0.0 to
1.0}] [, COLORS=vector] [, /OUTLINE] [, /OVERPLOT] [, /ROTATE]

[, TITLE=string] [, XTITLE=string] [, Y TITLE=string]

Arguments

Values

A vector containing the values to be represented by the bars. Each element in Values
corresponds to a single bar in the output.

Keywords
BACKGROUND

A scalar that specifiesthe color index to be used for the background color. By default,
the normal IDL background color is used.

BARNAMES

A string array, containing one string label per bar. If the bars are vertical, the labels
are placed beneath them. If horizontal (rotated) bars are specified, the labels are
placed to the left of the bars.

BAROFFSET

A scalar that specifies the offset to be applied to the first bar, in units of “nominal bar
width”. This keyword allows, for example, different groups of bars to be overplotted
on the same graph. If not specified, the default offset is equal to BARSPACE.
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BARSPACE

A scalar that specifies, in units of “nominal bar width”, the spacing between bars. For
example, if BARSPACE is 1.0, then all barswill have one bar-width of space between
them. If not specified, the bars are spaced apart by 20% of the bar width.

BARWIDTH

A floating-point value that specifies the width of the barsin units of “nominal bar
width”. The nominal bar width is computed so that all the bars (and the space
between them, set by default to 20% of the width of the bars) will fill the available
space (optionally controlled with the BASERANGE keyword).

BASELINES

A vector, the same size as Values, that contains the base value associated with each
bar. If not specified, a base value of zero is used for al bars.

BASERANGE

A floating-point scalar in the range 0.0 to 1.0, that determines the fraction of the total
available plotting area (in the direction perpendicular to the bars) to be used. If not
specified, the full available areais used.

COLORS

A vector, the same size as Values, containing the color index to be used for each bar.
If not specified, the colors are selected based on spacing the color indices as widely
as possible within the range of available colors (specified by !D.N_COLORYS).

OUTLINE
If set, this keyword specifies that an outline should be drawn around each bar.

OVERPLOT

If set, this keyword specifies that the bar plot should be overplotted on an existing
graph.

ROTATE

If set, this keyword indicates that horizontal rather than vertical bars should be drawn.
The bases of horizontal bars are on the left, “ Y™ axis and the bars extend to the right.
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TITLE

A string containing the main title for the bar plot.
XTITLE

A string containing the title for the X axis.
YTITLE

A string containing the title for the Y axis.
Examples

By using the overplotting capability, it is relatively easy to create stacked bar charts,
or different groups of bars on the same graph.

Thefollowing example creates atwo-dimensional array of 5 columns and 8 rows, and
creates a plot with 5 bars, each of which isa*stacked” composite of 8 sections.

; Handl e TrueCol or di spl ays:
DEVI CE, DECOVPOSED=0

;Load col or table:
LOADCT, 5

; Make axes bl ack:
I P. COLOR=0

;Create 5-colum by 8-row array:
array = | NDGEN(5, 8)

;Create a 2D array, equal in size to array, that has identical
;color index val ues across each rowto ensure that the same itemis
;represented by the sane color in all bars:

colors = I NTARR(5, 8)

FOR 1 =0, 7 DO colors[*,1]=(20*1)+20

;Wth arrays and colors defined, create stacked bars (note that
;the nunber of rows and columms is arbitrary):

; Scal e range to accommpdate the total bar |engths:
'Y.RANCGE = [0, MAX(array)]
nrows = N _ELEMENTS(array[O0, *])
base = | NTARR( nr ows)
FOR 1 =0, nrows-1 DO BEG N
BAR PLOT, array[*,1], COLORS=col ors[*,1], BACKGROUND=255, $
BASEL| NES=base, BARW DTH=0. 75, BARSPACE=0.25, OVER=(| GT 0)
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base = array[*, 1]
ENDFOR

; To plot each row of array as a clustered group of bars within the
;sane graph, use the BASERANGE keyword to restrict the available
;plotting region for each set of bars, where NCOLS is the nunber of
;colums in array. (In this exanple, each group uses the sane set
;of colors, but this could easily be changed.):

ncol s N_ELEMENTS(array[ *, 0])
FOR | 0, nrows-1 DO BEG N
BAR PLOT, array[*,1], COLORS=col ors[*,1], BACKGROUND=255, $
BARW DTH=0. 75, BARSPACE=0. 25, BAROFFSET=I*(1.4*ncols), $
OVER=(1 GT 0), BASERANGE=0. 12
ENDFOR

Version History

Introduced: Pre 4.0

See Also

BAR_PLOT

PLOT, PSYM Graphics Keyword
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BEGIN...END

The BEGIN...END statement defines a block of statements. A block of statementsis
agroup of statementsthat is treated as a single statement. Blocks are necessary when
more than one statement is the subject of a conditional or repetitive statement. For
more information on using BEGIN...END and other IDL program control statements,
see Chapter 12, “Program Control” in the Building IDL Applications manual.

Syntax

BEGIN
statements

END | ENDIF | ENDELSE | ENDFOR | ENDREP | ENDWHILE
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The END identifier used to terminate the block should correspond to the type of
statement in which BEGIN is used. The following table lists the correct END
identifiersto use with each type of statement.

END
Statement o Example
Identifier P
ELSE BEGIN ENDELSE IF (0) THEN A=1 ELSE BEG N
A=2
ENDEL SE
FOR variable=init, limit DO BEGIN ENDFOR FOR i=1,5 DO BEG N
PRI NT, array[i]
ENDFOR
IF expression THEN BEGIN ENDIF IF (0) THEN BEG N
A=1
ENDI F
REPEAT BEGIN ENDREP REPEAT BEG N
A=A* 2
ENDREP UNTIL A GT B
WHILE expression DO BEGIN ENDWHILE WH LE ~ EOF(1) DO BEG N
READF, 1, A B, C
ENDWHI LE
LABEL: BEGIN END LABEL1: BEG N
PRI NT, A
END
case_expression: BEGIN END CASE nane OF
'Moe': BEG N
PRI NT, ' St ooge'
END
ENDCASE
switch_expression: BEGIN END SW TCH nane OF
'Moe': BEGA N
PRI NT, ' St ooge'
END
ENDSW TCH

Table 3: Types of END Identifiers

Note
CASE and SWITCH also have their own END identifiers. CASE should always be
ended with ENDCASE, and SWITCH should always be ended with ENDSWITCH.
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Version History

Introduced: Original
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BESELI

The BESELI function returns the | Bessel function of order N for the argument X.
The BESELI function is adapted from “SPECFUN - A Portable FORTRAN Package
of Special Functions and Test Drivers’, W. J. Cody, Algorithm 715, ACM
Transactions on Mathematical Software, Vol 19, No. 1, March 1993.

Syntax
Result = BESELI(X, N[, /DOUBLE] [, ITER=variable])

Return Value

If both arguments are scalars, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of X and N, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the smallest input array.

Note
If the function does not converge for an element of X, the corresponding element of
the Result array will be set to the |EEE floating-point value NaN.

Arguments

X

A scalar or array specifying the values for which the Bessel function is required.
Values for X must be in the range 0 to 709.

N

A scalar or array specifying the order of the Bessel function to calculate. Valuesfor N
should be greater than or equal to 0, and can be either integers or real numbers.

Keywords
DOUBLE

Set this keyword equal to oneto return adouble-precision result, or to zero to return a
single-precision result. The computationswill always be done using double precision.
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The default is to return a single-precision result if both inputs are single precision,
and to return a double-precision result in al other cases.

ITER

Set this keyword equal to anamed variable that will contain the number of iterations
performed. If the routine converged, the stored value will be equal to the order N. If X
or N are arrays, ITER will contain a scalar representing the maximum number of
iterations.

Note
If the routine did not converge for an element of X, the corresponding element of the
Result array will be set to the | EEE floating-point value NaN, and ITER will
contain the largest order that would have converged for that X value.

Examples

The following example plotsthe | and K Bessel functions for orders 0, 1 and 2:
X = FI NDGEN( 40)/ 10

;Plot | and K Bessel Functions:
PLOT, X, BESELI (X, 0), MAX VALUE=4, $

TITLE = 'l and K Bessel Functions'
OPLOT, X, BESELI(X, 1)
OPLOT, X, BESELI (X, 2)
OPLOT, X, BESELK(X, 0), LINESTYLE=2
OPLOT, X, BESELK(X, 1), LINESTYLE=2
OPLOT, X, BESELK(X, 2), LINESTYLE=2

; Annotate plot:

xcoor ds [.18, .45, .95, 1.4, 1.8, 2.4]

ycoor ds [2.1, 2.1, 2.1, 1.8, 1.6, 1.4]

labels = ["!8KIXIDO',"!18KIXIDL',"!8KIXI D2',"181!X DO,
rgrrxipl, 8l Xepe' ]

XYQUTS, xcoords, ycoords, |abels, /DATA
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This results in the following plot:

| ond K Bessel Functions

I T

Figure 1: | and K Bessel Functions.

For an example calculating the accuracy of the Bessel function, see “Example 2” for
the BESEL Jroutine.

Version History

Introduced: Original
DOUBLE and ITER keywords: 5.6

See Also

BESELJ, BESELK, BESELY
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BESELJ

The BESEL J function returns the J Bessel function of order N for the argument X.
The BESEL Jfunction is adapted from “ SPECFUN - A Portable FORTRAN Package
of Special Functions and Test Drivers’, W. J. Cody, Algorithm 715, ACM
Transactions on Mathematical Software, Vol 19, No. 1, March 1993.

Syntax
Result = BESELJ(X, N[, /DOUBLE] [, ITER=variable])
Return Value

If both arguments are scalars, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of X and N, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the smallest input array.

If Xis double-precision, the result is double-precision, otherwise the result is single-
precision.

Note
If the function does not converge for an element of X, the corresponding element of
the Result array will be set to the | EEE floating-point value NaN.

Arguments

X

A scalar or array specifying the values for which the Bessel function is required.
Values for X must be in the range 0 to 108.

N

A scalar or array specifying the order of the Bessel function to calculate. Vauesfor N
should be greater than or equal to 0, and can be either integers or real numbers.
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Keywords

DOUBLE

Set thiskeyword equal to one to return adouble-precision result, or to zero to return a
single-precision result. The computationswill always be done using double precision.
The default isto return asingle-precision result if both inputs are single precision,
and to return a double-precision result in al other cases.

ITER

Set this keyword equal to anamed variable that will contain the number of iterations
performed. If the routine converged, the stored value will be equal to the order N. If X
or N are arrays, ITER will contain a scalar representing the maximum number of
iterations.

Note
If the routine did not converge for an element of X, the corresponding element of the
Result array will be set to the |EEE floating-point value NaN, and ITER will
contain the largest order that would have converged for that X value.

Examples

Example 1

The following example plotsthe Jand Y Bessel functions for orders 0, 1, and 2:
X = FI NDGEN( 100)/ 10

;Plot J and Y Bessel Functions:
PLOT, X, BESELJ(X, 0), TITLE = "'J and Y Bessel Functions'

OPLOT, X, BESELJ(X, 1)
OPLOT, X, BESELJ(X, 2)
OPLOT, X, BESELY(X, 0), LINESTYLE=2
OPLOT, X, BESELY(X, 1), LINESTYLE=2
OPLOT, X, BESELY(X, 2), LINESTYLE=2

; Annotate plot:

xcoords = [1, 1.66, 3, .7, 1.7, 2.65]

ycoords = [.8, .62,.52, -.42, -.42, -.42]

labels = ['18J!XID0O","!18J!IXIDL',"18JIXID2',"'18Y!'X DO,
gyl Xipl, 18y XiD2' ]

XYQUTS, xcoords, ycoords, |abels, /DATA
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This results in the following plot:

J and ¥ Bessel Funclions
1.0 — T T T 1

Figure 2: The J and Y Bessel Functions.

Example 2

Different order Bessel functions have recurrence relationships to each other. These
relationships can be used to determine how accurately IDL is computing the Bessel
functions. In the following example, the recurrence relationships for each order are
set to zero and the left side of the equations are plotted. The plots show how close the
left side of the equations are to zero, and therefore, how accurate IDL’s computation
of the Bessel functions are.

This example uses the following recurrence relationship:

X(J_1(X)+ 3,4 1(X))—2nJ(x) = O
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where J(X) isthe Bessel function of the first kind of order n—1, n, or n+ 1. (Similar
recurrence relationships could be used for the other forms of the Bessel function.)
Results are plotted for n equal to 1 through 6.

PRO Anal yzi ngBESELJ

; Derive x val ues.
x = (DI NDGEN(1000) + 1.)/100.

; Initialize display w ndow.
W NDOW 0, TITLE = 'Bessel Functions'

; Display the first 8 orders of the Bessel function of
; the first kind.
PLOT, x, BESELJ(x, 0), /XSTYLE, /YSTYLE, $
XTITLE = "x', YTITLE = "f(x)', $
TITLE = ' Bessel Functions of the First Kind'

OPLOT, x, BESELJ(x, 1), LINESTYLE =1
OPLOT, x, BESELJ(x, 2), LINESTYLE = 2
OPLOT, x, BESELJ(x, 3), LINESTYLE = 3
OPLOT, x, BESELJ(x, 4), LINESTYLE = 4
OPLOT, x, BESELJ(x, 5), LINESTYLE =5
OPLOT, x, BESELJ(Xx, 6), LINESTYLE =0
OPLOT, x, BESELJ(x, 7), LINESTYLE =1

; Initialize display window for recurrence rel ations.
W NDOW 1, XSIZE = 896, YSIZE = 512, $

TITLE = 'Testing the Recurrence Rel ati ons'
'P. MULTI =[O0, 2, 3, 0, 0]

c Initialize title variable.
nString =['0", "1, 2", "3, "4, '5 [ "6, '7]

; Display recurrence relationships for order 1 to 6.
; NOTE: the results of these relationships should be
; very close to zero.
FOR n =1, 6 DO BEG N
equation = x*(BESELJ(x, (n - 1)) + $
BESELJ(x, (n + 1))) - 2.*FLQOAT(n)*BESELJ(x, n)
PLOT, x, equation, /XSTYLE, /YSTYLE, CHARSIZE = 1.5, $

TITLE="'n =" + nString[n] +"': Oders of ' + $
nString[n - 1] + ', ' + nString[n] + ', and ' + $
nString[n + 1]
PRINT, 'n ="' + nString[n] + "': '
PRINT, "minimum= ", M N(equati on)
PRI NT, 'maxi mum ="', MAX(equati on)
ENDFOR

; Return display window back to its default setting, one
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; display per w ndow.
'P. MULTI =0

END
The results for this example are shown in the following figure.

n=1: Orders of 0. 1, and 2 _ n=2 Ordersof 1.2 ond 3
=l

Figure 3: Recurrence Relationship for J(x)

All of these plots show that this Bessel function is calculated accurately within
machine tolerance.

Version History

Introduced: Original
DOUBLE and ITER keywords: 5.6

See Also

BESELI, BESELK, BESELY
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BESELK

The BESELK function returns the K Bessel function of order N for the argument X.
The BESELK functionisadapted from “ SPECFUN - A Portable FORTRAN Package
of Special Functions and Test Drivers’, W. J. Cody, Algorithm 715, ACM
Transactions on Mathematical Software, Vol 19, No. 1, March 1993.

Syntax
Result = BESELK( X, N[, /DOUBLE] [, ITER=variable])
Return Value

If both arguments are scalars, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of X and N, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the smallest input array.

