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Preface

Ch is an embeddable C/C++ interpreter. Ch supports all features in the ISO 1990 C standard, most new
features in the latest ISO C99 standard including complex numbers and variable length arrays, classes in
POSIX, C++, Win32, X/Motif, OpenGL, GTK+, ODBC, WinSock, very high-level shell programming,
cross-platform internet computing in safe Ch, computational arrays for linear algebra and matrix computa-
tions, high-level 2D/3D plotting and numerical computing such as differential equation solving, integration,
Fourier analysis. Ch can also be used as a login Unix command shell and for high-level scripting such
as shell programming to automate tasks and common gateway interface in a Web server in both Unix and
Windows.

Ch Software Development Kit (SDK) can be used to develop dynamically loaded libraries for C/C++
scripts (Ch scripts) to interface C/C++ binary libraries. It allows Ch scripts to access global variables or
call functions in the compiled C/C++ libraries such as static library, shared library or Dynamically Linked
Library (DLL). Ch scripts can callback Ch functions from C/C++ libraries functions. There is no distinction
between the interpreted and compiled code. As illustrated in Figure 1, functionfunc() in a binary C
library can be called from a Ch script using a wrapper functoin in function filefunc.chf in the Ch space
through a dynamically loaded library with functionfunc chdl() in the C space developed using Ch SDK.

Figure 1: Using SDK to build the interface between C/C++ scripts and C/C++ libraries.
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Details of interface Ch scripts with C/C++ libraries are described in this Ch SDK User’s Guide. Features
not explained in this document follow the interpretation ofISO and de facto standards such as ISO C and
POSIX standards.

Typographical Conventions

The following list defines and illustrates typographical conventions used as visual cues for specific elements
of the text throughout this document.

• Interface componentsare window titles, button and icon names, menu names and selections, and
other options that appear on the monitor screen or display. They are presented in boldface. A sequence
of pointing and clicking with the mouse is presented by a sequence of boldface words.

Example: ClickOK

Example: The sequenceStart-> Programs-> Ch6.1-> Ch indicates that you first selectStart. Then
select submenuPrograms by pointing the mouse onPrograms, followed byCh6.1. Finally, select
Ch.

• Keycaps, the labeling that appears on the keys of a keyboard, are enclosed in angle brackets. The label
of a keycap is presented in typewriter-like typeface.

Example: Press<Enter>

• Key combination is a series of keys to be pressed simultaneously (unless otherwise indicated) to
perform a single function. The label of the keycaps is presented in typewriter-like typeface.

Example: Press<Ctrl><Alt><Enter>

• Commands presented in lowercase boldface are for reference only and are not intended to be typed
at that particular point in the discussion.

Example: “Use theinstall command to install...”

In contrast, commands presented in the typewriter-like typeface are intended to be typed as part of an
instruction.

Example: “Typeinstall to install the software in the current directory.”

• Command Syntax linesconsist of a command and all its possible parameters. Commands are dis-
played in lowercase bold; variable parameters (those for which you substitute a value) are displayed
in lowercase italics; constant parameters are displayed inlowercase bold. The brackets indicate items
that are optional.

Example:ls [-aAbcCdfFgilLmnopqrRstux1 ] [file ...]

• Command lines consist of a command and may include one or more of the command’s possible
parameters. Command lines are presented in the typewriter-like typeface.

Example:ls /home/username

• Screen text is a text that appears on the screen of your display or external monitor. It can be a system
message, for example, or it can be a text that you are instructed to type as part of a command (referred
to as a command line). Screen text is presented in the typewriter-like typeface.

Example: The following message appears on your screen

usage: rm [-fiRr] file ...
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ls [-aAbcCdfFgilLmnopqrRstux1] [file ... ]

• Function prototype consists of return type, function name, and arguments with data type and param-
eters. Keywords of the Ch language, typedefed names, and function names are presented in boldface.
Parameters of the function arguments are presented in italic. The brackets indicate items that are
optional.

Example:double derivative(double (* func)(double), doublex, ... [double *err, doubleh]);

• Source codeof programs is presented in the typewriter-like typeface.

Example: The programhello.chwith code

int main() {
printf("Hello, world!\n");

}

will produce the outputHello, world! on the screen.

• Variables are symbols for which you substitute a value. They are presented in italics.

Example: modulen (wheren represents the memory module number)

• System Variables and System Filenamesare presented in boldface.

Example: startup file/home/username/.chrcor .chrc in directory /home/username in Unix and
C:\ > chrc or chrc in directory C:\ > in Windows.

• Identifiers declared in a program are presented in typewriter-like typeface when they are used inside
a text.

Example: variablevar is declared in the program.

• Directories are presented in typewriter-like typeface when they are used inside a text.

Example: Ch is installed in the directory/usr/local/ch in Unix andC:/Ch in Windows.

• Environment Variablesare the system level variables. They are presented in boldface.

Example: Environment variablePATH contains the directory /usr/ch.

Other Relevant Documentations

The core Ch documentation set consists of the following titles. These documentation come with the CD and
are installed in CHHOME/docs, where CHHOME is the Ch home directory.

• The Ch Language Environment — Installation and System Administration Guide, version 6.1, SoftIn-
tegration, Inc., 2008.

This document covers system installation and configuration, as well as setup of Ch for Web servers.

• The Ch Language Environment, — User’s Guide, version 6.1, SoftIntegration, Inc., 2008.

This document presents language features of Ch for various applications.
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• The Ch Language Environment, — Reference Guide, version 6.1, SoftIntegration, Inc., 2008.

This document gives detailed references of functions, classes and commands along with sample source
code.

• The Ch Language Environment, — SDK User’s Guide, version 6.1, SoftIntegration, Inc., 2008.

This document presents Software Development Kit for interfacing with C/C++ functions in static or
dynamical libraries.

• The Ch Language Environment CGI Toolkit User’s Guide, version 3.5, SoftIntegration, Inc., 2003.

This document describes Common Gateway Interface in CGI classes with detailed references for each
member function of the classes.
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Chapter 1

Portable Compilation and Linking of C/C++
Programs in Different Platforms

Note: The source code and templates for all examples described in this document are available in
CHHOME/toolkit/demos/SDK. CHHOME is the directory where C h is installed. It is recommended
that you try these examples while reading this document.

There are many different ways to compile a C/C++ program. Different platforms and compilers have
different options and settings for compiling a C/C++ program. To interface Ch script with C/C++ libraries,
a simple and consistent way for compiling a library across different platforms is introduced in this chapter.
The compiling method in this chapter will be applied in the following chapters to compile libraries for Ch
script to interface with binary modules.

1.1 How to Setup Ch for Compilation

Ch scripts are used to automate the task of compilation. Thus, you need to have Ch Standard Edition or Ch
Professional Edition installed first.

1.1.1 Tested C/C++ Compilers

The tested C/C++ compilers for Ch SDK are Microsoft Visual C++ (.NET 2003) in Windows, Borland
C/C++ compiler v5.5 and Borland CBuilder v6.0 for Windows, MingW C/C++ compiler through gcc v3.4.4
for Windows.gccandg++ (Version 2.91 or above) in Linux,ccandc++ (Version 3.3 or above) from Apple
Computer in Mac OS X,cc andCC (Version 5.0 or above) from Sun Microsystem in Solaris,cc andCC
from Hewlett-Packard (Version A.10.32.03 or above) in HP-UX, cc andc++ for FreeBSD 5.1, andcc (qcc)
andCC (QCC) from QNX Software Systems for QNX 6.2.1,

To compile the sample C/C++ programs discussed in the following sections, the search paths have to be
set up properly first.

1.1.2 Setting Up Ch in Unix and Linux

The default path for the C and C++ compilers in Unix systems is/bin . You can check and see if it
has already been set in Ch shell by typing the command eitherecho $PATH or path . However, if the
compilers are located in other directories or there is no default path settings, you must add the paths with
the commands for the C and C++ compilers to the system variable path either in the system startup file

1
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CHHOME/config/chrc or user’s startup filẽ/.chrc , where CHHOME is the directory Ch in which is
installed. Thus, whenever Ch is started, the path will be included. The user can start a Ch shell with option
-d as follows

ch -d

to copy a sample startup file from directory CHHOME/config/ tothe user’s home directory if there is no
startup file in the home directory yet. Please referCh User’s Guidefor more information aboutpath and
chrc .

Below is an example to set PATH for Sun CC compiler by adding directory/opt/SUNWspro/bin"
for path :

_path = stradd(_path, "/opt/SUNWspro/bin;");

The advantage of using Ch SDK for building interface with C/C++ binary is that no change is needed
for your current building of C/C++ libraries. It mimimizes the changes for your existing code. Once you
have created the library either in Windows IDE or Unix, you can use solutions below to create the interface
automatically.

1.1.3 Setting Up Ch in Windows

The user can run the following command in a command shell

ch -d

to copy a sample startup file_chrc from the directory CHHOME/config/ to the user’s home directory if
there is no startup file in the home directory yet. The startupfile ˜/_chrc in the user’s home directory can
be configured to setup the Visual .NET, Visual (VC++), or Borland C++ compiler in Windows for automatic
compilation in a Ch shell.

1.1.3.1 Using Microsoft Visual .NET and Visual C++

If a VC++ in .NET 2005 is installed at
C:/Program Files/Microsoft Visual Studio 8 , the code below needs to be added to the
startup file_chrc in the user’s home directory.

_path = stradd(_path, "C:/Program Files/Microsoft Visual Studio 8/VC/bin;");
_path = stradd(_path, "C:/Program Files/Microsoft Visual Studio 8/COMMON7/IDE;");
putenv(stradd("LIB=C:/Program Files/Microsoft Visual S tudio 8/VC/lib;",

"C:/Program Files/Microsoft Visual Studio 8/VC/Platform SDK/lib;",
"C:/Program Files/Microsoft Visual Studio 8/SDK/v2.0/li b;", getenv("LIB")));

putenv(stradd("INCLUDE=C:/Program Files/Microsoft Vis ual Studio 8/VC/include;",
"C:/Program Files/Microsoft Visual Studio 8/VC/Platform SDK/Include;",
"C:/Program Files/Microsoft Visual Studio 8/VC/atlmfc/i nclude;.;",
getenv("INCLUDE")));

If a VC++ in .NET 2003 is installed at
C:/Program Files/Microsoft Visual Studio .NET 2003 , the code below needs to be added
to the startup file_chrc in the user’s home directory.

_path = stradd(_path, "C:/Program Files/Microsoft Visual Studio .NET 2003/VC7/bin;");
_path = stradd(_path, "C:/Program Files/Microsoft Visual Studio .NET 2003/COMMON7/IDE;");
putenv(stradd("LIB=C:/Program Files/Microsoft Visual S tudio .NET 2003/VC7/lib;",

"C:/Program Files/Microsoft Visual Studio .NET 2003/VC7/ PlatformSDK/lib;",
getenv("LIB")));

putenv(stradd("INCLUDE=C:/Program Files/Microsoft Vis ual Studio .NET 2003/VC7/include;",
"C:/Program Files/Microsoft Visual Studio .NET 2003/VC7/ PlatformSDK/Include",
".;", getenv("INCLUDE")));

2
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If a VC++ in .NET is installed at
C:/Program Files/Microsoft Visual Studio .NET , the code below needs to be added to
the startup file_chrc in the user’s home directory.

_path = stradd(_path, "C:/Program Files/Microsoft Visual Studio .NET/VC7/bin;");
_path = stradd(_path, "C:/Program Files/Microsoft Visual Studio .NET/COMMON7/IDE;");
putenv(stradd("LIB=C:/Program Files/Microsoft Visual S tudio .NET/VC7/lib;",

"C:/Program Files/Microsoft Visual Studio .NET/VC7/Plat formSDK/lib;",
getenv("LIB")));

putenv(stradd("INCLUDE=C:/Program Files/Microsoft Vis ual Studio .NET/VC7/include;",
"C:/Program Files/Microsoft Visual Studio .NET/VC7/Plat formSDK/Include",
"C:/Program Files/Microsoft Visual Studio .NET 2003/VC7/ atlmfc/include;",
".;", getenv("INCLUDE")));

For VC++ 6.0 installed atC:/Program Files/Microsoft Visual Studio/ , the code below
needs to be added to the startup file˜/_chrc in the user’s home directory.

string_t tmp_;
_path = stradd(_path, "C:/Program Files/Microsoft Visual Studio/VC98/Bin;",

"C:/Program Files/Microsoft Visual Studio/Common/MSDev 98/Bin;");
putenv(stradd("LIB=", "C:/Program Files/Microsoft Visu al Studio//VC98/Lib;",

"C:/Program Files/Microsoft Visual Studio/VC98/MFC/Lib ;", getenv("LIB")));
putenv(stradd("INCLUDE=",

"C:/Program Files/Microsoft Visual Studio/VC98/include ;",
"C:/Program Files/Microsoft Visual Studio/VC98/MFC/inc lude;",
".;", getenv("INCLUDE")));

The code above defines the search paths for all the programs that will be run in the VC++ environment.
Ch will look through path to find thecl.exe command that is used to compile programs. TheLIB path
will be searched for libraries. Similarly, theINCLUDEpaths will be searched for the header files.

1.1.3.2 Using Borland C++ Compiler

Executable binary programs and dynamical loaded librariesin Windows can also be built using Borland C++
compiler. Examples using Borland C++ compiler. are distributed in Embedded Ch SDK in the directory
CHHOME/toolkit/demos/embedch/Borland . Assume Ch is installed in the directoryC:\Ch . To
compile the code using Borland C++ compiler, follow the procedures below.

• The commandC:/Ch/bin/make.exe does not work for Makefile for compiling and linking code
in Borland C++ compiler. Make sure the commandmake.exe distributed and bundled with Borland
compiler is used in Ch shell. you can type command

which make

to check whichmake.ex is invoked when in Ch shell. Assume Borland compiler version5.5 is used.
the Ch statement below sets up the command search paths so that
C:/borland/bcc55/bin/make.exe from Borland will be used in Ch shell.

_path = stradd("C:/borland/bcc55/bin;", _path);

This statement can be placed in the startup filechrc in the user’s home directory.

• Header filech.h located in the directoryCHHOME/extern/include , is needed to compile code
using Embedded Ch.

• Ch librariesch.lib andchsdk.lib are used to create dynamically loaded libraries using Visual .NET
or VC++. Using a Borland compiler, librariesch bc.lib and chsdk bc.lib, instead ofch.lib and
chsdk.lib, shall be used. These libraries are located in the directoryC:/Ch/extern/lib .
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1.2 Set Paths for Shared Libraries

An executable program has to know where to search for the shared libraries that has suffix.so in Unix or
dynamically linked libraries.dll in Windows. It can only find libraries in the default path. Thelibraries
not located in the default path will not be found. Different operating systems use different macros for library
paths. Solaris, Linux, and QNX use the environment variableLD LIBRARY PATH, Windows usesPATH
or path , and HP-UX usesSHLIB PATH. Paths are separated by colons. The paths specified by those
variables are searched before the default paths.

1.2.1 Dynamically Linked Library Paths for Windows

PATHis the environment variable that Windows uses. However, theuser can add the library paths topath
and those paths will be shown up in bothpath andPATH.

1.2.2 Shared Library Paths for Solaris, Linux, and QNX

The environment variableLD LIBRARY PATH is used to store the library paths on Solaris, Linux, and
QNX. The default value for this environment variable is/usr/ch/extern/lib .

1.2.3 Shared Library Paths for HP-UX

HP UX uses environment variableSHLIB PATH. Examples of how these environment variables are setup
can be found in the system startup fileCHHOME/config/chrc .

1.3 Compile and Link C Programs

Program 1.1,sample.h , is the header file of a C program namedfunc.c .

#ifndef SAMPLE_H
#define SAMPLE_H

/* func1() and func2() use sin() and hypot() in math.h */
#include <math.h>
#include <stdio.h>

extern double func1(double x);
extern double func2(double x, double y);

#endif /* SAMPLE_H */

Program 1.1: Header file sample.h.

Sincefunc1() andfunc2() call functions that are defined in header filemath.h, math.h is included
in sample.h . There are two function declarations in the header file.func1() is defined as an external
function that takes an argument of type double and returns a value of type double. Functionfunc2() is
defined similarly, except that it takes two arguments of typedouble instead of one. Program 1.2,func.c ,
contains the definitions of functionsfunc1() andfunc2() .
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#include "sample.h"

double func1(double x) {
return 2*sin(x);

}

double func2(double x, double y) {
return 2*hypot(x, y);

}

Program 1.2: Function definitionsfunc.c .

The function declarations will be searched insample.h with an#include preprocessing directive at
the very beginning of Program 1.2. For functionsfunc1() andfunc2() , each performs a mathematical
computation and returns the result to the calling function.Program 1.3 is an application program that uses
func1() andfunc2() .

#include "sample.h"

int main () {
double d1, d2;

d1 = sin(3.0);
d2 = hypot(3, 4);
printf("sin(3) = %f\n", d1);
printf("hypot(3,4) = %f\n", d2);

d1 = func1(3.0);
d2 = func2(3, 4);
printf("func1(3) = %f\n", d1);
printf("func2(3,4) = %f\n", d2);

}

Program 1.3: Testing program (program.c).

To compile the C programsfunc.c , program.c , andsample.h in Unix, the following makefile,
Makefile , can be used. A Makefile is a textual file which is used with the make utility to build an
executable file or libraries. The commonly used make utilities are the commandmake in Unix, andnmake
in Windows. The commandsdlcomp in section C.2 anddllink in section C.3 are used in Makefile as default
compiler and link-editor. Details of these commands will discussed below.Makefile, make andnmake
are easy to use even for the beginners in our Ch SDK.
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# Make command program

target: program

# -lm for using functions in libm.so
program: program.o func.o

ch dllink program program.o func.o -lm
program.o: program.c

ch dlcomp program.dl program.c
func.o: func.c

ch dlcomp program.dl func.c
clean:

rm -f *.o program

Program 1.4: Makefile for Unix.

The makefile in Program 1.4 can be used to generate an executable file named asprogram .
The commanddlcomp anddllink are created to hide the different compiler and platforms specifications

from the user, and make the cross platform compilation easier and convenient. The commanddlcomp
compiles a C or C++ file and produces a binary object file for a dynamically loaded library. Additional
compiler options such as-DMacro to define a macroMacro can be added at the end of the command
dlcomp.

Using VC++ in .NET in Windows, the libname following the commanddlcomp must have a surfix .dl
so that the source code will be compiled to use the multi-thread dynamically loaded system library.

Commanddllink links the object files to create an executable binary programor a dynamically loaded
library. It links the object filesprogram.o and func.o together to generateprogram . Please check
more information regarding the commandsdlcomp anddllink in Appendix C.

Additional link options can be added at the end of the commanddllink . For example, additional libraries
to be linked by commanddllink can be added by options starting with-l , The -lm option will link the
program with functions in the librarylibm.so library, although the mathematical library is linked by
commanddllink by default.

To compile them in Windows, the makefile,Makefile.win shown in Program 1.5 can be used.

# Make command program

target: program.exe

program.exe: program.obj func.obj
ch dllink program.exe program.obj func.obj

program.obj: program.c
ch dlcomp program.dl program.c

func.obj: func.c
ch dlcomp program.dl func.c

clean:
del *.obj
del program.exe

Program 1.5: Makefile for Windows (Makefile.win).
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The makefiles for Windows and Unix are written similarly. However,Makefile.win generates an
object file with file extension.obj and an executable programprogram.exe with file extension.exe .
In Unix, command

make

will generateprogram , whereas in Windows, command

nmake -f makefile

or

make -f makefile.win

will generateprogram.exe . To run the program, simply type the commandprogram at the Unix prompt
or at the Windows prompt. The output from executing the compiled program is shown below.

sin(3) = 0.141120
hypot(3,4) = 5.000000
func1(3) = 0.282240
func2(3,4) = 10.000000

1.4 Compile and Link C++ Programs

In above section, we described how to compile and link a C program. This section describes how to com-
pile C++ programs across different platforms. Program 1.6 is the header file for a sample C++ program
program.cpp .

#ifndef HELLOWORLD_H
#define HELLOWORLD_H

void HelloWorld();

#endif

Program 1.6: Header file for C++ program (HelloWorld.h).

Program 1.7 contains the definition of the functionHelloWorld() . This function neither takes argu-
ment nor returns anything.HelloWorld() simply prints outHello World from Ch! .

#include <iostream>
#include "HelloWorld.h"
using std::cout;
using std::endl;

void HelloWorld() {
cout << "Hello World from Ch!" << endl;

}

Program 1.7: Function definition (func.cpp).
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The application program is shown in Program 1.8. The header file HelloWorld.h is included because
it contains the function prototype. The functionmain() makes a call to functionHelloWorld() and
exits by returning a zero.

#include <iostream>
#include "HelloWorld.h"

int main()
{

HelloWorld();
return 0;

}

Program 1.8: Application program (program.cpp).

# Make command program

target: program

# -lm for using functions in libm.so
program: program.o func.o

ch dllink program cplusplus program.o func.o -lm
program.o: program.cpp

ch dlcomp program.dl cplusplus program.cpp
func.o: func.cpp

ch dlcomp program.dl cplusplus func.cpp
clean:

rm -f *.o program

Program 1.9: Unix Makefile (Makefile).

The makefile for compiling and linking in Unix is shown in Program 1.9. The executable,program ,
that the makefile generates is obtained by compilingprogram.cpp and func.cpp and then linking
program.o and func.o together. This Unix makefile and one introduced in the previous section are
almost the same, except that this one contains the keywordcplusplus and C++ programs have file exten-
sion .cpp . Adding the keywordcplusplus after the name of the executable instructs commanddlcomp
to compile the files with the C++ compiler. To run this makefile, typemake at the Unix command prompt.

The makefile for Windows is shown in Program 1.10. Typenmake -f Makefile.win at the Win-
dows command prompt, the executableprogram.exe will be generated.
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# Make command program

target: program.exe

program.exe: program.obj func.obj
ch dllink program.exe cplusplus program.obj func.obj

program.obj: program.cpp
ch dlcomp program.dl cplusplus program.cpp

func.obj: func.cpp
ch dlcomp program.dl cplusplus func.cpp

clean:
del *.obj
del program.exe

Program 1.10: Windows Makefile (Makefile.win).

The following output will be printed on the screen whenprogram is executed.

Hello World from Ch!

1.5 Use Ch Programs Inside Makefiles

Sometimes, we may want to use a Ch program in a makefile. The makefiles use the programsdllink and
dlcomp in Unix, anddllink.exe anddlcomp.exein Windows. There are three ways to run a Ch program in
a Makefile, if we assume thatchcmd is a ch command and its first line is#!/bin/ch . (Note that the line
#!/bin/ch indicates that the file is a Ch program.)

1. ch chcmd
2. ch chcmd.ch
3. chcmd.ch

The first two options will run in all environments under different operating systems and shells such as C
Shell and Korn Shell in Windows. The last format works in Unixplatforms only.
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Chapter 2

Interfacing Binary Modules Using
Dynamically Loaded Libraries

Several special file extensions and types are used in Ch. It isvery helpful to know in advance the file
extensions in Ch space and C space.

2.1 File Extensions and File Types in Ch Space

File with extension .ch indicates a Ch application, Ch script or Ch program. It is a program written in
Ch language, and can be executed in the Ch shell without compiling and linking. The extension
of a Ch program is.ch by default, it is specified by system variablepathext. For a Ch program
namedsample.ch , the user can type eithersample.ch or sample at the shell prompt to run this
program. Ch will search for this program in the paths specified by system variablepath. Functions
invoked in a Ch program are either generic functions or functions that are defined in the program or
function files.

File with extension .h indicates the Ch header files, similar to header files in C. Global variables, function
prototypes, macros and data types used in Ch programs and Ch functions are defined in the header
files. Ch will search for Ch header files in paths specified by system variable ipath.

File with extension .chf indicates a Ch function file, orchf file. It is an ASCII file in which the corre-
sponding Ch function is defined. Its file name shall be the sameas the function name, and its exten-
sion is specified by system variablefpathext. By default, it is.chf . Assume a Ch function named
func1() is invoked in a Ch program, the corresponding function file can be named asfunc1.chf .
Ch will search for this function file in paths specified by system variable fpath. Because a Ch func-
tion can load a Dynamically Loaded Library (DLL ) discussed below, and then call the binary function
in the DLL to implement the function, it is regarded as a dynamic link interface between Ch programs
and binary functions. Ch functions can be defined within Ch programs.

All variables and functions in a Ch program, relevant Ch function files (chf files) and Ch header files
make up aCh Space.

2.2 File Extensions and File Types in C Space

C/C++ file extensions and file types will be introduced here.
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File with extension .c or .cpp indicates a C or C++ function file. It is an ASCII file in which the functions
in C or C++ are defined. It usually has the extension of .c for C function file or .cpp for C++ function
file.

File with extension .c or .cpp indicates achdl file. It is an ASCII file that includes dynamic link export
interface functions in C or C++. It has file extension.c for C programs and.cpp for C++ programs.
If your chdl file is not big, C or C++ function files can be merged intochdl functions since they
have the same file extensions. As an export interface, a chdl function is used to call a C or C++
function in library from Ch script. According to the Ch program convention, a chdl function is named
after the corresponding Ch function with the suffixchdl , such as function namesample chdl ()
in chdl file. The user needs to write this file to build a DLL as discussed below.

File with extension .h indicates a header file for chdl files, C and C++ function files.It has the extension
of .h . Some global variables, function prototypes and data typesare usually defined in header files.

File with extension .so, .sl, .dll, .o, .obj, .libindicates a shared or static library in which functions exist in
binary mode. The library files can be either provided by software vendors or built by the user. The
file extension depends on the platform for which the library is designed for, as well as the type of the
library – shared or static. Typically it is.so for shared library in Solaris, Linux, FreeBSD, QNX,
.sl for HP-UX, .dll for Dynamically Linked Library in Windows,.o for relocatable object and
.a for archive library in Unix,.obj for COFF or OMF object in Windows..lib is for library used
for linking in Windows.

In most cases, the user can only have shared library or staticlibrary instead of the C and C++ source
files to interface with Ch. The C/C++ source files do not require modifications to work with Ch.
For the integrality of the examples throughout this document, we will provide source code of all
component files to run the program.

File with extension .dl indicates a Dynamically Loaded LibraryDLL . It has a different meaning in Ch from
the definition in other places. It is a binary file which is built from chdl files, C/C++ files and library
files. By convention, a DLL is designated by prefix lib and suffix .dl in Ch, such as libsample.dl.
When a DLL is loaded by functiondlopen()within a Ch program or function, Ch will search for it in
paths specified by system variablelpath. Ch script will load DLL (Dynamically Loaded Library) to
call the C/C++ library functions.

All symbols in a DLL , including variables and functions in C/C++ header files, C/C++ function files and
chdl files, make up a C space.

Of the above file types, chdl file and chf file, which are interfaces betweenCh spaceandC space, are
the main focuses.

Ch spaceandC spacehave their own name spaces. As a result, a function in C space cannot commu-
nicate with a function that is in Ch space directly. However by binding the DLL , a Ch program is able to
extend its address space from Ch address space to C address space during execution, and call functions in
C space. The memory dynamically allocated in C space by functions such as malloc() can be freed in Ch
space using function free(), and vice versa.

2.3 Interfacing C Libraries From Ch Space

2.3.1 A Simple Example

The procedure of calling functions in C/C++ libraries from Ch will be discussed briefly in this section.
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To call a C function from Ch, it is necessary to create a wrapper function that can link the Ch and the
underlying C function. A wrapper function must be able to do three things:

1. It can be called from Ch, pass argument to C function.

2. It can call the C function.

3. It can return value from C function to Ch.

In Ch, the wrapper functions consists of chf functions in Ch space and chdl functions in C space.
Here is how it works. When a Ch program is running directly in Ch space, the Ch header files are

loaded first. As it has been mentioned, Ch searches for these header files in the paths specified by system
variable ipath. Once a Ch function in the program is invoked, the corresponding chf file which includes the
definition of the Ch function is loaded. Ch searches for the chf file in the paths specified by system variable
fpath. The Ch function can be completely implemented with the Ch space, or by calling a chdl function

in a DLL file. If the chf file needs to load a DLL file by calling function dlopen() which is declared in the
header filedlfcn.h. Ch searches for the DLL file in the paths specified by system variable lpath. Then the
chf file can call the corresponding chdl function by its address in the loaded DLL file. Through the chdl
function, the C function is called. Most libraries and software packages can be added to the Ch language
environment by this mechanism.

The C/C++ libraries are provided by either source code, object file, static library, shared library or
dynamically linked library.

The following example illustrates how Ch programs call functions in library(compiled with sample.c).

sample.ch sample_chdl.c

sample.h* sample.c

sample.h*

C Space (libsample.dl)Ch Space

* In most cases, these two header files are different from each other.

func1.chf

Figure 2.1: Files in Ch and C Spaces.

Figure 2.1 illustrates the relation of Ch and C space. In Ch space, the Ch applicationsample.ch calls
the Ch functionfunc1 () in the file func1.chf . The chf filefunc1.chf in Ch space loads the DLL
file libsample.dl in C space and calls the chdl functionsample chdl () by the address in chdl file
sample chdl.c . sample chdl () then calls the C functionfunc1 () in file sample.c and finishes the
interfacing.
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2.3.1.1 Files in Ch Space

Listing 1 — a Ch programsample.ch .

#include "sample.h"

int main() {
double d1;

d1 = func1(3.0);
printf("func1(3.0) = %f\n", d1);
return 0;

}

At the command line, the user can type command./sample.ch or ./sample in the current working
directory to run this program. If the current working directory is included in path and it has the highest
searching priority, typingsample.ch or sample in any directory will run this program. This Ch pro-
gram includes a header filesample.h which defines the prototype of functionfunc1() . In themain()
function, the functionfunc1() is invoked to implement some calculations.

Listing 2 — header filesample.h .

#ifndef SAMPLE_H
#define SAMPLE_H

extern double func1(double);

#endif /* SAMPLE_H */

This header file includes the prototype of the functionfunc1() . ”extern” indicates that this function is
defined in C/C++ libraries. This header file is used in both C space and Ch space. Header files will be
searched for in the directories specified byipath in Ch space.

Note that although header filessample.h in Ch and C spaces are the same in this simple example,
they are different from each other in most cases that we will discuss in the remaining chapters.

Listing 3 — Ch function filefunc1.chf .

#include <dlfcn.h>
double func1(double x) {

void *chSample_handle;
void *fptr;
double retval;

chSample_handle = dlopen("libsample.dl", RTLD_LAZY);
if(chSample_handle == NULL) {

fprintf(_stderr, "Error: dlopen(): %s\n", dlerror());
fprintf(_stderr, "cannot get chSample_handle in sample.h \n");
exit(-1);

}
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fptr = dlsym(chSample_handle, "func1_chdl");
if(fptr == NULL) {

fprintf(_stderr,
"Error: %s(): dlsym(): %s\n", __func__, dlerror());

return NaN;
}

dlrunfun(fptr, &retval, func1, x);

dlclose(chSample_handle);
return retval;

}

In this program, the function call

chSample_handle = dlopen("libsample.dl", RTLD_LAZY);

locates and adds the Dynamically Loaded Library(DLL)libsample.dl to the address space of the run-
ning process. How to buildlibsample.dl will be discussed below. Functionsdlopen(), dlsym(), dl-
close(), dlerror() , and dlrunfun() are declared in the head filedlfcn.h The first argument ofdlopen()
indicates the library name and the second argument is the flagRTLD LAZY . RTLD LAZY instructs Ch to
resolve undefined symbols from the dynamic library when the program is executed. Note that the function
dlopen() used to load a Ch DLL should useRTLD LAZY as its second argument. The function returns
to the process a handlechSample handle which the process uses on subsequent calls todlsym() and
dlclose(). If the attempt to load the library fails,dlopen() returns NULL, and a string describing the most
recent error that occurred from any of the dynamical loadingfunctionsdlopen(), dlsym(), anddlclose()can
be returned by functiondlerror() . The function call

fptr = dlsym(chSample_handle, "func1_chdl");

locates the symbolfunc1 chdl within the dynamically loaded library pointed to by handler
chSample handle . The application can then reference the data or call the function defined by the symbol
using the functiondlrunfun ().

dlrunfun(fptr, &retval, func1, x);

runs the function in the dynamically loaded object through the address pointed to byfptr which is returned
by functiondlsym(). The second argument&retval is the address of return value. If the function doesn’t
have a return value, i.e. its return type is void, NULL shouldbe used as the second argument. If the
third argument is the function name itself, in this case, it is func1 , Ch will check the number and type of
the rest of the arguments according to the function prototype. In this case, the functionfunc1() takes
one argument of type double. If the third argument is NULL, the argument check is ignored. In the case of
argument list of variable length, the third argument shall be NULL. The fourth argumentx is the argument of
function func1() , which is passed from Ch programsample.ch and will be passed to the chdl function
func1 chdl() . If func1() took no argument, the functiondlrunfun() would take only the first three
arguments. Iffunc1() took more than one argument, they would be listed afterx in the argument list of
dlrunfun() . Before the function returns, the function

dlclose(chSample_handle);

shall be called to free the dynamically loaded library pointed to by the argumentchSample handle . Ch
function files will be searched in the directories specified by the system variablefpath.
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2.3.1.2 Files in C Space

This section explores the C space. Some mandatory APIs that are used for handling argument list passed
from Ch space will be introduced in this section.

