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12 Chapter 1: Overview

About this Manual

The External Devel opment Guide describes options for using code not written in the
IDL language alongside IDL itself. It is divided into three parts:

Part I: Techniques That Do Not Use IDL’s Internal API

This section discusses techniques that allow IDL to work together with programs
written in other programming languages, using IDL’s “public” interfaces. Little or no
familiarity with IDL’s internal interfacesisrequired. For many users, the techniques
in this section will solve most problems that require IDL to use — or be used by —
other programs. Topics covered in Part | include:

e Letting IDL programsinteract with UNIX programs via pipes.
* Incorporating COM objects and ActiveX controlsinto IDL programs.

e Giving Microsoft Windows programs access to IDL features viathe
IDLDrawWidget ActiveX contral.

e Incorporating Java objects into IDL programs.
e Using IDL as aRemote Procedure Call server on a UNIX system.

» Cdling routines written in other programming languages from within IDL
using the CALL_EXTERNAL function.

Part Il: IDL’s Internal API

This section describes IDL’s internal implementation in enough detail to alow you to
write an IDL system routine in another compiled programming language (usually C)
and link it with IDL.

Part Ill: Techniques That Use IDL’s Internal API

This section describes the process of combining IDL with code written in another
programming language. Topics covered in Part 111 include:

e Creating a system routine using the interface described in Part |1 and linking
that routineinto IDL at runtime.

e Cdling IDL as asubroutine from another program (“ Callable IDL™).
e Adding user-defined widgets to IDL widget applications.

About this Manual External Development Guide
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Supported Inter-Language Communication
Techniques in IDL

IDL supports a number of different techniques for communicating with the operating
system and programs written in other languages. These methods are described, in
brief, below.

Options are presented in approximate order of increasing complexity. We recommend
that you favor the simpler options at the head of thislist over the more complex ones
that follow if they are capable of solving your problem.

It can be difficult to choose the best option — there is a certain amount of overlap
between their abilities. We highlight the advantages and disadvantages of each
method aswell as make recommendationsto help you decide which approach to take.
By comparing thislist with the requirements of the problem you are trying to solve,
you should be able to quickly determine the best solution.

Translate into IDL

Advantages

All the benefits of using a high level, interpreted, array oriented environment
with high levels of platform independence.

Disadvantages
Not always possible.
Recommendation

Writing in IDL isthe easiest path. If you have existing code in another language that
issimple enough to trandlate to IDL, thisis the best way to go. You should investigate
the other optionsif the existing code is sufficiently complex, has desirable
performance advantages, or is the reference implementation of some standardized
package. Another good reason for considering the techniques described in this book
isif you wish to access IDL ahilities from alarge program written in some other
language.

External Development Guide Supported Inter-Language Communication Techniques in IDL



14 Chapter 1: Overview

SPAWN

The simplest (but most limited) way to access programs external to IDL is to use the
SPAWN procedure. Calling SPAWN spawns a child process that executes a specified
command. The output from SPAWN can be captured in an IDL string variable. Under
UNIX, IDL can communicate with a child process through a bi-directional pipe using
SPAWN. More information about SPAWN can be found in Chapter 2, “Using
SPAWN and UNIX Pipes’ or in the documentation for “ SPAWN” in the IDL
Reference Guide manual.

Advantages
e Simplicity
¢ Allows use of existing standal one programs.

¢ Under UNIX, data can be sent to and returned by the program via a pipe,
making sophisticated inter-program communication possible quickly and
easily.

Disadvantages

¢ Non-UNIX hosts are unable to use the pipe facility to communicate with the
program. Data can only be sent to the command via arguments to SPAWN.

Recommendation

SPAWN isthe easiest form of interprocess communication supported by IDL and
allows accessing operating system commands directly.

Microsoft COM and ActiveX

IDL supportsthe inclusion of COM objects and ActiveX controls within IDL
applications running on Microsoft Windows systems by encapsulating the object or
control inan IDL object. Full accessto the COM abject or ActiveX control’s methods
is available in this manner, allowing you to incorporate features not available in IDL
into IDL programs. For more information, see Chapter 3, “ Overview: COM and
ActiveX in IDL".

IDL also providesthe IDLDrawWidget ActiveX control. The IDLDrawWidget
control is built around IDL for Windows and provides an easy mechanism for
integrating IDL with Microsoft Windows applicationswritten in languages such as C,
C++, Visua Basic, Fortran, Delphi, and others. For more information, see Chapter 6,
“The IDLDrawWidget ActiveX Control”.

Supported Inter-Language Communication Techniques in IDL External Development Guide
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Advantages

e Integrates easily with an important interprocess communication mechanism
under Microsoft Windows.

« May support ahigher level interface than the function call interfaces supported
by the remaining options.

Disadvantages
e Only supported under Microsoft Windows.
Recommendation

Incorporate COM objects or ActiveX controls into your Windows-only 1DL
application if doing so provides functionality you cannot easily duplicatein IDL.

Usethe IDL ActiveX control if you are writing a Windows-only applicationin a
language that supports ActiveX and you wish to use IDL to perform computation or
graphics within a framework established by this other application.

Sun Java

IDL also supports the inclusion of Java objects within IDL applications by
encapsulating the object or control inan IDL object. Full access to the Java object is
available in this manner, allowing you to incorporate features not available in IDL
into IDL programs. For more information, see Chapter 8, “Using Java Objectsin
IDL”.

Advantages

* Integrates easily with al types of Java code.
¢ Caneasily leverage existing Java objectsinto IDL.

Disadvantages

*  Only supported under Microsoft Windows, Linux, Solaris, and Macintosh
platforms supported in IDL.

Recommendation

Incorporate Java objectsinto your IDL application if doing so provides functionality
you cannot easily duplicatein IDL.

External Development Guide Supported Inter-Language Communication Techniques in IDL
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UNIX Remote Procedure Calls (RPCs)

UNIX platforms can use Remote Procedure Calls (RPCs) to facilitate communication
between IDL and other programs. IDL isrun asan RPC server and your own program
isrun asaclient. IDL's RPC functionality is documented in Chapter 10, “Remote
Procedure Calls’.

Advantages

» Code executes in a process other than the one running IDL, possibly on
another machine, providing robustness and protection in a distributed
framework.

e APl issimilar to that employed by Callable IDL, making it reasonable to
switch from one to the other.

e Possibility of overlapped execution on a multi-processor system.

Disadvantages

e Complexity of managing RPC servers.
«  Bandwidth limitations of network for moving large amounts of data.

e Only supported under UNIX.

Recommendation

Use RPC if you are coding in a distributed UNIX-only environment and the amount
of data being moved is reasonable on your network. CALL _EXTERNAL might be
more appropriate for especially simple tasks, or if the external code is not easily
converted into an RPC server, or you lack RPC experience and knowledge.

CALL_EXTERNAL

IDL's CALL_EXTERNAL function loads and calls routines contained in shareable
object libraries. IDL and the called routine share the same memory and data space.
CALL_EXTERNAL ismuch easier to use than either system routines
(LINKIMAGE, DLMs) or Calable IDL and is often the best (and simplest) way to
communicate with other programs. CALL_EXTERNAL is also supported on al IDL
platforms.

Supported Inter-Language Communication Techniques in IDL External Development Guide
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While many of the topicsin this book can enhance your understanding of
CALL_EXTERNAL, specific documentation and examples can be found in Chapter
9, “CALL_EXTERNAL” and the documentation for “CALL_EXTERNAL” inthe
IDL Reference Guide manual.

Advantages

« Allows cdling arbitrary code written in other languages.

¢ Requireslittle or no understanding of IDL internals.
Disadvantages

e Errorsin coding can easily corrupt the IDL program.
¢ Requires understanding of system programming, compiler, and linker.

« Datamust be passed to and from IDL in precisely the correct type and size or
memory corruption and program errors will result.

¢ System and hardware dependent, requiring different binaries for each target
system.

Recommendation

Use CALL_EXTERNAL to call code written for general use in another language
(that is, without knowledge of IDL internals). For safety, you should call your
CALL_EXTERNAL functionswithin special IDL procedures or functions that do
error checking of the inputs and return values. In this way, you can reduce the risks of
corruption and give your callers an appropriate |DL-like interface to the new
functionality. If you use this method to incorporate external codeinto IDL, RS
highly recommends that you also use the MAKE_DLL procedure and the
AUTO_GLUE keyword to CALL_EXTERNAL.

If you lack knowledge of IDL internals, CALL_EXTERNAL isthe best way to add
external code quickly. Programmerswho do understand IDL internalswill often write
a system routine instead to gain flexibility and full integration into IDL.

IDL System Routine (LINKIMAGE, DLMs)

It is possible to write system routines for IDL using a compiled language such as C.
Such routines are written to have the standard IDL calling interface, and are
dynamically linked, aswith CALL_EXTERNAL. They are more difficult to write,
but more flexible and powerful. System routines provide access to variables and other
objectsinside of IDL.

External Development Guide Supported Inter-Language Communication Techniques in IDL
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This book contains the information necessary to successfully add your own codeto
IDL as asystem routine. Especially important is Chapter 21, “Adding System
Routines’. Additional information about system routines can be found in Chapter 9,
“CALL_EXTERNAL” and in the documentation for “LINKIMAGE” in the IDL
Reference Guide manual.

Advantages

e Thisisthe most fully integrated option. It allows you to write IDL system
routines that are indistinguishable from those written by RSI.

¢ Inuse, system routines are very robust and fault tolerant.

« Allowsdirect accessto IDL user variables and other important data structures.
Disadvantages

* All the disadvantages of CALL_EXTERNAL.

¢ Requiresin-depth understanding of IDL internals, discussed in Part Il of this
manual .

Recommendation

Use system routines if you require the highest level of integration of your code into
the IDL system. UNIX users with RPC experience should consider using RPCsto get
the benefits of distributed processing. If your task is sufficiently simple or you do not
have the desire or timeto learn IDL internals, CALL_EXTERNAL is an efficient
way to get the job done.

Callable IDL

IDL is packaged in a shareable form that allows other programsto call IDL asa
subroutine. This shareable portion of IDL can be linked into your own programs.
Thisuse of IDL isreferred to as“Callable IDL” to distinguish it from the more usual
case of calling your code from IDL via CALL_EXTERNAL or as a system routine
(LINKIMAGE, DLM).

This book contains the information necessary to successfully call IDL from your own
code.

Advantages

e Supported on al systems.

e Allows extremely low level accessto IDL.

Supported Inter-Language Communication Techniques in IDL External Development Guide
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Disadvantages
e All the disadvantages of CALL_EXTERNAL or IDL system routines.

e |DL imposes some limitations on programming technigues that your program
can use.

Recommendation

Most platforms offer a specialized method to call other programs that might be more
appropriate. Windows users should consider the ActiveX control or COM
component. UNIX users should consider using the IDL RPC server. If these options
are not appropriate for your task and you wish to call IDL from another program, then
use Callable IDL.

External Development Guide Supported Inter-Language Communication Techniques in IDL
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Dynamic Linking Terminology and Concepts

All systems on which IDL runs support the concept of dynamic linking. Dynamic
linking consists of compiling and linking code into aform which is loadable by
programs at run time aswell aslink time. The ability to load them at run timeiswhat
distinguishes them from ordinary object files. Various operating systems have
different names for such loadable code:

e UNIX: Sharable Libraries
e Windows: Dynamic Link Libraries (DLL)

In this manual, we will call such files sharable librariesin order to have a consistent
and uniform way to refer to them. It should be understood that thisis a generic usage
that applies equally to all of these systems. Sharable libraries contain functions that
can be called by any program that loads them. Often, you must specify special
compiler and linker options to build a sharable library. On many systems, the linker
gives you control over which functions and data (often referred to as symbols) are
visible from the outside (public symbols) and which are hidden (private symbols).
Such control over the interface presented by a sharable library can be very useful.
Your system documentation discusses these options and explains how to build a
sharable library.

Dynamic linking is the enabling technology for many of the techniques discussed in
thismanual. If you intend to use any of these techniques, you should first be sure to
study your system documentation on this topic.

CALL_EXTERNAL

CALL_EXTERNAL uses dynamic linking to call functions written in other
languages from IDL.

LINKIMAGE and Dynamically Loadable Modules (DLMs)

These mechanisms use dynamic linking to add external code that supports the
standard IDL system routine interface to IDL as system routines.

Callable IDL

Most of IDL isbuilt as asharable library. The actual IDL program that implements
the standard interactive IDL program links to this library and uses it to do its work.
Since IDL isasharable library, it can be called by other programs.

Dynamic Linking Terminology and Concepts External Development Guide
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Remote Procedure Calls (RPCs)

ThelDL RPC server isaprogram that linksto the IDL sharablelibrary. The IDL RPC
client sidelibrary is also a sharable library. Your RPC client program links against it
to obtain accessto the IDL RPC system.

External Development Guide Dynamic Linking Terminology and Concepts
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When is it Appropriate to Combine External
Code with IDL?

IDL is an interactive program that runs across numerous operating systems and
hardware platforms. The IDL user enjoys alarge amount of portability across these
platforms because IDL provides access to system abilities at arelatively high level of
abstraction. The large majority of IDL users have no need to understand itsinner
workings or to link their own code into it.

There are, however, reasons to combine external code with IDL:

e Many sites have an existing investment in other code that they would prefer to
use from IDL rather than incurring the cost of rewriting it in the IDL language.

e |tisoften best to use the reference implementation of a software package
rather than re-implement it in another language, risk adding incorrect
behaviorsto it, and incur the ongoing maintenance costs of supporting it.

« IDL may belargely suitable for a given task, requiring only the addition of an
operation that cannot be performed efficiently in the IDL language.

A programmer who is considering adding compiled code to IDL should understand
the following caveats:

¢ RSl attempts to keep the interfaces described in this document stable, and we
endeavor to minimize gratuitous change. However, we reserve the right to
make any changes required by the future evolution of the system. Code linked
with IDL is more likely to require updates and changes to work with new
releases of IDL than programs written in the IDL language.

e Theact of linking compiled codeto IDL isinherently less portable than use of
IDL at the user level.

¢ Troubleshooting and debugging such applications can be very difficult. With
standard IDL, malfunctions in the program are clearly the fault of RSI, and
given areproducible bug report, we attempt to fix them promptly. A program
that combines IDL with other code makes it difficult to unambiguously
determine where the problem lies. The level of support RSI can providein
such troubleshooting is minimal. The programmer is responsible for locating
the source of the difficulty. If the problemisin IDL, asimple program
demonstrating the problem must be provided before we can address the issue.

When is it Appropriate to Combine External Code with IDL? External Development Guide
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Skills Required to Combine External Code
with IDL

There is alarge difference between the level at which atypical user sees|DL
compared to that of the internals programmer. To the user, IDL is an easy-to-use,
array-oriented language that combines numerical and graphical abilities, and runs on
many platforms. Internally, IDL is alarge C language program that includes a
compiler, an interpreter, graphics, mathematical computation, user interface, and a
large amount of operating system-dependent code.

The amount of knowledge required to effectively write internals code for IDL can
come as a surprise to the user who is only familiar with IDL’s external face. To be
successful, the programmer must have experience and proficiency in many of the
following areas:

Microsoft COM

To incorporate a COM object into your IDL program, you should be familiar with
COM interfaces in general and the interface of the object you are using in particular.

Microsoft ActiveX

To incorporate an ActiveX control into your IDL widget application, you should be
familiar with COM interfacesin genera and the interface of the control you are using
in particular.

To use the IDLDrawWidget ActiveX control, you should be familiar with the
programming environment in which you will be using the control (Visual Basic, for
example). A level of understanding of ActiveX and COM is necessary.

Sun Java

To incorporate a Java object into your IDL program, you should be familiar with Java
object classes in general and the methods and data members of the object you are
using in particular.

UNIX RPC

Touse DL asan RPC server, aknowledge of Sun RPC (Also known as ONC RPC) is
required. Sun RPC isthe fundamental enabling technology that underlies the popular
NFS (Network File System) software available on all UNIX systems, and as such, is
universally available on UNIX. The system documentation on this subject should be
sufficient.
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ANSI C

IDL iswrittenin ANSI C. To understand the data structures and routines described in
this document, you must have a complete understanding of this language.

System C Compiler, Linker, and Libraries

In order to successfully integrate IDL with your code, you must fully understand the
compilation tools being used as well as those used to build IDL and how they might
interact. IDL is built with the standard C compiler used (and usually supplied) by the
vendor of each platform to ensure full compatibility with all system components.

Inter-language Calling Conventions (C++, Fortran, ...)

It ispossibleto link IDL directly with code written in compiled languages other than
C athough the details differ depending on the machine, language, and compiler used.
It isthe programmer’s responsibility to understand the inter-language calling
conventions and rules for the target environment—there are too many possibilitiesfor
RSI to actively document them all. ANSI C is a standard system programming
language on all systems supported by IDL, soitisusually straightforward to combine
it with code written in other compiled languages. You need to understand:

e The conventions used to pass parameters to functions in both languages. For
example, C uses call-by-value while Fortran uses call-by-reference. It is easy
to compensate for such conventions, but they must be taken into account.

* Any systematic name changes applied by the compilers. For example, some
compilers add underscores at the beginning or end of names of functions and
global data.

e Any run-timeinitialization that must be performed. On many systems, the real
initial entry point for the program is not main(), but a different function that
performs someinitialization work and then calls your main() function. Usually
these issues have been addressed by the system vendor, who has alarge
interest in allowing such inter-language usage:

* Ifyoucal IDL from aprogram written in alanguage other than C, has the
necessary initialization occurred?

e If youuseIDL to cal codewritten in alanguage other than C, do you need
to take steps to initialize the runtime system for that |anguage?

¢ Arethe two runtime systems compatible?

Alternatives to direct linking (Microsoft COM or Active X) exist on some systems
that smplify the details of inter-language linking.

Skills Required to Combine External Code with IDL External Development Guide



Chapter 1: Overview 25

C++

We are often asked if IDL can call C++ code. Compatibility with C has awaysbeen a
strong design goal for C++, and C++ islargely a superset of the C language. It
certainly is possible to combine IDL with C++ code. Callable IDL is especially
simple, as all you need to do isto include the idl_export.h header filein your C++
code and then call the necessary IDL functions directly. Calling C++ code from IDL
(CALL_EXTERNAL, System Routines) is aso possible, but there are some issues
you should be aware of:

AsaC program, IDL isnot ableto directly call C++ methods, or use other
object-oriented features of the C++ language. To use these C++ features, you
must supply afunction with C linkage (using an extern “C” specification) for
IDL to call. That routine, which iswritten in C++ is then able to use the C++
features.

IDL does not initialize any necessary C++ runtime code. Your system may
reguire such code to be executed before your C++ code can run. Consult your
system documentation for details. (Please be aware that thisinformation can be
difficult to find; locating it may require some detective work on your part.)

Fortran

I ssues to be aware of when combining IDL with Fortran:

The primary issue surrounding the calling of Fortran code from IDL is one of
understanding the calling conventions of the two languages. C passes
everything by value, and supplies an operator that lets you explicitly take the
address of amemory object. Fortran passes everything by reference (by
address). Difficultiesin calling FORTRAN from C usually come down to
handling this issue correctly. Some people find it helpful to write a C wrapper
function to call their Fortran code, and then have IDL call the wrapper. Thisis
generally not necessary, but may be convenient.

IDL isaC program, and as such, does not initialize any necessary Fortran
runtime code. Your system may require such code to be executed before your
Fortran code can run. In particular, Fortran code that does its own input output
often requires such startup code to be executed. Consult your system
documentation for details. One common strategy that can minimize this sort of
problem isto use IDL’s /O facilities to do /O, and have your Fortran code
limit itself to computation.
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Operating System Features And Conventions

With the exception of purely numerical code, the programmer must usualy fully
understand the target operating system environment in which IDL isrunning in order
to write code to link with it.

Microsoft Windows

You must be an experienced Windows programmer with an understanding of 32—bit
applications, WIN32, and DLLs.

UNIX

You should understand system calls, signals, processes, standard C libraries, and
possibly even X Windows depending on the scope of the code being linked.
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IDL Organization

In order to properly write code to be linked with IDL, it is necessary to understand a
little about itsinternal operation. This section isintended to give just enough
background to understand the material that follows. Traditional interpreted languages
work according to the following algorithm:

while (statenents remaining) {
Get next statenent.
Perform | exical analysis and parse statenent.
Execut e statenent.

}

This description isaccurate at a conceptual level, and most early interpreters did their
work in exactly this way due to its simplicity. However, this scheme is inefficient
because:

¢ Themeaning of each statement is determined by the relatively expensive
operations of lexical analysis, parsing, and semantic analysis each and every
time the statement is encountered.

e Since each statement is considered in isolation, any statement that requires
jumping to a different location in the program will require an expensive search
for the target location. Usually, this search starts at the top of the file and
moves forward until the target is found.

To avoid these problems, the IDL system uses a two-step process in which
compilation and interpretation are separate. The core of the system is the interpreter.
Theinterpreter implements a simple, stack-based postfix language, in which each
instruction corresponds to a primitive of the IDL language. Thisinternal formisa
compact binary version of the IDL language routine. Routines written in the IDL
language are compiled into thisinternal form by the IDL compiler when the .RUN
executive command is issued, or when any other command requires a new routine to
be executed. Oncethe IDL routine is compiled, the original versionisignored, and al
references to the routine are to the compiled version. Some of the advantages of this
organization are;

e The expensive compilation processis only performed once, no matter how
often the resulting code is executed.

e Statements are not considered in isolation, so the compiler keeps track of the
information required to make jumping to a new location in the program fast.
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e Thebinary internal form is much faster to interpret than the original form.

e Theinternal form is compact, leading to better use of main memory, and
allowing more code to fit in any memory cache the computer might be using.

The Interpreter Stack

The primary data structure in the interpreter is the stack. The stack contains pointers
to variables, which are implemented by IDL_VARIABLE structures (see “The
IDL_VARIABLE Structure’ on page 267). Pointersto IDL_VARIABLEs are
referred to asIDL_VPTRs. Most interpreter instructions work by removing a
predefined number of elements from the stack, performing their function, and then
pushing the IDL_VPTR to theresulting IDL_VARIABLE back onto the stack. The
removed items are the arguments to the instruction, and the new element represents
the result. In this sense, the IDL interpreter is no different from any other postfix
language interpreter. When an IDL routine is compiled, the compiler checks the
number of arguments passed to each system routine against the minimum and
maximum number specified in an internal table of routines, and signals an error if an
invalid number of arguments is specified.

At execution time, the interpreter instructions that execute system procedures and
functions operate as follows:

1. Look up the requested routine in the internal table of routines.
2. Execute the routine that implements the desired routine.

3. Remove the arguments from the stack.

4. If theroutine was a function, push its result onto the stack.

Thus, the compiler checks for the proper number of arguments, and the interpreter
does all the work related to pushing and popping elements from the stack. The called
function need only worry about executing its operation and providing a result.
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External Definitions

Thefilei dl _export . h, foundinthe ext er nal /i ncl ude subdirectory of the
IDL distribution, supplies all the IDL-specific definitions required to write code for
inclusion with IDL. As such, thisfile defines the interface between IDL and your
code. It will be worth your while to examine thisfile, reading the comments and
getting ageneral idea of what is available. If you are not writing in C, you will have
to translate the definitions in thisfile to suit the language you are using.

Warning
i dl _export . h contains some declarations which are necessary to the compilation

process, but which are still considered private to RSI. Such declarations are likely to
be changed in the future and should not be depended on. In particular, many of the
structure data types discussed in this document have more fields than are discussed
here—such fields should not be used. For this reason, you should always include

i dl _export. h rather than entering the type definitions from this document. This
will also protect you from changesto these data structuresin future releases of IDL.
Anythingini dl _export. h that isnot explicitly discussed in this document
should not be relied upon.

The following two lines should be included near the top of every C program file that
isto become part of IDL:

#i ncl ude <stdio. h>
#i ncl ude "idl _export.h"
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Interpreting Logical Boolean Values

IDL iswritten in the C programming language, and this manual therefore discusses C
language functions and data structures from the IDL program. In this documentation,
you will see referencesto logical (boolean) arguments and results referred to in any
of the following forms: True, False, TRUE, FALSE, IDL_TRUE, IDL_FALSE, and
possibly other permutations on these. In all cases, the meaning of true and falsein
this manual correspond to those of the C programming language: A zero (0) valueis
interpreted as “false”, and anon-zero value is “true”.

When reading this manual, please be aware of the following points:

Unless otherwise specified, the actual word used when discussing logical
valuesis not important (i.e. true, True, TRUE, and IDL_TRUE) all mean the
same thing.

Internally, IDL usesthe IDL_TRUE and IDL_FAL SE macros described in
“Macros’ on page 409, for hard-wired logical constants. These macros have
the values 1, and O respectively. This convention is nothing more than
reflection of the need for a consistent standard within our code, and adesire to
keep IDL names within a standard namespace to avoid collisions with user
selected names. Otherwise, any of those other alternative names might have
been used with equally good results.

We don’t usethe IDL_TRUE and IDL_FAL SE convention in the text of this
book because it would be unnecessarily awkward, preferring the more natural
True/TRUE and False/FAL SE.

The convention for truth valuesin the IDL Language differ from those used in
the C language. It isimportant to keep the language being used in mind when
reading code to avoid drawing incorrect conclusions about its meaning.
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Compilation And Linking Details

Once you've written your code, you heed to compileit and link it into IDL before it
can be run. Information on how to do thisis available in the various subdirectories of
theext er nal subdirectory of the IDL distribution. Referencesto filesthat are useful
in specific situations are contained in this book.

In addition:

* ThelDL MAKE_DLL procedure, documented in the IDL Reference Manual,
provides a portable high level mechanism for building sharable libraries from
code written in the C programming language.

e ThelDL IMAKE DLL system variableisused by the MAKE_DLL procedure
to construct C compiler and linker commands appropriate for the target
platform. If you do not use MAKE_DLL to compile and link your code, you
may find the value of IMAKE _DLL.CC and 'MAKE DLL.LD helpful in
determining which options to specify to your compiler and linker, in
conjunction with your system and compiler documentation. For the C
language, the optionsin IMAKE_DLL should be very close to what you need.
For other languages, the 'MAKE_DLL options should still be helpful in
determining which options to use, as on most systems, all the language
compilers accept similar options.

e« TheUNIX IDL distribution has abi n subdirectory that contains platform
specific directories that in turn hold the actual IDL binary and related files.
Included with thesefilesisaMakef i | e that shows how to build IDL from
the shareable libraries present in the directory. The link line in this makefile
should be used as a starting point when linking your code with Callable IDL—
simply omit nai n. o and include your own object files, containing your own
main program.

e A more detailed description of the issuesinvolved in compiling and linking
your code can be found in this book under “Compiling Programs That Call
IDL” on page 476.

External Development Guide Compilation And Linking Details



32 Chapter 1: Overview

Recommended Reading

There are many books written on the topics discussed in the previous section. The
following list includes books we have found to be the most useful over the yearsin
the development and maintenance of IDL. There are thousands of books not
mentioned here. Some of them are a so excellent. The absence of abook from thislist
should not be taken as a negative recommendation.

The C Language

Kernighan, Brian W. and Dennis M. Ritchie. The C Programming Language, Second
Edition. Englewood Cliffs, New Jersey: Prentice Hall, 1988. ISBN 0-13-110370-9.
Thisisthe original C language reference, and is essential reading for this subject.

In addition, you should study the vendor supplied documentation for your compiler.
Microsoft Windows

The following books will be useful to anyone building IDL system routines or

applicationsthat call IDL in the Microsoft Windows environment.

Petzold, Charles. Programming Windows, The Definitive Guide to the Win32 API,
Microsoft Press, 1998. ISBN 157231995X (Supersedes: Programming Windows 95).

Richter, Jeffrey. Programming Applications for Microsoft Windows. Microsoft Press,
1999. ISBN 1572319968 (Supersedes: Advanced Windows, Third Edition).

The Microsoft Developer Network (MSDN) supplies essential documentation for
programming in the Windows environment. This documentation is part of the Visual
C++ environment. More information on the MSDN is available at

http://msdn. mi crosoft.com.

Sun Java

Flanagan, David. Java in a Nutshell, Fourth Edition, O’ Reilly & Associates, March
2002. ISBN 0596002831. This book provides an accelerated introduction to the Java
language and key APIs.

In addition, you should study the Java tutorials and documentation provided on the
Sun’s Java website (http://www.java.sun.com).
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UNIX

Stevens, W. Richard. Advanced Programming in the UNIX Environment. Reading,
Massachusetts: Addison Wesley, 1992. ISBN 0-201-56317-7. Thisisthe definitive
reference for UNIX system programmers. It covers al the important UNIX concepts
and covers the major UNIX variantsin complete detail .

Rochkind, Marc J. Advanced UNIX Programming. Englewood Cliffs, New Jersey:
Prentice Hall, 1985. ISBN 0-13-011818-4. Thisvolumeis also extremely well
written and does an excellent job of explaining and motivating the fundamental
UNIX conceptsthat underlie the UNIX system calls. Thisbook suffersin comparison
to the Stevens book in that it discusses older UNIX systems rather than current
systems and lacks discussion of networking. However, what it does cover is correct
and very readable, and it is much shorter than Stevens.

The vendor-supplied documentation and manual pages should be used in
combination with the books listed above.

X Windows

The X Windows series by O’ Reilly & Associates contains al the information needed
to program for the X Window system. There are several volumes—the ones you will
need depend on the type of programming you are doing.

Scheifler, Robert W. and James Gettys. X Window System. Digital Press. Thisis
purely areference manual, as opposed to the O’ Reilly books which contain a large
amount of tutorial as well as reference information. This book is primarily useful for
those using XLIB to draw graphicsinto Motif Draw Widgets and for those who need
to understand the base layers of X Windows. Motif programmers may not require this
information since Motif hides many of these details.

There are many other X Windows books on the market with varying levels of quality
and usefulness. Note that most X Windows books are updated with each version of
the system. (X Version 11, Release 6 is the current version at this printing.)
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Chapter 2:

Using SPAWN and
UNIX Pipes

IDL’s SPAWN procedure spawns a child process to execute a command or series of
commands. Cross-platform use of SPAWN is described in detail in the IDL Reference
Guide. This section describes a procedure available only on UNIX systems:
communicating with the spawned child process using UNIX pipes.

By default, calls to the SPAWN procedure cause the IDL processto wait until the
child process has finished before continuing. On UNIX systems, IDL can attach a
bidirectional pipe to the standard input and output of the child process, and then
continue without waiting for the child processto finish. The pipe created in this
manner appearsin the IDL process as anormal logical file unit.

Once a process has been started in this way, the normal IDL input/output facilities
can be used to communicate with it. The ability to use a child process in this manner
allows you to solve specialized problems using other languages and to take advantage
of existing programs.

In order to start such a process, use the UNIT keyword to SPAWN to specify anamed
variable in which the logical file unit number will be stored. Once the child process
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has done its work, use the FREE_LUN procedure to close the pipe and delete the
Process.

When using a child processin this manner, it isimportant to understand the following
points:

* Closing thefile unit causes the child process to be killed. Therefore, do not
close the unit until the child process completes its work.

A UNIX pipeissimply abuffer maintained by the operating system. It has a
fixed length and can therefore become completely filled. When this happens,
the operating system puts the process that isfilling the pipe to sleep until the
process at the other end consumes the buffered data. The use of a bidirectional
pipe can lead to deadl ock situations in which both processes are waiting for the
other. This can happen if the parent and child processes do not synchronize
their reading and writing activities.

¢ Most C programs use the input/output facilities provided by the Standard C
Library (stdio). In situations where IDL and the child process are carrying on a
running dialog (as opposed to a single transaction), the normal buffering
performed by stdio on the output file can cause communications to hang. We
recommend calling the stdio setbuf() function asthe first statement of the child
program to eliminate such buffering.

(void) setbuf(stdout, (char *) 0);

It isimportant that this statement occur before any output operationis
executed; otherwise, it may not have any effect.

Example: Communicating with a Child Process
Under UNIX

The C program shown in the following example (t est _pi pe. ¢) accepts floating-
point values from its standard input and returns their average on the standard output.
In actual practice, such atrivial program would never be used from IDL, sinceit is
simpler and more efficient to perform the calculation within IDL itself. The example
does, however, serveto illustrate a method by which significant programs can be
caled from IDL.

In the interest of brevity, some error checking that would normally be included in
such a program has been omitted. For example, areal program would need to check
the non-zero return valuesfrom f r ead(3) andfwri t e( 3) to ensurethat the
desired amount of datawas actually transferred.

This program performs the following steps:
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#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <errno. h>
#i ncl ude <string. h>

mai n()

float *data, total = 0.0;
char *err_str;

int i, n;
/* Make sure the output is not buffered */
set buf (stdout, (char *) 0);
/* Find out how many points */
if (!fread(&n, sizeof(n), 1, stdin)) goto error;
/* Get nenory for the array */
if (!(data = (float *) malloc(n * sizeof(*data)))) goto error;
/* Read the data */
if (!fread(data, sizeof(*data), n, stdin)) goto error;
/* Calcul ate the average */
for (i=0; i < n; i++) total += data[i];
total /= (float) n;
/* Return the answer */
if (!fwite(&otal, sizeof(*data), 1, stdout)) goto error;
return;
error:
err_str = strerror(errno);
if (lerr_str) err_str = "<unknown error>";
fprintf(stderr, "test_pipe: %\n", err_str);

Table 2-1: test_pipe.c

1. Readsalong integer that tells how many data pointsto expect, becauseitis

desirable to be able to average an arbitrary number of points.

2. Obtains dynamic memory viathe malloc() function, and reads the datainto it.

3. Calculates the average of the points.

4. Returnsthe answer as a single floating-point value.

Since the amount of input and output for this program is explicitly known and

becauseit reads all of itsinput at the beginning and writes all of its results at the end,

adeadlock situation cannot occur.

Thefollowing IDL statements use test_pipe to determine the average of the values 0

to 9:

;Start test_pipe. The use of the NOSHELL keyword is not necessary,
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; but speeds up the start-up process.
SPAWN, 'test_pipe', UNIT = UNIT, /NOSHELL

; Send the nunber of points followed by the actual data.
WRI TEU, UNI'T, 10L, FI NDGEN(10)

: Read the answer.
READU, UNI T, ANSWER

; Announce the result.
PRI NT, "Average = ", ANSVER

;Close the pipe, delete the child process, and deal |l ocate the
;logical file unit.
FREE LUN, UNIT

Executing these statements gives the result:
Average = 4.50000

This mechanism provides the UNIX IDL user asimple and efficient way to augment
IDL with code written in other languages such as C or Fortran. It is, however, not as
efficient as writing the required operation entirely in IDL. The actual cost depends
primarily on the amount of data being transferred. For example, the above example
can be performed entirely in IDL using a simple statement such as the following:

PRI NT, 'Average = ', TOTAL(FI NDGEN(10))/10.0
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COM Objects and IDL

Microsoft’'s Component Object Model, or COM, is a specification for developing
modular software components. COM is not a programming language or an API, but
an implementation of a component architecture. A component architectureis a
method of designing software components so that they can be easily connected
together, reused, or replaced without re-compiling the application that uses them.
Other examples of this methodology include the Object Management Group’s
Common Object Request Broker Architecture (CORBA) and Sun’s JavaBeans
technologies.

ActiveX controls are a special class of COM object that follow a set of Microsoft
interface specifications; they are normally designed to present a user interface.

IDL for Windows supports three methods for using COM-based software
components in your applications:

e Exposing aCOM abject as an IDL object,
¢ Including an ActiveX control inan IDL widget hierarchy,

¢ Including the IDL DrawWidget ActiveX control in an application written in a
language other than IDL.

Note
While COM components can be developed for numerous platforms, most COM-
based software is written for Microsoft Windows platforms. IDL for Windows
supports the inclusion of COM technologies, but IDL for UNIX does not. The
chaptersin this section will discuss COM in the context of Microsoft Windows
exclusively.

What are COM Objects?

A COM object, or component, is a piece of software that:

e isalibrary, rather than a standalone application (that is, it runsinside some sort
of client application such as IDL, aVisua Basic application, or aweb
browser);

e isdistributed in a compiled, executable form;
e exposes agroup of methods and propertiesto its client application;

In addition to these criteria, a component may also supply a user interface that can be
manipulated by the user. COM objects that supply a user interface and send eventsto
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the programs that use them are generally packaged as ActiveX controls, althoughitis
not a requirement that an ActiveX control provide a user interface.

COM objects and ActiveX controls are nearly always packaged as Windows
executable (. exe), dynamic link library(. dI I ), or object linking and embedding
(. ocx) files.

Why Use COM Objects with IDL?

There are severa reasons to use COM technologies alongside IDL :

¢ COM objects can be designed to use the facilities of the underlying Windows
operating system. If you need access to Windows features not exposed within
IDL, incorporating a COM object into your IDL program may provide the
functionality you need.

e COM objects have been written to provide custom user interface elements or
accomplish specific tasks. Many of these components are available to you free
or a minimal cost. If you work exclusively in a Windows environment,
incorporating a pre-written component in your IDL program may be faster
than coding the same functionality in IDL.

e Using the IDLDrawWidget ActiveX control, you can rapidly incorporate IDL
functionality into a Windows application created with any COM-aware
environment. COM-aware environments include Visua Basic, Visua C++,
and even VBScript.
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Using COM Objects with IDL

The three methods for using COM objects with IDL are:
e Exposing aCOM Object asan IDL Object,
¢ Including an ActiveX Control in an IDL Widget Hierarchy,

e Using the IDLDrawWidget ActiveX Control in an application writtenin a
language other than IDL.

Exposing a COM Object as an IDL Object

IDL’s IDLcomlDispatch object class creates an IDL object that communicates with
an underlying COM object using the COM object’s IDispatch interface. When you
create an | DL.coml Dispatch object, you provide the identifier for the COM object you
wish to use, and IDL handles instantiation of and communication with the object.
You can call the COM object’s methods and get and set its properties using standard
IDL object conventions and syntax.

Note
The IDLcomlDispatch object is useful when you want to incorporate a generic
COM object into your IDL application. If the COM object you want to use is an
ActiveX control, use the WIDGET_ACTIVEX routine, discussed below.

For details on using the IDL comlIDispatch object class to incorporate COM objects
into your IDL applications, see Chapter 4, “Using COM Objectsin IDL”.

Including an ActiveX Control in an IDL Widget
Hierarchy

IDL’'s WIDGET_ACTIVEX routine incorporates an ActiveX control directly into an
IDL widget hierarchy. This allows you to place the ActiveX control in an IDL widget
interface, and to receive widget events directly from the control for handling by a
standard IDL widget event handler.

Internally, IDL uses the same mechanismsit uses when creating | DL coml Dispatch
objects when it instantiates an ActiveX control as part of an IDL widget hierarchy.
After the widget hierarchy has been realized, an object reference to the IDL object
that encapsulates the ActiveX control can be retrieved and used as an interface with
the ActiveX control. This allows you to call the ActiveX control’s methods and get
and set its properties using standard IDL object conventions and syntax.
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For details on using the WIDGET_ACTIVEX routine to incorporate ActiveX
controlsinto your IDL applications, see Chapter 5, “Using ActiveX Controlsin IDL”.

Using the IDLDrawWidget ActiveX Control

IDL for Windows distributions include an ActiveX control that makes DL
functionality available to other applications. Including the IDL DrawWidget control
in your Windows application allows you to create your own user interface using the
programming language of your choice, while using IDL’s data analysis and display
functionality.

Note
The IDLDrawWidget ActiveX control providesa COM interfaceto IDL, but

requires an IDL installation to function. This meansthat in order for an application
to use the IDL DrawWidget control, alicensed copy of IDL must be installed on the

same computer.

For details on using the IDL DrawWidget ActiveX control in your own Windows
applications, see Chapter 6, “ The IDLDrawWidget ActiveX Control”.
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Skills Required to use COM Objects

Although IDL provides an abstracted interface to COM functionality, you must be
familiar with some aspects of COM to successfully intertwine COM and IDL.

If You Are Using COM Objects

If you are using a COM object directly, viathe IDLcoml Dispatch object, you will
need a thorough understanding of the COM object you are using, including its
methods and properties. An understanding of the Windows tools used to discover
information about COM objects is useful.

If You Are Using ActiveX Controls

If you are incorporating an ActiveX control into an IDL widget hierarchy using
WIDGET_ACTIVEX, you will need athorough understanding of the ActiveX
control you are using, including its methods, properties, and the information returned
when an event is generated. An understanding of the Windows tools used to discover
information about ActiveX controlsis useful.

If You Are Using the IDLDrawWidget ActiveX Control

If you are incorporating the IDL DrawWidget ActiveX control in your own Windows
application, you will need athorough understanding of your own application
development tools, including how they are used to interact with ActiveX controls.
Details about the IDL DrawWidget control itself are provided in Chapter 6, “The
IDLDrawWidget ActiveX Control” and Chapter 7, “1DL DrawWidget Control
Reference’.

If You Are Creating Your Own COM Object

If you are creating your own COM object to be included in IDL, you will need a
thorough understanding of both your development environment and of COM itself. It
is beyond the scope of this manual to discuss creation of COM objects, but you
should be able to incorporate any component created by following the COM
specification into IDL by following the procedures outlined here.
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This chapter discusses the following topics:
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IDLcomlDispatch Object Naming Scheme . 50

Creating IDLcomlDispatch Objects ... ... 54
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External Development Guide

References to Other COM Objects. . ... .. 65
Destroying IDLcomlDispatch Objects . ... 66
COM-IDL DataTypeMapping ......... 67
Example: RSIDemoComponent . ........ 69

47



48 Chapter 4: Using COM Objects in IDL

Using COM Objects in IDL

If you want to incorporate a COM object that does not present its own user interface
into your IDL application, use IDL’s IDLcomlDispatch object class.

IDL’s IDLcomiDispatch object class creates an IDL object that uses the COM

I Dispatch interface to communicate with an underlying COM object. When you
create an |DLcomlIDispatch object, you provide information about the COM object
you wish to use, and IDL handlesinstantiation of and communication with the object.
You can call the COM object’s methods and get and set its properties using standard
IDL object conventions and syntax.

Note
If the COM object you want to use in your IDL application is an ActiveX control,
use the WIDGET_ACTIVEX routine, discussed in Chapter 5, “Using ActiveX
Controlsin IDL".

Object Creation

To create an IDL object that encapsulates a COM object, use the OBJ_NEW function
as described in “ Creating | DL comlIDispatch Objects’ on page 54. IDL creates a
dynamic subclass of the IDLcomlDispatch object class, based on information you
specify for the COM object.

Method Calls and Property Management

Once you have created your |DLcoml Dispatch object within IDL, use normal IDL
object method calls to interact with the object. (See Chapter 22, “Object Basics” in
the Building IDL Applications manual for a discussion of IDL objects.) COM object
properties can be set and retrieved using the GetProperty and SetProperty methods
implemented for the IDLcoml Dispatch class. See “Method Calls on
IDLcomlDispatch Objects’ on page 55 and “Managing COM Object Properties’ on
page 63 for details.

Object Destruction

Destroy I DL comlDispatch objects using the OBJ_DESTROY procedure. See
“Destroying IDLcomlDispatch Objects’ on page 66 for details.
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Registering COM Components on a Windows
Machine

Before a COM object or ActiveX control can be used by aclient program, it must be
registered on the Windows machine. In most cases, components are registered by the
program that installs them on the machine. If you are using a component that is not
installed by an installation program that handles the registration, you can register the
component manually.

To register acomponent (. dl | or . exe) or acontrol (. ocx), use the Windows
command line program r egsvr 32, supplying it with name of the component or
control to register. For example, the IDL distribution includes a COM component
named RSIDemoComponent, contained in afile named RSI DenoConponent . dl |
located in the exanpl es\ COVBri dge subdirectory of the IDL distribution. To
register this component, do the following:

1. Open aWindows command prompt.

2. Change directoriesto the exanpl es\ COVBr i dge subdirectory of the IDL
distribution.

3. Enter the following command:
regsvr 32 RSI DenbConponent . dl |

Windows will display a pop-up dialog informing you that the component has been
registered. (You can specify the“ / s ” parameter tor egsvr 32 to prevent the dialog
from being displayed.)

Note
You only need to register acomponent once on a given machine. It is not necessary
to register a component before each use.
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IDLcomIDispatch Object Naming Scheme

When you create an | DL.coml Dispatch object, IDL automatically creates a dynamic
subclass of the IDLcomlDispatch class to contain the COM object. IDL determines
which COM object to instantiate by parsing the class name you provide to the
OBJ_NEW function. You specify the COM aobject to use by creating a class name
that combines the name of the base class (IDLcoml Dispatch) with either the COM
classidentifier or the COM program identifier for the object. The resulting class
name looks like

| DLcom Di spat ch$l D_t ype$l D
where ID_type is one of the following:
e CLSI Dif the object isidentified by its COM class ID, or
e PROA Dif the object isidentified by its COM program ID,
and ID isthe COM object’s actual class or program identifier string.

Note
While COM objectsincorporated into IDL are instances of the dynamic subclass
created when the COM object isinstantiated, they still expose the functionality of
the class IDLcoml Dispatch, which isthe direct superclass of the dynamic subclass.
All IDLcomlDispatch methods are available to the dynamic subclass.

Class Identifiers

A COM object’s classidentifier (generally referred to asthe CLSID) is a 128-hit
identifying string that is guaranteed to be unique for each object class. The strings
used by COM as class |IDs are al so referred to as Globally Unique Identifiers
(GUIDs) or Universally Unique Identifiers (UUIDs). It is beyond the scope of this
chapter to discuss how class IDs are generated, but it is certain that every COM
object has aunique CLSID.

COM class|Ds are 32-character strings of alphanumeric characters and numeral sthat
look like this:

{ A77BC2B2- 88EC- 4D2A- B2B3- F556 ACB52E52}

The above class identifier identifies the RSIDemoComponent class included with
IDL.

When you create an | DLcoml Dispatch object using a CLSID, you must modify the
standard CLSID string in two ways:
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1. You must omit the opening and closing braces ({ } ).

2. You must replace the dash characters ( - ) in the CLSID string with
underscores ().

See “Creating IDLcoml Dispatch Objects’ on page 54 for example class names
supplied to the OBJ_NEW function.

Note
If you do not know the class ID of the COM object you wish to expose asan IDL
object, you may be ableto determine it using an application provided by Microsoft;
see “Finding COM Class and Program IDs’ on page 52 for details.

Program Identifiers

A COM object’s program identifier (generally referred to asthe PROGID) isa
mapping of the class identifier to a more human-friendly string. Unlike class IDs,
program I Ds are not guaranteed to be unique, so namespace conflicts are possible.
Program IDs are, however, easier to work with; if you are not worried about name
conflicts, use the identifier you are most comfortable with.

Program IDs are a phanumeric strings that can take virtually any form, although by
convention they look like this:

PROGRAM Conponent . ver si on

For example, the RSIDemoComponent class included with IDL has the following
program ID:

RSI DenmoConponent . RSI Denp(hj 1. 1

When you create an |DLcomlIDispatch object using a PROGID, you must modify the
standard PROGID string by replacing the dot characters ( . ) with underscores ().

See “Creating IDLcoml Dispatch Objects’ on page 54 for example class names
supplied to the OBJ_NEW function.

Note
If you do not know the program ID of the COM object you wish to expose as an
IDL object, you may be able to determine it using an application provided by
Microsoft; see “Finding COM Class and Program DS’ on page 52 for details.
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Finding COM Class and Program IDs

In generdl, if you wish to incorporate a COM aobject into an IDL program, you will
know the COM class or program ID — either because you created the COM object
yourself, or because the devel oper of the object provided you with the information.

If you do not know the class or program ID for the COM object you want to use, you
may be able to determine them using the OLE/COM Object Viewer application
provided by Microsoft. You can download the OLE/COM Object Viewer at no charge
directly from Microsoft. As of thiswriting, you can locate the tool by pointing your
Web browser to:

http://mww.microsoft.com/com
and then selecting “Downloads’ from the “ Resources’ menu.

The OLE/COM Object Viewer displays all of the COM objectsinstalled on a
computer, and allows you to view information about the objects and their interfaces.

5 OLE/COM Dbject Yiewer ] 3

File ©hject Yiew Help

=3 £l P |

--égz RequestMakeCall Class | Hoicon FSIDemalbjl Class

@, Reveal Transition Akl (i 77RCR2-BBEC-4D 24 B2E 3 FE5RACEE2E 62}
¢ RevealTrans

--égz RichText Apppearance
[, RichText General Prope LS = -

"é'fz RIPBWizard Class L [ATTBC2EE-B0EC-402 A-B2E3-FS5S6ACES2ESS} = RSIDemacbil Class
-G Ripple

i X InprocServer3z [<no name>] = d:\RSIdd\RSIDEM-~1.DLL
"éz RM Enlls.tment Helper InprocServer3Z [ThreadingModel] = Apartment

"éﬁ RMGetLicense Class PraglD = RSIDemaComponent. RSIDemaohil. 1

--égz Role-based Security Po - Programmable

@ Rall Typelib = {62AD7BE6-8067-48F7-B392-7F458936 1DCE}
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@, Route Class

--égz RowsetHelper

.08

Registry Implementationl Activationl Launch Permissionsl Access Permissions
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B, RTP Class _I;I o =
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Figure 4-1: Microsoft's OLE/COM Obiject Viewer application.

Note
You can copy an object’s class ID to the clipboard by selecting the object in the
leftmost panel of the object viewer, clicking the right mouse button, and selecting
“Copy CLSID to Clipboard” from the context menu.
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If you have an IDL program that instantiates a COM object running on your
computer, you can determine either the class ID or the program ID by using the
HELP command with the OBJECTS keyword. IDL displays the full dynamic
subclass name, including the class ID or program ID that was used when the object

was created.
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Creating IDLcomIDispatch Objects

To expose a COM object asan IDL object, use the OBJ NEW function to create a
dynamic subclass of the IDLcoml Dispatch object class. The name of the subclass
must be constructed as described in “ DL coml Dispatch Object Naming Scheme” on
page 50, and identifies the COM abject to be instantiated.

Note
If the COM object you want to use within IDL isan ActiveX control, use the
WIDGET_ACTIVEX routine as described in Chapter 5, “Using ActiveX Controls
inIDL". Instantiating the ActiveX control as part of an IDL widget hierarchy allows
you to respond to events generated by the control, whereas COM objects that are
instantiated using the OBJ_NEW do not generate eventsthat IDL is aware of.

For example, suppose you wish to include a COM component with the class ID
{ A77BC2B2- 88EC- 4D2A- B2B3- F556ACB52E52}

and the program ID
RSI DenoConponent . RSI DenmoChj 1. 1

inan IDL program. Use either of the following calls to the OBJ_ NEW function:

bj Ref = OBJ_NEW $
" I DLconl Di spat ch$CLSI DSA77BC2B2_88EC 4D2A B2B3_F556ACB52E52" )

or

Obj Ref = OBI_NEW $
"1 DLcom Di spat ch$PROG D$RSI DenpConponent _RSI DenoCbj 1_1")

IDL’sinternal COM subsystem instantiates the COM object within an
IDLcomliDispatch object with one of the following the dynamic class names

| DLconl Di spat ch$CLSI D$A77BC2B2_88EC _4D2A B2B3_F556ACB52E52
or
| DLcom Di spat ch$PROG D$RSI DenpConponent _RSI DenoObj 1_1

and sets up communication between the object and IDL. You can work with the
IDLcomlDispatch object just as you would with any other IDL object; calling the
object’s methods, and getting and setting its properties.

See“IDLcomlIDispatch” in the IDL Reference Guide manual for additional details.
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Method Calls on IDLcomIDispatch Objects

IDL alowsyou to call the underlying COM object’s methods by calling methods on
the IDLcomlDispatch object. IDL handles conversion between IDL data types and
the datatypes used by the component, and any results are returned in IDL variables of
the appropriate type.

Aswith all IDL objects, the general syntax is:
result = Cbj Ref -> Method([Argunents])
or
bj Ref -> Method[, Argunents]

where Obj Ref isan object reference to an instance of a dynamic subclass of the
IDLcomlDispatch class.

Function vs. Procedure Methods

In COM, all object methods are functions. IDL’s implementation of the

IDL comlDispatch object maps COM methods that supply areturn value using the
retval attribute as IDL functions, and COM methods that do not supply areturn
valueviather et val attribute as procedures. See “Displaying Interface Information
using the Object Viewer” on page 59 for more information on determining which
methods use ther et val attribute.

The IDL coml Dispatch::GetProperty and | DL coml Dispatch:: SetProperty methods are
special cases. These methods are IDL object methods — not methods of the
underlying COM object — and they use procedure syntax. The process of getting and
setting properties on COM objects encapsulated in IDLcoml Dispatch objectsis
discussed in “Managing COM Object Properties’ on page 63.

Note
The IDL object system uses method names to identify and call object lifecycle
methods (Init and Cleanup). If the COM object underlying an IDLcomlDispatch
object implements Init or Cleanup methods, they will be overridden by IDL's
lifecycle methods — the COM aobject’s methods will be inaccessible from IDL.
Similarly, IDL implements the GetProperty and SetProperty methods for the
IDLcomliDispatch object, so any methods of the underlying COM aobject that use
these names will be inaccessible from IDL.
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What Happens When a Method Call is Made?

When amethod is called on an IDL coml Dispatch object, the method name and
arguments are passed to the internal IDL COM subsystem, where they are used to
construct the appropriate I Dispatch method calls for the underlying COM aobject.