If Xis double-precision, the result is double-precision, otherwise the result is single-
precision.

Note
If the function does not converge for an element of X, the corresponding element of
the Result array will be set to the |EEE floating-point value NaN.

Arguments

X

A scalar or array specifying the values for which the Bessel function is required.
Values for X must be greater than or equal to zero.

N

A scalar or array specifying the order of the Bessel function to calculate. Valuesfor N
should be greater than or equal to 0, and can be either integers or real numbers.
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Keywords

DOUBLE

Set thiskeyword equal to one to return adouble-precision result, or to zero to return a
single-precision result. The computationswill always be done using double precision.
The default isto return asingle-precision result if both inputs are single precision,
and to return a double-precision result in al other cases.

ITER

Set this keyword equal to anamed variable that will contain the number of iterations
performed. If the routine converged, the stored value will be equal to the order N. If X
or N are arrays, ITER will contain a scalar representing the maximum number of
iterations.

Note
If the routine did not converge for an element of X, the corresponding element of the
Result array will be set to the | EEE floating-point value NaN, and ITER will
contain the largest order that would have converged for that X value.

Examples

The following example plotsthe | and K Bessel functions for orders 0, 1 and 2:
X = FI NDGEN( 40)/ 10

;Plot | and K Bessel Functions:
PLOT, X, BESELI(X, 0), MAX VALUE=4, $

TITLE = 'l and K Bessel Functions'
OPLOT, X, BESELI(X, 1)
OPLOT, X, BESELI(X, 2)
OPLOT, X, BESELK(X, 0), LINESTYLE=2
OPLOT, X, BESELK(X, 1), LINESTYLE=2
OPLOT, X, BESELK(X, 2), LINESTYLE=2

; Annotate plot:

xcoor ds [.18, .45, .95, 1.4, 1.8, 2.4]

ycoor ds [2.1, 2.1, 2.1, 1.8, 1.6, 1.4]

labels = ['"!18KIXIDO","!8KIXIDL',"!8KIXI D2',"181!X DO,
g xipl, 18l Xipe' ]

XYQUTS, xcoords, ycoords, |abels, /DATA
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This results in the following plot:

| ond K Bessel Functions

I T

Figure 4: | and K Bessel Functions.

For an example calculating the accuracy of the Bessel function, see “Example 2” for
the BESEL Jroutine.

Version History

Introduced: 5.4
DOUBLE and ITER keywords: 5.6

See Also

BESELI, BESELJ, BESELY
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BESELY

The BESELY function returnsthe Y Bessel function of order N for the argument X.
The BESELY function is adapted from “ SPECFUN - A Portable FORTRAN Package
of Special Functions and Test Drivers’, W. J. Cody, Algorithm 715, ACM
Transactions on Mathematical Software, Vol 19, No. 1, March 1993.

Syntax
Result = BESELY (X, N[, /DOUBLE] [, ITER=variable))
Return Value

If both arguments are scalars, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of X and N, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the smallest input array.

If Xis double-precision, the result is double-precision, otherwise the result is single-
precision.

Note
If the function does not converge for an element of X, the corresponding element of
the Result array will be set to the | EEE floating-point value NaN.

Arguments

X

A scalar or array specifying the values for which the Bessel function is required.
Values for X must be in the range 0 to 108.

N

A scalar or array specifying the order of the Bessel function to calculate. Vauesfor N
should be greater than or equal to 0, and can be either integers or real numbers.
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Keywords

DOUBLE

Set thiskeyword equal to one to return adouble-precision result, or to zero to return a
single-precision result. The computationswill always be done using double precision.
The default isto return asingle-precision result if both inputs are single precision,
and to return a double-precision result in al other cases.

ITER

Set this keyword equal to anamed variable that will contain the number of iterations
performed. If the routine converged, the stored value will be equal to the order N. If X
or N are arrays, ITER will contain a scalar representing the maximum number of
iterations.

Note
If the routine did not converge for an element of X, the corresponding element of the
Result array will be set to the |EEE floating-point value NaN, and ITER will
contain the largest order that would have converged for that X value.

Examples

The following example plotsthe Jand Y Bessel functions for orders 0, 1, and 2:
X = FI NDGEN( 100)/ 10

;Plot J and Y Bessel Functions:
PLOT, X, BESELJ(X, 0), TITLE = 'J and Y Bessel Functions'

OPLOT, X, BESELJ(X, 1)
OPLOT, X, BESELJ(X, 2)
OPLOT, X, BESELY(X, 0), LINESTYLE=2
OPLOT, X, BESELY(X, 1), LINESTYLE=2
OPLOT, X, BESELY(X, 2), LINESTYLE=2

; Annotate plot:

xcoor ds [1, 1.66, 3, .7, 1.7, 2.65]

ycoor ds [.8, .62,.52, -.42, -.42, -.42]

labels = ['!18J!XID0O","!18J!IXIDL',"18JIXID2',"'18Y!'X DO,
gyl Xipl, 18y XiD2' ]

XYQUTS, xcoords, ycoords, |abels, /DATA
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This results in the following plot:

J and ¥ Bessel Funclions
1.0 — T T T 1

Figure 5: The J and Y Bessel Functions.

For an example calculating the accuracy of the Bessel function, see “Example 2” for
the BESEL Jroutine.

Version History

Introduced: Original
DOUBLE and ITER keywords: 5.6

See Also

BESELI, BESELJ, BESELK
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BETA

The BETA function returns the value of the beta function B(Z, W). Thisroutineis
written in the IDL language. Its source code can befound inthefilebet a. pr o inthe
|'i b subdirectory of the IDL distribution.

Syntax

Result = BETA( Z, W[, /DOUBLE] )

Return Value

If both arguments are scalar, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of Z and W, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the input array.

If both of the arguments are double-precision or if the DOUBLE keyword is set, the
result is double-precision, otherwise the result is single-precision.

Arguments

Z;

w

The point at which the beta function isto be evaluated. Z and W can be scalar or array.
Z or W may be complex.

Keywords

DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.

Thread Pool Keywords

BETA

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
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by CPU for asingleinvocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for detalils.

Examples

To evaluate the beta function at the point (1.0, 1.1) and print the result:
PRI NT, BETA(1.0, 1.1)
IDL prints:
0. 909091
The exact solution is:
((1.00 * .95135077) / (1.10 * .95135077)) = 0.909091.

Version History

Introduced: 4.0.1

Z and W arguments accept complex input: 5.6
See Also

GAMMA, IBETA, IGAMMA, LNGAMMA
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BILINEAR

The BILINEAR function uses a bilinear interpolation algorithm to compute the value
of adata array at each of a set of subscript values.

Thisroutineiswritten in the IDL language. Its source code can be found in thefile
bi li near. prointheli b subdirectory of the IDL distribution.

Syntax
Result = BILINEAR(P, 1X, JY)

Return Value

This function returns a two-dimensional interpolated array of the same type as the
input array.

Arguments

P
A two-dimensional data array.
IX and JY

Arrays containing the X and Y “virtual subscripts’ of P for which to interpolate
values. | X and JY can be either of the following:

¢ One-dimensional, n-element floating-point arrays of subscriptsto look upinP.
One-dimensional arrays will be converted to two-dimensional arraysin such a
way that | X contains n identical rows and JY contains nidentical columns.

e Two-dimensional, n-element floating-point arrays that uniquely specify the X
subscripts (the | X array) and the Y subscripts (the JY array) of the pointsto be
computed from the input array P.

In either case, | X must satisfy the expressions
0<=MIN(IX) <NO and 0 < MAX(IX) <=NO

where NO is the total number of columnsin the array P. JY must satisfy the
expressions

0 <= MIN@JY) < MO and 0 < MAX(JY) <= MO
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where MO is the total number of rowsin the array P.

It is better to use two-dimensional arraysfor | X and JY because the algorithm is
somewhat faster. If | X and JY are specified as one-dimensional, the returned two-
dimensional arrays| X and JY can be re-used on subsequent calls to take advantage of
the faster 2D algorithm.

Keywords
None.
Examples

Create a 3 x 3 floating point array P:
P = FI NDGEN( 3, 3)

Suppose we wish to find the value of a point half way between the first and second
elements of the first row of P. Create the subscript arrays| X and JY:

IX =0.5 ;Define the X subscript.

JY = 0.0 ;Define the Y subscript.

Z = BILINEAR(P, IX, JY) ;lInterpolate.

PRINT, Z ;Print the value at the point I X JY within P.

IDL prints:
0. 500000

Suppose we wish to find the values of a2 x 2 array of pointsin P. Create the subscript
arrays| Xand JY:

IX=1[[0.5 1.9], [1.1, 2.2]] ;Define the X subscripts.
JY = [[0.1, 0.9], [1.2, 1.8]] ;Define the Y subscripts.
Z = BILINEAR(P, IX, JY) ;Interpolate.
PRINT, Z ;Print the array of val ues.

IDL prints:

0. 800000 4.60000
4.70000 7.40000

Version History

Introduced: Original
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See Also

INTERPOL, INTERPOLATE, KRIG2D
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BIN_DATE

The BIN_DATE function converts a standard form ASCII date/time string to a binary
string.

Thisroutineiswritten in the IDL language. Its source code can be found in thefile
bi n_date. prointhel i b subdirectory of the IDL distribution.

Syntax
Result = BIN_DATE(Ascii_Time)

Return Value

The function returns a six-element integer array where:
e Element Oistheyear (e.g., 1994)
e Element 1 isthe month (1-12)
¢ Element 2isthe day (1-31)
¢ Element 3isthe hour (0-23)
¢ Element 4 is minutes (0-59)

e Element 5is seconds (0-59)
Arguments
Ascii_Time

A string containing the date/time to convert in standard ASCII format. If this
argument is omitted, the current date/time is used. Standard form is a 24 character
string:

DOW MON DD HH: MM SS YYYY

where DOW isthe day of the week, MON is the month, DD is the day of month,
HH:MM:SSis thetimein hours, minutes, second, and YYYY isthe year.

Keywords

None.

IDL Reference Guide BIN_DATE



154

Version History
Introduced: Pre4.0
See Also

CALDAT, JULDAY, SYSTIME
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BINARY_TEMPLATE

The BINARY_TEMPLATE function presents agraphical user interface which allows
the user to interactively generate atemplate structure for use with READ_BINARY.

The graphical user interface allows the user to define one or more fields in the binary
file. Thefile may be big, little, or native byte ordering.

Individual fields can be edited by the user to define the dimensionality and type of
data to be read. Where necessary, fields can be defined in terms of other previously
defined fields using IDL expressions. Fields can also be designated as “ Verify”.
When afileisread using atemplate with “Verify” fields, those fieldswill be checked
against a user defined value supplied via the template.

Note
Greater than (“>") and less than (“<") symbols can appear in the “New Field” and
the “Modify Field” dialogs where the offset value is displayed. The presence of
either symbol indicates that the supplied offset value is “relative” from the end of
the previous field or from the initial position in the file. Greater than means offset
forward. Less than means offset backward. “>0" and “<0” are synonymous and
mean “offset zero bytes’. You can delete these special symbols (thereby indicating
that their corresponding offset value is not “relative”) by typing over them in the
“New Field” or “Modify Field” dialogs.

Syntax

Result = BINARY_TEMPLATE ( [Filename] [, CANCEL =variable]
[, GROUP=widget_id] [, N_ROWS=rows] [, TEMPLATE=variable] )

Return Value
This function returns an anonymous structure that contains the template. If the user
cancels out of the graphical user interface and no initial template was supplied, it
returns zero.

Arguments

Filename

A scalar string containing the name of a binary file which may be used to test the
template. Asthe user interacts with the BINARY_TEMPLATE graphical user

IDL Reference Guide BINARY_TEMPLATE



156

interface, the user’s input will be tested for correctness against the binary datain the
file. If filename is not specified, adialog allows the user to choose thefile.

Keywords

CANCEL

Set this keyword to a named variable that will contain the byte value 1 if the user
clicked the “ Cancel” button, or O otherwise.

GROUP

Thewidget ID of an existing widget that serves as “group leader” for the
BINARY_TEMPLATE interface. When a group leader iskilled, for any reason, al
widgetsin the group are also destroyed.

N_ROWS

Set this keyword to the number of rows to be visiblein the BINARY_TEMPLATE's
table of fields.

Note
The N_ROWS keyword is analogous to the WIDGET_TABLE and the

Y_SCROLL_SIZE keywords.

TEMPLATE

Set this keyword to structure variable containing an initial template (usualy from a
previouscall to BINARY _TEMPLATE). Thistemplate structurewill be used tofill in
theinitial fieldsin the new BINARY_TEMPLATE. If TEMPLATE is specified and
the user cancels out of the dialog, the specified template will be returned as the

Result.
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The BINARY_TEMPLATE Interface

When the BINARY _TEMPLATE function isinvoked, the following dialog is
displayed:

&ll|Binary Template [ %]
Template name:l File's byte: ordering: INative 'l

Fields:

Offset | # Dims Return

Mew Field... | Modify Field... | Femove Field

&I Cancel |

Figure 3-5: Binary Template

The Template Name s optional, and can be any string.

The byte order in the file is selected using the using the File's byte ordering: pull-
down menu. The choices are:

¢ Native— Thetype of storage method that is native to the machine you are
currently running. Little Endian for Intel microprocessor-based machines and
Big Endian for Motorola microprocessor-based machines. No byte swapping
will be performed.

e Little Endian — A method of storing numbers so that the least significant
byte appearsfirst in the number. For example, given the hexadecimal number
A02B, thelittle endian method specifies the number to be stored as 2BAO.
Specify thisif the original file was created on a machine that uses an Intel
Mi Croprocessor.

e Big Endian — A method of storing numbers so that the most significant byte
appearsfirst in the number. For example, given the hexadecimal number
A02B, the big endian method specifies the number to be stored as A02B.
Specify thisif the origina file was created on a machine that uses a Motorola
Mi Croprocessor.
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Fields are read in the order in which they are listed in the main dialog for
BINARY_TEMPLATE, with offsets being added to the current file position pointer
before each field isread. If afield has already been defined, clicking in the Return
column will toggle the value of the field between Yes and No. Fields that are not
marked for return can be used for calculations by other fieldsin the template. At least
one field must be marked Yes for return in order for the BINARY_TEMPLATE
function to return atemplate. Click New Field... to enter the description of a new
template field. The New Field dialog appears.

il New Field
Field rame: |
Type: | Byte [unsigned B-bits] = Mumber of dimensions; | 0 [scalar]
Offset: [0 bytes: Tat Gize l— [ Flms
e 2nd Size: I Feverse
Srd: Size: I Feverse
emplate e Gize
When a fle is 1ead, this fild should be: B Se
[¥ Retuined in the result Bt Gize
7t Gie
I~ Verified as being equal to:
Bt Gize
The: Verify lield can contain a number of an SPIESSIon  Each dimension ean be an integer or an expr
invalving fields defined earlier in the template. irvalving fields defined earlier in the template.
0K | Cancel

Figure 3-6: Binary Template - New Field

The Field Name can be any string.

The Type of each Template-specified field is selected from a droplist that offers the
following IDL types: byte, integer, long, float, double, complex, dcomplex, uint,
ulong, long64 and ulong64. Strings are read as an array of bytes for later conversion
to type STRING.

Offsets can be specified using integer values, field names, or any valid IDL
expression.