As mentioned earlier, Ch function files are used to link the application program to dynamically loaded
library during runtime. In other words, the Ch program is able to extend its address space during its exe-
cution by binding to the DLL through the dynamic link interface. In the C space, the following chdl file is
used for building DLLlibsample.dl .

Listing 4 — chdl filesample chdl.c .

/* File name: sample_chdl.c to create libsample.dl */
#include <ch.h>
#include <sample.h>
EXPORTCH double func1_chdl(void *varg) {

ChInterp_t interp;
ChVaList_t ap;
double x;
double retval;

Ch_VaStart(interp, ap, varg);
x = Ch_VaArg(interp, ap, double);
retval = func1(x);
Ch_VaEnd(interp, ap);
return retval;

}

sample.h is the same assample.h in Ch space which can be found in Listing 2. The function
func1 chdl() takes one argumentvarg . If no argument is passed to the C function from the Ch function
file, the chdl function takes no argument in the argument list. Otherwise, it always takes one argument of
typevoid * even if there are more than one argument to be passed. The macro

Ch_VaStart(interp, ap, varg);

initializes a Ch interpreterinterp of type ChInterp t and an objectap of typeChVaList t, to represent in
the C space for a variable number of arguments in the Ch space,for subsequent use by macroCh VaArg ()
and functionCh VaEnd(). These macros and functions are defined in the header filech.h . TheCh VaArg
macro expands an expression that has the specified type and the value of the argument in the call. The first
invocation of theCh VaArg macro after theCh VaStart macro, i.e.

x = Ch_VaArg(interp, ap, double);

returns the value of the first argument passed from Ch function file func1.chf . If more than one argument
is passed, successive invocations return the values of the remaining arguments in succession. In other words,
the macroCh VaArg (interp, ap, double) returns an argument of double type, from the argument list of a Ch
interpreterinterp and stepsap, which is a pointer, to the next one. The expression

retval = func1(x);

calls the functionfunc1() in the C space to calculate the return value. The functionfunc1() is listed in
the filesample.c below.

Listing 5 — C function filesample.c .
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#include <sample.h>
#include <math.h>
double func1(double x) {

return 2*sin(x);
}

In function func1(x) , the standard C functionsin(), defined in header filemath.h, is called. For the sake
of simplity, we can use

retval = 2 * sin(x);

to replace the function call

retval = func1(x);

in function func1 chdl() .

Listing 6 — Makefile (to create dl file).

target: libsample.dl
libsample.dl: sample.o sample_chdl.o

ch dllink libsample.dl sample_chdl.o sample.o -lm
sample_chdl.o: sample_chdl.c

ch dlcomp libsample.dl sample_chdl.c -I/dir1/include_di r
sample.o: sample.c

ch dlcomp libsample.dl sample.c -I/dir1/include_dir
clean:

rm -f *.o *.dl

The command

ch dlcomp libsample.dl sample.c -I/dir1/include_dir

makes the object filesample.o from sample.c with commanddlcomp. The argumentlibsample in-
dicates that the generated object file will be used to build the dynamically loaded librarylibsample.dl .
The option-I/dir1/include dir gives the additional path /dir1/includedir where the header file
sample.h is located. The command

ch dllink libsample.dl sample.o -lm

builds the dynamically loaded librarylibsample.dl from the object filesample.o with command
dllink . The option-lm is for linking functionsin() in C library libm.so. Ch will search for the dynamically
loaded libraries in the directories specified in system variable lpath when they are loaded by the function
dlopen() in Ch function files.

Output from executingsample.ch at the command line is

> sample.ch
0.282240
>
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Ch_VaStart()

Ch_VaArg()

Ch_VaEnd()

func1_chdl()

dlclose()

dlrunfun()

dlsym()

dlopen()

sin()

func1()

* In mose cases, these two functions are called in the header files

*

*

Ch Space C Space (libsample.dl)

main()

func1()

Figure 2.2: Functions and APIs in Ch and C Spaces.

Figure 2.2 illustrates the relation of Ch and C space from a viewpoint of functions and APIs. In the
main() function of Ch applicationsample.ch , the Ch functionfunc1 () is called. Within Ch function
func1 (), four commonly used APIs,dlopen(), dlsym(), dlrunfun () anddlclose(), are called to load the
DLL file and invoke chdl functionfunc1 chdl () by the address. In C space, once the chdl function
func1 chdl () is called, three argument-handling APIs,Ch VaStart(), Ch VaArg () andCh VaEnd(), are
called to retrieve arguments passed from Ch space. Then the Cfunction func1 () and C Standard function
sin() are called to work with these arguments.

Note that we load and release DLL file within the Ch functionfunc1() here, since it has only one
Ch function in this example. However in cases in which multiple Ch functions exist, it is not efficient and
error prone to load and release DLL in different Ch functions. It is strongly recommended to invoke APIs
dlopen() anddlclose() in the header filesample.h in Ch space to load the DLL file at the beginning of
execution of the program and release the DLL file when the program exits. That is why in most cases, the
header files in C space and Ch space are different. Examples with header files of this kind will be given
later.

2.3.2 APIs in Header File dlfcn.h in Ch Space

As mentioned in the above example, prototypes for APIsdlopen(), dlsym(), dlclose(), dlerror() , anddl-
runfun() are declared in headerdlfcn.h file which is located in the directoryCHHOME/include . These
four functions are mandatory for Ch functions which need to load DLL files.

2.3.3 Mandatory APIs in Header File ch.h in C Space

To handle the argument passed from the Ch space, the chdl function in C space needs to call some APIs de-
clared in header filech.hwhich is located in the directoryCHHOME/extern/include . These Mandatory
APIs include macrosCh VaStart(), Ch VaArg (), and functionCh VaEnd().
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2.3.4 APIs Getting Information about Argument List

Besides three mandatory APIs, other APIs for different purposes are also declared in thech.h , such as
Ch VaCount() andCh VaDataType() for getting information about argument list,Ch VaArrayDim() and
Ch VaArrayExtent() for handling argument of array type,Ch VaFuncArgDataType() and
Ch VaFuncArgNum() for handling argument of pointer to function,Ch VaVarArgsCreate(),
Ch VaVarArgsDelete() and Ch VaArrayType() for handling variable argument list, and
Ch VaUserDefinedAddr(), Ch VaUserDefinedName(), andCh VaUserDefinedSize()for handling argu-
ment of struct type.

The macroCh VaArg (interp, ap, type) returns one argument from the argument list and stepsap to the
next one. To handle the current argument, function callsCh VaArrayType (interp, ap),
Ch VaArrayDim (interp, ap), Ch VaArrayExtent (interp, ap, i), Ch VaIsFunc(interp, ap),
Ch VaIsFuncVarArg (interp, ap), Ch VaDataType(interp, ap),
Ch VaFuncArgDataType(interp, ap, argnum), andCh VaFuncArgNum(interp, ap) must be called before
Ch VaArg (interp, ap, type) is called to stepap to the next argument for a Ch interpreterinterp. Similarly,
the function callCh VaCount(interp, ap) calculates the number of the remaining arguments in the argument
list, so it should be called before the first calling ofCh VaArg (interp, ap, type) to get the total number of
arguments passed from the Ch space. The next four sections will describe these APIs one by one.

2.3.4.1 Arguments Number and Type

FunctionCh VaCount() can be used in chdl function to determine how many arguments has been actually
passed from Ch space. For example,

EXPORTCH int func1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int arg_num;
Ch_VaStart(interp, ap, varg);

arg_num = Ch_VaCount(interp, ap)
printf("%d argument(s) has been passed from Ch function.\n ",

arg_num);
...

}

This function is useful in the case in which the Ch function passes arguments of variable argument list to
the chdl function. This kind of case will be discussed in Section 5.5.3.

FunctionCh VaDataType() can get the type of an argument or element type of an array. Forexample,

EXPORTCH int func2_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int elem_type;

Ch_VaStart(interp, ap, varg);
if(Ch_VaDataType(interp, ap) == CH_INTTYPE) {

printf("The type of the element is int\n");
}
...
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}

All element types for Ch, such asCH INTTYPE for type int, are defined in header filech.h.

2.3.4.2 Arguments of Pointer To Function

FunctionsCh VaFuncArgDataType() andCh VaFuncArgNum() are designed for handling arguments of
pointers to functions. It gets the number of the arguments ofthe function, which is pointed to by the
argument of function pointer. For example,

EXPORTCH int func3_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int num;
void *FUNC_chdl_funptr;
ChType_t dtype;

Ch_VaStart(interp, ap, varg);
num = Ch_VaFuncArgNum(interp, ap);
for(argnum = 0; argnum < num; argnum++) {

dtype = Ch_VaFuncArgDataType(interp, ap, argnum);
if(dtype == CH_INTTYE)

printf("arg %d is int\n", argnum+1);
else if(dtype == CH_INTPTRTYPE)

printf("arg %d is pointer to int \n", argnum+1);
else if(dtype == CH_DOUBLETYPE)

printf("arg %d is double \n", argnum+1);
else

printf("data type for arg %d is not processed\n", argnum+1) ;
}
FUNC_chdl_funptr = Ch_VaArg(interp, ap, void *);
...

}

If the first argument passed from a Ch function is a pointer to function, say funptr() , after
Ch VaFuncArgNum() is called, the variablenumstores the number of arguments offunptr() according
to its definition. The data type of each argument of the function is obtained by function
Ch VaFuncArgDataType() using a loop. Then, the variableFUNCchdl funptr is pointed to function
funptr() after the function callCh VaArg (interp, ap, void *). Note that the functionCh VaCount() is
used to get the number of the arguments passed from the Ch function to chdl function itself. This function
also plays an important role in handling cases of functions with arguments of pointer to function taking
different number of arguments, which will be discussed in section 6.1.8.

2.3.4.3 Arguments of Array Type

FunctionsCh VaArrayType (ap), Ch VaArrayDim( ap) andCh VaArrayExtent( ap, i) are specially de-
signed for getting information of an variable length array argument. They can determine if an argument is
an array and then retrieve dimension and extent of an array. For example, in the code fragment below
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EXPORTCH int func4_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int dim, ext;

Ch_VaStart(interp, ap, varg);
if(Ch_VaArrayType(inerp, ap)) {

dim = Ch_VaArrayDim(interp, ap);
for(i = 0; i < dim; i++) {

ext = Ch_VaArrayExtent(interp, ap, i);
printf("The extent of the %d dimension is %d.\n", i+1, ext);

}
...

}

the for-loop prints out the number of elements in every dimension of the array if the current argument is of
array type. The example using these APIs is available in Section 5.7.2.1.

2.3.4.4 Variable Argument Lists

FunctionsCh VaVarArgsCreate() andCh VaVarArgsDelete() are designed specially for handling vari-
able argument lists. Since argument lists in Ch space, called Ch argument lists, are different from those in
C space, argument lists passed from Ch space to C space bydlrunfun () can be handled only by the func-
tions declared in the header filech.h, such asCh VaStart() andCh VaArg (), rather than by the C standard
functionsva start() andva arg() declared in header filestdarg.h. For the same reason, before an argument,
sayap ch , which is of typeChVaList t from Ch space is going to be passed to a C function, it should be
converted to the corresponding C variable argument list calledap c . The functionCh VaVarArgsCreate()
can create a C style variable argument listap c from a Ch variable argument listap . The C style variable
argument listap c can then be passed to a C function. For example, the statementbelow

ap_c = Ch_VaVarArgsCreate(interp, ap_ch, &memhandle);

creates a C variable argument list namedap c from the Ch variable argument list namedap ch for a Ch
interpreterinterp . The variablememhandle points to a linked list. It is used to manage the memory
allocated in functionCh VaVarArgsCreate().

To release memory allocated by functionCh VaVarArgsCreate(), the functionCh VaVarArgsDelete()
should be called when the generated C variable argument listap c is no longer needed. For example,

Ch_VaVarArgsDelete(interp, memhandle);

More information and examples about converting Ch variableargument list into C variable argument list
are available in section 5.5.1 and Appendix A on page 328.

2.4 Callback Ch Functions From C Space

In the previous sections, we described how to call a C function located in a DLL from a Ch function by
loading the DLL and getting the address of the C function. On the other hand, in some cases, we need to call
back an existing Ch function (Ch space) from a C function (C space) in a running Ch program (Ch space).
It can be illustrated in Figure 2.3. Please note that you cannot call a Ch function from a C program if this
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/***********************************
* Filename - callch_chdl.c
* Call Ch function chfun() through three methods
************************************/

#include<ch.h>
#include<stdio.h>

EXPORTCH void callch_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
void *chfunhandle;
int funret;

Ch_VaStart(interp, ap, varg);
/* Method 1: get address of ch function and call it */
chfunhandle = Ch_GlobalSymbolAddrByName(interp, "chfun ");
Ch_CallFuncByAddr(interp, chfunhandle, &funret, 10);
printf("after Method 1, return value is %d\n\n", funret);

/* Method 2: call ch function by its name */
Ch_CallFuncByName(interp, "chfun", &funret, 20);
printf("after Method 2, return value is %d\n\n", funret);

Ch_VaEnd(interp, ap);
return;

}

Program 2.1: Example of Calling Ch function from C function (callch chdl.c).

C program is not called from Ch unless you have anembedded Ch from SoftIntegration. Interfacing Ch
modules from C space is for call back only.

In this section, through an example, we will explain how to call a Ch function or access variables in the
Ch space from a C function in a Ch program.

Ch_CallFuncByName(interp,"chfun", ...);

chfun()
}

callch_chdl() {

}

Ch Space (callch.ch)

main() {

callch()

C Space (libcallch.dl)

Figure 2.3: Interface Ch modules from C Spaces.
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CC=cc
INC1=-I/usr/include
INC2=-I/usr/ch/extern/include
LIB=-L/usr/ch/extern/lib
RLOAD=-R/usr/ch/extern/lib

target: libcallch.dl Makefile

libcallch.dl: callch_chdl.o
ch dllink libcallch.dl callch_chdl.o

callch_chdl.o: callch_chdl.c
ch dlcomp libcallch.dl callch_chdl.c $(INC1) $(INC2)

clear:
rm -f *.o *.dl

Program 2.2: Makefile for building DLL (Makefile).

Assume that the Ch function to be called in a C function ischfun (). The functionchfun() in Pro-
gram 2.3 is the Ch function to be called incallch_chdl() in Program 2.1 using three different methods
described below.

Method 1: The functionCh GlobalSymbolAddrByName() is used to get the address ofchfun() . The
first argument is a Ch interpreter. The second argument ofCh GlobalSymbolAddrByName() is the func-
tion name. The functionCh CallFuncByAddr() is used to callchfun() by the address. The second
argument ofCh CallFuncByAddr() is the address ofchfun() , the third is the address of the return value
of chfun() and the fourth is the argument to be passed to the functionchfun() .

Method 2: The functionCh CallFuncByName() is used to callchfun() by its name. The function call

Ch_CallFuncByName(interp,name,retval,arg)

is equivalent to

Ch_CallFuncByAddr(interp,Ch_GlobalSymbolAddrByName( interp,name),retval,arg)

The second argument is the name of the function to be called, the third is the address of the return value
of chfun() and the fourth is the argument to be passed to the functionchfun() .

Program 2.2 is the Makefile to build the dynamically loaded librarylibcallch.dl using Program 2.1.
This DLL is used in Program 2.3.

The output from executing Program 2.3 is displayed in Figure2.4.
Note: For advanced application using above APIs, you can check Chapters 6 and 8 for more details.

Chapter 6 is about handling the pointer to function. Chapter8 is about how to callback Ch functions with
argument of VLAs from C space.
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/************************************************** *
* Filename - callch.ch
* The function chfun() will be called from c space
*************************************************** */

#include<dlfcn.h>

void callch() {
void *dlhandle, *fptr;

dlhandle = dlopen("libcallch.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n",
__func__, dlerror());

return;
}

fptr = dlsym(dlhandle, "callch_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

dlrunfun(fptr, NULL, callch);

if(dlclose(dlhandle)!=0) {
fprintf(_stderr, "Error: %s(): dlclose(): %s\n",

__func__, dlerror());
return;

}

return;
}

/* this function will be called from a C function */
int chfun(int arg1) {

printf("in the Ch function, arg1 = %d\n", arg1);
return arg1 * arg1;

}

int main() {
callch();
return 0;

}

Program 2.3: Example of calling Ch function from C function (callch.ch).

in the Ch function, arg1 = 10
after Method 1, return value is 100

in the Ch function, arg1 = 20
after Method 2, return value is 400

Figure 2.4: Output of calling Ch function from C function.
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Chapter 3

Calling Multiple Functions From a Library

In the previous chapter, we described how to call a function in the C space from the Ch space. In many
applications, there are many functions in a library which will be called from Ch program. We do not
want to load and close a DLL time for every function call. In this chapter, we will describe how to build a
Dynamically Loaded Library (DLL), chf and chdl files. Often times, the functions in a library are prototyped
in a header file, we introduce the commandc2chf with details described in section C.1 that generates chf
and chdl files automatically based on a header file. It can relieve a use from tedious coding.

3.1 Preparing to Build a Dynamically Loaded Library

To interface C/C++ libraries from Ch, Ch does not require anymodifications of your C/C++ source code.
However, if you do not want to access every function or variables in your C/C++ library, you can eliminate
these functions and variables in your Ch header. It can save lots of your effort in coding.

The purpose of this section is to guide users toward buildinga library. As we walk through this process,
the users will gain a better understanding of how Ch interface the C functions in a library. We will use a C
program as an example.

Program 3.1 is a C header file. It includes two function prototypesfunc1 andfunc2 .

#ifndef SAMPLE_H
#define SAMPLE_H

/* func1() and func2() use sin() and hypot() in math.h */
#include <math.h>
#include <stdio.h>

extern double func1(double x);
extern double func2(double x, double y);

#endif /* SAMPLE_H */

Program 3.1: C header file (sample.h).

Program 3.2 contains the definitions of functionsfunc1() and func2() . Each of these functions
takes an argument of type double and returns a value to its corresponding calling function after performing
a mathematical computation.
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#include "sample.h"

double func1(double x) {
return 2*sin(x);

}

double func2(double x, double y) {
return 2*hypot(x, y);

}

Program 3.2: C Function definition (func.c).

Program 3.1 and Program 3.2 can be compiled as a library in C.
Program 3.3 is a Ch program that wants to call two functionsfunc1() and func2() . In addition,

it calls two mathematical functionssin() andhypot() declared in the standard C library header file
math.h.

#include "sample.h"

int main () {
double d1, d2;

d1 = sin(3.0);
d2 = hypot(3, 4);
printf("sin(3) = %f\n", d1);
printf("hypot(3,4) = %f\n", d2);

d1 = func1(3.0);
d2 = func2(3, 4);
printf("func1(3) = %f\n", d1);
printf("func2(3,4) = %f\n", d2);

}

Program 3.3: Ch Program (program.ch).

When the Ch programprogram.ch is executed in the Ch space, it does not call the C header file as
shown in Program 3.1. Instead, it calls its Ch header file. Program 3.4 is the Ch header filesample.h
that Program 3.3 will use at execution time. You may notice that sample.h is quite different from the
declaration in Chapter 1.
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#ifndef SAMPLE_H
#define SAMPLE_H

#include <math.h>
#include <stdio.h>

#ifdef _CH_
#include <dlfcn.h>
void *_Chsample_handle;
_Chsample_handle = dlopen("libsample.dl", RTLD_LAZY);
if(_Chsample_handle == NULL) {

fprintf(_stderr, "Error: dlopen(): %s\n", dlerror());
fprintf(_stderr, " cannot get _Chsample_handle in sample. h\n");
exit(-1);

}
void _dlclose_sample(void) {

dlclose(_Chsample_handle);
}
atexit(_dlclose_sample);
#endif

extern double func1(double);
extern double func2(double, double);

#endif /* SAMPLE_H */

Program 3.4: Ch header file (sample.h).

Note that the header file in Program 3.4 in the Ch space contains not only the same function prototypes
as the Program 3.1 in the C space, but also codes that are used to access the dynamically loaded library
libsample.dl . The statement

_Chsample_handle = dlopen("libsample.dl", RTLD_LAZY);

opens the librarylibsample.dl using the functiondlopen() to load the binary module that contain func-
tionsfunc1() andfunc2() in the C space. How to create the dynamically loaded librarylibsample.dl
will be discussed in the next section.

In some situation, the dynamically loaded library may need to be opened at the program parsing stage.
For example, using the APICh ParseScript() in the Embedded Ch to process a script, then, call
functions using other APIs in the Embedded Ch; or invoking functions in a command prompt interactively.
In this case, the handle can be initialized with the type specifier extern to load a dynamically loaded library
at the parsing stage as follows.

extern void *_Chsample_handle = dlopen("libsample.dl", R TLD_LAZY);

The statement

atexit(_dlclose_sample);

makes the user defined functiondlclose sample () be called at the end of execution of program
program.ch to close the dynamically loaded library.
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#ifndef SAMPLE_H
#define SAMPLE_H

#include <math.h>
#include <stdio.h>

#ifdef _CH_
#include <chdl.h>
LOAD_CHDL(sample)
#endif

extern double func1(double);
extern double func2(double, double);

#endif /* SAMPLE_H */

Program 3.5: An alternative Ch header file (sample.h).

An alternative form of Ch header filesample.h is shown in Program 3.5. The header filesample.h
in Program 3.5 is the same as that in Program 3.4. The macroLOADCHDL() is defined in the header file
chdl.h .

Since the application program makes calls to two different functions, two function files will have to
be written. Programs 3.6 and 3.7 are the two Ch function files for functionsfunc1() and func2() ,
respectively. They will be called from Program 3.3.

double func1(double x) {
void *fptr;
double retval;

fptr = dlsym(_Chsample_handle, "func1_chdl");
if(fptr == NULL) {

fprintf(_stderr, "Error: %s(): dlsym(): %s\n", __func__, dlerror());
return NaN;

}
dlrunfun(fptr, &retval,func1, x);
return retval;

}

Program 3.6: Ch function file (func1.chf).
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double func2(double x, double y) {
void *fptr;
double retval;

fptr = dlsym(_Chsample_handle, "func2_chdl");
if(fptr == NULL) {

fprintf(_stderr, "Error: %s(): dlsym(): %s\n", __func__, dlerror());
return NaN;

}
dlrunfun(fptr, &retval,func2, x, y);
return retval;

}

Program 3.7: Ch function file (func2.chf).

Programs 3.6 and 3.7 each makes a call to its corresponding chdl function usingdlrunfun() . Then the
chdl file shown in Program 3.8 in turn call the binary C functions.

#include <ch.h>
#include <sample.h>

EXPORTCH double func1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
double x;
double retval;

Ch_VaStart(interp, ap, varg);
x = Ch_VaArg(interp, ap, double);
retval = func1(x);
Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH double func2_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
double x;
double y;
double retval;

Ch_VaStart(interp, ap, varg);
x = Ch_VaArg(interp, ap, double);
y = Ch_VaArg(interp, ap, double);
retval = func2(x, y);
Ch_VaEnd(interp, ap);
return retval;

}

Program 3.8: chdl file (samplechdl.c).

The chdl functions in Program 3.8 are written according to the definitions of the two C functions in
Program 3.2. Functionsfunc1 chdl() and func2 chdl() both have arguments and return values.
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Figure 3.1: Functions and APIs in Ch and C Spaces.

They obtain the arguments passed from the Ch space usingCh VaArg() and then call the C functions with
those arguments.

The relations of functions and APIs used in this example are illustrated by Figures 3.1. The func-
tion dlopen() is involked in the header filesample.h before the main() function is called, and the func-
tion dlclose() is called before the program exits. In Ch space, the function func1 () calls chdl function
func1 chdl () in DLL by APIs dlsym() anddlrunfun (). In C space, the chdl functionfunc1 chdl ()
calls func1(), and thenfunc1 () callssin(). After the Ch functionfunc1 () returns, the next Ch function,
func2() , is called in the same procedure.

3.2 Building a Dynamically Loaded Library

A dynamically loaded library (DLL) is a library of functionsin binary mode. It is built from the chdl files
and bound to the running programs at runtime. Program 3.9 is the Unix Makefile for building a DLL named
libsample.dl .
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# build dynamically loaded lib libsample.dl

target: libsample.dl

# -lm for func1() and func2() using functions in lib libm.so
libsample.dl: sample_chdl.o func.o

ch dllink libsample.dl sample_chdl.o func.o -lm
sample_chdl.o: sample_chdl.c

ch dlcomp libsample.dl sample_chdl.c -I../C
func.o: ../C/func.c

ch dlcomp libsample.dl ../C/func.c -I../C
clean:

rm -f *.o *.dl

Program 3.9: Makefile for Unix (Makefile).

The Makefile shown in Program 3.9 creates thelibsample.dl in Unix, assuming thatsample chdl.c
is stored in the current directory and thatfunc.c is stored in the parent’sCdirectory. The-I option directs
the C compiler inside programdlcomp to find the header filesample.h in the parent’sC directory. The
-lm option tells the linker inside programdllink to look in the librarylibm.so to find functionssin()
andhypot() used in functionsfunc 1() andfunc2() .

# build dynamically loaded lib libsample.dl

target: libsample.dl

libsample.dl: sample_chdl.obj func.obj
ch dllink libsample.dl sample_chdl.obj func.obj

sample_chdl.obj: sample_chdl.c
ch dlcomp libsample.dl sample_chdl.c -I../C

func.obj: ../C/func.c
ch dlcomp libsample.dl ../C/func.c -I../C

clean:
del *.obj
del *.exp
del *.lib
del *.dl

Program 3.10: Makefile for Windows (Makefile.win).

Program 3.10 is the makefile used in Windows. The windows makefile builds libsample.dl in a
similar manner described in the Unix makefile section. The object file has file extension.obj in Windows,
instead of.o in Unix.

We assume that the files are located in their proper directories specified in the makefiles. To run the
Makefile, simply type

make

at the Unix command prompt and

nmake -f Makefile.win
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at the Windows command prompt.
In makefiles shown in Programs 3.9, and 3.10, We compile program func.c to create an object file,

which is then linked with the object file from programsample chdl.c to create dynamically loadable file
libsample.dl . Instead, the dynamically loadable filelibsample.dl can be created with an object
file from programsample chdl.c and dynamical or static library. In this example, the staticlibrary
libfunc.a is created using commands ar andranlib from the object file of programfunc.c which
contains functionsfunc1() andfunc2() as shown in the makefile in Program 3.11 for Unix.

# build dynamically loaded lib libsample.dl using libfunc. a

target: libsample.dl

# func1() and func2() is located in libfunc.a
# -lm for func1() and func2() using functions in lib libm.so
libsample.dl: sample_chdl.o libfunc.a

ch dllink libsample.dl sample_chdl.o libfunc.a -lm
sample_chdl.o: sample_chdl.c

ch dlcomp libsample.dl sample_chdl.c -I../C
libfunc.a: ../C/func.c

cc -c ../C/func.c -I../C
ar -r libfunc.a func.o
ranlib libfunc.a

clean:
rm -f *.o *.dl libfunc.a

Program 3.11: Makefile for Unix (Makefilelib).

The makefile in Program 3.12 illustrates how to create dynamically loadable librarylibsample.dl in
Windows using functions in a dynamically linked library. The dynamically linked libraryfunc.dll with
symbols infunc.lib is created from Program 3.13 by Visual C++ compilercl and linkerlink . Un-
like functions in Program 3.2, functionsfunc1() andfunc2() in programfunc lib.c are exported
through the type qualifier declspec(dllexport) . When the object file from programfunc lib.c
is linked to create the runtime dynamical libraryfunc.dll , file func.lib will also be generated.
Library file func.lib is used to resolve the external symbols when the dynamicallyloadable library
libsample.dl is created.
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# build dynamically loaded lib libsample.dl using func.lib

target: libsample.dl

libsample.dl: sample_chdl.obj func.obj
ch dllink libsample.dl sample_chdl.obj func.lib

sample_chdl.obj: sample_chdl.c
ch dlcomp libsample.dl sample_chdl.c -I../C

# create func.lib and func.dll
func.obj: func_lib.c

cl /c /Fofunc.obj func_lib.c
link /DLL /OUT:func.dll func.obj

clean:
del *.obj
del *.exp
del *.lib
del *.dll
del *.dl

Program 3.12: Makefile for Windows (Makefilelib.win).

/* This file is used for creating func.lib and func.dll in Win dows only.
Move func.dll in a directory pointed by the enviornment vari able PATH */

#include <math.h>
#include <stdio.h>

__declspec(dllexport)
double func1(double x) {

return 2*sin(x);
}

__declspec(dllexport)
double func2(double x, double y) {

return 2*hypot(x, y);
}

Program 3.13: C Function definition (funclib.c) for Windows.

We assume that the files are located in their proper directories specified in the makefiles. To run the
makefile, simply type

make -f Makefile_lib

at the Unix command prompt and

nmake -f Makefile_lib.win

at the Windows command prompt to create the dynamically loadable librarylibsample.dl .
In many applications, the source code for functions are not available. Only dynamical or static library

such aslibfunc.a for Unix and func.lib for Windows and relevant header files are provided by
software vendors. Ch can also interface such binary functions located in a static or dynamically loaded
library as shown in makefiles in Programs 3.11 and 3.12 for Unix and Windows, respectively.
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3.3 Setting Up the Paths and Running Ch Programs

To run the above program, we have to include ch header file, chffile and DLL in the same directory as Ch
application program. There might be too many files in a same directory once the program gets bigger.

Certain paths can be set up for a Ch program to run correctly. When the program runs, it needs to locate
and use the specific libraries, Ch function files, and header files that it depends on.

Ch searchs the directories specified in system variablesfpath, ipath, lpath, and path for function
files, header files, dynamically loaded library, and commands, respectively.

To check the current values of these system variables, the user can type variable names in the command
mode directly. For example, the user can check if the directories in which the function files are located are
included in system variablefpath by the following command.

> _fpath

To add a directory for the system variables, the user can use the commandstradd . For example, if the
directory for functions files, say/mydir/lib , is not included, the user can add it by using the generic function
stradd() as follows.

> _fpath = stradd(_fpath, "/mydir/lib;")

3.3.1 Setting Up Paths for a Toolkit

Files in a toolkit are typically copied to directories specified by the system paths. Toolkits are mainly
distributed by SoftIntegration.

The user can take advantage of existing toolkit path set up bydefault. You can simply copy the Ch pro-
gram header files to the directoryCHHOME/toolkit/include , copy the program Dynamically Loaded
Files (.dl) to the directoryCHHOME/toolkit/dl . A Ch program header file need a slight modification
as described below. Binary programs and dynamically loadedlibrary (.DLL) in Windows are copied into
CHHOME/toolkit/bin or CHHOME/toolkit/sbin . Programs in the directory
CHHOME/toolkit/sbin can be accessed by Safe Ch. By default,CHHOME/toolkit/include ,
CHHOME/toolkit/dl , andCHHOME/toolkit/bin andCHHOME/toolkit/sbin have been in-
cluded in the system variablesipath, lpath, and path, respectively.

We use different method to handle the the function files sincethe Ch program usually contains too
many Ch functions files. The solution in Ch is to add preprocessing directives#pragma fpath into the
corresponding Ch program header files.

For example, if the header filegtk.h for the GTK toolkit contains

#ifndef __GTK_H__
#define __GTK_H__
#pragma _fpath <GTK/gtk>
...
#endif /* __GTK_H__ */

The Ch program containinggtk.h will add the directoryCHHOME/toolkit/lib/fpathname into
the system variablefpath of the subshell in which the Ch program is running. The Ch program will search
the directoryCHHOME/toolkit/lib/GTK/gtk for function files.

The other form of the pragma directive,

#pragma _fpath /dir1/dir2/fpathname

can add the absolute path name/dir1/dir2/fpathname into the system variablefpath of the sub-
shell.
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3.3.2 Setting Up Paths for a Package

Different ways of setting up paths for a package are described below.
1. Modify system paths by system variablespath, fpath, ipath, and lpath. Assuming that the

executable fileprogram.ch is in
/usr/local/ch/toolkit/demos/SDK/command/c2chf/bin ,
libsample.dl is in
/usr/local/ch/toolkit/demos/SDK/command/c2chf/dl ,
func1.chf andfunc2.chf are in
/usr/local/ch/toolkit/demos/SDK/command/c2chf/lib ,
andsample.h is in
/usr/local/ch/toolkit/demos/SDK/command/c2chf/inclu de.

The following code need to be added to eitherCHHOME/config/chrc or ˜/_chrc . Thus, these
path settings will be effective whenever Ch is started.

_path = stradd(_path, "/usr/local/ch/toolkit/demos/SDK /command/c2chf/bin;");
_lpath = stradd(_lpath, "/usr/local/ch/toolkit/demos/S DK/command/c2chf/dl;");
_fpath = stradd(_fpath, "/usr/local/ch/toolkit/demos/S DK/command/c2chf/lib;");
_ipath = stradd(_ipath, "/usr/local/ch/toolkit/demos/S DK/command/c2chf/include;");

2. Use ppath in conjunction with#pragma package <packagename> . ppath contains direc-
tories for packages.

Assuming that the executable fileprogram.ch is in
/usr/local/ch/toolkit/demos/SDK/command/c2chf/bin ,
libsample.dl is in
/usr/local/ch/toolkit/demos/SDK/command/c2chf/dl ,
func1.chf andfunc2.chf are in
/usr/local/ch/toolkit/demos/SDK/command/c2chf/lib ,
andsample.h is in
/usr/local/ch/toolkit/demos/SDK/command/c2chf/inclu de.