From the point of view of an IDL user issuing method calls on the IDL coml Dispatch
object, this process is completely transparent. The IDL user simply calls the COM
object’s method using IDL syntax, and IDL handles the translation.

Data Type Conversions

IDL and COM use different data types internally. While you should be aware of the
types of data expected by the COM object’s methods and the types it returns, you do
not need to worry about converting between IDL data types and COM data types
manually. IDL’s dynamic type conversion facilities handle al conversion of data
types between IDL and the COM system. The data type mappings are described in
“COM-IDL Data Type Mapping” on page 67.

For example, if the COM object that underlies an IDLcomlIDispatch object has a
method that requires avalue of type INT as an input argument, you would supply the
valueasan IDL Long. If you supplied the value as any other IDL datatype, IDL
would first convert the value to an IDL Long using its normal data type conversion
mechanism before passing the value to the COM aobject asan INT.

Similarly, if aCOM aobject returns a BOOL value, IDL will placethevaluein a
variable of Byte type, with avalue of 1 (one) signifying True or avaue of O (zero)
signifying False.

Optional Arguments

Like IDL routines, COM object methods can have optional arguments. Optional
arguments eliminate the need for the calling program to provide input data for all
possible arguments to the method for each call. The COM optional argument
functionality is passed along to COM object methods called on DL comlIDispatch
objects, and to the IDLcoml Dispatch::GetProperty method. This means that if an
argument is not required by the underlying COM object method, it can be omitted
from the method call used on the IDL coml Dispatch object.

Note
Only method arguments defined with the opt i onal token in the object’s interface
definition are optional. See “Displaying Interface Information using the Object
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Viewer” on page 59 for more information regarding the object’s interface definition
file.

Warning
If an argument that is not optional is omitted from the method call used on the
IDLcomlDispatch object, IDL will generate an error.

Argument Order

Like IDL, COM treats arguments as positional parameters. This means that it makes
adifference where in the argument list an argument occurs. (Contrast thiswith IDL’s
handling of keywords, which can occur anywhere in the argument list after the
routine name.) COM enforces the following ordering for arguments to object
methods:

1. Required arguments
2. Optional arguments for which default values are defined
3. Optiona arguments for which no default values are defined

The same order applies when the method is called on an IDLcoml Dispatch object.
Default Argument Values

COM allows objects to specify a default value for any method arguments that are
optional. If acall to amethod that has an optional argument with a default value
omits the optional argument, the default valueis used. IDL behaves in the same way
as COM when calling COM object methods on IDLcoml Dispatch objects, and when
calling the IDL comlI Dispatch::GetProperty method.

Method arguments defined with thedef aul t val ue() tokenin the object’sinterface
definition are optional, and will use the specified default value if omitted from the
method call. See “Displaying Interface Information using the Object Viewer” on
page 59 for more information regarding the object’s interface definition file.

Argument Skipping

COM dlows methods with optional argumentsto accept a subset of the full argument
list by specifying which arguments are not present. This allows the calling routine to
supply, for example, the first and third arguments to a method, but not the second.
IDL provides the same functionality for COM object methods called on
IDLcomlDispatch objects, but not for the IDLcoml Dispatch::GetProperty or
SetProperty methods.
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To skip one or more arguments from alist of optional arguments, include the SKIP
keyword in the method call. The SKIP keyword accepts either a scalar or a vector of
numbers specifying which arguments are not provided.

Note
Theindicesfor the list of method arguments are zero-based — that is, the first
method argument (either optional or required) is argument O (zero), the next is
argument 1 (one), etc.

For example, suppose a COM object method accepts four arguments, of which the
second, third, and fourth are optional:

Cbj Met hod, argl, arg2-optional, arg3-optional, arg4-optional

To call this method on the IDL coml Dispatch object that encapsul ates the underlying
COM object, skipping ar g2, use the following command:

obj Ref -> Obj Met hod, argl, arg3, arg4, SKIP=1

Note that the SK1P keyword usesthe index value 1 to indicate the second argument in
the argument list. Similarly, to skip ar g2 and ar g3, use the following command:

obj Ref -> (bj Method, argl, arg4, SKIP=[1, 2]

Finally, note that you do not need to supply the SKIP keyword if the arguments are
supplied in order. For example, to skip ar g3 and ar g4, use the following command:

obj Ref -> (bj Method, argl, arg2

Finding Object Methods

In most cases, when you incorporate a COM object into an IDL program, you will
know what the COM aobject’s methods are and what arguments and data types those
methods take — either because you created the COM object yourself, or because the
devel oper of the object provided you with the information. If for some reason you do
not know what methods the COM object supports, you may be able to determine
which methods are available and what parameters they accept using the OLE/COM
Object Viewer application provided by Microsoft. (See “Finding COM Class and
Program IDs’ on page 52 for information on acquiring the OLE/COM Object
Viewer.)

Warning
Finding information about a COM aobject’s methods using the OLE/COM Object
Viewer requires amoderately sophisticated understanding of COM programming,
or at least COM interface definitions. While we provide some hintsin this section
on how to interpret the interface definition, if you are not already familiar with the
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structure of COM objects you may find this material inadequate. If possible, consult
the devel oper of the COM object you wish to use rather than attempting to
determine its structure using the object viewer.

Displaying Interface Information using the Object Viewer

You can use the OLE/COM Object Viewer to view the interface definitions for any
COM object on your Windows machine. Select aCOM object in the leftmost panel of
the object viewer, click the right mouse button, and select “View Type Information...”
A new window titled “1TypeLib Viewer” will be displayed, showing all of the
component’s interfaces (Figure 4-2).

5 ITypeLib Yiewer _ 1Ol =|
File  Wiew
B o 2|
E" RSIDEMOCOMPOMENTLIb (RSIDemaComp |/ Generated .IDL file (by the OLE/COM Object Viewar) -
. Iy
@ coclass RSIDemoObil o . .
( dispinterface IRSIDemoohiL /¢ typelib filename: RSIDemclomponent . dll
B¢ interface IRSIDemobjl [
---@ coclass RSIDemaCbiz uuid{52ADTEEG-8D67-48F7-BE92-TF488936100E) ,
(- dispinterface IRSIDemoOb2 ;Ei’slzﬂfl-?lﬁsm - t 1.0 Type Lib ]
. . elpstring (" ol omporEn: . = Library").
? interface RSIDemoObi2 custom (DE77BAG4-5170-1101-A20A-0000F87730E9, 83951780,
(@ coclass RSIDemaOkj3 custom (DET7BAG3-5170-1101-A2DA-0000F2773CE9, 1017680769

( dispinterface IRSIDemaoObj3
M- P inkerface IRSIDemaObi3 1
library RSIDEMOCOMPONENTLib
{

/4 TLib - // TLib : OLE Automation : (00020430-0000-
0000-C000-000000000046}

importlib({"stdole2.t1b") ;

/¢ Forward declare all types defined in this typelib
interface IRSIDemctbil;

d | I | I o i El
Ready i
Figure 4-2: Viewing a COM object’s interface definition.
Note

Thetop lines in the right-hand panel will say something like:

/1l Generated .IDL file (by the OLE/ COM Cbj ect Vi ewer)
11

/1 typelib filename: RSIDempbConponent. dl |
The“.IDL file” in this case has nothing to do with IDL, the Interactive Data

Language. Here “IDL” stands for Interface Description Language — alanguage
used to define component interfaces. If you are familiar with the Interface
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Description Language, you can often determine what a component is designed to
do.

With the top-level object selected in the left-hand pane of the I Typelib Viewer, scroll
down in the right-hand pane until you find the section that defines the | Dispatch
interface for the object in question. The definition will look something like this:

interface | RSIDenoObj 1 : |Dispatch {
[i d(0x00000001)]
HRESULT Get CLSI D([out, retval] BSTR* pBstr);
[i d(0x00000002), propput]
HRESULT MessageStr([in] BSTR pstr);
[i d(0x00000002), propget]
HRESULT MessageStr([out, retval] BSTR* pstr);
[i d(0x00000003)]
HRESULT Di spl ayMessageStr();
[i d(0x00000004)]
HRESULT Msg2l nPar ans(
[in] BSTR str,
[in] long val,
[out, retval] BSTR* pVal);
[i d(0x00000005)]
HRESULT Get | ndexQhj ect (
[in] long ndxQoj,
[out, retval] IDispatch** ppDisp);
[i d(0x00000006) 1]
HRESULT Get ArrayCf Obj ect s(
[out] long* pQCbj Count,
[out, retval] VARI ANT* psa(njs);
b

Method definitions ook like this;

[i d(0x00000001)]
HRESULT Get CLSID([out, retval] BSTR* pBstr);

where the line including thei d string is an identifier used by the object to refer to its
methods and the following line or lines (usually beginning with HRESULT) define the
method'’s interface.

Again, whileit is beyond the scope of this manual to discuss COM object methodsin
detail, the following points may assist you in determining how to use a COM object:

* Methods whose definitionsinclude ther et val attribute will appear in IDL as
functions.

[id(0x00000001)]
HRESULT Get CLSID([out, retval] BSTR* pBstr);
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e Methods that do not include ther et val attribute will appear in IDL as
procedures.

[i d(0x00000003)]
HRESULT Di spl ayMessageStr();

« Methods whose definitionsinclude the pr opget attribute allow you to retrieve
an object property using the IDLcoml Dispatch::GetProperty method. You
cannot call these methods directly in IDL; see “Managing COM Object
Properties’ on page 63 for additional details.

[id(0x00000002), propget]
HRESULT MessageStr([out, retval] BSTR* pstr);

e Methods whose definitions include the pr opput attribute allow you to set an
object property using the IDLcoml Dispatch::SetProperty method. You cannot
call these methods directly in IDL; see“Managing COM Object Properties’ on
page 63 for additional details.

[1d(0x00000002), propput]
HRESULT MessageStr([in] BSTR pstr);

¢ Methods that accept optiona input values will include the opt i onal tokenin
the argument’s definition. For example, the following definition indicates that
the second input argument is optional:

[id(0x00000004)]

HRESULT Msglor 21 nPar ans(
[in] BSTR str,
[in, optional] int val,
[out, retval] BSTR* pVal);

¢ Methods that provide default values for optional arguments replace the
opti onal tokenwiththedef aul t val ue() token, wherethe default value of
the argument is supplied between the parentheses. For example, the following
definition indicates that the second input argument is optional, and has a
default value of 15:

HRESULT Msglor 2l nPar amns(
[in] BSTR str,
[in, defaultvalue(15)] int val,
[out, retval] BSTR* pVval);

¢ While methods generally return an HRESULT value, thisis not a requirement.
Displaying Interface Information using the IDL HELP Procedure

If you have an IDL program that instantiates a COM object running on your
computer, you can determine either the class ID or the program ID by using the
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HEL P command with the OBJECTS keyword. IDL displaysalist of abjects, along
with their methods, with function and procedure methods in separate groups for each
object class.
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Managing COM Object Properties

As aconvenience to the IDL programmer, COM object methods that have been
defined using the pr opget and pr opput attributes are accessible viathe
IDLcomlDispatch object’s GetProperty and SetProperty methods. This means that
rather than calling the COM aobject’s methods directly to get and set property values,
you use the standard IDL syntax.

Note
If aCOM object method's interface definition includes either the pr opget or the
pr opput attribute, you must use the IDL GetProperty and SetProperty methods to
get and set values. IDL does not allow you to call these methods directly.

Aswith all IDL objects, the IDLcoml Dispatch object’s GetProperty and SetProperty
methods use procedure syntax. Keywords to the methods represent the names of the
properties being retrieved or set, and the keyword values represent either an IDL
variableinto which the property valueis placed or an IDL expression that isthe value
to which the property is set. You must use the procedure syntax when calling either
method, even if the underlying COM object methods being used are functions rather
than procedures.

Setting Properties

To set a property value on a COM object, use the following syntax:
bj Ref -> Set Property, KEYWORD=Expression

where Obj Ref isthe IDLcomlDispatch object that encapsulates the COM object,
KEYWORD is the COM object property name, and Expression is an IDL expression
representing the property value to be set.

You can set multiple property values in a single statement by supplying multiple
KEYWORD=Expression pairs.

Note
KEYWORD must map exactly to the full name of the underlying COM object’s
property setting method. The partial keyword name functionality provided by IDL
is not valid with IDLcoml Dispatch objects.

Getting Properties

To retrieve a property value from a COM object, use the following syntax:
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bj Ref -> GetProperty, KEYWORD=Vari abl e

where Obj Ref isthe IDLcomlDispatch object that encapsulates the COM object,
KEYWORD is the COM object property name, and Variable is the name of an IDL
variable that will contain the retrieved property value.

You can get multiple property values in a single statement by supplying multiple
KEYWORD=Variable pairs.

Note
KEYWORD must map exactly to the full name of the underlying COM object’s
property getting method. The partial keyword name functionality provided by IDL
isnot valid with IDLcoml Dispatch objects.

Because some of the underlying COM aobject’s pr opget methods may require
arguments, the IDL.coml Dispatch object’s GetProperty method will accept optional
arguments. To retrieve a property using a method that takes arguments, use the
following syntax:

bj Ref -> GetProperty, KEYWORD=Variable [, argO, argl, ... argn]

Note, however, that if arguments are required, you can only specify one property to
retrieve.
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References to Other COM Objects

It is not uncommon for COM objects to return references to other COM objects,
either as a property value or via an object method. If an IDLcomlDispatch object
returns a reference to another COM object’s I Dispatch interface, IDL automatically
creates an |DLcoml Dispatch object to contain the object reference.

For example, suppose the Get & her Obj ect method to the COM object
encapsulated by the IDL.comliDispatch object Qbj 1 returns a reference to another
COM object.

hj2 = Wj1 -> Gt X herhject()

Here, Ohj 2 isan IDLcomlDispatch object that encapsul ates some other COM object.
Obj 2 behavesin the same manner as any | DL.comlDispatch object.

Note that IDL coml Dispatch objects created in this manner are not linked in any way
to the object whose method created them. In the above example, this means that
destroying Cbj 1 does not destroy Chj 2. If the COM object you are using creates new
IDLcomlDispatch objectsin this manner, you must be sure to explicitly destroy the
automatically-created objects along with those you explicitly create, using the

OBJ DESTROQY procedure.
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Destroying IDLcomIDispatch Objects

Use the OBJ DESTRQY procedure to destroy and |DLcoml Dispatch object.

When OBJ DESTROY is called with an IDLcoml Dispatch object as an argument,
the underlying reference to the COM object isreleased and IDL resources relating to
that object are freed.

Note
Destroying an |DLcoml Dispatch object does not automatically cause the

destruction of the underlying COM object. COM employs a reference-counting
methodol ogy and expects the COM object to destroy itself when there are no
remaining references. When an | DL coml Dispatch object is destroyed, IDL simply
decrements the reference count on the underlying COM abject.
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COM-IDL Data Type Mapping

67

When data moves from IDL to a COM object and back, IDL handles conversion of

variable data types automatically. The data type mappings are shown in Table 4-1.

COM Type

IDL Type

BOOL (VT_BOOL)

Byte (true =1, false=0)

ERROR Long

(VT_ERROR)

CY (VT_CY) Double (see note below)
DATE (VT_DATE) Double

11(VT_I1) Byte

INT (VT_INT) Long

UINT (VT_UINT)

Unsigned Long

VT_USERDEFINED

The IDL typeis passed through.

VT _UIL Byte
VT I2 Integer

VT _UI2 Unsigned integer
VT_ERROR Long

VT_l14 Long

VT Ul4 Unsigned Long
VT_18 Long64

VT_UI8 Unsigned Long 64
VT R4 Float

VT_BSTR String

VT_R8 Double
VT_DISPATCH IDLcomlDispatch

Table 4-1: IDL-COM Data Type Mapping.
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COM Type IDL Type

VT_UNKNOWN IDLcomlDispatch

Table 4-1: (Continued) IDL-COM Data Type Mapping.
Note on the COM CY Data Type

The COM CY datatypeisascaled 64-bit integer, supporting exactly four digitsto the
right of the decimal point. To provide an easy-to-use interface, IDL automatically
scales the integer as part of the data conversion that takes place between COM and
IDL, alowing the IDL user to treat the number as a double-precision floating-point
value. When the value is passed back to the COM object, it will be truncated if there
are more than four significant digits to the right of the decimal point.

For example, the IDL double-precision value 234. 56789 would be passed to the
COM object as234. 5678.
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Example: RSIDemoComponent

This example uses a COM component included in the IDL distribution. The
RSIDemoComponent is included purely for demonstration purposes, and does not
perform any useful work beyond illustrating how DL comlDispatch objects are
created and used.

The RSIDemoComponent is contained in a file named RSI DenoConponent . di |
located in the exanpl es\ COMBri dge subdirectory of the IDL distribution. Before
attempting to execute this example, make sure the component is registered on your
system as described in “ Registering COM Components on a Windows Maching” on

page 49.

There are three objects defined by the RSIDemoComponent. The example begins by
using RSIDemoObj1, which has the program ID:

RSI DenmoConponent . RSI DenoQhj 1
and the class ID:

{ A77BC2B2- 88EC- 4D2A- B2B3- F556ACB52E52}
Note
The following section develops an IDL procedure called | DispatchDemo that
illustrates use of the RSIDemoComponent. The complete. pr o fileisincluded in
the exanpl es\ COVBri dge subdirectory of the IDL distribution as
| Di spat chDeno. pro.

1. Begin by creating an IDLcoml Dispatch object from the COM object. You can
use either the class ID or the program ID. Remember that if you use the class
ID, you must remove the braces ({ } ) and replace the hyphens with
underscores.

obj1 = OBJ_NEW $
' | DLCOM Di spat ch$PROA D$RSI DenpConponent _RSI DenpoChj 1')

or (with Class ID):

obj1 = OBI_NEW $
' | DLCOM D spat ch$CLSI DSA77BC2B2_88EC 4D2A B2B3_F556ACB52E52' )
2. The COM object implements the Get CLSI D method, which returns the class
ID for the component. You can retrieve thisvaluein and IDL variable and print
it. The string should be' { A77BC2B2- 88EC- 4D2A- B2B3-
F556ACB52E52} ' .

strCLSID = obj 1->Get CLSI ()
PRI NT, strCLSID
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Note
The GetCL SID method returns the class identifier of the object using the
standard COM separators ( - ).

The COM abject has a property named MessageSt r. To retrieve the value of
the MessageSt r property, enter:

obj1l -> GetProperty, MessageStr = out Str
PRI NT, outStr

IDL should print* RSl DenmoObj 1' .

You can also set the MessageSt r property of the object and display it using
the object’'s Di spl ayMessageSt r method, which displays the value of the
MessageSt r property in a Windows diaog:

obj1l -> SetProperty, MessageStr = 'Hello, world'
obj 1 -> DisplayMessageStr

The Msg21 nPar ans method takes two input parameters and concatenates
them into asingle string. Executing the foll owing commands should cause IDL
toprint' The value is: 25'.

instr = 'The value is:

val = 25L

out Str = obj 1- >Msg2l nPar ans(instr, val)
PRI NT, outStr

To view al known information about the IDL coml Dispatch object, including
its dynamic subclass name and the names of its methods, use the IDL HELP
command with the OBJECTS keyword:

HELP, obj1, /OBJECTS

The Get | ndexObj ect () method returns an object reference to one of the
following three possible objects:

¢ RSI DemObj 1 (index = 1)
¢ RSI DemoOhbj 2 (index = 2)
¢ RSI DemoObj 3 (index = 3)

If theindex isnot 1, 2, or 3, the Get | ndexChj ect method will return an error.

To get areference to RSI DenpObj 3, use the following command:
obj 3 = obj 1- >Get | ndexObj ect ( 3)
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8. All three objects have the Get CLSI D method. You can use this method to
verify that the desired object was returned. The output of the following
commands should be '{ 13AB135D- A361- 4A14- B165- 785B03AB5023} ' .

obj 3CLSI D = obj 3- >Get CLSI ()
PRI NT, obj 3CLSI D

9. Remember to destroy aretrieved object when you are finished with it:
OBJ_DESTROY, obj 3

10. Next, usethe COM object’s Get Arrayf Obj ect s() method to return a
vector of object referencesto RSI DenoObj 1, RSI DenoCoj 2, and
RSI DenoQhbj 3, respectively. The number of elementsin the vector is returned
in the first parameter; the result should 3.
objs = obj 1->CGet ArrayOr Cbj ect s(cltens)
PRI NT, cltemns

11. Since each object implements the Get CLSI D method, you could loop through
all the object references and get its class ID:

FORi =0, cltens-1 do begin

obj CLSID = objs[i] -> GetCLSI )

PRI NT, 'Qoject[',i,'"] CLSID: ', objCLSID
ENDFOR

12. Remember to destroy object references when you are finished with them:

OBJ_DESTROY, objs
OBJ_DESTROY, obj 1
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Using ActiveX Controls in IDL

If you want to incorporate a COM object that presents a user interface (that is, an
ActiveX control) into your IDL application, use IDL’'s WIDGET_ACTIVEX routine
to place the control in an IDL widget hierarchy. IDL provides the same object method
and property manipulation facilities for ActiveX controls asit does for COM objects
incorporated using the IDL coml Dispatch object interface, but adds the ability to
process events generated by the ActiveX control using IDL’s widget event handling
mechanisms.

Note
IDL can only incorporate ActiveX controls on Windows NT/2000/XP (and later)

platforms.

When you use the WIDGET_ACTIVEX routine, IDL automatically creates an
IDLcomActiveX object that encapsulates the ActiveX control. IDLcomActiveX
objects are a subclass of the IDLcomlDispatch object class, and share al of the
DL coml Dispatch methods and mechanisms discussed in Chapter 4, “Using COM
Objectsin IDL". You should be familiar with the material in that chapter before
attempting to incorporate ActiveX controlsin your IDL programs.

Note
If the COM object you want to use in your IDL application is not an ActivexX
control, use the IDL coml Dispatch object class.

Registering COM Components on a Windows
Machine

Before a COM object or ActiveX control can be used by a client program, it must be
registered on the Windows machine. In most cases, components are registered by the
program that installs them on the machine. If you are using a component that is not
installed by an installation program that handles the registration, you can register the
component manually. For a description of the registration process, see “Registering
COM Components on a Windows Machine” on page 49.
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ActiveX Control Naming Scheme

When you incorporate an ActiveX control into an IDL widget hierarchy using the
WIDGET_ACTIVEX routine, IDL automatically creates an IDLcomActiveX object
that instantiates the control and handles all communication between it and IDL. You
tell IDL which ActiveX control to instantiate by passing the COM class or program
ID for the ActiveX control to the WIDGET_ACTIVEX routine as a parameter.

IDL automatically creates a dynamic subclass of the IDLcomActiveX class (whichis
itself a subclass of the IDLcomlDispatch class) to contain the ActiveX control. The
resulting class name looks like

| DLcomAct i veX$l D_t ype$l D
where ID_type is one of the following:
e CLSI Dif the object isidentified by its COM class ID, or
e PROG Dif the object isidentified by its COM program ID,
and ID isthe COM object’s actual class or program identifier string.

For more on COM class and program I1Ds see “ Class |dentifiers’ on page 50 and
“Program Identifiers” on page 51.

While you will never need to use this dynamic class name directly, you may see it
reported by IDL viathe HELP routine or in error messages. Note that when IDL
reports the name of the dynamic subclass, it will replace the hyphen charactersin a
class ID and the dot charactersin a program ID with underscore characters. Thisis
because neither the hyphen nor the dot character are valid in IDL object names.

Finding COM Class and Program IDs

In general, if you wish to incorporate an ActiveX object into an IDL widget
hierarchy, you will know the COM class or program ID — either because you created
the control yourself, or because the devel oper of the control provided you with the
information.

If you do now know the class or program ID for the COM object you want to use, you
may be able to determine them using the OLE/COM Object Viewer application
provided by Microsoft. For more information, see “Finding COM Class and Program
IDS’ on page 52.
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Creating ActiveX Controls

To include an ActiveX control in an IDL application, use the WIDGET_ACTIVEX
function, supplying the COM class or program ID of the ActiveX control asthe
COM _ID argument.

Note
If the object you want to use in your IDL application is not an ActiveX control, use
the IDLcoml Dispatch object class as described in Chapter 4, “Using COM Objects
in IDL". Instantiating a non-ActiveX component using the WIDGET_ACTIVEX
function is not supported, and may lead to unpredictable results.

Once the ActiveX object has been instantiated within an IDL widget hierarchy, you
can call the control’s native methods as described in “Method Calls on ActiveX
Controls’ on page 78, and access or modify its properties as described in “Managing
ActiveX Control Properties” on page 80. IDL widget events generated by the control
are discussed in “ActiveX Widget Events’ on page 81.

For example, suppose you wished to include an ActiveX control with the class ID:
{ 0002E510- 0000- 0000- CO00- 000000000046}

and the program ID:
ONC. Spr eadsheet. 9

inan IDL widget hierarchy. Use either of the following calls the
WIDGET_ACTIVEX function:

WAX = W DGET_ACTI VEX(wBase, $
' 0002E510- 0000- 0000- C0O00- 000000000046 )

or
WAX = W DGET_ACTI VEX(wBase, ' OAC. Spreadsheet.9', | D TYPE=1)

wherewBase isthe widget ID of the base widget that will contain the ActiveX
control.

Note
When instantiating an ActiveX control using the WIDGET_ACTIVEX function,
you do not need to modify the class or program ID as you do when creating an
IDLcomlDispatch object using the OBJ_NEW function. Be aware, however, that
when IDL creates the underlying IDLcomActiveX object, the dynamic class name
will replace the hyphens from aclass ID or the dots from a program ID with
underscore characters.
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IDL’sinternal COM subsystem instantiates the ActiveX control within an
IDLcomActiveX object with one of the following dynamic class hames

| DLconmAct i veX$CLSI DS0002E510_0000_0000_C000_000000000046
or
| DLcomAct i veX$PROG DSONC_Spr eadsheet _9

and sets up communication between the object and IDL. IDL also places the control
into the specified widget hierarchy and prepares to accept widget events generated by
the control.

See“WIDGET_ACTIVEX” inthe IDL Reference Guide manual for additional
details.
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Method Calls on ActiveX Controls

IDL allowsyou to call the underlying ActiveX control’s methods by calling methods
on the IDLcomActiveX object that is automatically created when you call the

WIDGET_ACTIVEX function. IDL handles conversion between IDL datatypes and
the data types used by the component, and any resultsare returned in IDL variables of

the appropriate type.
Aswith all IDL objects, the general syntax is:
result = Cbj Ref -> Method([Argunents])

or
bj Ref -> Method[, Argunents]

where Qbj Ref isan object reference to an instance of a dynamic subclass of the
IDLcomActiveX class.

The IDLcomActiveX object classisadirect subclass of the IDLcomlDispatch object
class and provides none of its own methods. As aresult, method calls on
IDLcomActiveX objects follow the same rules as calls on IDL coml Dispatch objects.
You should read and understand “Method Calls on IDL comlDispatch Objects’ on
page 55 before calling an ActiveX control’s methods.

Retrieving the Object Reference

Unlike IDLcoml Dispatch objects, which you create explicitly with a call to the
OBJ_NEW function, IDLcomActiveX objects are created automatically by IDL. To
obtain an object reference to the automatically created IDLcomActiveX object, use
the GET_VALUE keyword to the WIDGET_CONTROL procedure.

For example, consider the following lines of IDL code:

wBase = W DGET_BASE()

wWAX = W DGET_ACTI VEX(wBase, ' myProgram myConponent.1', |D _TYPE=1)
W DGET_CONTROL, wBase, /REALIZE

W DGET_CONTROL, WAX, GET_VALUE=0AX

Thefirst line creates a base widget that will hold the ActiveX control. The second
line instantiates the ActiveX control using its program ID and creates an
IDLcomActiveX abject. The third line realizes the base widget and the ActiveX
control it contains — note that the ActiveX widget must be realized before you can
retrieve areference to the IDLcomActiveX object. The fourth line uses the
WIDGET_CONTROL procedure to retrieve an object reference to the
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IDLcomActiveX object in the variable oAx. You can use this object reference to call
the ActiveX control’s methods and set its properties.
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Managing ActiveX Control Properties

As a convenience to the IDL programmer, ActiveX control methods that have been
defined using the pr opget and pr opput attributes are accessible viathe
IDLcomActiveX object’s GetProperty and SetProperty methods, which are inherited
directly from the IDL coml Dispatch object class. This means that rather than calling
the ActiveX control’s methods directly to get and set property values, you use the
standard IDL syntax.

The IDLcomActiveX object classis adirect subclass of the IDLcomlDispatch object
class and provides none of its own methods. As aresult, IDL’sfacilities for managing
the properties of ActiveX controlsfollow the same rules as for IDLcomiDispatch
objects. You should read and understand “Managing COM Object Properties’ on
page 63 before working with an ActiveX control’s properties.
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ActiveX Widget Events

Events generated by an ActiveX control are dispatched using the standard IDL
widget methodology. When an ActiveX event ispassed into IDL, it is packaged in an
anonymous IDL structure that contains the ActiveX event parameters.

While the actual structure of an event generated by an ActiveX control will depend
on the control itself, the following gives an idea of the structure’s format:

{ID . OL,
TOP . 0L,
HANDLER . 0L,
DI SPI D : OL, ; The DI SPID of the call back nethod
EVENT_NAME """, ; The name of the callback method
<Paraml nanme> : <Paraml val ue>,
<Par an? nanme> : <Paran? val ue>,
<Par amN name> : <ParanN val ue>
}

Aswith other IDL Widget event structures, thefirst threefields are standard. ID isthe
widget id of the widget generating the event, TOP is the widget ID of the top level
widget containing 1D, and HANDLER contains the widget ID of the widget
associated with the handler routine.

The DISPID field contains the decimal representation of the dispatch ID (or DISPID)
of the method that was called. Note that in the OLE/COM Object Viewer, this 1D
number is presented as a hexadecimal number. Other applications (Microsoft Visual
Studio among them) may display the decimal representation.

The EVENT_NAME field contains the name of the method that was called.

The Param name fields contain the values of parameters returned by the called
method. The actual parameter name or names displayed, if any, depend on the
method being called by the ActiveX control.

Using the ActiveX Widget Event Structure

Since the widget event structure generated by an ActiveX control depends on the
method that generated the event, it isimportant to check the type of event before
processing valuesin IDL. Successfully parsing the event structure requires adetailed
understanding of the dispatch interface of the ActiveX control; you must know either
the DISPID or the method name of the method, and you must know the names and
data types of the values returned.
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For example, suppose the ActiveX control you are incorporating into your DL
application includes two methods named Met hod1 and Met hod2 in adispatch
interface that looks like this:

di spinterface MyDisplnterface {

properties:
nmet hods:

[i d(0x00000270)]
voi d Met hodl([in] Eventlnfo* Eventlnfo);
[id(0x00000272)]
HRESULT Met hod2([out, retval] BSTR* EditData);

I

A widget event generated by a call to Met hod1, which has no return values, would

look something like:

** Structure <3fb7288>, 5 tags, |ength=32, data | ength=32:

I D
TOP
HANDLER

DI SPI D
EVENT_NAME

LONG 13
LONG 12
LONG 12
LONG 624
STRI NG " Met hod1'

Note that the DISPID is 624, the decimal equivalent of 270 hexadecimal.
A widget event generated by acall to Met hod2, which has one return value, would

look something like:

** Structure <3fb7288>, 6 tags, |ength=32, data | ength=32:

I D
TOP
HANDLER

DI SPI D
EVENT_NAVE
EDI TDATA

LONG 13

LONG 12

LONG 12

LONG 626

STRI NG ' Met hod2'

STRI NG 'sone text val ue'

An IDL event-handler routine could use the value of the DISPID field to check which
of these two ActiveX control methods generated the event before attempting to use
the value of the EDITDATA field:

PRO nyRouti ne_event, event
| F(event. DI SPI D eq 626) THEN BEG N
PRI NT, event. EDI TDATA
ENDI F ELSE BEG N
<do sonet hi ng el se>

ENDELSE
END

ActiveX Widget Events
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Dynamic Elements in the ActiveX Event Structure

Parameter data included in an event structure generated by an ActiveX control can
take the form of an array. If this happens, the array is placed in an IDL pointer, and
the pointer, rather than the array itself, isincluded in the IDL event structure.
Similarly, an ActiveX control may return areference to another COM object, as
described in “References to Other COM Objects’ on page 65, in its event structure.

IDL pointers and objects created in this way are not automatically removed; it is the
IDL programmer’s responsibility free them using aroutine such as PTR_FREE,
HEAP_FREE, or OBJ DESTROY.

If it is unclear whether the event structure will contain dynamic elements (objects or
pointers) it is best to pass the ActiveX event structure to the HEAP_FREE routine
when your event-handler routine has finished with the event. Thiswill ensure that all
dynamic portions of the structure are released.
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Destroying ActiveX Controls

An ActiveX control incorporated in an IDL widget hierarchy is destroyed when any
of the following occurs:

* When the widget hierarchy to which the ActiveX widget belongs is destroyed.

*  Whenacall to WIDGET_CONTROL, wAx, /DESTROY is made, where wAXx
isthe widget ID of the ActiveX widget.

¢ When the underlying IDLcomActiveX object is destroyed by acall to
OBJ DESTROY.

In most cases, cleanup of an application that includes an ActiveX control is not
different from an application using only IDL native widgets. However, becauseit is
possible for an ActiveX control to return references to other COM objectsto IDL,
you must be sure to keep track of all objects created by your application and destroy
them as necessary. See “ References to Other COM Objects’ on page 65 for details.

In addition, it is possible for the widget event structure generated by an ActiveX
control to include IDL pointers or object references. Pointers and object references
included in the event structure are not automatically destroyed. See “Dynamic
Elementsin the ActiveX Event Structure” on page 83 for more information.
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Example: Calendar Control

This example uses an ActiveX control that displays a calendar interface. The control,
contained inthefile nscal . ocx, isinstaled along with atypical installation of
Microsoft Office 97, and may also be present on your system if you have upgraded to
amorerecent version of Microsoft Office. If the control isnot present on your system
(you'll know the control is not present if the example code does not display a
calendar similar to the one shown in Figure 5-1 on page 87), you can download athe
control as part of a package of sample ActiveX controlsincluded in the file

act xsanp. exe, discussed in Microsoft Knowledge Base Article 165437.

If you download the control, place thefilenscal . exe in aknown location and
execute the file; you will be prompted for adirectory in which to placenscal . ocx.
Open a command prompt window in the directory you chose and register the control
as described in “ Registering COM Components on a Windows Machine” on page 49.

The calendar control has the program ID:
MBCAL. Cal endar . 7
and the class ID:

{ 8E27C92B- 1264- 101C- 8A2F- 040224009002}
Note
The following section develops an IDL routine called ActiveX Cal that illustrates
use of the calendar ActiveX control within an IDL widget hierarchy. The complete

. pro fileisincluded in the exanpl es\ COMBr i dge subdirectory of the IDL
distribution as Act i veXCal . pro.

1. Createthe ActiveXCal procedure. (Remember that inthe Act i veXCal . pro
file, this procedure occurs last.)

PRO Acti veXcCal
2. Create atop-level base widget to hold the ActiveX control.

wBase = W DGET_BASE(COLUMN = 1, SCR _XSIZE = 400, $
TITLE="I DL ActiveX Wdget Cal endar Control"')

3. Create base widgetsto hold labelsfor the selected month, day, and year. Set the
initial values of the labels.

wSubBase = W DGET_BASE(wBase, / RON

wMoi d = W DGET_LABEL(wSubBase, value = 'Mnth: ')
whbnt h = W DGET_LABEL(wSubBase, val ue = ' Cctober')
wSubBase = W DGET_BASE(wBase, /ROWN

wVoi d = W DGET_LABEL(wSubBase, VALUE = 'Day: ')
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wDay = W DGET_LABEL(wSubBase, VALUE = '22')
wSubBase = W DGET_BASE(wBase, /ROWN

wVoi d = W DGET_LABEL(wSubBase, VALUE
wYear W DGET_LABEL(wSubBase, VALUE

"Year: ')
'1999')

Instantiate the ActiveX Control, using the control’s class ID.

wAX=W DGET_ACTI VEX(wBase, $
' { 8E27C92B- 1264- 101C- 8A2F- 040224009C02} " )

Redlize the top-level base widget.
W DGET_CONTROL, wBase, /REALIZE

Set the top-level base’'s user value to an anonymous structure containing
widget IDs of the month, day, and year label widgets.

W DGET_CONTROL, wBase, $
SET_WVALUE = {nont h: wMbnt h, day: wDay, year: wYear}

Retrieve the object 1D of the IDLcomActiveX object that encapsulates the
ActiveX control. Use the GetProperty method to retrieve the current values of
the month, day, and year from the control.

W DGET_CONTROL, wAx, GET_VALUE = 0Ax
0AXx- >Cet Property, nont h=nonth, day=day, year=year

Set the values of the label widgetsto reflect the current date, as reported by the
ActiveX control.

W DGET_CONTROL, whbnth, SET_VALUE=STRTRI M rmonth, 2)
W DGET_CONTROL, wbay, SET_VALUE=STRTRI M day, 2)
W DGET_CONTROL, wyear, SET_VALUE=STRTRI M year, 2)

Call XMANAGER to manage the widget events, and end the procedure.
XMANAGER, 'ActiveXCal', wBase

END

Now create an event-handling routine for the calendar control. (Remember that
inthe Act i veXCal . pr o file, this procedure occurs before the ActiveX Cal
procedure.)

PRO Acti veXCal _event, ev

The ActiveX widget isthe only widget in this application that generates widget
events, so the ID field of the event structure is guaranteed to contain the widget
ID of that widget. Use the GET_VALUE keyword to retrieve an object
reference to the IDLcomActiveX object that encapsul ates the control.

W DGET_CONTROL, ev.|D, GET_VALUE = oCal
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12. The user value of the top-level base widget is an anonymous structure that
holds the widget I Ds of the month, day, and year |abel widgets (see step 6
above). Retrieve the structure into a variable named st at e.

W DGET_CONTROL, ev.TOP, GET_WVALUE = state

13. Use the GetProperty method on the IDLcomActiveX object to retrieve the
current values of the month, day, and year from the calendar control.

ocal - >Get Property, nonth=nonth, day=day, year=year

14. Use WIDGET_CONTROL to set the values of the month, day, and year label
widgets.

W DGET_CONTROL, state.nonth, SET_VALUE = STRTRI M nont h, 2)
W DGET_CONTROL, state.day, SET_VALUE = STRTRI M day, 2)
W DGET_CONTROL, state.year, SET_VALUE = STRTRI M year, 2)

15. Cal HEAP_FREE to ensure that dynamic portions of the event structure are
released, and end the procedure.

HEAP_FREE, ev

END
Running the ActiveX Cal procedure displays awidget that looks like the following:

&l IDL ActiveX Widget Calendar Control P ] R
fonth: 5
Day: 1
Year 2002
May 2002 May =] |2002 =l
Sun Mon Tue Wed Thu Fri Sat

28 28 a0 2 3 4

5 53 it g 9 10 11

12 13 14 15 16 17 15

19 20 21 22 23 24 25

26 7 28 28 30 1 1

2 i 4 & G [ g

Figure 5-1: An IDL widget program using an ActiveX calendar control.
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Example: Spreadsheet Control

This example uses an ActiveX control that displays a spreadsheet interface. The
control, contained inthefilemsowc. dl | , isinstalled along with atypical installation
of Microsoft Office. If the control is not present on your system (you’ll know the
control is not present if the example code fails when trying to realize the widget
hierarchy), the example will not run.

The spreadsheet control has the program ID:
ONC. Spreadsheet. 9
and the class ID:
{ 0002E510- 0000- 0000- CO00- 000000000046}

Information about the spreadsheet control’s properties and methods was gleaned from
Microsoft Excel 97 Visual Basic Sep by Sep by Reed Jacobson (Microsoft Press,
1997) and by inspection of the control’s interface using the OLE/COM Object Viewer
application provided by Microsoft. It is beyond the scope of this manual to describe
the spreadsheet control’s interface in detail.

Note
Thefollowing section develops an IDL routine called ActiveX SSthat illustrates use
of the spreadsheet ActiveX control within an IDL widget hierarchy. The complete
. pro fileisincluded in the exanpl es\ COVBr i dge subdirectory of the IDL
distribution as Act i veXSS. pr o.

1. Create afunction that will retrieve data from cells selected in the spreadsheet
control. The function takes two arguments: an object reference to the
IDLcomActiveX object that instantiates the spreadsheet control, and avariable
to contain the data from the selected cells.

FUNCTI ON ss_get Sel ecti on, 0SS, aData

2. Retrieve an object that represents the selected cells. Note that when the
ActiveX control returnsthis object, IDL automatically creates an
IDLcomActiveX object that makesit accessible within IDL.

0SS- >Cet Property, SELECTI ON=0Sel
3. Retrieve the total number of cells selected.
0Sel - >Get Property, COUNT=nCel | s
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4.

If no cells are selected, destroy the selection object and return zero (the failure
code).

IF (nCells LT 1) THEN BEG N
OBJ_DESTROY, o0Sel
RETURN, O

ENDI F

Retrieve objects that represent the dimensions of the selection.
oSel - >Get Property, COLUWNS=0Col s, ROAS=0Rows
Get the dimensions of the selection, then destroy the column and row objects.

oCol s->Get Property, COUNT=nCol s
OBJ_DESTROY, oCol s
ORows- >Cet Property, COUNT=nRows
OBJ_DESTROY, oRows

Create afloating point array with the same dimensions as the selection.
abData = FLTARR(nCol s, nRows, /NOZERO) ;
Iterate through the cells, doing the following:

* Retrieve an object that represents the cell. Note that the numeric index of
the FOR loop is passed to the GetProperty method as an argument.

e Get the value contained in the cell.
e Set the appropriate element of the aData array to the cell's value.

e Destroy the object.

FOR i =1, nCells DO BEG N
oSel - >Get Property, | TEM=oltem i
ol tem >Get Property, VALUE=vVal ue
abData[i-1] = vVal ue
OBJ_DESTROY, oltem

ENDFOR

Destroy the selection object.
OBJ_DESTROY, oSel

10. Return one (the success code) and end the function definition.

RETURN, 1

END
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Next, create a procedure that sets the values of the cells in the spreadshest.
This procedure takes one argument: an object referenceto the IDLcomA ctiveX
object that instantiates the spreadsheet contral.

PRO ss_set Data, 0SS
Define the size of the data array.
nX = 20
Get an abject representing the active spreadsheet.
0SS- >CGet Property, ActiveSheet =0Sheet
Get an abject representing the cellsin the spreadsheet.
oSheet - >Get Property, CELLS=0Cells
Generate some data.
i m = BESELJ(DI ST(nX))
Iterate through the elements of the data array, doing the following:

* Retrieve an object that represents the cell that corresponds to the data
element. Note that the numeric indices of the FOR loops are passed to the
GetProperty method as arguments.

*  Set the value of the cell.

e Destroy the object.

FOR i=0, nX-1 DO BEG N
FOR j =0, nX-1 DO BEG N
oCel | s->CetProperty, | TEM-oltem i+1, j+1
oltem >Set Property, VALUE=in(i,j)
OBJ_DESTROY, oltem
ENDFOR
ENDFOR

Destroy the spreadsheet and cell objects, and end the procedure.

OBJ_DESTROY, oSheet
OBJ_DESTROY, oCells

END
Next, create a procedure to handle events generated by the widget application.
PRO ActiveXSS event, ev
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19.

20.

21.

22.

23.

24.

25.

26.

27.

The user value of the top-level base widget is set equal to a structure that
contains the widget ID of the ActiveX widget. Retrieve the structure into the
variable sState.

W DGET_CONTROL, ev.TOP, GET_UVALUE=sState, /NO_COPY

Use the value of the DISPID field of the event structure to sort out “ selection
changing” events.

IF (ev.D SPID EQ 1513) THEN BEG N

Place data from selected cellsin variable aData, using the
ss_get Sel ect i on function defined above. Check to make sure that the
function returns a success value (one) before proceeding.

| F (ss_getSel ection(sState. oSS, aData) NE 0) THEN BEG N
Get the dimensions of the aData variable.
szData = Sl ZE( aDat a)
If aDataistwo-dimensional, display a surface, otherwise, plot the data.

IF (szData[0] GT 1 AND szData[l] GI 1 AND szData[2] GI' 1) $
THEN SURFACE, aData $
ELSE $
PLOT, aData
ENDI F

ENDI F

Reset the state variable sState and end the procedure.
W DGET_CONTROL, ev.TOP, SET_UVALUE=sState, /NO COPY

END
Create the main widget creation routine.
PRO Acti veXSS

I EXCEPT=0 ; lgnore floating-point underflow errors.
Create atop-level base widget.

wBase = W DGET_BASE( COLUMN=L, $
TITLE="I DL ActiveX Spreadsheet Exanple")

Instantiate the ActiveX spreadsheet control in awidget.

WAX=W DGET_ACTI VEX(wBase, $
' { 0002E510- 0000- 0000- CO00- 000000000046} ', $
SCR_XSI ZE=600, SCR_YS| ZE=400)
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Realize the widget hierarchy.
W DGET_CONTROL, wBase, / REALIZE

The value of an ActiveX widget is an object reference to the IDLcomA ctiveX
object that encapsulates the ActiveX control. Retrieve the object reference in
the variable 0SS.

W DGET_CONTROL, WAX, GET_VALUE=0SS
Turn off the TitleBar property on the spreadsheet control.
0SS- >Set Property, DisplayTitleBar=0

Populate the spreadsheet control with data, using the ss_set Dat a function
defined above.

ss_setData, 0SS

Set the user value of the top-level base widget to an anonymous structure that
contains the widget 1D of the spreadsheet ActiveX widget.

W DGET_CONTROL, wBase, SET_UVALUE={0SS: 0SS}
Cal XMANAGER to manage the widgets, and end the procedure.
XMANAGER, ' ActiveXSS', wBase, /NO _BLOCK

END

Running the ActiveX SS procedure display widgets that ook like the following:

al
B &8 = [HEEY ED

i -0l x|

A B c D E F

0.765198 ) 0.223891 -0.260052 -0.39715 -0.17:
0785198 0.559134 0.090405 -0.310045 -0.386187 -0.14+
0.223891 0.090405 0196548 -0.392293 -0.326875 -0.04¢
-0.260052 -0.310045 -0.392293 -0.370336 0177597 0.10°
039715 0.386167 -0.326075 0177597 004583 0.24
0177597 0144665 -0 046336 0101258 0243877 0.29¢
0.150645 | 0.1728458 0226044 0285837 029445 0.217
0.300079 0299655 0289804 0249062 0156777 0.012
0171651 086777 0.1102 0.029915 -0.076487 0182
-0.080334 0103734 -0.140967 -0 191787 -0.236522 -0.24
0245936 0.247792 024963 -0.240943 -0.207336 -0.13¢
-0.080334 01053734 -0.140967 -0.131767 -0.236522 -0.24
0171651 086777 0.1102 0.029915 -0.076487 0182
0.300079 0299655 0289804 0249052 0156777 0.012
0.150645 | 0.172848 0226844 0285837 029445 0.217
0177597 0144665 -0.045336 0101258 0243877 0.29¢
039715 -0.386767 0326875 0177597 004583 0.24
-0.260052 -0.310045 -0.392293 -0.370336 0177597 0.10°

0.223891  0.090405 -0.1965458 -0.392293 -0.326875 -0.04 = =
0.765198 0.559134 0.020405 -0.310045 -0.386187 -0.144665 0.172845 0.299655 0.1567 .
| ;IJ

Figure 5-2: An IDL widget program using an ActiveX spreadsheet control.
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Overview

The Microsoft Windows version of IDL includes an ActiveX control that provides a
powerful way to integrate all the data analysis and visualization features of IDL with
other programming languages that support ActiveX controls. ActiveX is aset of
technologies that enabl es software componentsto interact, regardless of the language
in which they were written. This makes it possible, for example, to design a software
interface with Microsoft Visual Basic and have IDL respond to the events it
generates. The major features of the IDL ActiveX control include the following:

The IDL ActiveX control makesit possibleto display IDL direct and object
graphics within an OLE container that supports ActiveX controls;

The DL ActiveX control can respond to events, regardless of whether they are
generated by an external program or IDL itself;

The IDL ActiveX control greatly simplifies the process of moving datato and
from IDL and an external program;

And finaly, the interface to the IDL ActiveX control appears native to the
external application.

Other issues to note regarding the ActiveX control are:

The IDL ActiveX control isintended primarily for use in applications
developed with Visual Basic 5.0 or greater. The control can be included in any
programming language designed to use ActiveX controls (e.g. Visual C++ or
Delphi). Users who intend to utilize the IDL ActiveX control in Visual C++
applications should be thoroughly familiar with Microsoft Foundation Classes
and ActiveX programming. The IDL ActiveX control uses Visual Basic-style
data types to exchange data between a Visua Basic application and IDL. A
Visual C++ programmer will need to use OLE’s VARI ANT and SAFEARRAY
types. A discussion of how to usethe IDL ActiveX control with these
languages is beyond the scope of this manual.

The IDL ActiveX control does not support any non-blocking IDL widgets.
When you call awidget from an ActiveX Control, you will not have access to
the active command line and control will not pass back to the calling program
until the blocking has been removed (the widget has been dismissed). You can,
however, recreate the functionality of awidget using the given functionality.
For an example, see “XLoadCT Functionality Using Visual Basic” on

page 110.

The ActiveX interface to IDL consists of a single control called | DL DrawWidget.
When this control isincluded in a project, it exposes the features of IDL through its

Overview
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properties and methods. The | DL DrawWidget can aso trigger events. The
properties and methods of the I DL DrawWidget are listed in Chapter 7,
“IDLDrawWidget Control Reference”.

In this chapter, you will be guided through a series of examples designed to
demonstrate techniques for integrating IDL with programs written in Microsoft
Visual Basic. These techniques begin with writing a simple application that shows
how IDL can respond to Visual Basic events and draw graphicsin aVisual Basic
window.

A Note about Versions of the IDL ActiveX Control

Periodically, RSI releases a new version of the IDLDrawX ActiveX control. Older
versions of the control will continue to work as they always have, but the new
versions may include new features or other enhancements.

Why Are New Versions of the Control Created?

One of the features of COM isthat interfaces are immutable. That is to say that when
you create an interface, you “ contractually” agree that the interface won’t change.
Changes to the way the control interacts with other components require that a new
interface — and thus a new version of the control — must be created. Since the IDL
ActiveX control isa COM object it is bound by this agreement. When RSI makes
improvements to the ActiveX control interface by adding new methods and
properties, we release a new ActiveX control with the new interface.

What Must You Change to Take Advantage of a New Control?

If you are aVisua Basic user, you need to add the new version of the control to your
project and remove the old versions. For example, if you are upgrading to the
“IDLDrawX3 ActiveX Control Module” included with IDL version 5.6, you would
add this control to your project and remove the “IDLDrawX ActiveX Control
Module” or “IDLDrawX2 ActiveX Control Modul€” from your project. The source
code need not change.

What About Previous ActiveX Controls?

While previous versions of the IDLDrawX control will continue to work with new
versions of IDL, they are no longer supported and will not be shipped with IDL. It is

recommended that you upgrade to the new version to take advantage of new features
and bug fixes.
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Creating an Interface and Handling Events

The goal of thisfirst exampleisvery simple: to create a user interface in Microsoft
Visua Basic and have IDL respond to events and display an image. The following
figure shows what the finished project looks like when it runs. The Visual Basic
source code used to create the example is shown in the following figure:

IS[=] E3

. IDL OCX Control: Simple Example

% Compiled module: DIST. =]
2 4 4 4 1600

|

Figure 6-1: A simple example showing the IDLDrawWidget and
text returned by IDL

Asthe figure shows, our first example program consists of two buttons (“Plot Data’
and “Exit"), agraphics area, and atext box. All of these elements reside on top of
what iscalled aform in Visual Basic parlance. (A formin Visua Basicissimilar toa
top level basein IDL.) Clicking the “Plot Data” button causes IDL to produce the
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surface plot shown. Clicking “Exit” causes IDL and the Visual Basic program to free
memory and exit.

1gPrivate Sub Form Load()

2 n = | DLDr awW dget 1. | ni t | DL( For nil. hWhd)

3 If n <=0 Then

4 MsgBox ("I1DL failed to initialize")

5 End

6 End | f

7 | DLDr awW dget 1. Cr eat eDr awW dget

8 | DLDr awW dget 1. Set Qut put Wid (| DL_CQut put _Box. hwhd)

9JEnd Sub
VISL.IaI 10fPrivate Sub Plot_Button_dick()
Basic 11 | DLDr awW dget 1. ExecuteStr ("Z = SHI FT(DI ST(40), 20, 20)")

12 | DLDr awW dget 1. ExecuteStr ("Z = EXP(-(2/10)72)")

13 | DLDr awW dget 1. Execut eStr (" SURFACE, Z")

14 | DLDr awW dget 1. ExecuteStr (" PRI NT, SIZE(Z)")

15§ End Sub

16Private Sub Exit_Button_Cick()

17 | DLDr awW dget 1. DoExi t

18 End

19 End Sub

Table 6-1: Source code for a simple example

Drawing the Interface

Begin building the first example by creating a new Visual Basic project, adding the
IDL ActiveX control, and drawing the interface components. Launch Microsoft
Visual Basic and create a new project.

1. AddthelDL ActiveX component to the project. Visual Basic displays alist of
all available components when you select the Components from the Project
menul.