* Anabsolute integer offset specifies afixed location (in bytes) from the
beginning of the file (or the initial file position for an externally opened file).

* A rdativeinteger offset specifies a position relative to the current file position
pointer after the previousfield (if any) isread. Relative offsets are shown in the
BINARY_TEMPLATE user interface with a preceding > or < character, to
indicate a positive (>) or negative (<) byte offset.
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e Expressions can include the names of fields that will be read before the current
field — that is, the field number of the referenced field must be lower than the
field number of the field being defined.

The Verify field can contain an integer, field name, or any valid IDL expression. Only
scalar fields can be verified. READ_BINARY reports an error if averification fails.

The Number of Dimensions of afield can be set viaadroplist of values O (scalar) to
8 (which is the maximum number of dimensionsthat an IDL variable can have.) The
size of each dimension can be an integer, field name, or any valid IDL expression.
Any of the first three dimensions of array data can also be specified to be reversed in
order.

Note
If BINARY_TEMPLATE iscalled by aprogram that is running in the IDL Virtua
Machine, the Offsets, Verify, and Size fields can contain integers or field names,
but not an IDL expression.

Click OK to create the new field definition, and repeat to define al necessary fields.

The BINARY _TEMPLATE function returns a structure variable containing the
template. The template variable can be saved and used as the value of the
TEMPLATE keyword to the READ_BINARY function:

tenpl ate = Bl NARY_TEMPLATE(fi | e. dat)
Result = READ BINARY('file.dat', TEMPLATE=tenpl ate)

wherefile.dat isabinary datafile to be read. The template variable can also be reused
as the value of the TEMPLATE keyword to BINARY _TEMPLATE.

Version History
Introduced: 5.3
See Also

READ_BINARY, ASCII_TEMPLATE
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BINDGEN

The BINDGEN function creates a byte array with the specified dimensions. Each
element of the array is set to the value of its one-dimensional subscript.

Syntax
Result = BINDGEN(D, [, ...,.Dg])
Return Value
This function returns a byte array with the specified dimensions.
Arguments
D

Either an array or a series of scalar expressions specifying the dimensions of the
result. If asingle argument is specified, it can be either a scalar expression or an array
of up to eight elements. If multiple arguments are specified, they must al be scalar
expressions. Up to eight dimensions can be specified. If the dimension arguments or
array elements are not integer values, IDL will convert them to integer values before
creating the new array.

Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by 'CPU for asingle invocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.

Examples

To create a four-element by four-element byte array, and store the result in the
variable A, enter:
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A = Bl NDGEN( 4, 4)

Each element in A holds the value of its one-dimensional subscript. That is, if you
enter the command:

PRINT, A
IDL printsthe result:

0 1 2 3
4 5 6 7
8 9 10 11
12 13 14 15

Version History
Introduced: Original
See Also

CINDGEN, DCINDGEN, DINDGEN, FINDGEN, INDGEN, LINDGEN,
SINDGEN, UINDGEN, UL64INDGEN, ULINDGEN
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BINOMIAL

The BINOMIAL function computes the probability that in a cumulative binomial
(Bernoulli) distribution, a random variable X is greater than or equal to a user-
specified value V, given N independent performances and a probability of occurrence
or success P in a single performance:
N
Probability(X>V) = Z

x=V

N!
X (N —x)!

P*1-p)yN Y

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
bi nomi al . prointhel i b subdirectory of the IDL distribution.

Syntax
Result = BINOMIAL(V, N, P [, /DOUBLE] [, /GAUSSIAN] )

Return Value

This function returns a single- or double-precision floating point scalar or array that
contains the value of the probability.

Arguments

Vv

A non-negative integer specifying the minimum number of times the event occursin
N independent performances.

N
A non-negative integer specifying the number of performances.

P

A non-negative single- or double-precision floating-point scalar or array, in the
interval [0.0, 1.0], that specifies the probability of occurrence or success of asingle
independent performance.
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Keywords

DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.

GAUSSIAN

Set this keyword to use the Gaussian approximation, by using the normalized variable
Z=(V—-NP)/SQRT(NP(1 —P)).

Note
The Gaussian approximation is useful when N islarge and neither P nor (1-P) is
close to zero, where the binomial summation may overflow. If GAUSSIAN is not
explicitly set, and the binomial summation overflows, then BINOMIAL will
automatically switch to using the Gaussian approximation.

Examples

Compute the probability of obtaining at least two 6sin rolling adie four times. The
result should be 0.131944.

result = BINOMAL(2, 4, 1.0/6.0)

Compute the probability of obtaining exactly two 6sinrolling adie four times. The
result should be 0.115741.

result = BINOMAL(2, 4, 1./6.) - BINOMAL(3, 4, 1./6.)

Compute the probability of obtaining three or fewer 6sin rolling adiefour times. The
result should be 0.999228.

result = BINOMAL(O, 4, 1./6.) - BINOMAL(4, 4, 1./6.)
Version History

Introduced: Pre 4.0
See Also

CHISQR_PDF, F_PDF, GAUSS PDF, T_PDF
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BLAS_AXPY

The BLAS AXPY procedure updates an existing array by adding a multiple of
another array. It can aso be used to update one or more one-dimensional subvectors
of an array according to the following vector operation:

Y =aX+Y

where aisascale factor and X isan input vector.
BLAS_AXPY can be faster and use less memory than the usual IDL array notation
(e.g. Y=Y+A* X) for updating existing arrays.

Note
BLAS AXPY is much faster when operating on entire arrays and rows, than when
used on columns or higher dimensions.

Syntax
BLAS AXPY, Y, A, X[, D1, Locl [, D2, Range]]
Arguments
Y

The array to be updated. Y can be of any numeric type. BLAS AXPY does not
change the size and type of Y.

A

The scaling factor to be multiplied with X. A may be any scalar or one-element array
that IDL can convert to the type of X. BLAS_AXPY does not change A.

X

The array to be scaled and added to array Y, or the vector to be scaled and added to
subvectors of Y.

D1

An optional parameter indicating which dimension of Y isto be updated.
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Locl

A variable with the same number of elements as the number of dimensions of Y. The
Locl and D1 arguments together determine which one-dimensional subvector (or
subvectors, if D1 and Range are provided) of Y isto be updated.

D2

An optional parameter, indicating in which dimension of Y a group of one-
dimensional subvectors are to be updated. D2 should be different from D1.

Range

A variable containing D2 indicesindicating where to put one-dimensional updates of
Y.

Keywords
None.

Examples

The following examples show how to usethe BLAS AXPY procedure to add a
multiple of an array, add a constant, and a group of subvectors.

seed = 5L
Create amultidimensional array:
A = FINDGEN(4, 5, 2)

Print A:
PRI NT, A
IDL prints:
0. 000000 1. 00000 2. 00000 3. 00000
4. 00000 5. 00000 6. 00000 7. 00000
8. 00000 9. 00000 10. 0000 11. 0000
12. 0000 13. 0000 14. 0000 15. 0000
16. 0000 17. 0000 18. 0000 19. 0000
20. 0000 21. 0000 22.0000 23. 0000
24. 0000 25. 0000 26. 0000 27.0000
28. 0000 29. 0000 30. 0000 31. 0000
32. 0000 33. 0000 34. 0000 35. 0000
36. 0000 37. 0000 38. 0000 39. 0000
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Create arandom update:
B = RANDOMJ(seed, 4, 5, 2)

Print B
PRINT, B
IDL prints:
0.172861 0. 680409 0.917078 0. 917510
0. 766779 0. 648501 0. 334211 0. 505953
0. 652182 0.158174 0.912751 0. 257593
0.810990 0. 267308 0.188872 0. 237323
0.312265 0. 551604 0. 944883 0. 673464
0. 613302 0. 0874299 0. 782052 0. 374534
0. 0799968 0. 581460 0. 433864 0. 459824
0. 634644 0. 182057 0. 832474 0. 235194
0. 432587 0. 453664 0. 738821 0. 355747
0.933211 0. 388659 0. 269595 0. 796325
Add amultipleof Bto A (i.e.,, A=A + 45*B):
BLAS _AXPY, A 4.5, B
Print A:
PRI NT, A
IDL prints:
0.777872 4.06184 6. 12685 7.12880
7.45051 7.91825 7.50395 9.27679
10. 9348 9.71178 14. 1074 12. 1592
15. 6495 14. 2029 14. 8499 16. 0680
17. 4052 19. 4822 22.2520 22.0306
22. 7599 21.3934 25.5192 24. 6854
24. 3600 27.6166 27.9524 29. 0692
30. 8559 29. 8193 33. 7461 32.0584
33. 9466 35. 0415 37.3247 36. 6009
40. 1994 38. 7490 39. 2132 42.5835

Add a constant to a subvector of A (i.e. A[*, 3, 1] = A[*, 3, 1] + 4.3):
BLAS AXPY, A, 1., REPLICATE(4.3, 4), 1, [0, 3, 1]
Print A:
PRINT, A
IDL prints:
0.777872 4.06184 6. 12685 7.12880
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7.45051
10. 9348
15. 6495
17. 4052

22.7599
24. 3600
30. 8559
38. 2466
40. 1994

Create a vector update:
C = FI NDGEN(5)
Print C:
PRINT, C
IDL prints:
0. 000000

BLAS_AXPY, A 1.,
Print A:

PRINT, A
IDL prints:

0.777872
7.45051
10. 9348
15. 6495
17. 4052

22. 7599
24.3600
30. 8559

38. 2466
40. 1994

Version History
Introduced: 5.1
See Also

REPLICATE_INPLACE
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7.91825
9.71178

14.
19

21.
27
29
39
38

2029
4822

3934
6166
8193
3415
7490

1. 00000

C 2,

4.06184
8. 91825

11.
17
23.

21.
28
31.
42
42

7118
2029
4822

3934
6166
8193
3415
7490

7.50395

14.
14.
22.

25.
27.
33.
41.
39.

1074
8499
2520

5192
9524
7461
6247
2132

2. 00000

[1, 0, O],

3, LI NDGEN(2)

6. 12685
7.50395

14.
14.
22.

25.
27.
33.
41.
39.

1074
8499
2520

5192
9524
7461
6247
2132

9. 27679

12.
16.
22.

24.
29.
32.
40.
42.

1592
0680
0306

6854
0692
0584
9009
5835

3. 00000
Add C to agroup of subvectorsof A (i.e. FORi=0,1DOAJ[1, *,i] =A[L,*,i] + C):

7.12880
9. 27679

12.
16.
22.

24.
29.
32.
40.
42.

1592
0680
0306

6854
0692
0584
9009
5835
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BLK_CON

The BLK_CON function computes a “fast convolution” of adigital signal and an
impul se-response sequence. It returns the filtered signal.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
bl k_con. prointhel i b subdirectory of the IDL distribution.

Syntax

Result = BLK_CON( Filter, Signal [, B_LENGTH=scalar] [, /DOUBLE] )

Return Value

This function returns a vector with the same length as Sgnal. If either of the input
arguments are double-precision or the DOUBLE keyword is set, the result is double-
precision, otherwise the result is single-precision.

Arguments

Filter

A P-dlement floating-point vector containing the impul se-response sequence of the
digital filter.

Signal
An n-element floating-point vector containing the discrete signal samples.

Keywords

B_LENGTH

A scalar specifying the block length of the subdivided signal segments. If this
parameter is not specified, a near-optimal value is chosen by the algorithm based
upon the length P of the impul se-response sequence. If P isavaluelessthan 11 or
greater than 377, then B_LENGTH must be specified.

B_LENGTH must be greater than the filter length, P, and |ess than the number of
signal samples.
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DOUBLE

Set this keyword to force the computation to be done using double-precision
arithmetic.

Examples

; Create a filter of length P = 32:

filter = REPLI CATE(1. 0, 32) ;Set all points to 1.0
filter(2*I NDGEN(16)) = 0.5 ; Set even points to 0.5
; Create a sanpled signal with random noi se:

signal = SI N((FI NDGEN(1000)/ 35.0)"2.5)

noi se = ( RANDOMJ( SEED, 1000) - . 5) / 2.

signal = signal + noise

; Convolve the filter and signal using block convol ution:
result = BLK_CON(filter, signal)

Version History
Introduced:; Pre 4.0
See Also

CONVOL
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BOX_CURSOR

The BOX_CURSOR procedure emul ates the operation of a variable-sized box cursor
(also known as a“marquee” selector).

Warning
BOX_CURSOR does not function properly when used within a draw widget. See
the BUTTON_EVENTS and MOTION_EVENTS keywords in WIDGET_DRAW.

This routine iswritten in the IDL language. Its source code can be found in thefile
box_cursor. prointhel i b subdirectory of the IDL distribution.

Using BOX_ CURSOR

Once the box cursor has been realized, hold down the left mouse button to move the
box by dragging. Hold down the middle mouse button to resize the box by dragging.
(The corner nearest the initial mouse position is moved.) Press the right mouse button
to exit the procedure and return the current box parameters.

On machines with only two mouse buttons, hold down the left and right buttons
simultaneously to resize the box.

Syntax
BOX_CURSOR, [ X0, YO, NX, NY[, /INIT] [, /FIXED_SIZE]] [, IMESSAGE]
Arguments

X0, YO

Named variables that will contain the coordinates of the lower |eft corner of the box
Cursor.

NX, NY

Named variables that will contain the width and height of the cursor, in pixels.
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Keywords

INIT

If this keyword is set, the arguments X0, YO, NX, and NY contain the initial position
and size of the box.

FIXED_SIZE

If this keyword is set, NX and NY contain theinitial size of the box. This size may not
be changed by the user.

MESSAGE

If this keyword is set, IDL prints a message describing operation of the cursor.
Version History

Introduced: Pre 4.0
See Also

Routines; CURSOR

Keywordsto “IDL Graphics Devices’ on page 3781: CURSOR_CROSSHAIR,
CURSOR_IMAGE, CURSOR_STANDARD, CURSOR_XY
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BREAK

The BREAK statement provides a convenient way to immediately exit from aloop
(FOR, WHILE, REPEAT), CASE, or SWITCH statement without resorting to GOTO
Statements.

Note
BREAK isan IDL statement. For information on using statements, see Chapter 12,
“Program Control” in the Building IDL Applications manual.

Syntax
BREAK
Examples
This example exits the enclosing WHILE loop when the value of i hits 5.
Il =0
WH LE (1) DO BEG N
i =i +1
IF (i eq 5) THEN BREAK
ENDWHI LE
Version History

Introduced: 5.4
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BREAKPOINT

The BREAKPOINT procedure allows you to insert and remove breakpointsin
programs for debugging. A breakpoint causes program execution to stop after the
designated statement is executed. Breakpoints are specified using the source file
name and line number. For multiple-line statements (statements containing “$”, the
continuation character), specify the line number of the last line of the statement.

You can insert breakpointsin programs without editing the source file. Enter the
following:

HELP, /BREAKPO NT

to display the breakpoint table which gives the index, module and source file
locations of each breakpoint.

Syntax

BREAKPOINT [, File], Index [, AFTER=integer] [, /CLEAR]
[, CONDITION="expression’] [, /DISABLE] [, /ENABLE] [, /ON_RECOMPILE]
[, /ONCE] [, /SET]

Arguments
File

An optional string argument that contains the name of the sourcefile. Note that if File
is not in the current directory, the full path name must be specified even if Fileisin
one of the directories specified by |PATH.