The following code need to be added to the startup fileCHHOME/config/chrc or ˜/_chrc .

_ppath = stradd(_ppath, "/usr/local/ch/toolkit/demos/S DK/command;");
_ipath = stradd(_ipath, "/usr/local/ch/toolkit/demos/S DK/command/c2chf/include;");

Programpkginstall.ch described in section C.2 can be executed for the above setup during the
installation of the packagec2chf as shown below:

> pkginstall.ch -d /usr/local/ch/toolkit/demos/SDK/com mand c2chf

In addition, the preprocessing directive

#pragma package <c2chf>

has to be included at the beginning of the Ch program or its header file. #pramga package <c2chf>
adds_ppath/c2chf/bin to path, ppath/c2chf/lib to fpath, ppath/c2chf/include to
ipath, and ppath/c2chf/dl to lpath. Program 3.14 is a Ch program based on the application program

shown in Program 3.3.
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#pragma package <c2chf>

#include <sample.h>

int main () {
double d1, d2;

d1 = sin(3.0);
d2 = hypot(3, 4);
printf("sin(3) = %f\n", d1);
printf("hypot(3,4) = %f\n", d2);

d1 = func1(3.0);
d2 = func2(3, 4);
printf("func1(3) = %f\n", d1);
printf("func2(3,4) = %f\n", d2);

}

Program 3.14: Testing program (program.ch).

There is another option to run the Program 3.14 without setting the ppath. Just change preprocessing
directive from

#pragma package <c2chf>

to

#pragma package "/usr/local/ch/toolkit/demos/SDK/comm and/c2chf"

at the beginning of the Program 3.14. By specifying the absolute path, Ch can find all the file components in
the subdirectories of the directory/usr/local/ch/toolkit/demos/SDK/command/c2chf with-
out setting any system path.

3. The simplest way is to use programpkginstall.ch , described in section C.2, to install a package
into the directory CHHOME/package. For example, a packagechsample can be installed by

> pkginstall.ch chsample

and uninstalled by

> pkginstall.ch -u chsample

as described in section 3.5.

Adding packages for Embedded Ch
To add a pckage for an Embedded Ch, it needs to be added in the directory relevant to the home directory

of Embedded Ch. For example, by default, the home directory for Embedded Ch is CHHOME/toolkit/embedch.
CHHOME is /usr/localch in Unix and C:/Ch in Windows. To add packagec2chf for the embedded Ch by
default for Unix, use the command

> pkginstall.ch -d /usr/local/ch/toolkit/embedch/packa ge c2chf
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3.4 Generating chf and chdl Files Using Command c2chf

It is usually not necessary to access every function in a library. In most cases, you might only need a
relatively small subset of library. You may need to eliminate the unnecessary functions and variables in your
Ch header file to interface C library from Ch space. However, it is inconvenient to write the chf and chdl
files for every function by hand. To speed up application development, the commandc2chf with details
described in section C.1 can be used. Commandc2chf generates the chf and chdl files automatically based
on a header file that the user provides.

You can either use the existing C library header file or modifyan existing header file. This header file
should only contain all the prototypes of those functions that will be used in the application program without
macros and typedef statements.

The header file,sample.h , with the contents below is an example of what a typical header file would
look like.

extern double func1(double x);
extern double func2(double x, double y);

Type qualifierextern will be ignored by commandc2chf . The above header readily for processing by
commandc2chf can be obtained by functionprocesshfile() . For example, for the two commands
below typed at the command prompt,

> processhfile("extern", 0, ";", "C/sample.h", "sample.h ", NULL);
> c2chf sample.h

functionprocesshfile() with details described in section D.2 will create a new header file sample.h
in the current directory based on the original C header file inthe C directory first. Commandc2chf then
creates a directory with the name of the header file’s prefix. Inside the directory there would be the chf files
and a chdl file for creating a dynamically loaded library. Thenumber of chf files in the directory will match
the number of function prototypes written in the header file.

The commandc2chf has limitations as described in section C.1. It is able to handle most C functions.
But, it can not handle functions with argument of pointer to function. You need to write the code manually
for this case.

In this example, the directory being created byc2chf is sample and its contents arefunc1.chf ,
func2.chf , andsample chdl.c . We have used these three generated files in the previous sections.

More information about functionprocesshfile() and commandc2chfcan be found in sections D.2
and C.1, respectively.

3.5 Creating Interface to C Library Using a Script Program

To make the process of creating and maintaining a dynamically loaded library and function files simpler,
we will be using a script program. In order to demonstrate theuse of a script program, we modify the
programs used at the begin of the chapter by adding a new function. The new functionfunc3() has an
argument of pointer to a function which has one argument and returns an integer. A function with pointer
to function cannot be handled automatically by the programc2chf , so it needs to be handled manually.
Program 3.15 is the new C header file which includes three function prototypes. Program 3.16 contains the
definitions of functionsfunc1() ,func2() , andfunc3() . Program 3.17 is a C program that calls these
three functions and prints their results on the screen.
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3.5.1 Creating a Package Usingpkgcreate.ch

#ifndef SAMPLE_H
#define SAMPLE_H

/* func1() and func2() use sin() and hypot() in math.h */
#include <math.h>
#include <stdio.h>

#if defined(_WIN32)
#define EXPORT _declspec(dllexport)
#else
#define EXPORT
#endif

typedef int (*FUNPTR)(int n);

EXPORT extern double func1(double x);
EXPORT extern double func2(double x, double y);
EXPORT extern int func3(FUNPTR fp, int n); /* arg is pointer t o func */

#endif /* SAMPLE_H */

Program 3.15: C header file (sample.h).

#include "sample.h"

EXPORT
double func1(double x) {

return 2*sin(x);
}

EXPORT
double func2(double x, double y) {

return 2*hypot(x, y);
}

EXPORT
int func3(FUNPTR fp, int n) {

fp(n);
return 2*n;

}

Program 3.16: C Function definition (func.c).
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#include "sample.h"

int func(int n) {
printf("n in func() = %d\n", n);
return 0;

}

int main () {
double d1, d2;
int ret;

d1 = sin(3.0);
d2 = hypot(3, 4);
printf("sin(3) = %f\n", d1);
printf("hypot(3,4) = %f\n", d2);

d1 = func1(3.0);
d2 = func2(3, 4);
printf("func1(3) = %f\n", d1);
printf("func2(3,4) = %f\n", d2);

ret = func3(func, 10);
printf("ret = %d\n", ret);

}

Program 3.17: C application program (program.c).
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#!/bin/ch
#include <unistd.h> // for access()
#include <dlfcn.h> // for dlopen()
#include <chshell.h> // for chinfo()

int addChdlHeader(char *headerfile, char *macro, char *ch dlheader);

string_t pkgname="chsample";// define package name
chinfo_t info; // for Ch version number
string_t cwd = _cwd; // the current working directory
string_t debugFile; // compilation debug information in Wi ndows
string_t debug;
string_t makecmd;
#if defined(_WIN32_)

debug=">nul 2>nul"; // surpress messages during cleaning i n Windows
debugFile =">logfile 2>&1"; // compilation debug informat ion in ’logfile’
makecmd = "nmake -f Makefile.win";

#else
makecmd = "make -f Makefile";

#endif

//make sure pgkcreate.ch is run from the current working dir ectory
if(access("pkgcreate.ch", R_OK)) {

echo Run ./pkgcreate.ch in the current directory.
exit(-1);

}
// run this script in proper Ch version
chinfo(&info);
if ((info.vermajor*100+ info.verminor*10 + info.vermicr o) < 501) {

echo "To run this script, you need to install Ch version 5.0.1 .12201 or higher"
echo "You can download the latest version from http://www.s oftintegration.com/download"
exit(-1);

}

//echo clean up existing directory and create new ones
if (!access(pkgname, F_OK))

rm -rf $pkgname
mkdir $pkgname
mkdir $pkgname/dl $pkgname/lib $pkgname/include $pkgnam e/demos $pkgname/bin

//echo copying demo programs ...
cp -rf demos/* $pkgname/demos

//echo copying and modify header files ...
cp include/sample.h $pkgname/include
char *macro ="#define SAMPLE_H";
char *chdlheader =

"\n\n"
"#ifdef _CH_\n"
"#pragma package <chsample> \n"
"#include <chdl.h> \n"
"LOAD_CHDL(sample);\n"
"#endif \n\n";

addChdlHeader(stradd(pkgname, "/include/sample.h"), m acro, chdlheader);

//echo extracting function prototypes ...
processhfile("EXPORT", 0, ";", stradd(pkgname, "/includ e/sample.h"), "chfcreate/sample.h", NULL);
//echo removing special functions
removeFuncProto("chfcreate/sample.h", "func3", 0);
//echo generating sample_chdl.c in c/sample and *.chf in $p kgname/lib
c2chf chfcreate/sample.h -h _Chsample_handle -r chfcreat e/sample_err -o c c -o chf $pkgname/lib
//echo patching special .chf files
cp -f chfhandmade/*.chf $pkgname/lib
chmod 644 $pkgname/lib/*.chf

Program 3.18: Script file (pkgcreate.ch).
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//echo making .dl files
cd c
$makecmd clean $debug
$makecmd $debugFile

cd $cwd
//echo .DLL path and testing .dl file
//#pragma exec _path=stradd(_path, "chsample/bin");
if (dlopen("./c/libsample.dl", RTLD_LAZY) == NULL) {

printf("Error: test of loading libsample.dl: %s\n", dlerr or());
exit(-1);

}
cd c
mv -f libsample.dl $cwd/$pkgname/dl
$makecmd clean $debug
echo package $pkgname created successfully!

/************************************************** *****************
* * This function will add the required preprocessing direct ives
* * needed by Ch to a header file.
* * headerfile: header file to be changed
* * macro: token to be recoganized for insertion of chdlheade r
* * chdlheader: preprocessing directives to be inserted
* ************************************************** *****************/

int addChdlHeader(char *headerfile, char *macro, char *ch dlheader)
{

char *stop_ptr;
string_t tempfile, token;
string_t result;
FILE *stream;

tempfile = ‘‘cat $headerfile‘‘;
token = strstr( tempfile, macro);
stop_ptr = strstr(token, "\n");
strncpy(result, tempfile, strlen(tempfile)-strlen(sto p_ptr));
result=stradd(result, chdlheader);
result=stradd(result, stop_ptr);
if(!(stream = fopen("_tmpfile", "w")))
{

perror("_tmpfile");
return -1;

}
fprintf(stream, "%s", result);
fclose(stream);
mv -f _tmpfile $(headerfile)
return 0;

}

Program 3.18: Script file (pkgcreate.ch) (cont.).

Program 3.18 is the Ch script which creates the dynamically loaded library. Before the script can be exe-
cuted, the proper directory structure must be in place. Figure 3.2 shows how the directory structure is set up.
Start by creating this directory structure and inserting your files as shown. After runningpkgcreate.ch
in the current directory, the packagechsample in the current directory is created as shown in Figure 3.2
Under the directorychsample , the directorydemos contains demo programs in C that are ready to run
in Ch. The directorydl contains the dynamically loaded library. The directorylib contains the function
files. The directoryinclude contains the header files used in the program. The contents inthis directory
are copied to CHHOME/toolkit/include when the package is installed using programpkginstall.ch .

Now let’s take a closer look at the script program to see exactly what is being done. The script begins
with the lines
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func3.chf
func2.chf
func1.chfsample.hlibsample.dlprogram.c

func3_chdl.c

Makefile

handmade/
sample

func3.chf

chfhandmade

READMEsample_err

chfcreate READMEpkgcreate.ch

func.c
sample.h

README
Makefile
Makefile.win

program.c

src

sample.h

include

func_lib.c
README
Makefile_lib.win
Makefile_lib
Makefile.win

c

sample

Makefile

demos

chsample

demos libbinincludedl

sample

program.c

Figure 3.2: Directory structure creating packagechsample using the script pkgcreate.ch.

#!/bin/ch
#include <unistd.h> // for access()
#include <dlfcn.h> // for dlopen()
#include <chshell.h> // for chinfo()

Starting the program with#!/bin/ch , rather thanmain() lets the system know that this is a Ch
script. This script can be executed in Ch and other shells. Proper header files are included in the program,
because it contains system and process functions that will be called in the script program.

After some variables are declared and initialized, the nextfew lines contain anif statement.

if(access("pkgcreate.ch", R_OK)) {
echo Run ./pkgcreate.ch in the current directory.
exit(-1);

}

The functionaccess() checks the accessibility of the file named by the pathname pointed to by the
first argument. The second argumentR OKtells the function to check for read permission. Ifpkgcreate.ch
exists and the user has read permission,access() will return zero. If either the file does not exist, or the
user does not have read permission, the function will return1 and a message will be displayed and the script
will exit.

Functionchinfo() obtained the information about Ch. The script can only run inCh version 5.0.1.12201
or higher.

If the directory chsample exists, it will be removed first. This directory for the package and its
subdirectories as shown in Figure 3.2. will be created then.Afterwards, demo programs are copied to the
packagechsample by the command.
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cp -rf demos/* $pkgname/demos

Then, proper header files are copied to the packagechsample by the commands below.

cp include/sample.h $pkgname/include
char *macro ="#define SAMPLE_H";
char *chdlheader =

"\n\n"
"#ifdef _CH_\n"
"#pragma package <chsample> \n"
"#include <chdl.h> \n"
"LOAD_CHDL(sample);\n"
"#endif \n\n";

addChdlHeader(stradd(pkgname, "/include/sample.h"), m acro, chdlheader);

copies header fileinclude/sample.h to chsample/include/sample.h . The header file
chsample/include/sample.h for Ch is then modified using functionaddChdlHeader() . The
first argument is the header file to be modified. The second argument is the symbol,"#define SAMPLE_H" ,
to be recognized for insertion of the preprocessing directives in the third argument. The difference between
the original header file include/sample.h in Program 3.15 and modified header file
chsample/include/sample.h in Program 3.19 is thatchsample/include/sample.h contains
the directive in the third argument of functionaddChdlHeader() .

#ifdef _CH_
#pragma package <chsample>
#include <chdl.h>
LOAD_CHDL(sample)
#endif

The Ch PNG package, available athttp://www.softintegration.com/products/thirdparty ,
also contains a code that can change a function prototype from

extern PNG_EXPORT(rettype ,func) PNGARG((type arg));

to

extern rettype func(type arg);

so that it can be processed by commandc2chf. The Ch OpenCV package has a sample code to change

CVAPI(data_type) func(arg_list);

to

data_type func(arg_list);

Function call

processhfile("EXPORT", 0, ";", "../include/sample.h",
"chfcreate/sample.h", NULL);
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#ifndef SAMPLE_H
#define SAMPLE_H

#ifdef _CH_
#pragma package <chsample>
#include <chdl.h>
LOAD_CHDL(sample);
#endif

/* func1() and func2() use sin() and hypot() in math.h */
#include <math.h>
#include <stdio.h>

#if defined(_WIN32)
#define EXPORT _declspec(dllexport)
#else
#define EXPORT
#endif

typedef int (*FUNPTR)(int n);

EXPORT extern double func1(double x);
EXPORT extern double func2(double x, double y);
EXPORT extern int func3(FUNPTR fp, int n); /* arg is pointer t o func */

#endif /* SAMPLE_H */

Program 3.19: Ch header file (sample.h).

extern double func1(double x);
extern double func2(double x, double y);

Program 3.20: Processed C header file (sample.h).

creates a new header file in the directory./chfcreate , based on the delimiters"EXPORT" and ";"
in the header fileinclude/sample.h . The first delimiter"EXPORT" is the first common symbol for
function prototypes in the header file. The new header filesample.h only contains the prototype of the
functions that will be used in the application program without macros and typedef statements. Details
about the functionprocesshfile() can be found in section D.2. Before the header filesample.h
is processed byc2chf , special functions such asfunc3() with an argument of pointer to functions are
removed by function removeFuncProto().

removeFuncProto("chfcreate/sample.h", "func3", 0);

Details about functionremoveFuncProto() can be found in section D.3. The newsample.h in the
directorychfcreate is shown in Program 3.20.

Command

c2chf chfcreate/sample.h -h _Chsample_handle -r chfcreat e/sample_err
-o c c -o chf $pkgname/lib
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generates a C wrapper filesample chdl.c in the directoryc and function files with file extension .chf
in the directorychpack/lib . The number of chf files in the directory will match the numberof function
prototypes written in the header file. The option-h allows the user to specify handle for chf files. In this
case the handleChsample handle is used.

func1 NaN
func2 NaN

Program 3.21: Return values for function files (sampleerr)

The option-r allows the user to provide a file which contains a list of function names and their error
return values used inside their chf function files to over write the default value NULL for a function returning
pointer type and -1 for other types. In this case the error return values are specified in the filesample err
in the directorychfcreate . Program 3.21 shows the filesample err .

The next block of code is

cp -f chfhandmade/*.chf $pkgname/lib
chmod 644 $pkgname/lib/*.chf

Function files for special cases were prepared before the script pkgcreate.ch is executed. These function
files are copied to the function file directory of the package.Program 3.22, show function file forfunc3()
which is created manually for functionfunc3() with an argument of pointer to function.

int func3(FUNPTR fp, int n) {
void *fptr;
int retval;

fptr = dlsym(_Chsample_handle, "func3_chdl");
if(fptr == NULL) {

fprintf(_stderr, "Error: %s(): dlsym(): %s\n", __func__, dlerror());
return -1;

}
dlrunfun(fptr, &retval, func3, fp, n);
return retval;

}

Program 3.22: chf file (func3.chf).

The commandchmod changes the permissions for a file. The number644 changes all the permissions
of the files in the directorysample to give the owner read and write permissions as well as read permission
to the group and everyone else.

The directoryc contains a chdl C programsample chdl.c generated automatically by command
c2chf . Program 3.24 shows thesample chdl.c for functions func1() and func2() . Program
func3 chdl.c for special functionfunc3() in the directoryc/handmade/sample is manually cre-
ated. Programfunc3 chdl.c contains is the chdl file forfunc3() .

44



CHAPTER 3. CALLING MULTIPLE FUNCTIONS FROM A LIBRARY
3.5. CREATING INTERFACE TO C LIBRARY USING A SCRIPT PROGRAM

#include <sample.h>
#include <ch.h>

static ChInterp_t interp;
static int fp_funarg(int n);
static void *fp_funptr;

EXPORTCH int func3_chdl(void *varg) {
ChVaList_t ap;
FUNPTR fp_ch, fp_c;
int n;
int retval;

Ch_VaStart(interp, ap, varg);
fp_ch = Ch_VaArg(interp, ap, FUNPTR);
n = Ch_VaArg(interp, ap, int);
fp_funptr = (void *)fp_ch;
if (fp_ch != NULL) {

fp_c = (FUNPTR)fp_funarg;
}
retval = func3(fp_c, n);
Ch_VaEnd(interp, ap);
return retval;

}

static int fp_funarg(int n) {
int retval;
Ch_CallFuncByAddr(interp, fp_funptr, &retval, n);
return retval;

}

Program 3.23: chdl file (func3chdl.c).
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#include <sample.h>
#include <ch.h>

EXPORTCH double func1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
double x;
double retval;

Ch_VaStart(interp, ap, varg);
x = Ch_VaArg(interp, ap, double);
retval = func1(x);
Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH double func2_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
double x;
double y;
double retval;

Ch_VaStart(interp, ap, varg);
x = Ch_VaArg(interp, ap, double);
y = Ch_VaArg(interp, ap, double);
retval = func2(x, y);
Ch_VaEnd(interp, ap);
return retval;

}

Program 3.24: Created C file (samplechdl.c).

The code below compiles chdl files to create a dynamically loaded library libsample.dl in the
directoryc .

cd c
$makecmd clean $debug
$makecmd $debugFile

The abovemakecmdcommands are equivalent to

#ifdef _WIN32_
nmake -f Makefile.win clean >nul 2>nul
nmake -f Makefile.win >logfile 2>&1

#else
make -f Makefile clean
make -f Makefile

#endif

In Windows, the makefileMakefile.win will be used. The programnmake first cleans up the unwanted
files specified byMakefile.win and then runsMakefile.win . The command suffix>nul 2> nul
from the variabledebug redirects the standard output and standard error streams ofthenmake command.
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The command suffix>logfile 2>& 1 from the variabledebugFile redirects the standard output
and standard error streams of thenmake command to filelogfile . Program 3.25 displays Makefile.win
used for Windows. In other operating systems, programmake and Makefile will be used. Program 3.26
displays Makefile for Unix.

# build dynamically loaded lib libsample.dl

target: libsample.dl

libsample.dl: sample_chdl.obj func3_chdl.obj func.o
ch dllink libsample.dl sample_chdl.obj \

func3_chdl.obj func.obj
sample_chdl.obj: sample_chdl.c

ch dlcomp libsample.dl sample_chdl.c -I../src
func3_chdl.obj: handmade/sample/func3_chdl.c

ch dlcomp libsample.dl handmade/sample/func3_chdl.c -I. ./src
func.obj: ../src/func.c

ch dlcomp libsample.dl ../src/func.c -I../src
clean:

del *.obj
del *.exp
del *.lib
del *.dl

Program 3.25: Windows Makefile (Makefile.win).

# build dynamically loaded lib libsample.dl

target: libsample.dl

# -lm for func1() and func2() using functions in lib libm.so
libsample.dl: sample_chdl.o func3_chdl.o func.o

ch dllink libsample.dl sample_chdl.o \
func3_chdl.o func.o -lm

sample_chdl.o: sample_chdl.c
ch dlcomp libsample.dl sample_chdl.c -I../src

func3_chdl.o: handmade/sample/func3_chdl.c
ch dlcomp libsample.dl handmade/sample/func3_chdl.c -I. ./src

func.o: ../src/func.c
ch dlcomp libsample.dl ../src/func.c -I../src

clean:
rm -f *.o *.dl *.a *.dll *.lib *.exp *.obj

Program 3.26: Unix Makefile (Makefile).

The generated dynamically loaded interface librarylibsample.dl is tested using functiondlopen() .
The code segment below

cd c
mv -f c/libsample.dl $cwd/$pkgname/dl
$makecmd clean $debug
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moves the filelibsample.dl into the dl directory of the package. The script then does a final cleaning
of unwanted files in the directoryc .

3.5.2 Installing a Package Usingpkginstall.ch

After the packagechsample is created by commandpkgcreate.ch , it can be installed by the com-
mandpkginstall.ch . By default, pkginstall installs a package in the current directory into the directory
CHHOME/package and copies required header files inpackage/include into the directory
CHHOME/toolkit/include .

If you want to install Ch package into your preferred directory, you can specify it in the command
line. During the installation, it will modify ipath and ppath in .chrc in Unix or chrc in Win-
dows in the user home directory. During installation, an installation file is created under the directory
CHHOME/package/installed with a list of the installed directories and files.

This program can also uninstall a Ch Package by removing header files installed into the directory
CHHOME/toolkit/include and the package in theCHHOME/packagedirectory based on the corre-
sponding package file inCHHOME/package/installed directory.

The packagechsample can be installed by the command

> pkginstall.ch chsample

It can be uninstalled by the command

> pkginstall.ch -u chsample

PACKAGE=chsample

create:
ch ./pkgcreate.ch

install:
ch pkginstall.ch $(PACKAGE)

uninstall:
ch pkginstall.ch -u $(PACKAGE)

rmpkg:
rm -rf $(PACKAGE)

clean:
rm -f c/*.c
rm -f chfcreate/*.h
cd c; make clean

Program 3.27: Makefile for creating, installing, and uninstalling a package.

A Makefile in Program 3.27 allows creation, installation, and uninstallation of a package to be handled
by commands

make
make install
make uninstall

respectively.
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Accessing Global Variables in C Space

In the previous chapter, handling functions with prototypes declared in a header file is described. Besides
prototypes of functions, global variables may also be declared in header files. In this chapter, we will
describe how to access global variables in C Space from Ch space.

In the example below, the global variableconst int i1 in C space will be accessed in Ch space.

Example

Listing 1 — header file in C space (expvarc.h)

#ifndef _EXPVAR_H_
#define _EXPVAR_H_

/* global variables to be exported to the Ch space */
const int i1 = 100;

#endif

Listing 2 — C function (expvar.c)

#include <ch.h>
#include <stdio.h>
#include "expvar_c.h"

EXPORTCH void expvar_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int *ii1;

printf("The variables in the C space are %d\n", i1);

Ch_VaStart(interp, ap, varg);
ii1 = Ch_VaArg(interp, ap, int*);
*ii1 = i1; /* pass the value to the Ch space */

Ch_VaEnd(interp, ap);
return;

}

Listing 3 — header file in Ch space (expvar.h)

#ifndef _EXPVAR_H_
#define _EXPVAR_H_
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int i1;

/* load DLL */
#include <dlfcn.h>
void *_ChExpvar_handle = dlopen("libexpvar.dl", RTLD_LA ZY);
if(_ChExpvar_handle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n", __func__ , dlerror());
fprintf(_stderr, " cannot get _ChExpvar_handle in expvar. h\n");
exit(-1);

}

/* release DLL when program exits */
void _dlclose_expvar(void) {

dlclose(_ChExpvar_handle);
}
atexit(_dlclose_expvar);

/* Get addresses of global variables in C space */
void *fptr_expvar_h = dlsym(_ChExpvar_handle , "expvar_c hdl");
if(fptr_expvar_h == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}
dlrunfun(fptr_expvar_h, NULL, NULL, &i1);

#endif

Listing 4 — Ch application (expvar.ch)

#include <expvar.h>

int main() {
printf("Value of i1 in Ch is %d\n", i1);
return 0;

}

/*** Result from excuting this program
The variables in the C space are 100
Value of i1 in Ch is 100
***/

Listing 5 — Makefile (Makefile)

target: Makefile libexpvar.dl

libexpvar.dl: Makefile expvar.o
ch dllink libexpvar.dl expvar.o

expvar.o: expvar.c
ch dlcomp libexpvar.dl expvar.c

clean:
rm -f *.o *.dl

In the next example, the value for global variableint i2 in C space will be changed in Ch space.
Program 4.1 is a C header file containing three global variables i1 , i2 , anda. We assume the variable

i1 remains unchanged after the original value is assigned, whereas variablei2 will be changed during the
execution of the C program. Variablea is an array of int type. Three methods of handling global variables
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#ifndef _EXPVAR_H_
#define _EXPVAR_H_

/* global variables to be exported to the Ch space */
const int i1 = 100;
int i2 = 200; /* i2 will be changed during execution */
int a[10] = {1,2,3,4,5,6,7,8,9,10};

/* function prototypes */
/* ... */

#endif

Program 4.1: C header file containing global variables (expvar c.h ).

will be introduced by this example. In Ch header file shown in Program 4.2, code for loading and releasing
DLL module has been described in Chapter 3. The global variable i1 in Ch is declared with the same data
type as the corresponding global variablei1 in C. It is used to keep the original value of the C variable.
Since the value ofi2 in C space will be changed during the execution of the program, not only its value,
but also its address is needed in Ch space. A temporary variable i2 is declared as pointer to int to keep the
address of C space variablei2 in Program 4.2, so that we can get the C space value ofi2 from Ch space
using macroi2 defined as follows

#define i2 *i2_

To use the memory for arraya in the C space, variablea in the Ch space is declared as a pointer to int.
This pointer in the Ch space will point to the memory for the array a in the C space. The chdl function
expvar chdl () defined in Program 4.3 is called by statements

void *fptr_expvar_h = dlsym(_ChExpvar_handle, "expvar_c hdl");
dlrunfun(fptr_expvar_h, NULL, NULL, &i1, &i2_, &a);

where addresses of variablesi1 , i2 , anda in Ch space are passed to C space as arguments ofdlrunfun ().
In the chdl functionexpvar chdl () shown in Program 4.3, statements

ii1 = Ch_VaArg(interp, ap, int*);
*ii1 = i1; /* pass the value to the Ch space */

assign the value ofi1 to the address of variablei1 in Ch space. Therefore, the variable ı1 in Ch has the
same value as the one in the C space. But, if the variablei1 in C space is changed afterward, the one in Ch
will keep the original value. For variablei2 , statements

ii2 = Ch_VaArg(interp, ap, int**);
*ii2 = &i2; /* pass the address to the Ch space */

assign the address ofi2 to the address of the temporary variablei2 in Ch, so that the variable in C can
be accessed from Ch space by its address. If the variablei2 in C is changed, the one in Ch will change
correspondingly. For arraya, statements

aptr = Ch_VaArg(interp, ap, int**);
*aptr = a; /* pass the address to the Ch space */
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#ifndef _EXPVAR_H_
#define _EXPVAR_H_

int i1;
int *i2_;
#define i2 *i2_
int *a;

/* load DLL */
#include <dlfcn.h>
void *_ChExpvar_handle = dlopen("libexpvar.dl", RTLD_LA ZY);
if(_ChExpvar_handle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n", __func__ , dlerror());
fprintf(_stderr, " cannot get _ChExpvar_handle in expvar. h\n");
exit(-1);

}

/* release DLL when program exits */
void _dlclose_expvar(void) {

dlclose(_ChExpvar_handle);
}
atexit(_dlclose_expvar);

/* Get addresses of global variables in C space */
void *fptr_expvar_h = dlsym(_ChExpvar_handle , "expvar_c hdl");
if(fptr_expvar_h == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}
dlrunfun(fptr_expvar_h, NULL, NULL, &i1, &i2_, &a);

#endif

Program 4.2: Ch header file for handling global variables (expvar.h ).

assign the address for arraya in the C space to the pointera in the Ch sapce.
The functionchangeCVar chdl () changes the values ofi1 , i2 and elementa[3] in the C space.

The Ch application shown in Program 4.4 prints out the corresponding values ofi1 and i2 in Ch space
before and afterchangeCVar () is called as well as values for the arraya . Thei2 is changed from200 to
400 , whereasi1 keeps the original value100 . The value for elementa[3] has been changed. The result
from executing Program 4.4 is appended at the end of the file.
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#include <ch.h>
#include <stdio.h>
#include "expvar_c.h"

EXPORTCH void expvar_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int *ii1;
int **ii2;
int **aptr;

printf("The variables in the C space are %d and %d\n", i1, i2) ;

Ch_VaStart(interp, ap, varg);
ii1 = Ch_VaArg(interp, ap, int*);
*ii1 = i1; /* pass the value to the Ch space */
ii2 = Ch_VaArg(interp, ap, int**);
*ii2 = &i2; /* pass the address to the Ch space */
aptr = Ch_VaArg(interp, ap, int**);
*aptr = a; /* pass the address to the Ch space */

Ch_VaEnd(interp, ap);
return;

}

EXPORTCH void changeCVar_chdl() {
i2 = 400; /* change value of C variable */
printf("The variables in the C space are %d and %d\n", i1, i2) ;
a[3] = 300; /* change value of an element of C array*/

return;
}

Program 4.3: chdl functions for handling global variables (expvar.c ).
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#include "expvar.h"

void changeCVar() {
void *fptr;

fptr = dlsym(_ChExpvar_handle , "changeCVar_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* Pass the address of retval to C space */
dlrunfun(fptr, NULL, NULL);
return;

}

int main() {
int i;
printf("Original values of i1 and i2 in Ch are %d and %d\n", i1 , i2);
changeCVar(); /* change variables in C space */
printf("After calling changeCVar(), i1 and i2 are %d and %d\ n", i1, i2);
for(i=0; i<10; i++) {

printf("a[%d] = %d\n", i, a[i]);
}
return 0;

}

/*** Result from excuting this program
The variables in the C space are 100 and 200
Original values of i1 and i2 in Ch are 100 and 200
The variables in the C space are 100 and 400
After calling changeCVar(), i1 and i2 are 100 and 400
a[0] = 1
a[1] = 2
a[2] = 3
a[3] = 300
a[4] = 5
a[5] = 6
a[6] = 7
a[7] = 8
a[8] = 9
a[9] = 10
***/

Program 4.4: expvar.ch: Ch application accessing global variables in C space (Note: chf file is included)
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Templates for Calling Regular C Functions

Previous chapters described how to write chf and chdl files and build dynamically loaded libraries. After
reading the first three chapters, the users should have gained a basic understanding of what chdl, chf, and
dynamically loaded libraries are, and how the C binary modules interface with the Ch space through APIs.
We still need to explain topics that deal with specific types of function. This chapter will describe how a
simple function with arguments or return value of simple data types in C space can be called in Ch space.
The Makefile in the first example is used for all examples in this chapter.

5.1 Functions without Return Value or Argument

The section is for handling functions without a return valueand argument. Assume the function to be
handled in C space is:

void functionName() {
...

}

wherefunctionName can be any valid function name in C. It has no argument and return value.

In the chf file, the Ch function is given in Program 5.1.
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#include<dlfcn.h>
...

void functionName()
{

void *dlhandle, *fptr;

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n",
__func__, dlerror());

return;
}

/* get the address by function name */
fptr = dlsym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded library by ad dress */
dlrunfun(fptr, NULL, functionName);

/* close the dynamically loaded library */
if(dlclose(handle)!=0) {

fprintf(_stderr, "Error: %s(): dlclose(): %s\n",
__func__, dlerror());

return;
}

}

Program 5.1: Regular functions without return value and argument (chf function).