Components [ x|

Controlsl Designers  Insertable Objects |

[l Image Document

[ Index OLE Control module £ ‘tﬂ [@?

[ keywordsearch OLE Contral module g .
[CJLM Runtime Control il o
[ Media Clip e qoonn
[ P TR U S R T R _'l E e

Figure 6-2: List of Available Components
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Select the “IDLDrawX3 ActiveX Control module’ check box and close the
—& Components window. Visual Basic will display the IDLDrawWidget'siconin
the toolbar, as shown to the | eft.

2. Begin drawing theinterface. The “Plot” and “Exit” buttons were created with
the CommandButton widget, the text box was created with the TextBox
widget, and the graphics display areawas created with | DL DrawWidget.

Specifying the IDL Path and Graphics Level

Having added | DL DrawWidget to the Visual Basic project, we now have access to
DL DrawWidget's properties and methods. Use the | dIPath and GraphicsL evel
properties to specify the directory path of the IDL ActiveX control and to choose
between IDL’s direct and object graphics capabilities. Refer to Chapter 7,

“IDLDrawWidget Control Reference” for a complete list of the properties and
methods to | DL DrawWidget.

1. UseVisua Basic's Properties window to select the I DL DrawWidget. All of
the | DL DrawWidget’s properties can be set using the Properties window.
Many properties can also be set within the source code. These distinctions are
noted in Chapter 7, “1DLDrawWidget Control Reference”.

Properties - IDLDrawidgetl ]
| IDLDrawwidget1 IDLDrawidget |

Alphabetic | Cateqgorized I

] &H&000000Fz:
IDLDrawiWidget1Base
0 - Mone

-1

(CausesValidation  True

Craglcon ({Mone)

Diragricde 0 - wbranual

Enable True
Enablzd True

araphicsLewvel 1
Height 2415
HelpContextlD 0

1dIPath ;|

(Name)

Returns the name used in code ko identify an
object.

Figure 6-3: Visual Basic Properties window
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2. Locate the I dIPath property and enter the directory path to your IDL
instalation. If you installed IDL in its default location, this path will be:

c:\rsi\idl 54

3. Locate the GraphicsL evel property and set it equal to 1. ThisselectsIDL's
direct graphics. A setting of 2 selects IDL’s object graphics.

Initializing IDL

With the interface drawn and the properties of the I DL DrawWidget set, now write
some Visual Basic code to give the application behavior. By double-clicking on the
form which contains all of the interface components, Visual Basic will automatically
generate the following subroutine.

Private Sub Form Load()
End Sub

Visual Basic's Form_L oad routine executes automatically when a program starts
running. This procedure can be used to initialize IDL, create the | DL DrawWidget,
and direct output from IDL to atext box. The code to accomplish these tasks will be
placed between the two statements listed above.

IDL needsto beinitialized before Visual Basic can interact with the

IDL DrawWidget. Thisisdone with the Initl DL method. InitI DL takesthe hwnd
of the form containing the I DL DrawWidget as an argument and returns 1 or less
than 1, depending on whether or not IDL initialized successfully. Assuming that the
default names given to the form and the | DL DrawWidget were not changed, IDL
can beinitialized with the following statement.

n = | DLDr awW dget 1. | ni t | DL( For mL. hWd)

A conditional statement isincluded to display an error message and exit the program
if IDL failed toinitialize.

If n <= 0 Then
MsgBox ("IDL failed to initialize")
End

End |f
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Creating the Draw Widget

When a box is drawn with the “IDLDrawWidget” icon in the toolbar, an OCX frame
is created. Thisisa container for the IDL DrawWidget. This container is analogous
to an IDL widget base. The graphics window that will be used by IDL still must be
created. Thisis accomplished with the CreateDrawWidget method, as shown in the
following statement:

| DLDr awW dget 1. Cr eat eDr awW dget
Directing IDL Output to a Text Box

The example program displays any output returned by IDL in atext box created in
Visua Basic. Thisis accomplished with the SetOutputWnd method of the

IDL DrawWidget. The SetOutputWnd method takes the hwnd of the text box that
will contain the IDL output as an argument. The text box in the example program is
named | DL_Output_Box, hence the following statement.

| DLDr awW dget 1. Set Qut put Waid (| DL_CQut put _Box. h\Whd)

Note

Although thisis the last statement within the Form_L oad() subroutine, it could be
placed before the call to InitI DL to get standard IDL version information printed.

Responding to Events and Issuing IDL Commands

The easiest way to integrate IDL with Visual Basic isto let Visua Basic manage the
events and passinstructionsto IDL. Recall that our example program contains two
buttons: “Plot Data’ and “ Exit”. When you double-click on “Plot Data’, Visual Basic
automatically creates the following subroutine:

Private Sub Plot_Button_Cick()
End Sub

Visual Basic will execute any statements within this subroutine when the user clicks
“Plot Data’. Instructions are passed to IDL using the ExecuteStr method to the

DL DrawWidget. The ExecuteStr method takes a string as an argument. Thisstring
ispassedto IDL for execution asif it were entered at the IDL command line. Thefive
statements which follow instruct IDL to produce the surface plot shown in the figure
above.

| DLDr awW dget 1. Execut eStr
| DLDr awW dget 1. Execut eStr
| DLDr awW dget 1. Execut eSt r
| DLDr awW dget 1. Execut eSt r

"Z = SHIFT(DI ST(40), 20, 20)")
"Z = EXP(-(Z/10)"2)")

" SURFACE, Z")

"PRINT, SIZE(Z)")

—_~ e~~~
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Cleaning Up and EXxiting

This project exits when the user clicks “Exit”. Exiting is atwo step process. IDL is
given a chance to clean up and exit by issuing the DoExit method. The Visual Basic
program then exits with an End statement.

Private Sub Exit_Button_dick()
| DLDr awW dget 1. DoExi t
End

End Sub

External Development Guide Creating an Interface and Handling Events



102 Chapter 6: The IDLDrawWidget ActiveX Control

Working with IDL Procedures

In this next example aproject is created that uses multiple IDL procedures. Here the
same issues apply as when developing a standard IDL program with a graphical user
interface. In addition, managing memory when moving from one procedure to
another should be considered. It isimportant to realize that the ActiveX control
interacts with IDL at the main level. Thus, a Visual Basic program passing
instructionsto IDL isidentical to entering the sameinstructions at the IDL command
line. In this example Visual Basic isonly used to create the user interface and
dispatch events. The dataresides in memory controlled by IDL. IDL is used for al
data processing and display functions.

The following figure shows the user interface of the example project. The project is
part of the IDL distribution and resides in the
exanpl es\ doc\ Act i veX\ SecondExanpl e directory.

. Second Example: Interacting with IDL Procedures [ O] X]

Open |
=

Scale Original

IBIack #whhite VI

Roberts |
Exit |

Original Filtered

% Compiled module: SETCOLORS. ;I
% Compiled module: APPLYSOBEL.

*% Compiled module: APPLYROBERTS.

% Loaded DLM: JPEG.

% Compiled module: COMGRID.

% Compiled module: LOADCT.

% Compiled module: FILEPATH.

% LOADCT: Loading table B LINEAR LI

Figure 6-4: The User Interface with Two Draw Widgets

The user interface consists of two | DL DrawWidget objects. The one on the left will
display an image read from a JPEG file. The window on the right displays what the
image looks like after processing. Buttons allow the user to scale the image and
perform Roberts and Sobel filtering operations on the data.
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Creating the Interface

Theinterfaceis created asit was in the first example, by drawing the interface
componentsin Visual Basic. Two | DL DrawWidgets are created. Set the path
(c:\rsi\idl 54) and graphicslevel properties (type 1) of both.

Initializing IDL

Although there are two | DL DrawWidget objects, only one instance of the ActiveX
control needsto be initialized. Both of the I DL DrawWidget objects do need to be
created, however.

Thisis done with the two statements below:

| DLDr awW dget 1. Cr eat eDr awW dget
| DLDr awW dget 2. Cr eat eDr awW dget

Compiling the IDL Code

This example uses IDL procedures contained in a. pr o file named

SecondExanpl e. pro. Thisfile contains IDL procedures. Before these procedures
can be called from Visua Basic, SecondExanpl e. pr o needsto be compiled.
This assumesthat the . pr o fileresidesin the same directory as the Visual Basic
project. The path method of the App object returns the directory from which the
Visual Basic application was launched. Pass this directory to IDL with the statements

WorkingDirectory = "CD, '" + App.Path + "'"
| DLDr awW dget 1. Execut eStr (Wor ki nghDi rectory)

The. pr o can then be compiled. A conditional statement is used to exit the program
if IDL was unableto locatethe. pro file.

Dispatching Button Events to IDL
Because Visual Basic is used primarily for the user interface components of the

application, IDL’s procedures have been created for processing the button eventsin
the application. Thisis accomplished through the ExecuteStr method of the
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IDL DrawWidget, as caled in the following figure; when you click “Open”, the
OpenFile procedure is defined as below.

. 1QPrivate Sub Open_Button_Cick(lndex As Integer)
Visual 2 | DLCommand = "COpenFile, " + Str(Basel D)
Basic 3 | DLDr awW dget 1. Execut eStr (| DLConmand)

4QEnd Sub

Table 6-2: User Interface of Example Project

OpenFileisauser procedure that utilizes IDL’s DIALOG_PICKFILE function to
enable the user to select afile for display within the IDL DrawWidget.

Cleaning Up and EXxiting

Like the first example, this program exits when the user clicks “Exit”. An additional
call has been made to DestroyDrawWidget. Thisisn’t necessary when exiting
because the windowing system will destroy the widget. If you want to change the
GraphicsL evel property of the | DL DrawWidget during program execution use this

method.

1JPRO OpenFile, TLB

2 W DGET_CONTROL, TLB, GET_UVALUE = ptr

3 Pat hName = DI ALOG Pl CKFI LE(TI TLE = $

4 "Select a JPEG file', FILTER = '*.jpg')

5 | F (PathName NE '') THEN BEG N

6 DEVI CE, DECOWPCSED = 0

7 READ_JPEG Pat hNane, Data, Col or Table
IDL 8 (*(*ptr).Original ArrayPTR) = Data

9 (*(*ptr). OigCol or MapPTR) = Col or Tabl e

10 TVLCT, (*(*ptr).OigCol or MapPTR)

11 TV, (*(*ptr).Oiginal ArrayPTR)

12 ENDI F ELSE BEG N

13 Result = DI ALOG_MESSAGE(' No JPEG file selected' , /ERROR

14 ENDEL SE

15 END

Table 6-3: The Open File Procedure
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Advanced Examples

Each of the following examples builds on the concepts that you've already learned in
this chapter.

The user interface and projects for each of the examples have been created and can be
found in the distribution in the exanpl es\ doc\ Act i veX\ pr oj ect directory
where project is the name of the example. These examples assume that you are
already familiar with the following concepts:

e Creating anew project in Visual Basic;
¢ Adding the I DL DrawWidget control to the VB control toolbar;
e Drawing the IDL DrawWidget on your form;
e Initializing IDL with InitIDL;
*  Creating the draw widget with CreateDrawWidget;
e Executing commands with ExecuteStr;
e Using IDL . pr o code to respond to auto-events within the | DL DrawWidget;
e Setting properties for the IDL DrawWidget objects.
These examples demonstrate the following:
e Copying and Printing IDL Graphics
e XLoadCT Functionality Using Visual Basic
e XPalette Functionality Using Visual Basic
» Integrating Object Graphics Using Visual Basic
e Sharing a Grid Control Array with IDL

¢ Handling Events within Visual Basic

External Development Guide Advanced Examples
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Copying and Printing IDL Graphics

The VBCopyPrint example demonstrates how to use either the Windows clipboard or
object graphics to print the contents of an DL DrawWidget window.

This example illustrates the following concepts:
¢ Opening an existing project in Visual Basic;

e Copying an IDL graphic to the Windows clipboard using the CopyWindow
method;

e Executing IDL user routines;
e Printing an IDL graphic.
Opening the VBCopyPrint project
Select “Existing” from the Visual Basic New Project dialog. In the IDL distribution,

change to the exanpl es\ docs\ Act i veX\ VBCopyPri nt directory, and open the
project VBCopyPrint.vbp, as shown in the following figure.

New Project

Mew  Existing IHecent'

Look jn i WVBCopyPrint iiET
o rsi
WVBCopyPr| ] 1483
(1 examples
] doc
1 Actived
S} ECopyPrint

g2 E_Drive [E1]

g2 F_Diive [F] -
File name: | Open I
Files of tpe: IPm\e:t Files (*.vbp;" mak " vba) j Cancel

Help

[~ Dan't show this dislog in the future

Figure 6-5: Opening the VBCopyPrint project
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Running the VBCopyPrint Example

Select “ Start” from the Run menu to run the example. You should see the graphic
shown in the following figure.

Printing and Copying Direct Graphics

Copy

1DL Print

B Print

i

Figure 6-6: VBCopyPrint example

Copying IDL Graphic to the clipboard

To copy the graphic, click on “Copy”. The code for “Copy” uses the CopyWindow
method to copy the contents of the graphic to the Windows clipboard as showninline
6 of the following table.

Private Sub cndCopy_dick()
1 " Copy the direct graphics windowto the clipboard
2 Scr een. MousePoi nter = vbHour gl ass
. 3 'Erase anything currently on the clipboard
Visual 4 C i pboard. d ear
Basic 5 ' Copy the draw wi dget to the clipboard
6 | DLDr awW dget 1. CopyW ndow
7 Scr een. MousePoi nter = vbDef aul t
8 MsgBox "W ndow copied to clipboard.”
End Sub

Table 6-4: Copy button Source Code
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Printing the IDL Graphic using IDL Object Graphics

To print the graphic using IDL, click on “IDL Print”. The“IDL Print” button uses
IDL’s object graphics to print the contents of the window by creating an image object
and sending the image to a printer object through a user routine VBPrintWindow.

IDL

PRO VBPri nt Wndow, Drawl d

; Get the V\Andowindex of the drawable to be printed
W DGET_CONTROL, Drawi d, Get_Val ue=I ndex

©CoO~NOUTO~WNE

10 ;Create a Printer object and draw the graphic to it
11 oPrinter = OBJ_NEW (' IDLgrPrinter')

13 ;Display a print dialog box
14 Result = DI ALOG_PRI NTERSETUP( oPri nter)

18 oPrinter->Draw, oView

22 |END ; VBPr i nt W ndow

Table 6-5: IDL VBPrintWindow Code

Executing IDL user routines with Visual Basic

The VBCopyPrint example executes a user routine, writtenin IDL, to support the
printing of the IDL DrawWidget window. Thisis done with the ExecuteStr method,
as shown in line 4 below, by passing a string of the routine name along with the ID of
the I DL DrawWidget.

Visual
Basic

Private Sub cndPrintIDL_Cick()
"Print the current drawabl e wi dget's wi ndow contents
"using | DL object graphics
Scr een. MousePoi nter = vbHour gl ass
| DLDr awW dget 1. Execut eStr "VBPri nt W ndow, " &
St r $(| DLDr awW dget 1. Dr awl d)
Scr een. MousePoi nter = vbDef aul t
MsgBox "W ndow sent to printer."
End Sub

OO~ WNE

Table 6-6: Print Button Source Code
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Printing the IDL Graphic Using Visual Basic

The VBPrint command uses the Windows clipboard and Visual Basic printer support
to print the IDL Graphic, as shown in the following table.

1fPrivate Sub cndPrintVB dick()
2 CommonDi al ogl. Cancel Error = True
3 On Error GoTo ErrHandl er
4 CommonDi al ogl. ShowPri nt er
5Q'-- Copy the window s contents to the clipboard
6 'Erase anything currently on the clipboard
7 Cipboard. d ear
Visual 8 | DLDr awW dget 1. CopyW ndow
. 9 '-- Send the picture located on the clipboard,
Basic 10 "to the printer
11 Printer.PaintPicture Cipboard. GetData, 0, 0
12 Printer.EndDoc 'Send it to the printer
13 Exit Sub
14 QErr Handl er:
15
16 Exit Sub
17§ End Sub

Table 6-7: VBPrint Command
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XLoadCT Functionality Using Visual Basic

The VBL0adCT example duplicates the XLOADCT functionality using aVB
interface. The VBLoadCT. pr o source codeis afunctional duplicate of XLOADCT
with procedure calls replacing the x| oadct _event procedure aswell asIDL
widgets being replaced by VB controls. See the following figure for more
information. In addition, this example extends XLOADCT by adding the following
features:

«  Options menu by clicking the right mouse button on a color;
e Useof IDL syntax to create separate functions for red, blue and green;
e Ability to save user created color tables.
This example illustrates the following concepts:
» Modifying existing IDL library code for use with the IDL DrawWidget;

+ |DL to Visual Basic color table conversion.

. VBLoadCT O] x|
File  Edit
B LINEAR -
BLUE AWHITE
GRM-RED-BLU-WHT
RED TEMPERATURE
BLUE/GREEM/REDAYELLOW
STD GakMA-
1] FRISM
4 v| |RED-PURPLE
J—I J GREEMAWHITE LINEAR
Stretch Bottom GRMAVHT EXPOMEMTIAL
100 GREEM-PIME.
BLUE-RED
[ »
J —IJ 16 LEVEL
Stretch Top RalMBOWw
1 STEPS
. » STERM SPECIAL
[Tl [ J Haze LI

Gamma Comection

Figure 6-7: VBL0oadCT example
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XPalette Functionality Using Visual Basic

Like VBL 0adCT, VBPalette demonstrates how to duplicate IDL tool functionality
using a Visual Basic interface. The VBPal et t e. pr o fileisafunctiona duplicate
of the XPalette source with the event procedure and IDL widgets replaced with auto-
event procedures and VB controls.

This example illustrates the following concepts:
* Modifying existing IDL library code for use with the | DL DrawWidget;

e Converting an IDL event procedure to the | DL DrawWidget auto-event
procedures.

. ¥BPalette [_[O]x]

File  Palette

50 100 150 200 250 300

Green

50 100 150 200 250 300
Blue

B4 LINEAR

Color Index | 115

Red IF GAN-RED-BLU-WHT
Green 5

RED-PURPLE ) 50 100 150 200 250 300

Elue 295
1 colors].thl
Create a Color Function
Start Index 1DL Function Output Window
-
Red = 0 |bylscl[sm[mdgen[ZSE]‘.WD]] Feset Red
Green = a |bylscl[sm[mdgen[ZSE]‘.DS]] Reset Green
Blue = - Reset Bl
lue 0 |hylscl[sm[mdgan[255] 025)) eset Blue j

Figure 6-8: VBPalette Example
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Integrating Object Graphics Using Visual
Basic

Most of the examples covered to this point have used IDL’s direct graphics sub-
system to demonstrate using the | DL DrawWidget control. The I DL DrawWidget
can also use IDL’s object graphics sub-system by changing the

IDL DrawWidget.GraphicslL evel property as demonstrated with the VBObj Graph
example in the following figure.

This example illustrates the following concepts:
e Setting the GraphicsL evel property to create an object graphics window;
e Trandating agraphics object using VB controls.
e Using IDLDrawWidget auto-events.

Dbject Graphics Example

Eile  Edit

Left click and draq on surface to rotate.

l Auto Rotate ]

Figure 6-9: VBODbjGraph example
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Sharing a Grid Control Array with IDL
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VBSharelD demonstrates sharing one dimensional data between Visual Basic and
IDL using the SetNamedArray method of the | DL DrawWidget object. The datais
presented to the user in a Visual Basic grid control enabling the user to edit the data

and seetheresultsin real time. See the following figure:

This example illustrates the following concepts:

e Shows how to process mouse events within VB to get the data coordinates of

an IDL plot.

e Demonstrates how to convert (x,y) VB coordinatesinto IDL data coordinates,
to give the cursor location in data values relative to the current plot.

e Demonstrates how to use aVB grid control to edit data valuesthat are
reflected in the IDL plot after each keystroke.

. YBShareld

Move the cursor over the plot, and type a number to edit the current
value. or click on the cell to edit.

[=1 E3

-0
20 40 &0 a0 100

000 N .09 141 - 757 -954 -27 57 989 12
-5d4 -1.000 -537 420 591 =] -288 - 561 -751 150
a13 Een -003 -B4E 132 TE3 956 271 -EE4
-988 - 404 551 1.000 529 - 428 -992 -E44 256 964
745 -153 -917 -832 018 51 .02 124 - 768 -954
-262 E70 N 3% -559 -1.000 -522 43 993 E37
-305 - 966 -3 167 520 827 -027 - 856 -893 -115
774 951 254 -E77 -985 -388 5EG 1.000 514 - 444
-994 -E30 13 968 733 -176 -923 -822 035 BED
894 106 .77 -948 - 245 83 984 380 -573 -593

Reset |

lbiCaords
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Handling Events within Visual Basic

The VBPaint example uses direct graphics to create a simple drawing program. A
direct graphics window is used to respond to events within VB. Each click event will

get the (x,y) location within the window, and modify the color of the current pixel in
the image. See the following figure:

This example illustrates the following concepts:
e Converting from aVB pixel coordinate system to the IDL coordinate system;

e Converting aVB color representation (long) into an IDL color representation
(RGB);

¢ Modifying an IDL RGB color table item with a color chosen/created from VB
and the Window's common color dialog;

¢ Processing mouse events within VB to draw into an IDL window.

&, Exampled !EE
Hold Left button to draw. Right button to erase

Colar...

tf

Clear

Color

Basic colors:

LCustom colors:

| )
.

Define Custom Calars »»

Cancel |

H1 HNEEETT]
1 "THETEN
H71 HEEETT
Ef HEENT

Figure 6-11: VBPaint example
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Distributing Your ActiveX Application

For information on how to distribute an application developed with the IDL ActiveX
control, see Chapter 20, “Creating IDL Projects’ in the Building IDL Applications
manual.
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IDLDrawWidget Control
Reference

This chapter describes the following topics:

IDLDrawWidget .................... 118 Read Only Properties................. 135
Methods........................... 119 Auto Event Properties ................ 137
Do Methods (Runtime Only) .......... 129 EBEvents ... 139
Properties ............. ... .. .. .... 131
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IDLDrawWidget

The IDLDrawWidget is an ActiveX control that provides an easy mechanism for
integrating IDL with Microsoft Windows applications written in C, C++, Visua
Basic, Fortran, Delphi, etc. Methods and properties of the I DL DrawWidget provide
the interface between IDL and an external application. The rest of this section
describes the following for the DL DrawWidget:

e Methods

* Do Methods (Runtime Only)
e Properties

¢ Read Only Properties

e Auto Event Properties

¢ Events

IDLDrawWidget External Development Guide
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Methods

In ActiveX terminology, methods are special statements that execute on behalf of an
object in a program. For example, the ExecuteStr method can be used to execute an
IDL statement, function, or procedure when the user clicks on a button in a Visual
Basic program. The syntax of a method statement is:

obj ect. met hod val ue
where

¢ Object isthe name of an object you want to control, for example an
IDL DrawWidget.

¢ Method is the name of the method you want to execute.

¢ Valueisan optional parameter used by the method. The various methodsto the
IDL DrawWidget may require zero, one, or multiple parameters.

Note
When a method returnsaBOOL, the value TRUE isequal to 1 and FALSE is equal

to 0.

CopyNamedArray

This method copies an IDL array to an OLE Variant array.
Parameters

BSTR: The name of the array variable that you wish to copy.
Returns

VARIANT: Reference to the array.
Remarks

This function returns an array reference that islocal to the calling function.
Attempting to use this array outside the calling function could result in runtime
errors.
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CopyWindow

This method copies the contents of the | DL DrawWidget window to the Windows
clipboard.

Parameters
None.
Returns

BOOL: TRUE if successful.

CreateDrawWidget

This method creates an | DL DrawWidget in an ActiveX control frame. When you
drag and drop the | DL DrawWidget, you are creating the frame that will contain the
actual draw widget. Drawing operations to the control cannot be made until this

method is called.
Parameters
None.
Returns
LONG: The widget ID of the created draw widget or -1 in the event of an error.

DestroyDrawWidget

This method destroys the | DL DrawWidget, but not the ActiveX control frame.
Parameters

None.
Returns

None.
DoEXxit

This method exits the ActiveX control and frees any resourcesin use by IDL.
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After all IDL ActiveX control use is complete, but before the EDE application exits,
you must call DoExit to alow the ActiveX control to shutdown IDL gracefully and

free any resourcesin use.
Parameters

None.
Returns

None.

Remarks

In spite of the name, DoEXxit is not one of the IDL ActiveX control auto events. Like
InitIDL, DoExit should be called once and only when you are exiting the EDE
application.

Warning
Once DoExit is called, you are not allowed to call methods or set properties within

the IDL ActiveX control from the currently running EDE application, regardless of
which | DL DrawWidget the method was called on. Attempting to do so will result
in aruntime error subsequently causing the EDE application to crash.

ExecuteStr
This method passes a string to IDL which IDL then executes.

Parameters
BSTR: A string containing the command that IDL will execute.

Returns
LONG: 0 if successful or the IDL error codeif it fails.

Remarks
Most IDL commands that are executed with ExecuteStr run in the main level.
GetNamedData

This method returns the IDL data val ue associated with the named variable.
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Parameters
BSTR: A string containing the name of an IDL variable.
Returns

VARIANT: Returns the value of the requested data. The type will be EMPTY if the
IDL variable doesn’t exist.

Remarks

The following table lists the supported IDL data types and the corresponding
VARIANT datatypes.

IDL Type Variant Type

IDL_TYP BYTE VT Ull
IDL_TYP_INT VT 12
IDL_ TYP_ LONG | VT I4
IDL_TYP_FLOAT |VT R4
IDL_TYP_DOUBLE | VT _R8
IDL_TYP_STRING |VT_BSTR

Table 7-1: Supported IDL data types and the corresponding
VARIANT data types

InitIDL

Thismethod initializes IDL. IDL only needs to be initialized once for each instance
of the ActiveX control.

Parameters

LONG: InitIDL iscdled with the hwnd of the main window for the container
application. If thisvalue is null, the ActiveX control uses the hwnd of the ActiveX
control frame.
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Returns

LONG: Long value indicating status of IDL

Value Meaning
1 Successful
0 Failure
-1 IDL ActiveX control is
not licensed
-2 IDL isunlicensed (demo)

Table 7-2: Status of IDL

If your application contains more than asingle I DL DrawWidget (e.g.
IDL DrawWidget1 and | DL DrawWidget2) the Initl DL method should only be
called on one of the objects, not both.

The IDL ActiveX control relies on IDL and must, at a minimum, have an IDL
runtime distribution to operate successfully. The I dIPath property can be set so the
control can find avalid IDL distribution (thei dl 32. dI |). If avalid distribution is
not found in either the path as set in the | dIPath property or the current directory, a
dialog will be displayed giving the user the opportunity to specify the location of his
IDL distribution. This behavior may be overridden at runtime by locating and
specifying the path to the IDL distribution prior to calling either the I nitIDL or
SetOutputWnd methods.

InitIDLEX

This method initializes IDL. It isidentical to the InitiIDL method except that it has an
additional parameter, Flags, allowing initialization flagsto be passed on to IDL. See
the description of the “InitiIDL” on page 122 for details on the return value.

Parameters

LONG: InitIDL iscaled with the hWnd of the main window for the container
application. If thisvalue is null, the ActiveX control usesthe hwnd of the ActiveX
control frame.
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LONG: Flags. A bitmask used to specify initiaization options. The allowed bit
values are:

Flag Meaning

IDL_INIT_RUNTIME | Setting thisbit causes IDL to check out aruntime
license instead of the normal license. In Visual C++
applications, the define constant
IDL_INIT_RUNTIME exported in export . h can be
used. For Visual Basic applications use the actual
value of this constant, IDL_INIT_RUNTIME=4,
since the defined constant is not available.

Table 7-3: InitIDLEX Flags.

Returns

LONG: Long value indicating status of IDL. See the description of the return value
under “InitIDL” on page 122 for details.

Print

This method prints the contents of the ActiveX control to the current default printer
for both Direct and Object Graphics windows. The Print method will print the
contents of a Direct Graphics window at screen resolution (72-96 dpi). For
information about controlling print resolution of an object graphics window, see the
Bufferld property.

Note
In order to print the contents of an Object Graphics window, you must associate the
IDL graphicstree (an IDLgrView object) with the IDLgrWindow object used by the
underlying draw widget. Do this by setting the GRAPHICS TREE property of the
IDLgrWindow object to the IDLgrView object:

;Retrieve the wi ndow obj ect associated with the draw wi dget.

| DLDr awW dget : : Execut eStr ("W dget _Control, |DLDrawW dget, $
Get _Val ue =oW ndow") ;

; Set the Graphics_Tree property to the view object.

| DLDr awW dget : : Execut eStr (" oW ndow >Set Property, $
Graphics_Tree = oView');
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Parameters

XOffset: The X offset to print the graphic in 0.01 of amillimeter.
YOffset: The Y offset to print the graphic in 0.01 of a millimeter.

Width: The desired width of the printed graphic in 0.01 of a millimeter.
Height: The desired height of the printed graphic in 0.01 of a millimeter.

The X offset plus the width should be less than or equal to the width of a single page.
TheY offset plus the height should be less than or equal to the height of asingle
page. The origin of the offset 0,0 isin the upper left corner of a page. If these values
are set to 0, the ActiveX control will print agraphic in the upper left corner of the
page with the size of the graphic approximating the size of the image on the screen.

Returns

BOOL: TRUE if printing succeeded.
RegisterForEvents

This method causes | DL DrawWidget to pass the specified events to the application.
These events only apply if the user hasn’t set the corresponding auto event property.

Parameters

LONG: Flags that indicate which events you wish to forward to your application.
Values can be combined if multiple events are desired.

Value Meaning
0 Stop forwarding all events
1 Forward mouse move events
2 Forward mouse button events
4 Forward view scrolled events
8 Forward expose events

Table 7-4: Forwarding Events

Note
Motion events may be generated continuously in response to certain operationsin
IDL. Asaresult, if you forward mouse move events, your event handler should
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check the reported position of the mouse to determine whether it has in fact moved
before doing extensive processing.

Returns

BOOL: TRUE if successful.

SetNamedArray

Methods

This method creates anamed IDL array with the specified data. The data pointer is
shared with IDL and the EDE application. Thus, changesin either IDL or the EDE
will be reflected in both.

Parameters

BSTR: Name of array variableto createin IDL.
VARIANT: Array data to be shared with IDL.

BOOL: Trueif IDL should free a shared array when IDL releases its reference, false
if not.

Returns

WORD: 1 if successful, O if set failed.

Remarks

Because SetNamedArray creates an array whose datais shared between IDL and the
EDE application, IDL constructs that could change the type and/or dimensionality of
the array must be avoided, as these constructs could have the side effect of creating a
new array in IDL and thus breaking the shared link.

The array parameter of SetNamedArray must have alifetime beyond the calling
function. Thus, in Visual Basic, it is recommended that the array be declared as
global in scope to prevent runtime errors from occurring.

Note
In order to allow datato be shared between IDL and the external environment, the

lock count on the underlying array isincremented. Some external environments,
notably later versions of Delphi, do not allow array locking to extend beyond a
single method call and will signal an error when SetNamedArray() returns. If this
occurs, the data cannot be shared between IDL and the external environment using
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SetNamedArray(). Use the SetNamedData() method to insert a copy of the array
into IDL.

The following table lists the accepted variant types and the corresponding IDL types.

Variant Types IDL Types
VT_UIL - unsigned char IDL_TYP BYTE
VT _I1- signed char IDL_TYP BYTE
VT _12 - signed short IDL_TYP_INT
VT 14 - signed long IDL_TYP_LONG
VT R4 - float IDL_TYP FLOAT
VT_R8 - double IDL_TYP_DOUBLE

Table 7-5: Accepted Variant Types and the Corresponding IDL Types
SetNamedData

This method creates an IDL variable with the specified name and value. Both the
EDE and IDL maintain their own copy of the data. SetNamedData can aso be used
to change the value of an existing IDL variable.

Parameters

BSTR: Name of the variable to createin IDL.
VARIANT: Datato be copied in IDL.

Returns
WORD 1 if successful.

SetOutputWnd

This method sends output from IDL to the specified window.
Parameters

HWND: The hwWnd of the edit control that will receive the outpuit.
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Returns

None.

Note
SetOutputWnd is the only method that can be called prior to acall to InitI DL.

VariableExists

This method determines if a specified variableis defined in IDL.
Parameters

BSTR: Name of variable to check.
Returns

BOOL:TRUE if variableisdefined in IDL at the main level. False if the variableis
not defined.
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Do Methods (Runtime Only)

Do Methods are methods that execute auto event procedures. Calling these methods
is helpful in simulating user interaction with a draw widget by forcing an auto event
to be called.

DoButtonPress
This method callsthe IDL procedure specified in the OnButtonPress property.
Parameters
None.

Returns
None.
DoButtonRelease
This method callsthe IDL procedure specified in the OnButtonRelease property.
Parameters
None.
Returns
None.
DoExpose
This method calls the IDL procedure specified in the OnExpose property.
Parameters
None.
Returns

None.
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DoMotion

This method callsthe IDL procedure specified in the OnM otion property.
Parameters

None.
Returns

None.

Do Methods (Runtime Only) External Development Guide
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Properties

Properties are used to specify the various attributes of an | DL DrawWidget, such as
its color, width and height. Most properties may be set at design time by configuring
the properties sheet in Visual Basic, or a runtime by executing statements in the
program code.

The syntax for setting a property in the codeis:
obj ect. property = val ue
where

*  Object isthe name of the object you want to change, e.g. |DL DrawWidgetn
where nisthe number Visual Basic assigned to the I DL DrawWidget.

e Property isthe characteristic you want to change.
¢ Valueisthe new property setting.

Note
All properties relating to window size and/or position arein pixel units unless
otherwise indicated.

BackColor

This property specifies the background color of the IDL widget. BackColor may be
specified at design time or runtime.

BaseName

This property names a variable that IDL will use for the pseudo base. If this property
isset, the IDL DrawWidget will create an IDL variable with this name that contains
the ID of the base widget. Because the base widget is a pseudo base, you should not

destroy it. The BaseName property can be set at design time or at runtime prior to a
call to CreateDrawWidget.

Default=1DL DrawWidgetBase
Bufferld

The Bufferld controls the type of print output you receive when printing with an
Object Graphics window (when the GraphicsLevel property is set to 2).
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1. A valueof -1 will cause the graphics to print using vector output. This format
is suitable for line graphs and mesh surfaces.

A value of O will cause the graphicsto print at roughly two times the screen

resolution. Thisformat is suitable for shaded surfaces or vertex colored mesh
surfaces. Thisis the default.

3. A vaue greater then O will be construed a s an IDLgrBuffer object reference

whose datawill be used for printing. This format allows the programmer to
control the resolution of the output of the image.

For more information, see “IDLgrBuffer” in the IDL Reference Guide manual.
Note

You must set the GRAPHICS_TREE property of the IDLgrWindow object for these
print options to work.

DrawWidgetName

Returns or setsavariable that IDL will use for the draw widget. If this property is set,
the IDL DrawWidget will create an IDL variable with this name that containsthe ID
of the draw widget. The DrawWidgetName property can be set at design time, or at
runtime prior to acall to CreateDrawWidget.

Default=1DL DrawWidget
Enabled

Returns or sets a value that determines whether aform or control can respond to user-
generated events such as mouse events.

Default=TRUE
GraphicsLevel (Runtime/Design time)

This property specifies the graphicslevel of the draw widget. Legal valuesare 1 or 2.
If you set the GraphicsL evel = 1 and call the CreateDrawWidget method, the
procedure will create an IDL direct graphics window. GraphicsL evel = 2 resultsin
an IDL object graphics window. The GraphicsL evel property can be set at design
time or at runtime prior to acall to CreateDrawWidget.

Default=1
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|dIPath

This property specifies the fully qualified path to the IDL32.DLL. The IdIPath
property can be set at design time or at runtime prior to acall to InitIDL or
SetOutputWnd.

Default=NULL
Renderer

This property specifies either the software or hardware renderer for object graphics
windows isto be used. It has no effect if the GraphicsLevel property isset to 1. Valid
values are:

¢ 0= Platform native OpenGL
e 1=IDL’s software implementation

By default, the setting in your IDL preferencesis used.
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Retain (Runtime/Design time)

This property setsthe retain mode of the IDLDrawWidget: O, 1, or 2. Theretain mode
specifies how IDL should handle backing store for the draw widget. Retain=0
specifies no backing store. Retain=1 requests that the server or window system
provide backing store. Retain=2 specifies that IDL provide backing store directly.
The Retain property can be set at design time or at runtime prior to acall to
CreateDrawWidget.

Default=1

Visible (Runtime/Design time)

Shows or hides the IDL DrawWidget. When Visible is TRUE the IDLDrawWidget is
shown, when FAL SE the IDL DrawWidget is hidden. Hiding the IDLDrawWidget is
useful when the control is used as an interface to IDL and no graphics are intended
for display.

Default=TRUE

Xsize (Design time)

Virtual width of DL DrawWidget. If this value is greater than the Xviewport value,
scroll barswill be added.

Ysize (Design time)

Virtual height of |DL DrawWidget. If thisvalueis greater than the Yviewport value,
scroll barswill be added.
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Read Only Properties

Baseld (Runtime)

Widget ID of the pseudo base. The Basel d property is not valid until acall to
CreateDrawWidget has been made.

Drawld (Runtime)

Widget ID of the created draw widget. The Drawld property isnot vaid until acall
to CreateDrawWidget has been made.

hWnd (Runtime)

Window handle of the ActiveX control. The hwWnd property isnot valid until acall to
CreateDrawWidget has been made.

LastldIError (Runtime)

A string that containsthe last IDL error message. This string will not change if the
ExecuteStr method is called and an error does not occur.

Scroll

True if the widget will contain scroll bars.
Default=FALSE

Xoffset

Set at design time when the control is dropped or moved. Represents the x offset of
the draw widget within the parent application.

Xviewport

Set at design time when the control is dropped or moved. Represents the visible width
of the draw widget. If scroll bars are present Xviewport will include the width of the
scroll bars.
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Yoffset

Set at design time when the control is dropped or moved. Represents the y offset of
the draw widget within the parent application.

Yviewport
Set at design time when the control is dropped or moved. Represents the visible

height of the draw widget. If scroll bars are present Yviewport will include the height
of the scroll bars.
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Auto Event Properties

Auto events are IDL procedures that are called automatically by the control in
response to certain events.

OnButtonPress

An IDL procedure that will be called when a mouse button is pressed. The procedure
must bein the form:

pro button_press, drawid, button, xPos, yPos

Default=NULL

OnButtonRelease
AnIDL procedure that will be called when a mouse button isreleased. The procedure
must bein the form:

pro button_rel ease, draw d, button, xPos, yPos

Default=NULL
OnDDbIClick

An IDL procedure that will be called when a mouse button is double clicked within
the draw widget. The procedure must be in the form:

pro button_dblclick, drawid, button, xPos, yPos
The following table describes each parameter of the syntax:

Parameter Description

button Describes which mouse button has been clicked. The valid values
are:

» 1 — Left mouse button.
o 2 — Middle mouse button.
* 4 — Right mouse button.

Table 7-6: OnDbIClick Parameters
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Parameter Description
xPos The horizontal position of the mouse when the button was clicked.
yPos The vertical position of the mouse when the button was clicked.

Table 7-6: (Continued) OnDbIClick Parameters (Continued)
Default=NULL

OnExpose

An IDL procedure that will be called when an expose message is received by the
draw widget. The procedure must be in the form:

pro expose, draw d

Default=NULL
Onlnit

An IDL procedure that will be called when adraw widget isinitially created. The
procedure must be in the form:

pro init, drawid, baseld

This auto event procedure is called once when the CreateDrawWidget method is
invoked.

Default=NULL
OnMotion

An IDL procedure that will be called when the mouse is moved over the draw widget
while a mouse button is pressed. The procedure must be in the form:

pro nmotion, drawl d, button, xPos, yPos

Default=NULL

Note
Motion events may be generated continuously in response to certain operationsin
IDL. Asaresult, if you provide an event-handler for mouse motion events, your
event handler should check the reported position of the mouse to determine whether
it hasin fact moved before doing extensive processing.
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Events

Events are functions or procedures that can be handled by the EDE application on
behalf of IDLDrawWidget. If an auto event property is set, its corresponding event
will not be called; instead, the auto event procedure will be called. By disabling the
auto-events, | DL DrawWidget can respond to the following standard Visual Basic

events:
*  MouseDown
*  MouseMove
e MouseUp

OnViewScrolled

OnViewScrolled isan I DL DrawWidget event that notifies the container application
when the graphics window has been scrolled. This event will only be sent when the
Scroll property is TRUE.

Note
You must call Register For Events passing the flags to indicate the events you want

to process. Neglecting this step will send the eventsto IDL for processing.
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Overview

Javais an object-oriented programming language developed by Sun Microsystems
that is commonly used for web development and other programming needs. It is
beyond the scope of this chapter to describe Javain detail. Numerous third-party
books and electronic resources are available. The Java website (http://java.sun.com)
may be useful.

IDL 6.0 introduces the IDL-Java bridge, which alows you to access Java objects
within IDL code. Java objectsimported into IDL behave like normal IDL objects. See
“Creating IDL-Java Objects’ on page 153 for more information. The IDL-Java
bridge alows the arrow operator (- >) to be used to call the methods of these Java
objects just as with other IDL objects, see “Method Calls on IDL-Java Objects’ on
page 155 for more information. The public data members of a Java object are
accessed through GetProperty and SetProperty methods, see “Managing IDL-Java
Object Properties’ on page 157 for more information. These objects can also be
destroyed with the OBJ DESTROY routine, see “Destroying IDL-Java Objects’ on
page 159 for more information.

Note
IDL requires an evaluation or permanent IDL license to use this functionality. This
functionality is not available in demo mode.

The bridge also provides IDL with access to exceptions created by the underlying
Java object. Thisaccessis provided by the IDL JavaBridgeSession object, whichisa
Java object that maintains exceptions (errors) during a Java session, see “ The

IDL JavaBridgeSession Object” on page 161 for more information.

Note
Visua Java objects cannot be embedded into IDL widgets.

Currently, the IDL-Java bridge is supported on the Windows, Linux, Solaris, and
Macintosh platforms supported in IDL. See “ Requirements for this Release” in
Chapter 1 of the What's New in IDL 6.0 manual for more information on these
platforms supported in IDL 6.0.

Java Terminology

You should become familiar with the following terms before trying to understand
how IDL works with Java objects:
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Java Mirtual Machine (VM) - A software execution engine for executing the byte
codes in Java class files on a microprocessor.

Java Native Interface (JNI) - Standard programming interface for accessing Java
native methods and embedding the JVM into native applications. For example, NI
may be used to call C/C++ functionality from Java or JNI can be used to call Java
from C/C++ programs.

Java Invocation API - An API by which one may embed the Java Virtual Machine
into your native application by linking the native application with the JVM shared
library.

Java Reflection API - Provides a small, type-safe, and secure API that supports
introspection about the classes and objects. The API can be used to:

e construct new class instances and new arrays
« access and modify fields of objects and classes
¢ invoke methods on objects and classes

e access and modify elements of arrays.

IDL-Java Bridge Architecture

The IDL-Java bridge uses the Java Native Interface (JNI), the reflection API, and the
JVM to enable the connection between IDL and the underlying Java system.

The IDL OBJ_NEW function can be used to create a Java abject. A Java-specific
classtoken identifies the Java class used to create a Java proxy object. IDL parsesthis
class name and creates the desired object within the underlying Java environment.

The Java-specific token is a case-insensitive form of the name of the Java class.
Besides the token, the case-sensitive form of the name of the Java classis also
provided because Javaitself is case-sensitive while IDL isnot. IDL uses the case-
insensitive form to create the object definition while Java uses the case-sensitive
form.

After creation, the object can then be used and manipulated just like any other IDL
object. Method calls are the same as any other IDL abject, but they are vectored off to
an IDL Java system, which will call the appropriate Java method using JNI.

The OBJ DESTROY procedurein IDL is used to destroy the object. This process
releases the internal Java object and frees any resources associated with it.
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Initializing the IDL-Java Bridge

The IDL-Java bridge must be configured before trying to create and use Java objects
within IDL. The IDL program initializes the bridge when it first attempts to create an
instance of IDLjavaObject. Initializing the bridge involves starting the Java Virtua
Machine, creating any internal Java bridge objects (both C++ and Java) including the
internal | DL JavaBridgeSession object. See “ The IDL JavaBridgeSession Object” on
page 161 for more information on the session object.

Configuring the Bridge

The.idljavabrc fileon UNIX ori dl j avabr ¢ on Windows contains the IDL-
Java bridge configuration information. Even though the IDL installer attempts to
create a valid working configuration file based on IDL location, the file should be
verified before trying to create and use Java objects within IDL.

The IDL-Java bridge looks for the configuration file in the following order:

1. If theenvironment variable $IDLJAVAB_CONFIG is set, thefileit indicatesis
used.

Note
This environment variable must include both the path AND the file name of

the configuration file.

2. |If the environment variable $IDLJAVAB_CONFIG is not set or thefile
indicated by that variableis not found in that location, the path specified in the
$HOME environment variable is used to try to locate the configuration file.

3. If thefileisnot found in the path indicated by the SHOME environment
variable, the <IDL_DEFAULT>/ ext er nal / obj bri dge/ j ava path is used
to try to locate the configuration file.

The configuration file contains the following settings. With atext editor, open your
configuration file to verify these settings are correct for your system.

e ThedVM O asspat h setting specifies additional locations for user classes. It
must point to the location of any class files to be used by the bridge. On
Windows, paths should be separated by semi-colons. On UNIX, colons should
separate paths.
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This path may contain folders that contain class files or specific jar files. It
follows the same rules for specifying ’-classpath’ when running j ava or

j avac. You can aso include the $SCLASSPATH environment variable in the
JVM Cl asspat h:

JVM C asspath = $CLASSPATH: / hone/ j ohnd/ myCl asses. j ar

which allows any class defined in the CLASSPATH environment variable to be
used in the IDL-Java bridge.

On Windows, an example of atypical JVM O asspat h settingis:
JVM d asspath = E:\nyd asses. j ar; $CLASSPATH

On UNIX, an example of atypical JVM O asspat h setting is:
JVM O asspath = /home/j ohnd/ myd asses. j ar : $CLASSPATH

* TheJVM Li bLocat i on setting tells the IDL-Java bridge which JVM shared
library within a given Java version to use. Various versions of Java ship with
different types of VM libraries. For example, Java 1.3 on Windows ships with
a"classic" WM, a"hotspot" VM, and a"server” JVM. Other versions and
platforms have different VM types.

On Windows, an example of atypical JVM Li bLocat i on settingis:
JVM Li bLocation = E:\jdkl1l.3.1_02\jre\bin\hotspot
On UNIX, an example of atypical JVM Li bLocat i on settingis

JVM Li bLocation = /usr/javalj2rel.4.0_02/1ib/sparc/client
Note
The preferred method for setting JVM Li bLocat i on on Windowsisviathe
configuration fileor the IDLJAVAB_LIB_LOCATION environment variable.
The preferred method on UNIX isviathe $IDLJAVAB_LIB_LOCATION
environment variable because UNIX requires this variable to be set in order
to find Java shared libraries.

e  TheJVM Opti on# (where# is any whole number) setting allows you to send
additional parametersto the Java Virtual machine upon initialization. These
settings must be specified as string values. When these settings are
encountered in theinitialization, the options are added to the end of the options
that the bridge sets by default.

e Thelog Locati on setting indicates the directory where IDL-Java bridgelog
fileswill be created. The default location provided by the IDL installer is/ t np
onUnix and c: \ t enp on Windows.
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« TheBridge Loggi ng setting indicates the type of bridge debug logging to be
sentto afilecaledj b_I og<pi d>. t xt (where<pi d>isaprocess|D
number) located in the directory specified by the Log Locat i on setting.

Acceptable values (from least verbose to most verbose) are SEVERE, CONFI G,
CONFI GFI NE. The default value is SEVERE, which specifies that bridge errors
arelogged. The CONFI Gvalue indicates the configuration settings are also
logged. The CONFI GFI NE value is the same as CONFI G, but provides more
detail.

No log fileis created if this setting is not specified.

The IDL-Java bridge usually only uses the configuration file once during an IDL
session. The fileis used when the first instance of the IDLjavaObject classis created
in the session. If you edit the configuration file after the first instance is created, you
must exit and restart IDL to update the IDL-Java bridge with the changes you made to
thefile.
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IDL-Java Bridge Data Type Mapping

When data moves between IDL and a Java object, IDL automatically converts

variable data types.

The following table maps how Java data types correlate to IDL data types.

Java Type (# bytes) IDL Type Notes

boolean (1) Integer True becomes 1,
false becomes 0

byte (1) Byte

char (2) Byte The bridge handles
Java UTF characters

short (2) Integer

int (4) Long

long (8) Long64

float (4) Float

double (8) Double

Javalang.String String Java has the notion
of aNULL string
(the java.lang.String
reference equals
null) and the concept
of an empty string.
IDL makes no such
differentiation, so
both areidentically
converted.

Arrays of the above types IDL array of the same

dimensions (from 1 to
8 dimensions) and
corresponding type.

Table 8-1: Java to IDL Data Type Conversion
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Java Type (# bytes) IDL Type Notes
Javallang.Object (or array of | IDL array of primitives | InJava, everythingis
javalang.Object) and any or IDL array of asubclass of Object.
subclass of java.lang.Object | IDLjavaObjects If the Java object is

an array of

primitives, an IDL
array of the same
dimensions and
corresponding type
(shown in this table)
iscreated. IDL
similarly converts
arrays of primitives,
arrays of strings,
arrays of other Java
objectsto an IDL
Java object of the
same dimensions. If
the Object is some
single Java object,
IDL createsan object
reference of the
IDLjavaObject class.

Null object IDL Null object

Table 8-1: Java to IDL Data Type Conversion (Continued)
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The following table shows how data types are mapped from IDL to Java.

IDL Type Java Type (# bytes) Notes
Byte byte (1) IDL bytesrange from 0 to 255,
Java bytes are-128 to 127. IDL
bytes converted to Java bytes

will retain their binary
representation but values greater
than 127 will change. For
example, BY TE(255) becomesa
Javabyteof -1. If BYTE is
converted to wider Java value,
the sign and value is preserved.

Integer short (2)

Unsigned integer short (2) IDL unsigned integers range
from 0O to 65535, Java shorts are
-32768 to 32767. IDL unsigned
integers converted to Java shorts
will retain their binary
representation but values greater
than 32768 will change. For
example, UINT(65535) becomes
aJavashort of -1. If UINT is
converted to wider Java value,
the sign and value is preserved.

Long int (4)

Table 8-2: IDL to Java Data Type Conversion
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IDL Type

Java Type (# bytes)

Notes

Unsigned long

int (4)

IDL unsigned longs range from
0to 4294967295, Javaints are -
2147483648 to 2147483647.
IDL unsigned longs converted to
Javaints will retain their binary
representation but values greater
than 2147483647 will change.
For example,
ULONG(4294967295) becomes
aJavaint of -1. If ULONG is
converted to wider Javavalue,
the sign and value is preserved.

Long64

long (8)

Unsigned Long64

long (8)

IDL unsigned long64 range from
0 to 18446744073709551615,
Javaints range from
-9223372036854775808 to
9223372036854775807. IDL
unsigned long64 converted to
Javalongs will retain their
binary representation values
greater than
9223372036854775807 will
change. For example,

UL ONG64(1844674407370955
1615) becomes a Javalong of -1.

Float

float (4)

Double

double (8)

String

Java.lang.String

Arrays of the above
types

Java array of the same
dimensions and
corresponding type

Table 8-2: IDL to Java Data Type Conversion (Continued)

IDL-Java Bridge Data Type Mapping

External Development Guide



Chapter 8: Using Java Objects in IDL 151
IDL Type Java Type (# bytes) Notes
IDLjavaObject Object of corresponding
Javaclass

Arrays of objects

Javaarray of the same Only objects of type
dimensions, consisting of | IDLjavaObject are converted.

corresponding Java proxy
objects
Null object Javanull
Table 8-2: IDL to Java Data Type Conversion (Continued)

When calling a Java method or constructor from IDL, the data parameters are
promoted as little as possible based on the signature of the given method. The
following table shows how data types are promoted within Javarelative to IDL.

Note

When strings and arrays are passed between IDL and Java, the array must be
copied. Depending upon the size of the array, this copy may be time intensive. Care
should be taken to minimize array copying.

Java Type (to order of

IDL Type desired promotion) AR
Byte byte, char, short, int, long,
float, double, boolean
Integer short, int, long, float, double,

boolean

Unsigned integer

short, int, long, float, double,
boolean

Long int, long, float, double, boolean
Unsigned Long int, long, float, double, boolean
Long64 long, float, double, boolean
Unsigned Long64 | long, float, double, boolean

Table 8-3:

External Development Guide

Java Data Type Promotion Relative to IDL
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DLType | Gired promotion). Notes
Float float, double
Double double
String Javalang.String
IDLjavaObject Java.lang.Object

Table 8-3: Java Data Type Promotion Relative to IDL (Continued)
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Creating IDL-Java Objects

Aswith all IDL objects, a Java object is created using the IDL OBJ_NEW function.
Keying off the provided Java class name, the underlying implementation uses the
IDL Java subsystem to call the constructor on the desired Java object. The following
line of code demonstrates the basic syntax for calling OBJ_NEW to create a Java
object within IDL:

oJava = OBJ_NEWI DLj avaObj ect $JAVACLASSNAME, Javad assNane, $
[Argl, Arg2, ..., ArgN)

where JAVACLASSNAME is the class name token used by IDL to create the object,
JavaC assNane isthe class name used by Javato initialize the object, and Argl

through ArgN are any data parameters required by the constructor. See “Java Class
Namesin IDL” for more information.