Index

The line number at which to clear or set a breakpoint.
Keywords
AFTER

Set this keyword equal to an integer n. Execution will stop only after the nth time the
breakpoint is hit. For example:

BREAKPO NT, /SET, 'test.pro', 8, AFTER=3
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sets a breakpoint at the eighth line of thefilet est . pr o, but only stops execution
after the breakpoint has been encountered three times.

CLEAR

Set this keyword to remove a breakpoint. The breakpoint to be removed is specified
either by index, or by the source file and line number. Use command HELP,
/ BREAKPQO NT to display the indices of existing breakpoints. For example:

Cl ear breakpoint with an index of 3:
BREAKPO NT, /CLEAR, 3

Cl ear the breakpoint corresponding to the statenent in the file

; test.pro, |line nunber 8:
BREAKPO NT, /CLEAR, 'test.pro',8
CONDITION

Set this keyword to a string containing an IDL expression. When a breakpoint is
encountered, the expression is evaluated. If the expression istrue (if it returns a non-
zero value), program execution isinterrupted. The expression is evaluated in the
context of the program containing the breakpoint. For example:

BREAKPO NT, 'nyfile.pro', 6, CONDITION="i gt 2
If i isgreater than 2 at line 6 of myfi | e. pr o, the program is interrupted.

DISABLE

Set this keyword to disable the specified breakpoint, if it exists. The breakpoint can
be specified using the breakpoint index or file and line number:

Di sabl e breakpoint with an index of 3:
BREAKPO NT, /DI SABLE, 3

; Disabl e the breakpoint corresponding to the statenent in the file

; test.pro, |line nunber 8:
BREAKPO NT, /DI SABLE, 'test.pro',8
ENABLE

Set this keyword to enable the specified breakpoint if it exists. The breakpoint can be
specified using the breakpoint index or file and line number:

Enabl e breakpoint with an index of 3:
BREAKPO NT, /ENABLE, 3

Enabl e the breakpoint corresponding to the statenent in the file
; test.pro, |line nunber 8:
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BREAKPO NT, /ENABLE, 'test.pro',8
ON_RECOMPILE

Set this keyword to specify that the breakpoint will not take effect until the next time
the file containing it is compiled.

ONCE

Set this keyword to make the breakpoint temporary. If ONCE is set, the breakpoint is
cleared as soon asit is hit. For example:

BREAKPOI NT, /SET, 'file.pro', 12, AFTER=3, /ONCE

sets abreakpoint at line 12 of fi | e. pr o. Execution stopswhen line 12 is
encountered the third time, and the breakpoint is automatically cleared.

SET

Set this keyword to set a breakpoint at the designated sourcefileline. If this keyword
is set, the first input parameter, File must be a string expression that contains the
name of the source file. The second input parameter must be an integer that
represents the source line number.

For example, to set a breakpoint at line 23 in the sourcefile xyz. pr o, enter:
BREAKPOI NT, /SET, 'xyz.pro', 23

Version History

Introduced: Pre 4.0
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BROYDEN

The BROY DEN function solves a system of n nonlinear equations (wheren>2) inn
dimensions using a globally-convergent Broyden’'s method.

BROY DEN is based on the routine br oydn described in section 9.7 of Numerical
Recipesin C: The Art of Scientific Computing (Second Edition), published by
Cambridge University Press, and is used by permission.

Syntax

Result = BROY DEN( X, Vecfunc [, CHECK=variable] [, /DOUBLE] [, EPS=value]
[, ITMAX=valug] [, STEPMAX=valug] [, TOLF=valug] [, TOLMIN=value]
[, TOLX=valug] )

Return Value

This function returns an n-element vector containing the solution.

Arguments
X

An n-element vector (where n > 2) containing an initial guess at the solution of the
system.

Vecfunc

A scalar string specifying the name of a user-supplied IDL function that defines the

system of non-linear equations. This function must accept a vector argument X and
return a vector result.

For example, suppose we wish to solve the following system:
3x—-cos(yz)—1/2

x?—81(y +0.1)2+ sin(z) + 1.06| = ¢
ey + 207 + 10“3‘ 3

To represent this system, we define an IDL function named BROY FUNC:
FUNCTI ON br oyfunc, X
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RETURN, [3.0 * X[0] - COS(X[1]*X[2]) - 0.5, $

X[0]72 - 81.0%(X[1] + 0.1)"2 + SIN(X[2]) + 1.06,$

EXP(-X[0]*X[1]) + 20.0 * X[2] + (10.0*!Pl - 3.0)/3.0]
END

Keywords
CHECK

BROYDEN calsaninternal function named f i n() to determine whether the
routine has converged to alocal rather than a global minimum (see Numerical
Recipes, section 9.7). Use the CHECK keyword to specify a named variable which
will be set to 1 if the routine has converged to alocal minimum or to O if not. If the
routine does converge to alocal minimum, try restarting from a different initial guess
to obtain the global minimum.

DOUBLE
Set this keyword to force the computation to be done in double-precision arithmetic.
EPS

Set this keyword to a number close to machine accuracy, used to remove noise from
each iteration. The default is 107 for single precision, and 10"1* for double precision.

ITMAX

Use this keyword to specify the maximum alowed number of iterations. The default
is 200.

STEPMAX

Use this keyword to specify the scaled maximum step length allowed in line searches.
The default value is 100.0.

TOLF
Set the convergence criterion on the function values. The default valueis 1.0 x 1074,
TOLMIN

Set the criterion for deciding whether spurious convergence to a minimum of the
function f mi n() hasoccurred. The default value is 1.0 x 10°6.
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TOLX

Set the convergence criterion on X. The default valueis 1.0 x 107
Examples

We can use BROY DEN to solve the non-linear system of equations defined by the
BROY FUNC function above:

;Provide an initial guess as the algorithnis starting point:
X=1[-1.0, 1.0, 2.0]

; Comput e the sol ution:
result = BROYDEN( X, ' BROYFUNC )

;Print the result:
PRI NT, result

IDL prints:
0.500000 -1.10731e-07 -0.523599
The exact solution (to eight-decimal accuracy) is[0.5, 0.0, -0.52359877].

Version History
Introduced: 4.0
See Also

FX_ROQT, FZ_ROQOTS, NEWTON
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BYTARR

The BY TARR function creates a byte vector or array.
Syntax
Result = BY TARR( D[, ..., Dg] [, /INOZERQ] )
Return Value
This function returns a byte vector or array.
Arguments
D
Either an array or a series of scalar expressions specifying the dimensions of the
result. If asingle argument is specified, it can be either a scalar expression or an array
of up to eight elements. If multiple arguments are specified, they must al be scalar
expressions. Up to eight dimensions can be specified.

Keywords

NOZERO

Normally, BY TARR sets every element of the result to zero. If the NOZERO
keyword is set, this zeroing is not performed (array elements contain random values)
and BY TARR executes faster.

Examples

To create B asa 3 by 3 by 5 byte array where each element is set to zero, enter:
B = BYTARR(3, 3, 5)

Version History

Introduced: Original

IDL Reference Guide BYTARR



180

See Also

COMPLEXARR, DBLARR, FLTARR, INTARR, LON64ARR, LONARR,
MAKE_ARRAY, STRARR, UINTARR, ULONG64ARR, ULONARR

BYTARR IDL Reference Guide



181

BYTE

The BY TE function returns aresult equal to Expression converted to byte type. If
Expression is a string, each string is converted to a byte vector of the same length as
the string. Each element of the vector is the character code of the corresponding
character in the string. The BY TE function can also be used to extract data from
Expression and placeit in a byte scalar or array without modification, if more than
one parameter is present. See “ Type Conversion Functions’ on page 56 for details.

Syntax

Result = BY TE( Expression[, Offset [, D[, ..., Dgl]]] )
Return Value

This function returns the result of the Expression converted to byte type.
Arguments

Expression

The expression to be converted to type byte.
Offset

The byte offset from the beginning of Expression. Specifying this argument allows
fields of data extracted from Expression to be treated as byte data without conversion.

D
When extracting fields of data, the D; arguments specify the dimensions of the result.
If no dimension arguments are given, the result is taken to be scalar.

The D; arguments can be either an array or a series of scalar expressions. If asingle
argument is specified, it can be either a scalar expression or an array of up to eight
elements. If multiple arguments are specified, they must all be scalar expressions. Up
to eight dimensions can be specified.
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Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingleinvocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Example

If the variable A contains the floating-point value 10.0, it can be converted to byte
type and saved in the variable B by entering:

B = BYTE(A)
Version History

Introduced: Origina
See Also

COMPLEX, DCOMPLEX, DOUBLE, FIX, FLOAT, LONG, LONG64, STRING,
UINT, ULONG, ULONG64

BYTE IDL Reference Guide



183

BYTEORDER

The BY TEORDER procedure converts integers between host and network byte
ordering or floating-point values between the native format and XDR (IEEE) format.
This routine can also be used to swap the order of bytes within both short and long
integers. If the type of byte swapping is not specified via one of the keywords below,
bytes within short integers are swapped (even and odd bytes are interchanged).

The size of the parameter, in bytes, must be evenly divisible by two for short integer
swaps, and by four for long integer swaps. BY TEORDER operates on both scalars
and arrays. The parameter must be a variable, not an expression or constant, and may
not contain strings. The contents of Variable are overwritten by the result.

Network byte ordering is“big endian”. That is, multiple byte integers are stored in
memory beginning with the most significant byte.

Syntax

BYTEORDER, Variable, ..., Variable, [, [IDTOVAX] [, /IDTOXDR] [, /FTOVAX]
[, /IFTOXDR] [, /HTONL] [, /HTONS] [, /L64SWAP] [, /ILSWAP] [, /NTOHL]

[, INTOHS] [, /SSWAP] [, /SWAP_IF_BIG_ENDIAN]

[, /SWAP_IF_LITTLE_ENDIAN] [, /VAXTOD] [, VAXTOF] [, /XDRTOD]

[, /XDRTOD]

Arguments

Variable,

A named variable (not an expression or constant) that contains the datato be
converted. The contents of Variable are overwritten by the new values.

Keywords
DTOVAX

Set this keyword to convert native (IEEE) double-precision floating-point format to
VAX D float format. See“Note on Accessing Datain VAX Floating Point Format” on
page 186.
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DTOXDR

Set this keyword to convert native double-precision floating-point format to XDR
(IEEE) format.

FTOVAX

Set this keyword to convert native (IEEE) single-precision floating-point format to
VAX Ffloat format. See “Note on Accessing Datain VAX Floating Point Format” on
page 186.

FTOXDR

Set this keyword to convert native single-precision floating-point format to XDR
(IEEE) format.

HTONL

Set this keyword to perform host to network conversion, longwords.
HTONS

Set this keyword to perform host to network conversion, short integers.
L64SWAP

Set this keyword to perform a 64-bit swap (8 bytes). Swap the order of the bytes
within each 64-bit word. For example, the eight bytes within a 64-bit word are
ChanQEd from (Bo, Bl’ Bz, B3 B4, B5, B6, B7), to (B7, Be, Bs, B4’ B3, Bz, Bl’ Bo)

LSWAP

Set this keyword to perform a 32-bit longword swap. Swap the order of the bytes
within each longword. For example, the four bytes within alongword are changed
from (Bo, Bl’ Bz, Bg), to (Bg, Bz, Bl’ Bo)

NTOHL
Set this keyword to perform network to host conversion, longwords.

NTOHS

Set this keyword to perform network to host conversion, short integers.
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SSWAP

Set this keyword to perform a short word swap. Swap the bytes within short integers.
The even and odd numbered bytes are interchanged. This is the default action, if no
other keyword is set.

SWAP_IF_BIG_ENDIAN

If this keyword is set, the BY TEORDER request will only be performed if the
platform running IDL uses“big endian” byte ordering. On little endian machines, the
BY TEORDER request quietly returns without doing anything. Note that this
keyword does not refer to the byte ordering of the input data, but to the computer
hardware.

SWAP_IF_LITTLE_ENDIAN

If this keyword is set, the BY TEORDER request will only be performed if the
platform running IDL uses “little endian” byte ordering. On big endian machines, the
BYTEORDER request quietly returns without doing anything. Note that this
keyword does not refer to the byte ordering of the input data, but to the computer
hardware.

VAXTOD

Set this keyword to convert VAX D float format to native (IEEE) double-precision
floating-point format. See “Note on Accessing Datain VAX Floating Point Format”
on page 186.

VAXTOF

Set this keyword to convert VAX F float format to native (IEEE) single-precision
floating-point format. See “Note on Accessing Datain VAX Floating Point Format”
on page 186.

XDRTOD

Set this keyword to convert XDR (IEEE) format to native double-precision floating-
point.

XDRTOF

Set this keyword to convert XDR (IEEE) format to native single-precision floating-
point.
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Thread Pool Keywords

This routine is written to make use of IDL's thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the |CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL _NOTHREAD to override the defaults established
by !CPU for asingleinvocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.

Obsolete Keywords

The following keywords are obsol ete:
e DTOGFLOAT
+ GFLOATTOD
For information on obsolete keywords, See Appendix I, “Obsolete Features’.

Note on Accessing Data in VAX Floating Point
Format

When converting between VAX and | EEE formats, you should be aware of the
following basic numerical issuesin order to get the best results. Translation of
floating-point values from IDL's native | EEE format to the VAX format and back
(that is, VAX to IEEE to VAX) isnot acompletely reversible operation, and should be
avoided when possible. There are many cases where the recovered values will differ
from the original values, including:

«  TheVAX floating-point format lacks support for the | EEE special values (NaN
and Infinity). Hence, their special meaning is lost when they are converted to
VAX format and cannot be recovered.

« ThelEEE and VAX floating formats haveintrinsic differencesin precision and
range, which can cause information to be lost in both directions. When
converting from one format to ancther, IDL rounds the value to the nearest
representable value in the target format.

As apractical matter, an initial conversion of existing VAX format datato |EEE
cannot be avoided if the datais to be used on modern machines. However, each
format conversion can add a small amount of error to the resulting values, soitis
important to minimize the number of such conversions. RSI recommends using
IEEE/VAX conversions only to read existing VAX format data, and strongly
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recommends that all new files be created using the native |EEE format. This

introduces only a single unavoidable conversion, and minimizes the resulting
conversion efror.

Version History
Introduced: Pre 4.0
See Also

SWAP_ENDIAN
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BYTSCL

The BY TSCL function scales all values of Array that liein the range (Min < x < Max)
into the range (0 < x < Top). For floating-point input, each value is scaled using the
formula (Top + 0.9999)* x/(Max - Min). For integer input, each value is scaled using
the formula ((Top + 1)*x - 1)/(Max - Min).

Syntax
Result = BYTSCL( Array [, MAX=value] [, MIN=value] [, /NAN] [, TOP=value] )

Return Value

The returned result has the same structure as the original parameter and is of byte
type.

Arguments

Array

The array to be scaled and converted to bytes.
Keywords
MAX

Set this keyword to the maximum value of Array to be considered. If MAX is not
provided, Array is searched for its maximum value. All values greater or equal to
MAX are set equal to TOP in the result.

Note
The data type of the value specified for MAX should match the data type of the
input array. Since MAX is converted to the data type of the input array, specifying
mismatched data types may produce undesired results.