Here, we assume thatlibproject.dl is the DLL (Dynamically Loaded Library) file that the user builds
from the library files and the chdl files. Functions introduced in Chapter 2 such asdlopen(), dlsym(),
dlrunfun() anddlclose(), defined indlfcn.h, are used to access the DLL . Appendix B contains detailed
reference of these functions. Thedlrunfun() in the Ch function calls the chdl function (Program 5.2) by its
address in the C address space. The third argument ofdlrunfun() can be NULL orfunctionName . If
functionName is used, Ch will perform the prototype checking. Ch skips theprototype check otherwise.

Program 5.2 is the chdl file that has the chdl functionfunctionName chdl ().

#include<ch.h>
...

EXPORTCH void functionName_chdl() {
functionName();

}

Program 5.2: Regular functions without return value and argument (chdl function).
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The macroEXPORTCH , defined inch.h, indicates that this function is exported from a dynamically
loaded library and suffixchdl in the function namefunctionName chdl indicates that it is a chdl
function. Since the original C function has no argument and return value,functionName chdl ’s ar-
gument list is empty. The functionfunctionName (), which is in binary module, is invoked within
functionName chdl ().

Example

A complete example including the original C function file, C header file, chf , chdl , Makefile, and
application program is given in this section. The headerheader1.h in both C space and Ch space is the
same here for easy of illustration. If you have multiple functions to interface, you might need to follow the
example in Chapter 3 to construct different header file.
Listing 1 — header file (hello1.h)

void hello1();

Listing 2 — C function (hello1.c)

#include <stdio.h>
#include "hello1.h"

void hello1(){
printf("hello world !\n");

}

Listing 3 — chf file (hello1.chf)

#include<dlfcn.h>
void hello1() {

void *handle, *fptr;

handle = dlopen("libhello.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}

fptr = dlsym(handle, "hello1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

dlrunfun(fptr, NULL, hello1);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}

return;
}

Listing 4 — Makefile (Makefile)

# This Makefile is for all examples

All : libhello.dl Makefile
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libhello.dl : hello1.o hello1_chdl.o \
hello2.o hello2_chdl.o \
hello3.o hello3_chdl.o \
testarray.o testarray_chdl.o \
sum1.o sum1_chdl.o \
sum2.o sum2_chdl.o \
retstruct.o retstruct_chdl.o \
ret_comp_arr_chdl.o comp_array.o

ch dllink libhello.dl hello1.o hello1_chdl.o \
hello2.o hello2_chdl.o \
hello3.o hello3_chdl.o \
testarray.o testarray_chdl.o \
sum1.o sum1_chdl.o \
sum2.o sum2_chdl.o \
retstruct.o retstruct_chdl.o \
ret_comp_arr_chdl.o comp_array.o

hello1.o : hello1.c
ch dlcomp libhello.dl hello1.c

hello1_chdl.o : hello1_chdl.c
ch dlcomp libhello.dl hello1_chdl.c

hello2.o : hello2.c
ch dlcomp libhello.dl hello2.c

hello2_chdl.o : hello2_chdl.c
ch dlcomp libhello.dl hello2_chdl.c

hello3.o : hello3.c
ch dlcomp libhello.dl hello3.c

hello3_chdl.o : hello3_chdl.c
ch dlcomp libhello.dl hello3_chdl.c

testarray.o : testarray.c
ch dlcomp libhello.dl testarray.c

testarray_chdl.o : testarray_chdl.c
ch dlcomp libhello.dl testarray_chdl.c

sum1.o : sum1.c
ch dlcomp libhello.dl sum1.c

sum1_chdl.o : sum1_chdl.c
ch dlcomp libhello.dl sum1_chdl.c

sum2.o : sum2.c
ch dlcomp libhello.dl sum2.c

sum2_chdl.o : sum2_chdl.c
ch dlcomp libhello.dl sum2_chdl.c

retstruct.o : retstruct.c
ch dlcomp libhello.dl retstruct.c

retstruct_chdl.o : retstruct_chdl.c
ch dlcomp libhello.dl retstruct_chdl.c
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comp_array.o : comp_array.c
ch dlcomp libhello.dl comp_array.c

ret_comp_arr_chdl.o : ret_comp_arr_chdl.c
ch dlcomp libhello.dl ret_comp_arr_chdl.c

clean :
rm -f *.dl *.o

Listing 5 — chdl file (hello1chdl.c)

#include <ch.h>
#include "hello1.h"

EXPORTCH void hello1_chdl() {
hello1();
return;

}

Listing 6 — Ch application (hello1.ch)

#include "hello1.h"

int main() {
hello1();
return 0;

}

Output

hello world !

5.2 Functions with Arguments of Simple Type

After learning how to deal with the most simple function, let’s deal with functions that are a little more
complicated. This section describes functions that have arguments of simple data types but no return value.

Let’s assume that the function has the following form:

void functionName(data_type1 arg1, data_type2 arg2) {
...

}

data type1 anddata type2 could be any simple data type andarg1 andarg2 could be any valid
variable names in C / Ch. The simple data typedata type1 can be any one of the following type:char,
short, int, float, double, complex, double complex, char*, shor t*, int*,
float*, double*, complex double*, char**, int**, union, st ruct, pointer to
struct, etc . The complex data types such as class, the pointer to function, VLA etc do not belong to
the simple data type. When a struct or union type is involved,the same structure or union needs to be defined
in both Ch and C spaces.

Program 5.3 contains the Ch functionfunctionname () that communicates with the C space.
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#include<dlfcn.h>
...

void functionName(data_type1 arg1, data_type2 arg2)
{

void *dlhandle, *fptr;

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n",
__func__, dlerror());

return;
}

/* get the address by function name */
fptr = dlsym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded library
by address. arguments are passed to chdl function here */

dlrunfun(fptr, NULL, functionName, arg1, arg2);

/* close the dynamically loaded library */
if(dlclose(handle)!=0) {

fprintf(_stderr, "Error: %s(): dlclose(): %s\n",
__func__, dlerror());

return;
}

}

Program 5.3: Regular functions with arguments of simple type (chf function).

This function is essentially the same as the one in the first section, except that this one has two arguments.
This difference is reflected in the argument list of the Ch function anddlrunfun() . The valuearg1 and
arg2 , the fourth and fifth arguments of thedlrunfun() , respectively, are passed to the chdl function fol-
lowing the chdl handle,NULL, andfunctionName . BecausefunctionName () has no return value, the
second argument ofdlrunfun () is NULL .

In the chdl file, the chdl functionfunctionName chdl () is shown in Program 5.4,
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#include<ch.h>
...

EXPORTCH void functionName_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;

data_type1 arg1;
data_type2 arg2;

/* get arguments passed from the Ch address space*/
Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
arg2 = Ch_VaArg(interp, ap, data_type2); /* get 2nd argumen t */
functionName(arg1, arg2);
Ch_VaEnd(interp, ap);

}

Program 5.4: Regular functions with arguments of simple type (chdl function).

where macrosva list, Ch VaStart(), Ch VaArg() andCh VaEnd() are defined in header filech.h to han-
dle the argument list of exported functions for a dynamically loaded library presented in Appendix A. The
pointervarg is used to keep the variable argument list in this function. After all the arguments are received,
they are passed to the C functionfunctionName ().

Example

In this example, functionhello2 () is used to illustrate the interface of a function with one argument.

Listing 1 — header file (hello2.h)

void hello2(char *name);

Listing 2 — C function (hello2.c)

#include <stdio.h>
#include "hello2.h"

void hello2(char *name){
printf("hello world from %s !\n", name);

}

Listing 3 — chf file (hello2.chf)

#include<dlfcn.h>

void hello2(char *name) {
void *handle, *fptr;

handle = dlopen("libhello.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}

fptr = dlsym(handle, "hello2_chdl");
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if(fptr == NULL) {
printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

dlrunfun(fptr, NULL, hello2, name);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}

return;
}

Listing 4 — chdl file (hello2chdl.c)

#include <ch.h>
#include "hello2.h"

EXPORTCH void hello2_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
char *name;

Ch_VaStart(interp, ap, varg);
name = Ch_VaArg(interp, ap, char *);
hello2(name);
Ch_VaEnd(interp, ap);
return;

}

Listing 5 — Ch application (hello2.ch)

#include "hello2.h"

int main() {
hello2("Ch");
return 0;

}

Output

hello world from Ch !

5.3 Functions with Return Value of Simple Type

This case illustrates how to interface C functions with return values of simple type with Ch space. Assume
that the C function to be handled is:

return_type functionName(data_type1 arg1, data_type2 ar g2) {
return_type val_of_return_type;

...

return val_of_return_type;
}
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It returns a value of simple data typereturn type . The simple data type is illustrated in section 5.2. The
variableval of return type simply indicates that it is a variable for storing the returnvalue. In the chf
file, the Ch function is shown in Program 5.5.

#include<dlfcn.h>
...

return_type functionName(data_type1 arg1, data_type2 ar g2)
{

void *dlhandle, *fptr;
return_type retval;

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n",
__func__, dlerror());

return FAIL_VALUE;
}

/* get the address by function name */
fptr = dlsym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return FAIL_VALUE;

}

/* call the chdl function in dynamically loaded library */
/* arguments arg1 and arg2 are passed to chdl function here */
/* return value will passed from chdl function */
dlrunfun(fptr, &retval, functionName, arg1, arg2);

/* close the dynamically loaded library */
if(dlclose(handle)!=0) {

fprintf(_stderr, "Error: %s(): dlclose(): %s\n",
__func__, dlerror());

return FAIL_VALUE;
}

return retval;
}

Program 5.5: Regular functions with return value of simple type (chf function).

whereretval is of data typereturn type . To get the return value from C address space, its address
&retval is passed tofunctionName chdl () in Program 5.6 bydlrunfun() , as its second argument. If
the DLL can not be loaded, or the chdl function can not be foundin DLL , the valueFAIL VALUEwill be
returned.FAIL VALUEis a value of typereturn type3 , such as NULL for point type and -1 for integral
type, to indicate the failure of the function calling.

In the chdl file, the chdl function is shown in Program 5.6.
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#include<ch.h>
...

EXPORTCH return_type functionName_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;

data_type1 arg1;
data_type2 arg2;
return_type retval;

/* get arguments passed from the Ch function */
Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
arg2 = Ch_VaArg(interp, ap, data_type2); /* get 2nd argumen t */

/* call the function in Source Library files */
retval = functionName(arg1, arg2);

Ch_VaEnd(interp, ap);
return retval; /* pass the return value to Ch function */

}

Program 5.6: Regular functions with return value of simple type (chdl function).

where retval ’s data type isreturn type . It is used to keep the return value of the C function
functionName (), and then return to the Ch function in Program 5.5.

Example

In this example, functionhello3 () is used to illustrate the case of a function with return value and
arguments.

Listing 1 — header file (hello3.h)

int hello3(char *name);

Listing 2 — C function (hello3.c)

#include <stdio.h>
#include <string.h>
#include "hello3.h"

int hello3(char *name){
printf("hello world from %s !\n", name);
return strlen(name);

}

Listing 3 — chf file (hello3.chf)

#include<dlfcn.h>

int hello3(char *name) {
void *handle, *fptr;
int retval;
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handle = dlopen("libhello.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}

fptr = dlsym(handle, "hello3_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, hello3, name);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}

return retval;
}

Listing 4 — chdl file (hello3chdl.c)

#include <ch.h>
#include "hello3.h"

EXPORTCH int hello3_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
char *name;
int retval;

Ch_VaStart(interp, ap, varg);
name = Ch_VaArg(interp, ap, char *);
retval = hello3(name);
Ch_VaEnd(interp, ap);
return retval;

}

Listing 5 — Ch application (hello3.ch)

#include "hello3.h"

int main() {
int strl;

strl = hello3("Ch");
printf("strlen = %d\n", strl);
return 0;

}

Output

hello world from Ch !
strlen = 2

5.4 Functions with Arguments of Array

This section has the sample chf and chdl files for functions with arguments of array of simple types.
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Assume that we have the following function:

return_type functionName(data_type1 arg1[num1],
data_type2 arg2[num2][num3],
data_type3 arg3[]) {

return_type val_of_return_type;

...

return val_of_return_type;
}

num1, num2andnum3are integers indicating the size of each dimension of arrays. This example is slightly
different from the previous one, since arguments of array type, instead of simple data type, are passed to the
function.

In the chf file, the Ch function is shown in Program 5.7.
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#include<dlfcn.h>
...

return_type functionName(data_type1 arg1[num1],
data_type2 arg2[num2][num3])
data_type3 arg3[])

{
void *dlhandle, *fptr;
return_type retval;

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n",
__func__, dlerror());

return FAIL_VALUE; /* FAIL_VALUE is typically NULL for poin t
and negative value for integral type */

}

/* get the address by function name */
fptr = dlsym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return FAIL_VALUE;

}

/* call the chdl function in dynamically loaded library */
/* arguments are passed to chdl function */
dlrunfun(fptr, &retval, functionName, arg1, arg2, arg3);

/* close the dynamically loaded library */
if(dlclose(handle)!=0) {

fprintf(_stderr, "Error: %s(): dlclose(): %s\n",
__func__, dlerror());

return FAIL_VALUE;
}

return retval;
}

Program 5.7: Regular functions with argument of array (chf function).

where names (actually addresses) of arrays are passed to thechdl function as the fourth, fifth and sixth
arguments of the functiondlrunfun() , just like what was done for the previous example.

In the chdl file, the chdl function is shown in Program 5.8.
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#include<ch.h>
...

EXPORTCH return_type functionName_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;

/* use pointers to access arrays */
data_type1 *arg1;
data_type2 *arg2;
data_type3 *arg3;
return_type retval;

/* get arguments passed from the Ch function */
Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1*); /* get 1st argume nt */
arg2 = Ch_VaArg(interp, ap, data_type2*); /* get 2nd argume nt */
arg3 = Ch_VaArg(interp, ap, data_type3*); /* get 3rd argume nt */

retval = functionName(arg1, arg2, arg3);

Ch_VaEnd(interp, ap);
return retval; /* pass the return value to Ch function */

}

Program 5.8: Regular functions with argument of array (chdlfunction).

Three pointers,arg1 , arg2 andarg3 are created to store the three arrays that are passed in from the Ch
space. Note that we used pointers instead of arrays. Arguments arg1 andarg2 are then passed to the C
functionName ().

Example

In this example, functiontestarray () is used to illustrate the case of the function with arguments of
array.

Listing 1 — header file (testarray.h)

int testarray(int arri[5]);

Listing 2 — C function (testarray.c)

#include <stdio.h>
#include "testarray.h"

int testarray(int arri[5]){
int i;

for(i=0; i<5; i++)
printf("i[%d] = %d\n", i, arri[i]);

return 0;
}

Listing 3 — chf file (testarray.chf)

68



CHAPTER 5. TEMPLATES FOR CALLING REGULAR C FUNCTIONS
5.4. FUNCTIONS WITH ARGUMENTS OF ARRAY

#include<dlfcn.h>

int testarray(int arri[5]) {
void *handle, *fptr;
int retval;

handle = dlopen("libhello.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}

fptr = dlsym(handle, "testarray_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, testarray, arri);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}

return retval;
}

Listing 4 — chdl file (testarraychdl.c)

#include <ch.h>
#include "testarray.h"

EXPORTCH int testarray_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int *arri;
int retval;

Ch_VaStart(interp, ap, varg);
arri = Ch_VaArg(interp, ap, int *);
retval = testarray(arri);
Ch_VaEnd(interp, ap);
return retval;

}

Listing 5 — Ch application (testarray.ch)

#include "testarray.h"

int main() {
int arri[5];
int i;

for(i=0; i<5; i++)
arri[i] = i;

testarray(arri);

return 0;
}
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Output

i[0] = 0
i[1] = 1
i[2] = 2
i[3] = 3
i[4] = 4

5.5 Functions with an Argument List of Variable Length

This section illustrates how to interface a function with a variable number of arguments in the C space such
as one shown below.

void functionName(data_type1 param, ... ) {
...

}

Normally, functions of this kind take at least one argument,sayparam with type of data type1 . The
ellipsis ... in the argument list indicates that the function can take anynumber of arguments following the
first one. Three methods described below can be used to handlethis function depending on different ways it
works in.
Section 5.5.1 is a general method for handling a function with variable number of arguments. Sections 5.5.2
and 5.5.3 can be used for handling special cases.

5.5.1 Using Functions with Argument of valist Type

If you have a C function with variable number of arguments in alibrary, such as the one shown below

void functionName(data_type1 param, ...);

the function has to be implemented using a corresponding function, typically namedvfunctionName (),
taking an argument ofva list , instead of argument list"..." , i.e.

void vfunctionName(data_type1 param, va_list ap);

Then, the functionfunctionName() can be implemented as follows:

#include <stdarg.h>
void functionName(data_type1 param, ...) {

va_list ap;
va_start(ap, param);
vfunctionName(param, ap);
va_end(ap);

}

The functionvfunctionName () will typically have the following format.

void vfunctionName(data_type1 param, va_list ap) {
/* can be anything here */
datatype2 d = va_arg(ap, datatype2);
...

}
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When a Ch program calls function void functionName(datatype param, ...) in the Ch space, Ch cannot pass
parameter"..." from the Ch space to the C space directly. We have to wrap them as an argument of
type va list ap , which can be any type and any number of arguments in the Ch space. The argument
va list ap can be easily passed from the Ch space to the C space. If your C library function does not
have a corresponding function, similar tovfunctionName() , you need to modify the C source code to
make it suitable for interfacing with Ch.

If the function has a return value, it can be handled similarly. For example, a C function that returns a
value of double type can be implemented as follows:

#include <stdarg.h>
double functionName2(data_type1 param, ...) {

va_list ap;
double retval;

va_start(ap, param);
retval = vfunctionName2(param, ap);
va_end(ap);
return retval;

}

The source code for C functionfuunctionName() can be readily used as a function file in the
Ch space. To interface a C function with an argument of typeva list , such asvfunctionName() ,
Ch provides two APIs,Ch VaVarArgsCreate() andCh VaVarArgsDelete(), to handle variable argument
lists.

Example

Example shown below illustrates how to handle variable argument list with APIs ChVaVarArgsCreate()
and ChVaVarArgsDelete(). Variables of different data types, including char, int, double, struct, pointer,
pointer to pointer and array in main() function of Program 5.9, are passed to functionfunc (). Function
func () can take variable arguments after its first argument. Within this function, a variable argument list
ap with type valist is generated by statement

va_start(ap, ii);

where ii is the first argument. Hereap is a pointer to the Ch variable argument list which includes all
arguments followingii . Then the Ch functionvfunc (), which takes two arguments,ii andap , will be
invoked. Typically, for a function likefunc () in Program 5.10, which takes an variable argument list, there
is a corresponding function likevfunc (), which takes an argument with type valist, to handle the variable
argument list of the former. Through the function file in Program 5.11, the chdl functionvfunc chdl ()
and C functionvfunc () in Program 5.12 will be called sequentially. The C function vfunc () takes a C
variable argument list as the second argument. As mentionedabove, a Ch variable argument list is different
from the corresponding C variable argument in handling arguments inside. Therefore, Ch variable argument
list ap in functionvfunc chdl () can’t be passed directly tovfunc (). Statement

ap_c = Ch_VaVarArgsCreate(interp, ap_ch, &memhandle);

creates a C variable argument list namedap c from the Ch variable argument list namedap ch for a Ch
interpreterinterp. The variablememhandle is used only for management of memory allocated in function
Ch VaVarArgsCreate(). All memory allocated forap c will be released later by function call
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Ch_VaVarArgsDelete(interp, memhandle);

The output from executing Program 5.9 is appended at the end of the file.
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#!/bin/ch
#include <stdio.h>
#include <stdarg.h>

typedef struct {int i1; double d1; char c1; float f1;} SS1;
void func(int, ...);
void vfunc(int, va_list ap);

int main() {
char c1 = ’c’;
int i1 = 10;
short s1 = 20;
float f1 = 30;
double d1 = 65536;
double *pd1 = &d1; /* pointer to double */
double **ppd1 = &pd1; /* pointer to double */
float af1[3][4]; /* array */
SS1 ss1; /* struct */
double d2 = 50;

ss1.i1 = 10;
ss1.d1 = 65536;
ss1.c1 = ’c’;
ss1.f1 = 65536;

af1[1][1] = 456;

func(0, c1, i1, s1, f1, d1, pd1, ppd1, af1, ss1, d2);
return 0;

}

/** output from executing this program **
The first argument is 0

c1 = c
i1 = 10
s1 = 20
f1 = 30.000000
d1 = 65536.000000

*pd1 = 65536.000000
**ppd1 = 65536.000000
af1[1][1] = 456.000000

ss1.i1 = 10
ss1.d1 = 65536.000000
ss1.c1 = c
ss1.f1 = 65536.000000

d2 = 50.00000

*******/

Program 5.9: Example for handling variable arguments – Ch programvararg.ch .
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#include <stdarg.h>

void func(int ii, ...) {
va_list ap;

va_start(ap, ii); /* create an Ch va_list */
vfunc(ii, ap);
va_end(ap);
return;

}

Program 5.10: Example for handling variable arguments – function file func.chf .

/* File name vararg.chf
function file for sample function vararg()

*/
#include<dlfcn.h>
#include<stdarg.h>
#include<stdio.h>

void vfunc(int ii, va_list ap) {
void *fptr, *handle;

handle = dlopen("libvararg.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}

fptr = dlsym(handle, "vfunc_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

dlrunfun(fptr, NULL, NULL, ii, ap);

if(dlclose(handle)!=0) {
fprintf(stderr, "Error: %s(): dlclose(): %s\n", __func__ , dlerror());
return;

}
return;

}

Program 5.11: Example for handling variable arguments – function filevfunc.chf .
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#include <ch.h>
#include <math.h>
#include <stdarg.h>
#include <stdio.h>

typedef struct {int i1; double d1; char c1; float f1;} SS1;
void func(int n, ...);
void vfunc(int n, ChVaList_t ap_c);

EXPORTCH void vfunc_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
void *ap_c; /* equivelent to va_list ap */
ChVaList_t ap_ch;
int ii;
void *memhandle;

Ch_VaStart(interp, ap, varg);
ii = Ch_VaArg(interp, ap, int);
ap_ch = Ch_VaArg(interp, ap, ChVaList_t);

ap_c = Ch_VaVarArgsCreate(interp, ap_ch, &memhandle);
vfunc(ii, ap_c);
Ch_VaVarArgsDelete(interp, memhandle);

Ch_VaEnd(interp, ap);
return;

}

void vfunc(int n, va_list ap_c) {
char c1;
int i1;
short s1;
float f1;
double d1;
double *pd1 = &d1; /* pointer to double */
double **ppd1 = &pd1; /* pointer to double */
float *af1; /* for array */
SS1 ss1; /* struct */
double d2;

printf("The first argument is %d\n", n);

c1 = va_arg(ap_c, char);
printf("\nc1 = %c\n", c1);
i1 = va_arg(ap_c, int);
printf("i1 = %d\n", i1);
s1 = va_arg(ap_c, short);
printf("s1 = %d\n", s1);
f1 = va_arg(ap_c, float);
printf("f1 = %f\n", f1);
d1 = va_arg(ap_c, double);
printf("d1 = %f\n", d1);

Program 5.12: Example for handling variable arguments – chdl file vararg.c .
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pd1= va_arg(ap_c, double*);
printf("\n*pd1 = %f\n", *pd1);
ppd1= va_arg(ap_c, double**);
printf("**ppd1 = %f\n", **ppd1);
af1 = va_arg(ap_c, float*);
printf("af1[1][1] = %f\n", *(af1+5));

ss1 = va_arg(ap_c, SS1);
printf("\nss1.i1 = %d\n", ss1.i1);
printf("ss1.d1 = %f\n", ss1.d1);
printf("ss1.c1 = %c\n", ss1.c1);
printf("ss1.f1 = %f\n", ss1.f1);

printf("d2 = %f\n", d2);

return;
}

void func(int n, ...) {
va_list ap;

va_start(ap, n);
vfunc(n, ap);
va_end(ap);
return;

}

Program 5.12: Example for handling variable arguments – chdl file vararg.c (Contd.).

Functions with variable number of arguments can be handled automatically by commandc2chf with an
option -l func vfunc as described in section C.1.

5.5.2 Calling Function Multiple Times

The method described in this section can be used if the function satisfies the following conditions:

1. The data types of the remaining arguments in the variable argument list of functionfunctionName ()
are the same, saydata type2 .

2. Calling functionfunctionName () with multiple arguments is equivalent to calling the samefunc-
tion multiple times each time with two or three arguments. That is, function call of

functionName(param, arg1, arg2, arg3, arg4) {

is equivalent to

functionName(param, arg1);
functionName(param, arg2);
functionName(param, arg3);
functionName(param, arg4);

we have following chdl function and Ch function.
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In the chf file, the Ch function is shown in Program 5.13.

#include<dlfcn.h>
...

void functionName(data_type1 param, ...)
{

void *dlhandle, *fptr;
int vacount, i;
ChVaList_t ap;
data_typy2 arg;

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}

/* get the address by function name */
fptr = dlsym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

va_start(ap, param);
vacount = va_count(ap);

if(vacount == 0)
dlrunfun(fptr, NULL, functionName, param);

else
for(i = 1; i <= vacount; i++) {

arg = va_arg(ap, data_type2);
dlrunfun(fptr, NULL, functionName, param, arg);

}

va_end(ap);
/* close the dynamically loaded library */
if(dlclose(handle)!=0) {

printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}
}

Program 5.13: Regular functions with arguments of variablelength (chf function).

where macrova count() is used to determine the number of arguments. We use a for-loop to call the func-
tion multiple times to simulate the calling of function withmultiple arguments.

In the chdl file, the chdl function is shown in Program 5.14.
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#include<ch.h>
...

EXPORTCH void functionName_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
data_type1 param;
data_type2 arg;

/* get the arguments from the Ch function */
Ch_VaStart(interp, ap, varg);
param = Ch_VaArg(interp, ap, data_type1);
arg = Ch_VaArg(interp, ap, data_type2);

functionName(param, arg);
Ch_VaEnd(interp, ap);

}

Program 5.14: Regular functions with arguments of variablelength (chdl function).

where functionfunctionName () is called with only two argument.

Example

In this example, functionsum1() is used to describe the case of the function with variable length argu-
ment list.

Listing 1 — header file (sum1.h)
double sum1(int count, ...);

Listing 2 — C function (sum1.c)
#include <stdarg.h>
#include <stdio.h>
#include "sum1.h"

double sum1(int count, ...) {
int i;
double retval = 0, d1;
va_list ap;

va_start(ap, count);
if(count < 0) {

printf("Wrong number of argument\n");
exit(-1);

}
for(i = 0; i < count; i++) {

d1 = va_arg(ap, double);
retval += d1;

}

return retval;
}

This is the C function which can take variable number of arguments.
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Listing 3 — chf file (sum1.chf)

#include<dlfcn.h>
#include<stdarg.h>

double sum1(int count, ...) {
void *handle, *fptr;
int vacount, i;
va_list ap;
double d1, d2, retval = 0;

handle = dlopen("libhello.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}

fptr = dlsym(handle, "sum1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

va_start(ap, count);
vacount = va_count(ap);
// for-loop is used to call the chdl function multiple times
for(i = 0; i < vacount; i++) {

d1 = retval;
d2 = va_arg(ap, double);
dlrunfun(fptr, &retval, sum1, 2, d1, d2);

}
va_end(ap);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}
return retval;

}

In the Ch space, a for-loop is used to implement multiple calling of the chdl function with three argument
of 2, d1 andd2 . The value of2 stands for the number of the arguments in the variable argument list.

Listing 4 — chdl file (sum1chdl.c)

#include <ch.h>
#include "sum1.h"

EXPORTCH double sum1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int count;
double d1, d2, retval;

Ch_VaStart(interp, ap, varg);
count = Ch_VaArg(interp, ap, int);
d1 = Ch_VaArg(interp, ap, double);
d2 = Ch_VaArg(interp, ap, double);
retval = sum1(count, d1, d2);
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Ch_VaEnd(interp, ap);
return retval;

}

The chdl function calls the C functionsum1() with three arguments.

Listing 5 — Ch application (sum1.ch)

#include "sum1.h"

int main() {

printf("sum = %f\n", sum1(2.0, 1.1, 2.2));
printf("sum = %f\n", sum1(3.0, 1.1, 2.2, 3.3));
printf("sum = %f\n", sum1(4.0, 1.1, 2.2, 3.3, 4.4));
printf("sum = %f\n", sum1(5.0, 1.1, 2.2, 3.3, 4.4, 5.5));

return 0;
}

With the for-loop in the chf file, applications in Ch space cancall sum1() with different number of
arguments.

Output

sum = 3.300000
sum = 6.600000
sum = 11.000000
sum = 16.500000

5.5.3 Limited Number of Arguments

If the two conditions in the previous section are not satisfied and the function has a limited number of
arguments with different data types, such as the possible callings of functionfunctionName () below:

functionName(param);
functionName(param, arg1);
functionName(param, arg1, arg2);
functionName(param, arg1, arg2, arg3);

whereparam , arg1 , arg2 andarg3 are data types ofdata type , data type1 , data type2 and
data type3 , respectively, the following chdl function and Ch functioncan be used.

In the chf file, the Ch function is shown in Program 5.15.
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#include<dlfcn.h>
#include<stdarg.h>
void functionName(data_type param, ...) {

void *dlhandle, *fptr;
int vacount;
va_list ap;
data_type1 arg1;
data_type2 arg2;
data_type3 arg3;

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}
fptr = dlsym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

va_start(ap, param);
vacount = va_count(ap);
if(vacount == 0)

dlrunfun(fptr, NULL, NULL, param);

if(vacount >= 1) {
arg1 = va_arg(ap, data_type1);
if(vacount == 1)

dlrunfun(fptr, NULL, NULL, param, arg1);
}

if(vacount >= 2) {
arg2 = va_arg(ap, data_type2);
if(vacount == 2)

dlrunfun(fptr, NULL, NULL, param, arg1, arg2);
}

if(vacount == 3) {
arg3 = va_arg(ap, data_type3);
dlrunfun(fptr, NULL, NULL, param, arg1, arg2, arg3);

}

va_end(ap);
if(dlclose(handle)!=0) {

printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}
}

Program 5.15: Regular functions with a limited number of arguments (chf function).

Here, the APIva count() which is only available in Ch space, is used to determine the number of arguments
after the first one. In Ch, a function can begin with the variable length argument list without any arguments,
for example
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void functionName(...)

If this is the case,VA NOARG is used to replace the first argument in the following statement

va_start(ap, VA_NOARG);

to start the processing of variable number arguments. More information about this can be found in Ch User’s
Guide.

In the chdl file, the chdl function is shown in Program 5.16.

#include<ch.h>
...

EXPORTCH void functionName_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;

int count;
data_type param;
data_type1 arg1;
data_type2 arg2;
data_type3 arg3;

Ch_VaStart(interp, ap, varg);
/* get the firat argument */
param = Ch_VaArg(interp, ap, data_type);

/* get num of arguments from the Ch function */
count = Ch_VaCount(interp, ap);

if(count == 0)
functionName(param);

if(count >= 1) {
arg1 = Ch_VaArg(interp, ap, data_type1);
if(count == 1)

functionName(param, arg1);
}

if(count >= 2) {
arg2 = Ch_VaArg(interp, ap, data_type2);
if(count == 2)

functionName(param, arg1, arg2);
}

if(count == 3) {
arg3 = Ch_VaArg(interp, ap, data_type3);
functionName(param, arg1, arg2, arg3);

}

Ch_VaEnd(interp, ap);
}

Program 5.16: Regular functions with a limited number of arguments (chdl function).

where the APICh VaCount() is used to obtain the number of the rest of arguments in the argument list after
the first oneparam is taken.
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Example

In this example, functionsum2() is used to describe the case of the function with a variable-length ar-
gument list.