Seethehel | oj ava. pro fileintheext er nal / obj bri dge/ j ava/ exanpl es
directory of the IDL distribution for a simple example of an IDL-Java object creation.

Note
If you edit and recompile a Java class used by IDL during an IDL-Java bridge
session, you must first exit and restart IDL before your modified Java class will be
recognized by IDL.

The IDL-Java bridge a so provides the ability to access static Java methods and data
members. See “ Java Static Access’ on page 154 for more information.

Java Class Names in IDL

The underlying Javainterpreter recognizes the Java class nameincluding all objects
contained within the Java interpreter’s class path.

To identify a proper Java object, the fully-qualified package name should be used
when creating the IDL class name. For example, a class of type String would be
referredto asj ava. | ang. Stri ng.

Inthe IDL class name, the Java class separator (*.") should be replaced with an
underscore (). If aJavaclass of type String were created, the following IDL
OBJ NEW call would be used:

0JString = OBJ_NEW' I DLJavaObj ect $JAVA LANG STRING , $
"java.lang. String', 'MWy String')
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The class name is provided twice because IDL is case-insensitive whereas Javais
case-sensitive, see “1DL-Java Bridge Architecture” on page 143 for more
information.

Note
IDL objects use method names (INIT and CLEANUP) to identify and call object
lifecycle methods. As such, these method names should be considered reserved. If
an underlying Java object implements a method using either INIT or CLEANUP,
those methods will be overridden by the IDL methods and not accessible from IDL.
In Java, you can wrap these methods with different named methods to work around
this limitation.

Java Static Access

In Java, a program can call a static method or access static data members on a Java
class without first having to create the object.

IDL contains a special wrapper object type for calling static methods. This DL
object wrapper references the underlying Java class, alowing the object to call static
methods on the class or allowing the object to use the Get/Set Property callsto access
static data members. The following line of code demonstrates the basic syntax for
calling OBJ_NEW to create a static proxy within IDL:

oJava = OBJ_NEW I DLj avaObj ect $St at i c3JAVACLASSNAME, Javad assNane)

where JAVACLASNAME is the class name token used by IDL to create the object and
Javad assNane isthe class name used by Javato initialize the object. See “Java
ClassNamesin IDL” on page 153 for more information.

A special static object would not need to be created to call an instantiated
| DLJava(hj ect with static methods:

oNot Static = OBJ_NEW' | DLj avaObj ect $JAVACLASSNAME' , $
' Javad assNane')
oNot Static -> aStaticMethod ; this is K

Seethej avapr ops. pro fileintheext er nal / obj bri dge/ j ava/ exanpl es
directory of the IDL distribution for an example of working with static data members.

Note
All restrictions on creating Java objects apply to this static object.
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Method Calls on IDL-Java Objects

When amethod is called on a Java-based IDL object, the method name and
arguments are passed to the IDL-Java subsystem and the Java Reflection API to
construct and invoke the method call on the underlying object.

IDL handles conversion between IDL and Javadatatypes. Any resultsarereturnedin
IDL variables of the appropriate type.

Aswith all IDL objects, the general syntax in IDL for an underlying Java method that
returns avalue (known as afunction method in IDL) is:

result = Cbj Ref -> Method([Argunents])

and the general syntax in IDL for an underlying Java method that does not return a
value, avoid method, (known as a procedure method in IDL) is:

bj Ref -> Method[, Argunents]

where Obj Ref isan object reference to an instance of a dynamic subclass of the
IDLjavaObject class.

Note
Besides other Java based objects, the value of an argument may be an IDL primitive
type, an IDLjavaObject, or an IDL primitive type array. No complex types
(structures, pointers, etc.) are supported as parameters to method calls.

What Happens When a Method Call is Made?

When amethod is called on an instance of IDLjavaObject, IDL uses the method
name and arguments to construct the appropriate method calls for the underlying Java
object.

From the point of view of an IDL user issuing method calls on an instance of
IDLjavaObject, this process is completely transparent. IDL handles the translation
when the IDL user calls the Java object’s method.

Due to case-sensitivity incompatibilities between IDL and Java, Java's ability to
overload methods, and the fact that Java might promote certain data types, the Java
bridge uses an algorithm to match the IDL method name and parameters to the
corresponding Java object method.
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Before the algorithm starts, IDL provides a case-insensitive <METHODNAME> and
areference to the Java object. For a given object and its parent classes, the Java
bridge obtains alist of al the public method names, including static methods. This
algorithm performs the following steps:

1. If the Java class has one method name matching the IDL <METHODNAME>
(except for case insensitivity), this Java method name is used. At this point,
signatures and overloaded functions are not taken into account.

2. If the Javaclass has several method namesthat differ only in caseand oneisall
uppercase, the uppercase name is used. Otherwise, the IDL-Java bridge issues
an error that it has no method named <METHODNAME>.

3. Once the method name has been determined, a promotion agorithm then
matches the Java data parameters as closely as possible with the IDL
parameters. Minimum data promotion from IDL to Javais preferred and only
widening promotion is allowed. If no match isfound, an error is issued.

Data Type Conversions

IDL and Java use different datatypes. IDL’'s dynamic type conversion facilities
handle al conversion of data types between IDL and the Java system. The datatype
mappings are described in “IDL-Java Bridge Data Type Mapping” on page 147.

For example, if the Java object has a method that requires avalue of typei nt asan
input argument, IDL would supply the value as an IDL Long. For any other IDL data
type, IDL would first convert the value to an IDL Long using its normal datatype
conversion mechanism before passing the value to the Java object asani nt .
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Managing IDL-Java Object Properties

Property names and arguments are al so passed to the IDL Java subsystem and are
used in conjunction with the Java Reflection APl to construct and access public data
members on the underlying object. These public data members (known as properties
in IDL) areidentified through arguments to the GetProperty and SetProperty
methods. See “ Getting and Setting Properties” on page 158 for more information.

Note
Only public data members may be accessed.

Due to case-sensitivity incompatibilities between IDL and Java and the fact that Java
might promote certain data types, the Java bridge uses an algorithm to match the IDL
properties name to the corresponding Java object data members.

Before the agorithm starts, IDL provides a case-insensitive <PROPERTY NAME>
and areference to the Java object. For the given object and its parent classes, the Java
bridge obtains alist of al the public data membersincluding static members. This
algorithm performs the following steps:

1. If the Java class has one data member name matching the IDL
<PROPERTY NAME> (except for case insensitivity), this Java data member is
used. At this point, data types are not yet taken into account; this algorithm
only matches the data member names.

2. If the Javaclass has severa member names that differ only in case, the data
member name that exactly matches the IDL < PROPERTYNAME > (i.e. the
onethat isall caps) is caled. Otherwise, the IDL-Java bridge issues an error
that the class has no data members named < PROPERTYNAME >.

3. When setting a property with the SetProperty method, a promotion algorithm
matches the provided IDL parameter with the Java data parameter as closely as
possible. If the IDL value can be promoted to the same type as the data
member, this data member is used. Otherwise, an error isissued.

When retrieving a property with the GetProperty method, this step is skipped
and the valueisreturned to IDL.

Seetheal | props. pro and publ i cnenbers. pro filesinthe

ext ernal / obj bri dge/ j ava/ exanpl es directory of the IDL distribution for IDL
routines that provide information about data members associated with given Java
classes.
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Getting and Setting Properties

The IDL-Java bridge follows the standard IDL property interface to support data
member access on Java objects and classes.

To retrieve a property value from a Java object, use the following syntax:
bj Ref -> GetProperty, PROPERTY=variable

where Obj Ref isan instance of IDLjavaObject that encapsulates the Java object,
PROPERTY is the name of the Java object’s data member (property), and variable is
the name of an IDL variable that will contain the retrieved property value.

To retrieve multiple property values in a single statement supply multiple
PROPERTY=variable pairs separated by commas.

To set a property value on a Java object, use the following syntax:
bj Ref -> SetProperty, Property=val ue

where Obj Ref isan instance of IDLjavaObject that encapsulates the Java abject,
PROPERTY is the name of the Java object’s data member, and value is value of the
property to be set.

To set multiple property valuesin a single statement supply multiple
PROPERTY=value pairs separated by commas.

Note
The provided PROPERTY must map directly to a data member name. Any name
passed into either of the property routinesis assumed to be afully qualified Java
property name. As such, the partial property name functionality provided by IDL is
not valid with IDL Java based objects.

The variable or value part may be an IDL primitive type, an instance of
IDLJavaObject, or an array of an IDL primitive type. See“IDL-Java Bridge Data
Type Mapping” on page 147 for more information.

Note
Besides other Java based objects, no complex types (Structures, pointers, etc.) are
supported as parameters to property calls.
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Destroying IDL-Java Objects

The OBJ_DESTROY routine is used to destroy instances of |DLjavaObject. When
OBJ DESTROY is called with a Java based object as an argument, IDL releases the
underlying Java object and frees IDL resources relating to that object.

Note
Destruction of the IDL object does not automatically cause the destruction of the
underlying Java object. Because Java utilizes a garbage collection mechanism to
release any information allocated for a particular object, the resources utilized by
the underlying Java object will persist until the Java virtual machine's garbage
collector runs.
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Showing IDL-Java Output in IDL

By default, IDL prints the output from Java (the Syst em out and System err
output streams).

For example, given the following Java code:

public class helloWwrld
{

/'l ctor

public hellowrld() {

Systemout. println("hellowrld ctor");
}

public void sayHello() {
Systemout.printin("Hello! (fromthe helloWrld object)");
}

}
The following output occursin IDL:

I DL> oJHel l o = OBJ_NEW' I DLj avaQoj ect $Hel | oWorl d', 'helloWrld')
% hel | oWorl d ctor

IDL> oJHello -> SayHel | o

% Hel l o! (fromthe hell oWwrld object)

| DL> OBJ_DESTROY, oJHello

Thisexample codeisalso providedinthehel | oJava. j ava andhel | oj ava2. pro
files, which arein the ext er nal / obj bri dge/ j ava/ exanpl es directory of the
IDL distribution.

Note
Dueto restrictionsin IDL concerning receiving standard output from non-main
threads, the bridge will only send Syst em out and Syst em er r information to
IDL from the main thread. Other thread's output will be ignored.

Note
A print () inJavawill not have acarriage return at the end of the line (as opposed
toprintln(),which does). However, when outputting to Java both pri nt () and
println() will print to IDL followed by a carriage return. You can change this
result by having the Java-side application buffer its data up into the lines you wish
to seeon the IDL-side.
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The IDLJavaBridgeSession Object

Java exceptions are handled within IDL through an IDL-Java bridge session object,
IDLJavaBridgeSession. This Java object can be queried to determine the status of the
bridge, including information on any exceptions. For example, one important Java
object available through the session object is the last issued Java exception.

The session object is aproxy to aninternal Java object, which is created during the
IDL-Java bridge initialization process. You can connect an | DL JavaObject to this
object using OBJ NEW:

0JSessi on = OBJ_NEW' I DLj avaObj ect $| DLJAVABRI DGESESSI ON' )

Note

Only one Java session object needsto be created during an IDL session. Subsequent
callsto this object will point to the same internal object.

When an exception occurs, the GetException function method indicates what
exception occurred:

oJException = oJSession -> Cet Exception()

where 0JSessi on isareference to the session object and oJExcept i on isaproxy
object toaj ava. | ang. Thr owabl e object, which isthe class used in Javato
manage exceptions. The session object also has a ClearException method that clears
the session object’s last exception. The GetException method always calls
ClearException method.

The IDL JavaBridgeSession object also has the GetVersionObject method, which
retrieves the IDL JavaVersion object:

oJVersion = oJSession -> GetVersi onObj ect ()

where 0JSessi on isareference to the session object and oJVer si on isaproxy
object to an IDL JavaVersion object. This object determines version information
about the IDL-Java bridge and the underlying Java system.
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The IDLJavaVersion abject provides the following function methods, which do not
require any arguments.

e GetBuildDate() - ajavalang.String object specifying the build date. For
example, Apr 1 2003.

*  GetJavaVersion() - ajavalang.String object specifying the Java version. For
example, 1. 3. 1_02.

e GetBridgeVersion() - ajava.lang.String object specifying the IDL-Java bridge
version.

An example of the version object is provided inthe bri dge_ver si on. pro file,
whichisin IDL’sext er nal / obj bri dge/ j ava/ exanpl es directory.
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Java Exceptions

During the operation of the bridge, an error may occur when initializing the bridge,
creating an | DLj avaObj ect , caling methods, setting properties, or getting
properties. Typically, these errorswill be fixed by changing your IDL or Javacode (or
by changing the bridge configuration). Java bridge errors operate like other IDL
errorsin that they stop execution of IDL and post an error message. These errors can
be caught like any other IDL error.

On the other hand, Java uses the exception mechanism to report errors. For example,
in Java, if we attempt to create ajava.lang.StringBuffer of negative length, a
java.lang.NegativeArraySizeException is issued.

Java exceptions are handled much like bridge errors. They stop IDL execution (if
uncaught) and they report an error message containing a line number. In addition, a
mechanism is provided to grab the exception object (a subclass of
javalang.Throwable) viathe session object. Once connected with the exception
object, IDL can call any of the methods provided by this Java object. For example,
IDL can query the exception name to determine how to handleit, or print a stack
trace of where the exception occurred in your Java code.

The exception object is provided through the GetExpection method to the
IDL JavaBridgeSession object. See “ The | DL JavaBridgeSession Object” on page 161
for more information about this object.

Uncaught Exceptions

If aJavaexception isnot caught, IDL will stop execution and display an Except i on
t hr own error message. For example, when the following program is saved as
Except | ssued. pr o, compiled, and ranin IDL:

PRO Except | ssued
; This will throw a Java exception
0JStrBuffer = OBJ_NEW $
"I DLJavaCbhj ect $j ava_l ang_StringBuffer', $
"java.lang. StringBuffer’, -2)

END
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IDL issues the following output:

| DL> Except | ssued

% Exception thrown

% Execution halted at: EXCEPTI SSUED 4 Exceptlssues. pro
% $MAI N$

From the IDL command line, you can then use the session object to help debug the
problem:

I DL> o0JSessi on = OBJ_NEW' | DLJava(hj ect $| DLJAVABRI DGESESSI ON )
| DL> oJExc = o0JSession -> Get Exception()

I DL> oJExc -> PrintStackTrace

% j ava. |l ang. Negati veArraySi zeExcepti on:

% at java.lang. StringBuffer.<init>(StringBuffer.java: 116)

A similar exampleisalso provided in the except i on. pr o file, which isin the

ext ernal / obj bri dge/ j ava/ exanpl es directory of the IDL distribution. The
excepti on. pr o example shows how to use the utility routine provided in the
showexcept . pro file. Thisshowexcept utility routine can be re-used to provide
consist error messages when Java exceptions occur. The showexcept . pro fileis
also provided inthe ext er nal / obj bri dge/ j ava/ exanpl es directory of the IDL
distribution.

Caught Exceptions

Java exceptions can be caught just like IDL errors. Consult the documentation of the
Java classesthat you are using to ensure I DL is catching any expected exceptions. For
example:

Java Exceptions

PRO Except Caught

; Grab the special |DLJavaBri dgeSessi on obj ect
0JBri dgeSessi on = OBJ_NEW' I DLJava(hj ect $| DLJAVABRI DGESESSI ON' )

bufferSize = -2
; Qur Java constructor might throw an exception, so let’s catch it
CATCH, error_status
IF (error_status NE 0) THEN BEG N
Use session object to get our Exception
0JExc = 0JBridgeSession -> Cet Exception()
; shoul d be of type
;| DLJAVAOBJECT$JAVA LANG NEGATI VEARRAYSI ZEEXCEPTI ON
HELP, oJExc
; Now we can access the menbers java.l ang. Throwabl e
PRI NT, 'Exception thrown:', oJExc -> ToString()
0JExc -> PrintStackTrace
; Ol eanup
OBJ_DESTROY, o0JExc
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; Increase the buffer size to avoid the exception.
bufferSize = bufferSize + 100
ENDI F

; This throws a Java exception the 1st tinme, but pass the 2nd tine.
oJStrBuffer = OBJ_NEW' | DLJavaObj ect $j ava_l ang_StringBuffer', $
"java.lang. StringBuffer', bufferSize)

OBJ_DESTROY, o0JStrBuffer
OBJ_DESTROY, 0JBri dgeSessi on

END

A similar exampleisalso provided in the except i on. pr o file, which isin the

ext ernal / obj bri dge/ j ava/ exanpl es directory of the IDL distribution. The
except i on. pr o example shows how to use the utility routine provided in the
showexcept . pro file. Thisshowexcept utility routine can be re-used to provide
consist error messages when Java exceptions occur. The showexcept . pro fileis
also providedinthe ext er nal / obj bri dge/ j ava/ exanpl es directory of the IDL
distribution.
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IDL-Java Bridge Examples

The following examples demonstrate how to access data through the IDL-Java
bridge:

e “Accessing Arrays Example”

e “Accessing URLs Example’ on page 169

e “Accessing Grayscale Images Example” on page 171
e “Accessing RGB Images Example” on page 174

Note
If IDL isnot ableto find any Java class associated with these examples, make sure

your IDL-Java bridge is properly configured. See “Configuring the Bridge” on
page 144 for more information.

Accessing Arrays Example

This exampl e creates atwo-dimensional array within a Java class, which is contained
inafilenamed ar r ay2d. j ava. IDL then accesses this data through the ArrayDemo
routing, which isin afile named ar r aydeno. pro. Thesefilesarealsointhe IDL
distribution within the ext er nal / obj bri dge/ j ava/ exanpl es directory.

Thearray2d. j ava file contains the following text for creating a two-dimensional

array in Java:
public class array2d
{
short[][] m as;
long[][] m.aj ;

/1 ctor

public array2d()
int SIZE1 = 3;
int SIZE2 = 4;

// default ctor creates a fixed nunber of elenents
m as = new short[SI ZE1] [ SI ZE2] ;
m_aj new | ong[ SI ZE1] [ SI ZE2] ;

for (int i=0; i<SIZEl;, i++) {
for (int j=0; j<SIZE2; j++) {
mas[i][j] = (short)(i*10+j);
maj[i][j] = (long)(i*10+);
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public void setShorts(short[][] _as) {

mas = _as;

}

public short[][] getShorts() {return mas;}

public short getShortBylndex(int i, int j) {return mas[i][j];}

public void setLongs(long[][] _aj) {

maj = _aj;
}
public long[][] getLongs() {return maj;}
public long getlLongBylndex(int i, int j) {return maj[i][j];}
}

Thear r aydeno. pr o file contains the following text for accessing the two-
dimensional array within IDL:

PRO ArrayDeno

The Java class array2d creates 2 initial arrays, one
; of longs and one of shorts. W can interrogate and
; change this array.
oJArr = OBJ_NEW' | DLJavaQbj ect $ARRAY2D , 'array2d')

; First, let’s see what is in the short array at index
(2,3).
PRINT, 'array2d short(2, 3) ="', $
oJArr -> Get ShortBylndex(2, 3), $
(shoul d be 23)’

; Now, let’s copy the entire array fromJava to IDL.

short ArrIDL = oJArr -> Get Shorts()

HELP, shortArrl DL

PRI NT, 'shortArrIDL[2, 3] ="', shortArrIDL[2, 3], $
' (shoul d be 23)°

; Let’s change this value...

short ArrIDL[2, 3] = 999

; ...and copy it back to Java...

0JArr -> SetShorts, shortArrl DL

; ...nowits value should be different.
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PRI NT, '"array2d short(2, 3) ="', $
0JArr -> Cet ShortByl ndex(2, 3), ' (shoul d be 999)

Let’s set our array to sonething different.
0JArr -> SetShorts, | NDGEN(10, 8)

PRINT, 'array2d short(0, 0) ="', $

0JArr -> Cet ShortByl ndex(0, 0), ' (shoul d be 0)
PRINT, 'array2d short(1, 0) ="', $

0JArr -> Cet ShortByl ndex(1, 0), ' (shoul d be 1)
PRI NT, 'array2d short(2, 0) ="', $

0JArr -> Get ShortByl ndex(2, 0), ' (shoul d be 2)
PRINT, 'array2d short(0, 1) ="', $

0JArr -> Cet ShortByl ndex(0, 1), ' (shoul d be 10)

; Array2d has a setlLongs nethod, but b/c arrays do not
(currently) pronmote, the first call to setlLongs works
; but the second fails.
0JArr -> SetlLongs, L64|1 NDGEN(10, 8)
PRINT, 'array2d long(0, 1) ="', $
oJArr -> CetlLongByl ndex(0, 1), ' (shoul d be 10)

; PRINT, ' (expecting an error on the next line...)
;0JArr -> SetlLongs, | NDGEN( 10, 8)

; O eanup our object.
OBJ_DESTROY, 0JArr

END

After saving and compiling the abovefiles (array2d. j ava in Javaand
ArrayDeno. pro inIDL), updatethej bexanpl es. j ar fileinthe

ext er nal / obj bri dge/ j ava directory with the new compiled class and run the
ArrayDemo routine in IDL. The routine should produce the following results:

array2d short(2, 3) = 23 (should be 23)
SHORTARRI DL INT = Array[3, 4]

short ArrIDL[ 2, 3] = 23 (should be 23)
array2d short(2, 3) 999 (should be 999)
array2d short (0, 0) 0 (should be 0)
array2d short(1, 0) 1 (should be 1)
array2d short(2, 0) 2 (shoul d be 2)
array2d short(0, 1) 10 (shoul d be 10)
array2d long(0, 1) = 10 (should be 10)
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Accessing URLs Example

This example finds and reads a given URL, which is contained in a file named
URLReader . j ava. IDL then accesses this data through the URL Read routine, which
isinafilenamedur | r ead. pro. Thesefilesare aso in the IDL distribution within

theext er nal / obj bri dge/ j aval/ exanpl es directory.

169

The URLReader . j ava file contains the following text for reading agiven URL in

Java:

import java.io.*;
i mport java.net.*;

public class URLReader

{

External Development Guide

private ByteArrayQut put Stream m buffer;

// Rk I kb o R AR R R Rk kS kI Rk

/1
/1 Constructor. Create the reader
/1
// kkhkkhkhkhkkhkkhhkhkhkkhkdhhkhhkkhhhhkhhdhhhkhhhhkhkhkdhrhrdhhhkhkdhkrxhkddhrhhddrxrddxx
public URLReader () {
m buffer = new ByteArrayCQut put Streamn();

}

// kkkhkkhkkhhkhkkhhkhkhkhkdhkhkdhkhhhkdrhkdhkhhhhkrhdrhdrhrrdrhkdrhdrrkhrrdxhxdx

I
/1l readURL: read the data fromthe URL into our buffer
I
/1 returns: nunber of bytes read (0 if invalid URL)
I
/1 NOTE: reading a new URL clears out the previous data
I
// EIE R R S I R R S I I R R S R S O
public int readURL(String sURL) ({

URL url;

InputStreamin = null;

m buffer.reset(); // reset our holding buffer to O bytes

int total bytes = 0;
byte[] tenpBuffer = new byte[4096];
try {

url = new URL(SURL);

in = url.openStrean();
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int bytes_read;

while ((bytes_read = in.read(tempBuffer)) !'=-1) {
m buffer.wite(tenpBuffer, 0, bytes_read);
total _bytes += bytes_read;

} catch (Exception e) {
Systemerr.printin("Error reading URL: "+sURL);
total _bytes = O;
} finally {
try {
in.close();
m buffer. cl ose();
} catch (Exception e) {}

}

return total bytes;

}

// Rk S O S O O R

11
/1 getData: return the array of bytes
/1
// IR R R R EEEEEEEEREEEEEEEEREEEEEEEEEEREEEEEEEE SRR EE RS EEEEEEES
public byte[] getData() {
return mbuffer.toByteArray();

}

// R b o R R S Sk R R R I o Sk R R O R IR R kS b S R R O

I

/1 main: reads URL and reports # of byts reads
I

I Usage: java URLReader <URL>

I

// Rk S ok S R R O Sk R R S ok S b S b S R R R b S S S R R S ok o

public static void main(String[] args) {
if (args.length I'= 1)
Systemerr.println("Usage: URLReader <URL>");
el se {
URLReader o = new URLReader ();
int b = o.readURL(args[0]);
System out . println("bytes="+b);
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Theur | r ead. pr o file contains the following text for inputting an URL asan IDL
string and then accessing its datawithin IDL:

FUNCTI ON URLRead, sURLName

;. Create an URLReader.
0JURLReader = OBJ_NEW'' | DLj avaObj ect $URLReader', ' URLReader')

Read the URL data into our Java-side buffer.
nByt es = oJURLReader -> ReadURL(sURLNane)

;PRINT, 'Read ', nBytes, ' bytes’

; Pull the data into |DL.
byteArr = oJURLReader -> GetData()

; O eanup Java obj ect.
OBJ_DESTROY, oJURLReader

; Return the data.
RETURN, byt eArr

END

After saving and compiling the above files (URLReader . j ava in Javaand
urlread. proinlDL), you canrunthe URLRead routinein IDL. Thisroutineisa
function with one input argument, which should be aIDL string containing an URL.
For example:

address = 'http://ww. RSl nc. com
data = URLRead( address)

Accessing Grayscale Images Example

This example creates a a grayscale ramp image within a Java class, which is
contained in afile named Gr eyBands| mage. j ava. IDL then accesses this data
through the ShowGreylmage routine, which isin the showgr eyi mage. pr o file.
Thesefilesare also in the IDL distribution within the

ext ernal / obj bri dge/ j ava/ exanpl es directory.
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The G eyBands| mage. j ava file containsthe following text for creating agrayscale
image in Java:

i mport java.awt.*;
i mport java.awt.inage.*;

publ

{
I
pri
pri

/1
/1
/1

ic class GeyBandsl mage extends Bufferedl mage
Menber s

vate int m_height;
vate int mwidth;

ctor

public G eyBandsl mage() {

I
I
I

pri

super (100, 100, Bufferedl mage. TYPE_ | NT_ARGB);
gener at el mage() ;

m _hei ght = 100;

mwi dth = 100;

private method to generate the inage

vate voi d generatel mage() {

Col or c;
int wwdth = getWdth();
i nt height = getHeight();

W itabl eRaster raster = getRaster();
Col or Mbdel nodel = get Col or Model () ;

i nt BAND_PI XEL_W DTH = 5;

i nt nBands = wi dt h/ BAND_PI XEL_W DTH;

int greybDelta = 255 / nBands;

for (int i=0; i < nBands; i++) {
¢ = new Color(i*greyDelta, i*greyDelta, i*greyDelta);
int argb = c. get RGB();
Obj ect col orData = nodel . get Dat aEl enent s(argb, null);

for (int j=0; j < height; j++)
for (int k=0; k < BAND_PI XEL_W DTH; k++)
raster.setDataEl ements(j, (i*5)+k, colorData);
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/1

/1 mutators

/1

public int[] getRawData() {
Raster oRaster = getRaster();
Rect angl e oBounds = oRast er. get Bounds();
int[] data = new int[mheight * mwidth * 4];

data = oRaster. get Pi xel s(0, 0, 100, 100, data);
return data;

}
public int getH() {return mheight; }
public int getW) {return mw dth; }

}

Theshowgr eyi mage. pr o file contains the following text for accessing the

grayscale image within IDL:
PRO ShowG eyl mage

; Construct the GreyBandl nmage in Java. This is a sub-class of
; Bufferedlnage. It is actually a 4 band i mage that happens to

di splay bands in greyscale. It is 100x100 pi xel s.

173

oG ey = OBJ_NEW' | DLj avaObj ect $G eyBandsl nage' , ' G eyBandsl nage')

Get the 4 byte pixel values.
data = oG ey -> Get RawDat a()

; Get the height and wi dth.
h = oGey -> GetH()
w = 0Gey -> GetW)

; Display the graphic in an | DL wi ndow
WNDOW 0, XSIZE = 100, YSIZE = 100
TV, REBIN(data, h, w)

; O eanup
OBJ_DESTROY, oG ey

END
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After saving and compiling the above files (G eyBands| nage. j ava in Javaand
showgr eyi mage. pr o inlDL), you can run the ShowGreylmageroutinein IDL. The
routine should produce the following image:

Figure 8-1: Java Grayscale Image Example

Accessing RGB Images Example

This example imports an RGB (red, green, and blue) image from the IDL distribution
into a Javaclass. Theimageisinthegl owi ng_gas. j pg file, which isin the
exanpl es/ dat a directory of the IDL distribution. The Java class also displays the
image in a Java Swing user-interface. Then, theimage is accessed into IDL and
displayed with the new ilmage tool. The Javaand IDL code for this exampleis
provided in the ext er nal / obj bri dge/ j ava/ exanpl es directory, but the Java
code has not been built as part of thej bexanpl es. j ar file.

Note
This example uses functionality only available in Java 1.4 and later.

Note
Dueto a Java bug, this example (and any other example using Swing on AWT) will
not work on Linux platforms.
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Thefirst and main Java class is FrameTest, which creates the Java Swing application

that imports the image from the gl owi ng_gas. j pg file. Copy and paste the

following text into afile, then saveit asFr aneTest . j ava:

i mport java.awt.?*;

i mport java.awt.inage.*;

i mport java.awt.event.*;

i mport javax.sw ng.*;

i mport javax.sw ng.event. *;
inmport java.io.File,;

public class FranmeTest extends JFrane {
RSl | mageArea c_i ngArea;
int mxsize;
int mysize;

Box c_contr ol Box;

public FraneTest() {

super("This is a JAVA Swing Programcalled fromIDL");
/1 Dispose the frame when the sys close is hit
set Def aul t Cl oseQper ati on( DI SPOSE_ON_CLOSE) ;

m xsi ze = 350;
mysize = 371;
bui I dQUI () ;

}
public void buildGU () {

c_control Box = Box.createVerti cal Box();

JLabel |11 = new JLabel ("Exanpl e Java/lDL Interaction");
JButton bLoadFile = new JButton("Load new file");
bLoadFi | e. addAct i onLi st ener (new Acti onLi stener () {
public void actionPerformed(Acti onEvent e) {
JFi | eChooser chooser = new JFi | eChooser (new

File("c:\\RSI\\IDL60\\ EXAMPLES\ \ DATA") )

chooser.setDial ogTitle("Enter a JPEG file");
i f (chooser.showQpenDi al og( FraneTest.this) ==

JFi | eChooser. APPROVE_OPTI ON) {

java.io.File fname = chooser. get Sel ectedFile();

String filenane = fnanme. getPath();
Systemout. println(fil enane);
Cc_i ngArea. set I mageFi | e(fil enane);
}
}
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s

JButton bl = new JButton("Cl ose this exanple");
bl. addActi onLi st ener (new Acti onLi stener() {
public void actionPerformed(Acti onEvent e) {
di spose();
}
1)

Cc_i ngArea = new
RSI | mageArea("c:\\rsi\\idl 60\\exanpl es\\data\\gl ow ng_gas.jpg",
new Di nensi on(m xsi ze, mysi ze));

Box mai nBox = Box.createVertical Box();
Box rowBox = Box.createHorizontal Box();
r owBox. add( b1l);

r owBox. add( bLoadFi | e) ;

c_control Box. add(I1);
c_control Box. add(r owBox) ;
mai nBox. add( c_contr ol Box) ;
mai nBox. add( c_i ngArea) ;

get Cont ent Pane() . add( mai nBox) ;

pack();
set Visible(true);
c_i ngAr ea. di spl ayl mage() ;
c_i ngAr ea. addResi zelLi st ener (new RSI | mageAr eaResi zeLi stener () {
public void areaResized(int newx, int newy) ({
Di mensi on cdim= c_control Box. getSi ze(null);

Insets i = getlnsets();
newx = i.left + i.right + newx;
new = i.top + cdimheight + new + i.bottom
set Si ze(new Di mensi on(newx, newy));
}
1)

}

public void setlnmageData(int [] ingData, int xsize, int ysize) {
Menor yl mageSour ce i ns = new Menoryl mageSour ce( xsi ze, ysize,
i mgData, 0, ysize);
I mage ingtnp = createl nage(i ns);
Graphics g = c_i ngArea. get Graphics();
g.drawi mage(ingtnp, O, 0, null);
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public void setlmageData(byte []J[][] ingData, int xsize,

int ysize) {

Systemout.println("SIZE = "+xsi ze+"x" +ysi ze);
int newArray [] = new int[xsize*ysize];

int pixi = 0;

int curpix = 0;
short [] currgb = new short[3];
for (int i=0;i<mxsize;i++) {
for (int j=0;j<mysize;j++) {
for (int k=0;k<3; k++) {
currgb[k] = (short) inmgData[k][i][]];
currgb[k] = (currgb[k] < 128) ? (short) currgb[k] : (short)
(currgb[ k] -256) ;
}
curpix = (int) currgb[0] * +
((int) currgb[1] * (int) Math.pow(2,8)) +
((int) currgb[2] * (int) Math.pow2, 16));
if (pixi %1000 == 0)
Systemout.printin("PIXI = "+pixi+
newAr r ay[ pi xi ++] = cur pi x;
}
}

+cur pi Xx) ;

Menor yl mageSource i n8 = new Menoryl nageSour ce( xsi ze, ysize,
newArray, 0, ysize);
c_i ngArea. set | mageQhj (c_i ngAr ea. creat el nage(i ns));

}

public byte[][][] getlnageData()
{

int width = 1;

int height = 1;

Pi xel G abber pG ab;

wi dth = m xsi ze;
hei ght = mysi ze;

/1 pixarray for the grab - 3D bytearray for display

int [] pixarray = new int[w dt h*hei ght];
byte []J[][] bytearray = new byte[3][w dth][height];

/] create a pixel grabber
pGrab = new Pi xel G abber (c_i ngArea. get | mageObj (), 0, O,

External Development Guide IDL-Java Bridge Examples



178 Chapter 8: Using Java Objects in IDL

wi dt h, hei ght, pixarray, 0, w dth);

/1 grab the pixels fromthe inmage

try {

bool ean b = pG ab. grabPi xel s();

} catch (InterruptedException e) {
Systemerr.println("pixel grab interrupted");
return bytearray;

}

/1 break down the 32-bit integers fromthe grab into 8-bit bytes
[/l and fill the return 3D array

int pixi = 0;

int curpix = 0;
for (int j=0;j<mysize;j++) {
for (int i=0;i<mxsize;i++) {
curpi x = pixarray[pixi ++4];
bytearray[O][i][]] (byte) ((curpix >> 16) & Oxff);
bytearray[ 1] [i][]] (byte) ((curpix >> 8) & 0xff);
bytearray[2][i][j] = (byte) ((curpix ) & Oxff);
}
}

return bytearray;

}

public static void main(String [] args) {
FrameTest f = new FraneTest();

}

}
Note

The above text isfor the FrameTest class that accessesthe gl owi ng_gas. j pg file
in the exanpl es/ dat a directory of adefault installation of IDL on a Windows
system. Thefile'slocation is specified asc: \\ RSI \ \ | DL60\ \ EXAMPLES\ \ DATA
in the abovetext. If the gl owi ng_gas. j pg fileis not in the same location on
system, edit the text to change the location of thisfile to match your system.
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The FrameTest class uses two other user-defined classes, RSlImageArea and
RSIImageAreaResi zeL istener. These classes help to define the viewing area and
display theimagein Java. Copy and paste the following text into afile, then saveit as
RSI | mageAr ea. j ava:

i mport javax.sw ng.*;

i mport java.awt.?*;

i mport java.awt.event.*;
i mport java.util.Vector;
import java.io.File,;

public class RSIInmageArea extends JConmponent inplenents
MouseMot i onLi st ener, MouselLi stener {

| mage c_iny;

int mboxw = 100;

int mboxh = 100;

Di mension c_dim

bool ean m pressed = fal se;

int mbutton = O;

Vector c_resizelisteners = null;

public RSIInmageArea(String ingFile, Dinmension dinm {

c_inmg = getTool kit().getlmage(ingFile);
c_dim=dim

set PreferredSi ze(di m;

set Si ze(dim;

addMouselMbt i onLi st ener (t his);
addMouseli st ener (this);

}

public void addResi zeLi st ener (RSl | mageAr eaResi zeLi stener |) {
if (c_resizelisteners == null) c_resizelisteners = new Vector();
if (! c_resizelisteners.contains(l)) c_resizelisteners.add(l);
}
public void renpveResi zeLi st ener (RSl | mageAr eaResi zeLi stener 1) {
if (c_resizelisteners == null) return;
if (c_resizelisteners.contains(l)) c_resizelisteners.renove(l);

}

public void displaylmge() {
repaint();

}

public void paint(Gaphics g) {
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int xsize = c_ing.getWdth(null);
int ysize = c_ing.getHeight(null);
if (xsize!l= -1 && ysize !'=-1) {
if (xsize !'=c_dimwdth || ysize != c_dimheight) {
c_dimw dth = xsize;
c_di m hei ght = ysi ze;
set PreferredSi ze(c_di m;
set Si ze(c_dinm;
if (c_resizelisteners !'=null) {
RSI | mageAr eaResi zeLi stener | = null;
for (int j=0;j<c_resizelisteners.size();j++) {
I = (RSII mageAr eaResi zeli st ener)
c_resizelisteners.elementAt(j);
| . areaResi zed( xsi ze, ysize);

o0

}
}
}
}
g.drawli mage(c_img, 0, 0O, null);
}
public void setlnmageFile(String fileNane) {
c_ing = null;
c_inmg = getTool kit().getlmage(fil eNane);
repaint();
}

public I mage getlmagehj () {
return c_iny;

}

public void setlmgeQoj (I mage inmg) {
c_img = ing;
repaint();

}

public void drawZoonBox(MuseEvent e) {
int bx = e.getX() - mboxw 2;
bx = (bx >=0) ? bx :0;
int by = e.getY() - mboxh/2;
by = (by >=0) ? by :0;
int ex = bx + m_boxw,
if (ex >c_dimwdth) {
ex = c_dimw dth;
bx c_di m wi dt h- m_boxw;
}
int ey = by + mboxh;
if (ey > c_dimheight) {
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ey = c_di m height;

by = c_di m hei ght-m boxh;
}
repaint();

Graphics g = get Gaphics();

g.drawl mage(c_i mg, bx, by, ex, ey, bx+(m.boxw 4), by+(m boxh/4),
ex- (m_boxw 4), ey-(m boxh/4), null);

g. set Col or (Col or. white);

g. drawRect (bx, by, mboxw, m boxh);

}

public void nmouseDragged( MouseEvent e) {
dr awZoonBox( e) ;

}
public void nmouseMoved( MouseEvent e) ({

G aphics g = get Gaphics();

if (mpressed & (mbutton == 1)) {
dr awZoonBox( €) ;
g. set Col or (Col or. white);
g. drawsStri ng("DRAG', 10, 10);

} else {

g. set Col or (Col or. white);

String s = "("+e.getX()+","+e.getY()+")";
repaint();

g.drawstring(s, e.getX(), e.getY());
}

}

public void nmoused i cked( MouseEvent e) {}
public voi d nmouseEnt ered( MouseEvent e) {}
public void nmouseExited(MuseEvent e) {}

public void nmousePressed(MuseEvent e) {
m pressed = true;

m button = e.getButton();

repai nt();

if (mbutton == 1) drawZoonBox(e);

}

public voi d nouseRel eased( MouseEvent e) {
m pressed = fal se;
m button = 0;

}

External Development Guide IDL-Java Bridge Examples



182

Chapter 8: Using Java Objects in IDL

}

And copy and paste the following text into afile, then saveit as
RSI | mageAr eaResi zelLi st ener. j ava:

public interface RSII|nmageAreaResi zeli stener ({
public void areaResized(int newx, int newy);

}

Compile these classes in Java. Then, either update thej bexanpl es. j ar fileinthe
ext ernal / obj bri dge/ j ava directory with the new compiled class, place the
resulting compiled classesin your Java class path, or edit the VM Classpath setting
in the IDL-Java bridge configuration file to specify the location (path) of these
compiled classes. See “ Configuring the Bridge” on page 144 for more information.

With the Java classes compiled, you can now accessthemin IDL. Copy and paste the
following text into the IDL Editor window, then saveit as| negeFr omJava. pr o:

PRO | mageFr omJava
; Create a Swing Java object and have it |oad i mage data
into |DL.

; Create the Java object first.
0JSwi ng = OBJ_NEW' | DLj avaQbj ect $FraneTest', 'FraneTest')

; CGet the inmage fromthe Java object.
i mge = 0oJSwi ng -> GetlnageDat a()

PRI NT, 'Loaded Inmage |Infornmation:'
HELP, i nmage

; Delete the Java object.
OBJ_DESTROY, 0JSw ng

; Interactively display the image.
I MAGE, i nmage

END
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After compiling the above routine, you can run it in IDL. This routine produces the
following Java Swing application.

Figure 8-2: Java Swing Application Example

Then, the routine produces the following ilmage tool.

E P
Dl@E@] o+ |=|e fo=s W lal o] AlNslolsle|

ek 10 et . ek and kgt

Figure 8-3: ilmage Tool from Java Swing Example

Note

After IDL starts the Java Swing application, the two displays are independent of
each other. If anew imageisloaded into the Java application, the IDL ilmagetool is

not updated. If the ilmage tool modifies the existing image or opens a new image,
the Java Swing application is not updated.
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Troubleshooting Your Bridge Session

The IDL-Java bridge provides error messages for specific types of operations. These
messages can be used to determine when these errors occur, how these errors happen,
and what solutions can be applied. The following sections pertain to these error
messages and their possible solutions for each type of operation:

» “Errorswhen Initializing the Bridge”
e “Errorswhen Creating Objects’ on page 185
e “Errorswhen Calling Methods’ on page 186

e “Errors when Accessing Data Members’ on page 187
Errors when Initializing the Bridge

The IDL-Java bridge initializes when the first Java object in IDL is created. If the
bridge is not configured correctly, an error message isissued and the IDL stops. The
following errors occur because the IDL-Java bridge cannot find the Java Virtual
Machine on your system. On UNIX, check the $IDLJAVAB_LIB_LOCATION
environment variable, and on Windows, check the IDLJAVAB_LIB _LOCATION
environment variable. If this environment variable does not exist on your system,
create it and set it equal to the location of the Java Virtual Machine on your system.
See “Configuring the Bridge” on page 144 for details:

e Bad JVM Hone val ue: ' path', where path isthe location of Java Virtua
Machine on your system.

e JVMsharedlib not found in path 'JVM LibLocation' , where JVM
shared lib isthe location of the Java Virtual Machine shared library and JVM
LibLocation is the value of the IDLJAVAB_LIB_LOCATION environment
variable.

* No valid JVMshared library exists at |ocation pointed to
by $I DLJAVAB LI B_LOCATI ON

e idljavab.jar not found in path ' path ,wherepathisthelocation of
theext er nal / obj bri dge/ j ava directory in the IDL distribution.

e Bridge cannot determ ne which JVYMto run
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e Java virtual nmachine failed to start

e Failure | oading JVM path/ JVM shared |ib nane, where path isthe
location of the Java Virtual Machine and JVM shared lib name is the name of
the main Java shared library, which isusually | i bj vm so on UNIX and
jvmdl | onWindows.

If IDL catches an error and continues, subsequent attempts to call the bridge will
generate the following message:

e |DL-Java bridge is not running

If this message occurs, fix the error and restart IDL.

Errors when Creating Objects

The following error messages can occur while creating a Javaobject in IDL. Possible
solutions for these errors are al so provided:

e Wong nunber of paraneters -occursif OBJ NEW does not have 2 or
more parameters. Make sure you are specifying the class name twice; oncein
uppercase with periods replaced by underscores for IDL, and another with
periods for Java. See “Java Class Namesin IDL” on page 153 for details.

* Second paraneter nust be the Java cl ass nane - occursif 2nd
parameter isnot an IDL string. When using OBJ_NEW, make sure the Java
class name parameter is an IDL string. In other words, the class name has a
single quote mark before and after it. See“ Java Class Namesin IDL” on
page 153 for details.

e dass classname not found, where classname isthe class name you
specified in the first two parametersto OBJ NEW - occursif the IDL-Java
bridge cannot find the class name specified. Check the spelling of each class
name parameter and make sure the class name specified for IDL isreferring to
the same type of object specified for the Java class name. If the parameters are
correct, check the Classpath setting in the IDL-Java bridge configuration file.
Make sure the Classpath is set to the correct path for the class files containing
the classname class. See “ Configuring the Bridge” on page 144 for details.
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e (Class classname is not a public class,whereclassnameistheclass
name you specified in the first two parametersto OBJ NEW - occursif
specified classis not a public class. Edit your Java code to make sure the class
you want to access is public.

e Constructor class : class(signature) not found,whereclassistheclass
name - occursif the IDL-Java bridge cannot find the class constructor with the
given parameters. Check the spelling of the specified parameters and look in
your Java code to seeif you are specifying the correct arguments for the class
you aretrying to create. Also check to ensure your IDL data can be promoted
to the data typesin the Java signature. See “ Java Class Namesin IDL” on
page 153 for details.

e Illegal IDL value in paraneter n,wherenistheposition of the
parameter - occursif anillegal parameter type is provided. For example, an
IDL structure is not allowed as a parameter to an IDLjavaObject.

e Exception thrown -occursif an exception occursin Java. Either correct or
handle the Java exception. The Java exception can be determined with the
IDL JavaBridgeSession object. See “The IDL JavaBridgeSession Object” on
page 161 for details.

Errors when Calling Methods

The following error messages can occur while calling methods to Java objectsin
IDL. Possible solutions for these errors are also provided:

e Illegal IDL value in paraneter n,wherenistheposition of the
parameter - occursif anillegal parameter typeis provided. For example, an
IDL structure are not allowed as a parameter to an IDLjavaObject.

¢ (ass class has no net hod named method, whereclassisthe class name
and method is the method name specified when trying to call the Java method -
occurs if the method of given name does not exist. Check the spelling of the
method name. Also compare the method name in the Java class source file with
the method name provided when calling the method in IDL. See “What
Happens When a Method Call is Made?’ on page 155 for details.

e class : method( signature) is a void nethod. Must be called as a
pr ocedur e, where class is the class name and method is the method name
specified when avoid Java method is called as an IDL function. Change the
syntax of the method call. See “Method Calls on IDL-Java Objects’ on
page 155 for details.
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Met hod class: : method( signature) not f ound, where classisthe class
name and method is the method name specified when trying to call the Java
method - occursif the IDL-Java bridge cannot find the method with a matching
signature. Check the spelling of the method name. Also compare the method
name in the Java class source file with the method name provided when calling
the method in IDL. Also check to ensure your IDL data can be promoted to the
Java signature. See “What Happens When aMethod Call is Made?’ on

page 155 for details.

Excepti on t hrown - occursif an exception occurs in Java. Either correct or
handle the Java exception. The Java exception can be determined with the

IDL JavaBridgeSession object. See “The IDL JavaBridgeSession Object” on
page 161 for details.

Errors when Accessing Data Members

The following error messages can occur while accessing data membersto Java
objectsin IDL. Possible solutions for these errors are also provided:

Illegal IDL value in parameter n,wherenistheposition of the
parameter - occursif anillegal parameter typeis provided. For example, an
IDL structure is not allowed as a parameter to an IDLjavaObject.

d ass class has no data nenber naned property, where classisthe
class name and property is the data member name specified when trying to
access the Java data member - occurs if the data member of the given name
does not exist. Check the spelling of the property name. Also compare the data
member name in the Java class source file with the property name provided
when accessing it in IDL. See “Managing IDL-Java Object Properties’ on
page 157 for details.

Property class : property of type type not found, whereclassisthe
class name, property is the data member name specified, and typeis property's
data type when trying to access the Java data member - occursif the IDL-Java
bridge cannot find the Java data member of the given type. Check the datatype
of Java datamember and make sure you aretrying to useasimilar typein IDL.
See “Getting and Setting Properties’ on page 158 for details.

Exception t hrown - occursif an exception occursin Java. Either correct or
handle the Java exception. The Java exception can be determined with the

IDL JavaBridgeSession object. See “The | DL JavaBridgeSession Object” on
page 161 for details.
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The CALL _EXTERNAL Function

IDL allows you to integrate programs written in other languages with your IDL code,
either by calling a compiled function from an IDL program or by linking a compiled
function into IDL’s internal system routine table:

¢ TheCALL_EXTERNAL function allowsyou to call external functions
(written in C/C++ or Fortran, for example) from your IDL programs. You
should be comfortable writing and building programs in the external language
being used, but significant knowledge of IDL’s internals beyond basic type
mapping between the languages is generally not necessary.

¢ Anadternativeto CALL_EXTERNAL isto write an IDL system routine and
merge it with IDL at runtime. Routines merged in this fashion are added to
IDL’'sinternal system routine table and are available in the same manner as
IDL built-in routines. This technique is discussed in Chapter 21, “Adding
System Routines’. To write a system routine, you will need to understand the
IDL internals discussed in later sections of this book.

This chapter covers the basics of using CALL_EXTERNAL from IDL, then
discusses platform-specific options for the UNIX and Windows versions of IDL. It
can be helpful to refer to the documentation for “CALL_EXTERNAL” inthe IDL
Reference Guide manual when reading this material.

The CALL_EXTERNAL function loads and calls routines contained in shareable
object libraries. Arguments passed to IDL are passed to this external code, and
returned data from the external code is automatically presented as the result from
CALL_EXTERNAL asan IDL variable. IDL and the called routine share the same
process address space. Because of this, CALL_EXTERNAL avoids the overhead of
process creation of the SPAWN routine. In addition, the shareable object library is
only loaded the first time it is referenced, saving overhead on subsequent calls.

CALL_EXTERNAL is much easier to use than writing a system routine. Unlike a
system routine, however, CALL_EXTERNAL does not check the type or number of
parameters. Programming errors in the external routine are likely to result in
corrupted data (either in the routine or in IDL) or to cause IDL to crash. See
“Common CALL_EXTERNAL Pitfalls” on page 197 for help in avoiding some of
the more common mistakes.

Example Code in the IDL Distribution

This chapter contains examples of CALL_EXTERNAL use. All of the code for these
examples, along with additional examples, can be found inthecal | _ext er nal
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subdirectory of the ext er nal directory of the IDL distribution. The C language
examples use the MAKE_DLL procedure, and can therefore be easily run on any
platform supported by IDL. To build the sharable library containing the external C
code and then run all of the provided examples, execute the following IDL
statements:

PUSHD, FI LEPATH(' ', SUBDI RECTORY=[' external’,’call _external’,’C])

ALL_CALLEXT_EXAMPLES
POPD

Additional information on these examples, including details on running the
individual examples, can be found in the README file located in that directory.

CALL _EXTERNAL Compared To UNIX Child Process

In many situations, a UNIX IDL user has a choice of using the SPAWN procedure to
start a child process that executes external code and communicates with IDL viaa
pipe connecting the two processes. The advantages of this approach are:

* Simplicity.

e The processes do not share address space, and are therefore protected from
each other’s mistakes.

The advantages of CALL_EXTERNAL are;

« IDL and the called routine share the same memory and data space. Although
this can be a disadvantage (as noted above) there are times where sharing
address space is advantageous. For example, large data can be easily and
cheaply shared in this manner.

e CALL_EXTERNAL avoids the overhead of process creation and parameter
passing.

¢ The shareable object library containing the called routine is only loaded the
first timeit is referenced, whereas a SPAWNed process must be created for
each use of the external code.

Compilation and Linking Of External Code

Each operating system requires different compilation and link statements for
producing a shareable object suitable for usage with CALL_EXTERNAL. Thisis
even true between different implementations of a common operating system family.
For example, most UNIX systems require unigue options despite their shared
heritage. You must consult your system and compiler documentation to find the
appropriate options for your system.

External Development Guide The CALL_EXTERNAL Function



192

Chapter 9: CALL_EXTERNAL

The DL MAKE_DLL procedure, documented in the IDL Reference Guide, provides
a portable high level mechanism for building sharable libraries from code written in
the C programming language. In many situations, this procedure can completely
handle the task of building sharable libraries to be used with CALL_EXTERNAL.
MAKE_DLL requiresthat you have a C compiler installed on your system that is
compatible with the compiler described by the IDL MAKE_DLL system variable.

The DL 'MAKE_DLL system variable is used by the MAKE_DLL procedure to
construct C compiler and linker commands appropriate for the target platform. If you
do not use MAKE_DLL to compile and link your code, you may find the contents of
IMAKE_DLL.CC and 'MAKE_DLL.LD helpful in determining which options to
specify to your compiler and linker, in conjunction with your system and compiler
documentation. For the C language, the optionsin IMAKE_DLL should be very
close to what you need. For other languages, the 'MAKE_DL L options should be
helpful in determining which options to use, as on most systems, all the language
compilers accept similar options.

AUTO_GLUE

As described in “Passing Parameters’ on page 200, CALL_EXTERNAL usesthe
IDL Portable Calling Convention to call external code. This convention uses an

(ar gc, ar gv) styleinterface to alow CALL_EXTERNAL to call routines with
arbitrary numbers and types of arguments. Such an interface is necessary, because
IDL, like any compiled program, cannot generate arbitrary function calls at runtime.