MIN

Set this keyword to the minimum value of Array to be considered. If MIN is not
provided, Array is searched for its minimum value. All values less than or equal to
MIN are set equal to O in the result.
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Note
The datatype of the value specified for MIN should match the datatype of theinput
array. Since MIN is converted to the data type of the input array, specifying
mismatched data types may produce undesired results.

NAN

Set this keyword to cause the routine to check for occurrences of the |EEE floating-
point value NaN in theinput data. Elements with the value NaN are treated as missing
data. (See“ Special Floating-Point Values’ on page 434 for more information on

| EEE floating-point values.)

TOP

Set this keyword to the maximum value of the scaled result. If TOP is not specified,
255 is used. Note that the minimum value of the scaled result is always 0.

Thread Pool Keywords

This routine is written to make use of IDL's thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the | CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by CPU for asingleinvocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.

Examples

BYTSCL is often used to scale images into the appropriate range for 8-bit displays.
As an example, enter the following commands:

; Create a sinple inmage array:
I M = DI ST(200)

; Display the array as an i nmge:
TV, IM

; Scale the image into the full range of bytes (0 to 255) and
; re-display it:
IM= BYTSCL(IM

; Display the new i mage:
TV, IM
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Version History
Introduced: Original
See Also

BYTE, TVSCL

BYTSCL
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The C_CORRELATE function computes the cross correlation Pxy(L) or cross
covariance Rxy(L) of two sample populations X and Y as afunction of thelag L

Py(L) =

IDL Reference Guide
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N-|L| -1

1 7 j—

N Z (Xk+|L|_X)(yk—Y) ForL <0
k=0

ny('—):

N-L-1

1 AV —

N (X =X)(Yg+—y) ForL >0

k=0

where x and y are the means of the sample populations x = (Xg, Xq, Xo, ... , Xy.1) and y
= (Yo Y1 Y2, - » YN-1), FESpectively.

Thisroutineiswritten in the IDL language. Its source code can be found in thefile
c_correl ate. prointheli b subdirectory of the IDL distribution.

Syntax
Result = C_CORRELATE( X, Y, Lag [, /COVARIANCE] [, /DOUBLE] )

Return Value

Returns the cross correlation Pxy(L) or cross covariance Rxy(L) of two sample
populations X and Y as afunction of thelag L.

Arguments

X

An n-element integer, single-, or double-precision floating-point vector.

Y

An n-element integer, single-, or double-precision floating-point vector.
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Lag

A scalar or n-element integer vector in the interval [-(n-2), (n-2)], specifying the
signed distances between indexed elements of X.

Keywords

COVARIANCE

Set this keyword to compute the sample cross covariance rather than the sample cross
correlation.

DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.

Examples

Define two n-el ement sanpl e popul ati ons:
X =1[3.73, 3.67, 3.77, 3.83, 4.67, 5.87, 6.70, 6.97, 6.40, 5.57]
Y =1[2.31, 2.76, 3.02, 3.13, 3.72, 3.88, 3.97, 4.39, 4.34, 3.95]

Conpute the cross correlation of X and Y for LAG= -5, 0, 1, 5,
6, 7:

lag = [-5, 0, 1, 5, 6, 7]

result = C CORRELATE(X, Y, |ag)

PRI NT, result

IDL prints:
-0.428246 0.914755 0.674547 -0.405140 -0.403100 -0.339685

Version History
Introduced: 4.0

See Also

A_CORRELATE, CORRELATE, M_CORRELATE, P_CORRELATE,
R_CORRELATE
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CALDAT

The CALDAT procedure computes the month, day, year, hour, minute, or second
corresponding to agiven Julian date. The inverse of this procedure is JULDAY.

Note
The Julian calendar, established by Julius Caesar in the year 45 BCE, was corrected
by Pope Gregory XI1I in 1582, excising ten days from the calendar. The CALDAT
procedure reflects the adjustment for dates after October 4, 1582. See the example
below for anillustration.

Thisroutine iswritten in the IDL language. Its source code can be found in the file
cal dat . prointheli b subdirectory of the IDL distribution.

Syntax
CALDAT, Julian, Month [, Day [, Year [, Hour [, Minute [, Second]]]]]
Arguments

Julian

A numeric value or array that specifies the Julian Day Number (which begins at
noon) to be converted to a calendar date.

Note
Julian values must be in the range -1095 to 1827933925, which corresponds to
calendar dates 1 Jan 4716 B.C.E. and 31 Dec 5000000, respectively.

Note
Julian Day Numbers should be maintained as double-precision floating-point data
when the numbers are used to determine hours, minutes, and seconds.

Month

A named variable that, on output, contains alongword integer or longword integer
array representing the number of the desired month (1 = January, ..., 12 = December).
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Day

A named variable that, on output, contains alongword integer or longword integer
array representing the number of the day of the month (1-31).

Year

A named variable that, on output, contains alongword integer or longword integer
array representing the number of the desired year (e.g., 1994).

Hour

A named variable that, on output, contains alongword integer or longword integer
array representing the number of the hour of the day (0-23).

Minute

A named variable that, on output, contains alongword integer or longword integer
array representing the number of the minute of the hour (0-59).

Second

A named variable that, on output, contains a double-precision floating-point value or
a double-precision floating-point array representing the number of the second of the
minute (0-59).

Keywords
None.
Examples

In 1582, Pope Gregory XI11 adjusted the Julian calendar to correct for its inaccuracy
of dightly more than 11 minutes per year. As aresult, the day following October 4,
1582 was October 15, 1582. CALDAT follows this convention, as illustrated by the
following commands:

CALDAT, 2299160, Monthl, Dayl, Yearl

CALDAT, 2299161, Month2, Day2, Year?2

PRI NT, Monthl, Dayl, Yearl
PRI NT, Month2, Day2, Year2
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IDL prints:

10 4 1582
10 15 1582

Warning
You should be aware of this discrepancy between the original and revised Julian
calendar reckoningsif you calculate dates before October 15, 1582.

Be sure to distinguish between Month and Minute when assigning variable names.
For example, the following code would cause the Month value to be the same as the
Minute value:

; Find date corresponding to Julian day 2529161. 36:
CALDAT, 2529161.36, M D, Y, H M S
PRINT, M D, Y, H M S

IDL prints:
0 4 222 18 0  0.00000000

Moreover, Julian Day Numbers should be maintained as double-precision floating-
point data when the numbers are used to determine hours, minutes, and seconds.

So, instead of the previous call to CALDAT, use something like:

CALDAT, 2529161. 36D, Mnth, Day, Year, Hour, M nute, Second
PRI NT, Month, Day, Year, Hour, Mnute, Second

IDL prints:
7 4 20 20 38 23.999989
You can also use arrays for the Julian argument:

CALDAT, DI NDGEN(4) + 2449587.0D, m d, y
PRINT, m d, y

IDL prints:
8 8 8 8
22 23 24 25
1994 1994 1994 1994

Version History

Introduced: Pre 4.0

See Also

CALDAT

BIN_DATE, JULDAY, SYSTIME
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CALENDAR

The CALENDAR procedure displays a calendar for amonth or an entire year on the
current plotting device. ThisIDL routine imitatesthe UNIX cal command.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
cal endar. prointhel i b subdirectory of the IDL distribution.

Syntax
CALENDAR [[, Month] , Year]
Arguments

Month

The number of the month for which acalendar isdesired (1 is January, 2 is February,
..., 12 is December). If called without arguments, CALENDAR draws a calendar for
the current month.

Year

The number of the year for which a calendar should be drawn. If YEAR is provided
without MONTH, a calendar for the entire year isdrawn. If called without arguments,
CALENDAR draws a calendar for the current month.

Example

; Display a calendar for the year 2038.
CALENDAR, 2038

; Display the calendar for Cctober, 1582.
CALENDAR, 10, 1582

Version History
Introduced: Original
See Also

SYSTIME
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CALL_EXTERNAL

The CALL_EXTERNAL function callsafunction in an externa sharable object and
returns a scalar value. Parameters can be passed by reference (the default) or by
value. See Chapter 9, “CALL_EXTERNAL” in the External Development Guide
manual for examples.

CALL_EXTERNAL is supported under all operating systems supported by IDL,
although there are system specific detail s of which you must be aware. This function
requires no interface routines and is much simpler and easier to use than the
LINKIMAGE procedure. However, CALL_EXTERNAL performs no checking of
the type and number of parameters. Programming errors are likely to cause IDL to
crash or to corrupt your data.

Warning
Input and output actions should be performed within IDL code, using IDL’s built-in
input/output facilities, or by using theinternal IDL_Message() function. Performing
input or output from external code, especialy to the user console or tty (e.g. using
printf () orequivalent functionality in other languages to send text to stdout) may
create errors or generate unexpected results.

CALL_EXTERNAL supportsthe IDL Portable Convention, a portable calling
convention that works on all platforms. This convention passes two arguments to the
called routine, an argument count (ar gc) and an array of arguments (ar gv).

CALL_EXTERNAL aso offers afeature called Auto Glue that can greatly simplify
use of the CALL_EXTERNAL portable convention if you have the appropriate C
compiler installed on your system. Auto glue automatically writes the glue function
required to convert the (argc, argv) arguments to the actual function call, and then
compiles and loads the glue function transparently. If you want IDL to simply write
the glue function for you, but not compile it, the WRITE WRAPPER keyword can
be used.

Theresult of the CALL_EXTERNAL function is a scalar value returned by the
external function. By default, thisisascalar long (32-bit) integer. This default can be
changed by specifying one of the keywords described below that alter the result type.

Syntax

Result = CALL_EXTERNAL (Image, Entry[, P, ..., Py.q] [, /ALL_VALUE]
[,/B_VALUE|,/D_VALUE|,/F_VALUE|,/I VALUE],/L64 VALUE |
,/S VALUE |, /Ul_VALUE|,/UL_VALUE [, /UL64 VALUE] [, /CDECL]
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[, RETURN_TYPE=value] [, /UNLOAD] [, VALUE=byte array]
[, WRITE_WRAPPER=wrapper_file] )

Auto Glue keywords: [, /AUTO_GLUE] [, CC=string]

[, COMPILE_DIRECTORY =string] [, EXTRA_CFLAGS=string]

[, EXTRA_LFLAGS=string] [, /IGNORE_EXISTING_GLUE] [, LD=string]
[, /INOCLEANUR] [, /SHOW_ALL_OUTPUT] [, /VERBOSE]

Return Value

Thisfunction callsafunction in an external sharable object and returns a scalar value.
Arguments

Image

The name of the file, which must be a sharable library (UNIX), or DLL (Windows),
which contains the routine to be called.

Entry

A string containing the name of the symbol in the library which isthe entry point of
the routine to be called.

Po, . PN-l

The parameters to be passed to the external routine. All array and structure arguments
are passed by reference (address). The default isto also pass scalars by reference, but
the ALL_VALUE or VALUE keywords can be used to pass them by value. Care must
be taken to ensure that the type, structure, and passing mechanism of the parameters
passed to the external routine match what it expects. There are some restrictions on
data types that can be passed by value, and the user needs to be aware of how IDL
passes strings. Both issues discussed in further detail below.

Keywords

ALL_VALUE

Set this keyword to indicate that all parameters are passed by value. There are some
restrictions on data types that should be considered when using this keyword, as
discussed below.
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B_VALUE
If set, this keyword indicates that the called function returns a byte value.
CDECL

The Microsoft Windows operating system has two distinct system defined standards
that govern how routines pass arguments: st dcal | , which isused by much of the
operating system as well as languages such as Visual Basic, and cdecl , whichis
used widely for programming in the C language. These standards differ in how and
when arguments are pushed and removed from the system stack. The standard used
by a given function is determined when the function is compiled, and can usually be
controlled by the programmer. If you call afunction using the wrong standard (e.g.
calingastdcal | function asif it werecdecl , or the reverse), you could get
incorrect results, corrupted memory, or you could crash IDL. Unfortunately, thereis
no way for IDL to know which convention a given function uses; this information
must be supplied by the user of CALL_EXTERNAL. If the CDECL keyword is
present, IDL will usethecdecl conventionto call the function. Otherwise, st dcal |
is used.

D_VALUE

If set, this keyword indicates that the called function returns a double-precision
floating value.

F_VALUE

If set, this keyword indicates that the called function returns a single-precision
floating value.

| VALUE

If set, this keyword indicates that the called function returns an integer value.
L64 VALUE

If set, this keyword indicates that the called function returns a 64-bit integer value.
RETURN_TYPE

The type code to set the type of the result. See the description of the SIZE function
for alist of the IDL type codes.
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S_VALUE

If set, this keyword indicates that the called function returns a pointer to a
null-terminated string.

UI_VALUE

If set, this keyword indicates that the called function returns an unsigned integer
value.

UL_VALUE

If set, this keyword indicates that the called function returns an unsigned long integer
value.

UL64_VALUE

If set, this keyword indicates that the called function returns an unsigned 64-bit
integer value.

UNLOAD

Normally, IDL keeps Image loaded in memory after the call to CALL_EXTERNAL
completes. Thisis done for efficiency—Iloading a sharable object can be a slow
operation. Setting the UNLOAD keyword will cause IDL to unload Image after the
call toitiscomplete. Thisisuseful if you are debugging code in Image, asit allows
you to iterate on your code without having to exit IDL between tests. It can aso bea
good ideaif you do not intend to make any subsequent calls to routines within Image.

If IDL isunable to unload the sharable object, it will issue an error to that effect. In
addition to any operating system reported problem that might occur, there are 2
situations in which IDL cannot perform the UNLOAD operation:

e |f the sharable library has been used for any other purpose in addition to
CALL_EXTERNAL (e.g. LINKIMAGE).

VALUE

A byte array, with as many elements as there are optional parameters, indicating the
method of parameter passing. Arrays are always passed by reference. If parameter P,
isascaar, it is passed by reference if VALUE]i] is0; and by valueif it is non-zero.
There are some restrictions on data types that should be considered when using this
keyword, as discussed below.
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WRITE_WRAPPER

If set, WRITE_ WRAPPER supplies the name of afilefor CALL_EXTERNAL to
create containing the C function required to convert the (ar gc, ar gv) interface used
by the CALL_EXTERNAL portable calling convention to the interface of the target
function. If WRITE_WRAPPER is specified, CALL_EXTERNAL writesthe
specified file, but does not attempt to actually call the function specified by Entry.
Theresult from CALL_EXTERNAL isaninteger O in this case, and has no special
meaning. Use of WRITE_WRAPPER implies the PORTABLE keyword.

Note
Thisissimilar to Auto Glue only inthat CALL_EXTERNAL writes afunction on

your behalf. Unlike Auto Glue, WRITE_WRAPPER does not attempt to compile
the resulting function or to use it. You might want to use WRITE_WRAPPER to
generate IDL interfacesfor an external library in cases where you intend to combine
the interfaces with other code or otherwise modify it before using it with IDL.

Auto Glue Keywords

Auto Glue, discussed in the section “Auto Glue” on page 205, offers a simplified way
to usethe CALL_EXTERNAL portable calling convention. The following keywords
control its use. Many of these keywords correspond to the same keywords to the
MAKE_DLL procedure, and are covered in more detail in the documentation for that
routine.

AUTO_GLUE

Set this keyword to enable the CALL_EXTERNAL Auto Glue feature.

CC

If present, atemplate string to be used in generating the C compiler command(s) to
compile the automatically generated glue function. For a more compl ete description
of this keyword, see MAKE_DLL.