Listing 1 — header file (sum2.h)

double sum2(int param, ...);

Listing 2 — C function (sum2.c)

#include <stdarg.h>

double sum2(int param, ...) {
va_list ap;

int ii, ii2;
float ff, ff2;
double dd, dd2, retval = 0;

if (param <= 0) return retval;
va_start(ap, param);
if (param >= 1) {

ii = va_arg(ap, int);
retval += ii;

}
if (param >= 2) {

ii2 = va_arg(ap, int);
retval += ii2;

}
if (param >= 3) {

ff = va_arg(ap, double);
retval += ff;

}
if (param >= 4) {

ff2 = va_arg(ap, double);
retval += ff2;

}
if (param >= 5) {

dd = va_arg(ap, double);
retval += dd;

}
if (param >= 6) {

dd2 = va_arg(ap, double);
retval += dd2;

}
va_end(ap);
return retval;

}

Listing 3 — chf file (sum2.chf)

#include<dlfcn.h>
#include<stdarg.h>

double sum2(int param, ...) {
void *dlhandle, *fptr;
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va_list ap;
int count, ii, ii2;
float ff, ff2;
double dd, dd2, retval = 0;

/* load the dynamically loaded library */
dlhandle = dlopen("libhello.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n",
__func__, dlerror());

return -1;
}

/* get the address by function name */
fptr = dlsym(dlhandle, "sum2_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

va_start(ap, param);
count = va_count(ap);
if(count == 0)

dlrunfun(fptr, &retval, sum2, param);

if(count >= 1) {
ii = va_arg(ap, int);
if(count == 1)

dlrunfun(fptr, &retval, sum2, param, ii);
}

if(count >= 2) {
ii2 = va_arg(ap, int);
if(count == 2)

dlrunfun(fptr, &retval, sum2, param, ii, ii2);
}

if(count >= 3) {
ff = va_arg(ap, float);
if(count == 3)

dlrunfun(fptr, &retval, sum2, param, ii, ii2, ff);
}

if(count >= 4) {
ff2 = va_arg(ap, float);
if(count == 4)

dlrunfun(fptr, &retval, sum2, param, ii, ii2, ff, ff2);
}

if(count >= 5) {
dd = va_arg(ap, double);
if(count == 5)

dlrunfun(fptr, &retval, sum2, param, ii, ii2, ff, ff2, dd);
}

if(count >= 6) {
dd2 = va_arg(ap, double);
if(count == 6)

dlrunfun(fptr, &retval, sum2, param, ii, ii2, ff, ff2, dd, d d2);
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}

va_end(ap);
return retval;

}

Listing 4 — chdl file (sum2chdl.c)

#include <ch.h>
#include "sum2.h"

EXPORTCH double sum2_chdl(void *varg){
ChInterp_t interp;
ChVaList_t ap;

int count, param, ii, ii2;
float ff, ff2;
double dd, dd2, retval = 0;

Ch_VaStart(interp, ap, varg);
param = Ch_VaArg(interp, ap, int);

count = Ch_VaCount(interp, ap);
if(count == 0)

retval = sum2(param);

if(count >= 1) {
ii = Ch_VaArg(interp, ap, int);
if(count == 1)

retval = sum2(param, ii);
}

if(count >= 2) {
ii2 = Ch_VaArg(interp, ap, int);
if(count == 2)

retval = sum2(param, ii, ii2);
}

if(count >= 3) {
ff = Ch_VaArg(interp, ap, float);
if(count == 3)

retval = sum2(param, ii, ii2, ff);
}

if(count >= 4) {
ff2 = Ch_VaArg(interp, ap, float);
if(count == 4)

retval = sum2(param, ii, ii2, ff, ff2);
}

if(count >= 5) {
dd = Ch_VaArg(interp, ap, double);
if(count == 5)

retval = sum2(param, ii, ii2, ff, ff2, dd);
}

if(count >= 6) {
dd2 = Ch_VaArg(interp, ap, double);
if(count == 6)

retval = sum2(param, ii, ii2, ff, ff2, dd, dd2);
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}

Ch_VaEnd(interp, ap);
return retval;

}

Listing 5 — Ch application (sum2.ch)

#include "sum2.h"

int main() {

printf("sum1 = %f\n", sum2(2, 11, 22));
printf("sum2 = %f\n", sum2(3, 11, 22, 3.3));
printf("sum3 = %f\n", sum2(4, 11, 22, 3.3, 4.4));
printf("sum4 = %f\n", sum2(5, 11, 22, 3.3, 4.4, 5.5));
printf("sum5 = %f\n", sum2(6, 11, 22, 3.3, 4.4, 5.5, 6.6));

return 0;
}

Output

sum1 = 33.000000
sum2 = 36.300000
sum3 = 40.700000
sum4 = 46.200000
sum5 = 52.800000

5.6 Functions with Return Value of Struct Type

This case illustrates how to handle a function with a return value of struct type.
Assume that the function to be handled is:

/* define a struct named tag_t, better put struct
definition in a header file */

struct tag_t {...};

struct tag_t functionName(data_type1 arg1, data_type2 ar g2) {
struct tag_t retval;
...
return retval;

}

whereretval is a variable of data typestruct tag t .

In the chf file, the Ch function is shown in Program 5.17,
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#include<dlfcn.h>
...
struct tag_t functionName(data_type1 arg1, data_type2 ar g2) {

void *dlhandle, *fptr;
struct tag_t retval;

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n", __func__ , dlerror());
return FAIL_VALUE; /* FAIL_VALUE is typically NULL for poin t

and negative value for integral type */
}

/* get the address by function name */
fptr = dlsym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return FAIL_VALUE;

}

/* Address of retval is passed as an argument to C address spac e.
To avoid checking prototype, the third argument should be NU LL */

dlrunfun(fptr, NULL, NULL, &retval, arg1, arg2);

/* close the dynamically loaded library */
if(dlclose(handle)!=0) {

fprintf(_stderr, "Error: %s(): dlclose(): %s\n",
__func__, dlerror());

return FAIL_VALUE;
}

return retval;
}

Program 5.17: Regular functions with return value of struct(chf function).

whereretval is declared as a variable of type of structtag t . Its address&retval is passed to C
space as the fourth argument, instead of the second argument, of functiondlrunfun (). The second and third
arguments are NULLs. This is the key point for this case.

In the chdl file, the chdl function is shown in Program 5.18.
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#include<ch.h>
...
EXPORTCH void functionName_chdl(void *varg) {

ChInterp_t interp;
ChVaList_t ap;

/* use pointers to access arrays */
data_type1 arg1;
data_type2 arg2;
struct tag_t *pretval;

/* get arguments passed from the Ch function */
Ch_VaStart(interp, ap, varg);
pretval = Ch_VaArg(interp, ap, struct tag_t *); /* address o f struct in Ch space */
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
arg2 = Ch_VaArg(interp, ap, data_type2); /* get 2nd argumen t */

*pretval = functionName(arg1, arg2);

Ch_VaEnd(interp, ap);
}

Program 5.18: Regular functions with return value of struct(chdl function).

where chdl functionfunctionName chdl has no return value. Variablepretval is defined as a pointer
to structtag t and it will take the address of the variableretval in Ch space. In this function, the content
of the return value, which is a struct, of C functionfunctionName () is copied over to the memory of the
variableretval in Ch space by statement

*pretval = functionName(arg1, arg2);

Example

In this example, functionretstruct () is used to describe the case of the function returning a struct.

Listing 1 — header file (retstruct.h)

struct tag_t {int i; short s; double d;};
struct tag_t retstruct(int i, short *sptr, double d, struct tag_t *ps);

Listing 2 — C function (retstruct.c)

#include "retstruct.h"

struct tag_t retstruct(int i, short *sptr, double d, struct tag_t *ps) {
ps->i = i;
ps->s = *sptr;
ps->d = d;
i = 10 * i;
d = 10 * d;
*sptr = 10 * (*sptr);
return *ps;

}

Listing 3 — chf file (retstruct.chf)
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#include<dlfcn.h>

struct tag_t retstruct(int i, short *sptr, double d, struct tag_t *ps) {
void *handle, *fptr;
struct tag_t retval;

handle = dlopen("libhello.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return retval;

}

fptr = dlsym(handle, "retstruct_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return retval;

}

dlrunfun(fptr, NULL, NULL, &retval, i, sptr, d, ps);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return retval;

}

return retval;
}

Listing 4 — chdl file (retstructchdl.c)

#include <ch.h>
#include <stdlib.h>
#include "retstruct.h"

EXPORTCH void retstruct_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;

int i;
short *sptr;
double d;
struct tag_t *ps;
struct tag_t *pretval;

Ch_VaStart(interp, ap, varg);
pretval = Ch_VaArg(interp, ap, struct tag_t *);
i = Ch_VaArg(interp, ap, int);
sptr = Ch_VaArg(interp, ap, short *);
d = Ch_VaArg(interp, ap, double);
ps = Ch_VaArg(interp, ap, struct tag_t *);

*pretval = retstruct(i, sptr, d, ps);

Ch_VaEnd(interp, ap);
}

Listing 5 — Ch application (retstruct.ch)

#include "retstruct.h"
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int main() {

char c;
short h=2;
struct tag_t s, p;

s.i = 10;
s.s = 20;
s.d = 30;

p = retstruct(1, &h, 3, &s);
printf("h = %d\n", h);
printf("s.i in main() = %d\n", s.i);
printf("s.s in main() = %d\n", s.s);
printf("s.d in main() = %f\n", s.d);
printf("p.i in main() = %d\n", p.i);
printf("p.s in main() = %d\n", p.s);
printf("p.d in main() = %f\n", p.d);

return 0;
}

Output

h = 20
s.i in main() = 1
s.s in main() = 2
s.d in main() = 3.000000
p.i in main() = 1
p.s in main() = 2
p.d in main() = 3.000000

Functions return structure type can also be handled automatically by commandc2chf as described in
section C.1. However, when the return type is represented bya typedefed struct variable, an option-sneeds
to be used for commandc2chf.

5.7 Functions with Arguments of Special Data Type

There are some data types in Ch that have to be handled in slightly different ways, such asstring t in
Ch.

5.7.1 Functions with Arguments of Type stringt

This section discusses how to call a function with ”char *” asan argument in C space from a function in Ch
space that have arguments with type stringt.

Assume that the function that we have to deal with has the following prototype:

void functionName(string_t arg1) {
...

}

Program 5.19 is the chf function that would be loaded when theapplication program runs in Ch.
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#include<dlfcn.h>

void functionName(string_t s) {
void *dlhandle, *fptr;

dlhandle = dlopen("libt.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}

fptr = dlsym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

dlrunfun(fptr, NULL, functionName, s); /* string is valid d ata type for dlrunfun */

if(dlclose(dlhandle) != 0) {
fprintf(_stderr, "Error: %s(): dlclose(): %s\n",

__func__, dlerror());
return;

}
}

Program 5.19: Regular functions with Arguments of type string t (chf function).

Notice that the chf function above is very similar to the onesdisplayed earlier. But unlike other chf functions,
this one takes astring t argument from the application program and passes the same argument to the
chdl function usingdlrunfun() .

Let’s take a look of chdl file that is shown in Program 5.20. Remember that the chdl function is called
by dlrunfun() .
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#include<ch.h>

EXPORTCH void functionName_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
char *s;

Ch_VaStart(interp, ap, varg);
s = Ch_VaArg(interp, ap, char*); /* get arg from Ch space, s is a string_t */

functionName(s);
free(s); /* s cannot be saved and registered in functionName and used

later */
/* do not use string_t for callback function etc. Without thi s,
memory will be leaked */

Ch_VaEnd(interp, ap);
}

Program 5.20: Regular functions with argument of type string t chdl function).

Sincestring t is a data type that is specifically designed for Ch, it will notbe recognized in the
C space. As a result, we have to declare the string variable type char * in the chdl file to store a copy
of thestring t argument that is passed in. Thestring t variable in the Ch space will be deallocated
automatically by the Ch kernel when the function exists. However, the memory allocated for the string in the
C space has to be freed by functionfree() to avoid a memory leak. Do not use functions with argument
of string t as callback functions.

5.7.2 Functions with Arguments of Variable Length Arrays (VLAs)

5.7.2.1 Assumed-Shape Array

In section 5.4, we have introduced how to handle functions with argument of arrays which have fixed di-
mensions and extents. The array names which represent the addresses of arrays have been passed to the C
space. Because numbers of dimensions and extents are fixed, no information other than addresses of arrays
need to be passed to the C space in that case. If a C function handles arrays with different extents, it typi-
cally takes information of extents from the argument list. For example, a C function which performs array
multiplication ofC = A * B would have the prototype of

int arrmul(double **pa, double **pb, double **pc,
int n, int m, int r);

where arguments of double pointers,pa , pb andpc , represent two-dimensional arrays with shape of (n ×
m), (m × r) and (n × r). Due to differentn, mandr , the extents of arrays in the multiplication operations
can be different. There are many different ways to build the corresponding Ch function and chdl function
to call a C function likearrmul (). One of them is to use a Ch function with the same prototype as the
corresponding C function. If this is the case, the Ch function and chdl function can be coded according to
the templates of cases of regular functions. Another way is that the Ch function takes only arrays, either
C array or Ch computational array, as arguments without any other information. If this is the case, the
prototype of the corresponding Ch functionarrmul () can be
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int arrmul(array double a[:][:], array double b[:][:],
array double c[:][:]);

where argumentsa, b andc are assumed-shape computational arrays instead of double pointers. Please
refer toCh User’s Guidefor more information about Ch computational arrays. With assumed-shape arrays,
a Ch function can take arrays with different extents. A function with this prototype is more convenient to
use for Ch users. To make this Ch function work with the C function which needs more information of
arrays, we need extract the information, including numbersof dimensions and extents, in the Ch function or
the chdl function.
Programs 5.21 along with 5.22 is a complete example of array multiplication. In this example (Pro-
gram 5.21), either C arrays or Ch computational arrays are passed to the Ch function. In the chdl function
arrmul chdl () in Program 5.22, we extract the information about these arrays with functions
Ch VaArrayType(), ChVaArrayExtent() and ChVaArrayDim(). For example, the code below

if(!Ch_VaArrayType(interp, ap)) {
printf("The 1st argument should be an array.\n");
exit(-1);

}

print out an error message if the first argument is not an array. The code

if(Ch_VaArrayDim(interp, ap) != 2) {
...

}

determines if the dimension of the array is 2, and

ext_a_0 = Ch_VaArrayExtent(interp, ap, 0);

retrieves the extent of the first dimension of the array. To match the prototype of the C function, we also
need to make three double pointerspa , pb andpc to represent these passed-in arrays. Then the statement

retval = arrmul(pa, pb, pc, ext_a_0, ext_a_1, ext_b_1);

calls the C function with all necessary information.

5.7.2.2 Array of Reference

Here is another case. Assume the C function

double summary(double *aa, int dim, int *ext);

calculates the summary of all elements of an array. The first argumentaa is a pointer which represents
a one-dimensional array. As we have known, with enough information, aa can also represents a multi-
dimensional array. The second argument,dim , contains the number of the dimension, and the third one,
ext , contains extents of all dimensions. The Ch function with the function prototype

double summary(array double &a);

can be used, wherea is array of reference. Please refer toCh User’s Guidefor more information about
Ch computational array of reference. With arrays of reference, a Ch function can take arrays with different
dimensions, extents, and even different data types. Program 5.23 along with 5.24 is a complete example of
calculating the summary of each element of an array. Unlike the previous example, in which the information
of array is extracted in the chdl function, here we extract the information in the Ch function with the function
shape (). Given an n-dimensional arraya, the function call
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/* File name: arrmul.ch */
#include<dlfcn.h>
#include<array.h>
int arrmul(array double a[:][:], array double b[:][:], arr ay double c[:][:]) {

void *handle, *fptr;
int retval;

handle = dlopen("libvlaarg.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}
fptr = dlsym(handle, "arrmul_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}
dlrunfun(fptr, &retval, arrmul, a, b, c);
if(dlclose(handle)!=0) {

printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}
return retval;

}

int main() {
array double a1[2][3] = { 1, 5, 3,

5, 6, 7};
double b1[3][2] = { 1, 5,

5, 6,
3, 7};

array double c1[2][2];
array double a2[3][4] = { 1, 5, 3, 7,

5, 6, 7, 3,
1, 2, 6, 8};

double b2[4][3] = { 1, 5, 4,
5, 6, 9,
3, 7, 5,
2, 3, 4};

array double c2[3][3];

arrmul(a1, b1, c1);
printf("c1 = \n%f\n", c1);
arrmul(a2, b2, c2);
printf("c2 = \n%f", c2);

return 0;
}

Program 5.21: arrmul.ch: Example of array multiplication with arguments of VLAs (Ch and chf file).
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/* arrmul.c
this case is for the C function which takes arguments of
double ** (two dimensions), rather than double * (one dimens ion)

*/
#include <ch.h>
#include <stdio.h>

int arrmul(double **pa, double **pb, double **pc, int n, int m, int r);

EXPORTCH int arrmul_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int i;
double *a, *b, *c;
double **pa, **pb, **pc; /* pointer to temporary memory */
int ext_a_0, ext_a_1;
int ext_b_0, ext_b_1;
int ext_c_0, ext_c_1;
int retval;

Ch_VaStart(interp, ap, varg);

if(!Ch_VaArrayType(interp, ap)) {
printf("The 1st argument should be an array.\n");
exit(-1);

}
if(Ch_VaArrayDim(interp, ap) != 2) {

printf("Wrong dimension of the 1st argument.\n");
exit(-1);

}
ext_a_0 = Ch_VaArrayExtent(interp, ap, 0);
ext_a_1 = Ch_VaArrayExtent(interp, ap, 1);
a = Ch_VaArg(interp, ap, double*);

if(!Ch_VaArrayType(interp, ap)) {
printf("The 2nd argument should be an array.\n");
exit(-1);

}
if(Ch_VaArrayDim(interp, ap) != 2) {

printf("Wrong dimension of the 2nd argument.\n");
exit(-1);

}
ext_b_0 = Ch_VaArrayExtent(interp, ap, 0);
ext_b_1 = Ch_VaArrayExtent(interp, ap, 1);
b = Ch_VaArg(interp, ap, double*);

if(!Ch_VaArrayType(interp, ap)) {
printf("The 3rd argument should be an array.\n");
exit(-1);

}
if(Ch_VaArrayDim(interp, ap) != 2) {

printf("Wrong dimension of the 3rd argument.\n");
exit(-1);

}
ext_c_0 = Ch_VaArrayExtent(interp, ap, 0);
ext_c_1 = Ch_VaArrayExtent(interp, ap, 1);
c = Ch_VaArg(interp, ap, double*);

Program 5.22: arrmul.c: Example of array multiplication with arguments of VLAs (C and chdl file).
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/* check if extents of these three arrays match for array mult iplication */
if(ext_a_1 == ext_b_0 && ext_a_0 == ext_c_0 && ext_b_1 == ext _c_1) {

if( !(pa = (double **)malloc(ext_a_0 * sizeof(double*))) | |
!(pb = (double **)malloc(ext_b_0 * sizeof(double*))) ||
!(pc = (double **)malloc(ext_c_0 * sizeof(double*))) ) {

printf("Can’t allocate memory.\n");
exit(-1);

}
for(i = 0; i <= ext_a_0-1; i++) {

pa[i] = &a[i*ext_a_1];
pc[i] = &c[i*ext_c_1];

}
for(i = 0; i <= ext_b_0-1; i++) {

pb[i] = &b[i*ext_b_1];
}
retval = arrmul(pa, pb, pc, ext_a_0, ext_a_1, ext_b_1);

}
else {

printf("The extents of arrays don’t match.\n");
exit(-1);

}
free(pa); free(pb); free(pc);
Ch_VaEnd(interp, ap);
return retval;

}

/* c[n][r] = a[n][m] * b[m][r] */
int arrmul(double **pa, double **pb, double **pc, int n, int m, int r) {

int i, j, k;

for(i = 0; i <= n-1; i++) {
for(j = 0; j <= r-1; j++) {

pc[i][j] = 0;
for(k = 0; k <= m-1; k++)

pc[i][j] += pa[i][k] * pb[k][j];
}

}
return 0;

}

Program 5.22: Example of array multiplication with arguments of VLAs (arrmul.c).
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ext = shape(a)

returns a one-dimensional arrayext with n elements which contain all extents of arraya. Therefore, the
function call

dim = shape(shape(a))

returns the number of the dimensions ofa. The statement

aa = (array double [totnum])a;

casts computational arraya, which can be different dimension and different data types,to aa which is an
one-dimensional computational array with type double. After that, all necessary information with arrayaa
will be passed to the C space with the statement below.

dlrunfun(fptr, &retval, NULL, aa, dim, ext);
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/* File name: summary.ch */
#include<dlfcn.h>
#include<array.h>
double summary(array double &a);

double summary(array double &a) {
void *handle, *fptr;
double retval;
int dim = (int)shape(shape(a));
array int ext[dim];
int i, totnum = 1;
double sums;

ext = shape(a);
for(i = 0; i < dim; i++) {

totnum = totnum * ext[i];
}
array double aa[totnum];
aa = (array double [totnum])a; /* cast all data types to doubl e */

handle = dlopen("libvlaarg.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return NaN;

}

fptr = dlsym(handle, "summary_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return NaN;

}
dlrunfun(fptr, &retval, NULL, aa, dim, ext);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return NaN;

}
return retval;

}

int main() {
array double a1[2][3] = { 1, 5, 3,

5, 6, 7};
int b1[3] = { 1, 5, 3};

printf("summary = %f\n", summary(a1));
printf("summary = %f\n", summary(b1));
return 0;

}

Program 5.23: Example of calculating summary with arguments of VLAs (summary.ch).
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/* summary.c
this case is for the C function which takes
arguments of double * (one dimensions) to represent arrays
of different dimension, as well as information about the
array including dimensions and extents.

*/
#include <ch.h>
#include <stdio.h>

double summary(double *aa, int dim, int *ext);

EXPORTCH double summary_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
double *a;
int dim, *ext;
double retval = 0;

Ch_VaStart(interp, ap, varg);

a = Ch_VaArg(interp, ap, double *);
dim = Ch_VaArg(interp, ap, int);
ext = Ch_VaArg(interp, ap, int*);

retval = summary(a, dim, ext);

Ch_VaEnd(interp, ap);
return retval;

}

double summary(double *aa, int dim, int *ext) {
int i, totnum = 1;
double sums = 0;

for(i = 0; i < dim; i++) {
totnum = totnum * ext[i];

}
for(i = 0; i < totnum; i++) {

sums = sums + aa[i];
}
return sums;

}

Program 5.24: Example of calculating summary with arguments of VLAs (summary.c).

5.7.3 Functions with Return Value of Ch Computational Array

A lot of existing Ch functions designed for numeric computations are taking the advantage of the feature of
Ch computation arrays. Sometimes, it is more efficient to make some computational jobs done in C space
and return the result in the form of Ch computational array toCh. Unlike previous sections where cases are
focused on how to port C code to Ch, cases in this section will illustrate how to make up Ch functions, chdl
functions, as well as C function if necessary, to work with Chcomputational arrays.

Let’s get started with writing a Ch function which returns a Ch computational array. It is shown in
Program 5.25,
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#include<dlfcn.h>
...
array return_type functionName(data_type1 arg1, data_ty pe2 arg2)[ARRAY_DIM] {

void *dlhandle, *fptr;
array return_type retval[ARRAY_DIM];

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n",
__func__, dlerror());

return FAIL_VALUE; /* FAIL_VALUE is typically NULL for poin t
and negative value for integral type */

}

/* get the address by function name */
fptr = dlsym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return FAIL_VALUE;

}

/* Address of retval is passed as an argument to C address spac e.
To avoid checking prototype, the third argument should be NU LL */

dlrunfun(fptr, NULL, NULL, &retval[0], arg1, arg2);

/* close the dynamically loaded library */
if(dlclose(handle)!=0) {

fprintf(_stderr, "Error: %s(): dlclose(): %s\n",
__func__, dlerror());

return FAIL_VALUE;
}
return retval;

}

Program 5.25: Regular functions with return value of Ch computational array (chf function).

whereretval is defined as aCh Computational Array , and ARRAYDIM is a predefined macro that
indicates the fixed size of the array. The address of the first element ofretval &retval[0] is passed to
C space as the fourth argument of functiondlrunfun (), and the second and the third arguments are NULLs.

In the chdl file, the chdl function is shown in Program 5.26,
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#include<ch.h>
...
EXPORTCH void functionName_chdl(void *varg) {

ChInterp_t interp;
ChVaList_t ap;
return_type *pretval;
data_type1 arg1;
data_type2 arg2;

/* get arguments passed from the Ch address space */
Ch_VaStart(interp, ap, varg);
pretval = Ch_VaArg(interp, ap, retrun_type*); /* address o f the array in Ch space */
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
arg2 = Ch_VaArg(interp, ap, data_type2); /* get 2nd argumen t */
/*

...
here is code to do computational jobs
and copy result into memory pointed to by pretval

*/
Ch_VaEnd(interp, ap);

}

Program 5.26: Regular functions with return value of Ch computational array (chdl function).

wherepretval is defined as a pointer toreturn type to hold the address of the computational array
passed from the Ch space. Then, we can do some computational jobs in C space and put the result to the
computational array by its address.

Example

In this example, the Ch functionret comp arr () returns a Ch computational array with extent of 5.

Listing 1 — header file (retcomparr.h)

#define ARRAY_DIM 5 /* the extent of the computational array */

In this header file, the extent of the computational array is defined as a macro. Both C and Ch files will
use this file.

Listing 2 — Ch application (retcomparr.ch)

#include <array.h>
#include "ret_comp_arr.h"

array double ret_comp_arr() [ARRAY_DIM];

int main() {
array double a[ARRAY_DIM];

a = ret_comp_arr();
printf("a in main() = %f\n", a);

}

101



CHAPTER 5. TEMPLATES FOR CALLING REGULAR C FUNCTIONS
5.7. FUNCTIONS WITH ARGUMENTS OF SPECIAL DATA TYPE

Being different from the template shown in Program 5.25, theCh functionret comp arr () does not
take any argument.

Listing 3 — chf file (retcomp arr.chf)

#include <dlfcn.h>
#include <array.h>
#include "ret_comp_arr.h"

array double ret_comp_arr()[ARRAY_DIM] {
void *handle, *fptr;
array double retval[ARRAY_DIM];

handle = dlopen("libhello.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return retval;

}

fptr = dlsym(handle, "ret_comp_arr_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return retval;

}

/* pass the address of the first element of retval
to the C space */

dlrunfun(fptr, NULL, NULL, &retval[0]);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return retval;

}

return retval;
}

Listing 4 — chdl file (retcomparr chdl.c)

#include <stdio.h>
#include <ch.h>
#include "ret_comp_arr.h"

EXPORTCH void ret_comp_arr_chdl(void *varg) {
ChInterp_t interp;
int i;
ChVaList_t ap;

double *pa;

Ch_VaStart(interp, ap, varg);
pa = Ch_VaArg(interp, ap, double *); /* get address of array i n Ch space */

/* do some computational jobs as follows */
for(i=0; i<ARRAY_DIM; i++) {

*pa = i+1;
pa++;

}
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Ch_VaEnd(interp, ap);
}

Here, the for-loop stands for some complicated computational jobs in practical cases.

Output

a in main() = 1.000000 2.000000 3.000000 4.000000 5.000000

5.7.4 Functions with Return Value of Variable Length Computational Array

Based on the previous section, here we will continue with thediscussion of functions with return value of
variable length computation arrays (VLCA).

The corresponding chf file of the template is shown in Program5.27,
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#include<dlfcn.h>
...
array return_type functionName(int array_dim1, int array _dim2,

data_type1 arg1, data_type2 arg2) [:][:] {
void *dlhandle, *fptr;
array return_type retval[array_dim1][array_dim2];

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n",
__func__, dlerror());

return FAIL_VALUE; /* FAIL_VALUE is typically NULL for poin t
and negative value for integral type */

}

/* get the address by function name */
fptr = dlsym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return FAIL_VALUE;

}

/* Address of the computational array is passed as an argumen t
to C address space.
To avoid checking prototype, the third argument should be NU LL */

dlrunfun(fptr, NULL, NULL, &retval[0][0],
array_dim1, array_dim2, arg1, arg2);

/* close the dynamically loaded library */
if(dlclose(handle)!=0) {

fprintf(_stderr, "Error: %s(): dlclose(): %s\n",
__func__, dlerror());

return FAIL_VALUE;
}

return retval;
}

Program 5.27: Regular functions with return value of VLCA (chf function).

where[:][:] in the function header indicates that the dimension of the returned Ch computational array
is 2, but the extents of each dimension are variable. This is the main difference between Program 5.27 and
Program 5.25 where extents of the returned array are fixed. The address of the first element of the computa-
tional array, i.e.&retval[0][0] , as well as its extents which are determined at runtime are passed to the
C space as the arguments of functiondlrunfun .

The chdl function is shown in Program 5.28,
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#include<ch.h>
...

EXPORTCH void functionName_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;

int array_dim1, array_dim2;
data_type1 arg1;
data_type2 arg2;
return_type *pretval;

/* get arguments including address and dimentions of
array passed from the Ch address space */

Ch_VaStart(interp, ap, varg);
/* get address of the returned array in Ch */
pretval = Ch_VaArg(interp, ap, return_type*);
array_dim1 = Ch_VaArg(interp, ap, int); /* get 1st dimentio n */
array_dim2 = Ch_VaArg(interp, ap, int); /* get 2nd dimentio n */
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st other ar gument */
arg2 = Ch_VaArg(interp, ap, data_type2); /* get 2nd other ar gument */

/*
...
here is code to do computational jobs
and put result into memory pointed to by pretval

*/

Ch_VaEnd(interp, ap);
}

Program 5.28: Regular functions with return value of VLCA (chdl function).

It is similar to the chdl function shown in Program 5.26 except that it has two arguments specifying the size
of each dimension of the array.

Example

This example shows how to handle a function which returns a variable length computational array
(VLCA).

Ch function – comparray.chf is shown in Program 5.29,
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#include<dlfcn.h>
#include<array.h>

array double comp_array(int i) [:] {
void *handle, *fptr;
array double retval[i];

handle = dlopen("libhello.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return retval;

}

fptr = dlsym(handle, "comp_array_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return retval;

}

/* pass the first element of retval to C space */
dlrunfun(fptr, NULL, NULL, &retval[0], i);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return retval;

}

return retval;
}

Program 5.29: Example of functions with return value of VLCA(chf file).

where[:] in the function header indicates the returned array has one dimension with variable extent. The
argumenti will contain the extent of the array at runtime.

C and chdl file – The chdl function and corresponding C function comp array() is shown in Pro-
gram 5.30,
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#include<stdio.h>
#include<ch.h>

void comp_array(double *pa, int n) {
int i;
double *pa_tmp;

/* take the address of Ch computational array */
pa_tmp = pa;

for(i=0; i<n; i++) {
*pa_tmp = i+1;

pa_tmp++;
}

}

EXPORTCH void comp_array_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;

int nn;
double *pa;

Ch_VaStart(interp, ap, varg);
pa = Ch_VaArg(interp, ap, double *); /* get address of array i n Ch space */
nn = Ch_VaArg(interp, ap, int); /* get 1st arg */

comp_array(pa, nn);

Ch_VaEnd(interp, ap);
}

Program 5.30: Example of functions with return value of VLCA(chdl file).

Here we use a separated C functioncomp array () to handle the computational jobs in C space.

Application – comparray.ch is shown in Program 5.31. Two arrays of one dimension, but different extents,
are tested in this program.
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#include <array.h>

array double comp_array(int i) [:];

int main() {
array double a[5];
array double b[10];

a = comp_array(5);
printf("a in main() = %f\n", a);
b = comp_array(10);
printf("b in main() = %f\n", b);

}

Program 5.31: Example of functions with return value of VLCA(Application).

Output is shown in Program 5.32,

a in main() = 1.000000 2.000000 3.000000 4.000000 5.000000

b in main() = 1.000000 2.000000 3.000000 4.000000 5.000000
6.000000 7.000000 8.000000 9.000000 10.000000

Program 5.32: Example of functions with return value of VLCA(Result).

a
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Chapter 6

Templates for Functions with Pointer to
Function

Pointers are powerful in C. Pointer to function allows C programmers to do sophisticated manipulations
with functions. In this chapter, we will discuss functions that have arguments or return values of pointer to
function. This chapter is more difficult to comprehend compared to the previous chapters due to the subject
matter. Callback Ch functions from C space in Section 2.3 is required to understand first. It would be very
helpful to readCh User’s Guideand learn about pointer to function first if you are new to the concept of
pointer to function. Most examples presented in this chapter are commonly used to set callback functions
and then get callback functions. This chapter is organized in a way that users will learn how to register/set
function pointer in C space and get function pointer from theC space. Typically, setting function pointer
and getting function pointer are used in conjunction, the functions are defined in Ch space. Some complete
examples that invoke functions for both setting and gettingfunction pointer will be given. It is crucial to
read the Section 6.1 thoroughly, because it has detailed explanations for the codes that will not be repeated
for other sections.

6.1 Functions with Arguments of Pointer to Function in C space

6.1.1 Pointer to Function without Return Value and Argument in C space

Let’s look at a C space program with pointer to function before the general templates are given. The function
setFunction1 () in Program 6.1 takes two arguments. The first one is a normalargument with type of
int . The second one is a pointer to function which has no argumentand return value. The function call
using the pointer to function is the only statement in the definition of functionsetFunction1 ().

#include <stdio.h>
void setFunction1(int a, void (*f)()) { // int a is not used he re

if ( f != NULL)
{

f();
}

}

Program 6.1: Function taking argument of pointer to function.
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In the Ch space, the applicationsetfuncptr1.ch shown in Program 6.2, the functionf () is passed
to setFunction1() as a pointer.

#include <stdio.h>

void f() {
printf("This is printed from f()\n");

}

int main() {
setFunction1(10, f);

return 0;
}

Program 6.2: setfuncptr1.ch: Ch application calling function setFunction1()

the expected result from execution of the applicationsetfuncptr1.ch is

This is printed from f()

The C functionsetFunction1 () mentioned above can be generalized as the following function,

void setFunction1(data_type1 arg1, void (*funptr)()) {
...