Of course, most C functions are not written to the IDL portable convention. Rather,
they are written using the natural form of argument passing used in compiled
programs. It is therefore common for IDL programmersto write so-called glue
functionsto match the IDL calling interface to that of the target function. On systems
that have a C compiler installed that is compatible with the one described by the IDL
IMAKE_DLL system variable, the AUTO_GLUE keyword to CALL_EXTERNAL
can be used to instruct IDL to automatically write, compile, and load this glue code
on demand, and using a cache to preserve this glue code for future invocations of
functions with the same interface.

AUTO_GLUE thusalows CALL_EXTERNAL to call functions with a natural
interface, without requiring the user to write or compile additional code.
AUTO_GLUE isdescribed in the documentation for “CALL_EXTERNAL” in the
IDL Reference Guide manual, aswell asin “Using Auto Glue” on page 202. The
examples given in “Basic C Examples’ on page 204 show CALL_EXTERNAL used
with and without AUTO_GLUE.
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Input and Output

Input and output actions should be performed within IDL code, using IDL’s built-in
input/output facilities, or by using IDL_M essage(). Performing input/output from
code external to IDL, especially to the user console or tty (e.g. st di n or st dout ),
may generate unexpected results.

Memory Cleanup

IDL hasastrict internal policy that it never performs memory cleanup on memory
that it did not allocate. This policy is necessary so that external code which alocates
memory can use any memory allocation package it desires, and so that thereis no
confusion about which code is responsible for releasing allocated memory.

Note
The code that allocates memory is always responsible for freeing it. IDL allocates
and frees memory for itsinternal needs, and external codeis not allowed to release
such memory except through a proper IDL function documented for that purpose.
Similarly, IDL will never intentionally free memory that it did not allocate.

Assuch, IDL does not perform any memory cleanup calls on the values returned
from external code called viathe CALL_EXTERNAL routine. Because of this, any
dynamic memory returned to IDL will not be returned to the system, which will result
in amemory leak. Users should be aware of this behavior and design their
CALL_EXTERNAL routinesin such amanner as not to return dynamically allocated
memory to IDL. The discussion in “Passing String Data’ on page 209 contains an
example of doing this with strings.

Memory Access

IDL and your external code share the same address space within the same running
program. This means that mistakes common in compiled languages, such as awild
pointer altering memory that it does not own, can cause problems elsewhere. In
particular, external code can easily corrupt IDL’s data structures and otherwise cause
IDL to fail. Authors of such code must be especially careful to guard against such
errors.

Argument Data Types

When using CALL_EXTERNAL to call external code, IDL passes its argumentsto
the called code using the data types that were passed to it. It has no way to verify
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independently that these types are the actual types expected by the external routine. If
the data types passed are not of the types expected by the external code, the results
are undefined, and can easily include memory corruption or even crashing of the IDL
program.

Warning
You must ensure that the arguments passed to external code are of the exact type
expected by that routine. Failure to do so will result in undefined behavior.

Mapping IDL Data Types To External Language Types

When writing external code for use with CALL_EXTERNAL, your code must use
data types that are compatible with the C data types used internaly by IDL to
represent the IDL datatypes. Thismapping isthetopic of Chapter 11, “IDL Internals:
Types'.

By-Value And By-Reference Arguments

There are two basic forms in which arguments can be passed between functionsin
compiled languages such as C/C++ and Fortran. To use CALL_EXTERNAL
successfully, you should be comfortable with these terms and their meanings. In
particular, Fortran programmers are often unaware that Fortran code passes
everything by reference, and that C code defaults to passing everything by value. By
default, CALL_EXTERNAL passes arguments by reference (unless this behavior is
explicitly altered by the use of the ALL_VALUE or VALUE keywords), so ho special
action istypically required to call Fortran code viaCALL_EXTERNAL.

Warning
You must ensure that the arguments passed to external code are passed using the
correct method — by value, or by reference. Failure to do so will result in
undefined behavior.

Arguments Passed By Value

A copy of the value of the argument is passed to the called routine. Any changes
made to such avalue by the called routine are local to that routine, and do not change
the original value of the variable in the calling routine. C/C++ pass everything by
value, but have an explicit address-of operator (&) that is used to pass addresses of
variables and get by-reference behavior.
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Arguments Passed By Reference

The machine address of the argument is passed to the called routine. Any changes
made to such avalue by the called routine are immediately visible to the caller,
because both routines are actually modifying the same memory addresses. Fortran
passes everything by reference, but most Fortran implementations support intrinsic
operators that allow the programmer control over this (sometimes called %L OC and
%VAL, or just LOC and VAL). Consult your compiler documentation for details.

Microsoft Windows Calling Conventions

All operating system/hardware combinations define an inter-routine calling
convention. A calling convention defines the rules used for passing arguments
between routines, and specifies such details as how arguments of different types are
passed (i.e. in registers or on the system stack) and how and when such arguments are
cleaned up.

A stable and efficient calling convention is critical to the stability of an operating
system, and can affect most aspects of the system:

« Theefficiency of the entire system depends on the efficiency of the core
calling convention.

e Backwards compatibility, and thus the longevity of binary software written for
the platform depends on the stability of the calling convention.

e Cadlling routines from different languages within a single program depends on
all the language compilers adhering to the same calling convention. Even
within the same language, the ability to mix code compiled by different
compilers requires those compilers to adhere to the same conventions. For
example, at the time of thiswriting, the C++ language standard lacks an
Application Binary Interface (ABI) that can be targeted by all C++ compilers.
This can lead to situationsin which the same compiler must be used to build all
of the code within a given program.

Microsoft Windows is unique among the platforms supported by IDL in that it has
two distinct calling conventions in common use, whereas other systems define a
single convention. On single-convention systems, the calling conventionis
unimportant to application programmers, and of concern only to hardware designers
and the authors of compilers, and operating systems. On a multiple convention
system, application programmers sometimes need to be aware of the issue, and
ensure that their code is compiled to use the proper convention and that callsto that
code use the same convention. The Microsoft Calling Conventions are:
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STDCALL

STDCALL isthe caling convention used by the magjority of the Windows
operating system API. InaSTDCALL cal, the calling routine places the
arguments in the proper registers and/or stack locations, and the called routine
isresponsible for cleaning them up and unwinding the stack.

CDECL

CDECL isthe calling convention used by C/C++ code by default. This default
can be changed via compiler switches, declspec declarations, or #pragmas.
With CDECL, the caller isresponsible for both setup and cleanup of the
arguments. CDECL is able to call functions with variable numbers of
arguments (varargs functions) because the caller knows the actual number of
arguments passed at runtime, whereas STDCALL cannot call such functions.
Thisis because the STDARGS routine cannot know efficiently at compiletime
how many arguments it will be passed at runtime in these situations.

The inconvenience of having two distinct and incompatible calling conventionsis
usually minor, because the header files that define functions for C/C++ programs
include the necessary definitions such that the compiler knows to generate the proper
code to call them and the programmer is not required to be aware of the issue.
However, CALL_EXTERNAL does have a problem: Unlike a C/C++ program, IDL
determines how to call afunction solely by the arguments passed to
CALL_EXTERNAL, and not from a header file. IDL therefore has no way to know
how your external code was compiled. It uses the STDARG convention by default,
and the CDECL keyword can be used to change the default. CALL_EXTERNAL
therefore relies on the IDL user to tell it which convention to use. If IDL calls your
code using the correct convention, it will work correctly. If it calls using the wrong
convention, the results are undefined, including memory corruption and possible
crashing of the IDL program.

Warning
The default calling convention for CALL_EXTERNAL is STDCALL, whereas the
default convention for the Microsoft C compiler is CDECL. Hence, Windows users
must usually specify the CDECL keyword when calling such code from IDL. Non-
Windows versions of IDL ignore the CDECL keyword, so it is safe to always
include it in cross platform code.

Here iswhat happens when external codeis called via the wrong calling convention:

« If aSTDARG call ismadeto a CDECL function, the caller placesthe
arguments in the proper registers/stack locations, and relies on the called
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routine to cleanup and unwind the stack. The called routine, however, does not
do these things because it isa CDECL routine. Hence, cleanup does not

happen.
If aCDECL call is made to a STDARG function, the caller places the

arguments in the proper register/stack locations. The called routine cleans up
on exit, and then the caller cleans up again.

Either combination is bad, and can corrupt or kill the program. Sometimes this
happens, and sometimes it doesn’t, so the results can be random and mysterious to
programmers who are not aware of the issue.

Note

When the wrong calling convention is used, it is common for the process stack to
become confused. A “smashed stack” visible from the C debugger following a
CALL_EXTERNAL isusualy indicative of having used the wrong calling
convention.

Common CALL_EXTERNAL Pitfalls

Following are alist of common errors and mistakes commonly seen when using
CALL_EXTERNAL.

The number of arguments and their types, as passed to CALL_EXTERNAL,
must be the exact types expected by the external routine. In particular, it is
common for programmersto forget that the default IDL integer is a 16-hit
value and that most C compilers definethei nt type as being a 32-bit value.
You should be careful to use IDL LONG integers, which are 32-bit, in such
cases. See “Argument Data Types’ on page 193 for additional details.

Passing data using the wrong form: Using by-value to pass an argument to a
function expecting it by-reference, or the reverse. See By-Value And By-
Reference Arguments’ on page 194 for additional details.

Under Microsoft Windows, using the incorrect calling convention for agiven
external function. See “Microsoft Windows Calling Conventions’ on page 195
for additional details.

Failure to understand that IDL uses IDL_STRING descriptors to represent
strings, and not just a C style NULL terminated string. Passing a string value
by reference passes the address of the IDL_STRING descriptor to the external
code. See Chapter 14, “IDL Internals: String Processing” for additional details.

Attempting to make IDL data structures use memory allocated by external
code rather than using the proper IDL API for creating such data structures.
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For instance, attempting to give an IDL _STRING descriptor a different value
by using C malloc() to allocate memory for the string and then storing the
address of that memory inthe | DL_STRING descriptor is not supported, and
can easily crash or corrupt IDL. Although IDL uses malloc()/free() internally
on most platforms, you should be aware that thisis not part of IDL’s public
interface, and that RSl can change this at any time and without notice. Even on
platforms where IDL does use these functions, its use of them is not directly
compatible with similar calls made by external code because IDL allocates
additional memory for bookkeeping that is generally not present in memory
allocations from other sources. See Chapter 14, “IDL Internals: String
Processing” for information on changing the value of an IDL_STRING
descriptor using supported IDL interfaces. See Chapter 9, “Memory Cleanup”
for more on memory alocation and cleanup.

IDL iswritten in the C language, and when IDL starts, any necessary runtime
initialization code required by C programsis automatically executed by the
system before the IDL main() function is called. Hence, calling C code from
IDL usually does not require additional runtime initialization. However, when
calling external code written in languages other than C, you may find that your
code does not run properly unless you arrange for the necessary runtime
support for that language to run first. Such details are highly system specific,
and you must refer to your system and compiler documentation for details.
Codethat islargely computational rarely encounters thisissue. It is more
common for code that performs Input/Output directly.

Programming errorsin the external code. It is easy to make mistakesin
compiled languages that have bad global consequences for unrelated code
within the same program. For example, awild memory pointer can lead to the
corruption of unrelated data. If you are lucky, such an error will immediately
kill your program, making it easy to locate and fix. Less fortunateisthe
situation in which the program dies much later in aseemingly unrelated part of
the program. Finding such problems can be difficult and time consuming.
When IDL crashes following a call to external code, an error in the external
code or inthecall to CALL_EXTERNAL isthe cause in the vast majority of
Cases.

Some compilers and operating systems have a convention of adding leading or
trailing underscore characters to the names of functions they compile. These
conventions are platform specific, and as they are of interest only to system
linker and compiler authors, not generally well documented. Thisis usually
transparent to the user, but can sometimes be an issue with inter language
function calls. If you find that a function you expect to call from alibrary isnot
being found by CALL_EXTERNAL, and the obvious checks do not uncover
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the error (usually a simple misspelling), this might be the cause. Under UNIX,
the nm command can be helpful in diagnosing such problems.

e C++ compilers use a technique commonly called name munging to encode the
types of method arguments and return values into the name of the routine as
written to their binary object files. Such names often have only a passing
resemblance to the name seen by the C++ programmer in their source code.
IDL can only call C++ code that has C linkage, as discussed in “ C++” on
page 25. C linkage code does not use name munging.

¢ When calling external code written in other languages, there are sometimes
platform and language specific hidden arguments that must be explicitly
supplied. Such arguments are usually provided by the compiler when you work
strictly within the target language, but become visible in inter-language calls.
An example of this can be found in “Hidden Arguments’ on page 218. In this
example, the Fortran compiler provides an extra hidden length argument when
aNULL terminated string is passed to a function.
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Passing Parameters

IDL callsroutines within in a shareable library using the IDL portable calling
convention, in which the routine is passed two arguments:

argc
A count of the number of arguments being passed to the routine
argv

An array of argc memory pointers, which are the addresses of the arguments
(by reference) or the actual value of the argument (by value) depending on the
types of arguments passed to CALL_EXTERNAL and the setting of the
VALUE keyword to that function. You should note that while all types of data
can be passed by reference, there are limitations on data types that can be
passed by value, as described in the documentation for “CALL_EXTERNAL”
in the IDL Reference Guide manual.

The CALL_EXTERNAL portable convention is necessary because IDL, like any
program written in a compiled language, cannot generate arbitrary function calls at
runtime. Only calls to interfaces that were known to it when it was compiled are
possible. Naturally, most existing C functions are not written to use thisinterface.
Calling such functions typically requires IDL usersto write glue functions, the sole
purpose of which isto be called by CALL_EXTERNAL with the portable
convention, and then to take the arguments and pass them to the real target function
using the natural interface for that function. The AUTO_GLUE keyword to
CALL_EXTERNAL can be used to generate, compile, and load such glue routines
automatically and on demand, without requiring user intervention. Auto Glueis
described in “Using Auto Glue” on page 202. AUTO_GLUE does not eliminate the
need for, or use of, the portable convention, but it can relieve the IDL user of the
requirement to handle it explicitly. The end result is that calling existing function
interfacesis easier to do, and less error prone.

Routines called by CALL_EXTERNAL with the portable convention are defined
with a prototype similar to the following:

return_type exanple(int argc; void *argv[])

wherer et ur n_t ype isone of the datatypeswhich CALL_EXTERNAL can return. If
thisret urn_type isnot IDL_LONG, akeyword must be used in the
CALL_EXTERNAL call to indicate the actual type of the result.
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The parameter ar gc gives the number of arguments passed to the external routine by
CALL_EXTERNAL inthear gv array, while ar gv isan array containing the
arguments. Arguments are passed either by value or by reference. Those passed by
value are copied directly into the ar gv array, with the exception of scalar strings,
which place a pointer to anull-terminated string in ar gv[i ] . All arrays are passed
by reference. Scalar items passed by reference (the default) place a pointer to the
datuminar gv[i] . Stringsand string arrays passed by reference place a pointer to an
IDL_STRING structurein ar gv[i] . Thisstructureis defined as follows:

typedef struct {
I DL_STRI NG SLEN T sl en; /* Length of string */
short stype; /* type of string: (0) static, (!0) dynamc */
char *s; /* Addr of string, invalid if slen == 0. */
} IDL_STRING
See“CALL_EXTERNAL” inthe IDL Reference Guide manual for additiona details
about passing parameters by value.

It isimportant to note that DL integer variables correspond to a 16-bit integer (aC
si gned short integer). For example, an integer variable could be defined in an IDL
routine as follows:

IDL> A=5 ;default type of integer, not LONG

The variable could then be passed by referencein a CALL_EXTERNAL call. The
declaration and cast statement in the called C routine should be:

short *a;
a = (short *) argv[O];

or

I DL_I NT *a;
a = (IDL_INT *) argv[O];

IDL_INT corresponds to a C short (16-bit integer), so either form is correct. The
corresponding type in Fortran would be INTEGER* 2.
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Using Auto Glue

Usersof CALL_EXTERNAL freguently write small functions with the sole purpose
of matching the CALL_EXTERNAL portable calling convention with its (ar gc,

ar gv) interface to the actual interface presented by some existing function that they
wish to call. Such functions are often called glue functions.

It quickly becomes obvious to anyone who has written afew glue functions that there
isn't much to them, and that producing such functionsis a purely mechanical
operation. As you read the examples in this chapter, you will see many such
functions, and will notice that they are all essentially the same. Further examination
should serve to convince you that IDL already has al of the information, in the form
of the arguments and keywords specified to the CALL_EXTERNAL function, to
generate such functions without requiring human intervention. Examining the
CALL_EXTERNAL routine's interface, we see that:

e the number and types of arguments to the CALL_EXTERNAL function
provide the same information about the arguments for the target external
function;

¢ the VALUE keyword, and CALL_EXTERNAL's built in rules for deciding
whether or not to pass arguments by value or by reference determine how the
arguments should be passed;

e inthe case of Microsoft Windows, the CDECL keyword tells it which system
calling convention to employ;

¢ keywordsto CALL_EXTERNAL determine the result type.

Furthermore, other than the actual name of the user function being called, these glue
functions are generic in the sense that they could be used to call any function that
accepted arguments of the same types and produce a result of the same type.

The AUTO_GLUE keyword to CALL_EXTERNAL exploitsthese factsto allow you
to call functions with natural interfaces, without the need to write, compile, and load
aglue function to do the job. The sole requirement is that your system must havea C
compiler installed that is compatible with the compiler described by the IDL
IMAKE_DLL system variable. Thisisalmost awaysthe caseif you areinterested in
calling external code, since acompiler is necessary to compile such code.

AUTO_GLUE automatically writes the C code for the glue function, uses the
MAKE_DLL procedure to build a sharable library containing it, loads that library,
and then callsthe glue function, passing it a pointer to the target function and all of its
arguments. It maintains a cache of glue functions that have been built previously, and
never builds the same glue function more than once. From the user perspective, there
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isadglight pause the first time a given glue function is used. In that brief moment,
AUTO_GLUE performs the steps described above, and then makes the call to the
user function. All of this happens transparently to the IDL user — no user interaction
isrequired, and no output is produced by the process. Subsequent calls to the same
glue function happen instantaneously, as IDL loads the existing glue function from
the MAKE_DLL cachewithout rebuilding it. In principle, it is similar to the way DL
automatically compiles DL language programs on demand, only with C code instead
of IDL code.

See“CALL_EXTERNAL” inthe IDL Reference Guide manual for additiona details
about how AUTO_GLUE works, and the options for controlling its use.

Generating Glue Without Executing It

AUTO_GLUE isthe preferred option for most calls to functions with natural
interfaces, due to it's simplicity and ease of use. However, you might find yourself in
a situation where you would like your glue functions to be automatically generated,
but wish to ssimply get the resulting C code so that you can modify it or incorporate it
into alarger library. For example, you might have alarge library of IDL specific
code, and wishto giveit al IDL callable interfaces without requiring the overhead of
AUTO_GLUE for all of them.

The WRITE_WRAPPER keyword to CALL_EXTERNAL can be used to produce
such code without compiling or using the results. See “CALL_EXTERNAL” inthe
IDL Reference Guide manual for additional information on this keyword.
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Basic C Examples

All of the code for the examplesin this section can be found in the

/ external / cal | _ext ernal / Csubdirectory of the IDL distribution. Please read
the README filein that directory for details on how to run the examples. In many
cases, the filesin that directory go into more detail, and are more fully commented
than the versions shown here. Also, the examples provide IDL wrapper routines that
perform the necessary CALL_EXTERNAL calls, while the examples shown here use
CALL_EXTERNAL directly in order to explain how it isused. It isworth reading the
contents of the. ¢ and IDL . pr o filesin that directory in addition to reading the code
shown here.

Example: Passing Parameters by Reference to IDL

Thefollowing routine, foundinsi npl e_vars. ¢, accepts several of IDL’s basic data
types as arguments. The parameters are passed in by reference and the new squared
values of the numbers are passed back to IDL. Thisisimplemented as afunction with
anatura C interface, and a second glue routine that implements the IDL portable
convention, using the one with the natural interface to do the actual work.

The IDL statements necessary to cal thesi npl e_var s() functionfrom IDL can be
written:

B=2B & 1=3 & L=3L & F=0.0 & D=0.0D
R = CALL_EXTERNAL( GET_CALLEXT_EXLIB(), 'sinple_vars’, $
b,i,l,f,d, /CDECL)

Note
GET_CALLEXT_EXLI B() isafunction provided with the CALL_EXTERNAL
examples; it builds the necessary sharable library of external C code and returnsthe
path to the library asits result.

Using the AUTO_GLUE keyword to CALL_EXTERNAL, you can call the function
with the natural C interface directly:

B=2B & 1=3 & L=3L & F=0.0 & D=0.0D
R = CALL EXTERNAL(GET_CALLEXT EXLIB(), 'sinple vars natural’, $
b,i,l,f,d, /CDECL, /AUTO GLUE)

Example: Calling a C Routine to Perform
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1Q§#i ncl ude <stdio. h>
2Q#include "idl _export.h" /* IDL external definitions */
3
4Qint sinple_vars_natural (char *byte_var, short *short_var,
5 I DL_LONG *l ong_var, float *float_var,
6 doubl e *doubl e_var)
U i
8 /* Square each variable. */
9 *byt e_var *= *pyte_var;

10 *short _var *= *short_var;

11 *| ong_var *= *| ong_var;

12 *fl oat _var *= *f| oat _var;

13 *doubl e_var *= *doubl e_var;

14

C 15 return 1;

164}

17

18fint sinple_vars(int argc, void* argv[])

19

20 /* Insure that the correct nunber of argunments were passed in */
21 if(argc !'=5) return O;

23 return sinple_vars_natural ((char *) argv[0], (short *) argv[1],
24 (I DL_LONG *) argv[2], (float *) argv[3],
25 (double *) argv[4]);

Table 9-1: Passing Parameters by Reference to IDL — simple_vars.c
Computation

The following example demonstrates an external function that returns the sum of a
floating point array. It is similar in function to the TOTAL functionin IDL. The code
for thisexampleisfound inthefilesum array. c inthe IDL distribution. Aswith
the previous example, this function is implemented by a function that has a natural C
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interface, and a second glue function is provided that matches the IDL portable
calling convention to the natural interface;

[N

QWO ~NOUAAWNE
—~ -~

#i ncl ude <stdio. h>
#i nclude "idl _export.h"

float sumarray_natural (float *fp, |DL_LONG n)
float s = 0.0;

while (n--) s += *fp++;

return(s);

float sumarray(int argc, void *argv[])

{
}

return sumarray_natural ((float *) argv[0], (IDL_LONG argv[1]);

Table 9-2: Calling a C routine — example.c

The IDL statements necessary to call thesum ar ray() function from IDL can be
written:;

X = FI NDGEN( 10)
S = CALL_EXTERNAL( GET_CALLEXT EXLIB(), 'sumarray’$
X, N_ELEMENTS(X), VALUE=[ 0, 1], /F_VALUE, /CDECL)
Note

GET_CALLEXT_EXLI B() isafunction provided with the CALL_EXTERNAL
examples; it builds the necessary sharable library of external C code and returnsthe
path to the library asits result.

Using the AUTO_GLUE keyword, you can call the function with the natural C
interface directly:

FI NDGEN( 10)

CALL_EXTERNAL( GET_CALLEXT_EXLIB(), 'sumarray_natural’'$
X, N_ELEMENTS( X), VALUE=[ 0, 1], /F_VALUE, / CDECL, $
/ AUTO_GLUE)

X
S

In thisexample, sum ar ray and sum ar r ay_nat ur al are the names of the entry
points for the external functions, and X and N_ELEMENTS( X) are passed to the called
routine as parameters. The F_VALUE keyword specifies that the returned valueis a
floating-point number rather than an IDL_LONG.
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Wrapper Routines

CALL_EXTERNAL routines are very sensitive to the number and type of the
arguments they receive. Calling a CALL_EXTERNAL routine with the wrong
number of arguments or with arguments of the wrong type can cause IDL to crash.
For thisreason, it isagood practice to provide an IDL wrapper routine that is used to
make the actual CALL_EXTERNAL call. The job of thiswrapper, which iswritten
inthe IDL language, is to ensure that the arguments that are passed to the external
code are always of the correct number and type. The following IDL procedure isthe
wrapper used in the simple_var s() example of the previous section (“ Example:
Passing Parameters by Reference to IDL” on page 204). It can be found in the IDL
distribution in thefilesi npl e_vars. pro.

IDL

OCoO~NOUDWNPE

PRO SI MPLE_VARS, b, i, I, f, d, AUTO GLUE=auto_gl ue, DEBUG=debug, $
VERBOSE=ver bose

if ~ (KEYWORD_SET(debug)) THEN ON_ERROR, 2

; Type checking: Any missing (undefined) argunents will be set

; to a default value. Al argunments will be forced to a scalar

; of the appropriate type, which nmay cause errors to be thrown

; if structures are passed in. Local variables are used so that

; the values and types of the user supplied argunents don’t change.

b_I = (SIZE(b,/TYPE) EQ 0) ? 2b : byte(b[0])

i_| = (SIZE(i,/TYPE) EQO) ? 3 : fix(i[0])

I _I = (SIZE(l,/TYPE) EQ 0) ? 4L : long(1[0])

f_I = (SIZE(f,/TYPE) EQO) ? 5.0 : float(f[0O])

d_| = (SIZE(d,/TYPE) EQ O) ? 6.0D : doubl e(d[0])

PRINT, "Calling sinple_vars with the follow ng argunents:’

HELP, b_l, i_I, I_I, f_I, d_l

func = keyword_set (auto_glue) ? 'sinple_vars_natural’ : 'sinple_vars’

I F ( CALL_EXTERNAL( GET_CALLEXT_EXLI B( VERBOSE=ver bose), func, $
b_t, i_I, I_l, f_lI, d_I, /CDECL, $
AUTO _GLUE=aut o_gl ue, VERBOSE=ver bose, $
SHOW ALL_QUTPUT=ver bose) EQ 1) then BEA N

PRI NT, " After calling sinple_vars:’
HELP, b_l, i_I, I_I, f_I, d_l
ENDI F ELSE MESSAGE, ' External call to sinple_vars failed
END

Table 9-3: Wrapper Routine — simple_vars.pro

Theroutinesi npl e_var s. pr o uses the system routine SIZE() to examine the
arguments that are passed in by the user to the si npl e_var s routine. If one of the
arguments is undefined, adefault value will be used in the call to the external routine.
Otherwise, the argument will be converted to a scalar of the appropriate type.
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Note
GET_CALLEXT_EXLI B() isafunction provided with the CALL_EXTERNAL
examples; it builds the necessary sharable library of external C code and returnsthe
path to the library asits result.
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Passing String Data

IDL represents strings internally as IDL_STRING descriptors. For more information
about IDL_STRING, see Chapter 12, “IDL Internals: Variables’ and Chapter 14,
“IDL Internals. String Processing”. These descriptors are defined in the C language
as.
typedef struct {
I DL_STRI NG SLEN T sl en;
unsi gned short stype;
char *s;
} IDL_STRI NG

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.

e Thesl en field contains the length of the string without including the NULL
termination that is required at the end of all C strings.

 Thestype fieddisusedinternally by IDL to keep track of how the memory for
the string was obtained, and should be ignored by CALL_EXTERNAL users.

¢ s isthepointer to the actual C string represented by the descriptor. If the string
iSNULL, IDL representsit asaNULL (0O) 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.

¢ You must use the functions discussed in Chapter 14, “IDL Internals: String
Processing” to allocate the memory for an IDL_STRING. Attempting to do
this directly by alocating dynamic memory and assigning it to the
IDL_STRING descriptor isa common pitfall, as discussed in “ Common
CALL_EXTERNAL Pitfalls’ on page 197.

Returning a String Value

When returning a string value, a function must allocate the memory used to hold it.
Onreturn, IDL will copy this string. You can use a static buffer or dynamic memory,
but do not return the address of an automatic (stack-based) variable.
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Note
IDL will not free dynamically-allocated memory for this use.

Example

Thefollowing routine, found inst ri ng_arr ay. ¢, demonstrates how to handle
string variablesin external code. Thisroutinetakesastring or array of strings asinput
and returns a copy of thelongest string that it received. It isimportant to note that this
routine uses a static char array asits return value, which avoids the possibility of a
memory leak, but which must be long enough to handle the longest string required by
the application. Thisisimplemented as afunction with anatural C interface, and a
second glue routine that implements the IDL portable convention, using the one with
the natural interface to do the actual work:
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1j#i ncl ude <stdio. h>
2Q#i ncl ude <string. h>
3Q§#include "idl _export.h"
49/ *
50 * IDL_STRING is declared in idl_export.h like this:
6 * typedef struct {
4 B | DL_STRI NG _SLEN_T sl en; Length of string, nul |
sy * short stype; Type of string, static or dynam c
of * char *s; Address of string
10f * } I DL_STRING
11§ * However, you should rely on the definition in idl_export.h instead
12Q * of declaring your own string structure.
13/
14
15fchar* string_array_natural (I DL_STRI NG *str_descr, |DL_LONG n)
16 §{
17 /*
18 * |DL will make a copy of the string that is returned (if it is
19 * not NULL). One way to avoid a nmenory leak is therefore to return
C 20 * a pointer to a static buffer containing a null termnated string. |DL
21 * will copy the contents of the buffer and drop the reference to our
22 * puffer inmediately on return.
23 */
24 f#def i ne MAX_OUT_LEN 511 /* truncate any string longer than this */
25 static char resul t[ MAX_OUT_LEN+1]; /* leave a space for a '\0" on the
26 | ongest string */
27 int max_i ndex; /* index of |ongest string */
28 int max_sof ar; /* length of |ongest string*/
29 int i;
30

31 /* Check the size of the array passed in. n should be > 0.*/

32 if (n <1) return (char *) 0;
33 max_i ndex 0;

34 max_sof ar 0;

35 for(i=0; i < n; i++) {

36 if (str_descr[i].slen > max_sofar) {
37 max_i ndex = i;

38 max_sofar = str_descr[i].slen;

39 }

40 }

Figure 9-1: Handling String Variables in External Code — string_array.c
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414 /*

42 * |f all strings in the array are enpty, the |ongest
43 *will still be a NULL string.

44 */

45 if (str_descr[max_index].s == NULL) return (char *) O;
46

47 /*

48 * Copy the longest string into the buffer, up to MAX OUT_LEN characters.

Explicitly store a NULL byte in the |last byte of the buffer, because

50 * strncpy() does not NULL terminate if the string copied is truncated.
*/

S
©
*

52 strncpy(result, str_descr[max_index].s, MAX QUT_LEN);
C 53 result[sizeof(result)-1] ="'\0";

54 return(result);

55 f#undef MAX_OUT_LEN

56}

58fchar* string_array(int argc, void* argv[])
59
60 /*

61 * Make sure there are the correct # of arguments.

62 * DL will convert the NULL into an enpty string ('’).

63 */

64 if (argc !'= 2) return (char *) NULL;

65 return string_array_natural ((IDL_STRING *) argv[0], (IDL_LONG argv[1]);
66}

Figure 9-1: (Continued) Handling String Variables in External Code — string_array.c

Passing String Data External Development Guide



Chapter 9: CALL_EXTERNAL 213

Passing Array Data

When you passan IDL array into a CALL_EXTERNAL routine, that routine gets a
pointer to the first memory location in the array. In order to perform any processing
on the array, an external routine needs more information—such asthe array’s size and
number of dimensions. With CALL_EXTERNAL, you will need to pass this
information explicitly as additional arguments to the routine.

In order to handle multi-dimensional arrays, C needs to know the size of the array at
compile time. In most cases, this means that you will need to treat multi-dimensional
arrays passed in from IDL as one dimensional arrays. However, you can still build
your own indices to access an array asif it had more than one dimension in C. For
example, the IDL array index:

array|[ x, y]
could be represented in a CALL_EXTERNAL routine as:

array_ptr[x + x_size*y];

The following routine, found insum 2d_arr ay. ¢, calculatesthe sum of a
subsection of atwo dimensional array. Thisisimplemented as a function with a
natural C interface, and a second glue routine that implements the IDL portable
convention, using the one with the natural interface to do the actual work:
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1Q#i ncl ude <stdio. h>
2Q#include "idl _export.h"
3fdoubl e sum 2d_array_natural (double *arr, I DL_LONG x_start, |IDL_LONG x_end,
4 | DL_LONG x_size, IDL_LONG y_start,
5 IDL_LONG y_end, |IDL_LONG y_size)
6 /* Since we didn't know the di mensions of the array at conpile tinme, we
7 *nmust treat the input array as if it were a one di nmensional vector. */
8 I DL_LONG X, Yy;
9 doubl e result = 0.0;
10
11 /* Make sure that we don’t go outside the array.strictly speaking, this
12 *is redundant since identical checks are performed in the | DL w apper

13 * routine.IDL_MN() and IDL_MAX() are macros fromidl_export.h */
14 x_start = I DL_MAX(x_start, 0);
15 y_start = I DL_MAX(y_start, 0);

I DL_M N(x_end, x_si ze-1);

|

16 x_end =
C 17§ y_end = IDL_M N(y_end, y_si ze-1);
18

19 /* loop through the subsection */
20 for (y = y_start;y <= y_end;y++)

21 for (x = x_start;x <= x_end; x++)

22 result += arr[x + y*x_size]; /* build the 2d index: arr[x,y] */
23 return result;

244}

25

26 fdoubl e sum 2d_array(int argc, void* argv[])

27

28 if (argc !'=7) return 0.0;

29 return sum 2d_array_natural ((double *) argv[0], (IDL_LONG argv[1],
30 (IDL_LONG argv[2], (IDL_LONG argv[3],
31 (IDL_LONG argv[4], (IDL_LONG argv[5],
32 (I DL_LONG argv[6]);

331}

Table 9-4: Adding the Elements of a 2D IDL Array — sum_2d_array.c
The IDL system routine interface provides much more support for the manipulation

of IDL array variables. See Chapter 21, “Adding System Routines’ for more
information.
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Passing Structures

IDL structure variables are stored in memory in the same layout that C uses. This
makes it possible to pass IDL structure variablesinto CALL _EXTERNAL routines,
aslong as the layout of the IDL structure is known. To access an IDL structure from
an external routine, you must create a C structure definition that has the exact same
layout as the IDL structure you want to process.

For example, for an IDL structure defined as follows:
s = { ASTRUCTURE, zer 0: 0B, one: OL, two: 0. O, t hree: OD, four: intarr(2)}
the corresponding C structure would look like the following:

typedef struct {
unsi gned char zero;
| DL_LONG one;
float two;
doubl e three;
short four[2];
} ASTRUCTURE;

Then, cast the pointer from ar gv to the structure type, as follows:

ASTRUCTURE* nystructure,;
mystructure = (ASTRUCTURE*) argv[O0];

The following routine, found ini ncr _struct . ¢, increments each field of an IDL
structure of type ASTRUCTURE. Thisisimplemented as afunction with anatural C
interface, and a second glue routine that implements the IDL portable convention,
using the one with the natural interface to do the actual work:
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1Q#i ncl ude <stdio. h>

2Q#include "idl _export.h"

3

aq/*

5 * Cdefinition for the structure that this routine accepts. The
6] * corresponding IDL structure definition would |look |ike this:
71 * s = {zero: 0B, one:0OL,two:0.,three: 0D, four: intarr(2)}

] W

9

typedef struct {

10 unsi gned char zero;
11 | DL_LONG one;

12 float two;

13 doubl e three;

14 short four[2];

15} ASTRUCTURE;

17Qint incr_struct_natural (ASTRUCTURE *nmystructure, |DL_LONG n)

19 /* for each structure in the array, increnent every field */
20 for (; n--; mystructure++) {

21 nystruct ure->zer o++;

22 nmystructure->one++;

23 mystruct ur e- >t wo++;

24 nmystruct ure->t hree++;
25 nmystructure->four[ 0] ++;
26 nmystructure->four[ 1] ++;
27 }

28

29 return 1;

308}

31fint incr_struct(int argc, void *argv[])
32

{
33 if (argc !'=2) return O;
34 return incr_struct_natural ((ASTRUCTURE*) argv[O], (IDL_LONG argv[1]);
351}

Table 9-5: Accessing an IDL Structure from a C Routine — incr_struct.c

It is not possible to access structures with arbitrary definitions using the
CALL_EXTERNAL interface. The system routine interface, discussed in Chapter 21,
“Adding System Routines’, does provide support for determining the layout of a
structure at runtime.
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Fortran Examples

Example: Calling a Fortran Routine Using a C
Interface Routine

Cdlling Fortran is similar to calling C, with the significant difference that Fortran
code expects all argumentsto be passed by reference and not by value (the C default).
This meansthat the addr ess of the argument is passed rather than the argument itself.
Thisissueisdiscussed in “By-Vaue And By-Reference Arguments’ on page 194.

A Cinterface routine can easily extract the addresses of the arguments from the ar gv
array and pass them to the actual routine which will compute the sum. The arguments
f, n, and sare pointers that are being passed by value. Fortran expects al argumentsto
be passed by reference — that is, it expects al arguments to be addresses. If C passes
apointer (an address) by value, Fortran will interpret it correctly as the address of an
argument. The following code segments illustrate this. The exanpl e_c2f . ¢ file
contains the C interface routine, which would be compiled asillustrated above. The
exanpl e. f file contains the Fortran routine that actually sums the array.

In these examples, we assume that the routines are being compiled under Sun Solaris.
The object name of the Fortran subroutinewill besum ar r ay1l_ to match the output
of the Solaris Fortran compiler. The following are the contents of exanpl e_c2f . c
and exanpl e. f:

OCO~NOUDWNPE

#i ncl ude <stdio. h>
void sumarray(int argc, void *argv[])
{
extern void sumarrayl_();/* Fortran routine */
int *n;
float *s, *f;
f = (float *) argv[O]; /* Array pntr */
n=(int *) argv[1]; /* Get # of elenments */
s = (float *) argv[2]; /* Pass back result a paraneter */
sumarrayl (f, n, s); /* Compute sum */

}

Table 9-6: C Wrapper Used to Call Fortran Code (example_c2f.c)
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c

SUBROUTI NE sumarrayl(array, n, sum
I NTEGER*4 n

REAL*4 array(n), sum

sun¥0. 0

DOi=1,n

sum = sum + array(i)
10QPRINT *, sum array(i)
11 ENDDO

f77

©CO~NOUITD_WNPE

13 RETURN
14 END

c This subroutine is called by SUM ARRAY and has no | DL-specific code.

Fortran Examples

Table 9-7: Fortran Code Called from IDL via C Wrapper (example.f)

This example is compiled and linked in a manner similar to that used in the C
example above. For moreinformation on compiling and linking on your platform, see
the README file contained inthe ext er nal / cal | _ext ernal / Fortran
subdirectory of the IDL distribution. This directory also contains a makefile, which
builds this example on UNIX platforms. To call the example program from within
IDL:

; Make an array.

X = FI NDGEN( 10)

;A floating result

SUM = 0.0

S = CALL_EXTERNAL(' exanple.so', $
"sumarray', X, N_ELEMENTS(X), sum

In this example, exanpl e. so isthe name of the sharableimagefile, sum array is
the name of the entry point, and X and N_ELEMENTS( X) are passed to the called routine
as parameters. The returned value is contained in the variable sum

Hidden Arguments

When passing C null-terminated character strings into a Fortran routine, the C
function should also passin the string length. This extra parameter is added to the end
of the Fortran routine call in the C function, but does not explicitly appear in the
Fortran routine.

For example, in C:

char * strl="I1DL';
char * str2= "RS|';
int | enl=3;
int | en2=3;
doubl e data, info;
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/* Call a Fortran sub-routine named exanplel */
exampl el_(strl, data, str2, info, lenl, |en2)

In Fortran:

SUBROUTI NE EXAMPLE1( STR1, DATA, STR2, | NFO
CHARACTER* (*) STR1, STR2
DOUBLE PRECI SI ONDATA, | NFO

Example: Calling a Fortran Routine Using a Fortran
Interface Routine

Cdlling Fortran is similar to calling C, with the significant difference that Fortran
expects al arguments to be passed by reference. This means that the address of the
argument is passed rather than the argument itself. See  By-Value And By-Reference
Arguments’ on page 194 for more on this subject.

A Fortran interface routine can be written to extract the addresses of the arguments
fromthe ar gv array and pass them to the actual routine which will compute the sum.
Passing the contents of each ar gv element by value has the same effect as converting
the parameter to anormal Fortran parameter.

This method uses the OpenVM S Extensions to Fortran, %L OC and %VAL. On IBM
AlX, the LOC function is an intrinsic operator. The syntax of the call, which differs
from that used on other platforms, is:

y=Il oc(x)

Some Fortran compilers may not support these extensions. If your compiler does not,
use the method discussed in the previous section for calling Fortran with a C interface
routine.

The contents of thefileexanpl el. f are shown in the following figure. This
example is compiled, linked, and called in amanner similar to that used in the C
example above. For moreinformation on compiling and linking on your platform, see
the README file contained in the ext er nal / f or t r an subdirectory of the IDL
distribution. This directory also contains a makefile, which builds this example on
UNIX platforms.

Note
This example is written to run under a 32-bit operating system. To run the example
under a 64-bit operating system would require modifications; most notably, to
declare ar gv as| NTEGER* 8 rather than | NTEGER* 4.
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f77

©COoO~NOOUTAWNPEF

SUBROUTI NE SUM ARRAY(argc, argv) !Called by IDL
I NTEGER*4 argc, argv(*) IArgc and Argv are integers

j = LOC(argc) | Obtai ns the nunmber of argunents (argc)
I Because argc is passed by VALUE.

¢ Call subroutine SUM ARRAY1, converting the |IDL paraneters
c to standard Fortran, passed by reference argunents:

CALL SUM ARRAY1(%/AL(argv(1l)), WAL(argv(2)), WAL(argv(3)))
RETURN
END

¢ This subroutine is called by SUM ARRAY and has no
c I DL specific code.

c

SUBROUTI NE SUM ARRAY1(array, n, sum
| NTEGER*4 n

REAL*4 array(n), sum

sun¥0. 0

DOi=1,n

sum = sum + array(i)
ENDDO

RETURN

END

Table 9-8: Fortran Code Called Directly From IDL

To call the example program from within IDL:

X = FINDGEN(10) ; Make an array.

sum= 0.0

S = CALL_EXTERNAL(' exanplel.so', $
"sumarray_', X, N_ELEMENTS(X), sum

In this example, exanpl el. so isthe name of the sharable imagefile, sum array_
is the name of the entry point, and X and N_ELEMENTS( X) are passed to the called
routine as parameters. The returned value is contained in the variable sum

Note
The entry point name generated by the Fortran compiler may be different than that
produced by the C compiler. One of the best ways to find out what name was
generated isto use the UNIX nmutility on the object file. See your system’s man
page for nmfor details.
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IDL and Remote Procedure Calls

Remote Procedure Calls (RPCs) allow one process (the client process) to have
another process (the server process) execute a procedure call just asif the caler
process had executed the procedure call in its own address space. Since the client and
server are separate processes, they can reside on the same machine or on different
machines. RPC libraries allow the creation of network applications without having to
worry about underlying networking mechanisms.

IDL supports RPCs so that other applications can communicate with IDL. A library
of Clanguage routinesisincluded to handle communication between client programs
and the IDL server.

Note
Remote procedure calls are supported only on UNIX platforms.

The current implementation allows IDL to be run as an RPC server and your own
program to be run asaclient. IDL commands can be sent from your application to the
IDL server, where they are executed. Variable structures can be defined in the client
program and then sent to the IDL server for creation as IDL variables. Similarly, the
values of variablesin the IDL server session can be retrieved into the client process.

With the release of IDL version 5.0, IDL's RPC functionality has been completely
revised and an new API created. The new RPC interface mirrors the API used by
callable IDL. See “Compatibility with Older IDL Code” on page 227 for details.

IDL and Remote Procedure Calls External Development Guide
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Using IDL as an RPC Server

The IDL RPC Directory

All of thefiles related to using IDL’s RPC capabilities are found in ther pc
subdirectory of theext er nal subdirectory of the main IDL directory. Themain IDL
directory isreferred to here asidldir.

Running IDL in Server Mode

To use IDL asan RPC server, run IDL in server mode by using thei dl r pc
command. The RPC server can be invoked one of two ways:

idlrpc
or
idlrpc -server=server_nunber

where server_number is the hexadecimal server 1D number (between 0x20000000
and Ox3FFFFFFF) for IDL to use. For example, to run IDL with the server ID
number 0x20500000, use the command:

idlrpc -server=20500000

If aserver ID number is not supplied, IDL uses the default,
IDL_RPC _DEFAULT ID, defined inthefileidldir/ ext ernal / rpc/idl _rpc. h.
Thisvalueisoriginaly set to 0xX2010CAFE.

External Development Guide Using IDL as an RPC Server
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Client Variables

The IDL RPC client API uses the same data structure as IDL to represent a variable,
namely an IDL_VARIABLE structure. By not using a unique data structure to
represent avariable, the IDL RPC client API can follow aformat that is similar to the
API of Callable IDL.

When avariable s created by the IDL RPC client API (when avariableis returned
from the IDL_RPCGetM ainVariable function, for example) dynamic memory is
allocated for the variable and for its value. These dynamic variables are similar to
temporary variableswhich are used in IDL.

The IDL RPC client API provides routines to create, manipulate and delete dynamic
or IDL RPC client temporary variables. These API routines follow the same format
asthe Callable IDL API and most have the same calling sequence.

When a client dynamic or temporary variable is no longer needed by the IDL RPC
client program, usethe IDL_RPCDeltmp() function to delete or free up the memory
associated with the variable. Failure to delete a client temporary variable could result
amemory “leak” in the client program.

Client Variables External Development Guide
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Linking to the Client Library

To make use of the IDL RPC functionality, you will need to do the following:
¢ Includethefilei dl _rpc. h inyour application.

e« Haveacopy of i dl _export. hintheinclude path when you compile the
client application.

* Link your client application to the IDL client shared object library
(1i bidl _rpc).

« If theclient library islinked as a shared object, you must set the shared
object search path environment variable so that it includes the directory
that containsthe IDL client library.

The name of thisvariableisnormally LD_LIBRARY_PATH, except on
HP and IBM systems, where the variable names are:

e HP: SHLIB_PATH
 |IBM: LIBPATH

If thisvariable is not set correctly, an error message will be issued by the
system loader when the client program is started.

The command used to compile and link a client program to the IDL RPC client
library follows the following format:

% cc -0 exanpl e $(PRE_FLAGS) exanple.o -lidl_rpc
$( POST_FLAGS)

where PRE_FLAGS and POST_FLAGS are platform dependent. The proper flags for
each UNIX operating system supported by IDL are contained in the file

rpc_link. txt,locatedintheinther pc subdirectory of theext er nal subdirectory of
the main IDL directory.

Example of IDL RPC Client API

To use the IDL client side API, execute the following sequence of steps:
1. Cdl IDL_RPCInit() to connect to the server
2. Perform actions on the server—get and set variables, run IDL commands, etc.
3. Cdl IDL_RPCCleanup() to disconnect from the server.

The code shown in the following figure is an example that can be used to set up a
remote session of IDL using the RPC features. Note that this C program will need to

External Development Guide Linking to the Client Library
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be linked against the supplied shared library I i bi dI _r pc. Thiscodeisincluded inthe
idldir/ ext ernal / r pc directory as exanpl e. c.

1§#include "idl _rpc.h"

2fint main()

3

4 CLIENT *pClient;

5 cmdBuf fer[512] ;

6 resul t;

7

8] /* Connect to the server */

9 if( (pdient = IDL_RPCInit(0, (char*)NULL)) == (CLIENT*)NULL){
10 fprintf(stderr, "Can't register with IDL server\n");
11 exit(1);

12
13
C 14Q/* Start a loop that will read commands and then send themto idl */
15 for(;:){
16 printf("RMII DL> ");
17 cmdBuffer[0]="\0";
18 gets(cndBuffer);
19 if( cndBuffer[0] == "\n' || crmdBuffer[0] == "\0")
20 br eak;
21 result = I DL_RPCExecuteStr(pCient, cndBuffer);
22 }
23
24Q /* Now di sconnect fromthe server and kill it. */
25 if(!IDL_RPCO eanup(pCient, 1))
26 fprintf(stderr, "IDL_RPCC eanup: failed\n");
27 exit(0);
28

Linking to the Client Library

Table 10-1: Remote Execution of IDL via RPC

Compile example.c with the appropriate flags for your platform, as described in
“Linking to the Client Library” on page 225. Once this example is compiled, execute
it using the following commands:

% i dlrpc

Then, in another process:

% exanpl e

External Development Guide
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Compatibility with Older IDL Code

With the release of IDL 5.0, IDL’'s Remote Procedure Call functionality has been
completely reworked. While RPC code built for older versions of IDL can still be
used with IDL 5.0 and later, the new RPC functionality has the following advantages:

« Thenew API mirrorsthe Callable IDL API.

e TheRPC client-sidelibrary is provided as a pre-built sharable library,
eliminating the need to build the library on your system.

e TheRPC server-side executable, i di r pc, is built using Callable IDL,
providing an example of how Callable IDL can be used.

e Sourcecodeis provided for both the Server and Client side programs, allowing
you to enhance IDL’s RPC functionality.

RPC code built for versions of IDL prior to version 5.0 can be linked with IDL
version 5 and later using a compatibility layer. This layer is contained in the files
idl _rpc_obsolete.candidl _rpc_obsol ete. h.

To use the compatibility routines, include thefileli b_r pc_obsol et e. h inyour
application and use the following link statement as a template:

% cc -0 ol d_exanpl e $( PRE_FLAGS) ol d_exanple.o \
idl _rpc_obsolete.o -lidl _rpc $(POST_FLAGS)

where the macros PRE_FLAGS and POST_FLAGS are the same as those described
in “Linking to the Client Library” on page 225.

While the compatibility layer covers most of the old IDL RPC functionality, some of
the more obscure operations have either been modified or are no longer supported.
The features which have changed are as follows:

External Development Guide Compatibility with Older IDL Code
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e idl_server_interactive: Thisfunction isno longer supported.

e get_idl_variable: Thefollowing return values are no longer supported:

Value Description
-2 Illegal variable name (for example, “213xyz”, “#a’,
“IDEVICE")
-3 Variable not transportable (for example, the variable
isastructure or associated variable)

Table 10-2: get_idl_variable Unsupported Values

e set_idl_timeout: thetv_usec field of the timeval struct isignored.
e idl_set_verbosity(): Thisfunction isno longer supported.

All other functionality is supported.

Compatibility with Older IDL Code External Development Guide
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The IDL RPC Library

The IDL RPC library contains severa C language interface functions that facilitate
communication between your application and IDL. There are functions to register
and unregister clients, set timeouts, get and set the value of IDL variables, send
commands to the IDL server, and cause the server to exit. These functions are:

» IDL_RPCCleanup * IDL_RPCSetMainVariable
» IDL_RPCDeltmp » IDL_RPCSetVariable

» |IDL_RPCExecuteStr » IDL_RPCStoreScalar

¢ IDL_RPCGetMainVariable ¢ IDL_RPCStrDelete

¢ |DL_RPCGettmp ¢ IDL_RPCStrDup

* IDL_RPCGetVariable e IDL_RPCStrEnsurel ength
e |DL_RPCImportArray e |DL_RPCStrStore

» IDL_RPCInit » IDL_RPCTimeout

¢ IDL_RPCMakeArray e |IDL_RPCVarCopy

* IDL_RPCOutputCapture * IDL_RPCVarGetData

e IDL_RPCOutputGetStr e Variable Accessor Macros

External Development Guide The IDL RPC Library
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IDL_RPCCleanup

Calling Sequence
int 1DL_RPCC eanup( CLIENT *pCient, int iKill)
Description

Use this function to rel ease the resources associated with the given CLIENT structure
or tokill the IDL RPC server.

Parameters

pClient

A pointer to the CLIENT structure for the client/server connection to be
disconnected.

iKill
Set iKill to anon-zero value to kill the server when the connection is broken.
Return Value

This function returns 1 on success, or 0 on failure.

The IDL RPC Library External Development Guide
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IDL_RPCDeltmp

Calling Sequence
voi d | DL_RPCDel t np( | DL_VPTR vTnp)
Description
Use thisfunction to de-allocate all dynamic memory associated withtheIDL_VPTR

that is passed into the function. Once this function returns, any dynamic portion of
vTmp is deallocated and should not be referenced.

Parameters

vimp
The variable that will be de-allocated.
Return Value

None.

External Development Guide The IDL RPC Library
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IDL_RPCEXxecuteStr

Calling Sequence

int 1 DL_RPCExecuteStr(CLI ENT *pdient, char * pCommand)
Description

Use this function to send IDL commands to the IDL RPC server. The command is
executed just asif it had been entered from the IDL command line.

This function cannot be used to send multiple line commands and will return an error
if a“$” is detected at the end of the command string. It will also return an error if “$”
isthe first character, since this would spawn an interactive process and hang the IDL
RPC server.

Parameters

pClient

A pointer to the CLIENT structure that corresponds to the desired IDL session.
pCommand

A null-terminated IDL command string.
Return Value

This function returns the following values:
1 — Success.
0 — Invalid command string.

For al other errors, the value of 'ERROR_STATE.CODE isreturned. This number
could be passed as an argument to the IDL function STRM ESSAGE() to determine
the exact cause of the error.