COMPILE_DIRECTORY

Specifies the directory to use for creating the necessary intermediate files and the
final glue function sharable library. For amore complete description of this keyword,
see MAKE_DLL.

CALL_EXTERNAL IDL Reference Guide



203

EXTRA_CFLAGS

If present, a string supplying extra options to the command used to execute the C
compiler. For amore complete description of this keyword, see MAKE _DLL.

EXTRA_LFLAGS

If present, a string supplying extra options to the command used to execute the linker.
For a more compl ete description of this keyword, see MAKE_DLL.

IGNORE_EXISTING_GLUE

Normally, if Auto Glue finds a pre-existing glue function, it will use it without
attempting to build it again. Set IGNORE_EXISTING_GLUE to override this
caching behavior and force CALL_EXTERNAL to rebuild the glue function sharable
library.

LD

If present, atemplate string to be used in generating the linker command to build the
glue function sharable library. For a more compl ete description of this keyword, see
MAKE_DLL.

NOCLEANUP

If set, CALL_EXTERNAL will not remove intermediate files generated in order to
build the glue function sharable library after the library has been built. This keyword
can be used to preserve information for debugging in case of error, or for additional
information on how Auto Glue works. For a more complete description of this
keyword, see MAKE_DLL.

SHOW_ALL_OUTPUT

Auto Glue normally produces no output unless an error prevents successful building
of the glue function sharable library. Set SHOW_ALL_OUTPUT to see all output
produced by the process of building the library. For a more complete description of
this keyword, see MAKE_DLL.

VERBOSE

If set, VERBOSE causes CALL_EXTERNAL to issue informational messages as it
carries out the task of locating, building, and executing the glue function. For amore
complete description of this keyword, see MAKE _DLL.
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Obsolete Keywords

The following keywords are obsol ete:

DEFAULT
PORTABLE
VAX_FLOAT

For information on obsol ete keywords, See Appendix |, “Obsol ete Features’.

String Parameters

IDL represents strings internally as IDL_STRING descriptors, which are defined in
the C language as:

typedef struct {

unsi gned short slen;
unsi gned short stype;
char *s;

} IDL_STRING

To pass a string by reference, IDL passes the address of its IDL_STRING descriptor.
To pass a string by value the string pointer (the s field of the descriptor) is passed.
Programmers should be aware of the following when manipulating IDL strings:

Called code should treat the information in the passed IDL_STRING
descriptor and the string itself as read-only, and should not modify these
values.

Thessl en field contains the length of the string without including the NULL
termination that is required at the end of all C strings.

The st ype field isused internally by IDL to know keep track of how the
memory for the string was obtained, and should be ignored by
CALL_EXTERNAL users.

s isthe pointer to the actual C string represented by the descriptor. If the string
isNULL, IDL representsit asaNULL (0) pointer, not as apointer to an empty
null terminated string. Hence, called code that expects a string pointer should
check for aNULL pointer before dereferencing it.

These issues are examined in greater detail in the IDL External Development Guide.

CALL_EXTERNAL
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Calling Convention

CALL_EXTERNAL usesthe IDL Portable convention for calling user-supplied
routines. The IDL Portable calling convention can be simplified by using the Auto
Glue extension, described below.

The portable interface convention passes al arguments as elements of an array of C
void pointers (void *). The C language prototype for a user function called this way
looks like one of the following:

RET_TYPE xxx(int argc, void *argv[])

Where RET_TY PE is one of the following: UCHAR, short, | DL_UI NT, | DL_LONG,
| DL_ULONG, | DL_LONG54, | DL_ULONGB4, f | oat , doubl e, or char *. Thereturn
type used must agree with the type assumed by CALL_EXTERNAL as specified via
the keywords described above.

Ar gc isthe number of arguments, and the vector ar gv contains the arguments
themselves, one argument per element. Arguments passed by reference map directly
tothese (voi d *) pointers, and can be cast to the proper type and then dereferenced
directly by the called function. Passing arguments by value is allowed, but since the
valuesare passedin (voi d *) pointers, there are some limitations and restrictions on
what is possible;

* Typesthat are larger than a pointer cannot be passed by value, and
CALL_EXTERNAL will issue an error if thisis attempted. This limitation
applies only to the standard portable calling convention. Auto Glue does not
have this limitation, and is able to pass such variables by value.

* Integer values can be easily passed by value. IDL widens any of the integer
typesto the Cint type and they are then converted to a (void *) pointer using a
C cast operation.

« Thereisno C language-defined conversion between pointers and floating point
types, so IDL copies the datafor the value directly into the pointer element.
Although such values can be retrieved by the called routine with the correct C
casting operations, thisisinconvenient and error prone. It is best to pass non-
integer data by reference.

Auto Glue

Auto Glueisan extension to the IDL Portable Calling Convention that makesit easier
to use.
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The portable calling convention requires your function to use the IDL defined (ar gc,
ar gv) interface for passing arguments. However, functions not explicitly written for
use with CALL_EXTERNAL may not have thisinterface. A common solution using
the portable convention is for the IDL user to write a glue function that serves as an
interface between IDL and the called function. The entire purpose of this glue
function, which is usualy very simple, isto convert the IDL (argc, argv) method of
passing parameters to aform acceptable to the called function. Writing this wrapper
function is easy for programmers who understand the C language, the system C
compiler and linker, and how sharable librarieswork on their target operating system.
However, it is also tedious and error prone, and can be difficult for users that do not
already have these skills.

Auto Glue usesthe MAKE_DLL procedure to automate the process of using glue
codeto call functionsviathe CALL_EXTERNAL portable calling convention. Since
it depends so closely on MAKE _DLL, an understanding of how MAKE_DLL works
is necessary to fully understand Auto Glue. Aswith MAKE_DLL, Auto Glue
requires that your system have a suitable C compiler installed. Please refer to the
documentation for MAKE_DLL.

Auto Glue maintains a cache of previoudly built glue functions, and will reuse them
on subsequent requests, even between IDL sessions. Glue function libraries can be
recognized by their name, which starts with the prefix i dl _ce, and ends with the
proper suffix for a sharable library on the target system (most UNIX: . so, AlX: . a,
HP-UX: . sl , Windows:. . dl | ). CALL_EXTERNAL finds a suitable glue function
by performing the following stepsin order, stopping after the first one that works:

1. Look for ace_gl ue subdirectory within the IDL distribution bi n
subdirectory for the current platform. (For example, on a Windows system the
subdirectory would be located in <I DL_DEFAULT>\ bi n\ bi n. x86.) If this
directory exists, it looks there for a sharable library containing the appropriate
glue function.

Note
For customer security reasons, the ce_gl ue subdirectory does not exist in the IDL
distribution as shipped by RSI, and IDL does not use it to create glue functions.
However, if an individual site creates this directory and places glue library files
withinit, IDL will use them. Multiple IDL sessions on a given system can al share
these same glue files, even when run by different users on a multi-user system. If
you keep your IDL distribution on a network based file server shared by multiple
clients, and if you provide a sufficient selection of gluefiles, it is possible that your
users will not require alocally installed C compiler to use Auto Glue.
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If you do create the ce_gl ue subdirectory on a multi-user system, we
recommend that you make it along with al files contained within belong to the
owner of the IDL distribution, and apply file protections that prevent non-
privileged users from creating filesin the directory or modifying them.

2. Look in the directory given by the COMPILE_DIRECTORY keyword, or if
COMPILE_DIRECTORY isnot present, in the directory given by the
IMAKE_DLL.COMPILE_DIRECTORY system variable for the appropriate
glue function.

3. If thisstep isreached, thereis no pre-existing glue function available.
CALL_EXTERNAL will create one in the same directory searched in the
previous step by generating a C language file containing the needed glue
function, and then compiling and linking it into a sharable library using the
functionality of the MAKE_DLL procedure.

e |DL loadsthe sharable library containing the glue function found in the
previous step, aswell asthe library you specified with the Image argument.

¢ CALL_EXTERNAL callsthe gluefunction, causing your function to be called
with the correct parameters.

Thefirst time CALL_EXTERNAL encounters the need for a glue function that does
not already exist, it will automatically build it, and then use it without any external
indication that this has happened. You may notice a brief hesitationin IDL’s
execution as it waits for this process to occur. Once a glue function exists, IDL can
load it immediately on subsequent calls (even in unrelated later IDL sessions), and no
delay will occur.

Example: Using Auto Glue To Call System Library Routines
Under Sun Solaris, thereis afunction in the system math library called hypot() that
computes the length of the hypotenuse of aright-angled triangle:

sqrt(x*x + y*y)
This function has the C prototype:
doubl e hypot (doubl e x, doubl e y)
Thefollowing IDL function uses Auto Glue to call thisroutine:

FUNCTI ON HYPOT, X, Y
Use the 32-bit or the 64-bit math library?
LI BM=(! VERSI ON. MEMORY_BI TS EQ 64) $
? "Jusr/libl/sparcv9/libmso’ : '/usr/lib/libmso’
RETURN, CALL_EXTERNAL(LIBM 'hypot’, double(x), double(y), $
/ ALL_VALUE, /D _VALUE, /AUTO GLUE)
END
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Important Changes Since IDL 5.0

The current version of CALL_EXTERNAL differsfrom IDL versions up to and
including IDL 5.0 in afew ways that are important to users moving code to the
current version:

Exampl

Under Windows, CALL_EXTERNAL would pass IDL strings by value no
matter how the ALL_VALUE or VALUE keywords were set. This was
inconsistent with all the other platforms and created unnecessary confusion.
IDL now uses these keywords to decide how to pass strings on all platforms.
Windows users with existing code that expects strings to be passed by value
without having specified it via one of these keywords will need to adjust their
use of CALL_EXTERNAL or their code.

Older versions of IDL would quietly pass by value arguments that are larger
than a pointer without issuing an error when using the portable calling
convention. Although this might work on some hardware, it is error prone and
can cause IDL to crash. IDL now issues an error in this case. Programmers
with existing code moving to a current version of IDL should change their
code to pass such data by reference.

es

See Chapter 9, “CALL_EXTERNAL” in the External Development Guide manual.

Version

Introd

History

uced: Pre4.0

See Also

LINK

CALL_EXTERNAL

IMAGE
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CALL_FUNCTION

CALL_FUNCTION function callsthe IDL function specified by the string Name,
passing any additional parameters as its arguments.

Although not as flexible as the EXECUTE function, CALL_FUNCTION is much
faster. Therefore, CALL_FUNCTION should be used in preference to EXECUTE

whenever possible.

Syntax

Result = CALL_FUNCTION(Name[, Py, ..., P])

Return Value

The result of the called function (specified by the string Name) is passed back as the
result of this routine.

Arguments

Name

A string containing the name of the function to be called. This argument can be a
variable, which alows the called function to be determined at runtime.

P

The arguments to be passed to the function given by Name. These arguments are the
positional and keyword arguments documented for the called function, and are passed
to the called function exactly asif it had been called directly.

Keywords
None.

Examples

The following command indirectly callsthe IDL function SQRT (the square root
function) with an argument of 4 and stores the result in the variable R:

R = CALL_FUNCTI ON(' SQRT', 4)
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Version History
Introduced: Pre4.0
See Also

CALL_PROCEDURE, CALL_METHOD, EXECUTE
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CALL_METHOD

The CALL_METHOD function or procedure calls the object method specified by
Name, passing any additional parameters as its arguments.

Note
CALL_METHOD can also be used as a function or a procedure.

Although not as flexible as the EXECUTE function, CALL_METHOD is much
faster. Therefore, CALL_METHOD should be used in preference to EXECUTE
whenever possible.

Syntax

Result = CALL_METHOD(Name, ObjRef, [, Py, .., P])

or
CALL_METHOD, Name, ObjRef, [, Py, ..., P,

Return Value

Returns the results generated by the named function method when applicable.
Arguments

Name

A string containing the name of the method to be called. This argument can be a
variable, which alows the called method to be determined at runtime.

ObjRef
A scalar object reference that will be passed to the method as the Self argument.
P;

The arguments to be passed to the method given by Name. These arguments are the
positional and keyword arguments documented for the called method, and are passed
to the called method exactly asif it had been called directly.
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Keywords
None.
Version History
Introduced: 5.1
See Also

CALL_FUNCTION, CALL_PROCEDURE, EXECUTE
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CALL_PROCEDURE

CALL_PROCEDURE calls the procedure specified by Name, passing any additional
parameters as its arguments.

Although not as flexible as the EXECUTE function, CALL_PROCEDURE is much
faster. Therefore, CALL_PROCEDURE should be used in preference to EXECUTE

whenever possible.

Syntax

CALL_PROCEDURE, Name[, Py, ..., P,]
Arguments

Name

A string containing the name of the procedure do be called. This argument can be a
variable, which allows the called procedure to be determined at runtime.

P

The arguments to be passed to the procedure given by Name. These arguments are the
positional and keyword arguments documented for the called procedure, and are
passed to the called procedure exactly asif it had been called directly.

Example

The following example shows how to call the PLOT procedure indirectly with a
number of arguments. First, create a dataset for plotting by entering:

B = FI NDGEN( 100)
Call PLOT indirectly to create a polar plot by entering:

CALL_PROCEDURE, 'PLOT', B, B, /POLAR

A “spiral” plot should appear.
Version History

Introduced: Pre 4.0
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See Also

CALL_FUNCTION, CALL_METHOD, EXECUTE
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CASE

The CASE statement selects one, and only one, statement for execution, depending
on the value of an expression. This expression is called the case selector expression.
Each statement that is part of a CASE statement is preceded by an expression that is
compared to the value of the selector expression. CASE executes by comparing the
CASE expression with each selector expression in the order written. If amatch is
found, the statement is executed and control resumes directly below the CASE
Statement.

The EL SE clause of the CASE statement is optional. If included, it matches any
selector expression, causing its code to be executed. For this reason, it is usually
written as the last clause in the CASE statement. The EL SE statement is executed
only if none of the preceding statement expressions match. If an EL SE clause is not
included and none of the values match the selector, an error occurs and program
execution stops.

The BREAK statement can be used within CASE statements to force an immediate
exit from the CASE.

In this CASE statement, only one clause is selected, and that clause isthefirst one

whose value is equal to the value of the case selector expression.

Tip
Each clause istested in order, so it ismost efficient to order the most frequently
selected clauses first.

CASE issimilar to the SWITCH statement. For more information on using CASE
and other IDL program control statements, as well as the differences between CASE
and SWITCH, see Chapter 12, “Program Control” in the Building IDL Applications

manual.
Syntax
CASE expression OF

expression: statement
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expression: statement
[ ELSE: statement |

ENDCASE

Examples
Thisexampleillustrates how the CA SE statement, unlike SWITCH, executes only the
one statement that matches the case expression:
X=2

CASE x OF
1: PRINT, 'one'
2: PRINT, 'two'
3: PRINT, 'three'
4: PRINT, 'four'
ENDCASE

IDL Prints:

t wo

Version History

Introduced: Original
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CATCH

The CATCH procedure provides a generalized mechanism for the handling of
exceptions and errorswithin IDL. Calling CATCH establishes an error handler for the
current procedure that intercepts all errors that can be handled by IDL, excluding
non-fatal warnings such as math errors.

When an error occurs, each active procedure, beginning with the offending procedure
and proceeding up the call stack to the main program level, is examined for an error
handler. If an error handler isfound, control resumes at the statement after the call to
CATCH. Theindex of the error isreturned in the argument to CATCH. The
IERROR_STATE system variableis aso set. If no error handlers are found, program
execution stops, an error message isissued, and control revertsto the interactive
mode. A call to ON_IOERROR in the procedure that causes an I/O error supersedes
CATCH, and takes the branch to the |abel defined by ON_IOERROR.