}

where the first argumentarg1 is simple data typedata type1 . The simple data typedata type1 can
be any one of the following type:char, short, int, float, double, complex, double
complex, char*, short*, int*, float*, double*, complex dou ble*, char**,
int**, union, pointer to struct, etc. The complex data types such as class, the pointer to
function and VLA do not belong to the simple data type. The second argumentfunptr is a pointer to the
function which has no return value and argument. In circumstances of callback, functionsetFunction1 ()
can be considered as an API to register a user-defined Ch callback function pointed to byfunptr . This
user-defined functionfunptr can be used to handle certain system event, for example, the left mouse
button being pushed or the menu item being selected. After the function pointerfunptr is registered,
every time when the left mouse button is pushed, the user-defined function will be invoked through function
pointerfunptr . The first argumentint is optional in this case.

The corresponding Ch functionsetFunction1 () is shown in Program 6.3. Two arguments of function
setFunction1 (), arg1 and funptr , are passed tosetFunction1 chdl () in the C space as the
fourth and fifth arguments of functiondlrunfun() . setFunction1 chdl () can be found in Program 6.4.
Note that the argumentfunptr in Program 6.3 has to be NULL or a pointer which points to a valid local
or global function in Ch space. If it is a pointer pointing to aC function or other improper memory address,
the functiondlrunfun () will not work properly. In functionsetFunction1 chdl() , funptr will
be saved and replaced by a function which is defined in C space.The statements opening and closing the
DLL file, say libproject.dl , should be moved to a Ch header file as illustrated in Chapter 3if there
are multiple functions to be handled.

The chdl functionsetFunction1 chdl () which runs in C space is shown in Program 6.4. One
data type is defined and two static variables are declared before the definition of the chdl function. Type
funcHandle is typedefed as a pointer to a function that has no return value and argument. This definition
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#include<dlfcn.h>

void setFunction1(data_type1 arg1, void (*funptr)()) {
void *dlhandle, *fptr;

dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}
fptr = dlsym(dlhandle, "setFunction1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded library by ad dress,
arguments including function pointer are passed to C space * /

dlrunfun(fptr, NULL, setFunction1, arg1, funptr);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}
}

Program 6.3: Argument of pointer to function without returnvalue and argument (chf file).

should match the second argument ofsetFunction1 (). The variablesetFunction1 chdl funptr
is defined as a static pointer which is used to save the function pointer passed from Ch space. Since func-
tion setFunction1 chdl funarg () is a static C function which is used to replace the Ch function
pointer, it is very critical to make the prototype of this C function consistent with that of the Ch function
setFunction1() . This rule applies to all remaining cases of setting and getting function pointers.

In the definition of functionsetFunction1 chdl (), the Ch function pointer that is passed from the
Ch function in Program 6.3 is obtained and saved with statements

handle_ch = Ch_VaArg(ap, funcHandle);
setFunction1_chdl_funptr = (void *)handle_ch;

handle ch is cast to be compatible withsetFunction1 chdl funptr . The C function
setFunction1 () is then called with two arguments as follows

setFunction1(arg1, handle_c);

If the Ch function pointerhandle ch is not a NULL pointer, the second argumenthandle c points to
the static C functionsetFunction1 chdl funarg (), which is also defined in this chdl file, otherwise,
NULL will passed as the function pointer. Since a function inthe C address space cannot call a function
defined in the Ch space directly, the call to the Ch function pointed to bysetFunction1 chdl funptr
are directed to the C functionsetFunction chdl funarg (). This is the key point of cases of setting
function pointers. In other words, the C functionsetFunction1 chdl funarg () is called in C space
instead of the Ch function. In turn,setFunction1 chdl funarg () calls the Ch function pointed to by
setFunction1 chdl funptr with statement

Ch_CallFuncByAddr(interp, setFunction1_chdl_funptr, N ULL);
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#include<ch.h>
#include<stdio.h>
/* ... */

typedef void (*funcHandle)(); /* function pointer type */

static ChInterp_t interp;
/* C function to replace the Ch function pointer */
static void setFunction1_chdl_funarg();

/* save the function pointer from the Ch space */
static void *setFunction1_chdl_funptr;

EXPORTCH void setFunction1_chdl(void *varg) {
ChVaList_t ap;
data_type1 arg1;
funcHandle handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
/* get and save Ch function pointer */
handle_ch = Ch_VaArg(interp, ap, funcHandle);
setFunction1_chdl_funptr = (void *)handle_ch;

/* replace the Ch function pointer with the C one,
the NULL pointer can’t be replaced */

if(handle_ch != NULL) {
handle_c = (funcHandle)setFunction1_chdl_funarg;

}

/* set the C function pointer instead of the Ch one,
the NULL pointer will not be replaced */

setFunction1(arg1, handle_c);

Ch_VaEnd(interp, ap);
}

static void setFunction1_chdl_funarg() {
/* Call Ch function by its address */
Ch_CallFuncByAddr(interp, setFunction1_chdl_funptr, N ULL);

}

Program 6.4: Argument of pointer to function without returnvalue and argument (chdl file).

112



CHAPTER 6. TEMPLATES FOR FUNCTIONS WITH POINTER TO FUNCTION
6.1. FUNCTIONS WITH ARGUMENTS OF POINTER TO FUNCTION IN C SPACE

Ch_VaStart()

Ch_VaArg()

Ch_VaEnd()

funptr()

Ch Space C Space (libproject.dl)

main()

Ch_CallFuncByAddr()

setFunction1(arg1, setFunction1_chdl_funarg)

dlopen()

setFunction1(arg1,funptr)

setFunction1_chdl_funarg()

setFunction1_chdl()

dlclose()

Figure 6.1: Functions and APIs in Ch and C spaces for setting afunction.

More information about interfacing Ch function from C spacewith the API Ch CallFuncByAddr () is
available in section 2.4. In this case, the first argumentinterp of static duration was assigned a Ch
interpreter by functionCh VaStart() inside functionsetFunction1 chdl() . The second argument of
Ch CallFuncByAddr () is the Ch function pointer. The third argument isNULL, because the Ch function
has no return value. If the function does return a value, thenits second argument would be&retval . The
case of the pointer to function with return value will be introduced in the next section.

If function setFunction1 chdl () is called for multiple times to set different Ch function pointers,
the last pointer will replace the previous one, because the static variablesetFunction1 chdl funptr
only holds the last Ch function pointer.

Figures 6.1 illustrates the relation between the functionssetting function pointers, and functions being
set in both Ch and C spaces. In Ch space, the functionsetFunction1 () is called to set the Ch function
funptr (). The function name funptr is passed as an argument to the chdl function
setFunction1 chdl () in C space. In C space, the chdl function calls C functionsetFunction1 () to
set a function pointer. The function to be set in C space is theC functionsetFunction1 chdl funarg ()
instead of the Ch functionfunptr (), because in C space, Ch functions such asfunptr (), can only be
called by the Ch APIsCh CallFuncByAddr () andCh CallFuncByName(). If a Ch function is set in C
space, and called back later from C space directly, the program will not work properly.

Example

This is a complete example that illustrates the case of setting pointer to function that has no return value and
argument.

Listing 1 — Ch function file (setFunction1.chf )

#include<dlfcn.h>
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void setFunction1(int arg1, void (*funptr)()) {
void *dlhandle, *fptr;

dlhandle = dlopen("libsetfuncptr.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}
fptr = dlsym(dlhandle, "setFunction1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded library by ad dress,
arguments including function pointer are passed to C space * /

dlrunfun(fptr, NULL, setFunction1, arg1, funptr);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}
}

The above Chf function is almost the same as the template shown in Program 6.3, except for the DLL file
libsetfuncptr.dl .

Listing 2 — chdl file (setFunction1 chdl.c )

#include <stdio.h>
#include <ch.h>

typedef void (*funcHandle)(); /* function pointer type */

/* C functions to replace the Ch one */
static ChInterp_t interp;
static void setFunction1_chdl_funarg();

/* function pointers to save Ch function pointers */
static void *setFunction1_chdl_funptr;

EXPORTCH void setFunction1_chdl(void *varg){
ChVaList_t ap;
int arg1;
funcHandle handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, int);
handle_ch = Ch_VaArg(interp, ap, funcHandle); /* get ch fun ction pointer */
setFunction1_chdl_funptr = (void *)handle_ch;

/* replace the Ch function pointer with the C one,
the NULL pointer can’t be replaced */

if(handle_ch != NULL) {
handle_c = (funcHandle)setFunction1_chdl_funarg;

}

setFunction1(arg1, handle_c);
Ch_VaEnd(interp, ap);
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}

static void setFunction1_chdl_funarg() {
Ch_CallFuncByAddr(interp, setFunction1_chdl_funptr, N ULL);

}

It is actually the template shown in Program 6.4.
Listing 3 — C function to be handled (setFunction1.c )

#include <stdio.h>
void setFunction1(int a, void (*f)()) { // int a is not used he re

if ( f != NULL)
{

f();
}

}

Listing 4 — Makefile to build DLL (Makefile )

# for cases pointer to function

INC1=-I/usr/include
INC2=-I/usr/ch/extern/include

target: libsetfuncptr.dl

libsetfuncptr.dl: setFunction1.o setFunction1_chdl.o
ch dllink libsetfuncptr.dl \

setFunction1.o setFunction1_chdl.o

setFunction1.o: setFunction1.c
ch dlcomp libsetfuncptr.dl setFunction1.c $(INC1) $(INC2 )

setFunction1_chdl.o: setFunction1_chdl.c
ch dlcomp libsetfuncptr.dl setFunction1_chdl.c $(INC1) $ (INC2)

clear:
rm -f *.o

clean:
rm -f *.o
rm -f lib*.dl

Listing 5 — Ch Application (setfuncptr1.ch )

#include <stdio.h>

void f() {
printf("This is printed from f()\n");

}

int main() {
setFunction1(10, f);

return 0;
}

After making the DLL file, the result from direct execution ofapplicationsetfuncptr1.c is

This is printed from f()
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#include<dlfcn.h>

void setFunction2(data_type1 arg1, retrun_type (*funptr )()) {
void *dlhandle, *fptr;

dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}
fptr = dlsym(dlhandle, "setFunction2_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded library by ad dress,
arguments including function pointer are passed C space */

dlrunfun(fptr, NULL, setFunction2, arg1, funptr);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}
}

Program 6.5: Argument of pointer to function with return value (chf file).

6.1.2 Pointer to Function with Return Value

This section discuss functions with arguments of pointers to functions that have return values. Assume the
function to be called in C space is:

void setFunction2(data_type1 arg1, return_type (*funptr )()) {
...

}

This function would be the same as the one in the first section if its second argument did not have a return
value.

The Ch functionsetFunction2 () is given in Program 6.5. The only difference between this chf file
from the one shown in Program 6.3 is the type of the pointer in the argument list. It is defined as a pointer
to function with a return value of data typereturn type .

In the chdl file, the chdl functionsetFunction2 chdl () is shown in Program 6.6. Note that the type-
def statement declaresfuncHandle in accordance to the second argument of the Ch function
setFunction2 () in the beginning of this section. To be compatible with theCh function, the C re-
placement functionsetFunction2 chdl funarg () has return value too. The return value is obtained
from the Ch function with the statement

Ch_CallFuncByAddr(interp, setFunction2_chdl_funptr, & retval);

where the third argument ofCh CallFuncByAddr() is the address of the return value.
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#include<ch.h>
#include<stdio.h>
/* ... */

typedef return_type (*funcHandle)(); /* function pointer type */

static ChInterp_t interp;
/* C function to replace the Ch function pointer */
static return_type setFunction2_chdl_funarg();

/* for saving the function pointer from Ch space */
static void *setFunction2_chdl_funptr;

EXPORTCH void setFunction2_chdl(void *varg) {
ChVaList_t ap;
data_type1 arg1;
funcHandle handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
/* get and save Ch function pointer */
handle_ch = Ch_VaArg(interp, ap, funcHandle);
setFunction2_chdl_funptr = (void *)handle_ch;

/* replace the Ch function pointer with the C one */
if(handle_ch != NULL) { /* the NULL pointer can’t be replaced */

handle_c = (funcHandle)setFunction2_chdl_funarg;
}

setFunction2(arg1, handle_c);

Ch_VaEnd(interp, ap);
}

static return_type setFunction2_chdl_funarg() {
return_type retval;

/* Call Ch address space function by its address */
Ch_CallFuncByAddr(interp, setFunction2_chdl_funptr, & retval);
return retval;

}

Program 6.6: Argument of pointer to function with return value (chdl file).
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#include<dlfcn.h>

void setFunction3(data_type1 arg1, void(*funptr)(data_ type2)) {
void *dlhandle, *fptr;

dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}
fptr = dlsym(dlhandle, "setFunction3_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded library by ad dress,
arguments including function pointer are passed to C space * /

dlrunfun(fptr, NULL, setFunction3, arg1, funptr);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}
}

Program 6.7: Argument of pointer to function with argument (chf file).

6.1.3 Pointer to a Function with Arguments

This section gives a template including chf and chdl files that are used for functions with arguments of
pointers to functions that have arguments. Let’s say we havethe following function:

void setFunction3(data_type1 arg1,
void (*funptr)(data_type2 arg2)) {

...
}

wheresetFunction3 () has two arguments and no return value. The first argumentarg1 is of simple
data typedata type1 . The second argumentfunptr is a pointer to function which has one argument
arg2 of simple data typedata type2 and has no return value.

The chf function is shown in Program 6.7. It is different fromProgram 6.5 in function argument only.
The chdl functionsetFunction3 chdl () is shown in Program 6.8. The typedef statement in the

chdl file should be identical to the one in the chf file. Now, let’s compare this file with the previous two chdl
files. This one is different from the chdl file shown in Program6.6 in a way that this function does not return
value. As a result,Ch CallFuncByAddr () calls the function thatfuncHandle points to by passingNULL
in as the third argument instead of&retval . This is also the reason why the line

return retval;

in function setFunction2 chdl funarg () of Program 6.6 is not included in here. Notice that
Ch CallFuncByAddr () has an extra argument,arg2 , that the function inCh CallFuncByAddr () in Pro-
grams 6.4 and Programs 6.6 do not have. This is because the Ch function pointer here points to a function that
has an argument, andarg2 has to be passed to the Ch function when it is called byCh CallFuncByAddr ().
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#include<ch.h>
#include<stdio.h>
/* ... */

/* function pointer type which points the function with argu ment */
typedef void (*funcHandle)(data_type2);

static ChInterp_t interp;
/* C function to replace the Ch function pointer */
static void setFunction3_chdl_funarg(data_type2 arg2);

/* save the function pointer from the Ch space */
static void *setFunction3_chdl_funptr;

EXPORTCH void setFunction3_chdl(void *varg) {
ChVaList_t ap;
data_type1 arg1;
funcHandle handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
/* get and save Ch function pointer */
handle_ch = Ch_VaArg(interp, ap, funcHandle);
setFunction3_chdl_funptr = (void *)handle_ch;

/* replace the Ch function pointer with the C one,
the NULL pointer can’t be replaced */

if(handle_ch != NULL) {
handle_c = (funcHandle)setFunction3_chdl_funarg;

}

setFunction3(arg1, handle_c);

Ch_VaEnd(interp, ap);
}

static void setFunction3_chdl_funarg(data_type2 arg2) {
/* Call Ch callback function by its address */
Ch_CallFuncByAddr(interp, setFunction3_chdl_funptr, N ULL, arg2);

}

Program 6.8: Argument of pointer to function with argument (chdl function).
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6.1.4 Pointer to Function with Both Return Value and Arguments

This section is a summary of previous two sections. Assume that the function to be handled in this section
is:

void setFunction4(data_type1 arg1,
return_type (*funptr)(data_type2 arg2)) {

...
}

FunctionsetFunction4 () has two arguments and no return value. The first argumentarg1 is of sim-
ple data typedata type1 . The second argumentfunptr is a pointer to function that has both ar-
gument and return value. The argumentarg2 is of simple data typedata type2 . The return value
has data typereturn type . In fact, setFunction4() is a combination ofsetFunction2() and
setFunction3 (). Variablefunptr points to a function that has a return value and an argument. There-
fore, we can find some methods that have been used earlier in the chdl and chf functions.

#include<dlfcn.h>

void setFunction4(data_type1 arg1, return_type(* funptr )(data_type2)) {
void *dlhandle, *fptr;

dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}
fptr = dlsym(dlhandle, "setFunction4_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* to call the chdl function in dynamically loaded library by address;
arguments including function handle are passed C space */

dlrunfun(fptr, NULL, setFunction4, arg1, funptr);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}
}

Program 6.9: Argument of pointer to function with return value and argument (chf file).

Program 6.9 is the chf file for this example. The return value of function is of data typereturn type
and the argument is of data typedata type2 . This is the only difference between Program 6.9 and Ch
functions in other examples.
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#include<ch.h>
#include<stdio.h>
/* ... */

/* define function pointer type with argument of data_type2
and return value of return_type */

typedef return_type (*funcHandle)(data_type2);

static ChInterp_t interp;
/* C function to replace the Ch function pointer */
static return_type setFunction4_chdl_funarg(data_type 2 arg2);

/* save the function pointer from the Ch space */
static void *setFunction4_chdl_funptr;

EXPORTCH void setFunction4_chdl(void *varg) {
ChVaList_t ap;
data_type1 arg1;
funcHandle handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
/* get and save function pointer from Ch space */
handle_ch = Ch_VaArg(interp, ap, funcHandle);
setFunction4_chdl_funptr = (void *)handle_ch;

/* replace the Ch function pointer with the C one,
the NULL pointer can’t be replaced */

if(handle_ch != NULL) {
handle_c = (funcHandle)setFunction4_chdl_funarg;

}

setFunction4(arg1, handle_c);

Ch_VaEnd(interp, ap);
}

static return_type setFunction4_chdl_funarg(data_type 2 arg2) {
return_type retval;

/* Call Ch function by its address which has argument arg2,
and return a value */

Ch_CallFuncByAddr(interp, setFunction4_chdl_funptr, & retval, arg2);

return retval;
}

Program 6.10: Argument of pointer to function with return value and argument (chdl function).

The chdl functionsetFunction4 chdl () is shown as Program 6.10. The typedef statement in this
file should be identical to the one that is in the chf file. In Program 6.6,funcHandle has a return value
of data typereturn type . In Program 6.8,funcHandle has an argument of data typedata type2 .
Here,funcHandle has both an argument and a return value.

In the functionsetFunction4 chdl funarg (), the third and fourth arguments in the function call
below
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Ch_CallFuncByAddr(interp, setFunction3_chdl_funptr, & retval, arg2);

are&retval andarg2 , since the function that Ch function pointer pointing to hasa return value and an
argument. As it has been mentioned before, prototype of C function setFunction4 chdl funarg()
should be consistent with that of the Ch functionsetFunction4 ().

Example

This is a complete example that illustrates the case of setting pointer to function that has return value and
two arguments.

Listing 1 — Ch function file (setFunction4.chf )

#include<dlfcn.h>
void setFunction4(int arg1, int (*funptr)(float, int)) {

void *dlhandle, *fptr;

dlhandle = dlopen("libsetfuncptr4.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}
fptr = dlsym(dlhandle, "setFunction4_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded library by ad dress,
arguments including function pointer are passed to C space * /

dlrunfun(fptr, NULL, setFunction4, arg1, funptr);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}
}

The above Chf function is almost the same as the template shown in Program 6.9, except for the DLL file
libsetfuncptr4.dl .

Listing 2 — chdl file (setFunction4 chdl.c )

#include <stdio.h>
#include <ch.h>

typedef int (*funcHandle)(float, int); /* function pointe r type */

/* C functions to replace the Ch one */
static ChInterp_t interp;
static int setFunction4_chdl_funarg(float, int);

/* function pointers to save Ch function pointers */
static void *setFunction4_chdl_funptr;

EXPORTCH void setFunction4_chdl(void *varg){
ChVaList_t ap;
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int arg1;
funcHandle handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, int);
handle_ch = Ch_VaArg(interp, ap, funcHandle); /* get ch fun ction pointer */
setFunction4_chdl_funptr = (void *)handle_ch;

/* replace the Ch function pointer with the C one,
the NULL pointer can’t be replaced */

if(handle_ch != NULL) {
handle_c = (funcHandle)setFunction4_chdl_funarg;

}

setFunction4(arg1, handle_c);
Ch_VaEnd(interp, ap);

}

static int setFunction4_chdl_funarg(float f, int i) {
int retval;
Ch_CallFuncByAddr(interp, setFunction4_chdl_funptr, & retval, f, i);
return retval;

}

Listing 3 — C function to be handled (setFunction4.c )

#include <stdio.h>
void setFunction4(int i, int (*f)(float, int)) {

int retval;
if ( f != NULL) {

retval = f(1.1, i);
printf("in C function setFunction4(), retval = %d\n", retv al);

}
}

Listing 4 — Makefile to build DLL (Makefile )

# for cases pointer to function

INC1=-I/usr/include
INC2=-I/usr/ch/extern/include

target: libsetfuncptr4.dl

libsetfuncptr4.dl: setFunction4.o setFunction4_chdl.o
ch dllink libsetfuncptr4.dl \

setFunction4.o setFunction4_chdl.o

setFunction4.o: setFunction4.c
ch dlcomp libsetfuncptr4.dl setFunction4.c $(INC1) $(INC 2)

setFunction4_chdl.o: setFunction4_chdl.c
ch dlcomp libsetfuncptr4.dl setFunction4_chdl.c $(INC1) $(INC2)

clear:
rm -f *.o

clean:
rm -f *.o
rm -f lib*.dl

Listing 5 — Ch Application (setfuncptr4.ch )
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#include <stdio.h>

int func(float f, int i) {
printf("In Ch function func(), f = %f, i = %d\n", f, i);
return 100;

}

int main() {
setFunction4(10, func);
return 0;

}

After making the DLL file, the result from direct execution ofapplicationsetfuncptr4.c is

In Ch function func(), f = 1.100000, i = 10
in C function setFunction4(), retval = 100

6.1.5 Pointer to Struct with a Field of Pointer to Function

Functions with return value of struct type has been discussed in Section 5.6. Functions with the argument
of struct or pointer to struct type without the field of pointer to function can be handled as a simple type,
it has been discussed in Section 5.3. If a structure has member fields of pointer to functions and functions
pointed by these member fieldds are in binary space, then the pointer to structure can be treated the same as
in Section 5.3. In this case, functions pointed by pointer tofunctions might be set by other functions.

In this section, we will discuss functions with arguments ofstructs that have fields of pointers to func-
tions and these functions are in the Ch script space. Assume that we have the following function in C
space:

struct s_t {
data_type mem;
return_type1 (*funptr1)(data_type1 arg1);
return_type2 (*funptr2)(data_type2 arg2);

};
return_type3 setFunction6(data_type3 arg3, struct s_t *a rg4) {

...
}

struct s t has three members. Membermemis of simple data type, whereas membersfunptr1 and
funptr2 are of pointers to functions which have arguments and returnvalues.

FunctionsetFunction6 () takes two arguments and returns a value of typereturn type3 . The
argumentarg3 is of date typedata type3 , andarg4 is a pointer to structs t .

The Ch functionsetFunction6 () is given in Program 6.11. SincesetFunction6 returns a value,
the method introduced in section 5.3 can also be applied to this case. Functiondlrunfun() ’s second argument
is &retval instead ofNULL. It is shown as follows.

dlrunfun(fptr, &retval, setFunction6, arg3, arg4);

At the same time, the variableretval is returned at the end of the chf function. The argumentarg4 , a
pointer to structs t , is passed as the fifth argument of the functiondlrunfun() . If the DLL cannot be loaded,
or the chdl function can not be found in DLL , the valueFAIL VALUEwill be returned.FAIL VALUEis a
value of typereturn type3 , such as NULL for point type and -1 for integral type, to indicate the failure
of the function calling.
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#include<dlfcn.h>

return_type3 setFunction6(data_type3 arg3, struct s_t *a rg4) {
void *dlhandle, *fptr;
return_type3 retval;

dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return FAIL_VALUE; /* FAIL_VALUE is typically NULL for poin t

and negative value for integral type */
}
fptr = dlsym(dlhandle, "setFunction6_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return FAIL_VALUE;

}

/* call the chdl function in dynamically loaded library by ad dress,
arguments including pointer to the struct are passed */

dlrunfun(fptr, &retval, setFunction6, arg3, arg4);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return FAIL_VALUE;

}
return retval;

}

Program 6.11: Argument of struct with members of pointer to function (chf file).
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#include<ch.h>
#include<stdio.h>

static ChInterp_t interp;
/* C functions to replace the Ch function pointers */
static return_type1 setFunction6_chdl_funarg1(data_ty pe1 arg1);
static return_type2 setFunction6_chdl_funarg2(data_ty pe2 arg2);

/* save the Ch function pointers */
static void *setFunction6_chdl_funptr1, *setFunction6_ chdl_funptr2;

EXPORTCH return_type3 setFunction6_chdl(void *varg) {
ChVaList_t ap;
data_type3 arg3;
struct s_t *arg4;
return_type3 retval;

Ch_VaStart(interp, ap, varg);
arg3 = Ch_VaArg(interp, ap, data_type3); /* get 1st argumen t */

arg4 = Ch_VaArg(interp, ap, struct s_t *); /* get pointer to a struct from Ch space */
if(arg4 != NULL) { /* save the Ch function pointer */

setFunction6_chdl_funptr1 = (void*)arg4->funptr1; // us ed for callback
if( arg4->funptr1 != NULL) {

arg4->funptr1 = setFunction6_chdl_funarg1;
}

setFunction6_chdl_funptr2 = (void*)arg4->funptr2; // us ed for callback
if( arg4->funptr2 != NULL) {

arg4->funptr2 = setFunction6_chdl_funarg2;
}

}
retval = setFunction6(arg3, arg4);

if(arg4 != NULL) { /* restore the original pointers */
arg4->funptr1 = setFunction6_chdl_funptr1;
arg4->funptr2 = setFunction6_chdl_funptr2;

}
Ch_VaEnd(interp, ap);
return retval;

}

/* C function to replace Ch function pointers as struct membe rs */
static return_type1 setFunction6_chdl_funarg1(data_ty pe1 arg1) {

return_type1 retval;
Ch_CallFuncByAddr(interp, setFunction6_chdl_funptr1, &retval, arg1);
return retval;

}
static return_type2 setFunction6_chdl_funarg2(data_ty pe2 arg2) {

return_type2 retval;
Ch_CallFuncByAddr(interp, setFunction6_chdl_funptr2, &retval, arg2);
return retval;

}

Program 6.12: Argument of struct with members of pointer to functions (chdl function).
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The chdl functionsetFunction6 chdl () for this example is shown in Program 6.12. Argument
arg4 is a pointer to structs t , in which membersfunptr1 andfunptr2 are pointers to functions in Ch
address space. After the statements

setFunction6_chdl_funptr1 = (void*)arg4->funptr1;
setFunction6_chdl_funptr2 = (void*)arg4->funptr2;

save these two members into static pointerssetFunction6 chdl funptr1
andsetFunction6 chdl funptr2 , we assign two C function pointers to members ofarg4 as fol-
lows to replace Ch function pointers if they are not NULL pointers.

setFunction6_chdl_funptr1 = (void*)arg4->funptr1;
if(arg4->funptr1 != NULL) {

arg4->funptr1 = setFunction6_chdl_funarg1;
}
...

Then the C functionsetFunction6 () is called with argumentsarg3 andarg4 with the statement

retval = setFunction6(arg3, arg4);

where the members of argumentarg4 is C function pointers instead of Ch function pointers. Thisis a key
point of this case.

Since it is the address of the struct rather than the copy of content of the struct that is passed from
Ch space, The assignments of struct member in C space also change the content of the struct in Ch space.
Therefore, restoring the original content of the struct with the following two statements before the function
is returned is also one of the key points of this case.

arg4->funptr1 = setFunction6_chdl_funptr1;
arg4->funptr2 = setFunction6_chdl_funptr2;

6.1.6 Arguments of Array of Function

In this section, we will discuss functions with arguments ofarray of function. Assume that we have a C
function with following prototype,

return_type setarrayfunc(int n, return_type2 (*func[])( data_type arg));

The second argumentfunc is an array of function which takes one argumentarg and returns a value with
type return type2 . The length of this array is variable and can be determined atruntime. Typically, the
length can be passed as another argument, for example,n in this prototype.

The way we handle this function is similar to the one described in the previous section. The correspond-
ing Ch function is shown in Program 6.13.
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#include <dlfcn.h>
return_type setarrayfunc(int n, return_type2 (*func[])( data_type arg)) {

void *dlhandle, *fptr;
return_type retval;

dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return FAIL_VALUE; /* FAIL_VALUE is typically NULL for poin t

and negative value for integral type */
}
fptr = dlsym(dlhandle, "setarrayfunc_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return FAIL_VALUE;

}

dlrunfun(fptr, &retval, setarrayfunc, n, func);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return FAIL_VALUE;

}
return retval;

}

Program 6.13: Arguments of array of function (chf file).

There is nothing need to be specially handled in this function. The array of functionfunc is passed to the
C space like a simple data type.

The chdl function is shown in Program 6.14.
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#include <ch.h>
#include <stdio.h>

#define MAXNUM 100 /* maximum length of the array of function */

/* type of pointer to function array */
typedef return_type2 (**pfuncArr_t)(data_type arg);

static ChInterp_t interp;
/* C function to replace the Ch function pointer */
static return_type2 (*setarrayfunc_chdl_funarg[MAXNUM ])(data_type arg);

/* save the function pointer from the Ch space */
static return_type2 (*setarrayfunc_chdl_funptr[MAXNUM ])(data_type arg);

static return_type2 setarrayfunc_chdl_funarg0(data_ty pe arg);
static return_type2 setarrayfunc_chdl_funarg1(data_ty pe arg);
static return_type2 setarrayfunc_chdl_funarg2(data_ty pe arg);
/* ... up to MAXNUM */

EXPORTCH return_type setarrayfunc_chdl(void *varg) {
ChVaList_t ap;
return_type retval;
int i, n;
pfuncArr_t parr_ch, parr_c = NULL;

Ch_VaStart(interp, ap, varg);
n = Ch_VaArg(interp, ap, int);

/* get Ch array */
parr_ch = Ch_VaArg(interp, ap, pfuncArr);
if(parr_ch != NULL) {

/* save Ch array */
for(i = 0; i < n; i++) {

setarrayfunc_chdl_funptr[i] = (return_type2 (*)(data_t ype))parr_ch[i];
}

/* assign C function pointer to the C array */
setarrayfunc_chdl_funarg[0] = setarrayfunc_chdl_funar g0;
setarrayfunc_chdl_funarg[1] = setarrayfunc_chdl_funar g1;
setarrayfunc_chdl_funarg[2] = setarrayfunc_chdl_funar g2;
/* ... up to MAXNUM */

/* replace the Ch array with the C one,
the NULL pointer can’t be replaced */

parr_c = (pfuncArr)setarrayfunc_chdl_funarg;
}

/* pass the C array with members of pointers to C functions
instead of the Ch one, the NULL pointer will not be replaced */

retval = setarrayfunc(n, parr_c);

Ch_VaEnd(interp, ap);
return retval;

}

Program 6.14: Arguments of array of function (chdl file).
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static return_type2 setarrayfunc_chdl_funarg0(data_ty pe arg) {
return_type2 retval;

Ch_CallFuncByAddr(interp, (void*)setarrayfunc_chdl_f unptr[0], &retval, arg);
return retval;

}

static return_type2 setarrayfunc_chdl_funarg1(data_ty pe arg) {
return_type2 retval;

Ch_CallFuncByAddr(interp, (void*)setarrayfunc_chdl_f unptr[1], &retval, arg);
return retval;

}

static return_type2 setarrayfunc_chdl_funarg2(data_ty pe arg) {
return_type2 retval;

Ch_CallFuncByAddr(interp, (void*)setarrayfunc_chdl_f unptr[2], &retval, arg);
return retval;

}

/* ... up to MAXNUM */

Program 6.15: Arguments of array of function (chdl file) (Contd.).

The macroMAXNUMindicates the maximum length of the array of function. Data typepfuncArr t is de-
fined as a pointer to pointer to function. Static variablesetarrayfunc chdl funarg , which is declared
as an array of function, will be used later to replace the Ch array. C functions
setarrayfunc chdl funarg1 (), setarrayfunc chdl funarg2 (), and so on, have the same pro-
totype as members of the Ch array of function. After the Ch array is retrieved from the argument list, we
will assign these C functions to the C arraysetarrayfunc chdl funarg . Then, this C array will be
passed to the C functionsetarrayfunc () instead of the Ch array.

Example

In main() function in applicationprog.ch of this example, the array of functionf with three elements,
which are user-defined Ch functionsf0 (), f1 (), andf2 (), is going to be passed to the C space by the func-
tion setarrayfunc ().