The IDL RPC Library External Development Guide
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IDL_RPCGetMainVariable

Calling Sequence

| DL_VPTR | DL_RPCGet Mai nVari abl e( CLI ENT *pClient, char *Nane)
Description

Cadll thisfunction to get the value of an IDL RPC server main level variable
referenced by the name contained in Name. IDL_RPCGetM ainVariable will then
return apointer to an IDL_VARIABLE structure that contains the value of the
variable.

Parameters

pClient

A pointer to the CLIENT structure that corresponds to the desired IDL session.
Name

The name of the variable to find.
Return Value

On success, this function returns a pointer to an IDL_VARIABLE structure that
contains the value of the desired IDL RPC main level variable, On failure this
function returns NULL.

Note that the returned variable is marked as temporary and should be deleted when
the variable is no longer needed. For more information on IDL RPC variables, see
“Client Variables’ on page 224.

External Development Guide The IDL RPC Library
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IDL_RPCGettmp

Calling Sequence

I DL_VPTR | DL_RPCGet t np(voi d)

Description
Use thisfunction to create an IDL_VPTR to adynamically allocated
IDL_VARIABLE structure. When you are finished with this variable, passit to
IDL_RPCDetmp() to free any memory allocated by the variable.
Parameters
None.

Return Value

On success, this function returnsan IDL_VPTR. On failure, it returns NULL.

The IDL RPC Library External Development Guide
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IDL_RPCGetVariable

Calling Sequence

| DL_VPTR | DL_RPCGet Vari abl e(CLI ENT *pd ient, char *Nane)

Description

Use this function to get a pointer to an IDL_VARIABLE structure that contains the
value of an IDL RPC server variable referenced by Name. The current scope of the
IDL program is used to get the value of the variable.

Parameters

pClient

A pointer to the CLIENT structure that corresponds to the desired IDL session.
Name

The name of the variable to find.
Return Value

On success, this function returns a pointer to an IDL_VARIABLE structure that
contains the value of the desired IDL RPC variable. On failure this function returns
NULL.

Note that the returned variable is marked as temporary and should be deleted when
the variable is no longer needed. For more information on IDL RPC variables, see
“Client Variables’ on page 224.

External Development Guide The IDL RPC Library
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IDL_RPCIimportArray

Calling Sequence

I DL_VPTR I DL_RPCl nmport Array(int n_dim IDL_MEMNT dinf],
int type, UCHAR *data, |DL_ARRAY _FREE CB free_ch)

Description

Use this function to create an IDL array variable whose data the server supplies,
rather than having the client API allocate the data space.

Parameters

n_dim
The number of dimensionsin the array.

dim
Anarray of IDL_MAX_ARRAY_DIM eements, containing the size of each
dimension.

type

The IDL type code describing the data. IDL type codes are discussed in “ Type
Codes’ on page 258.

data
A pointer to your array data.
free_cb

If non-NULL, free _cb isapointer to afunction that will be called whenthe IDL RPC
client routines frees the array. This feature gives the caller a sure way to know when
the datais no longer referenced. Use the called function to perform any required
cleanup, such as freeing dynamic memory or releasing shared or mapped memory.

Return Value

AnIDL_VPTR that pointsto an IDL_VARIABLE structure containing a reference
to the imported array. This function returns NULL if the operation was unsuccessful.
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IDL_RPCInit

Calling Sequence

Client *IDL_RPCInit(long Serverld, char* pHostnane)

Description

Use this function to initialize an IDL RPC client session.

Theclient program is registered as aclient of the IDL RPC server. The server that the
client is registered with depends on the values of the parameters passed to the
function.

Parameters

Serverld

The ID number of the IDL server that the program isto be registered with. If this
valueis 0, the default server ID (0x2010CAFE) is used.

pHostname

Thisis the name of the machine where the IDL server isrunning. If thisvalueis
NULL or “”, the default, “localhost”, is used.

Return Value
A pointer to the new CLIENT structure is returned upon successful completion. This

opaque data structure is then later used by the client program to perform operations
with the server. This function returns NULL if the operation was unsuccessful.

External Development Guide The IDL RPC Library
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IDL_RPCMakeArray

Calling Sequence

char * | DL_RPCMakeArray( int type, int n_dim IDL_MEMNT dini],
int init, IDL_VPTR *var)

Description

This function creates an IDL RPC client temporary array variable with a data area of
the specified size.

Parameters

type

The IDL type code for the resulting array. IDL type codes are discussed in “ Type
Codes’ on page 258.

n_dim

The number of array dimensions. The constant IDL_MAX_ARRAY_DIM defines
the upper limit of this value.

dim
A Carray of IDL_MAX_ARRAY_DIM elements containing the array dimensions.
The number of dimensionsin the array is given by the n_dim argument.

init
This parameter specifies the sort of initialization that should be applied to the
resulting array. init must be one of the following:

 IDL_ARR_INI_NOP— Noinitialization is done. The data area of the array
will contain whatever garbage was left behind from its previous use.

¢ IDL_ARR_INI_ZERO — The data area of the array is zeroed.
var

Theaddressof an IDL_VPTR containing the address of the resulting IDL RPC client
temporary variable.
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Return Value

On success, this function returns a pointer to the data area of the alocated array. The
value returned is the same as is contained in the var->value.arr->data field of the
variable. On failure, it returns NULL.

Aswith variables returned from IDL_RPCGettmp(), the variable allocated viathis
function must be de-allocated using IDL_RPCDeltmp() when the variableis no
longer needed.

External Development Guide The IDL RPC Library
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IDL_RPCOutputCapture

Calling Sequence
int |1 DL_RPCQut put Capture( CLIENT *pCient, int n_lines)
Description

Use this routine to enable and disable capture of lines output from the IDL RPC
server. Normally, IDL will write any output to the terminal on which the server was
started. This function can be used to save thisinformation so that the client program
can request the lines sent to the output buffer.

Parameters
pClient
A pointer to the CLIENT structure that corresponds to the desired IDL session.
n_lines

If thisvalueislessthan or equal to zero, no output lineswill be buffered in the IDL
RPC server and output will be sent to the normal output device on the IDL RPC
server. If the value of this parameter is greater than zero, the specified number of
lineswill be stored by the IDL RPC server.

Return Value

This function returns 1 on success, or 0 on failure.
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IDL_RPCOutputGetStr

Calling Sequence

int 1 DL_RPCQutputGetStr(CLIENT *pClient, IDL_RPC LINE_S *plLine,
int first)

Description

Use this function to get an output line from the line queue being maintained on the
RPC server. The routine IDL_RPCOutputCapture() must have been called to
initialize the output queue on the RPC server before this routine is called.

Parameters

pClient
A pointer to the CLIENT structure that corresponds to the desired IDL session.
pLine

A pointer toavalid IDL_RPC_LINE_Sstructure. The buf field of this structure will
contain the output string returned from the IDL RPC server and the flagsfield will be
set to one of the following (fromi dI _export . h):

e« IDL_TOUT_F STDERR — Send the text to stderr rather than stdout, if that
distinction means anything to your output device.

e |DL_TOUT_F NLPOST — After outputting the text, start a new output line.
On atty, thisis equivalent to sending anew line (‘\ n) character.

first

If first is set equal to anon-zero value, thefirst line is popped from the output buffer
on the IDL RPC server (the output buffer istreated like astack). If first is set equal to
zero, thelast line is de-queued from the output buffer (the output buffer istreated like
aqueue).

Return value

A true value (1) isreturned upon success. A false value (0) isreturned when there are
no more lines available in the output buffer or when an RPC error is detected.
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IDL_RPCSetMainVariable

Calling Sequence

int 1 DL_RPCSet Mai nVari abl e( CLIENT *pCient, char *Nane,
| DL_VPTR pVar)

Description

Usethisroutine to assign avalue to amain level IDL variablein the IDL RPC server
session referred to by pClient. If the variable does not already exist, a new variable
will be created.

Parameters

pClient

A pointer to the CLIENT structure that corresponds to the desired IDL session.
Name

A pointer to the null-terminated name of the variable, which must be in upper-case.
pVar

A pointer to an IDL_VARIABLE structure that contains the value that the IDL RPC
main level variable referenced by Name should be set to. For more information on
creating this variable, see “Client Variables’ on page 224.

Return Value

This function returns 1 on success, or 0 on failure.
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IDL_RPCSetVariable

Calling Sequence

int | DL_RPCSet Variable( CLIENT *pCient, char *Nane,
| DL_VPTR pVar)

Description

Use thisroutine to assign avalueto an IDL variable in the IDL RPC server session
referred to by pClient. If the variable does not already exist, a new variable will be
created. Unlike IDL_RPCSetM ainVariable(), this routine sets the variable in the
current IDL program scope.

Parameters

pClient

A pointer to the CLIENT structure that corresponds to the desired IDL session.
Name

A pointer to the null-terminated name of the variable, which must be in upper-case.
pVar

A pointer to an IDL_VARIABLE structure that contains the value that the IDL RPC
variable referenced by Name should be set to. For more information on creating this
variable, see“Client Variables’ on page 224.

Return Value

This function returns 1 on success, or 0 on failure.
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IDL_RPCStoreScalar

Calling Sequence

void | DL_RPCSt oreScal ar (1 DL_VPTR dest, int type
| DL_ALLTYPES *val ue)

Description

Use this function to store a scalar value into an IDL_VARIABLE structure. Before
the scalar is stored, any dynamic part of the existing IDL_VARIABLE isde-
allocated.

Parameters
dest
AnIDL_VPTR tothe DL_VARIABLE in which the scalar should be stored.

type

The type code for the scalar value. IDL type codes are discussed in “ Type Codes’ on
page 258.

value

The address of an IDL_ALLTYPES union that contains the value to store.
Return Value

None.
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IDL_RPCStrDelete

Calling Sequence

void IDL_RPCStrDel ete(I DL_STRING *str, |DL_MEM NT n)
Description

Use this function to delete a string. See the description of IDL_StrDelete() in
“Deleting Strings” on page 331.
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IDL_RPCStrDup

Calling Sequence

void | DL_RPCSt r Dup(1 DL_STRI NG *str, |DL_NMEM NT n)
Description

Use this function to duplicate a string. See the description of IDL_StrDup() in
“Copying Strings” on page 330.
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IDL_RPCStrEnsurelLength

Calling Sequence

void | DL_RPCSt r EnsureLengt h(1 DL_STRI NG *s, int n)
Description

Use this function to check the length of a string. See the description of
IDL_StrEnsurel ength() in “Obtaining a String of a Given Length” on page 333.
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IDL_RPCStrStore

Calling Sequence

void IDL_RPCStrStore( IDL_STRING *s, char *fs)
Description

Use this function to store a string. See description of IDL_StrStorein “ Setting an
IDL_STRING Value’ on page 332.
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IDL_RPCTimeout

Calling Sequence
int 1 DL_RPCTi meout (1 ong | Ti meQut)
Description

Usethis function to set the timeout value used when the RPC client makes requests of
the server.

Parameters

I TimeOut

A integer value, in seconds, specifying the timeout value that will be used in RPC
operations.

Return Value

This function returns 1 on success, or 0 on failure.
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IDL_RPCVarCopy

Calling Sequence

voi d | DL_RPCVar Copy( ! DL_VPTR src, |DL_VPTR dst)
Description

Use this function to copy the contents of the src variable to the dst variable. Any
dynamic memory associated with dst is de-allocated before the source datais copied.
This function emulates the callable IDL function IDL_Var Copy().

Parameters

Src

The source variable to be copied. If this variable is marked as temporary (returned
from IDL_RPCGettmp(), for example) the dynamic data will be moved rather than
copied to the destination variable.

dst

The destination variable that src is copied to.
Return Value

None.
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IDL_RPCVarGetData

Calling Sequence

void | DL_RPCvar GetData(l DL_VPTR v, IDL_MEM NT *n, char **pd,
i nt ensure_sinple)

Description

Use this function to obtain a pointer to a variable's data, and to determine how many
data elements the variable contains.

Parameters

\Y

The variable for which datais desired.

The address of avariable that will contain the number of elementsin v.

pd

The address of avariable that will contain a pointer to v's data, cast to be a pointer to
pointer to char (e.g. (char **) & myptr).

ensure_simple

If TRUE, thisroutine calls the ENSURE_SIMPL E macro on the argument v to
screen out variables of the typesit prevents. Otherwise, EXCLUDE_FILE iscalled,
because file variables have no data area to return.

Return Value

On exit, IDL_RPCVar GetData() stores the data count and pointer into the variables
pointed at by n and pd, respectively.
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Variable Accessor Macros

The following macros can be used to get information on IDL RPC variables. These
macros are defined ini dl _r pc. h.

All of these macros accept a single argument, v, of type IDL_VPTR.
IDL_RPCGetArrayData(v)

This macro returns a pointer (char*) to the data area of an array block.
IDL_RPCGetArrayDimensions(v)

This macro returns a C array which contains the array dimensions.
IDL_RPCGetArrayNumDims(v)

This macro returns the number of dimensions of the array.
IDL_RPCGetVarByte(v)

This macro returns the value of a 1-byte, unsigned char variable.
IDL_RPCGetVarComplex(v)

This macro returns the value (as a struct, not a pointer) of acomplex variable.
IDL_RPCGetVarComplexR(v)

This macro returns the real field of a complex variable.
IDL_RPCGetVarComplexl(v)

This macro returns the imaginary field of a complex variable.
IDL_RPCGetVarDComplex(v)

This macro returns the value (as astruct, not apointer) of adouble precision, complex
variable.

IDL_RPCGetVarDComplexR(v)
This macro returns the real field of a double-precision complex variable.

IDL_RPCGetVarDComplexl(v)

This macro returns the imaginary field of a double-precision complex variable.
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IDL_RPCGetVarDouble(v)

This macro returns the value of a double-precision, floating-point variable.
IDL_RPCGetVarFloat(v)

This macro returns the value of a single-precision, floating-point variable.
IDL_RPCGetVarint(v)

This macro returns the value of a 2-byte integer variable.
IDL_RPCGetVarLong(v)

This macro returns the value of a4-byte integer variable.
IDL_RPCGetVarLong64(v)

This macro returns the value of a 8-byte integer variable.
IDL_RPCVarlsArray(v)

This macro returns non-zero if visan array variable.
IDL_RPCGetVarString(v)

This macro returns the value of a string variable (as a char*).
IDL_RPCGetVarType(v)

This macro returns the type code of the variable. IDL type codes are discussed in
“Type Codes’ on page 258.

IDL_RPCGetVarUint(v)

This macro returns the value of an unsigned 2-byte integer variable.
IDLRPCGetVarULong(v)

This macro returns the value of an unsigned 4-byte integer variable.
IDL_RPCGetVarULong64(v)

This macro returns the value of an unsigned 8-byte integer value.
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RPC Examples

A number of examplefilesareincluded inthe RSI _Di r ect ory/ ext ernal / rpc
directory. A Makef i | e for these examplesis also included. These short C programs
demonstrate the use of the IDL RPC library.

Sourcefilesfor thei di r pc server program are located in the

RSI _Directory/external /rpc directory. Note that you do not need to build the
i dl rpc server; itispre-built and included in the IDL distribution. Thei dI r pc
server source files are provided as examples only.

RPC Examples External Development Guide



Part |l IDL's
Internal API






Chapter 11.
IDL Internals:
Types

This chapter describes the following topics:

TypeCodes ...........ccovviiinn.n. 258 IDL_MEMINT and IDL_FILEINT Types 263
Mapping of Basic Types .............. 260

External Development Guide 257



258

Chapter 11: IDL Internals: Types

Type Codes

Type Codes

Every IDL variable has a data type. The possible type codes and their mapping to C
language types are listed in the following table. The undefined type code
(IDL_TYP_UNDEF) will always have the value zero.

Although it israre, the number of types could change someday. Therefore, you
should aways use the symbolic names when referring to any type except
IDL_TYP_UNDEF. Eveninthe caseof IDL_TYP_UNDEF, using the symbolic
name will add clarity to your code. Note that all IDL structures are considered to be
of asingletype (IDL_TYP_STRUCT).

Clearly, distinctions must be made between various structures, but such distinctions
aremade at a different level. There are afew constants that can be used to make your

code easier to read and less likely to break if/whenthei dl _export. h file

changes. These are:

e« IDL_MAX_TYPE—The value of the largest type.

e |IDL_NUM_TYPES—The number of types. Since the types are numbered
starting at zero, IDL_NUM _TYPESisone greater than IDL_MAX_TYPE.

Name Type C Type
IDL_TYP_UNDEF Undefined <None>
IDL_TYP BYTE Unsigned byte UCHAR
IDL_TYP_INT 16-bit integer IDL_INT
IDL_TYP_LONG 32-bit integer IDL_LONG
IDL_TYP FLOAT Single precision floating | float
IDL_TYP_DOUBLE Double precision floating | double
IDL_TYP_COMPLEX Single precision complex | IDL_COMPLEX
IDL_TYP_STRING String IDL_STRING
IDL_TYP_STRUCT Structure See “ Structure Variables”

on page 273

IDL_TYP_DCOMPLEX

Double precision
complex

IDL_DCOMPLEX

Table 11-1: IDL Types and Mapping to C
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Name Type C Type
IDL_TYP_PTR 32-hit integer IDL_ULONG
IDL_TYP_OBJREF 32-hit integer IDL_ULONG
IDL_TYP_UINT Unsigned 16-bit integer IDL_UINT
IDL_TYP_ULONG Unsigned 32-bit integer IDL_ULONG
IDL_TYP_LONG64 64-bit integer IDL_LONG64
IDL_TYP_ULONG64 Unsigned 64-bit integer IDL_ULONG64

Table 11-1: (Continued) IDL Types and Mapping to C (Continued)
Type Masks

There are some situationsin which it is necessary to specify typesin the form of abit
mask rather than the usual type codes, for example when a single argument to a
function can represent more than asingle type. For any given type, the bit mask value
can be computed as:
Mask = 2TypeCode
ThelDL_TYP_MASK preprocessor macro is provided to calcul ate these masks.
Given atype code, it returns the bit mask. For example, to specify a bit mask for all
the integer types.

| DL_TYP_MASK(| DL_TYP_BYTE) | | DL_TYP_MASK(| DL_TYP_I NT) |

| DL_TYP_MASK( | DL_TYP_LONG

Specifying all the possible types would require along statement similar to the one
above. To avoid having to type so much for this common case, the
IDL_TYP_B_ALL constant is provided.
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Mapping of Basic Types

Within IDL, the IDL data types are mapped into data types supported by the C
language. Most of the types map directly into C primitives, while
IDL_TYP_COMPLEX,IDL_TYP_DCOMPLEX, and IDL_TYP_STRING are
defined as C structures. The mappings are given in the following table. Structures are
built out of the basic types by laying them out in memory in the specified order using
the same alignment rules used by the C compiler for the target machine.

Unsigned Byte Data

UCHAR isdefined to be unsigned char ini dl _export. h.
Integer Data

IDL_INT represents the signed 16-bit datatype and isdefined ini dl _export. h.
Unsigned Integer Data

IDL_UINT represents the unsigned 16-bit data type and is defined in
i dl _export. h.

Long Integer Data
IDL long integers are defined to be 32-bitsin size. The C long datatypeis not correct
on all systems because C compilers for 64-bit architectures usually define long as 64-
bits. Hence, the IDL_L ONG typedef, declared ini dl _export . h isused instead.
Unsigned Long Integer Data

IDL_ULONG represents the unsigned 32-hit data type and is defined in
i dl _export. h.

64-bit Integer Data

IDL_L ONG64 represents the 64-bit data type and isdefined ini dl _export . h.
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Unsigned 64-bit Integer Data

IDL_UL ONG64 represents the unsigned 64-bit datatype and is defined in
i dl _export. h.

Complex Data

ThelDL_TYP_COMPLEX and IDL_TYP_DCOMPLEX datatypes are defined
by the following C declarations:

typedef struct { float r, i; } |DL_COWLEX
typedef struct { double r, i; } |DL_DCOWLEX

Thisisthe same mapping used by Fortran compilers to implement their complex data
types, which alows sharing binary data with such programs.

String Data

The|DL_TYP_STRING datatype isimplemented by a string descriptor:

typedef struct {
IDL_STRING SLEN T slen; [/* Length of string */
short stype; /* Type of string */
char *s; /* Pointer to string */

} IDL_STRI NG

Thefields of the IDL_STRING struct are defined as follows:
slen

The length of the string, not counting the null termination. For example, the
string “Hello” has 5 characters.

stype

If stypeiszero, the string pointed at by s (if any) was not allocated from
dynamic memory, and should not be freed. If non-zero, s points at astring
allocated from dynamic memory, and should be freed before being replaced.
For information on dynamic memory, see “Dynamic Memory” on page 396
and “ Getting Dynamic Memory” on page 288.

If den isnon-zero, sisapointer to a null-terminated string of slen characters.
If den iszero, s should not be used. The use of a string pointer to memory

External Development Guide Mapping of Basic Types



262 Chapter 11: IDL Internals: Types

located outside the IDL_STRING structure itself allows IDL strings to have
dynamically-variable lengths.

Note
Strings are the most complicated basic datatype, and as such, are at the root of more
coding errors than the other types. See “IDL Internas: String Processing” on
page 327.
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IDL_MEMINT and IDL_FILEINT Types

Some of the IDL-supported operating systems limit memory and file lengths to a
signed 32-hit integer (approximately 2.3 GB). Some systems have 64-bit memory
capabilities and others allow files longer than 231-1 bytes despite being 32-bit
memory limited. To gracefully handle these differences without using conditional
code, IDL internals use two special types, IDL_TYP_MEMINT (datatype
IDL_MEMINT) and IDL_TYP_FILEINT (datatype IDL_FILEINT) to represent
memory and file length limits.

IDL_MEMINT and IDL_FILEINT are not separate and distinct types; they are
actually mappings to the IDL types discussed in “Mapping of Basic Types’ on
page 260. Specifically, they will be IDL_LONG for 32-bit quantities, and
IDL_LONGS64 for 64-bit quantities.

Asan IDL internals programmer, you should not write code that depends on the
actual machine type represented by these abstract types. To ensure that your code
runs properly on al systems, use IDL_MEMINT and IDL_FILEINT in place of more
specific types. These types can be used anywhere that anormal IDL type can be used,
such asin keyword processing. Their systematic use for these purposes will ensure
that your code is correct on any IDL platform.

Programmers should be aware of the IDL_MEMINTScalar() and
IDL_FILEINTScalar() functions, described in “ Converting Argumentsto C Scalars’
on page 350.
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IDL Internals:

Variables

This chapter discusses the following topics:

IDL and Internal Variables ............ 266
ThelDL_VARIABLE Structure . ....... 267
Scalar Variables . .................... 270
Array Variables . .................... 271
Structure Variables. . ................. 273
Heap Variables . ..................... 278
Temporary Variables ................. 279

Creating an Array from Existing Data.. . . . 286
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Getting Dynamic Memory ............ 288
Accessing VariableData. ............. 290
Copying Variables .................. 291
Storing Scalar Values ................ 292
Obtaining the Name of aVariable ...... 294
Looking Up Main Program Variables ... 295
Looking Up Variablesin Current Scope . 296
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IDL and Internal Variables

This chapter describes how variables are created and managed within IDL. While
reading this chapter, you should refer to the following figure to see how each part fits
into the overall structure of an IDL variable.

32-bit Assoc offset

IDL and Internal Variables

IDL_MEMINT elt_len
IDL_MEMINT ar_len
IDL_MEMINT n dts
Imported Data - UCHAR *data
UCHAR n dim
UCHAR type Normal UCHAR flags
UCHAR flags case short file_unit
IDL_ARRAY_DIM dim
IDL_ALLTYPESvaug <union> IDL_ARRAY_FREE_CB free cb
IDL_FILEINT offset
UCHAR c IDL_LONG data_guard
IDL_INT i L>
UINT ui Usudlly, datafollowed by a
IDL_LONG | trailing data guard.
IDL_ULONG ul
IDL_LONG64 164 A
IDL_ULONG ul64
float f
double d
IDL_COMPLEX <struct>
cmp float r
float i
IDL_DCOMPLEX <struct>
demp double r
double i
IDL_STRING <struct>
str IDL_STRING_SLEN|T den
short stype
char *s
IDL_ARRAY *ar .
IDL_HVID hvid
IDL_SREF s <struct>
IDL_ARRAY *arr —p-
IDL_STRUCTURE *sdef —»

y

Structures and object
definitions (opaque)

Figure 12-1: Structure of an IDL variable
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The IDL_VARIABLE Structure

IDL variables are represented by IDL_VARIABLE structures. The definition of
IDL_VARIABLE isasfollows:

typedef struct {
UCHAR t ype;
UCHAR f | ags;
| DL_ALLTYPES val ue;
} I DL_VARI ABLE;

AnIDL_VPTR isapointer to an IDL_VARIABLE structure:
typedef |DL_VARI ABLE *| DL_VPTR,
ThelDL_ALLTYPESunionisdefined as:
typedef wunion {

UCHAR c; /* Scalar | DL_TYP_BYTE */

IDL_INT i; /* Scalar |DL_TYP_INT */

I DL_UI NT ui; /* Unsi gned short integer value */
IDL_LONG I /* Scalar |IDL_TYP_LONG */

I DL_ULONG ul ; /* Unsigned | ong val ue */

| DL_LONG64 | 64; [* 64-bit integer value */

| DL_ULONG64 ul 64; [/* Unsigned 64-bit integer value */
float f; /* Scal ar | DL_TYP_FLOAT */

doubl e d; /* Scal ar | DL_TYP_DOUBLE */

| DL_COVPLEX cnp;  /* Scalar |DL_TYP_COVPLEX */
| DL_DCOVPLEX dcnp; /* Scalar |DL_TYP_DCOVPLEX */

I DL_STRI NG str; /* Scalar IDL_TYP_STRING */

| DL_ARRAY *arr; /* Pointer to array descriptor */
| DL_SREF s; [* Structure descriptor */

I DL_HVI D hvi d; /* Heap variable identifier */

}1 DL_ALLTYPES;

The basic scalar types are contained directly in this union, while arrays and structures
arerepresented by the IDL_ARRAY and IDL_SREF structures that are discussed
later in this chapter. The typefield of the IDL_VARIABL E structure contains one of
the type codes discussed in “ Type Codes’ on page 258. When avariableisinitially
created, it is given the type code IDL_TY P_UNDEF, indicating that the variable
contains no value.

Theflagsfield is abit mask that specifies information about the variable. Asa
programmer adding code to the IDL system, you will rarely need to set bitsin this
mask. These bits are set by whatever portion of IDL created the variable. You can
check them to make sure the characteristics of the variable fit the requirements of
your routine (see “ Checking Arguments’ on page 345). The defined bits in the mask
are:
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IDL_V_CONST

If thisflag is set, the variable is actually a constant. This means that storage for the
IDL_VARIABLE resides inside the code section of the user procedure or function
that used it. The IDL compiler generates such IDL_VARIABL Eswhen an
expression involving a constant occurs. For example, the IDL statement:

PRINT, 23 * A
causes the compiler to generate a constant for the “23”. You must not change the
value of thistype of “variable’.

IDL_V_TEMP

If thisflag is set, the variable is atemporary variable. IDL maintains a pool of
nameless IDL_VARIABL Esthat can be checked out and returned as needed. Such
variables are used by the interpreter to temporarily store the results of expressions on
the stack. For example, the statement:

PRINT, 2 * 3
will cause the interpreter to go through a sequence of events similar to:
1. Push aconstant variable for the 2 on the stack.
2. Push aconstant variable for the 3 on the stack.

3. Allocate atemporary variable, pop the two constants from the stack, perform
the multiplication with the result going into the temporary variable.

4. Push the temporary variable onto the stack.
Call the PRINT system procedure specifying one argument.

6. Remove the argument to PRINT from the stack, and return the temporary
variable.

Temporary variables are also used inside user procedures and functions. See
“Temporary Variables” on page 279.

IDL_V_ARR

If thisflag is set, the variable is an array, and the value field of the IDL_VARIABLE
points to an array descriptor.

IDL_V _FILE
If thisflag is set, the variable is afile variable, as created by IDL's ASSOC function.
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IDL_V_DYNAMIC

If thisflag is set, the memory used by thisIDL_VARIABLE is dynamically
allocated. Thishit is set for arrays, structures, and for variables of
IDL_TYP_STRING (because the memory referenced viathe string pointer is
dynamic).

IDL_V_STRUCT

If thisflag is set, the variable is a structure, and the value field of the
IDL_VARIABLE points to the structure descriptor. For implementation reasons, all
structure variables are also arrays, so IDL_V_STRUCT dsoimpliesIDL_V_ARR.
Therefore, it isimpossible to have a scalar structure. However, single-element
structure arrays are gquite common.

Because structure variables have their typefield set to IDL_TYP_STRUCT, the
IDL_V_STRUCT bit isredundant. It exists for efficiency reasons.
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A scalar IDL_VARIABLE isdistinguished by not havingtheIDL_V_ARR bit setin
itsflagsfield. A scalar variable must have one of the basic datatypes (IDL structures
are never scalar) shown in Table 12-1. The datafor a scalar variable is stored in the
IDL_VARIABLE itself, using the IDL_ALLTYPES union. The following table
gives the relationship between the data type and the field used.

Scalar Data Type

Field that Stores

Data

IDL_TYP_UNDEF None.
IDL_TYP BYTE vauec
IDL_TYP_INT vauei
IDL_TYP_UINT value.ui
IDL_TYP_LONG valuel
IDL_TYP_ULONG vaue.ul
IDL_TYP_LONG64 value64
IDL_TYP_ULONG64 value.ul64
IDL_TYP_FLOAT valuef
IDL_TYP _DOUBLE valued
IDL_TYP_COMPLEX value.cmp
IDL_TYP_DCOMPLEX value.dcmp
IDL_TYP_STRING value.str
IDL_TYP_PTR valuehvid
IDL_TYP_OBJ value.hvid

Table 12-1: Scalar Variable Data Locations

Scalar Variables
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Array Variables

Array variables have the IDL_V_ARR bit of their flags field set, and the value.arr
field pointsto an array descriptor defined by the IDL_ ARRAY structure:

typedef |DL_MEM NT | DL_ARRAY DI M | DL_MAX_ARRAY DI M ;

typedef struct {
IDL_MEM NT elt _len;
IDL_MEM NT arr_|len;
IDL_MEM NT n_elts;
UCHAR *dat a;
UCHAR n_dim
UCHAR f | ags;
short file_ unit;
| DL_ARRAY_DI M di m
} 1 DL_ARRAY;

The meaning of the fields of an array descriptor are:
elt_len

The length of each array element in bytes (chars). The array descriptor does not keep
track of the types of the array elements, only their lengths. Single elements can get
guite long in the case of structures.

For IDL structures, this value includes any padding necessary to properly align the
data along required boundaries. On a given platform, IDL creates structures the same
way a C compiler does on that platform. As aresult, you should not assume that the
size of astructure isthe sum of the sizes of the structurefields, or that the field offsets
arein specific locations.

arr_len

The length of the entire array in bytes. This value could be calculated as (elt_len *
n_elts), but is used so frequently that it is maintained as a separate field in the
IDL_ARRAY struct.

n_elts
The number of elementsin the array.
data

A pointer to the data area for the array. Thisisaregion of dynamically allocated
memory arr_len byteslong. This pointer should be cast to be a pointer of the correct
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type for the data being manipulated. For example, if the array variable being
processed ispointed at by an IDL_VPTR named v and contains IDL_TYP_INT
data:

I DL_I NT *dat a; /* Declare a pointer variable */
data = (IDL_INT *) v->val ue. arr->dat a;

n_dim

The number of array dimensions. The constant IDL_MAX_ARRAY_DIM defines
the upper limit of this value.

flags

A bit mask that specifies characteristics of the array. Allowed values are:

IDL_A_FILE — Thisflag indicates that the array is afile variable, as created
by the ASSOC function. The variable has an array block to specify the
structure of the variable, but it has no data area. The datafield of the
IDL_ARRAY structure does not contain useful information, and should not be
used.

IDL_A_PACKED — If array isan IDL_A_FILE variable and the datatypeis
IDL_TYP_STRUCT, then Input/Output to this struct should use a packed
data layout compatible with WRITEU instead of being a direct mapping onto
the struct (which reflects the C compiler layout of the structure including its
alignment holes).

file_unit

WhentheDL_A_FILE bitisset in the flagsfield, file_unit contains the IDL
Logical Unit Number associated with the variable.

dim

An array that contains the dimensions of the IDL variable. There can be up to
IDL_MAX_ARRAY_DIM dimensions. The number of dimensions in the current
array isgiven by then_dim field.
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Structure Variables

Structure variables have the type code IDL_TYP_STRUCT. They aso have the
IDL_V_STRUCT bhit set in their flags field. The value.sfield of such avariable
contains a structure descriptor defined by the IDL _SREF structure:

typedef struct {

| DL_ARRAY *arr; /* ~ to | DL_ARRAY containing data */
voi d *sdef; /* ™ to structure definition */
} | DL_SREF;

Thearr field points at an array block, as described on page 271. It is worth noting
that in the definition of theIDL_ALLTYPES union (described on page 267), thearr
field isapointer to IDL_ARRAY, whilethe sfield isan IDL_SREF, a structure that
contains apointer to IDL_ARRAY asitsfirst member.

The resulting definition looks like:

uni on {
| DL_ARRAY arr;
struct {
| DL_ARRAY arr;
voi d *sdef;
}os;
} val ue;
Dueto theway C lays out fieldsin structs and unions, value.arr will have the same
offset and size within the value union as value.s.arr. Therefore, it is possible to
access the array block of a structure variable as var->value.arr rather than the more
correct var->value.s.arr. You should avoid use of this shorthand, however, because it
isnot strictly correct usage and because RSI reserves the right to change the
IDL_SREF definition in away that could cause the memory layout of the
ALLTY PES union to change.

Creating Structures

The actua structure definition is accessed through the sdef field, which isa pointer to
an opague IDL structure definition. Although the implementation of structure
definitionsis not public information, they can be created using the
IDL_MakeStruct() function from a structure name and alist of tags:

void *1 DL_MakeStruct (char *name, |DL_STRUCT_TAG DEF *tags)

name

The name of the structure definition, or NULL for anonymous structures.
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tags

Anarray of IDL_STRUCT_TAG_DEF elements, one for each tag.

The result from this function can be passed to IDL_ImportArray() or
IDL_ImportNamedArray(), as described on page 286.

IDL_STRUCT_TAG_DEF is defined as:

typedef struct {
char *nane;
| DL_MEM NT *di ns;
voi d *type;
UCHAR f | ags;
} 1 DL_STRUCT_TAG DEF;

name
Null-terminated uppercase name of the tag.
dims

An array that contains information about the dimensions of the structure. The first
element of this array isthe number of dimensions. Following elements contain the
size of each dimension.

type

Either a pointer to another structure definition, or asimple IDL type code cast to void
(e.g., (void *) IDL_TYP_BYTE).

flags

A bit mask that specifies additional characteristics of thetag. Allowed values are:

IDL_STD_INHERIT — Type must be IDL_TYP_STRUCT. Thisflag
indicates that the structure isinherited (inlined) instead of making it a sub-
structure as usual.

The following example shows how to define an anonymous structure. Suppose that
you want to create a structure whose definition in the IDL languageiis:

{TAGL: OL, TA®: FLTARR(2,3,4), TAG3: STRARR(10)}
It can be created with IDL_M akeStruct() asfollows:

static | DL_MEM NT one = 1,

static | DL_MEM NT tag2_di ns[] {
static | DL_MEM NT tag3_di ns[] {
static | DL_STRUCT_TAG DEF s_tags[] =

3
1
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{ "TAGL", 0, (void *) IDL_TYP_LONG,
{ "TAG", tag2_dins, (void *) IDL_TYP_FLOAT},
{ "TAG", tag3 dins, (void *) IDL_TYP_STRI NG},
{0}

I

typedef struct data_struct {
I DL_LONG tagl_dat a;
float tag2_data [4] [3] [2];
IDL_STRING tag_3_data [10];
} DATA_STRUCT;
static DATA STRUCT s_dat a;
void *s;
| DL_VPTR v;

/* Create the structure definition */
s = | DL_MakeStruct (0, s_tags);
/* Inmport the data area s_data into an IDL structure,
note that no data are noved. */
v = IDL_ImportArray(1l, &one, |DL_TYP_STRUCT,
(UCHAR *) &s_data, 0, s);

Accessing Structure Tags

Given an opague IDL structure definition, you can determine the offset of the data
and a description of its size and form (scalar, array, etc) for a given tag.
IDL_StructTagl nfoByName() returns this information given the name of the tag.
IDL_StructTagl nfoByl ndex() does the same thing, given the numeric index of the
tag. They are essentially the sameroutine, although DL _StructTagl nfoBylndex() is
dlightly more efficient:

| DL_MEM NT | DL_Struct Tagl nfoByNane(| DL_Struct Def Ptr sdef,
char *name, int nsg_action,
I DL_VPTR *var)
| DL_MEM NT | DL_St ruct Tagl nf oByl ndex( I DL_St ruct Def Ptr sdef,
int index,int nsg_action,
I DL_VPTR *var)

where:
sdef

Structure definition for which offset is needed.
name (IDL_StructTaginfoByName)

Name of tag for which information is required.
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index (IDL_StructTagInfoBylndex)
Zero based index of tag for which information is required.
msg_action

The parameter that will be passed directly to IDL_M essage() if the specified tag
cannot be found in the supplied structure definition.

var
NULL, or the address of an IDL_VPTR to befilled in with a pointer to the variable
description for the specified field.

On success, these functions return the data offset of the tag. On error, if the resulting
call to IDL_Message() returnsto the caller, a-1 isreturned. The data offset can be
added to the data pointer of an IDL variable of this structure type to obtain a pointer
to the actual datafor that tag.

If thetag is successfully located and the var argument isnon-NULL, theIDL_VPTR
it points at isfilled in with a pointer to an IDL_VARIABLE structure that describes
the type and organization of the tag. It isimportant to understand that this
IDL_VARIABLE does not contain any actual data (or in the case of an array tag, a
valid data pointer). Hence, the data part of the IDL_VARIABL E description should
beignored.

Determining the Number Of Structure Tags

One often needs to know how many tags a structure definition has in order to make
use of the information supplied by the routines described above. The
IDL_StructNumTags() function returns this information:

int IDL_Struct NumTags(|DL_Struct Def Ptr sdef)
where:

sdef
Structure definition for which offset is needed.

Determining the Names Of Structures and their Tags

The DL _StructTagNameByl ndex() function returns the name of a specified tag
from a structure definition, and optionally the name of the structure:

char *1DL_Struct TagNaneByl ndex(| DL_Struct Def Ptr sdef, int index,
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int meg_action, char **struct_nane)

where:
sdef

Structure definition for which name information is needed.

index
Zero based index of tag within the structure.
msg_action

The parameter that will be passed directly to IDL_Message() if the specified tag
cannot be found in the supplied structure definition.

struct_name

NULL, or the address of a character pointer (char *) to be filled in with a pointer to
the name of the structure. If the structure is anonymous, the string
“<Anonynous>" isreturned.

On success, a pointer to the tag name isreturned. On error, if the resulting call to
IDL_Message() returns to the caller, aNULL pointer is returned.

All strings returned by this function must be considered read-only, and must not be
modified by the caller.
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Heap Variables

Direct accessto pointer and object reference heap variables (typesIDL_TYP_PTR
and IDL_TYP_OBJREF, respectively) is not allowed. Rather than accessing the heap
variable directly, store the value of the heap variable (an IDL pointer or object
reference) inaregular IDL variable at the IDL user level. Accessthe datain the regular
variable, then store the results back in the heap variable (via the pointer or object
reference) when done.

Note
You can use IDL’'s TEMPORARY function to avoid making copies of the data.
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Temporary Variables

Asdiscussed previously, IDL maintains a pool of nameless variables known as
temporary variables. These variables are used by the interpreter to hold temporary
results from evaluating expressions, and are aso used within system procedures and
functions that need temporary workspace. In addition, system functions often obtain
atemporary variable to return the result of their operation to the interpreter.
Temporary variables have the following characteristics:

e All temporaries, when initially allocated, are of type IDL_TYP_UNDEF.
e Temporary variables do not have a name associated with them.

« Routines that check out temporaries must either check them back in or return
them as the result of the function. Once you return atemporary variable, you
cannot access it again.

e Temporary variables are reclaimed by the interpreter when it is about to exit
after executing a program, so it is not possible to lose them and leak dynamic
memory by allocating them and failing to return them. If the interpreter is
exiting normally and it detects temporaries that have not been returned, it
issues an error message. Such an error message indicates an error in the
implementation of your system routine. If your routine exits by issuing an
IDL_MSG _LONGIMPor IDL_MSG_I0_LONGJIMP error via
IDL_Message() however, allocated temporaries are expected, and are
reclaimed quietly. Hence, your routines need only return temporaries on
normal return, and not before issuing errors. See “IDL Internals: Error
Handling” on page 335.

The interpreter uses temporary variables to hold values that are the result of
evaluating expressions. Such temporaries are pushed on the interpreter stack where
they are often passed as arguments to other routines. For example, the IDL statement:

PRI NT, MAX( FI NDGEN( 100))
causes the interpreter to perform the following steps:
1. Push aconstant variable with the value 100 onto the stack.
Call the system function FINDGEN, passing it one argument.

FINDGEN returns atemporary variable which is a 100-element vector with
each element set to the value of its index.

4. Theinterpreter removes the arguments to FINDGEN from the stack (the
constant 100) and pushes the resulting temporary variable onto the stack.
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5. The MAX system function is called with a single argument—the temporary
result from FINDGEN.

6. MAX findsthe largest element in its argument (99), places that valueinto a
temporary scalar variable, and returns that temporary variable asits result.

7. Theinterpreter removes the argument to MAX from the stack. This was the
temporary array from FINDGEN, so it is returned to the pool of temporary
variables. The resulting temporary variable from MAX isthen pushed onto the
stack.

8. ThePRINT system procedure is called with a single argument, which is the
temporary scalar variable from MAX. It prints the value of the variable and
returns.

9. Theinterpreter removes the argument to PRINT from the stack, and returnsiit
to the pool of temporary variables.

Getting a Temporary Variable

Temporary variables are obtained viathe IDL _Gettmp() function:
I DL_VPTR I DL_Get t mp(voi d);

IDL_Gettmp() requires no arguments, and returns an IDL_VPTR to atemporary
variable. This variable must be returned to the pool of temporary variables (with a
call toIDL_Deltmp()) or bereturned as the value of a system function before control
returns to the interpreter, or an error will occur.

A number of variantson IDL_Gettmp() exist, as convenience routines for creating
temporary scalar variables of a given type and value. In all cases, the valueis
supplied as the sole argument, and the resulting type is indicated by the name of the
routine:

IDL_VPTR I DL_Gettnpl nt (1 DL_I NT val ue);

I DL_VPTR I DL_Gett mpUl nt (1 DL_UI NT val ue);

I DL_VPTR | DL_Get t npLong( | DL_LONG val ue);

I DL_VPTR | DL_Get t mpULong( | DL_ULONG val ue);

I DL_VPTR | DL_Get t npFI LEI NT(| DL_FI LEI NT val ue);
I DL_VPTR | DL_Gett npMEM NT( | DL_MEM NT val ue);

Creating a Temporary Array

Temporary array variables can be obtained viathe IDL_MakeTempArray()
function:
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char *1DL_MakeTenpArray(int type, int n_.dim IDL_MEMNT din],
int init, IDL_VPTR *var)

where:
type

The type code for the resulting array. See “ Type Codes’ on page 258.
n_dim

The number of array dimensions. The constant IDL_MAX_ARRAY_DIM defines
the upper limit of thisvaue.

dim

Anarray of IDL_MAX_ARRAY_DIM eements containing the array dimensions.
The number of dimensionsin the array is given by the n_dim argument.

init

Specifies the sort of initialization that should be applied to the resulting array. The
init argument must be one of the following:

e IDL_ARR_INI_INDEX — Each element of the array is set to the value of its
index. The INDGEN family of built-in system functions isimplemented using
this feature.

e |IDL_ARR_INI_NOP — Noinitiaization is done. The data area of the array
will contain whatever garbage was | eft behind from its previous use.
Experience has shown that IDL_TYP_STRING data should never be left
uninitialized due to the risk of dereferencing an invalid string pointer and
crashing IDL. Therefore, IDL_TYP_STRING datais zeroed when
IDL_ARR_INI_NOP is specified.

e IDL_ARR_INI_ZERO — The data area of the array is zeroed.
var
The address of an IDL_VPTR where the address of the resulting temporary variable
will be put.

The dataarea of an array IDL_VARIABLE isaccessible fromitsIDL_VPTR as
var->value.arr->data. However, since most routines that create an array need to
accessthe dataarea, IDL_MakeTempArray() returns the data area pointer asits
value. Aswith IDL_Gettmp(), the variable alocated vial DL _M akeTempArray()
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must be returned to the pool of temporary variables or be returned as the value of a
system function before control returnsto the interpreter, or an error will occur.

Creating a Temporary Vector

IDL_MakeTempArray() can be used to create arrays with any number of
dimensions, but the common case of creating a 1-dimensional vector can be carried
out more conveniently using the IDL_MakeTempVector () function:

char *1DL_MakeTenpVector(int type, IDL_LMEMNT dim int init,
| DL_VPTR *var) where:

type, init, var

These arguments are the same asfor IDL_M akeTempArray().
dim

The number of elementsin the resulting vector.

Creating a Temporary Structure

The|DL_MakeTempsStruct() allows you to create an IDL structure variable using
memory allocated by IDL, in much the same way that IDL_MakeStruct() and
IDL_ImportArray() allow you to create an IDL structure variable using memory
you provide. Temporary structure variables can be obtained viathe
IDL_MakeTempStruct() function:

char *1DL_MakeTenpStruct (I DL_StructDefPtr sdef, int n_dim
IDL_MEM NT dinf], IDL_VPTR *var, int zero)

where:
sdef

A pointer to the structure definition.
n_dim

The number of structure dimensions. The constant IDL_MAX_ARRAY_DIM
defines the upper limit of this value.

dim

A Carray of IDL_MAX_ARRAY_DIM elements containing the structure
dimensions. The number of dimensionsin the array is given by the n_dim argument.
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var
The address of an IDL_VPTR where the address of the resulting temporary variable
will be put.

Thedataareaof an array IDL_VARIABLE isaccessiblefromitsIDL_VPTR as
var->value.arr->data. However, since most routines that create an array need to
accessthe dataarea, IDL_MakeTempStruct() returns the data area pointer asits
value. Aswith IDL_Gettmp(), the variable alocated vial DL _MakeTempStr uct()
must be returned to the pool of temporary variables (with acall to IDL_Deltmp()) or
be returned as the value of a system function before control returns to the interpreter,
or an error will occur.

Zero

Set to TRUE if the data area of the resulting variable should be zeroed, or to FALSE
otherwise. Unless the caller intends to immediately copy avalid result into the
variable, this argument should be set to TRUE to prevent memory corruption.

Creating a Temporary Vector

IDL_MakeTempStruct() can be used to create arrays with any number of
dimensions, but the common case of creating a 1-dimensional vector can be carried
out more conveniently using the IDL_M akeTempStructVector () function:

char *1DL_MakeTenpStructVector (I DL_StructDefPtr sdef, |IDL_MEM NT dim
I DL_VPTR *var, int zero)

where:
sdef, var, zero

These arguments are the same asfor IDL_M akeTempStruct().
dim

The number of elements in the resulting vector.

Creating A Temporary Variable Using Another
Variable As A Template

It is common to want to create atemporary variable with aform that mimics that of a
variable you already have access to. Often, such atemporary variable has the same
number of elements and dimensions, but may vary intype. It is possible to do this by
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using the basic temporary variable creation routines discussed earlier in this chapter,
but the resulting code will be complex, and this sort of code occurs frequently. The
best way to create such avariableisusingthe IDL_VarMakeTempFromTemplate()
function.

IDL_VarMakeTempFromTemplate() creates atemporary variable of the desired
type, using the template_var argument to specify its dimensionality. The address of
thistemporary variable is stored at the address specified by theresult_addr
argument. The address of the start of this variable’'s data areais returned as the value
of the function.

char *1DL_Var MakeTenpFroniTenpl at e(| DL_VPTR tenpl ate_var,int type,
I DL_Struct Def Ptr sdef,
I DL_VPTR *result_addr,int zero);

where:

template_var

Source variable to take dimensionality from. This can be ascalar or array of any type.

type

The IDL type code for the desired temporary variable.

sdef

NULL, or apointer to a structure definition. This argument isignored if typeis not
IDL_TYP_STRUCT. If typeisIDL_TYP_STRUCT, sdef suppliesthe structure
definition for the result. It isan error to specify aresult typeof IDL_TYP_STRUCT
without providing avalue for sdef, with one exception: If typeis
IDL_TYP_STRUCT andtemplate var isavariableof IDL_TYP_STRUCT, and
sdef isNULL, then IDL_Var M akeTempFromTemplate() will use structure
definition of template var.

result_addr

Address of IDL_VPTR to receive a pointer to the newly allocated temporary
variable.

Zero

TRUE if the resulting variable should be zeroed, and FAL SE to not do this. Variables
of IDL_TYP_STRING, and structure types that contain strings, are always zeroed.
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Freeing A Temporary Variable

UseIDL_Detmp() to free atemporary variable:
void I DL_Del t mp(1 DL_VPTR p)

wherep isan IDL_VPTR to the temporary variable to be returned. IDL_Deltmp()
frees the dynamic parts of the temporary variable (if any) and then returns the
variable to the pool of available temporaries. Once you have deallocated atemporary
variable, you may not accessit again. Thereisaso amacro named IDL_DELTMP
which checksits argument to make sure it’s atemporary, and if so, calls
IDL_Deltmp() to return it.
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Creating an Array from Existing Data

There are two functions that allow you to create an IDL array variable whose data
points at data you supply rather than having IDL allocate the data space. The routine
IDL_ImportArray() returns atemporary variable, while
IDL_ImportNamedArray() returns anamed variablein the current execution scope,
creating the new variable if necessary. Your data must already exist in memory. The
data area, which can be quite large, is not copied. These functions simply create
variable and array descriptors that point to the data you supply and return the pointer
to the resulting variable. Their definitions are:

IDL_VPTR IDL_InportArray(int n_dim IDL_MEMNT dinf], int type,
UCHAR *data, |DL_ARRAY_FREE CB free_cb, void *s)

I DL_VPTR | DL_I npor t NamedArray(char *nanme, int n_dim
IDL_MEM NT dinf], int type, UCHAR *dat a,
| DL_ARRAY_FREE CB free_ch, void *s)

typedef void (* |DL_ARRAY_FREE CB) (UCHAR *);

where:
name
The name of the variable to be created or modified.
n_dim
The number of dimensionsin the array.
dim
Anarray of IDL_MAX_ARRAY_DIM elements, containing the size of each
dimension.

type
The IDL type code describing the data. See “ Type Codes’ on page 258.
data

A pointer to your array data. Your datawill not be modified unless the user explicitly
modifies elements of the array using subscripts.
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Thetemporary variablereturned by IDL_ImportArray() can be used immediately in
an expression, in which case the descriptors are freed immediately. It can also be
assigned to alonger-lived variable using I DL _Var Copy().

Note
IDL frees only the memory that it allocates for the descriptors, not the memory that
you supply containing your data. You can arrange to be notified when IDL is
finished with your data by using the free_cb argument, described below.

free_cb

If non-NULL, free_cb isapointer to afunction that will be called when IDL freesthe
array. This feature gives the caller a sure way to know when IDL is no longer
referencing data. Use the called function to perform any required cleanup such as
freeing dynamic memory or releasing shared or mapped memory. The called function
should have no return value and should accept asits argument a (uchar *), whichisa
pointer to the memory to be freed.

If the type of thevariableisIDL_TYP_STRUCT, s points to the opaque structure
definition, as returned by IDL_MakeStruct().
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Getting Dynamic Memory

Many programs need to get dynamic memory for some temporary calculation. In the
C language, the functions malloc() and free() are used for this purpose, while other
languages have their own facilities. IDL providesits own memory allocation routines
(see “Dynamic Memory” on page 396). Use of such facilities within the IDL
interpreter and the system routines can lead to the loss of usable dynamic memory.
The following code fragment demonstrates how this can happen.

For example, assume that there isaneed for 100 IDL_L ONG integers:

char *c;

¢ = (char *) IDL_MemAl | oc((unsigned) (sizeof(IDL_LONG * 100)
(char *) 0, |IDL_MSG RET);

if (sone_error_condition) |IDL_Message(.., |DL_NMSG LONGIMP, .);

| DL_Menfree((void *) ¢, (char *) 0, IDL_MSG RET);

In the normal case, the allocated memory isreleased exactly asit should be.
However, if an error causesthe IDL_M essage() function to be called, execution will
return directly to the interpreter and this code will never have a chance to clean up.
The dynamic memory allocated will therefore leak, and athough it will continue to
occupy space in the IDL processes, will not be used again.

The IDL_GetScratch Function

To solve this problem, use atemporary variable to obtain dynamic memory. Then, if
an error should cause execution to return to the interpreter, the interpreter will reclaim
the temporary variable and no dynamic memory will be lost. This frequently-needed
operation is provided by the IDL_GetScratch() function:

char *1DL_Cet Scratch(lDL_VPTR *p, IDL_MEM NT n_elts,
| DL_MVEM NT el t_size)

where:

The address of an IDL_VPTR that should be set to the address of the temporary
variable all ocated.
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n_elts
The number of elements for which memory should be allocated.
elt_size

The length of each element, in bytes.