This mechanism is similar, but not identical to, theset j np/ | ongj np facilitiesin C
and thecat ch/ t hr owfacilitiesin C++.

Error handling is discussed in more detail in Chapter 18, “Controlling Errors’ in the
Building IDL Applications manual.

Syntax
CATCH, [Variable] [, /CANCEL]
Arguments

Variable

A named variable in which the error index is returned. When an error handler is
established by acall to CATCH, Variableis set to zero. If an error occurs, Variableis
set to the error index, and control istransferred to the statement after the call to
CATCH. The error index is also returned in the CODE field of the 'ERROR_STATE
system variable, i.e., '"ERROR_STATE.CODE.
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Keywords

CANCEL

Set this keyword to cancel the error handler for the current procedure. This
cancellation does not affect other error handlers that may be established in other
active procedures.

Note
If the CANCEL keyword is set, the Variable argument must not be present.

Examples

CATCH

The following procedure illustrates the use of CATCH:
PRO CATCH_EXAMPLE

; Define variable A
A = FLTARR(10)

; Establish error handler. When errors occur, the index of the
; error is returned in the variable Error_status:
CATCH, Error_status

; This statenent begins the error handler:
IF Error_status NE O THEN BEG N
PRI NT, "Error index: ', Error_status
PRI NT, 'Error nessage: ', ! ERROR _STATE. M5G
Handl e the error by extending A
A=FLTARR(12)
CATCH, / CANCEL
ENDI F

;. Cause an error:
Al 11] =12

; Even though an error occurs in the |line above, program
; execution continues to this point because the event handl er
extended the definition of A so that the statenent can be
. re-executed.
HELP, A
END
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Running the ABC procedure causes DL to produce the following output and control
returns to the interactive prompt:

Error index: -144

Error nessage:

Attenpt to subscript Awith <INT ( 11)> is out of range.
A FLOAT = Array[12]

Version History
Introduced: Pre4.0
See Also

IERROR_STATE, ON_ERROR, ON_IOERROR, Chapter 18, “Controlling Errors’
in the Building IDL Applications manual.
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CD

The CD procedure is used to set and/or change the current working directory. This
routine changes the working directory for the IDL session and any child processes
started from IDL during that session after the directory change is made. Under UNIX,
CD does not affect the working directory of the process that started IDL. The
PUSHD, POPD, and PRINTD procedures provide a convenient interface to CD.

Syntax
CD [, Directory] [, CURRENT=variable]
Arguments

Directory

A scalar string specifying the path of the new working directory. If Directory is
specified as anull string, the working directory is changed to the user’s home
directory (UNIX) or to the directory specified by !DIR (Windows). If thisargument is
not specified, the working directory is not changed.

Keywords
CURRENT

If CURRENT is present, it specifies a named variable into which the current working
directory is stored as a scalar string. The returned directory is the working directory
before the directory is changed. Thus, you can obtain the current working directory
and change it in a single statement:

CD, new dir, CURRENT=old dir

Note

The return value of the CURRENT keyword does not include a directory separator
at the end of the string.

Examples

Windows

To change drives:
cb 'C'
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To specify afull path:
CD, ' C \MData\January'

To change from the C: \ MyDat a directory to the C: \ MyDat a\ January directory:
CD, 'January'

To go back up adirectory, use“..”. For example, if the current directory is
C: \ MyDat a\ January, you could go up to the C: \ MyDat a directory with the
following command:

co,

If the current directory is C: \ MyDat a\ Januar y, you could change to the
C:\ MyDat a\ Febr uar y directory with the following command:

CD, '..\February’

Unix

To specify afull path:
CD, '/home/datal'

To change to thej anuar y subdirectory of the current directory:
CD, 'january'

To go back up adirectory, use“..”. For example, if the current directory is
/ hone/ dat a/ j anuary, you could go up to the/ hone/ dat a/ directory with the
following command:

co,

If the current directory is/ hone/ dat a/ j anuar y, you could change to the
/ hone/ dat a/ f ebr uar y directory with the following command:

CD, '../february'
Version History
Introduced: Pre 4.0
See Also

PUSHD, POPD
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CDF Routines

For information, see Chapter 2, “Common Data Format” in the IDL Scientific Data
Formats manual.
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CEIL

The CEIL function returns the closest integer greater than or equal to its argument.
Syntax
Result = CEIL(X [, /L64] )

Return Value

If the input value X isinteger type, Result has the same value and type as X.
Otherwise, Result is a 32-bit longword integer with the same structure as X.

Arguments
X

The value for which the ceiling function isto be evaluated. This value can be any
numeric type (integer, floating, or complex).

Keywords

L64

If set, the result type is 64-bit integer regardless of the input type. Thisis useful for
situations in which a floating point number contains a value too large to be
represented in a 32-bit integer.

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the |CPU
system variable control whether IDL uses the thread pool for agiven computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL_NOTHREAD to override the defaults established
by !CPU for asingleinvocation of this routine. See Appendix C, “Thread Pool
Keywords’ for details.
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Examples

To print the ceiling function of 5.1, enter:

PRI NT, CEIL(5.1)
IDL prints:
6

To print the ceiling function of 3000000000.1, the result of which istoo large to
represent in a 32-bit integer:

PRI NT, CEI L(3000000000. 1D, /L64)
IDL prints:
3000000001

Version History
Introduced: Pre 4.0
See Also

COMPLEXROUND, FLOOR, ROUND
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CHEBYSHEV

The CHEBY SHEV function returns the forward or reverse Chebyshev polynomial
expansion of a set of data. Note: Results from this function are subject to roundoff
error given discontinuous data.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
chebyshev. prointhel i b subdirectory of the IDL distribution.

Syntax

Result = CHEBY SHEV(D, N)
Return Value

Returns the forward or reverse Chebyshev polynomial expansion of a set of data.
Arguments

D
A vector containing the values at the zeros of Chebyshev polynomial.
N

A flag that, if set to -1, returns a set of Chebyshev polynomials. If set to +1, the
origina datais returned.

Keywords
None.
Version History
Introduced: Original
See Also

FFT, WTN
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CHECK_MATH

The CHECK_MATH function returns and clears the accumulated math error status.
Syntax

Result = CHECK_MATH( [, MASK=hitmask] [, /NOCLEAR] [, /PRINT] )
Return Value

The returned value is the sum of the bit values (described in the following table) of
the accumulated errors. Note that not all machines detect al errors.

Value Condition
0 No errors detected since the last interactive prompt or call to
CHECK_MATH
1 Integer divided by zero
2 Integer overflow

16 Floating-point divided by zero

32 Floating-point underflow

64 Floating-point overflow

128 Floating-point operand error. An illegal operand was
encountered, such as a hegative operand to the SQRT or
ALOG functions, or an attempt to convert to integer a
number whose absolute value is greater than 2311

Table 4: Math Error Status Values

Note that each type of error isonly represented once in the return value—any number
of “Integer divided by zero” errorswill result in areturn value of 1.

The math error statusis cleared (reset to zero) when CHECK_MATH is called, or
when errors are reported. Math errors are reported either never, when the interpreter
returns to an interactive prompt, or after execution of each IDL statement, depending
on the value of the |EXCEPT system variable (see “!EXCEPT” on page 3899). See
“Examples’ below for further discussion.
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Keywords

MASK

If present, the mask of exceptions to check. Otherwise, all exceptions are checked.
Exceptions that are pending but not specified by MASK are not reported, and not
cleared. Set this keyword equal to the sum of the bit values for each exception to be
checked. For alist of the bit values corresponding to various exceptions, see
CHECK_MATH.

NOCLEAR

By default, CHECK _MATH returns the pending exceptions (as specified viathe
MASK keyword) and clears them fromitslist of pending exceptions. If NOCLEAR
is set, the exceptions are not cleared and remain pending.

PRINT

Set this keyword to print an error message to the IDL command log if any
accumulated math errors exist. If this keyword is not present, CHECK_MATH
executes silently.

Examples

To simply check and clear the accumul ated math error status using al the defaults,
enter:

PRI NT, CHECK_MATH()
IDL prints the accumulated math error status code and resets to zero.

CHECK_MATH and 'EXCEPT

Because the accumul ated math error statusis cleared when it is reported, the behavior
and appropriate use of CHECK_MATH depends on the value of the system variable
IEXCEPT.

o If IEXCEPT isset equal to O, math exceptions are not reported automatically,
and thus CHECK _MATH will always return the error status accumul ated since
the last time it was called.

o If IEXCEPT is set equal to 1, math exceptions are reported when IDL returns
to the interactive command prompt. In this case, CHECK_MATH will return
appropriate error codes when used within an IDL procedure, but will always
return zero when called at the IDL prompt.
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o If IEXCEPT isset equal to 2, math exceptions are reported after each IDL
statement. In this case, CHECK_MATH will return appropriate error codes
only when used within an IDL statement, and will always return zero
otherwise.

For example:
:Set val ue of ! EXCEPT to zero.
I EXCEPT=0
;Both of these operations cause errors.
PRINT, 1./0., 1/0
IDL prints:
I nf 1

The special floating-point value Inf is returned for 1./0. Thereis no integer analogue
to the floating-point Inf.

; Check the accunul ated error status.
PRI NT, CHECK_MATH()

IDL prints:
17
CHECK_MATH reports floating-point and integer divide-by-zero errors.
; Set val ue of ! EXCEPT to one.
I EXCEPT=1
;Both of these operations cause errors.
PRINT, 1./0., 1/0
IDL prints:

I nf 1
% Program caused arithnmetic error: Integer divide by 0
% Program caused arithnmetic error: Floating divide by 0

Thistime IDL aso prints error messages.

; Check the accunul ated error status.
PRI NT, CHECK_MATH()

IDL prints:
0
The status was reset.
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However, if we do not allow IDL to return to an interactive prompt before checking
the math error status:

; Set val ue of ! EXCEPT to one.
I EXCEPT=1

;Call to CHECK_MATH happens before returning to the
;1 DL conmmand pronpt.
PRINT, 1./0., 1/0 & PRI NT, CHECK MATH()

IDL prints:

I nf 1
17

In this case, the math error status code (17) is printed, but because the error status has
been cleared by the call to CHECK_MATH, no error messages are printed when IDL
returns to the interactive command prompt. Finally,

;Set val ue of ! EXCEPT to two.
| EXCEPT=2

;Call to CHECK_MATH happens before returning to the
;1 DL command pronpt.
PRINT, 1./0., 1/0 & PRI NT, CHECK MATH()

IDL prints:

I nf 1
% Program caused arithmetic error: Integer divide by O
% Program caused arithnetic error: Floating divide by 0
% Detected at $MAIN$

0

Errors are printed before executing the CHECK _MATH function, so
CHECK_MATH reports no errors. However, if we include the call to
CHECK_MATH in thefirst PRINT command, we see the following:

;Call to CHECK MATH is part of a single IDL statenent.
PRINT, 1./0., 1/0, CHECK_MATH()

IDL prints:
I nf 1 17

IDL Reference Guide CHECK_MATH



230

Printing Error Messages

The following code fragment prints abbreviated names of errors that have occurred:

;Create a string array of error names.
ERRS = ['Divide by 0', 'Underflow, 'Overflow, $
"Il egal Operand']

;CGet math error status.
J = CHECK_MATH()
FOR | =4, 7 DOIF ISHFT(J, -1) AND 1 THEN $

;Check to see if an error occurred and print the correspondi ng
;error nessage.
PRI NT, ERRS(I1-4), ' Cccurred

Testing Critical Code

Example 1

Assume you have a critical section of code that is likely to produce an error. The
following example shows how to check for errors, and if one is detected, how to
repeat the code with different parameters.

Clear error status from previ ous operations, and print error
; messages if an error exists:
JUNK = CHECK_MATH(/ PRI NT)

; Disable automatic printing of subsequent math errors:
! EXCEPT=0

;Critical section goes here.
AGAI N:

; Did an arithmetic error occur? If so, print error nessage and
; request new val ues:

I F CHECK_MATH() NE O THEN BEGQ N

PRI NT, 'Math error occurred in critical section.'

; Get new paraneters from user:
READ, 'Enter new values.',...

Enabl e automatic printing of math errors:
I EXCEPT=2

;And retry:

GOTO, AGAIN
ENDI F
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Example 2

This example demonstrates the use of the MASK keyword to check for a specific
error, and the NOCLEAR keyword to prevent exceptions from being cleared:

PRO EXAMPLE2_CHECKVATH

PRINT, 1./0
PRI NT, CHECK_MATH( MASK=16, / NOCLEAR)
PRI NT, CHECK_MATH( MASK=2, / NOCLEAR)

END
IDL prints:

I nf

16

0

% Program caused arithnmetic error: Floating divide by 0

Version History
Introduced: Original
See Also

FINITE, ISHFT, MACHAR, “!VALUES’ on page 3895, “!EXCEPT” on page 3899,
“Math Errors’ in Chapter 18 of the Building IDL Applications manual.

IDL Reference Guide CHECK_MATH



232

CHISQR CVF

The CHISQR_CVF function computes the cutoff value V in a Chi-square distribution
with Df degrees of freedom such that the probability that a random variable X is
greater than V is equal to a user-supplied probability P.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
chi sqr_cvf. prointheli b subdirectory of the IDL distribution.

Syntax
Result = CHISQR_CVF(P, Df)
Return Value

Returns computes the cutoff value V in a Chi-square distribution with Df degrees of
freedom such that the probability that arandom variable X is greater than V isequal to
a user-supplied probahility P.

Arguments

P

A non-negative single- or double-precision floating-point scalar, in the interval [0.0,
1.0], that specifies the probability of occurrence or success.

Df

A positive integer, single- or double-precision floating-point scalar that specifiesthe
number of degrees of freedom of the Chi-square distribution.

Keywords
None.
Examples
Use the following command to compute the cutoff value in a Chi-square distribution

with three degrees of freedom such that the probability that arandom variable X is
greater than the cutoff valueis 0.100. The result should be 6.25139.

PRI NT, CHI SQR_CVF(0.100, 3)
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IDL prints:
6. 25139

Version History
Introduced: 4.0
See Also

CHISQR_PDF, F_CVF, GAUSS CVF, T_CVF
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CHISQR PDF

The CHISQR_PDF function computes the probability P that, in a Chi-square
distribution with Df degrees of freedom, arandom variable X islessthan or equal to a
user-specified cutoff value V.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
chi sqr_pdf. prointheli b subdirectory of the IDL distribution.

Syntax

Result = CHISQR_PDF(V, Df)

Return Value

If both arguments are scalar, the function returns a scalar. If both arguments are
arrays, the function matches up the corresponding elements of V and Df, returning an
array with the same dimensions as the smallest array. If one argument is a scalar and
the other argument is an array, the function uses the scalar value with each element of
the array, and returns an array with the same dimensions as the input array.

If any of the arguments are double-precision, the result is doubl e-precision, otherwise
the result is single-precision.

Arguments

A scalar or array that specifies the cutoff value(s).

A positive scalar or array that specifies the number of degrees of freedom of the Chi-
square distribution.