Listing 1 — Application (prog.ch )

#include <stdarg.h>

int setarrayfunc(int n, int (*f[])(int num));

int f0(int num) {
printf("f0() is called, num = %d\n", num);
return 0;

}

int f1(int num) {
printf("f1() is called, num = %d\n", num);
return 0;

}
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int f2(int num) {
printf("f2() is called, num = %d\n", num);
return 0;

}

int main() {
int (*f[3])(int num);
f[0] = f0;
f[1] = f1;
f[2] = f2;

setarrayfunc(3, f);
return 0;

}

Listing 2 — Ch function file (setarrayfunc.chf )

#include <dlfcn.h>
int setarrayfunc(int n, int(*f[])(int num)) {

void *dlhandle, *fptr;
int retval;

dlhandle = dlopen("libarrayfunc.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}

fptr = dlsym(dlhandle, "setarrayfunc_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, setarrayfunc, n, f);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}
return retval;

}

Listing 3 — chdl file (setarrayfunc chdl.c )

#include <ch.h>
#include <stdio.h>

#define MAXNUM 3 /* maximum length of the array of function */

typedef int (**pfuncArr_t)(int num); /* function pointer t ype */
static ChInterp_t interp;
static int (*setarrayfunc_chdl_funarg[MAXNUM])(int num );
static int (*setarrayfunc_chdl_funptr[MAXNUM])(int num );

static int setarrayfunc_chdl_funarg0(int num);
static int setarrayfunc_chdl_funarg1(int num);
static int setarrayfunc_chdl_funarg2(int num);
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EXPORTCH int setarrayfunc_chdl(void *varg) {
ChVaList_t ap;
int retval;
int i, n;
pfuncArr_t parr_ch, parr_c = NULL;

Ch_VaStart(interp, ap, varg);
n = Ch_VaArg(interp, ap, int);

/* get Ch array */
parr_ch = Ch_VaArg(interp, ap, pfuncArr_t);
if(parr_ch != NULL) {

/* save Ch array */
for(i = 0; i < n; i++) {

setarrayfunc_chdl_funptr[i] = (int (*)(int))parr_ch[i] ;
}

/* assign C function to the C array */
setarrayfunc_chdl_funarg[0] = setarrayfunc_chdl_funar g0;
setarrayfunc_chdl_funarg[1] = setarrayfunc_chdl_funar g1;
setarrayfunc_chdl_funarg[2] = setarrayfunc_chdl_funar g2;
/* ... up to MAXNUM */

/* replace the Ch array with the C one,
the NULL pointer can’t be replaced */

parr_c = (pfuncArr_t)setarrayfunc_chdl_funarg;
}

/* pass the C array with members of pointers to C functions
instead of the Ch one, the NULL pointer will not be replaced */

retval = setarrayfunc(n, parr_c);

Ch_VaEnd(interp, ap);
return retval;

}

static int setarrayfunc_chdl_funarg0(int num) {
int retval;

Ch_CallFuncByAddr(interp, (void*)setarrayfunc_chdl_f unptr[0], &retval, num);
return retval;

}

static int setarrayfunc_chdl_funarg1(int num) {
int retval;

Ch_CallFuncByAddr(interp, (void*)setarrayfunc_chdl_f unptr[1], &retval, num);
return retval;

}

static int setarrayfunc_chdl_funarg2(int num) {
int retval;

Ch_CallFuncByAddr(interp, (void*)setarrayfunc_chdl_f unptr[2], &retval, num);
return retval;

}

Listing 4 — C functions to be handled (setarrayfunc.c )

int setarrayfunc(int n, int (*f[])(int num)) {
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int i;

for(i=0; i<n; i++) { /* call functions in the array */
f[i](i);

}

return 0;
}

Listing 5 — Makefile (Makefile )

target: libarrayfunc.dl
libarrayfunc.dl: setarrayfunc_chdl.o setarrayfunc.o

ch dllink libarrayfunc.dl setarrayfunc_chdl.o setarrayf unc.o

setarrayfunc_chdl.o: setarrayfunc_chdl.c
ch dlcomp libarrayfunc.dl setarrayfunc_chdl.c

setarrayfunc.o: setarrayfunc.c
ch dlcomp libarrayfunc.dl setarrayfunc.c

clear:
rm -f *.o *.dl

Listing 6 — Output

f0() is called, num = 0
f1() is called, num = 1
f2() is called, num = 2

6.1.7 Pointer to Function with Variable Number of Arguments

In this section, functions with argument of pointer which points to function with variable number of argu-
ments will be discussed. To give the template, assume we havethe general function prototype as follows

return_type2 (*FUNC)(int num, ...);
return_type setFuncVNA(FUNC pf);

where functionsetFuncVNA has an argument of pointer with typeFUNC, andFUNCis type defined as a
pointer to function which has variable number of arguments.Typically, the first argumentnumof FUNCis
the information of number of the following argument.

The corresponding Ch function is shown in Program 6.16.
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#include <dlfcn.h>
return_type setFuncVNA(return_type2 (*pf)(int num, ...) ) {

void *dlhandle, *fptr;
return_type retval;

dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return FAIL_VALUE; /* FAIL_VALUE is typically NULL for poin t

and negative value for integral type */
}

fptr = dlsym(dlhandle, "setFuncVNA_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return FAIL_VALUE;

}

dlrunfun(fptr, &retval, setFuncVNA, pf);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return FAIL_VALUE;

}
return retval;

}

Program 6.16: Argument of function with variable number of arguments (chf file).

There is nothing need to be specially handled in this function. The function pointerpf is passed to the C
space like a simple data type.

The chdl function is shown in Program 6.17.
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#include <ch.h>
#include <stdio.h>
#include <limits.h>

typedef return_type2 (*FUNC)(int num, ...); /* function po inter type */
static ChInterp_t interp;
static void *func_chdl_funptr;
static return_type2 func_chdl_funarg(int num, ...) {

return_type2 retval;
data_type1 arg1;
data_type2 arg2;
/* ... other possible arguments in the variable length argum ent list */
ChVaList_t ap_ch, ap;

va_start(ap, num);
ap_ch = Ch_VarArgsCreate(interp);
if(num>=1) {

arg1 = va_arg(ap, data_type1);
Ch_VarArgsAddArg(interp, &ap_ch, CH_TYPE_1, arg1); /* CH _TYPE_1 is one of macros

corresponding to data_type1 and
defined in ch.h,
such as CH_INTTYPE to int */

}
if(num>=2) {

arg2 = va_arg(ap, data_type2);
Ch_VarArgsAddArg(interp, &ap_ch, CH_TYPE_2, arg2);

}
/* ... for other possible number of argument */

Ch_CallFuncByAddr(interp, func_chdl_funptr, &retval, n um, ap_ch);
Ch_VarArgsDelete(interp, ap_ch);
return retval;

}

EXPORTCH return_type setFuncVNA_chdl(void *varg)
{

ChVaList_t ap;
return_type retval;

Ch_VaStart(interp, ap, varg);
func_chdl_funptr = Ch_VaArg(interp, ap, void *);
if(func_chdl_funptr != NULL) {

retval = setFuncVNA(func_chdl_funarg);
}
else {

retval = setFuncVNA(NULL);
}

Ch_VaEnd(interp, ap);
return retval;

}

Program 6.17: Argument of function with variable number of arguments (chdl file).
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APIs Ch VarArgsCreate(), Ch VarArgsAddArg () and Ch VarArgsDelete() are used to create a Ch
argument list. For each argument in the C argument listap in every possible case, we need to write a
statement shown below to retrieve it from the C argument listand add to the Ch argument listap ch .

if(num>=1) {
arg1 = va_arg(ap, data_type1);
Ch_VarArgsAddArg(interp, &ap_ch, CH_TYPE_1, j);

/* CH_TYPE_1 is one of macros corresponding to data_type1
and defined in ch.h, such as CH_INTTYPE to int */

}

Example

In this example, user-defined Ch functionsfunc () is going to be passed to the C space by the function
func1 (), and then this Ch function is called from C space with 0, 1, 2arguments, respectively.

Listing 1 — Application and Ch function (prog1.ch )

#include <dlfcn.h>
#include <stdarg.h>

typedef int (*FUNC)(int num, ...);

int f(int num, ...) { // function to be set by func1()
int vacount, val_i, i;
float val_f;
double val_d;
va_list ap;

va_start(ap, num);
vacount = va_count(ap);
printf("vacount = %d\n", vacount);
printf("num = %d\n", num);
for(i=0; i<vacount; i++) {

if(va_elementtype(ap) == elementtype(int)) {
val_i = va_arg(ap, int);
printf("val_i = %d\n", val_i);

}
else if (va_elementtype(ap) == elementtype(float)) {

val_f = va_arg(ap, float);
printf("val_f = %f\n", val_f);

}
else if (va_elementtype(ap) == elementtype(double)) {

val_d = va_arg(ap, double);
printf("val_f = %f\n", val_d);

}
}
printf("\n");
return 0;

}

int func1(FUNC f) {
void *handle, *fptr;
int retval;

handle = dlopen("libprog.dl", RTLD_LAZY);
if(handle == NULL) {
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printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}
fptr = dlsym(handle, "func1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}
dlrunfun(fptr, &retval, func1, f);
return retval;

}

int main() {
func1(f);
return 0;

}

Listing 2 — chdl file (prog1 chdl.c )

#include <ch.h>
#include <stdio.h>
#include <limits.h>

typedef int (*FUNC)(int num, ...);
extern int func1(FUNC);

static ChInterp_t interp;
static void *func_chdl_funptr;
static int func_chdl_funarg(int num, ...) {

int retval;
int j;
float f;
double d;
ChVaList_t ap_ch, ap;

va_start(ap, num);
ap_ch = Ch_VarArgsCreate(interp);
if(num>=1) {

j = va_arg(ap, int);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, j);

}
if(num>=2) {

d = va_arg(ap, double);
Ch_VarArgsAddArg(interp, &ap_ch, CH_DOUBLETYPE, d);

}
Ch_CallFuncByAddr(interp, func_chdl_funptr, &retval, n um, ap_ch);
Ch_VarArgsDelete(interp, ap_ch);
return retval;

}

EXPORTCH int func1_chdl(void *varg)
{

ChVaList_t ap;
int count, num;
int retval;

Ch_VaStart(interp, ap, varg);
count = Ch_VaCount(interp, ap);
printf("Total args passed to func1_chdl() in C code = %d\n", count);
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num = Ch_VaFuncArgNum(interp, ap);
if(num == INT_MAX)

printf("Passed pointer to func in func1_chdl has variable n umber arg\n");
else

printf("Passed pointer to func in func1_chdl has %d arg\n", num);
func_chdl_funptr = Ch_VaArg(interp, ap, void *);

if(func_chdl_funptr != NULL) {
retval = func1(func_chdl_funarg);

}
else {

printf("passed fun argument to func1_chdl() is NULL\n");
}

Ch_VaEnd(interp, ap);
return retval;

}

Listing 3 — C functions to be handled (prog1.c )

#include <stdio.h>

typedef int (*FUNC)(int num, ...);
int func1(FUNC fp) {

int retval;
int j = 10;
double d=30;

retval = fp(0);
retval = fp(1, j);
retval = fp(2, j, d);

}

Listing 4 — Makefile (Makefile )

target: libprog.dl

libprog.dl: prog1.o prog1_chdl.o \
prog2.o prog2_chdl.o \
prog3_chdl.o

ch dllink libprog.dl prog1.o prog1_chdl.o \
prog2.o prog2_chdl.o \
prog3_chdl.o

prog1.o: prog1.c
ch dlcomp libprog.dl prog1.c
prog1_chdl.o: prog1_chdl.c
ch dlcomp libprog.dl prog1_chdl.c
prog2.o: prog2.c
ch dlcomp libprog.dl prog2.c
prog2_chdl.o: prog2_chdl.c
ch dlcomp libprog.dl prog2_chdl.c
prog3_chdl.o: prog3_chdl.c
ch dlcomp libprog.dl prog3_chdl.c

clean:
rm -f *.o *.obj libprog.dl libprog.exp libprog.lib

Listing 5 — Output
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Total args passed to func1_chdl() in C code = 1
Passed pointer to func in func1_chdl has varaible number arg
vacount = 0
num = 0

vacount = 1
num = 1
val_i = 10

vacount = 2
num = 2
val_i = 10
val_f = 30.000000

Example

In this example, the user-defined Ch functionsvf (), which takes an argumentap with type ap list, is
going to be passed to the C space by the functionfunc2 (), and then this Ch function is called from C space
with argument of typeap list including 0, 1, 2 arguments, respectively.

Listing 1 — Application and Ch function (prog2.ch )

#include <dlfcn.h>
#include <stdarg.h>

typedef int (*FUNC)(int num, va_list ap);
int f(int num, ...) {

int vacount, val_i, i;
float val_f;
double val_d;
va_list ap;

va_start(ap, num);
vf(num, ap);
va_end(ap);
return 0;

}

int vf(int num, va_list ap) {
int vacount, val_i, i;
float val_f;
double val_d;

vacount = va_count(ap);
printf("vacount = %d\n", vacount);
printf("num = %d\n", num);
for(i=0; i< vacount; i++) {

if(va_elementtype(ap) == elementtype(int)) {
val_i = va_arg(ap, int);
printf("val_i = %d\n", val_i);

}
else if (va_elementtype(ap) == elementtype(float)) {

val_f = va_arg(ap, float);
printf("val_f = %f\n", val_f);

}
else if (va_elementtype(ap) == elementtype(double)) {

val_d = va_arg(ap, double);
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printf("val_d = %f\n", val_d);
}
else {

printf("warning: unknown data type\n");
}

}
printf("\n");
return 0;

}

int func2(FUNC f) {
void *handle, *fptr;
int retval;

handle = dlopen("libprog.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}
fptr = dlsym(handle, "func2_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}
dlrunfun(fptr, &retval, func2, f);
return retval;

}

int main() {
func2(vf);
return 0;

}

Listing 2 — chdl file (prog2 chdl.c )

#include <ch.h>
#include <stdio.h>
#include <stdarg.h>
#include <limits.h>

typedef int (*FUNC)(int num, ChVaList_t ap);
extern int func2(FUNC, ...);

static ChInterp_t interp;
static void *vfunc_chdl_funptr;
static int vfunc_chdl_funarg(int num, ChVaList_t ap) {

int retval;
int j;
double d;
ChVaList_t ap_ch;

ap_ch = Ch_VarArgsCreate(interp);
if(num >= 1) {

j = va_arg(ap, int);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, j);

}
if(num >= 2) {

d = va_arg(ap, double);
Ch_VarArgsAddArg(interp, &ap_ch, CH_DOUBLETYPE, d);

}
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Ch_CallFuncByAddr(interp, vfunc_chdl_funptr, &retval, num, ap_ch);
Ch_VarArgsDelete(interp, ap_ch);
return retval;

}

EXPORTCH int func2_chdl(void *varg)
{

ChVaList_t ap;
int count, num;
int retval;

Ch_VaStart(interp, ap, varg);
count = Ch_VaCount(interp, ap);
printf("Total args passed to func2_chdl() in C code = %d\n", count);
num = Ch_VaFuncArgNum(interp, ap);
if(num == INT_MAX)

printf("Passed pointer to func in func2_chdl has varaible n umber arg\n");
else

printf("Passed pointer to func in func2_chdl has %d arg\n", num);
vfunc_chdl_funptr = Ch_VaArg(interp, ap, void *);

if(vfunc_chdl_funptr != NULL) {
int num;
int j =10;
double d = 20;
num = 0;
retval = func2(vfunc_chdl_funarg, num);
num = 1;
retval = func2(vfunc_chdl_funarg, num, j);
num = 2;
retval = func2(vfunc_chdl_funarg, num, j, d);

}
else {

printf("passed fun argument to func2_chdl() is NULL\n");
}

Ch_VaEnd(interp, ap);
return retval;

}

Listing 3 — C functions to be handled (prog2.c )

#include <stdio.h>
#include <stdarg.h>

typedef int (*FUNC)(int num, va_list ap);
int func2(FUNC fp, ...) {

va_list ap;
int retval;
int num;

va_start(ap, fp);
num = va_arg(ap, int);
retval = fp(num, ap);
va_end(ap);
return 0;

}

Listing 4 — Output
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Total args passed to func2_chdl() in C code = 1
Passed pointer to func in func2_chdl has 2 arg
vacount = 0
num = 0

vacount = 1
num = 1
val_i = 10

vacount = 2
num = 2
val_i = 10
val_d = 20.000000

Example

Unlike in C, Ch functions with variable number of arguments don’t have to take at least one argument.
In this example, the user-defined Ch functionsf (), which only takes variable number of arguments is going
to be passed to the C space by the functionfunc3 (), and then this Ch function is called from C space with
3 arguments. Note that C functionfunc3 tmp in Listing 2 prog3 chdl.c is not the corresponding C
function of Ch functionfunc3 (). They have different prototypes. So the goal of this example is only to
illustrate how to invoke Ch functions with variable number of arguments from C space.

Listing 1 — Application and Ch function (prog3.ch )

#include <dlfcn.h>
#include <stdarg.h>

typedef int (*FUNC)(...);

int f(...) {
int vacount, val_i, i;
float val_f;
double val_d;
va_list ap;

va_start(ap, VA_NOARG);
vf(ap);
va_end(ap);
return 0;

}

int vf(va_list ap) {
int vacount, val_i, i;
float val_f;
double val_d;

vacount = va_count(ap);
printf("vacount = %d\n", vacount);
for(i=0; i< vacount; i++) {

if(va_elementtype(ap) == elementtype(int)) {
val_i = va_arg(ap, int);
printf("val_i = %d\n", val_i);

}
else if (va_elementtype(ap) == elementtype(float)) {

val_f = va_arg(ap, float);
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printf("val_f = %f\n", val_f);
}
else if (va_elementtype(ap) == elementtype(double)) {

val_d = va_arg(ap, double);
printf("val_d = %f\n", val_d);

}
}
return 0;

}

int func3(FUNC f) {
void *handle, *fptr;
int retval;

handle = dlopen("libprog.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}
fptr = dlsym(handle, "func3_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}
dlrunfun(fptr, &retval, func3, f);
return retval;

}

int main() {
func3(f);
return 0;

}

Listing 2 — chdl file (prog3 chdl.c )

#include <ch.h>
#include <stdio.h>
#include <limits.h>

static ChInterp_t interp;
static void *func_chdl_funptr;
static int func3_tmp() {

int retval;
int j = 10;
float f=20;
double d=40;
ChVaList_t ap_ch;

ap_ch = Ch_VarArgsCreate(interp);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, j);
Ch_VarArgsAddArg(interp, &ap_ch, CH_FLOATTYPE, f);
Ch_VarArgsAddArg(interp, &ap_ch, CH_DOUBLETYPE, d);
Ch_CallFuncByAddr(interp, func_chdl_funptr, &retval, a p_ch);
/* Ch_CallFuncByName(interp, "func", &retval, ap_ch); */
Ch_VarArgsDelete(interp, ap_ch);
return retval;

}

EXPORTCH int func3_chdl(void *varg)
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{
ChVaList_t ap;
int i;
int j;
int count, num;
int retval;

Ch_VaStart(interp, ap, varg);
num = Ch_VaFuncArgNum(interp, ap);
if(num == INT_MAX)

printf("Passed pointer to func in func2_chdl has varaible n umber arg\n");
else

printf("Passed pointer to func in func2_chdl has %d arg\n", num);
func_chdl_funptr = Ch_VaArg(interp, ap, void *);

if(func_chdl_funptr != NULL) {
retval = func3_tmp();

}
else {

printf("passed fun argument to func3_chdl() is NULL\n");
}

Ch_VaEnd(interp, ap);
return retval;

}

Listing 3 — Output

Passed pointer to func in func2_chdl has varaible number arg
vacount = 3
val_i = 10
val_f = 20.000000
val_d = 40.000000

6.1.8 Pointer to Function Having Different Number of Arguments

As mentioned in Chapter 2, APICh VaFuncArgNum() gets the number of the arguments of the function
which is passed as an argument. For example, if we have three Cfunctions with following prototypes,

int (*f1)(int i);
int (*f2)(int i1, int i2);
int (*f3)(int i, ...);
int setDiffFunc(int num, int(*pf)())

and assume that the functionsetDiffFunc () can passf1 (), f2 () or f3 () as the second argument to the C
space, the APICh VaFuncArgNum() then can be applied in C space to determine which function pointer
is passed. As a special case, we assume the first argument off3 () is an integer which indicates the number
of the following arguments. Up to two arguments, one is integer and another is double, might be passed
after the first argument tof3 (). To give the template, we have the general prototype as follows

return_type2 (*FUNC)();
return_type setDiffFunc(data_type arg1, FUNC pf);

wherearg1 is an argument with simple data type, andpf is a pointer to function. Functions returning data
of typeretrun type2 and taking any number of arguments could be the second argument in this case.
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The corresponding Ch function is shown in Program 6.18.

#include <dlfcn.h>
return_type setDiffFunc(data_type arg1, int (*pf)()) {

void *dlhandle, *fptr;
int retval;

dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}

fptr = dlsym(dlhandle, "setDiffFunc_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, setDiffFunc, arg1, pf);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}
return retval;

}

Program 6.18: Argument of functions taking different number of arguments (chf file).

There is nothing need to be specially handled in this function. The function pointerpf is passed to the C
space like a simple data type.

The chdl function is shown in Program 6.19.
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#include <ch.h>
#include <stdio.h>

typedef return_type2 (*FUNC)(); /* function pointer type * /
static ChInterp_t interp;
static void *setDiffFunc_chdl_funptr;

static return_type2 setDiffFunc_chdl_funarg0() {
return_type2 retval;

Ch_CallFuncByAddr(interp, setDiffFunc_chdl_funptr, &r etval);
return retval;

}

static return_type2 setDiffFunc_chdl_funarg1(data_typ e11 num) {
return_type2 retval;

Ch_CallFuncByAddr(interp, setDiffFunc_chdl_funptr, &r etval, num);
return retval;

}

static return_type2 setDiffFunc_chdl_funarg2(data_typ e21 num1, data_type22 num2) {
return_type2 retval;

Ch_CallFuncByAddr(interp, setDiffFunc_chdl_funptr, &r etval, num1, num2);
return retval;

}

static return_type2 diff_arg_chdl_funarg3(int num, ...) {
return_type2 retval;
ChVaList_t ap, ap_ch;
int x;
double d;

va_start(ap, num1);
ap_ch = Ch_VarArgsCreate(interp);
if(num1 > 1) {

x = va_arg(ap, int);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, x);

}
if(num1 == 2) {

d = va_arg(ap, double);
Ch_VarArgsAddArg(interp, &ap_ch, CH_DOUBLETYPE, d);

}
Ch_CallFuncByAddr(interp, diff_arg_chdl_funptr, &retv al, num1, ap_ch);
Ch_VarArgsDelete(interp, ap_ch);
return retval;

}

/* ... for other possible prototypes ... */

Program 6.19: Argument of functions taking different number of arguments (chdl file).
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EXPORTCH return_type setDiffFunc_chdl(void *varg) {
ChVaList_t ap;
return_type retval;
data_type arg1;
int argnum;
FUNC handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type);

/* get argument number of the Ch function */
argnum = Ch_VaFuncArgNum(interp, ap);

/* get the Ch function pointer */
handle_ch = Ch_VaArg(interp, ap, FUNC);

if(handle_ch != NULL) {
/* replace the Ch array with the proper C one,

the NULL pointer can’t be replaced */
if(argnum == 0) {

handle_c = setDiffFunc_chdl_funarg0;
}
else if(argnum == 1) {

handle_c = setDiffFunc_chdl_funarg1;
}
else if(argnum == 2) {

handle_c = setDiffFunc_chdl_funarg2;
}
else if(argnum == INT_MAX) {

handle_c = (pf_t)diff_arg_chdl_funarg3;
}
/* ... */
setDiffFunc_chdl_funptr = (void *)handle_ch;

}

/* pass the proper C function pointer
instead of the Ch one,
the NULL pointer will not be replaced.
If the Ch function has more than 2 argument,
except for INT_MAX, NULL will be passed. */

retval = setDiffFunc(arg1, handle_c);

Ch_VaEnd(interp, ap);
return retval;

}

Program 6.20: Argument of functions taking different number of arguments (chdl file) (Contd.).

For each prototype of Ch function to be passed, we should write a corresponding C function with the
same prototype, for example,setDiffFunc chdl funarg0 (), setDiffFunc chdl funarg1 (),
setDiffFunc chdl funarg2 (), setDiffFunc chdl funarg3 (), and so on. In chdl function
setDiffFunc chdl (), the APICh VaFuncArgNum() is applied to obtain the number of its argument
before the pointer of Ch function is taken from the argument list. Then, a C function with the proper
prototype is chosen to be pass tosetDiffFunc (). If the Ch function pointed to byhandle ch takes
variable number of arguments, the return value ofCh VaFuncArgNum(ap) is INT MAX . In func-
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tion setDiffFunc chdl funarg3 (), we use APIsCh VarArgsCreate(), Ch VarArgsAddArg () and
Ch VarArgsDelete() to create a Ch variable-length argument list. These APIs have been described in the
previous section.

Example

In this example, user-defined Ch functionsf0 (), f1 (), f2 () f3 (), as well as NULL pointer are going
to be passed to the C space by the functiondiff arg (). These three Ch functions take no argument, one
argument, two argument and varible number arguments, respectively.

Listing 1 — Application (prog.ch )

#include <stdarg.h>
#include <limits.h>

typedef int (*FUNC)();
int diff_arg(int, FUNC);

int f0() {
printf("f0() is called\n");
return 0;

}

int f1(int arg1) {
printf("f1() is called, argl = %d\n", arg1);
return 0;

}

int f2(int arg1, int arg2) {
printf("f2() is called, arg1 = %d, arg2 = %d\n", arg1, arg2);
return 0;

}

int f3(int arg1, ...) {
int i, vacount;
va_list ap;

printf("f3() is called, \narg1 = %d\n", arg1);
va_start(ap, b);
vacount = va_count(ap);
for(i=0; i<vacount; i++) {

if(va_elementtype(ap) == elementtype(int)) {
printf("arg%d = %d\n", i+2, va_arg(ap, int));

}
else if(va_elementtype(ap) == elementtype(float)) {

printf("arg%d = %f\n", i+2, va_arg(ap, float));
}
else if(va_elementtype(ap) == elementtype(double)) {

printf("arg%d = %f\n", i+2, va_arg(ap, double));
}

}
return 0;

}

int main() {
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diff_arg(0, f0);
diff_arg(0, NULL);
diff_arg(1, (FUNC)f1);
diff_arg(2, (FUNC)f2);
diff_arg(INT_MAX, (FUNC)f3);
return 0;

}

Listing 2 — Ch function file (diff arg.chf )

#include <dlfcn.h>
int diff_arg(int arg1, int (*pf)()) {

void *dlhandle, *fptr;
int retval;

dlhandle = dlopen("libdiffarg.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}

fptr = dlsym(dlhandle, "diff_arg_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, diff_arg, arg1, pf);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}
return retval;

}

Listing 3 — chdl file (diff arg chdl.c )

#include <ch.h>
#include <stdio.h>
#include <limits.h>
#include <stdarg.h>

typedef int (*pf_t)(); /* function pointer type */
static ChInterp_t interp;
static void *diff_arg_chdl_funptr;

static int diff_arg_chdl_funarg0() {
int retval;

Ch_CallFuncByAddr(interp, diff_arg_chdl_funptr, &retv al);
return retval;

}

static int diff_arg_chdl_funarg1(int num) {
int retval;

Ch_CallFuncByAddr(interp, diff_arg_chdl_funptr, &retv al, num);
return retval;

}
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static int diff_arg_chdl_funarg2(int num1, int num2) {
int retval;

Ch_CallFuncByAddr(interp, diff_arg_chdl_funptr, &retv al, num1, num2);
return retval;

}

static int diff_arg_chdl_funarg3(int num1, ...) {
int retval;
va_list ap;
ChVaList_t ap_ch;
int x;
double d;

va_start(ap, num1);
ap_ch = Ch_VarArgsCreate(interp);
if(num1 >= 1) {

x = va_arg(ap, int);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, x);

}
if(num1 == 2) {

d = va_arg(ap, double);
Ch_VarArgsAddArg(interp, &ap_ch, CH_DOUBLETYPE, d);

}
Ch_CallFuncByAddr(interp, diff_arg_chdl_funptr, &retv al, num1, ap_ch);
Ch_VarArgsDelete(interp, ap_ch);
return retval;

}

EXPORTCH int diff_arg_chdl(void *varg) {
ChVaList_t ap;
int retval;
int arg1, argnum;
pf_t handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, int);

/* get argument number of the Ch function */
argnum = Ch_VaFuncArgNum(interp, ap);
if(argnum == INT_MAX)

printf("\npassed varaible number arg\n");
else

printf("\nargnum = %d\n", argnum);
/* get the Ch function pointer */
handle_ch = Ch_VaArg(interp, ap, pf_t);

if(handle_ch != NULL) {
/* replace the Ch array with the proper C one,

the NULL pointer can’t be replaced */
if(argnum == 0) {

handle_c = diff_arg_chdl_funarg0;
}
else if(argnum == 1) {

handle_c = diff_arg_chdl_funarg1;
}
else if(argnum == 2) {

handle_c = diff_arg_chdl_funarg2;
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}
else if(argnum == INT_MAX) {

handle_c = (pf_t)diff_arg_chdl_funarg3;
}
diff_arg_chdl_funptr = (void *)handle_ch;

}

/* pass the proper C function pointer
instead of the Ch one,
the NULL pointer will not be replaced.
If the Ch function has more than 2 argument,
except for INT_MAX, NULL will be passed. */

retval = diff_arg(arg1, handle_c);

Ch_VaEnd(interp, ap);
return retval;

}

Listing 4 — C functions to be handled (diff arg.c )

#include <stdio.h>
#include <limits.h>

int diff_arg(int num, int (*pf)()) {
if(pf == NULL) {

printf("NULL for pf is passed to diff_arg() in C\n");
return 0;

}
switch (num) {

case 0:
pf();
break;

case 1:
pf(10);
break;

case 2:
pf(10, 20);
break;

case INT_MAX:
pf(0);
pf(1, 20);
pf(2, 20, 30.0);
break;

}

return 0;
}

Listing 5 — Makefile (Makefile )

target: libdiffarg.dl
libdiffarg.dl: diff_arg_chdl.o diff_arg.o

ch dllink libdiffarg.dl diff_arg_chdl.o diff_arg.o

diff_arg_chdl.o: diff_arg_chdl.c
ch dlcomp libdiffarg.dl diff_arg_chdl.c

diff_arg.o: diff_arg.c
ch dlcomp libdiffarg.dl diff_arg.c
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clear:
rm -f *.o *.dl

Listing 6 — Output

argnum = 0
f0() is called

argnum = 0
NULL for pf is passed to diff_arg() in C

argnum = 1
f1() is called, argl = 10

argnum = 2
f2() is called, arg1 = 10, arg2 = 20

passed varaible number arg
f3() is called,
arg1 = 0
f3() is called,
arg1 = 1
arg2 = 20
f3() is called,
arg1 = 2
arg2 = 20
arg3 = 30.000000

6.2 Functions with Return Value of Pointer to Function

To get some ideas of how functions with return value of pointer to function work, let’s take a look at the
following simple example.