Once the need for the temporary memory has passed, it should be returned using the
IDL_Deltmp() function. Using these functions, the above example becomes:

char *c;
I DL_VPTR v;

¢ = IDL_GetScratch(&, 100L, (IDL_LONG sizeof(IDL_LONG);
if (sone error condition) |IDL_Message(...,MSG LONGIMP, . ..);

I DL_Del t mp(v);

Using the IDL_GetScratch() and IDL_Deltmp() functionsis similar to using
IDLMemAlloc() directly. Infact, IDL usesIDL_MemAlloc() and IDL_MemFreg()
internally to implement array variables. The important difference is that dynamic
memory doesn’t leak when error conditions occur.

To avoid losing dynamic memory, aways use the IDL_GetScratch() functionin
preference to other ways of alocating dynamic memory, and use IDL_Deltmp() to
return it.
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Accessing Variable Data

Often, we are not concerned with the distinction between a scalar and array
variable—all that is desired is a pointer to the data and to know how many elements
there are. IDL_Var GetData() can be used to obtain thisinformation:

void IDL_VarGetData(lDL_VPTR v, |IDL_MEM NT *n, char **pd,
int ensure_sinple)

where:
The variable for which datais desired.

The address of avariable that will hold the number of e ements.

pd

The address of variable that will hold apointer to data, cast to be apointer to a pointer
to acharacter (for example (char **) & myptr).

ensure_simple

If TRUE, thisroutine callsthe|IDL_ENSURE_SIM PL E macro on the argument v to
screen out variables of the typesit prevents. Otherwise, IDL_EXCLUDE_FILE is
called, because file variables have no data area to return.

On exit, IDL_Var GetData() stores the data count and pointer into the variables
pointed at by n and pd, respectively.
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Copying Variables

To copy the contents of one variable to another, use the IDL_Var Copy() function:
void | DL_Var Copy(I DL_VPTR src, |DL_VPTR dst)

Arguments src and dst are the source and destination, respectively.

IDL_VarCopy() uses the following rules when copying variables:

e |f the destination variable already has a dynamic part, this dynamic part is
released.

¢ The destination becomes a copy of the source.

« If the sourceisatemporary variable, IDL_Var Copy() does not make a
duplicate of the dynamic part for the destination. Instead, the dynamic part of
the source is given to the destination, and the source variable itself is returned
to the pool of free temporary variables. Thisis the equivalent of freeing the
temporary variable. Therefore, the variable must not be used any further and
the caller should not explicitly free the variable. This optimization
significantly improves resource utilization and performance because this
specia case occurs frequently.
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Storing Scalar Values

The DL _StoreScalar () function setsan IDL_VARIABLE to ascalar value:

void I DL_StoreScal ar (I DL_VPTR dest, int type,
| DL_ALLTYPES *val ue)

where:

dest

AnIDL_VPTR tothelDL_VARIABLE in which the scalar should be stored.
type

The type code for the scalar value. See “ Type Codes’ on page 258.
value

The address of the IDL_ALLTY PES union that contains the value to store.

If dest isalocation that cannot be stored into (for example, atemporary variable,
constant, and so on), an error is issued and control returnsto the interpreter.
Otherwise, any dynamic part of dest isfreed and valueis stored into it.

The DL _StoreScalar Zero() function is a specialized variation of

IDL_StoreScalar(). It stores a zero scalar value of any specified type into the
specified variable:

void I DL_StoreScal ar Zero(| DL_VPTR dest, int type)
where:

dest

AnIDL_VPTRtotheIDL_VARIABLE in which the scalar zero should be stored.
type

The type code for the scalar zero value. See “ Type Codes’ on page 258.

Using IDL_StoreScalar() to Free Dynamic Resources

In addition to performing its primary function, IDL_StoreScalar () and
IDL_StoreScalarZero() have two very useful side effects:
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1. Storing ascalar valuein avariable causes IDL to free any dynamic memory
currently used by that variable.

2. Theseroutines do the required error checking to make sure the variable alows
anew value to be stored into it before performing the actual storage operation.

Often, a system routine accepts an input argument that will have a new value
assigned to it before the routine returns to its caller, and the initial value of that
argument is of no interest to the routine. Storing a scalar value into such an argument
at the start of the routine will automatically check it for storability and free
unnecessary dynamic memory. In one easy operation, the required error checking is
done, and you've improved the dynamic memory behavior of the IDL system by
minimizing dynamic memory fragmentation. For example:

| DL_St oreScal ar Zero(&v, |DL_TYP_LONG ;
Error handling is discussed further in “IDL Internals: Error Handling” on page 335.
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Obtaining the Name of a Variable

ThelDL_VarName() function returns the name of avariable, constant, or expression
given its address. If theitem isanamed variable, it must be in the currently active
program unit:

char *1DL_Var Narme(| DL_VPTR v)
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Looking Up Main Program Variables

The IDL_GetVar Addr () function returns the address of a main program variable,
given its name;

I DL_VPTR | DL_Get Var Addr (char *nane)
name

Points to the null terminated name of the variable, which must be in upper case.

Thereturn valueis NULL if the variable does not exist, otherwise the pointer to the
variableis returned.

Alternatively, IDL_GetVar Addr 1() will enter a new variable into the symbol table
of the main program if called with the parameter ienter set to TRUE, and the
specified variable name does not already exist. Otherwise, its operation isthe same as
IDL_GetVar Addr(). Note that new variables cannot be created if auser procedure or
function isactive. IDL_GetVar Addr1() is called as shown following:

I DL_VPTR | DL_Get Var Addr 1(char *nane, int enter)
name
Points to the null-terminated name of the variable, which must be in upper case.
ienter

Set this parameter to TRUE to create the variable if it does not already exist.

If ienter is TRUE and the specified variable name does not aready exist, it will be
added to the symbol table of the main program. If ienter is FALSE,
IDL_GetVar Addrl() isequivalent to IDL_GetVar Addr ().
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Looking Up Variables in Current Scope

The IDL_FindNamedVariable() function returns the address of avariable in the
current execution scope given its name:

I DL_VPTR | DL_Fi ndNamedVari abl e(char *nane, int ienter)
name

Name of the variable to find.

ienter
Set this parameter to TRUE to create the variable if it does not already exist.

If the variableisfound (or created if ienter isTRUE), itsIDL_VPTR isreturned.
Otherwise, NULL isreturned.

Note
Even if ienter is TRUE, this routine can return NULL if creating the variableis not

possible due to memory constraints.
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IDL and Keyword Processing

Keyword arguments are an important IDL language feature. They alow a multitude
of options to be specified to aroutine in a straightforward, easily understood way.
The price of this added power isthat it is somewhat more complicated to write a
routine that accepts keywords than one that doesn’t. However, the additional effort is

well worth it.
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Creating Routines that Accept Keywords

Asdescribed in “Adding System Routines’” on page 413, you must register your
system routine before IDL will recognize it. When registering the routine, you
indicate that it accepts keyword arguments in one of the following ways.

¢ Specifying the KEYWORDS option for the routine in the module definition
file of a Dynamically Loadable Module (DLM)

*  Setting the KEYWORDS keyword in acall to LINKIMAGE.

¢ OR-ingtheconstant IDL_SYSFUN_DEF_F _KEYWORDS into the flags
field of the IDL_SY SFUN_DEF2 struct passed to IDL_SysRtnAdd()

Routines that accept keywords must perform keyword processing. A routine that does
not allow keyword processing knows that its argc argument gives the number of
positional arguments, and argv contains only those positional arguments. In contrast,
aroutine that accepts keywords receives an ar gc that gives the total number of
positional and keyword arguments, and these arguments are delivered in argv mixed
together in an undefined order.

The function I DL_K W ProcessByOffset() is used to process keywords and separate
the positional and keyword arguments. It is passed an array of IDL_KW_PAR
structures that give information about the allowed keywords and their attributes. The
keyword data resulting from this processis stored in a user defined KW_RESULT
structure. Finaly, the IDL_KW_FREE macro is used to clean up.

More information about these routines and structures can be found in the following
sections.
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Overview Of IDL Keyword Processing

IDL keyword processing can seem confusing at first glance, due to the interrelated
data structures involved. However, as the examples that follow in this chapter will
show, the concepts involved are relatively straightforward once you have seen and
understood a concrete example such as “Keyword Examples’ on page 313.

Following is a skeleton of a system routine that accepts keyword arguments. These
elements must be present in any such system routine:

voi d keyword_sysrtn_skel eton(int argc, |IDL_VPTR *argv, char *argk)

{
typedef struct {

| DL_KW RESULT _FI RST_FIELD; /* Must be first entry in struct */
/* Variables specific to your keywords go here */
} KW RESULT;
static | DL_KW PAR kw _pars[] = {
/*

* Keyword definitions for the keywords you accept go here,

* one definition per keyword. The keyword definitions refer

* to fields within the KWRESULT type defined above.

*/

{ NULL } /* List nust be NULL term nated */

}
KW RESULT kw; /* Variable which will hold the keyword val ues */

(void) I DL_KWProcessByOrfset(argc, argv, argk, kw pars,
(IDL_VPTR *) 0, 1, &kw);

/* The body of your routine */

| DL_KW FREE;
}

IDL keyword processing is made up of the following data structures and steps:
e A NULL terminated array of IDL_KW _PAR structures must be present. Each

entry in this array describes the keyword processing required for asingle
keyword.

e If akeyword represents an input-only, by-value array, the IDL_KW_PAR
structure that describes it points at an auxiliary IDL_KW_ARR_DESC R
structure that supplies the additional array specific information.

e Thesystem routine must declare alocal type definition named KW_RESULT,
and avariable of thistype named kw. The KW_RESULT type contains all of
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the data fields that will be set as aresult of processing the keywords described
by theIDL_KW_PAR and IDL_KW_ARR_DESC_R structures described
above. ThelIDL_KW_PARandIDL_KW_ARR_DESC R structuresrefer to
the fields of the KW_RESULT structure by their offset from the beginning of
the structure. The IDL_KW_OFFSETOF() macro is used to compute this
offset.

e Thesystem routine callsthe IDL_KWProcessByOffset() function, passing it
the address of the IDL_KW _PAR array, and the KW_RESULT variable
(kw).

e After IDL_KWProcessByOffset() iscaled, the KW_RESULT structure
(kw) contains the results, which can be accessed freely by the system routine.

e Beforereturning, the system routine must invoke the IDL_KW_FREE macro.
This macro ensures that any dynamic memory used by
IDL_KWProcessByOffset() is properly released.

e System routines are not required to, and generally do not, call
IDL_KW_FREE before throwing errorsusing | DL_M essage() with the
IDL_MSG_LONGJIMPor IDL_MSG_|O_LONGJIMP action codes. In
these cases, the IDL interpreter automatically knows to release the resources
used by keyword processing on your behalf.

All of these data structures and routines are discussed in detail in the sections that
follow.
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The IDL_KW_PAR Structure

ThelDL_KW_PAR struct provides the basic specification for keyword processing.

The IDL_KWProcessByOffset() function is passed a null-terminated array of these
structures. IDL_KW _PAR structures specify which keywords a routine accepts, the
attributes required of them, and the kinds of processing that should be done to them.
IDL_KW_PAR structures must be defined in lexical order according to the value of
the keyword field.

The definition of IDL_KW_PAR is:

typedef struct {
char *keyword;
UCHAR type
unsi gned short mask;
unsi gned short fl ags;
int *specified,;
char *val ue;

} 1 DL_KW PAR;

where:
keyword

A pointer to a null-terminated string. Thisis the name of the keyword, and must be
entirely upper case. The array of IDL_KW_PAR structures passed to
IDL_KWProcessByOffset() must belexically sorted by the strings pointed to by this
field. Thefinal element in the array is signified by setting the keyword field to NULL
((char *) 0).

type

IDL_KWProcessByOffset() automatically converts the keywords to the IDL type
specified by the typefield. Specify O (IDL_TYPE_UNDEF) in cases where
ID_KW_VINor IDL_KW_OUT are specified in the flags field.

mask

The enable mask. Thisfield is ANDed with the mask argument to
IDL_KWProcessByOffset() and if the result is non-zero, the keyword is accepted. If
the result is 0, the keyword isignored. This ability allows you to share an array of
IDL_KW_PAR structures between several routines, and enable or disable the
keywords used by each one.
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As an example of this, the IDL graphics and plotting routines have alarge number of
keywordsin common. In addition, each routine has afew keywords that are unigue to
it. Keywords are implemented using asingle shared array of IDL_KW_PAR with
appropriate values of the mask field. Thistechnique dramatically reduces the amount
of datathat would otherwise be required by graphics keyword processing, and makes
IDL easier to maintain.

flags

Thisfield specifies specia processing instructions. It is abit mask made by ORing
the following values:

IDL_KW_ARRAY — Set this bit to specify that the keyword must be an
array. Otherwise, ascalar isrequired. If IDL_KW_ARRAY is specified, the
value field must point at an associated IDL_KW_ARR_DESC_R structure.

IDL_KW_OUT — Set thishit to indicate that the keyword specifies an output
parameter, passed by reference. Expressions and constants are excluded. In
other words, the routine is going to change the value of the keyword argument,
as opposed to the more usual case of simply reading it. The address of the
IDL_VARIABLE will be placed in auser supplied field of typeIDL_VPTR
inthe KW_RESULT structure (kw). The offset of thisfield in the
KW_RESULT structureis specified by the value field (discussed below).
IDL_KW_OUT implies that no type checking or processing will be
performed on the keyword—it is up to the routine to perform the same sort of
type checking normally carried out for plain positional arguments.

A standard approachto find out if an IDL_KW_OUT parameter ispresentina
call to asystem routineisto specify IDL_TYP_UNDEF (0) for the type field
and IDL_KW_OUT |IDL_KW_ZERO for flags. The IDL_VPTR
referenced by the value field will either contain NULL, or a pointer to the
IDL_VARIABLE.

IDL_KW_VIN — Set this bit to indicate that the keyword parameter is an
input parameter (expressions and/or constants are valid) passed by reference.
The addressof the IDL_VARIABLE or expression is stored in auser-supplied
field of the KW _RESULT structure (kw) referenced by the value field, as
with IDL_KW_OUT. IDL_KW_VIN implies that no type checking or
processing will be performed on the keyword—it is up to the routine to
perform the same sort of type checking normally carried out for plain
positional arguments.

IDL_KW_ZERO — Set thisbit in order to zero the C variable pointed to by
the value field before parsing the keywords. This means that the object pointed
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to by value will always be zero unless it was specified by the user. Use this
technique to create keywords that have Boolean (on or off) meanings.

e |IDL_KW_VALUE — If thishit is set and the specified keyword is present
and non-zero, the low 12 hits of thisfield (flags) will be bitwise ORed with the
IDL_L ONG field of the KW_RESULT structure referenced by the value
field. Note that thisimpliesthe IDL_TYP_L ONG type code, and is
incompatiblewiththe IDL_KW_ARRAY, IDL_KW_VIN, and
IDL_KW_OUT flags.

specified

NULL, or the offset of the user supplied field within the KW_RESULT structure
(kw) of aC int variable that will be set to TRUE (non-zero) or FAL SE (0) based on
whether the routine was called with the keyword present. The
IDL_KW_OFFSETOF() macro should be used to calculate the offset. Setting this
field to NULL (0) indicates that thisinformation is not needed.

value

If the keyword is aread-only scalar, thisfield isthe offset of the user supplied field in
the KW_RESULT dtructure (kw) into which the keyword value will be copied. The
IDL_KW_OFFSETOF() macro should be used to calculate the offset.

In the case of aread-only array, value isthe memory address of an
IDL_KW_ARR_DESC R, structure, whichisdiscussedin“The
IDL_KW_ARR_DESC R Structure” on page 305.

Inthe case of aninput (IDL_KW_VIN) or output (IDL_KW_OUT) variable, this
field should contain the offset to the IDL_VPTR field within the user supplied
KW_RESULT that will befilled by IDL_KW ProcessByOffset() with the address
of the keyword argument. The IDL_KW_OFFSETOF() macro should be used to
calculate the offset.
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The IDL_KW_ARR _DESC R Structure

When a keyword is specified to be aread-only array (i.e., theIDL_KW_ARRAY
flag is set), the value field of the IDL_KW _PAR struct should be set to point to an
IDL_KW_ARR_DESC R structure. This structure is defined as:
typedef struct {
char *dat a;
| DL_MEM NT nni n;
| DL_MEM NT nnmax;
I DL_MEM NT n_of fset;
} IDL_KWARR DESC R,

where:
data

The offset of the field within the user supplied KW_RESULT structure, of the C
array to receive the data. This offset is computed using the IDL_KW_OFSETOF()
macro. This array must be of the C type specified by the type field of the
IDL_KW_PAR struct. For example, IDL_TYP_LONG mapsintoaC IDL_L ONG.
There must be nmax elements in the array.

nmin

The minimum number of elements allowed.
nmax

The maximum number of elements allowed.
n_offset

The offset of the field within the user defined KW_RESULT structure into which
IDL_KWProcessByOffset() will store the number of elements actually stored into
the array field. This offset is computed using the IDL_KW_OFSETOF() macro.
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Keyword Processing Options

The following cases occur in keyword processing:
Scalar Input-Only

For scalar, input-only keywords, the user never seesthe IDL_VARIABLE passed as
the keyword argument. Instead, the value of theIDL_VARIABLE is converted to the
type specified by the typefield of the IDL_KW_PAR struct and is placed into the
field of the user specified KW_RESULT structure, the offset of which is given by
the valuefield. Thisoffset is calculated using the IDL_KW_OFFSETOF() macro.

Array Input-Only

Array input-only keywords work similarly to the scalar case, except that the value
field contains the address of an IDL_KW_ARR_DESC R struct that suppliesthe
added information required to convert the passed array elements to the specified type
and place them into a C array for easy access. The array datais copied into aarray
within the user supplied KW_RESULT structure. The data field of the
IDL_KW_ARR_DESC_R struct suppliesthe offset of the array field within the
KW_RESULT structure. This offset is calculated using the
IDL_KW_OFFSETOF() macro.

As part of this process, the number of array elements passed is checked to be within
the range specified inthe IDL_KW_ARR_DESC R struct, and if no error results,
the number is stored into afield of the user supplied KW_RESULT struct. The
n_offset field of theIDL_KW_ARR_DESC_R struct supplies the offset of this
“number of elements’ field withinthe KW_RESULT structure. This offset is
calculated using the IDL_KW_OFFSETOF() macro.

It isworth noting that input-only array keywords don’'t pass information about the
number of dimensions or their sizes, only the total number of elements. Therefore,
they are treated as 1-dimensional vectors. For more flexibility, use an Input/Output
keyword instead.

Input/Output

Thiscase occursif theIDL_KW_VIN or IDL_KW_OUT flagissetinthe
IDL_KW_PAR struct. In this case, the value field contains the offset of the
IDL_VPTR field (computed with the IDL_KW_OFFSETOF() macro) in the user
defined KW_RESULT struct into which the actual keyword argument is copied. In
this case, you must do al error checking and type conversion yourself, just like with
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positional arguments. Thisis certainly the most flexible method. However, the other
two cases are much easier to use, and are suitable for the vast majority of keywords.
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The KW_RESULT Structure

Each system routine that processes keywords is required to define a structure variable
into which IDL_KWProcessByOffset() will store al the results of keyword
processing. This variable must follow the following rules:

*  The name of the structure type must be defined as KW_RESULT. This
reguirement exists so that the IDL_KW_OFFSETOF() macro can properly
do its work.

e Thefirst field within any KW_RESULT structure must be defined using the
IDL_KW_RESULT_FIRST_FIELD macro. The contents of thisfirst field
are private, and should not be examined. It contains the information required
by IDL to properly track its resource use.

e Thename of the KW_RESULT variable must be kw. This requirement exists
so that the IDL_KW_FREE macro can properly do its work.

Hence, all system routines that process keywords will contain statements similar to
the following:

typedef struct {

| DL_KW RESULT_FI RST_FI ELD; /* Must be first entry in struct */
/* Additional user specified fields */
} KW RESULT;

KW RESULT Kkw,

All fields within the KW_RESULT structure after the required first field can have
arbitrary user selected names. The types of these fields are dictated by the
IDL_KW_PAR and IDL_KW_ARR_DESC_R structures that refer to them.
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Processing Keywords

The IDL_KWProcessByOffset() function is used to process keywords.
IDL_KWProcessByOffset() performs the following actions on behalf of the calling
system routine;

¢ Verify that the keywords passed to the routine are al allowed by the routine.
e Carry out the type checking and conversions required for each keyword.

¢ Find the positional (non-keyword) arguments that are scattered among the
keyword arguments in argv and copy them in order into the plain_args array.

¢ Return the number of plain arguments copied into plain_args.
IDL_KWProcessByOffset() has the form:

int | DL_KWProcessByOffset(int argc, |IDL_VPTR *argv, char *argk,
I DL_KW PAR *kw | i st,
I DL_VPTR pl ain_args[], int mask,
voi d * base)

where:
argc

The number of arguments passed to the caller. Thisisthe first parameter to al system
routines.

argv

Thearray of IDL_VPTR to arguments that was passed to the caller. Thisisthe
second parameter to all system routines.

argk

The pointer to the keyword list that was passed to the caller. Thisisthe third
parameter to al system routines that accept keyword arguments.

kw_list

Anarray of IDL_KW_PAR structures (see* Overview Of IDL Keyword Processing”
on page 300) that specifies the acceptable keywords for thisroutine. Thisarray is
terminated by setting the keyword field of the final struct to NULL ((char *) 0).
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plain_args

NULL, or an array of IDL_VPTR into which the IDL_VPTRs of the positional
arguments will be copied. This array must have enough elements to hold the
maximum possible number of positional arguments, as defined in
IDL_SYSFUN_DEF2. See “Registering Routines’ on page 438.

Note
IDL_KWProcessByOffset() sorts the plain argumentsinto the front of the input
argv argument. Hence, plain_argsis often not necessary, and can be set to NULL.

mask

Mask enable. Thisvariableis ANDed with the mask field of each IDL_KW_PAR
struct in the array given by kw_list. If the result is non-zero, the keyword is accepted
asavalid keyword for the called system routine. If the result is zero, the keyword is
ignored.

base

Address of the user supplied KW_RESULT structure, which must be named kw.
Speeding Keyword Processing

As mentioned above, the kw_list argument to IDL_K W ProcessByOffset() isanull
terminated list of IDL_KW_PAR structures. The time required to scan each item of
the keyword array and zero the required fields (those fields specified, and valuefields
with IDL_KW_ZERO set), can become significant, especially when more than a
few keyword array elements (e.g., 5to 10 elements) are present.

To speed things up, specify IDL_KW_FAST_SCAN asthefirst keyword array
element. If IDL_KW_FAST_SCAN isthefirst keyword array element, the keyword
array iscompiled by IDL_KWProcessByOffset() into amore efficient form the first
timeit isused. Subsequent calls use this efficient version, greatly speeding keyword
processing. Usage of IDL_KW_FAST_SCAN isoptional, and is not worthwhile for
small lists. For longer lists, however, the improvement in speed is noticeable. For
example, the following list does not use fast scanning:

static I DL_KWPAR kw pars[] = {
{ "DOUBLE", IDL_TYP_DOUBLE, 1, O,
| DL_KW OFFSETOF(d_t here), | DL_KWOFFSET_OF(d) 1},
{ "FLOAT", IDL_TYP_FLOAT, 1,!DL_KWZERO, 0, |DL_KW OFFSET_OF(f) },
{ NULL }
3
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To use fast scanning, it would be written as:

static | DL_KW PAR kw pars[] = {
| DL_KW FAST_SCAN,
{ "DOUBLE", |DL_TYP_DOUBLE, 1, O,
| DL_KW OFFSET_OF(d_t here), |DL_KW OFFSETOR(d) 1},
{"FLOAT", IDL_TYP_FLOAT, 1, |IDL_KWZERO O, |DL_KW OFFSETOR(f) 1},
{ NuULL }
b
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Cleaning Up

All normal exit paths from your system routine are required to call the
IDL_KW_FREE macro prior to returning. This macro must be called exactly once
for every call to IDL_KWProcessByOffset(). You must therefore structure your
code so that IDL_KW _FREE executes before any return statement. Many functions
to not use an explicit return statement, relying on the implicit return that occurs when
execution comesto the end of the function. Insuchacase, IDL_KW_FREE must be
the last statement in the function.
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Keyword Examples

The following C function implements KEY WORD_DEMO, a system procedure
intended to demonstrate how to write the keyword processing code for aroutine. It
prints the values of its keywords, changes the value of READWRITEto 42 if it is

present, and returns. Each line is numbered to make discussion easier. These numbers
are not part of the actual program.
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Note
The following code is designed to demonstrate keyword processing in asimple,
uncluttered example. In actual code, you would not use the printf mechanism used
on lines 42-53.
1fvoi d keyword_deno(int argc, |IDL_VPTR *argv, char *argk)
2§
3 typedef struct {
4 | DL_KW RESULT_FI RST_FI ELD;, /* Must be first entry in structure */
5 IDL_LONG | ;
6 float f;
7 doubl e d;
8 int d_there;
9 | DL_STRI NG s;
10 int s_there;
11 I DL_LONG arr_dat a[ 10] ;
12 int arr_there;
13 I DL_VEM NT arr_n;
14 | DL_VPTR var;
150 } KWRESULT;
16 static IDL_KWARR DESC R arr_d = { |IDL_KWOFFSETOF(arr_data), 3, 10,
17 | DL_KW OFFSETOF(arr_n) };
C
18
19 static | DL_KWPAR kw pars[] = {
20 | DL_KW FAST_SCAN,
21 { "ARRAY", IDL_TYP_LONG, 1, |DL_KW ARRAY,
22 | DL_KW OFFSETOF(arr _there), CHARA(arr_d) 1},
23 { "DOUBLE", IDL_TYP_DOUBLE, 1, O,
24 | DL_KW OFFSETOF(d_t here), | DL_KW OFFSETOR(d) 1},
25 { "FLOAT", IDL_TYP_FLQOAT, 1, IDL_KWZERO, 0, |DL_KW OFFSETOF(f) },
26 { "LONG', IDL_TYP_LONG 1, IDL_KWZERQ |DL_KW VALUE| 15, 0,
27 | DL_KW OFFSETOF(1) },
28 { "READWRI TE", IDL_TYP_UNDEF, 1, |DL_KW OUT| | DL_KW ZERQ,
29 0, | DL_KW OFFSETOF(var) 1},
30 { "STRING', TYP_STRING 1, O,
31 | DL_KW OFFSETOF(s_t here), |DL_KW OFFSETOF(s) 1},
32 { NuLL }
33 1
34

Figure 13-1: Keyword processing example.
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35 KW RESULT kw,

36 int i;

37 | DL_ALLTYPES newval ;

38

39 (void) | DL_KWProcessByO fset(argc,
40

41

42 printf("LONG <%spresent>\n",
43 printf("FLOAT: %\n", kwf);
44 printf("DOUBLE: <%spresent>\n",

45 printf("STRING %\n",

46 kw.s_there ? | DL_STRI NG_STR( &w. s)

47) printf("ARRAY: ");
48 if (kw. arr_there)
49 for (i =0; i < kwarr_n;

51 el se

52 printf("<not present>");
53 printf("\n");

54
550 printf("READWRI TE: ");
56 if (kwvar) {

57 IDL_Print(1, &w. var, (char *) 0);

58 newal .| = 42;

59 | DL_StoreScal ar (kw. var, TYP_LONG &newal);

60 } else {
61 printf("<not present>");

62 }

63 printf("\n");
64

65] | DL_KW FREE;
661}

(I DL_VPTR *) 0,

kw.d_there ? ""

50 printf(" %", kw arr_data[i]);

kw_pars,
1, &kw);

"not ");

"<not present>");

Figure 13-1: (Continued) Keyword processing example.

Executing this routine from the IDL command line, by entering:

KEYWORD_DEMO
gives the outpult:

LONG <not present>
FLOAT: 0. 000000

DOUBLE: <not present>
STRING <not present>
ARRAY: <not present>
READWRI TE: <not present>
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Executing it again with keywords specified:

A = 56

KEYWORD DEMD, /LONG, FLOAT=2, DOUBLE=34, $
STRING="hel | 0", ARRAY=FI NDGEN( 10), READWRI TE=A

PRI NT, 'Final Value of A ', A

gives the outpuit:

LONG <present >

FLOAT: 2. 000000

DOUBLE: <present>

STRING hello

ARRAY: 01234567829
READWRI TE: 56

Fi nal Val ue of A: 42

Those features of this procedure that are interesting in terms of keyword processing
are, by line number:

3-15

Every system routine that processes keywords must defineaKW_RESULT structure
type. All output from keyword processing is stored in the fields of this structure. The
first field in the KW_RESULT structure must always be
IDL_KW_RESULT_FIRST_FIELD. The remaining fields are dictated by the
keywords defined in kw_par s below, starting on line 19. The fields with named
ending in _there are used for the specified field of the IDL_KW _PAR structs, and
must be type int. The types of the other fields must match their definitionsin the
relevant IDL_KW_PAR and IDL_KW_ARR_DESC_R structs.

16-17

The ARRAY keyword, defined on line 21, isaread-only array, and requiresthis array
description. Note that the data field specifies the location of the arr_data array
within KW_RESULT where the array contents should be copied, and the n_offset
field specifies the location of the arr_n field where the number of elements actually
seen isto be written. Both of these are specified as offsetsinto KW_RESULT, using
theIDL_KW_OFFSET () macro to compute this. The minimum number of elements
alowed is 3, the maximum is 10.

The start of the keyword definition array. Notice that all of the keywords are ordered
lexically (ASCII) and that thereisa NULL entry at the end (line 32). Also, all of the
mask fields are set to 1, as is the mask argument to | DL_K W ProcessByOffset() on
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line 39. Thismeansthat al of the keywordsin the list are to be considered valid in
thisroutine.

20

Thisroutine is requesting fast keyword processing. You can learn more about this
option in “ Speeding Keyword Processing” on page 310.

21-22

ARRAY isaread-only array. Itsvalue field is therefore the actual address (and not an
offset into KW_RESULT) of theIDL_KW_ARR_DESC_R struct that completes

the array definition. This program wants to know explicitly if ARRAY was specified,
so the specified field is set to the offset within KW _RESULT of thearr_therefield.

23-24

DOUBLE isascaar keyword of IDL_TYP_DOUBLE. It usesthe variable
kw.d_thereto know if the keyword is present. Both the specified and value fields are
specified as offsetsinto KW_RESULT.

25

FLOAT isanIDL_TYP_FLOAT scalar keyword. It does not use the specified field
of theIDL_KW _PAR struct to get notification of whether the keyword is present, so
that field is set to 0. Instead, it usesthe IDL_KW_ZERO flag to make sure that the
variable kw.f is always zeroed. If the keyword is present, the value will be written
into kw.f, otherwise it will remain 0. The important point is that the routine can’t tell
the difference between the keyword being absent, or being present with a user-
supplied value of zero. If this distinction doesn’t matter, such as when the keyword is
to serve as an on/off toggle, use this method. If it does matter, use the specified field
as demonstrated with the DOUBLE keyword, above.

26-27

LONG isascaar keyword of IDL_TYP_LONG. It setstheIDL_KW_ZERO flag
to get the variable kw.| zeroed prior to keyword parsing. The use of the
IDL_KW_VALUE flag indicates that if the keyword is present, the value 15 (the
lower 12 bits of the flags field) will be ORed into the variable kw.I.

28-29

ThelDL_KW_OUT flag indicates that the routine wantsthe IDL_VPTR for
READWRITE if itispresent. SinceIDL_KW_ZERO isalso set, the variable

External Development Guide Keyword Examples



318

Chapter 13: IDL Internals: Keyword Processing

kw.var will be zero unless the keyword is present. The specification of
IDL_TYP_UNDEF here indicates that there is no type conversion or processing
appliedto IDL_KW_OUT keywords.

30-31

The STRING keyword demonstrates scalar string keywords.
32

All IDL_KW_PAR arrays must be terminated with aNULL entry.
35

Every system routine that processes keywords must declare a variable named kw, of
type KW_RESULT. This variable should be a C stack based local variable (C auto
class).

37

The DL _StoreScalar () function used on line 59 requires the scalar value to be
providedinan IDL_ALLTYPES struct.

39-40

Do the keyword processing. The first three arguments are simply the arguments the
interpreter passed to the routine. The plain_args argument is set to NULL because
thisroutine is registered as not accepting any plain arguments. Since no plain
arguments will be present, the return value from IDL_ KW ProcessByOffset() is
discarded. The final argument isthe address of the KW_RESULT variable (kw) into
which the results will be written.

42
The kw.l variable will be 0if LONG is not present, and 1if it is.
43

The kw.f variable will always have some usable value, but if it is zero thereis no way
to know if the keyword was actually specified or not.

44-46

These keywords use the variables from the specified field of their IDL_KW_PAR
struct to determine if they were specified or not. Use of the IDL_STRING_STR
macro is described in “Accessing IDL_STRING Values’ on page 329.
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47-53

Accessing the ARRAY keywordissimple. Thekw.arr_therevariableindicatesif the
keyword is present, and kw.arr_n gives the number of elements.

55-63

Sincethe READWRITE keyword is accessed viatheargument’'sIDL_VPTR, weuse
the DL _Print() function to print its value. This has the same effect as using the user-
level PRINT procedure when running IDL. See “ Output of IDL Variables’ on

page 384. Then, we changeits valueto 42 using IDL_StoreScalar ().

Again, please note that we use this mechanism in order to create a ssimple example.
You will probably want to avoid the use of this type of output (printf and
IDL_Print()) in your own code.

65

Normal exit from any routine that callsIDL_KWProcessByOffset() must be
preceded by acall to IDL_KW_FREE. This macro releases any dynamic resources
that were allocated by keyword processing.
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The Pre-IDL 5.5 Keyword API

Versions of IDL prior to IDL 5.5 used a different, but similar, keyword processing
API to that found in the current versions. The remainder of this chapter provides
information of interest to programmers maintaining older system routines that were
written to that API.

Note
Research System recommends that all new code be written using the new keyword
processing API. The older API continues to be supported for backwards
compatibility, and there is no urgent reason to convert code that uses it. However,
the effort of converting old code to the new API is minimal, and can be beneficial.

Background

If you have system routines that were written for use with versions of IDL older than
IDL 5.5, your code uses an older keyword processing API, described in “Processing
Keywords With IDL_KWGetParams()” on page 520, that including the following
obsol ete elements:

e« IDL_KWGetParams()
e |IDL_KW_ARR_DESC
* |IDL_KWCleanup(), IDL_KW_MARK, IDL_KW_CLEAN

Thisold API served for many years, but it had some unfortunate features that made it
hard to use correctly:

e Therulesfor when and how to use IDL_KWCleanup() were difficult to
remember. The programmer had to decide whether or not to call it based on the
types of the keywords being processed. If you didn’t call it when you should,
memory would be leaked.

* Inorder to ensure correctness, many programmers would resort to always
caling IDL_KWCleanup() whether it was is needed or not. Thisis
inefficient, but otherwise fine.

e« Theuseof IDL_KWCleanup() is based on aworst case assumption that the
keywords that require cleaning will actually be invoked by the IDL user. This
is often not the case, and is therefore inefficient.

¢ Imagine an existing system routine that does not need to use
IDL_KWCleanup(), and therefore is coded not to useit. If anew keyword
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should later be added to that routine, and that new keyword should require the
use of IDL_KW(Cleanup(), itisvery likely that the programmer adding this
new keyword will fail to recognize that issue. This leads to memory leaking
from aformerly correct routine.

If afuture version of IDL should get a new data type that requires cleaning,
that will change the rules for when IDL_KW Cleanup() needs to be called.
Existing code may need to be examined to fix this situation.

The old keyword API is not reentrant, because it requires static variable
addresses to be embedded in the keyword list. This has always been a problem
for recursively callable routines (e.g. WIDGET_CONTROL, which can cause
an IDL procedure callback to execute, which can in turn call
WIDGET_CONTROL again). In the past, we have carefully coded these
complex routines to avoid problems, but the large amount of code required is
difficult to write and verify. The proper solution is a reentrant keyword API
that uses offsets to variables within a structure, instead of actual statically
scoped variable addresses. Thisiswhat the current API provides.

Advantages Of The IDL 5.5 API

In contrast, keyword processing, in IDL 5.5 and later is built around the
IDL_KWProcessByOffset() function, has the following advantages:

The old API remainsin place with full functionality. Hence, you are not
required to update your old code (There are benefits to such updating,
however).

A transitional API, build around the IDL_ KW ProcessByAddr () function,
exists to help ease updating your code. See “The Transitional API” on

page 323 for details. The transitional API is a halfway measure designed to
solve the worst problems of the old API while requiring the minimum amount
of change.

The new API, and the transitional API both eliminate the confusing
IDL_KWCleanup() routine and its requirement to KW_MARK before, and
KW_CLEAN after keyword processing based on the types of the keywords.
Instead, the keyword processing API keeps track of the need to cleanup itself,
and handles this efficiently. The user is freed from guesswork about how and
when to do the required cleanup.

Keyword cleanup will only happen if the keyword module determinesthat it is
necessary as it processes the actual keywords used. Thisis more efficient, and
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it can be easily extended within IDL if anew datatypeis added tothe IDL
system, without requiring any change to your code.

Theinternal data structures used to maintaining keyword state are now
dynamically allocated, and do not have the static limits that the old
implementation did.

The new API is able to process keywords using a re-entrant keyword
description. Results are written to stack based (C auto) variables rather than
stetically defined variables. This can be used to greatly ssimplify the
implementation of recursive system routines, and has been used extensively
for that purpose within IDL.

Differences And Similarities Between APIs

The current IDL keyword processing APl was designed to minimize the changes
necessary to convert existing older code. The differences and similarities between
these APIs are summarized below:

Thebasic IDL_KW_PAR data structure is unchanged between the two.
However, in the old API, the specified, and value fields are addresses to
statically allocated C variablesor IDL_KW_ARR_DESC structures. In the
new API, specified is always an offset into a user defined KW_RESULT
structure. The value field is an offset into KW_RESULT when it isused to
refer to data. It is an address when used to refer to an
IDL_KW_ARR_DESC_R structure.

Theold APl usesthe IDL_KW_ARR_DESC structure to define
IDL_KW_ARRAY read-only arrays. The new APl usesthe very similar
IDL_KW_ARR_DESC R structure. Thisis necessary because
IDL_KW_ARR_DESC is not reentrant (the number of array elementsusedis
written into the struct), while IDL_KW_ARR_DESC_R causes them to be
written into afield inthe KW _RESULT variable instead.

The new API requires all keyword variables to be contained in asingle
KW_RESULT structure, while the old API alowed them to be independent
variables. Thisisimportant to the offset-based scheme used in the new API, as
well as having the nice side effect of improving the organization and
readability of most code.

The old APl uses IDL_KWGetParams() to process keywords. The new AP
uses IDL_KWProcessByOffset().
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Theold API uses IDL_KWCleanup() to free resources. The rules for using it
are complicated and lead to latent coding errors. The new APl uses the
IDL_KW_FREE macro, and has asimple consistent rule for use.

Converting Existing Code To The New API

To convert code that uses the old API to the new version:

Define atypedef for a struct named KW_RESULT, containing the keyword
variables. Make the first field be the predefined
IDL_KW_RESULT_FIRST_FIELD.

Modify your keyword definition list so that the specified and value fields of
each IDL_KW_PAR struct contain offsets instead of addressesin all cases
except when the value field referencesan IDL_KW_ARR_DESC struct. To
do this, usethe IDL_KW_OFFSETOF() macro.

Any referencetoan IDL_KW_ARR_DESC structure for an
IDL_KW_ARRAY keyword must be converted to an
IDL_KW_ARR_DESC R struct.

Replace the call to IDL_KWGetParams() with acall to
IDL_KWProcessByOffset().

Remove any IDL_KWCleanup(IDL_KW_MARK) calls.

Replace any IDL_KWCleanup(IDL_KW_CL EAN) callswith the
IDL_KW_FREE macro. Check to ensure that all exit paths from your
function other than vial DL _M essage() include a call to this macro.

The Transitional API

RSI recommends that your convert your code to the reentrant keyword API based
around the IDL_KWProcessByOffset() and IDL_KWFreg() functions. Thisis
almost always a straightforward operation, and the resulting code has all of the
advantages discussed in “Advantages Of The IDL 5.5 API” on page 321. However,
there is another aternative that may be useful is some situations. A third keyword
API, built around the IDL_ KWProcessByAddr () function exists that provides the
benefits of eliminating the confusing IDL_K W Cleanup() function, while not
requiring the use of static non-reentrant separate variables to change. The transitional
API isahafway measure designed to solve the worst problems of the old APl while
requiring the minimum amount of change to your code:

int 1 DL_KWProcessByAddr (int argc, |IDL_VPTR *argv, char *argk,

I DL_KW PAR *kw_|ist, IDL_VPTR *plain_args,
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int mask, int *free_required)

voi d | DL_KWFr ee(voi d)
where:

argc, argv, argk, plain_args, mask
These arguments are the same as those required by IDL_ KW ProcessByOffset()
kw_list

Anarray of IDL_KW_PAR structures, in the absolute address form required by the
old IDL_KWGetParams() keyword API (the specified and value fields use address
to static C variables).

free_required

The address of an integer to befilled in by IDL_KWProcessByAddr (). If set to
TRUE, the caller must call IDL_KWFreg() prior to exit from the routine.

Example: Converting From The Old Keyword API

To illustrate the use of the old keyword API, the transitional API, and the new
reentrant AP, this section provides an extremely simple example, written three
times, once with each API.

Another useful comparison isto compare the example “Keyword Examples’ on
page 313 with its original version written with the old API which can be found in
“Keyword Examples’ on page 524.

Old API

I DL_VPTR | DL_soneroutine(int argc, |DL_VPTR *argv, char *argk)
{
static | DL_VPTR count _var;
static | DL_LONG debug;
static | DL_STRI NG nane;
static | DL_KW PAR kw_pars[] = {
{ "COUNT", 0,1, |DL_KWOUT|IDL_KW ZERO, 0, | DL_CHARA( count _var)},
{ "DEBUG', IDL_TYP_LONG 1, |IDL_KWZERO 0, I|DL_CHARA(debug) },
{ "NAME", IDL_TYP_STRING 1, |IDL_KWZERO O0,|DL_CHARA(nane) },
{ NULL }
b
I DL_VPTR resul t;

I DL_KWC eanup( | DL_KW MARK) ;
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}

argc = | DL_KWGet Par ans( ar gc, ar gv, ar gk, kw_pars, (1 DL_VPTR *)O0, 1) ;

/* Your code goes here. Keyword val ues are available in the
* static variables.*/

/* O eanup keywords before | eaving */
| DL_KWC eanup( | DL_KW CLEAN) ;
return(result);

Transitional API

Thetransitional API provides the benefits of simplified and straightforward cleanup,
but does not require you to alter your IDL_KW_PAR array or gather the keyword
variables into a common structure. The resulting code is very similar to the old API.

I DL_VPTR | DL_soneroutine(int argc, |IDL_VPTR *argv, char *argk)

{

}

static | DL_VPTR count _var;
static | DL_LONG debug;
static | DL_STRI NG nane;
static | DL_KW PAR kw pars[] = {
{"COUNT", 0, 1, IDL_KWOQUT|IDL_KW ZERQ,
0, | DL_KW ADDROF( count _var) 1},

{ "DEBUG', IDL_TYP_LONG 1,DL_KW ZERO, 0, | DL_KW ADDROF( debug)},
{ "NAVE", IDL_TYP_STRING 1,1DL_KW ZERO, 0, | DL_KW ADDROF( nane)},
{ NULL }

h

int kw free;
I DL_VPTR resul t;

argc = | DL_KWProcessByAddr (argc, argv, argk, kw pars,
(IDL_VPTR *) 0, 1, &w free);

/* Your code goes here. Keyword val ues are available in the
* static variables.*/

/* O eanup keywords before |eaving */
if (kw_free) IDL_KWFree();

return(result);

New Reentrant API

I DL_VPTR | DL_soneroutine(int argc, |IDL_VPTR *argv, char *argk)

{

typedef struct {
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| DL_KW RESULT_FI RST_FI ELD; /* Must be first entry in struct */
| DL_VPTR count _var;
| DL_LONG debug;
| DL_STRI NG nane;
} KW RESULT;
static | DL_KW PAR kw_pars[] = {
{ "COUNT", 0, 1, IDL_KWOUT | |DL_KW ZERQG,
0, | DL_KW OFFSETOF(count _var) 1},
{ "DEBUG', IDL_TYP_LONG 1, |DL_KW ZERO
0, | DL_KW OFFSETOF(debug) 1},
{ "NAME', IDL_TYP_STRING 1, |DL_KW ZERQ,
0, | DL_KW OFFSETOF(name) 1},
{ NULL }
H

KW RESULT kw;
I DL_VPTR result;

argc = | DL_KWProcessByOf f set (argc, argv, argk, kw pars,
(IDL_VPTR *) 0, 1, &kw);

/* Your code goes here. Keyword val ues are available in the
* kw struct.*/

/* C eanup keywords before leaving if necessary */
| DL_KW FREE;

return(result);
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String Processing and IDL

A number of functions exist to simplify the processing of IDL_STRING descriptors.
By using these functions instead of doing your own string management, you can
eliminate a common source of errors.
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Accessing IDL_STRING Values

Itisimportant to realize that the sfield of an IDL_STRING struct does not contain a
valid string pointer in the case of anull string (i.e., when slen is zero). A common
error that can cause IDL to crashisillustrated by the following code fragment:

void print_str(IDL_STRI NG *s)
{

printf("%", s->s);

}

The problem with this code isthat it fails to consider the case where the argument s
describes anull string. The proper way to write this codeis as follows:

void print str(IDL_STRI NG *s)

{
printf("%", |IDL_STRING STR(S));

}
Themacro IDL_STRING_STR takesasitsargument apointer toan IDL_STRING
struct. If the string is null, it returns a pointer to a zero length null-terminated string,
otherwise it returns the string pointer from the struct. Consistent use of this macro
will avoid the most common sort of error involving strings.

It iscommon for IDL system routines to accept arguments that provide names. Such
arguments must be scalar strings, or string arrays that contain a single element. To
properly process such an argument, it is necessary to screen out non-string types or
multi-element arrays, locate the string descriptor, and usethe IDL_STRING_STR()
macro to extract ausable NULL terminated C string from it. The
IDL_VarGetString() is used for this purpose. It encapsulates all of the error
checking, and always returns a pointer to a NULL terminated C string, throwing the
proper IDL_MSG_L ONGJIMP error viathe IDL_M essage() function when thisis
not possible:

char *1DL_VarGet String(lDL_VPTR v)

where

Variable fromwhich string value is desired.
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Copying Strings

It is often necessary to copy one string to another. Assume, for example, that there are
two string descriptors s src and s_dst, and that s_dst contains garbage. It would
almost suffice to simply copy the contents of s srcinto s dst. The reason thisis not
quite correct isthat both descriptors would then contain a pointer to the same string.
This aliasing can cause some strange effects, or even cause IDL to crash if one of the
two descriptorsis freed and the string from the other is accessed.

IDL_StrDup() takes care of this problem by allocating memory for a second copy of
the string, and replacing the string pointer in the descriptor with a pointer to the fresh
copy. Naturally, if the string descriptor isfor anull string, nothing is done.

void IDL_StrDup(lDL_STRI NG *str, |DL_MEM NT n)

where:
str

Pointer to one or more IDL_STRING descriptors which need their strings
duplicated.

The number of descriptors.
The proper way to copy astring is:

s_dst = s_src; /* Copy the descriptor */
I DL_StrDup(&s_dst, 1L); /* Duplicate the string */
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Deleting Strings

Beforean IDL_STRING can be discarded or re-used, it isimportant to release any
dynamic memory it might be using. The IDL_Str Delete() function should be used to
delete strings:

void IDL_StrDel ete(l DL_STRING *str, |DL_MEM NT n)

where:
str

Pointer to one or more IDL_STRING descriptors which need their contents freed.

The number of descriptors.

IDL_StrDelete() deletes all dynamic memory used by the IDL_STRINGs. The
descriptors contain garbage once this has been done, and their contents should not be
used.

The IDL_Deltmp() function automatically calls IDL_Str Delete() when returning
temporary variables of type IDL_TYP_STRING, s0 it is not necessary or desirable
tocal IDL_StrDelete() explicitly in this case.
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Setting an IDL_STRING Value

The IDL_StrStore() function should be used to store a null-terminated C string into
an IDL_STRING descriptor:

void IDL_StrStore(I DL_STRING *s, char *fs)

where:

Pointer to an IDL_STRING descriptor. This descriptor is assumed to contain
garbage, so call IDL_StrDelete() onit first if thisis not the case.

fs

Pointer to the null-terminated string to be copied into s.

IDL_StrStore() isuseful for placing astring value into an IDL_STRING. This
IDL_STRING does not need to be acomponent of aVARIABLE, which makes this
function very flexible.

One often needs atemporary, scalar VARIABLE of type IDL_TYP_STRING with
agiven value. Thefunction IDL_StrToSTRING() fills this need:

I DL_VPTR I DL_Str ToSTRI NG char *s)

where:

Pointer to the null-terminated string to be copied into the resulting temporary
variable.
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Obtaining a String of a Given Length

Sometimes you need to make sure that the string in an IDL_STRING descriptor has
aspecific length. The IDL _StrEnsurel ength() function can be used in this case:

void | DL_StrEnsureLength(l DL_STRING *s, int n)

where:
A pointer to the IDL_STRING that will haveits length checked.

The number of characters the string must be able to contain, not including the
terminating null character.

If the IDL_STRING passed aready has enough room for the specified number of
characters, it is not re-allocated. Otherwise, the existing string is freed and a new
string of sufficient length is allocated. In either case, the den field of the
IDL_STRING will be set to the requested length.

If anew dynamic string is alocated, it will contain garbage values because
IDL_StrEnsurel ength() only alocates memory of the specified size, it does not
copy avalueinto it. Therefore, the calling routine must copy a null-terminated string
into the new dynamic string.
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Message Blocks

IDL maintains messages in opaque data structures known as Message Blocks. A
message block contains all the messages for alogically related area.

When IDL starts, there is only one defined block named IDL_MBLK _CORE,
containing all messages defined by the core IDL product. Typically, dynamically
loadable modules (DLMs) each define amessage block for their error messages when
they are loaded (See “ Dynamically Loadable Modules’” on page 450 for adescription
of DLMs).

There are often two versions of IDL message module functions. Those with names
that end in FromBlock require an explicit message block. The versions that do not
end in FromBlock usethe IDL_MBLK_CORE message block.

To define amessage block, you must supply an array of IDL_MSG_DEF structures:

typedef struct {
char *nane;
char *fornmat;
} 1 DL_MSG_DEF;

where:
name

A string giving the name of the message. We suggest that you adopt a consistent
unique prefix for al your error codes. All message codes defined by RSI start with
the prefix IDL_M _. You should not use this prefix when naming your blocksin order
to avoid unnecessary name collisions.

format

A format string, in printf(3) format. Thereis one extension to the printf formatting
codes: If the first two letters of the format are “%N”, then IDL will substitute the
name of the currently executing IDL procedure or function (if any) followed by a
colon and a space when this message is issued. For example:

I DL> print, undefined_var
% PRI NT: Variable is undefined: UNDEFI NED_VAR

The IDL _M essageDefineBlock() function is used to define a new message block:

| DL_MSG BLOCK | DL_MessageDef i neBl ock
(char *bl ock_name, int n, |DL_MSG DEF *defs)

The argumentsto IDL_M essageDefineBlock() are as follows:
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block_name

Name of the message block. This can be any string, but it will be case folded to upper
case. We suggest asingle word be used. It isimportant to pick namesthat are unlikely
to be used by any other application. All blocks defined by RSI start with the prefix
IDL_MBLK _. You should not use this prefix when naming your blocksin order to
avoid unnecessary confusion.

# of message definitions pointed at by defs.
defs

An array of message definition structs, each one supplying the name and format
string for a message in printf(3) format. The memory used for this array, including
the strings it points at, must be in permanently allocated read-only storage. IDL does
not copy this memory, but simply usesit in place.

If possible, the new message block is defined and an opague pointer to it is returned.
This pointer must be supplied to subsequent calls to the “FromBlock” message
module functions to identify the message block a given error is being issued from. If
it is not possible to define the message block, this function returns NULL.

The message functions require a message block pointer and the negative index of the
specific message to be issued. Hence, message codes start and zero and grow
negatively. For mnemonic convenience, it is standard practice to define preprocessor
macros to represent the error codes.

Example: Defining A Message Block

The following code defines a message block named TESTMODULE that contains

two messages:
static | DL_MSG DEF nsg_arr[] =
{
#define M.TM | NPRO 0
{ "M.TM.I NPRO', "OWNThis is froma | oadabl e nodul e procedure."
I
#define M. TM I NFUN -1
{ "M_TM.I NFUN', "ONThis is froma | oadabl e nodul e function.™"
b
b

msg_bl ock = | DL_MessageDef i neBl ock(" Test nodul e",
si zeof (msg_arr)/sizeof (msg_arr[0]),
nsg_arr);
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Issuing Error Messages

Errors are reported using one of the following functions:
e |DL_Message()
e |DL_MessageFromBlock()
¢ |IDL_MessageSyscode()
e |IDL_MessageSyscodeFromBlock()

These functions are patterned after the standard C library printf() function. They are
really the same function, differing in which message block the error isissued from
(the FromBlock versions alow you to specify the block) and their reporting of
system errors that might accompany IDL errors (the Syscode versions allow you to
specify asystem error). IDL documentation often refersto IDL_Message(). This
should be understood to be a generic reference to any of these four functions.

void | DL_Message(int code, int action, ...)
voi d | DL_MessageFr onBl ock( | DL_MSG BLOCK bl ock, i nt code,
int action, ...)
voi d | DL_MessageSyscode(int code, |DL_MSG SYSCODE T syscode_type,
int syscode, int action, ...)
voi d | DL_MessageSyscodeFr onBl ock(| DL_MSG BLOCK bl ock, int code,
| DL_MSG _SYSCODE_T syscode_type,
int syscode, int action, ...)