Keywords

None.
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Examples

Use the following command to compute the probability that arandom variable X,
from the Chi-sguare distribution with three degrees of freedom, is less than or equal
to 6.25. The result should be 0.899939.

result = CH SQR_PDF(6.25, 3)
PRI NT, result

IDL prints:
0. 899939

Compute the probability that arandom variable X from the Chi-square distribution
with three degrees of freedom, is greater than 6.25. The result should be 0.100061.

PRINT, 1 - chisqgr_pdf(6.25, 3)
IDL prints:
0. 100061

Version History
Introduced: 4.0
See Also

BINOMIAL, CHISQR_CVF, F_PDF, GAUSS_PDF, T_PDF
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CHOLDC

Given a positive-definite symmetric n by n array A, the CHOLDC procedure
constructs its Cholesky decomposition A = LL", where L isalower tri angular array
and LT is the transpose of L.

CHOLDC is based on the routine chol dc described in section 2.9 of Numerical
Recipesin C: The Art of Scientific Computing (Second Edition), published by
Cambridge University Press, and is used by permission.

Note
If you are working with complex inputs, instead use the LA_CHOLDC procedure.

Syntax
CHOLDC, A, P [, /DOUBLE]
Arguments

A

Ann by narray. On input, only the upper triangle of A need be given. On output, L is
returned in the lower triangle of A, except for the diagonal elements, which are
returned in the vector P.

P

An n-element vector containing the diagonal elements of L.
Keywords
DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.
Examples

See “CHOLSOL” on page 238.
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Version History
Introduced: 4.0
See Also

CHOLSOL, LA_CHOLDC
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CHOLSOL

The CHOL SOL function returns an n-element vector containing the solution to the
set of linear equations Ax = b, where A is the positive-definite symmetric array
returned by the CHOLDC procedure.

CHOLSOL isbased on theroutine chol sl described in section 2.9 of Numerical

Recipesin C: The Art of Scientific Computing (Second Edition), published by

Cambridge University Press, and is used by permission.

Note
If you are working with complex inputs, instead use the LA_CHOL SOL procedure.

Syntax
Result = CHOLSOL( A, P, B[, /DOUBLE] )
Return Value

Returns an n-element vector containing the solution to the set of linear equations
Ax = b, where A is the positive-definite symmetric array returned by the CHOLDC.

Arguments
A

An n by n positive-definite symmetric array, as output by CHOLDC. Only the lower
triangle of A isaccessed.

P

The diagonal elements of the Cholesky factor L, as computed by CHOLDC.
B

An n-element vector containing the right-hand side of the equation.

Keywords

DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.
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Examples

To solve a positive-definite symmetric system Ax = b:

;Define the coefficient array:

A=[[ 6.0, 15.0, 55.0], $
[15.0, 55.0, 225.0], $
[65.0, 225.0, 979.0]]

; Define the right-hand side vector B:
B =1[9.5 50.0, 237.0]

; Conput e Chol esky deconposition of A
CHOLDC, A, P

; Conpute and print the solution:
PRI NT, CHOLSOL(A, P, B)

IDL prints:
-0.499998 -1.00000 0.500000
The exact solution vector is[-0.5, -1.0, 0.5].

Version History
Introduced: 4.0
See Also

CHOLDC, CRAMER, GS _ITER, LA_CHOLSOL, LU_COMPLEX, LUSOL,
SVSOL, TRISOL
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CINDGEN

The CINDGEN function returns a complex, single-precision, floating-point array
with the specified dimensions.

Syntax
Result = CINDGEN(Dy], ..., Dg])
Return Value

Returns a complex, single-precision, floating-point array with the specified
dimensions. Each element of the array hasits real part set to the value of its one-
dimensional subscript. The imaginary part is set to zero.

Arguments
Di

Either an array or a series of scalar expressions specifying the dimensions of the
result. If asingle argument is specified, it can be either ascalar expression or an array
of up to eight elements. If multiple arguments are specified, they must al be scalar
expressions. Up to eight dimensions can be specified. If the dimension arguments are
not integer values, IDL will convert them to integer values before creating the new

array.
Keywords

Thread Pool Keywords

This routine is written to make use of IDL’s thread pool, which can increase
execution speed on systems with multiple CPUs. The values stored in the |CPU
system variable control whether IDL uses the thread pool for a given computation. In
addition, you can use the thread pool keywords TPOOL_MAX_ELTS,
TPOOL_MIN_ELTS, and TPOOL _NOTHREAD to override the defaults established
by 'CPU for asingleinvocation of this routine. See Appendix C, “ Thread Pool
Keywords’ for details.
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Examples

To create C, a4-element vector of complex values with the real parts set to the value
of their subscripts, enter:

C = O NDGEN( 4)
Version History
Introduced: Original

See Also

BINDGEN, DCINDGEN, DINDGEN, FINDGEN, INDGEN, LINDGEN,
SINDGEN, UINDGEN, UL64INDGEN, ULINDGEN
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CIR_3PNT

The CIR_3PNT procedure returns the radius and center of acircle, given 3 points on
the circle. Thisis analogous to finding the circumradius and circumcircle of a
triangle; the center of the circumcircle is the point at which the three perpendicular
bisectors of the triangle formed by the points meet.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
cir_3pnt.prointhelib subdirectory of the IDL distribution.

Syntax
CIR_3PNT, X, Y, R, X0, YO
Arguments

X

A three-element vector containing the X-coordinates of the points.
Y

A three-element vector containing the Y-coordinates of the points.
R

A named variable that will contain the radius of the circle. The procedure returns 0.0
if the points are co-linear.

X0

A named variable that will contain the X-coordinate of the center of the circle. The
procedure returns 0.0 if the points are co-linear.

YO

A named variable that will contain the Y-coordinate of the center of the circle. The
procedure returns 0.0 if the points are co-linear.

Keywords

None.
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Examples
X =1[1.0, 2.0, 3.0]
Y =[1.0, 2.0, 1.0]
CIR 3PNT, X, Y, R X0, YO
PRINT, 'The radius is: ', R
PRI NT, 'The center of the circle is at: ', X0, YO

Version History
Introduced:; Pre 4.0
See Also

PNT_LINE, SPH_4PNT
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CLOSE

The CLOSE procedure closes the file units specified as arguments. All open files are
also closed when IDL exits.

Syntax

CLOSE[, Unity, ..., Unit,] [, /ALL] [, EXIT_STATUS=variable] [, /FILE]
[, IFORCE]

Arguments
Unit;
The IDL file unitsto close.
Keywords
ALL

Set this keyword to close al open file units. In addition, any file units that were
allocated via GET_LUN are freed.

EXIT_STATUS

Set this keyword to a named variable that will contain the exit status reported by a
UNIX child process started viathe UNIT keyword to SPAWN. This value is the exit
value reported by the process by calling EXIT, and is analogous to the value returned
by $? under most UNIX shells. If used with any other type of file, O is returned.
EXIT_STATUS s not allowed in conjunction with the ALL or FILE keywords.

FILE

Set this keyword to close all file units from 1 to 99. File units greater than 99, which
are associated with the GET_LUN and FREE_LUN procedures, are not affected.

FORCE

Overrides the IDL file output buffer and forces the file to be closed no matter what
errors accur in the process.

IDL buffersfile output for performance reasons. If it is not possible to properly flush
this data when afile closeis requested, an error is normally issued and thefile
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remains open. An example of thismight be that your disk does not have room to write
the remaining data. This default behavior prevents datafrom being lost. To overrideit
and force the file to be closed no matter what errors occur in the process, specify

FORCE.

Examples

If file units 1 and 3 are open, they can both be closed at the same time by entering the
command:
CLCSE, 1, 3

Version History
Introduced: Original
See Also

OPEN
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CLUST WTS

The CLUST_WTS function computes the weights (the cluster centers) of an m-
column, n-row array, where mis the number of variables and n is the number of
observations or samples.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
clust_wts. prointheli b subdirectory of the IDL distribution.

For more information on cluster analysis, see:

Everitt, Brian S. Cluster Analysis. New York: Halsted Press, 1993. ISBN 0-470-
22043-0

Syntax

Result = CLUST_WTS( Array [, /DOUBLE] [, N_CLUSTERS=value]
[, N_ITERATIONS=integer] [, VARIABLE_WTS=vector] )

Return Value

Returns an m-column, N_CLUSTERS-row array of cluster centers by computing the
weights (the cluster centers) of an m-column, n-row array, where mis the number of
variables and n is the number of observations or samples.

Arguments

Array

An m-column, n-row array of any datatype except string, single- or double-precision
complex.

Keywords
DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.
N _CLUSTERS

Set this keyword equal to the number of cluster centers. The default isto compute n
cluster centers.
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N_ITERATIONS

Set this keyword equal to the number of iterations used when in computing the cluster
centers. The default isto use 20 iterations.

VARIABLE_WTS

Set thiskeyword equal to an m-element vector of floating-point variable weights. The
elements of this vector are used to give greater or lesser importance to each variable
(each column) in determining the cluster centers. The default isto give all variables
equal weighting using avalue of 1.0.

Examples
See “CLUSTER” on page 248.

Version History
Introduced: 5.0

See Also

CLUSTER, “Multivariate Analysis’ in Chapter 22 of the Using IDL manual.
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CLUSTER

The CLUSTER function computes the classification of an m-column, n-row array,
where mis the number of variables and n is the number of observations or samples.
The classification is based upon a cluster analysis of sample-based distances.

Thisroutine iswritten in the IDL language. Its source code can be found in thefile
cluster. prointhelib subdirectory of the IDL distribution.

For more information on cluster analysis, see:

Everitt, Brian S. Cluster Analysis. New York: Halsted Press, 1993. ISBN 0-470-
22043-0

Syntax
Result = CLUSTER( Array, Weights [, /IDOUBLE] [, N_CLUSTERS=valug] )
Return Value

Resultsin a 1-column, n-row array of cluster number assignments that correspond to
each sample.

Arguments

Array

An M-column, N-row array of typefloat or double.
Weights

An array of weights (the cluster centers) computed using the CLUST_WTS function.
The dimensions of this array vary according to keyword val ues.

Keywords
DOUBLE

Set this keyword to force the computation to be done in double-precision arithmetic.
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Set this keyword equal to the number of clusters. The default is based upon the row
dimension of the Weights array.

; Define an array with

Examples
array = $
[[ 1.5, 43.
[24.7, 49.
[30.7, 51.
[ 9.8, 4.
[19.1, 42.
[25.6, 13.
[ 1.4, 58.
[ 7.9, 2.
[22.1, 49.
[ 5.5 53.

ORI ONWOO®ERF

29.
28.
7.
31.
0.
3.
27.
30.
3.
4.

ONOOOONORFPONPE

1.
22.
18.

0.
12.
21.

7.

5.
21.

19

4 variables and 10 observations:

9,
8],
7,
1],
9],
7,
1],
4],
3],
. 311

P BBH PR DD P

; Conpute the cluster weights, using two distinct clusters:
wei ghts = CLUST_WIS(array, N_CLUSTERS=2)

; Compute the classification of each sanpl e:
CLUSTER(array, weights, N_CLUSTERS=2)

resul t

; Print each sanple (each row) of the array and its correspondi ng
cluster assignnent:
0, N _ELEMENTS(result)-1 DO PRINT, $

FOR k =
array[*, k],
IDL prints:

1.5 43.1
24.7 49.8
30.7 51.9

9.8 4.3
19.1 42.2
25.6 13.9

1.4 58.5

7.9 2.1
22.1 49.9

5.5 53.5

resul t(k),
29.1 1.9
28.2 22.8
7.0 18.7
31.1 0.1
0.9 12.9
3.7 21.7
27.6 7.1
30.6 5.4
3.2 21.3
4.8 19.3

Version History

Introduced: 5.0
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See Also

CLUST_WTS, PCOMP, STANDARDIZE, “Multivariate Analysis’ in Chapter 22 of
the Using IDL manual.
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COLOR_CONVERT

The COLOR_CONVERT procedure converts colors to and from the RGB (Red
Green Blue), HLS (Hue Lightness Saturation), and HSV (Hue Saturation Val ue)
color systems. A keyword parameter indicates the type of conversion to be performed
(one of the keywords must be specified). The first three parameters contain the input
color triple(s) which may be scalars or arrays of the same size. The result is returned
in the last three parameters, Og, O4, and O,. RGB values are bytesin the range 0 to
255.

Hue is measured in degrees, from 0 to 360. Saturation, Lightness, and Value are
floating-point numbersin the range 0 to 1. A Hue of O degreesisthe color red. Green
is 120 degrees. Blue is 240 degrees. A reference containing a discussion of the
various color systemsis. Foley and Van Dam, Fundamentals of I nteractive Computer
Graphics, Addison-Wesley Publishing Co., 1982.

Syntax

COLOR_CONVERT, lg, I4, I, Og, Oy, O, {, /HLS RGB |, /[HSV_RGB |,
/RGB_HLS|, /RGB_HSV}

Arguments

lo, 11, 1

Theinput color triple(s). These arguments may be either scalars or arrays of the same
length.

Oo, Ol’ 02

The variables to receive the result. Their structure is copied from the input
parameters.

Keywords
HLS RGB
Set this keyword to convert from HLS to RGB.

HSV_RGB
Set this keyword to convert from HSV to RGB.
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RGB_HLS

Set this keyword to convert from RGB to HLS.
RGB_HSV

Set this keyword to convert from RGB to HSV.

Examples

The command:
COLOR_CONVERT, 255, 255, 0, h, s, v, /RGB_HSV
converts the RGB color triple (255, 255, 0), which isthe color yellow at full intensity

and saturation, to the HSV system. The resulting hue in the variable h is 60.0 degrees.
The saturation and value, sand v, are set to 1.0.

Version History
Introduced: Pre 4.0

See Also

HLS, HSV
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COLOR QUAN

The COLOR_QUAN function quantizes a TrueColor image and returns a pseudo-
color image and palette to display the image on standard pseudo-color displays. The
output image and pal ette can have from 2 to 256 colors.

COLOR_QUAN solvesthe general problem of accurately displaying decomposed,
TrueColor images, that contain a palette of up to 22 colors, on pseudo-color displays
that can only display 256 (or fewer) simultaneous colors.

Using COLOR_QUAN

One of two color quantization methods can be used:

Method 1 is a statistical method that attemptsto find the N colors that most
accurately represent the original color distribution. This algorithm uses a
variation of the Median Cut Algorithm, described in “Color Image
Quantization for Frame Buffer Display”, from Computer Graphics, Volume
16, Number 3 (July, 1982), Page 297. It repeatedly subdivides the color space
into smaller and smaller rectangular boxes, until the requested number of
colors are obtained.

The original colors are then mapped to the nearest output color, and the
original image is resampled to the new palette with optional Floyd-Steinberg
color dithering. The resulting pseudo-color image and palette are usually a
good approximation of the original image.

The number of colorsin the output palette defaults to the number of colors
supported by the currently-selected graphics output device. The number of
colors can aso be specified by the COLOR keyword parameter.

Method 2, selected by setting the keyword parameter CUBE, divides the three-
dimensional color space into equal-volume cubes. Each color axisis divided
into CUBE segments, resulting in CUBE?® volumes. Theori ginal input imageis
sampled to this color space using Floyd-Steinberg dithering, which distributes
the quantization error to adjacent pixels.

The CUBE method has the advantage that the color tables it produces are
independent of the input image, so that multiple quantized images can be
viewed simultaneously. The statistical method usually provides a better-
looking 