The arguments to are as follows:

block

Pointer to the IDL message block from which the error should beissued. If block isa
NULL pointer, the default IDL core block (IDL_MBLK_CORE) is used.

code

Thisisthe error code associated with the error message to be issued. There are two
error codesin the default IDL coreblock (IDL_MBLK_CORE) that are available to
programmers adding system routinesto IDL. The use of these codesis described
below. See“IDL_M_GENERIC” on page 342 and “IDL_M_NAMED_GENERIC”
on page 342.

Note
For any significant development involving an IDL system routine, RSI
recommends your code be packaged as a Dynamically Loadable Module (DLM),
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and that your DLM define a message block to contain its errors instead of using the
GENERIC core block messages.

syscode_type

IDL_Message() always issues a single-line error message that describes the
problem from IDL’s point of view. Often, however, there is an underlying
system reason for the error that should also be displayed to give the user a
complete picture of what went wrong. For example, the IDL view of the
problem might be “Unable to open file,” while the underlying system reason
for the error is “no such directory.” The IDL_M essageSyscode() functions
allow you to include the relevant system error code, and have it incorporated
into the IDL message on a second line of output. There are several different
types of system error code that can be specified. The syscode type argument
isused to tell IDL_M essageSyscode() which type of system error is present:

IDL_MSG_SYSCODE_NONE — Indicates that there is no system error. In this case,
the syscode argument isignored, and | DL_M essageSyscode() is functionally
equivalent to IDL_M essage().

IDL_MSG_SYSCODE_ERRNO — The UNIX operating system uses a system
provided global variable named errno for communicating system level errors.
Whenever a call to a system function fails, it returns avalue of -1, and puts an
error code into errno that specifies the reason for the failure. Other functions,
such as those provided by the standard C library, do not set errno. The system
documentation (man pages) describeswhich functions do and do not set errno,
and the rules for interpreting its value.

The C programming language and UNIX operating system share acommon
heritage, as C was originally created by its authors as an implementation
language for UNIX. Since then, C has found broad acceptance on non-UNIX
platforms, bringing along with standard POSIX libraries that provide
functionality commonly expected by C programs. Hence, although errnoisa
UNIX concept, non-UNIX C implementations generally provideit asa
convenience. Hence, IDL supportsIDL_MSG_SYSCODE_ERRNO on all
platforms.

You should specify IDL_M SG_SYSCODE_ERRNO only if you are calling
IDL_MessageSyscode() asthe result of afailed function that is documented to
set errno on your target platform. Otherwise, errno might contain an unrelated
garbage value resulting in an incorrect error message. When specifying
IDL_MSG_SYSCODE_ERRNO, you should supply the current value of
errno asthe syscode argument to I DL _M essageSyscode().
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The Microsoft Windows operating system has errno for compatibility with the
expectations of C programmers, but typically does not set it. On this operating
system, specifying IDL_M SG_SYSCODE_ERRNO may have no effect.

IDL_MSG_SYSCODE_WIN (Microsoft Windows Only) — Microsoft Windows
system error codes. The value suppled to the syscode argument to
IDL_M essageSyscode() should be a system error code, as returned by the
Windows GetL astError () system function.

IDL_MSG_SYSCODE_WINSOCK (Microsoft Windows Only) — Microsoft
Windows winsock error codes. The value suppled to the syscode argument to
IDL_M essageSyscode() should be a system error code, as returned by the
Windows WSAGetL astError () system function

syscode

Value of the system error code that should be reported. This argument isignored if its
valueis zero (0), or if syscode _typeisIDL_MSG_SY SCODE_NONE. Otherwise,
it isinterpreted as an error code of the type given by syscode_type, and the text of the
specified system error will be output along with the IDL message on a separate
second line.

action

IDL_Message() can take anumber of different actions after issuing the error
message. The action to take is specified by the action argument:

IDL_MSG_RET

Usethisargument to make | DL _M essage() return to the caller after issuing the
error message. In this case, the calling routine can either continue or return to
the interpreter asit seesfit.

IDL_MSG_INFO

Use this argument to issue a message that is not an error, but is simply
informational in nature. The message is output and I DL _M essage() returns to
the caller. Normally, IDL_M essage() sets the values of IDL’s
IERROR_STATE system variables, but not in this case.

IDL_MSG_EXIT

Use this argument to cause the IDL process to exit after the messageis issued.
This code should never be used in a system function or procedure—it is
intended for use in other sections of the system.
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IDL_MSG_LONGJIMP

Use this argument to cause IDL_M essage() to exit directly back to the
interpreter after issuing the message. In this case, IDL_M essage() does not
return toitscaller. It isan error to use this action code in code not called by the
IDL interpreter since the resulting call to longjmp() will beinvalid.

IDL_MSG_IO_LONGJMP

This action code is exactly likeIDL_MSG_LONGJIMP, except that it is
issued in response to an input/output error. This codeis only used by the 110
module. User written system routines should use the existing 1/0 routines, so
they do not need to use this action.

In addition, the following modifier codes can be ORed into the action code.
They modify the normal behavior of IDL_M essage():

IDL_MSG_ATTR_NOPRINT

Suppress the printing of the error message, but do everything elsein the
normal way.

IDL_MSG_ATTR_MORE

Use paging in the style of the UNIX more command to display the output.
This option exists primarily for use by the IDL compiler, and is unlikely to be
of interest to authors of system routines.

IDL_MSG_ATTR_NOPREFIX

Normally, IDL _M essage() prefixes the output message with the string
contained in IDL's M SG_PREFI X system variable.
IDL_MSG_ATTR_NOPREFI X suppressesthis prefix string.

IDL_MSG_ATTR_QUIET

If the IDL_MSG_INFO action has been specified and this bit mask has been
included, and the IDL user has IDL’'s |QUIET system variable,
IDL_Message() returns without issuing a message.

IDL_MSG_ATTR_NOTRACE
Set this code to inhibit the traceback portion of the error message.
IDL_MSG_ATTR_BELL
Set this code to ring the bell when the message is output.
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The message format string (specified by the code argument) specifies aformat
string to be used for the error message. Thisformat string is exactly like those
used by the standard C library printf() function. Any arguments following
action are taken to be arguments for this format string.

Error Codes

As mentioned above, RS| has reserved two error codes for use by writers of system
routines. They are:

IDL_M_GENERIC

This message code simply specifies aformat string of “%s’. The first argument after
action istaken to be anull-terminated string that is substituted into the format string.
For example, the C statement:

| DL_Message(| DL_M GENERIC, |DL_MSG LONGIMP, "Error! Hel p!")
causes IDL to abort the current routine and issue the message:
% Error! Hel p!

IDL_M_NAMED_GENERIC

This message code is exactly like the one above, except that it prints the name of the
system routinein front of the error string. For example, assuming that the name of the
routineisMY_PROC, the C statement:

| DL_Message(| DL_M NAMED_GENERI C, | DL_MSG_LONGIMP,
"Error! Help!")

causes IDL to interrupt the current routine and issue the message:
% My PROC. Error! Hel p!

Choosing an Error Code

Note
For any significant development involving an IDL system routine, RSI
recommends your code be packaged as a Dynamically Loadable Module (DLM),
and that your DLM define a message block to contain its errors instead of using the
GENERIC messages described here.
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The choice of which code to use depends on the context in which the messageis
issued, but IDL_M_NAMED_GENERIC isusualy preferred.

If you wish to include arguments into your message string, you should use the
sprintf() function from the C standard library to format a string into atemporary

buffer, and then supply the buffer as the argument to IDL _M essage(). For example,
executing the code:

char buf[128];

int unit = 23;

sprintf(buf, "Help! Error nunber %.", unit);

| DL_Message(| DL_M GENERI C, | DL_MSG LONGIMP, buf);
interrupts the current routine and issues the message:

% Hel p! Error nunber 23.
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Looking Up A Message Code by Name

Given amessage block pointer and the name of a message from that block, the
IDL_M essageNameToCode() function returns the message code that corresponds to
it. Thisis especially useful for dynamically |oadable modules that need to throw
errorsfrom the IDL core block. The actual error codes are subject to change between
IDL releases, so looking them up this way at run-time alows agiven DLM to work
with different IDL versions.

int 1 DL_MessageNaneToCode( | DL_MSG BLOCK bl ock, char *nane)

where:
block

Message block name should be translated against, or NULL to use the default core
IDL block.

name

The message name for which the code is desired. Name is case sensitive, and should
usually be specified as uppercase.

IDL_M essageNameToCode () returns the message code, or O if it is not found.
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Checking Arguments

IDL allows a user to provide any number of arguments, of any type, to system
functions and procedures. IDL checks for avalid number of arguments, but the
routine itself must check the validity of types. Thistask consists of examining the
argv argument to the routine checking the type and flags field of each argument for
suitability. The IDL_StoreScalar () function (see “ Storing Scalar Values’ on

page 292) can be very useful in checking write-only arguments.

A number of macros exist in order to simplify testing of variable attributes. All of
these macros accept a single argument—the VPTR to the argument in question. The
macros check for adesired condition and use the IDL_M essage() function with the
IDL_MSG_L ONGJIMP action to return to the interpreter if an argument type
doesn’t agree. Some of these macros overlap, and some are contradictory. You should
select the smallest set that covers your requirements for each argument. For an
exampl e that uses one of these macros, see “Example: A Complete Numerical
Routine Example (FZ_ROQOTS2)” on page 420.

IDL_EXCLUDE_UNDEF

The argument must not be of type IDL_TYP_UNDEF. This condition is usually
imposed if the argument is intended to provide some input information to the routine.

IDL_EXCLUDE_CONST

The argument must not be a constant. This condition should be specified if your
routine intends to change the value of the argument.

IDL_EXCLUDE_EXPR

The argument must not be a constant or atemporary variable (i.e., the argument must
be a named variable). Specify this condition if you intend to return avalue in the
argument. Returning avalue in atemporary variable is pointless because the
interpreter will remove it from the stack as soon as the routine completes, causing it
to be freed for re-use.

ThelDL_VarCopy() and IDL_StoreScalar () functions automatically check their
destination and issue an error if it is an expression. Therefore, if you are using one of
these functions to write the new value into the argument variable, you do not need to
perform this check first.
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IDL_EXCLUDE_FILE

The argument cannot be afile variable (as returned by the IDL ASSOC) function.
Most system routines exclude file variables—they are handled by a small set of
existing routines. This check isalso handled by the I DL_ENSURE_SIMPLE
macro, which also excludes structure variabl es.

IDL_EXCLUDE_STRUCT

The argument cannot be a structure.
IDL_EXCLUDE_COMPLEX

The argument cannot be IDL_TYP_COMPLEX.
IDL_EXCLUDE_STRING

The argument cannot be IDL_TYP_STRING.
IDL_EXCLUDE_SCALAR

The argument cannot be a scalar.
IDL_ENSURE_ARRAY

The argument must be an array.
IDL_ENSURE_OBJREF

The argument must be an object reference heap variable.
IDL_ENSURE_PTR

The argument must be a pointer heap variable.
IDL_ENSURE_SCALAR

The argument must be a scalar.
IDL_ENSURE_STRING

The argument must be IDL_TYP_STRING.
IDL_ENSURE_SIMPLE

The argument cannot be afile variable, a structure variable, a pointer heap variable,
or an object reference heap variable.
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IDL_ENSURE_STRUCTURE
The argument must be IDL_TYP_STRUCT.
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Converting Arguments to C Scalars

The routines described in this section convert the value of their IDL_VARIABLE
argument to the C scalar typeindicated by their name. IDL_MEMINT Scalar () and
IDL_FILEINT Scalar () exist for processing memory and file sizes without the need
to know their actual types, asdiscussed in“IDL_MEMINT and IDL_FILEINT
Types’ on page 263.The converted value is returned as the function value. The
functions are defined as:

I DL_LONG | DL_LongScal ar (1 DL_VPTR p)

| DL_ULONG I DL_ULongScal ar (1 DL_VPTR v)

| DL_LONGG4 | DL_Long64Scal ar (I DL_VPTR v)

| DL_ULONGG4 | DL_ULong64Scal ar (| DL_VPTR v)
doubl e |1 DL_Doubl eScal ar (| DL_VPTR p)

| DL_MEM NT | DL_MEM NTScal ar (I DL_VPTR p)

| DL_FI LEI NT | DL_FI LEI NTScal ar (I DL_VPTR p)

If these functions are unable to perform the conversion (e.g., the argument is afile
variable, an array, etc.), they issue adescriptive error and jump back to the interpreter.
By using these functions, you avoid having to do any of the type checking described
in “Checking Arguments’ on page 345.

For example, the following IDL system function (named PRINT_L ONG) prints the
value of itsfirst argument, converted to an IDL_L ONG 32-bit integer:

I DL_VPTR print_long(int argc, |IDL_VPTR argv[], char *argk)

{
printf("%\n", 1DL_LongScal ar(argv[O0]));
}
Executing it as.

PRI NT_LONG, 23D
gives the output:
23
as expected, while the statement:
PRI NT_LONG, FI NDGEN( 10)
causesthe error:

% PRI NT_LONG Expression nmust be a scalar in this context:
<FLQAT Array(10)>
% Execution halted at $MAIN$ .

becauseit is not possible to convert an array (the result of FINDGEN) to a scalar.
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General Type Conversion

The DL _BasicTypeConversion() function provides general purpose type

conversion:
I DL_VPTR | DL_Basi cTypeConversi on(int argc, |DL_VPTR argv[]
int type)
where:
argc

The number of IDL_VPTRs contained in ar gv.
argv
An array of pointersto VARIABLE arguments.

type
The desired type code of the result. See “ Type Codes’ on page 258.

If argcisl, thisfunction returns a pointer to atemporary VARIABL E containing the
value of argv[0] converted to the type specified by the type argument. If the variable
is aready of the correct type, the variable itself is returned.

If argv isgreater than 1, argv[1] istaken to be an offset into the variable specified by
argv[0], and following arguments are taken as the dimensions to be used for the
result. In this case, enough bytes are copied (starting from the offset) to satisfy the
reguirements of the dimensions given. This second form does not work for variables
of type string, so an error isissued in that case. RSl recommends ensuring that
variables of appropriate type are used with this function.

The IDL BYTE and STRING system routines (implemented by the IDL_CvtByte()
and IDL_CvtString() functions, described below) treat conversions between
variables of type byte and string in aspecial way. IDL_BasicTypeConver sion() does
not handle this special case. Instead, it simply performs a straightforward type
conversion between those types.
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Converting to Specific Types

A series of functions exist to convert VARIABL Es to specific types:

IDL_VPTR I DL_CvtByte(int argc, IDL_VPTR argv[])

I DL_VPTR I DL_Cvt Bytscl (int argc, |IDL_VPTR argv[], char *argk)
I DL_VPTR I DL_Cvt Fi x(int argc, |IDL_VPTR argv[])

IDL_VPTR IDL_CvtU nt(int argc, |IDL_VPTR argv[])

I DL_VPTR I DL_Cvt Lng(int argc, IDL_VPTR argv[])

IDL_VPTR I DL_CvtULng(int argc, IDL_VPTR argv[])

I DL_VPTR I DL_Cvt Lng64(int argc, IDL_VPTR argv[])

I DL_VPTR | DL_Cvt ULng64(int argc, |DL_VPTR argv[])

IDL_VPTR IDL_CvtFlt(int argc, |IDL_VPTR argv[])

IDL_VPTR I DL_Cvt Dbl (i nt argc, |IDL_VPTR argv[])

| DL_VPTR | DL_Cvt Conpl ex(int argc, IDL_VPTR argv[])

I DL_VPTR | DL_Cvt DConpl ex(int argc, |IDL_VPTR argv[])

IDL_VPTR IDL_Cvt String(int argc, IDL_VPTR argv[], char *argk)

When calling these functions, you should set the argk argument to NULL.

These functions are the direct implementations of the IDL commands BY TE,
BYTSCL, FIX, UINT, LONG, ULONG, LONG64, ULONG64, FLOAT, DOUBLE,
COMPLEX, DCOMPLEX, and STRING. See the description of these functionsin
the IDL Reference Guide for details on their arguments and calling sequences.

The behavior of these functions is the same as | DL_BasicTypeConver sion() except
when converting between bytes and strings. Calling IDL_CvtByte() with asingle
argument of string type causes each string to be converted to a byte vector of the
same length as the string. Each array element is the character code of the
corresponding character in the string. Calling IDL_CvtString() with asingle
argument of IDL_TYP_BY TE has the opposite effect.
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IDL and Signals

Signals pose one of the more difficult challenges faced by the UNIX programmer.
Although seemingly simple, they are atough portability problem because there are
several variants, and their semantics are subtle, inconvenient, and easily confused.
These issues are only magnified when signals are used in a program like IDL that
employs multiple threads. IDL has always done whatever is necessary with signalsin
order to get itsjob done, but its signal assumptions can also affect user written code
linked to it.

Note
This discussion refers primarily to UNIX IDL. Microsoft Windows uses different
mechanisms to solve the problems solved by signals under UNIX.

Thefollowingisabrief list of problems and contradictionsinherent in UNIX signals.
For a more complete description, see Chapter 10 of External Programming in the
UNIX Environment by W. Richard Stevens.

* POSIX signals (sigaction) promise to unify and simplify signals, but not all
platforms support them fully.

e You can only have one signal handler function registered for each signal. This
means that if one part of a program uses asignal, the rest of the program must
leave that signal alone.

¢ Inorder to meet the needs of programs originally developed under different
UNIX systems (AT& T System V, BSD, Posix), most UNIX implementations
provide more than one package of signal functions. Typically, agiven program
isrestricted to one of these libraries. If a programmer links code into IDL that
chooses alibrary or signa options different from that used by IDL itself,
unexpected results may occur.

¢ The number and exact semantics of some signals differ in different versions.
e Detailsof signal blocking differ.

e Some System V implementations of signals are unreliable, meaning that
signals can occur in a process and be missed.

* Someolder System V systemsreset the handling action to SIG_DFL before
calling the handler. This opens awindow in time where two signalsin arow
can cause the process to be killed. Also, the signal handler must re-establish
itself every timeitis called.
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On most platforms, if asignal is generated more than once whileiit is blocked,
the second and subsequent occurrences are lost. In other words, most UNIX
implementations do not queue signals.

These are among the reasons that most libraries avoid signals, and leave their use to
the end programmer. DL, however, must use signals to function properly. In order to
allow usersto link their codeinto IDL whileusing signals, IDL providesasignal API
built on top of the signal mechanism supported by the target platform. The IDL signal
API has the following attributes:

It disallows use of SIGTRAP and SIGFPE. These signalsarereserved to IDL.

It disallows use of SIGALRM. Most usesfor SIGALRM are provided by the
IDL timer API.

It works with all other signals, including those IDL doesn’t currently use, so
the interface won't change over time.

It allows multiple signal handlers for each signal, so IDL and other code can
use the same signal simultaneously.

It unifies the signal interface by supplying a stable consistent interface with
known behavior to the underlying system signal mechanism.

It keeps IDL in charge of which signal package is used and how.

Thisisnot aperfect solution, it is a compromise between the needs of IDL and
programmers wishing to link code with it. Usually, the IDL signal abstraction is
sufficient, but it does have the following limitations:

The calling program must not attempt to catch SIGTRAP or SIGFPE, either
directly or through library routines that use these signals to achieve their ends.
Furthermore, the IDL signal abstraction does not allow the caller to catch these
signals, so your program must leave exception handling to IDL.

The caller loses control over signal package choice and some minor signal
abilities.

Having multiple signal handler routines for agiven signal opens the possibility
that one handler might do something that causes problems for the others (like
change the signal mask, or longjmp()). To minimize such problems, user code
linked into IDL must not call the actual system signal routines, and must not
longjmp() out of signal handlers—atactic that is usually allowed, but which
would seriously damage IDL's signal state.

Since there may be more than one signal handler registered for a given signal,
the signal dispositionsof SIG_IGN and SIG_DFL arenot directly availableto
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the caller as they would be if you were allowed to use the system signal
facilities directly.

If you find that these restrictions are too limiting for your application, chances are

your code is not compatible with IDL and should be executed in a separate process.

We then encourage you to consider running IDL in a separate process and to use an

interprocess communication mechanism such as RPC.
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Signal Handlers

IDL signal handler functions are defined as:
typedef void (* IDL_Signal Handl er_t)(int signo);

When asignal is delivered to the process, all registered signal handlers are called.
si gno isthe integer number of the signal delivered, as defined by the C language
header file si gnal . h (foundin/ usr/i ncl ude/ si gnal . h on most UNIX
systems). si gno can be used by a signal handler registered for more than one signal
to tell which signal called it.
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Establishing a Signal Handler

To register asignal handler, usethe IDL_SignalRegister () function:

int |DL_Signal Regi ster(int signo, |IDL_Signal Handl er _t func,
int nsg_action)

where:
signo

The numeric value of the signal to register for, asdefined in si gnal . h.
func

The signal handler to be called when the signal specified by si gno israised.
msg_action

Oneof theIDL_MSG_* action codesfor IDL_Message(). If thereisan error in
registering the signal handler, this action code is passed to DL _M essage() to direct
itsrecovery action. Notethat it isincorrect to use any of the message codes that cause
IDL_Message() to longjmp() back to the IDL interpreter if your codeisrunningin a
context where the IDL interpreter is not active—specifically as part of using Callable
IDL.

If f unc issuccessfully registered for si gno, this routine returns TRUE. Otherwise,
FALSE isreturned and IDL_Message() is called with msg_act i on to control its
behavior. Note that there are values of msg_act i on that result in this routine not
returning on error. Multiple registration of the same function is allowed, but has no
additional effect—the handler will only be called once.
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Removing a Signal Handler

To remove asignal handler, usethe IDL_SignalUnregister () function:

export int |DL_Signal Unregister(int signo, |DL_Signal Handl er_t func,
int neg_action)

where:
signo

The signal to unregister.
func

The handler to be unregistered.
msg_action

Oneof theIDL_MSG_* action codesfor IDL_Message(). If thereisan error in
removing the signal handler, thisaction codeis passedto IDL_M essage() to direct its
recovery action.

Once IDL_SignalUnregister () has been called, func is unregistered and will no
longer be called if the signal israised. IDL_SignalUnregister () returns TRUE for
success, FALSE for failure. Requests to unregister a function that has not been
previously registered are ignored.
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UNIX Signal Masks

UNIX processes contain asignal mask that defines which signals can be delivered
and which are blocked from delivery at any given time. When a signal arrives, the
UNIX kernel checksthe signal mask: If the signal isin the process mask, it is
delivered, otherwise it is noted as undeliverable and nothing further is done until the
signal mask changes. Sets of signals are represented within IDL with the opague type
IDL_SignalSet_t. UNIX IDL provides severa functions that manipulate signal sets
to change the process mask and allow/disallow delivery of signals.

IDL_SignalSetinit()

IDL_SignalSetlnit() initializes asignal set to be empty, and optionally setsit to
contain one signal.

void IDL_Signal Setlnit(lDL_Signal Set_t *set, int signo)
where:
set
The signal set to be emptied/initialized.
signo

If non-zero, asignal to be added to the new set. Thisis provided as a convenience for
the large number of cases where a set contains only one signal. Use
IDL_SignalSetAdd() to add additional signalsto a set.

IDL_SignalSetAdd()

IDL_SignalSetAdd() adds the specified signal to the specified signal set:
void | DL_Si gnal Set Add(I DL_Si gnal Set _t *set, int signo)

where:
set

The signal set to be added to. The signal set must have been initialized by
IDL_Signal Setlnit().

signo
The signal to be added to the signal set.
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IDL_SignalSetDel()

IDL_SignalSetDel() deletes the specified signal from asignal set:
void I DL_Signal SetDel (I DL_Si gnal Set _t *set, int signo)

where:
set

The signal set to delete from. The signal set must have been initialized by
IDL_Signal Setlnit().

signo
The signal to be removed from the signal set.

IDL_SignalSetlsMember()

IDL_SignalSetl sM ember () tests asignal set for the presence of a specified signal,
returning TRUE if the signal is present and FAL SE otherwise:

int 1 DL_Signal SetlsMenber (1 DL_Signal Set _t *set, int signo)
where:

set

The signal set to test. The signal set must have been initialized by
IDL_Signal Setlnit().

signo
The signal to be removed from the signal set.

IDL_SignalMaskGet()

IDL_SignalMaskGet() setsasignal set to contain the signals from the current
process signal mask:

void | DL_Si gnal MaskGet (1 DL_Si ghal Set _t *set)
where:

set

The signal set in which the current process signal mask will be stored.
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IDL_SignalMaskSet()
IDL_SignalMask Set() sets the current process signal mask to contain the signals
specified in asignal mask:

voi d | DL_Si gnal MaskSet (I DL_Si gnal Set _t *set,
I DL_Signal Set _t *onask)

where:

set
The signal set from which the current process signal mask will be set.

omask

If omask isnon-NULL, the unmodified process signal mask isstored init. Thisis
useful for restoring the mask later using IDL_SignalM ask Set ().

There are some signals that cannot be blocked. Thislimitation is silently enforced by
the operating system.

IDL_SignalMaskBlock()

IDL_SignalM askBlock() adds signals to the current process signal mask:

voi d | DL_Si gnal MaskBl ock(I DL_Si gnal Set _t *set,
I DL_Signal Set _t *oset)

where:

set
The signal set containing the signals that will be added to the current process signal
mask.

oset

If oset isnon-NULL, the unmodified process signal mask isstored iniit. Thisisuseful
for restoring the mask later using IDL_SignalM ask Set().

There are some signals that cannot be blocked. Thislimitation is silently enforced by
the operating system.
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IDL_SignalBlock()

IDL_SignalBlock() doesthe same thing as IDL_SignalM askBlock () except it
accepts asingle signal number instead of requiring a mask to be built:

void | DL_Signal Bl ock(int signo, IDL_SignalSet_t *oset)
where:
signo

The signal to be blocked.

There are some signals that cannot be blocked. Thislimitation is silently enforced by
the operating system.

IDL_SignalSuspend|()

IDL_SignalSuspend() replaces the process signal mask with the onesin set and then
suspends the process until asignal is delivered. On return, the original process signal

masK is restored:
voi d | DL_Si gnal Suspend( | DL_Si ghal Set _t *set)

where:
set

The signal set containing the signals that will be added to the current process signal
mask.
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IDL and Input/Output Files

IDL provides extensive Input/Output facilities at the user level. Internally, it uses
native Input/Output facilities (UNIX system calls or Win32 system API) in addition
to the standard C library stream package (stdio). The choice of which facilitiesto use
are made based on the target platform and the requested features for thefile.

Most external code linked with IDL (CALL_EXTERNAL, system routines, etc.)
should not do Input/Output directly, for the following reasons:

e Part of the IDL philosophy is that Input/Output is handled by dedicated I/0O
facilities provided by IDL, and that computational code should accept data
from IDL variables and return results in the same way. This gives the user of
your code the freedom and flexibility to save their datain any of the many
forms supported by IDL’s core 1/O facilities, and frees you from writing
complex and error prone input/output code.

e Using IDL’s Input/Output facilities frees you from having to code around
platform specific differencesin I/O behavior.

*  Input/Output from languages other than C often require runtime library
support code to run at program startup before your code and successfully
perform 1/0O. For example, Fortran Input/Output may depend on a Fortran
runtime subsystem having been initialized. IDL, asa C program, does not
perform initialization of such libraries for other languages. If you know
enough about your Fortran system, you can often supply the missing
initialization call, but such workarounds are usually not well documented, and
are inherently platform specific.

For the reasons above, only minimal 1/0 abilities are available from IDL's internals,
and only for files that explicitly use the standard C stdio library. Therefore, if your
application must directly perform 1/O to afile managed by IDL, it is necessary to use
the standard C library streampackage (stdio) by specifyingthe IDL_F _STDIO flag to
IDL_FileOpen(). Most of the routines associated with the standard C library 1/0
package can be used in the normal manner. Note, however, that the C library routines
listed in the following table should not be used; use the IDL-specific functions
instead:
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C Library Function IDL Function
fclose() IDL_FileClose()
fdopen() IDL_FileOpen()
feof() IDL_FileEOF()
fflush() IDL_FileFlushUnit()
fopen() IDL_FileOpen()
freopen() IDL_FileOpen()

Table 18-1: Disallowed C Library Routines and Their IDL Counterparts

Note

In order to access afile opened using IDL_FileOpen() in this manner, you must
ensurethat it is stdio compatible by specifying IDL_F _STDIO as part of the
extra flags argument to IDL_FileOpen(). Failure to do thiswill cause your code to

fail to execute as expected.
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File Information

IDL maintains afile table in which it keeps a file descriptor for each file opened with
IDL_FileOpen(). Thistable isindexed by the file Logical Unit Number, or LUN.
These are the same LUNS IDL users use.

The IDL_FileStat() function is used to get information about afile.
IDL_FileStat()

void IDL_FileStat(int unit, |IDL_FILE STAT *stat_bl k)
unit

Thelogica unit number (LUN) of the file unit to be checked. This function should
only be called on file units that are known to be open.

stat_blk

A pointer toan IDL_FILE STAT struct to befilled in with information about thefile.
The information returned is valid only as long as the file remains open. You must not
accessthefieldsof an IDL_FILE_STAT oncethefileit refersto has been closed.
This struct has the definition:

typedef struct {
char *nane;
short access;
I DL_SFI LE_FLAGS T fl ags;
FILE *fptr;
} I DL_FI LE_STAT;

The fields of this struct are listed below:

name

A pointer to a null-terminated string containing the name the file was opened with.
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access

A bit mask describing the access allowed to the file. The allowed bit values are listed
in the following table:

Bit Value Description
IDL_OPEN_R Thefileis open for input.
IDL_OPEN_W Thefileis open for output.

IDL_OPEN_TRUNC | Thefile was truncated when it was opened. Thisimplies
that IDL_OPEN_W isalso set.

IDL_OPEN_APND The file was opened with the file pointer set just past the
last byte of datain thefile (thefile is open for appending).

Table 18-2: Bit values for the access field
flags

A bit mask that gives specia information about the file. The defined bitsarelisted in
the following table:

Bit Value Description
IDL_F ISATTY Thefileisaterminal.
IDL_F ISAGUI ThefileisaGraphical User Interface.
IDL_F_NOCLOSE The CLOSE command will refuseto closethe
file.
IDL_F MORE If thefileisaterminal, output is sent through a

pager similar to the UNIX nor e command.
Details on this pager are not included in this
document, and it is therefore not available for

general use.

IDL_F XDR Thefileis read/written using XDR (eXternal
Data Representation).

IDL_F DEL_ON_CLOSE Thefile will be deleted when it is closed.

Table 18-3: Bit values for the flags field
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Bit Value

Description

IDL_F SR

Thefileis a SAVE/RESTORE file.

IDL_F_SWAP_ENDIAN

The file has opposite byte order than that of
the current system.

IDL_F VAX_FLOAT

Binary float and double arein VAX F and D
format.

IDL_F_COMPRESS

Thefileisin compressed gzip format. If
IDL_F SRisset (thefileisa
SAVE/RESTORE file), the file contains zlib
compressed data.

IDL_F_UNIX_F77

Thefileis read/written in the format used by
the UNIX Fortran (f77) compiler for
unformatted binary data.

IDL_F_UNIX_PIPE

Thefileis abi-directional data path
connecting IDL to a child process created by
the SPAWN procedure.

IDL_F_UNIX_RAWIO

(formerly called
IDL_F_UNIX_NOSTDIO)

No application level buffering will be
performed for the file and all data transfers
will go directly to the operating system for
processing (e.g. read() and write() system
callsunder UNIX, Win32 API for MS
Windows). Note that setting this bit does not
guarantee that data will be written to thefile
immediately, because the operating system
may buffer the data. This bit value was
formerly called IDL_F _UNIX_NOSTDIO.
IDL_F _UNIX_RAWIO isthe preferred form,
but both names are supported.

IDL_F_UNIX_SPECIAL

ThefileisaUNIX device special file, most
likely a pipe. This differsfrom

IDL_F _UNIX_PIPE because it applies to any
file, not only those opened with the SPAWN
procedure.

Table 18-3: (Continued) Bit values for the flags field (Continued)
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Bit Value

Description

IDL_F_STDIO

Use the C standard 1/0 library (stdio) to
perform 1/O on thisfile instead of any other
native OS API that might be otherwise used.
People intending to access IDL filesviatheir
own code should specify thisflag if they
intend to access the file from their external
code as a stdio stream.

IDL_F_SOCKET

Fileisan internet TCP/IP socket.

Table 18-3: (Continued) Bit values for the flags field (Continued)

fptr

The stdio stream file pointer to the file. Thisfield can be used with standard library
functions to perform 1/O. Thisfield is always valid, although you shouldn’t use it if
thefileisan XDR file. You can check for this by looking for the IDL_F_XDR bit in

the flagsfield.

If thefileis not opened with the IDL_F_STDIO flag, fptr may be returned as an
unusable NULL pointer, reflecting the fact that IDL is not using stdio to perform 1/0
onthefile. If accessto avalid fptr isimportant to your application, you should be
sureto specify IDL_F_STDI O to the extra_flags argument to IDL_FileOpen, or
use the STDIO keyword to OPEN if opening the file from the IDL user level.

In addition to the requirement to set the IDL_F_STDI O flag, you should be aware
that IDL buffers1/O at alayer above the stdio package. If your code does 1/0 directly
to afilethat is also being written to from the IDL user level, the IDL buffer may
cause data to be written to the file in a different order than you expect. There are
several approaches you can take to prevent this:

e Tel IDL not to buffer, by opening the file from the IDL user level and
specifying avalue of -1 to the BUFSIZE keyword.

« Disable stdio buffering by calling the stdio setbuf() function.

« Ensurethat you flush IDL’s buffer before you do any Input/Output, as
discussed in “Flushing Buffered Data’ on page 382.
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Opening Files
Files are opened using the IDL_FileOpen() function.

IDL_FileOpen()

int IDL_FileQpen(int argc, |IDL_VPTR *argv, char *argk,
int access_node, |IDL_SFILE FLAGS T extra_fl ags,
int longjnmp_safe, int nsg_attr)

IDL_FileOpen() returns TRUE if the file has been successfully opened and FALSE
otherwise.

Note
If longjmp_safeis TRUE, the usual courseisto jump back to the IDL interpreter, in
which case the routine won't return.

argc
The number of argumentsin argv. This value should always be 2.
argv

The argumentsto IDL_File Open(). argv[0] should be a scalar integer value giving
the file unit number (LUN) to be opened. argv[1] isascalar string giving thefile
name.

argk
Keywords. Set this argument to NULL.
access_mode

A bit mask that specifies the access to be allowed to the file being opened. The
allowed bit values are listed in the following table:

Bit Value Description
IDL_OPEN_R Thefileis open for input.
IDL_OPEN_W Thefileis open for output.

Table 18-4: Bit Values for the access_mode Argument
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Bit Value Description

IDL_OPEN_TRUNC | Thefile was truncated when it was opened. Thisimplies
that IDL_OPEN_W isalso set.

IDL_OPEN_APND The file was opened with the file pointer set just past the
last byte of datain thefile (thefile is open for appending).

Table 18-4: Bit Values for the access_mode Argument (Continued)

It isimportant that conflicting bits not be set together (for example, do not specify
IDL_OPEN_TRUNC | IDL_OPEN_APND). Also, one or both of
IDL_OPEN_READ and IDL_OPEN_WRITE must always be specified.

extra_flags

Used to specify additional file attributes using the flags defined in the description of
the flags field of the IDL_FILE_STAT struct (see “File Information” on page 368).
Note that some flags are set by IDL based on the actual attributes of the opened file
(e.g. IDL_F_ISTTY) and that it makes no sense to set such flagsin this mask.

If you intend to use the opened file as a C standard /O (stdio) stream file, you must
specify theIDL_F_STDIO flagwhen calling IDL_FileOpen(). Otherwise, IDL may
choose not to use stdio.

longjmp_safe

If set to TRUE, IDL_FileOpen() isbeing called in a context where an
IDL_MSG _LONGJIMP IDL_Message action code is okay. If set to FALSE, the
routinewon’t| ongj np() .

IDL_FileOpen() returns TRUE if the file has been successfully opened and FALSE
otherwise. Of course, if longjmp_safe is TRUE, the usual courseisto jump back to
the IDL interpreter, in which case the routine won't return.

msg_attr

A zero (0), or any combination of the IDL_MSG_ATTR _ flags, used to fine tune the
error handling specified by thel ongj np_saf e argument. Note that you must not
specify any of thebase IDL_MSG_ codes, but only the attributes. The base code (e.g.
IDL_MSG_LONGJIMP) is determined by the value of | ongj np_saf e. For a
discussion of the IDL_MSG_ATTR _flags, see “Issuing Error Messages’ on

page 338.
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Special File Units

There are three files that are always open. The three units are;
e |DL_STDIN_UNIT — Unit O (zero) isthe standard input for the IDL process.
e |IDL_STDOUT_UNIT — Unit -1 is the standard output.
e |IDL_STDERR_UNIT — Unit -2 isthe standard error.

Note
The constant IDL_NON_UNIT aways has avalue that is not avalid file unit.
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Closing Files

Files are closed using the IDL_FileClose() function.
IDL_FileClose()

void IDL_Fil eC ose(int argc, |IDL_VPTR *argv, char *argk)
argc
The number of argumentsin argv.
argv

The arguments to the close function. These should be scalar integer values giving the
Logical Unit Numbers of the file units to close.

argk
Keywords. Set this argument to NULL.
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Preventing File Closing

Usethe IDL_FileSetClose() function to prevent files from closing. It does this by
setting or clearing the IDL_F _NOCLOSE hit in the flags field of the internal file
descriptor maintained by IDL for the file (see “File Information” on page 368). This
feature is used primarily in graphics driversfor printers. For example, the PostScript
driver uses this feature to prevent the user from closing the plot data file prematurely.

When IDL exits, it only closes open files that do not have the IDL_F_NOCLOSE bit
set. Fileswith close inhibited are simply |eft alone. Often, you will want to declare an
exit handler which takes care of closing such files.

IDL_FileSetClose()

void IDL_FileSetC ose(int unit, int allow)
unit

The Logical Unit Number (LUN) of the filein question. The file must be open for
this function to have effect.

allow

Set thisfield to TRUE if users are allowed to close thefile. Set to FALSE if users
should be prevented from closing thefile.

Preventing File Closing External Development Guide



Chapter 18: IDL Internals: Files and Input/Output 377

Checking File Status

System routines that deal with files must verify that the files have the proper
attributes for the intended operation. Use the function IDL_FileEnsureStatus() for
this.

IDL_FileEnsureStatus()

int IDL_FileEnsureStatus(int action, int unit, int flags)
action

If the file unit does not satisfy the requirements of the flags argument,
IDL_FileEnsureStatus() will issue an error using the IDL_Message() function (see
“lssuing Error Messages’ on page 338). This action is the action argument to
IDL_Message() and should be IDL_MSG_RET, IDL_MSG_LONGJIMP, or
IDL_MSG_IO_LONGIMP.

unit
The Logical Unit Number of the file to be checked.
flags

IDL_FileEnsureStatus() always checks to make sure unitisavalid logical fileunit. In
addition, flagsis a bit mask specifying the file attributes that should be checked. The
possible bit values are listed in the following table:

Bit Value Description

IDL_EFS USER Thefile must be a user unit. This meansthat thefile
is not one of the three special files, stdin, stdout, or
stderr.

IDL_EFS IDL_OPEN The file unit must be open.

IDL_EFS CLOSED The file unit must be closed.

IDL_EFS READ The file unit must be open for input.

IDL_EFS WRITE The file unit must be open for output.

IDL_EFS NOTTY The file unit cannot be atty.

Table 18-5: Bit Values for the flags Argument
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Bit Value Description
IDL_EFS NOGUI The file unit cannot be a Graphical User Interface.
IDL_EFS NOPIPE The file unit cannot be a pipe.
IDL_EFS NOXDR The file unit cannot be a XDR file.
IDL_EFS ASSOC The file unit can be ASSOC’ ed. Thisimplies

IDL_EFS_USER, IDL_EFS_OPEN,
IDL_EFS _NOTTY, IDL_EFS NOPIPE,
IDL_EFS NOXDR, IDL_EFS NOCOMPRESS,
and IDL_EFS NOSOCKET.

IDL_EFS NOT_RAWIO The file was not opened with the

(formerly called IDL_F _UNIX_RAWIO attribute. This bit was
IDL_EFS NOT_NOSTDIO | formerly called IDL_F_NOTSTDIO.
) IDL_EFS NOT_RAWIO isthe preferred form, but

both names are accepted.

IDL_EFS NOCOMPRESS | Thefile unit cannot have been opened for
compressed input/output (IDL_F _COMPRESS).

IDL_EFS STDIO The file must be using the C stdio package
(IDL_F_STDIO).

IDL_EFS NOSOCKET The file unit cannot be asocket (IDL_F_SOCKET).

Table 18-5: (Continued) Bit Values for the flags Argument (Continued)

Note
Some of these values are contradictory. The caller must select a consistent set.

If thefile unit meetsthe desired conditions, IDL_FileEnsureStatus() returns TRUE. If
it does not meet the conditions, and action was IDL_MSG_RET, then it returns
FALSE.
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Allocating and Freeing File Units

System routines must allocate and deallocate file unitsin order to avoid conflicts.
When writing IDL procedures, the GET_LUN and FREE_LUN procedures are used.
When writing system-level routines, you can access the same routines by calling
IDL_FileGetUnit() and IDL_FileFreeUnit().

Use IDL_FileGetUnit() to allocate file units:

IDL_FileGetUnit()
void IDL_FileGetUnit(int argc, |DL_VPTR *argv)
argc
argc should always be 1.
argv

argv[Q] containsan IDL_VPTR tothe IDL_VARIABLE that will befilled in with the
resulting unit number.

Use IDL_FileFreeUnit() to free file units:
IDL_FileFreeUnit()

void IDL_FileFreeUnit(int argc, |IDL_VPTR *argv)
argc
ar gc gives the number of elementsin argv.
argv
argv should contain scalar integer values giving the Logica Unit Numbers of thefile
units to be returned.

Read the description of GET_LUN and FREE _LUN in the IDL Reference Guide for
additional details about these functions. The following code fragment demonstrates
how these functions might be used to open and close afile named j unk. dat :

I DL_VPTR argv[ 2];

| DL_VARI ABLE uni t;

| DL_VARI ABLE narre;
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/* Allocate a file unit. */
argv[0] = &unit;

unit.type = I DL_TYP_LONG
unit.flags = 0;
IDL_FileGetUnit(1l, argv);

/* Set up the file name */

name. type = | DL_TYP_STRI NG

nane. fl ags = | DL_V_CONST;

nane. val ue.str.s = "junk.dat";

nane. val ue. str.slen = sizeof ("junk.dat") - 1;
name. val ue. str.stype = 0;

argv[1l] = &nane;

| DL_Fil eCpen(2, argv, (char *) 0, IDL_OPEN R 0, 1);

/* Performany required actions. */

/* Free the file unit. This will also close the file. */
IDL_Fil eFreeUnit (1, argv);
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Detecting End of File
IDL_FileEOF()

The IDL_FileEOF() function returns TRUE if the file specified by the Logical Unit
Number unit is at EOF, and FAL SE otherwise:

int IDL_FileEOF(int unit)
unit

The Logical Unit Number (LUN) of thefile in question.
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Flushing Buffered Data

IDL_FileFlushUnit()

File data might be buffered in system memory in order to boost input/output
performance. The IDL_FileFlushUnit() function forces any buffered datafor thefile
specified by the Logical Unit Number unit to be written out:

int IDL_FileFlushUnit(int unit)
unit

The Logical Unit Number (LUN) of the filein question.
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Reading a Single Character

IDL_GetKbrd()

The IDL_GetKbrd() function returns the character code of the next available
character from IDL_STDIN_UNIT:

int 1DL_GetKbrd(int should wait)
should_wait

Set this argument to TRUE if IDL_GetKbrd() should wait for akey to be struck,
FAL SE otherwise.

If should_wait is FALSE and no input characters are waiting in the input stream,
IDL_GetKbrd() returns NULL. Otherwise, it waits until akey is struck (if necessary)
and then returnsits ASCII value. Thisfunction will generate an error and return to the
interpreter if IDL_STDIN_UNIT isnot aterminal.
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Output of IDL Variables
IDL_Print() and IDL_PrintF()

TheIDL_Print() and IDL_PrintF() functions output the value of IDL_VARIABLES.
IDL_Print() smply outputsto IDL_STDOUT_UNIT, while IDL_PrintF() outputsto

a specified unit:

void IDL_Print(int argc, IDL_VPTR *argv, char *argk)
void IDL_PrintF(int argc, IDL_VPTR *argv, char *argk)

argc
The number of argumentsto argv.
argv
IDL_VPTRsof the IDL_VARIABLESto be output.
argk

Keywords. Set thisargument to NULL ((char *) 0).

These functions are the implementation of the built-in IDL system procedures PRINT
and PRINTF. See “PRINT/PRINTF” in the IDL Reference Guide manual for
information on the available arguments and the order in which you must specify
them.
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Adding to the Journal File
IDL_Logit()

The IDL_Logit() function can be used to add lines of output to the journa log file:
void IDL_Logit(char *s)

A pointer to aNULL terminated string to be added to the journal log file.

If ajournal log fileis currently open, thisfunction writesthe specified stringtoit ona
new line. If no journal fileisopen, IDL_L ogit() returns quietly. The only way to open
or closethejournad fileis viathe user-system-level JOURNAL procedure.
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IDL and Timers

The details of how timers work varies widely between operating systems and
between variants of the same operating system (different “flavors’ of UNIX, for
example). IDL’s timer module is intended to provide a stable interface to the rest of
IDL, and to isolate the non-portable code in one place.

Under UNIX, IDL’stimer module performs a more important function. UNIX
processes contain asingle timer that must be shared by the code in the process. When
the timer fires, it raises the SIGALRM signal which must be caught and handled by
the process. The IDL timer routines transparently multiplex this single timer to
provide multiple virtual timers.

Under UNIX, IDL provides both blocking and non-blocking timers. Blocking timers
put the calling process to sleep until they go off. Non-blocking timers are delivered
asynchronously when they fire.

Under Microsoft Windows, only the blocking form of timer requests are supported.
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Making Timer Requests

The DL _Timer Set() function registers atimer request. IDL timer requests are one-
shot timers. If you wish to have atimer go off repeatedly, your callback function must
make a new request each time it is called to set up the next timer.

void IDL_TinerSet(length, callback, fromcall back, context)

where:

length

The length of time to delay before issuing the alarm, in microseconds. You
should be aware that other activity on the system, overhead incurred in
managing the timers, and non-realtime attributes of the operating system can
cause the actual duration of the timer to be longer than requested.

callback

Under UNIX, if callback isnon-NULL, the timer request is queued and
IDL_Timer Set() returnsimmediately. When the alarm is due, the function
pointed at by callback is called. If callback isNULL (and not

from_callback), the request is queued and | DL _Timer Set() blocks until the
requested time expires.

Warning
When called, the callback function will be running in signal scope, meaning that it
has been called from a signal handler running asynchronously from the rest of the
program. There are significant restrictions on what code running in signal scopeis
allowed to do. Most common C library functions (such as printf()) are disallowed.
Consult abook on UNIX programming or your system documentation for details.

Under Windows, callback should always be NULL. IDL_Timer Set() does not
support non-blocking timers on these platforms.

from_callback

Set this argument to TRUE if thisinvocation is from a callback function
previously set up viaacall to IDL_Timer Set(). Set thisargument to FALSE if
thisisthefirst invocation. In other words, this argument should only be TRUE
if youcal IDL_Timer Set() from within atimer callback.
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context

Thisargument isapointer to avariable of type IDL_TIMER_CONTEXT, an
opaque IDL datatype that uniquely identifies atimer request. If thisisatop
level request (if from_callback is FALSE), the context pointed at will be
assigned a unique value that identifies the request.

If this request is coming from within atimer callback in order to make another
reguest on the same timer, the context pointed at should contain the value from
the previous request.

If context isNULL, no context value is returned.

Note
It isan error to queue more than one request using the same callback. The results
are undefined.

For the timer modul e to perform adequately, the time request must be large compared
to the run-time of the called function. Re-queuing an extremely short request
repeatedly will cause any other requests to starve.
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Canceling Asynchronous Timer Requests

Under UNIX, IDL_Timer Cancel() can be used to cancel atimer request that has not
yet been delivered:

voi d | DL_Ti ner Cancel (cont ext)

where:
context

A timer request context returned by a previous call to IDL_Timer Set().
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Blocking UNIX Timers

Under UNIX operating systems, the delivery of signals such as SIGALRM (used to
manage timers) can cause system callsto be interrupted. In such cases, the system
call returnsastatus of -1 and the global errnovariableis set tothevalue EINTR. Itis
the caller’s responsibility to check for this result and restart the system call when it
OCCUrs.

It is easy enough to handle this case when you make system calls directly, but
sometimes the problem surfacesin libraries (even those provided by the system, such
asl i bc) that are not properly coded against this possibility because the author
assumed that no interrupts would occur. There is very little that the end user can do
about such libraries except take steps that prevent signals from being raised during
these critical sections.

If the IDL timer module is being used to deliver asynchronous events, it isinevitable
that the delivery of SIGALRM will interfere with this sort of library code. The
IDL_TimerBlock() function is available under UNIX to suspend the delivery of the
timer signal. This can be used to provide awindow in which no timer will fire. This
routine should always be called in pairs, so the timer doesn’t get turned off
permanently. It isimportant to be sureal ongj nmp() (such as caused by calling
IDL_Message() withthe IDL_M SG_LONGJIM P action code) doesn’'t happen in
the critical region. In addition, this function is not re-entrant.

The effect of blocking timer delivery isthat the UNIX SIGALRM signal is masked
to prevent delivery. If the timer fires during this window of time, the signal will not
be delivered until timers are unblocked. At that time, the timer modul e resumes
managing the single real UNIX timer. In the meantime, timer requests are arbitrarily
delayed from being queued and processed. Clearly, excessive blocking of the timer
can lead to poor timer performance and should only be performed when necessary
and on the smallest possible critical section of code. Of course, the act of blocking
and unblocking signals requires a context switch into the UNIX kernel and back,
making them relatively computationally expensive operations. It istherefore better to
block alonger section of code rather than block and unblock around every critical
library call.

It has been our experience that some UNIX platforms have more problem with this
issue than others. You should let experience guide you in deciding when to block
signals and when to let them go. Input/Output to device special files under HP-UX
and SGI IRIX are known to be especialy vulnerable.

voi d | DL_Ti mer Bl ock( st op)

where;
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stop

TRUE if the timer should be suspended, FALSE to restart it.
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Dynamic Memory

IDL provides access to the dynamic memory allocation routines it uses internally.
Use these routines rather than system-provided routines such as malloc()/free() when
possible.

Warning
The memory pointers returned by the IDL memory allocation routines discussed in
this chapter do not necessarily correspond directly to malloc()/free() cals, or to any
other system memory allocation package. You must be careful not to mix memory
allocation packages. Memory alocated viaagiven API can only be freed by the
corresponding free call provided by that API. For example, memory allocated by an
IDL memory allocation routine can only be freed by the IDL IDL_MemFree()
function. Memory allocated by malloc() can only be freed by free().

Failureto follow this rule can lead to memory corruption, including possible
crashing of the IDL program.

Please note that code called via CALL_EXTERNAL, or as a system routine
(LINKIMAGE, Dynamically L oadable Modules) should not use the IDL dynamic
memory routines. Instead, use IDL_GetScratch() (see “ Getting Dynamic Memory”
on page 288) which prevents memory from being lost under error conditions.

Warning
Our experience showsthat in situations where IDL_GetScratch() is appropriate,
use of any other memory allocation mechanism should raise awarning flag to the
programmer that something iswrong in their code. Rarely if ever isadirect cal to
malloc()/free() reasonable in such a situation — even if it appears to work
correctly, you will have to work harder to provide the error handling functionality
that IDL_GetScratch() provides automatically, or your code will leak memory in
such situations.

IDL_MemAlloc()

IDL_MemAlloc() is used to allocate dynamic memory.
void *I DL_MenAl |l oc(I DL_MEM NT n, char *err_str, int action)

where:
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n

The number of bytesto allocate.

err_str

NULL, or anull terminated text string describing the memory being allocated.
action

An action parameter to be passed to IDL_Message() if IDL_MemAlloc() is unable
to allocate the desired memory and err_str isnon-NULL.

IDL_MemAlloc() attempts to allocate the desired amount of memory. If the
requested amount is allocated, a pointer to the memory is returned. The memory is
aligned strictly enough to be suitable for any object.

If the attempt to allocate memory failsand err_str isnon-NULL, IDL_Message() is
caled as.

| DL_Message(! DL_M CNTGETMEM action, err_str)

If IDL_M