Listing 1 — header file for Ch functions (ptfun.h )

#ifndef _PTFUN_H_
#define _PTFUN_H_

typedef void(*funcHandle)();
void ptfun_setHandle(funcHandle funptr);
funcHandle ptfun_getHandle();

/* below is added only for Ch */
#include <dlfcn.h>
void *_Chptfun_handle = dlopen("libptfun.dl", RTLD_LAZY );
if(_Chptfun_handle== NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
exit(-1);

}

/* user-defined function which is called to close DLL
when the program exits */

void _dlclose_ptfun(void) {
dlclose(_Chptfun_handle);

}
atexit(_dlclose_ptfun);
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#pragma importf <ptfun.chf>
#endif /* _PTFUN_H_ */

Listing 2 — Ch function file (ptfun.chf )

#include <dlfcn.h>

void ptfun_setHandle(funcHandle funptr) {
void *fptr;

fptr = dlsym(_Chptfun_handle, "ptfun_setHandle_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

dlrunfun(fptr, NULL, ptfun_setHandle, funptr);
return;

}

funcHandle ptfun_getHandle() {
void *fptr;
funcHandle retval;

fptr = dlsym(_Chptfun_handle, "ptfun_getHandle_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return NULL;

}

dlrunfun(fptr, &retval, ptfun_getHandle);
return retval;

}

Listing 3 — header file for C functions (ptfun c.h )

#ifndef _PTFUN_H_
#define _PTFUN_H_

typedef void (*funcHandle)();
void ptfun_setHandle(funcHandle funptr);
funcHandle ptfun_getHandle();

#endif /* _PTFUN_H_ */

Listing 4 — chdl file (ptfun chdl.c )

#include <stdio.h>
#include "ptfun_c.h"
#include <ch.h>

static ChInterp_t interp;
static void ptfun_chdl_funarg();
static void *ptfun_chdl_funptr;

EXPORTCH void ptfun_setHandle_chdl(void *varg){
ChVaList_t ap;
funcHandle handle_ch;
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Ch_VaStart(interp, ap, varg);
/* get the Ch function pointer */
handle_ch = Ch_VaArg(interp, ap, funcHandle);
ptfun_setHandle(handle_ch);
Ch_VaEnd(interp, ap);

}

EXPORTCH funcHandle ptfun_getHandle_chdl(void *varg){
ChVaList_t ap;
funcHandle retval_ch;

Ch_VaStart(interp, ap, varg);
retval_ch = ptfun_getHandle();
Ch_VaEnd(interp, ap);

return retval_ch;
}

Listing 5 — C functions to be handled (ptfun.c )

#include <stdio.h>
#include "ptfun_c.h"

/* keep function handles in c space */
funcHandle handle;

void ptfun_setHandle(funcHandle funptr) {
handle = funptr;

}

funcHandle ptfun_getHandle() {
return handle;

}

Listing 6 — Makefile to build DLL (Makefile )

# for cases pointer to function

INC1=-I/usr/include
INC2=-I/usr/ch/extern/include

target: libptfun.dl Makefile

libptfun.dl: ptfun1_1.o ptfun1_1_chdl.o \
ptfun1_2.o ptfun1_2_chdl.o \
ptfun2.o ptfun2_chdl.o \
ptfun3.o ptfun3_chdl.o \
ptfun4.o ptfun4_chdl.o \
ptfun5.o ptfun5_chdl.o \
ptfun6.o ptfun6_chdl.o \
ptfun.o ptfun_chdl.o

ch dllink libptfun.dl \
ptfun1_1.o ptfun1_1_chdl.o \
ptfun1_2.o ptfun1_2_chdl.o \
ptfun2.o ptfun2_chdl.o \
ptfun3.o ptfun3_chdl.o \
ptfun4.o ptfun4_chdl.o \
ptfun5.o ptfun5_chdl.o \
ptfun6.o ptfun6_chdl.o \
ptfun.o ptfun_chdl.o

154



CHAPTER 6. TEMPLATES FOR FUNCTIONS WITH POINTER TO FUNCTION
6.2. FUNCTIONS WITH RETURN VALUE OF POINTER TO FUNCTION

ptfun.o: ptfun.c
ch dlcomp libptfun.dl ptfun.c $(INC1) $(INC2)

ptfun_chdl.o: ptfun_chdl.c
ch dlcomp libptfun.dl ptfun_chdl.c $(INC1) $(INC2)

ptfun1_1.o: ptfun1_1.c
ch dlcomp libptfun.dl ptfun1_1.c $(INC1) $(INC2)

ptfun1_1_chdl.o: ptfun1_1_chdl.c
ch dlcomp libptfun.dl ptfun1_1_chdl.c $(INC1) $(INC2)

ptfun1_2.o: ptfun1_2.c
ch dlcomp libptfun.dl ptfun1_2.c $(INC1) $(INC2)

ptfun1_2_chdl.o: ptfun1_2_chdl.c
ch dlcomp libptfun.dl ptfun1_2_chdl.c $(INC1) $(INC2)

ptfun2.o: ptfun2.c
ch dlcomp libptfun.dl ptfun2.c $(INC1) $(INC2)

ptfun2_chdl.o: ptfun2_chdl.c
ch dlcomp libptfun.dl ptfun2_chdl.c $(INC1) $(INC2)

ptfun3.o: ptfun3.c
ch dlcomp libptfun.dl ptfun3.c $(INC1) $(INC2)

ptfun3_chdl.o: ptfun3_chdl.c
ch dlcomp libptfun.dl ptfun3_chdl.c $(INC1) $(INC2)

ptfun4.o: ptfun4.c
ch dlcomp libptfun.dl ptfun4.c $(INC1) $(INC2)

ptfun4_chdl.o: ptfun4_chdl.c
ch dlcomp libptfun.dl ptfun4_chdl.c $(INC1) $(INC2)

ptfun5.o: ptfun5.c
ch dlcomp libptfun.dl ptfun5.c $(INC1) $(INC2)

ptfun5_chdl.o: ptfun5_chdl.c
ch dlcomp libptfun.dl ptfun5_chdl.c $(INC1) $(INC2)

ptfun6.o: ptfun6.c
ch dlcomp libptfun.dl ptfun6.c $(INC1) $(INC2)

ptfun6_chdl.o: ptfun6_chdl.c
ch dlcomp libptfun.dl ptfun6_chdl.c $(INC1) $(INC2)

clear:
rm -f *.o

clean:
rm -f *.o
rm -f lib*.dl

This makefile is also for subsequent examples in this chapter.

Listing 7 — Application (ptfun.ch )

/*****************************************
* function handle with no arguments and return value
******************************************/

#include <math.h>
#include "ptfun.h"

void func1() {
printf("# Ch function func1() is called \n");
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return;
}

void func2() {
printf("# Ch function func2() is called\n");
return;

}

int main() {
funcHandle handle;

ptfun_setHandle(func1); /* set function pointer */
handle = ptfun_getHandle(); /* get Ch function pointer */
handle(); /* call function by function pointer */

ptfun_setHandle(func2); /* set another function pointer * /
ptfun_getHandle()(); /* get function pointer and call the f unction */

return 0;
}

Output

# Ch function func1() is called
# Ch function func2() is called

In this example , the functionptfun setHandle () is called twice to set the Ch function pointersfunc1
and func2 , respectively. After every time of a Ch function pointer being set, the function
ptfun getHandle () is called to retrieve it back. Then the corresponding Ch function is invoked in Ch
space through the retrieved function pointer. Unlike casesdiscussed in the previous section, Ch functions
in this simple example are not called from C space. Therefore, we can handle these pointers of function
as normal pointers. But, in most cases of interfacing C modules in the libraries provided by other software
vendors, users don’t know exactly how the passed Ch functionpointers are handled in the C space. In other
words, it is not guaranteed that the passed Ch functions willnot be called in C space. Once a Ch function is
called from C space, the program will crash. The users are strongly recommended to use the templates and
examples presented in the subsequent sections.

6.2.1 Pointer to Function without Return Value and Argument

We already described how to set (or register) functions thathave arguments of pointer to functions in the
previous section. These Ch functions can be called from C space. This subsection will discuss how to return
the pointer to functions set by functions discussed in the previous section.

We will use the following template to describe how to add a function that returns a pointer to a function
without return value and argument. To return a pointer to function from C space to Ch space, we need to
set ( or register) a pointer to function first. We assume that the function pointer returned by the function
getFunction1 () below is set by functionsetFunction1 () which is presented in section 6.1.1.

typedef void(*funcHandle)();
void setFunction1(data_type1 arg1, funcHandle funptr) {

...
}
funcHandle getFunction1(data_type1 arg1) {

...
}
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#include<dlfcn.h>

void (*getFunction1(data_type1 arg1))() {
void *dlhandle, *fptr;
void (*retval)();

dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return NULL;

}
fptr = dlsym(dlhandle, "getFunction1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return NULL;

}

/* call the chdl function in dynamically loaded library by ad dress */
dlrunfun(fptr, &retval, getFunction1, arg1);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return NULL;

}

return retval;
}

Program 6.21: Returning pointer to function without returnvalue and argument (chf file).

funcHandle is typedefed as a pointer to function without return value and argument.setFunction1 ()
has the same prototype in section 6.1.1. FunctiongetFunction1 () has an argument of simple data type
arg1 and a return value of pointer to functionfuncHandle.

The Ch functiongetFunction1 () is shown in Program 6.21. Its return typeretval is of a pointer to
a function. The address of this pointer is passed to C space asthe second argument of functiondlrunfun() .

Program 6.22 shows the chdl functions getFunction1chdl() and setFunction1chdl(). setFunction1chdl()
is the same as shown in Program 6.4. The main difference between Program 6.4 and Program 6.22 is the
added chdl functiongetFunction1 chdl () in Program 6.22.

In getFunction1 chdl (), after getting all arguments by functionCh VaArg() , getFunction1 ()
is called with an argumentarg1 of data typedata type1 .

retval_c = getFunction1(arg1);

It returns a pointer which points to a function in C space. Typically this pointer is set by C function
setFunction1 () in setFunction1 chdl (). getFunction1 chdl () cannot return this pointer to
Ch address space directly, because it is a pointer to a function in C space. In other words, only the cor-
responding Ch function pointer can be returned to Ch space. The consistency will be checked first with
statements below

if(retval_c == setFunction1_chdl_funarg) {
retval_ch = (funcHandle)setFunction1_chdl_funptr;

}
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#include<ch.h>
#include<stdio.h>
/* ... */

typedef void (*funcHandle)(); /* function pointer type */

static ChInterp_t interp;
/* C function to replace the Ch function pointer */
static void setFunction1_chdl_funarg();

/* save the function pointer from the Ch space */
static void *setFunction1_chdl_funptr;

EXPORTCH void setFunction1_chdl(void *varg) {
ChVaList_t ap;
data_type1 arg1;
funcHandle handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
/* get and save Ch function pointer */
handle_ch = Ch_VaArg(interp, ap, funcHandle);
setFunction1_chdl_funptr = (void *)handle_ch;

/* replace the Ch function pointer with the C one,
the NULL pointer can’t be replaced */

if(handle_ch != NULL) {
handle_c = (funcHandle)setFunction1_chdl_funarg;

}

/* set the C function pointer instead of the Ch one,
the NULL pointer will not be replaced */

setFunction1(arg1, handle_c);

Ch_VaEnd(interp, ap);
}

static void setFunction1_chdl_funarg() {
/* Call Ch function by its address */
Ch_CallFuncByAddr(interp, setFunction1_chdl_funptr, N ULL);

}

Program 6.22: Returning pointer to function without returnvalue and argument (chdl file).
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/************************************************** *****/
/* following part is added for getting function handle */

EXPORTCH funcHandle getFunction1_chdl(void *varg) {
ChVaList_t ap;
data_type1 arg1;
funcHandle retval_c = NULL, retval_ch = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */

/* get the C function pointer which is set by setFunction1_ch dl() */
retval_c = getFunction1(arg1);

/* replace the C pointer with the Ch one */
if(retval_c == setFunction1_chdl_funarg) { /* check the co nsistency */

retval_ch = (funcHandle)setFunction1_chdl_funptr;
}

Ch_VaEnd(interp, ap);
return retval_ch;

}

Program 6.22: Returning pointer to function without returnvalue and argument (chdl file) (Contd.).

If the function returned by C functiongetFunction1 () equals the C function pointer
setFunction1 chdl funarg , we can say that the returned pointerretval c is the right pointer that
was set in function setFunction1 chdl (). Therefore, the pointer kept in
setFunction1 chdl funptr must be the corresponding Ch function pointer which should be returned
instead of the C function pointerretval c . This is the key point of this case. If function
setFunction1 chdl () is called for multiple times to set different Ch function pointers, the last one will
replace the previous one, Therefore, functionptfun1 getHandle chdl () returns the last Ch function
pointers set by functionsetFunction1 chdl ().

If the equation doesn’t hold, the pointerretval c is not the last pointer set by function
setFunction1() . It may be a wrong result or a default system function. The default system func-
tion is the callback function which defined by system rather than the users. Typically it is set by default
when the software is started. If this is the case, the NULL pointer will be returned. The case about the
function which returns a pointer to default system functionwill be discussed in section 6.3.1

Figures 6.2 illustrates the relations between the functions setting or getting function pointers, and func-
tions to be set in both Ch and C spaces. In Ch space, the Ch function funptr () is set and passed to
C space. In C space, the temporary C functionsetFunction1 chdl funarg () is practically set by
setfunction (). If this C function is called back later, it will invoke thecorresponding Ch function
funptr () using APICh CallFuncByAddr ().

After that, if the Ch functiongetFunction1 () is called to get the function pointer which has been set
before, the C functionsgetFunction1 chdl () and getFunction1 () are invoked. Set by
setfunction (), the function pointersetFunction1 chdl funarg () will be returned by the C func-
tion getFunction1 (). In function getFunction1 chdl (), this C function pointer is replaced with
the corresponding Ch function pointerfunptr , which has been set by Ch functionsetFunction1 ().
Finally, it is Ch function pointer that will be returned by the Ch functiongetFunction1 ().

Example
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Ch_VaStart()

Ch_VaArg()

Ch_VaEnd()

Ch_VaStart()

Ch_VaArg()

Ch_VaEnd()

getFunction1_chdl()

getFunction1()

funptr()

Ch Space C Space (libproject.dl)

main()

setFunction1(arg1, setFunction1_chdl_funarg)

dlopen()

setFunction1(arg1,funptr)

setFunction1_chdl()

getFunction1(arg1)

Ch_CallFuncByAddr()

setFunction1_chdl_funarg()

dlclose()

Figure 6.2: Functions and APIs in Ch and C Spaces for getting afunction.
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This is a complete example which illustrates the case of setting and getting pointer to function without return
value and argument.

The functions ptfun1 1 setHandle () is used to set a pointer to function, and function
ptfun1 1 getHandle () can be called to get the function pointer set by function
ptfun1 1 setHandle (). If the functionptfun1 1 setHandle () is called for multiple times with
different function pointers, the new Ch function pointer will replace the old one.

Listing 1 — header file for Ch functions (ptfun1 1.h )

#ifndef _PTFUN1_1_H_
#define _PTFUN1_1_H_

typedef void(*funcHandle)();
void ptfun1_1_setHandle(funcHandle funptr);
funcHandle ptfun1_1_getHandle();

/* below is added only for Ch */
#include <dlfcn.h>
void *_Chptfun_handle = dlopen("libptfun.dl", RTLD_LAZY );
if(_Chptfun_handle== NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
exit(-1);

}

/* user-defined function which is called to close DLL
when the program exits */

void _dlclose_ptfun1_1(void) {
dlclose(_Chptfun_handle);

}
atexit(_dlclose_ptfun1_1);

#pragma importf <ptfun1_1.chf>
#endif /* _PTFUN1_1_H_ */

Besides the content of C header fileptfun1 1 c.h , some particular statements for Ch are added in this
file. The DLL file libptfun.dl is loaded with statement

void *_Chptfun1_handle = dlopen("libptfun.dl", RTLD_LAZ Y);

To close this DLL file, the statement

atexit(_dlclose_ptfun1);

instructs the system to invoke the user-defined functiondlclose ptfun1 when the program exits. In
the previous templates, the DLL file is handled in the chf functions.

The statement

#pragma importf <ptfun1_1.chf>

includes function fileptfun1 1.chf . Typically, we defined only one Ch function in a function file,
and the file name is named after the corresponding Ch function. Therefore, Ch can search for the proper
Ch function file by the function name. In this case, for the sake of convenience, we put two Ch func-
tions, ptfun1 1 setHandle () and ptfun11 getHandle(), into the same function file. The#pragma
importf directive is used to include definitions of these two functions in the header file, thereby in the
Ch applicationptfun1 1.ch in Listing 7. More information about#pragma directive is available inCh
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User’s Guide.

Listing 2 — Ch function file (ptfun1 1.chf )

#include <dlfcn.h>

void ptfun1_1_setHandle(funcHandle funptr) {
void *fptr;

fptr = dlsym(_Chptfun_handle, "ptfun1_1_setHandle_chdl ");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

dlrunfun(fptr, NULL, ptfun1_1_setHandle, funptr);
return;

}

funcHandle ptfun1_1_getHandle() {
void *fptr;
funcHandle retval;

fptr = dlsym(_Chptfun_handle, "ptfun1_1_getHandle_chdl ");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return NULL;

}

dlrunfun(fptr, &retval, ptfun1_1_getHandle);
return retval;

}

Two Ch functions,ptfun1 1 setHandle () and ptfun11 getHandle(), are defined in this Ch function file.

Listing 3 — header file for C functions (ptfun1 1 c.h )

#ifndef _PTFUN1_1_H_
#define _PTFUN1_1_H_

typedef void (*funcHandle)();
void ptfun1_1_setHandle(funcHandle funptr);
funcHandle ptfun1_1_getHandle();

#endif /* _PTFUN1_1_H_ */

This is the header file used for compiling C files.

Listing 4 — chdl file (ptfun1 1 chdl.c )

#include <stdio.h>
#include "ptfun1_1_c.h"
#include <ch.h>

static ChInterp_t interp;
static void ptfun1_1_chdl_funarg();
static void *ptfun1_1_chdl_funptr;

EXPORTCH void ptfun1_1_setHandle_chdl(void *varg){
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ChVaList_t ap;
funcHandle handle_ch, handle_c;

Ch_VaStart(interp, ap, varg);
/* get and save the Ch function pointer */
handle_ch = Ch_VaArg(interp, ap, funcHandle);
ptfun1_1_chdl_funptr = (void *)handle_ch;
printf("\nin ptfun1_1_setHandle_chdl(), Ch function poi nter is %p\n",

handle_ch);

/* replace the Ch function pointer with the C one */
if(handle_ch == NULL) { /* NULL pointer will not replaced */

handle_c = NULL;
}
else {

handle_c = (funcHandle)ptfun1_1_chdl_funarg;
}

printf("in ptfun1_1_setHandle_chdl(), \
the corresponding C function pointer is %p\n\n", handle_c) ;

ptfun1_1_setHandle(handle_c);

Ch_VaEnd(interp, ap);
}

EXPORTCH funcHandle ptfun1_1_getHandle_chdl(void *varg ){
ChVaList_t ap;
funcHandle retval_c = NULL, retval_ch = NULL;

Ch_VaStart(interp, ap, varg);

retval_c = ptfun1_1_getHandle();
if(retval_c == ptfun1_1_chdl_funarg) { /* check the consis tency */

retval_ch = (funcHandle)ptfun1_1_chdl_funptr;
}

printf("in ptfun1_1_getHandle_chdl(), \
the returned C function pointer %p\n", retval_c);

printf("in ptfun1_1_getHandle_chdl(), \
Ch function pointer to be returned is %p\n\n", retval_ch);

Ch_VaEnd(interp, ap);
return retval_ch;

}

/**** C functions to replace Ch callback functions ****/
static void ptfun1_1_chdl_funarg() {

Ch_CallFuncByAddr(interp, ptfun1_1_chdl_funptr, NULL) ;
}

Listing 5 — C functions to be handled (ptfun1 1.c )

#include <stdio.h>
#include "ptfun1_1_c.h"

/* keep function handles in c space */
funcHandle handle;

void ptfun1_1_setHandle(funcHandle funptr) {
printf("Call Ch function in C space : ");
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funptr(); /* call Ch function in C space */
handle = funptr;

}

funcHandle ptfun1_1_getHandle() {
return handle;

}

In this file, two C functions,ptfun1 1 setHandle () andptfun1 1 getHandle (), are defined to save
and return function pointers set by the user. Mostly, APIs ofthis kind are available in binary libraries. What
users need to do is to link their chdl functions with the binary libraries. As it is mentioned before, this doc-
ument places great emphasis on coding chf and chdl files. We give the source code of C fileptfun1 1.c
only for the completeness of the example. In practice, the user can only get shared library or static library
instead of the C and C++ function files. It is recommended to skip this file, because it may distract the users’
attention from the chdl and chf files.
To make difference from the example ofptfun.ch , the Ch function passed in is called from C space.

Listing 6 — Application (ptfun1 1.ch )

/*****************************************
* function handle with no arguments and return value
******************************************/

#include <math.h>
#include "ptfun1_1.h"

void ptfun1_1() {
printf("# Ch function ptfun1_1() in ptfun1.ch is called \n\ n");
return;

}

void ptfun1_2() {
printf("# Ch funtion ptfun1_2() in ptfun1.ch is called\n") ;
return;

}

int main() {
funcHandle handle;

ptfun1_1_setHandle(ptfun1_1); /* set function pointer */
handle = ptfun1_1_getHandle(); /* get Ch function pointer * /
handle(); /* call function by function pointer */

ptfun1_1_setHandle(ptfun1_2); /* set another function po inter */
ptfun1_1_getHandle()(); /* get function pointer and call t he function */

return 0;
}

In this application, the functionptfun1 1 setHandlel () is called twice to set the Ch function pointers
ptfun1 1 andptfun1 2, respectively. After every time of a Ch function pointer being set, the function
ptfun1 1 getHandle () is called to retrieve it back. Then the corresponding Ch function is invoked
through the retrieved function pointer.

In this example, the pointerptfun1 2 overwrites the pointerptfun1 1 after the second calling
ptfun1 1 setHandlel ().

Output
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in ptfun1_1_setHandle_chdl(), Ch function pointer is 1bd3 48
in ptfun1_1_setHandle_chdl(), the corresponding C functi on pointer is ef572308

Call Ch function in C space : # Ch function ptfun1_1() in ptfun 1.ch is called

in ptfun1_1_getHandle_chdl(), the returned C function poi nter ef572308
in ptfun1_1_getHandle_chdl(), Ch function pointer to be re turned is 1bd348

# Ch function ptfun1_1() in ptfun1.ch is called

in ptfun1_1_setHandle_chdl(), Ch function pointer is 1bd6 70
in ptfun1_1_setHandle_chdl(), the corresponding C functi on pointer is ef572308

Call Ch function in C space : # Ch funtion ptfun1_2() in ptfun1 .ch is called
in ptfun1_1_getHandle_chdl(), the returned C function poi nter ef572308
in ptfun1_1_getHandle_chdl(), Ch function pointer to be re turned is 1bd670

# Ch funtion ptfun1_2() in ptfun1.ch is called

By the output above, we can understand better the whole procedure of the pointer replacements. In Ch space,
the Ch function pointer ptfun1 1 with value 0x1cb260 is passed to the chdl function
ptfun1 1 setHandle chdl (). In the chdl function, it is replaced with the C function pointer
ptfun1 1 chdl funarg with value0xef572264 . It is pointer0xef572264 that is set in C space by
functionptfun1 1 setHandle ().

While Ch function ptfun1 1 getHandle () is called in Ch space, functions
ptfun1 1 getHandle chdl () andptfun1 1 getHandle () are called subsequently in C space. The
C functionptfun1 1 getHandle () returns the last C pointer set by C functionptfun1 1 setHandle ().
In function ptfun1 1 getHandle chdl (), the returned pointer0xef572264 is replaced with the
corresponding Ch function pointer0x1cb260 . The pointer0x1cb260 which stands for Ch function
ptfun1 1() is finally returned by functionptfun1 1 getHandle chdl () to Ch space.

Example

In the previous example of setting function pointer, the function ptfun1 1 setHandle () can set and
keep only one Ch function pointer. In other words, the new Ch function pointer will overwrite the old one
if function ptfun1 1 setHandle () is called for multiple times. However, the same API can be used to
set different callback functions for different events in some applications. For example, with the same API,
user can set a callback function to handle the event of clicking on the right button of the mouse, the event of
clicking on the left button and the event of clicking on the middle button. The similar method can also be
applied for handling menus.

For the example listed below, the functionsptfun1 2 setHandle () can set a function pointer with
an event ID, whereas the functionptfun1 2 getHandle () can retrieve the function pointer by the asso-
ciated event ID. Different Ch callback functions can be set with different event ID using the same function
ptfun1 2 setHandle ().

Listing 1 — header file for Ch functions (ptfun1 2.h )

#ifndef _PTFUN1_2_H_
#define _PTFUN1_2_H_

typedef void(*funcHandle)();
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int ptfun1_2_setHandle(int num, funcHandle funptr);
funcHandle ptfun1_2_getHandle(int num);

/* below is added only for Ch */
#include <dlfcn.h>
void *_Chptfun_handle = dlopen("libptfun.dl", RTLD_LAZY );
if(_Chptfun_handle== NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
exit(-1);

}

/* initialize and set static function pointer array */
void *_fptr = dlsym(_Chptfun_handle, "ptfun1_2_setgetHa ndles_init");
if(_fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
exit(-1);

}
dlrunfun(_fptr, NULL, NULL);

/* usr-defined function which is called to close DLL
when the program exits */

void _dlclose_ptfun1_2(void) {
dlclose(_Chptfun_handle);

}
atexit(_dlclose_ptfun1_2);

#pragma importf <ptfun1_2.chf>
#endif /* _PTFUN1_2_H_ */

After the DLL is loaded, the C functionptfun1 2 setgetHandles init (), which is defined in file
ptfun1 2 chdl.c in Listing 4, is called to initialize a static array inC space. With this static array, named
ptfun1 2 chdl funarg, all C function pointers can be accessed by the index.

Listing 2 — Ch function file (ptfun1 2.chf )

#include <dlfcn.h>

int ptfun1_2_setHandle(int i, funcHandle funptr) {
void *fptr;
int retval;

fptr = dlsym(_Chptfun_handle, "ptfun1_2_setHandle_chdl ");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, ptfun1_2_setHandle, i, funptr);
return retval;

}

funcHandle ptfun1_2_getHandle(int i) {
void *fptr;
funcHandle retval;

fptr = dlsym(_Chptfun_handle, "ptfun1_2_getHandle_chdl ");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return NULL;
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}

dlrunfun(fptr, &retval, ptfun1_2_getHandle, i);
return retval;

}

Listing 3 — header file for C functions (ptfun1 2 c.h )

#ifndef _PTFUN1_2_H_
#define _PTFUN1_2_H_

typedef void (*funcHandle)();
int ptfun1_2_setHandle(int num, funcHandle funptr);
funcHandle ptfun1_2_getHandle(int num);

#endif /* _PTFUN1_2_H_ */

Listing 4 — chdl file (ptfun1 2 chdl.c )

#include <stdio.h>
#include "ptfun1_2_c.h"
#include <ch.h>

/* The maximum number of ptfun1_2_setHandle()
can be called */

#define MAXNUM 3

/* C functions to replace the Ch one */
static ChInterp_t interp;
static void (*ptfun1_2_chdl_funarg[MAXNUM])();

/* function pointers to save Ch function pointers */
static void *ptfun1_2_chdl_funptr[MAXNUM];

/* index of pointer pairs, from 0 to MAXNUM-1 */
static int index = 0;

EXPORTCH int ptfun1_2_setHandle_chdl(void *varg){
int i;
ChVaList_t ap;
int id;
funcHandle handle_ch, handle_c;
int retval;

Ch_VaStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int);
handle_ch = Ch_VaArg(interp, ap, funcHandle);

if(handle_ch == NULL) {
handle_c = NULL;

}
else {

if(index == MAXNUM) {
printf("Error: Only %d function pointers can be set\n", MAX NUM);
return -1;

}
ptfun1_2_chdl_funptr[index] = (void *)handle_ch;
handle_c = ptfun1_2_chdl_funarg[index];
index++;

}
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printf("in ptfun1_2_setHandle_chdl():\nCh function poi nter %p is \
replaced by C function pointer %p\n\n", handle_ch, handle_ c);

retval = ptfun1_2_setHandle(id, handle_c);

Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH funcHandle ptfun1_2_getHandle_chdl(void *varg ){
int i;
ChVaList_t ap;
int id;
funcHandle retval_c = NULL, retval_ch = NULL;

Ch_VaStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int);

retval_c = ptfun1_2_getHandle(id);

/* replace C pointer with corresponding Ch function pointer */
if(retval_c == NULL) {

retval_ch = NULL;
}
else {

for(i = 0; i < index; i++) {
if(ptfun1_2_chdl_funarg[i] == retval_c) {

retval_ch = (funcHandle)ptfun1_2_chdl_funptr[i];
}

}
}
Ch_VaEnd(interp, ap);
printf("in ptfun1_2_getHandle_chdl():\nC function poin ter %p is \

replaced by Ch function pointer %p\n", retval_c, retval_ch );
return retval_ch;

}

/**** C functions to replace Ch callback functions ****/

static void ptfun1_2_chdl_funarg0() {
Ch_CallFuncByAddr(interp, ptfun1_2_chdl_funptr[0], NU LL);

}

static void ptfun1_2_chdl_funarg1() {
Ch_CallFuncByAddr(interp, ptfun1_2_chdl_funptr[1], NU LL);

}

static void ptfun1_2_chdl_funarg2() {
Ch_CallFuncByAddr(interp, ptfun1_2_chdl_funptr[2], NU LL);

}

/********* initialization routine called in ptfun1_2.h ** ********/
EXPORTCH int ptfun1_2_setgetHandles_init() {

/* from 0 to MAXNUM -1 */

ptfun1_2_chdl_funarg[0] = ptfun1_2_chdl_funarg0;
ptfun1_2_chdl_funarg[1] = ptfun1_2_chdl_funarg1;
ptfun1_2_chdl_funarg[2] = ptfun1_2_chdl_funarg2;
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return 0;
}

Listing 5 — C functions to be handled (ptfun1 2.c )

#include <stdio.h>
#include "ptfun1_2_c.h"

#define MAXNUM 500

/* keep function handles in C space */
struct FuncList{

int num; /* id of the function handle */
funcHandle handle;

} funcList[MAXNUM];

static int index_c = 0; /* index of funList */
int ptfun1_2_setHandle(int num, funcHandle funptr) {

int i;

if(index_c == MAXNUM) {
printf("Error: too many functions");
return -1;
}

/* make sure that one id is mapped to only one handle */
for(i=0; i<index_c; i++)

if(funcList[i].num == num) {
funcList[i].num = num;
funcList[i].handle = funptr;
return num;

}
funcList[index_c].num = num;
funcList[index_c++].handle = funptr;

/* Call Ch function from C space */
printf("Calling Ch function from C space:");
funptr();

return num;
}

funcHandle ptfun1_2_getHandle(int num) {
int i;

for(i=0; i<index_c; i++)
if(funcList[i].num == num)

return funcList[i].handle;
return NULL;

}

The macroMAXNUMdefines the maximum number of different Ch function pointersto be set and saved. The
static function pointer arrayptfun1 2 chdl funarg is used to access all C function pointers by an in-
dex. When the program is started, this array is initialized by functionptfun1 2 setgetHandles init ()
which is invoked in the header fileptfun1 2.h . The static pointer arrayptfun1 2 chdl funptr make
it possible to save multiple Ch function pointers at the sametime. The static variableindex can index both
these two arrays. A C function pointer in arrayptfun1 2 chdl funarg is supposed to match the Ch
one in arrayptfun1 2 chdl funptr with the same index.
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In function ptfun1 2 setHandle chdl (), if the Ch function pointerretval ch is not a NULL
pointer, it is saved in arrayptfun1 2 chdl funptr , at the same time a C function is assigned to replace
it as follows

ptfun1_2_chdl_funptr[index] = (void *)handle_ch;
handle_c = ptfun1_2_chdl_funarg[index];

Otherwise, a NULL pointer is used.
In function ptfun1 2 getHandle chdl (), if the C function pointerretval c returned by func-

tion ptfun1 2 getHandle () can be found in arrayptfun1 2 chdl funarg , it is replaced with the
corresponding Ch function pointer in array ptfun12 chdl funptr with the same index as follows.

if(ptfun1_2_chdl_funarg[i] == retval_c) {
retval_ch = (funcHandle)ptfun1_2_chdl_funptr[i];

}

Listing 6 — Applicationptfun1 2.ch

#include "ptfun1_2.h"

void ptfun1_1() {
printf("\nptfun1_1() in Ch space is called \n\n");
return;

}

void ptfun1_2() {
printf("\nptfun1_2() in Ch space is called \n\n");
return;

}

int main() {
int id;
funcHandle handle;

/* set function pointer */
ptfun1_2_setHandle(1, ptfun1_1);
ptfun1_2_setHandle(2, ptfun1_2);

handle = ptfun1_2_getHandle(1); /* get function pointer wi th event 1 */
handle(); /* call function by function pointer */
/* get function pointer and call function with event 2 */
ptfun1_2_getHandle(2)();

ptfun1_2_setHandle(2, ptfun1_1);
ptfun1_2_getHandle(2)();

return 0;
}

Two Ch function pointers,ptfun1 1 and ptfun1 2, are set with different event ID by function
ptfun1 2 setHandle (). The function pointerptfun1 2 set with event ID 2 will not overwrite the pre-
vious function pointer set with event ID 1. Both of them can beretrieved by functionptfun1 2 getHandle ()
using associated event ID.

Output
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in ptfun1_2_setHandle_chdl():
Ch function pointer 1d9078 is replaced by C function pointer ef5a25b8

Calling Ch function from C space:
ptfun1_1() in Ch space is called

in ptfun1_2_setHandle_chdl():
Ch function pointer 1d28a8 is replaced by C function pointer ef5a25d4

Calling Ch function from C space:
ptfun1_2() in Ch space is called

in ptfun1_2_getHandle_chdl():
C function pointer ef5a25b8 is replaced by Ch function point er 1d9078

ptfun1_1() in Ch space is called

in ptfun1_2_getHandle_chdl():
C function pointer ef5a25d4 is replaced by Ch function point er 1d28a8

ptfun1_2() in Ch space is called

in ptfun1_2_setHandle_chdl():
Ch function pointer 1d9078 is replaced by C function pointer ef5a25f4

in ptfun1_2_getHandle_chdl():
C function pointer ef5a25f4 is replaced by Ch function point er 1d9078

ptfun1_1() in Ch space is called

The functionptfun1 2 setHandle () is called three times to set Ch function pointers. In chdl function,
three differents C function pointers are assigned to replace them.

6.2.2 Pointer to Function with Return Value

This section describes functions that return pointers to functions with return values. We assume that the
returned function pointer of the functiongetFunction2 () below is already set bysetFunction2 ()
which is presented in section 6.1.2.

typedef return_type (*funcHandle)();
funcHandle getFunction2(data_type1 arg1) {

...
}

funcHandle has the same typedef statement as the one insetFunction2 (). funcHandle is defined
as a pointer to function that has a return value but without argument.getFunction2 () has both argument
and return value. The argumentarg1 is of simple data typedata type1 and the return value is a pointer
of data typefuncHandle .

The Ch functiongetFunction2 () is shown in Program 6.23.
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#include<dlfcn.h>

return_type(*getFunction2(data_type1 arg1))() {
void *dlhandle, *fptr;
return_type (*retval)();

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n", __func__ ,
dlerror());

return FAIL_VALUE; /* FAIL_VALUE is typically NULL for poin t
and negative value for integral type */

}

/* get the address by function name */
fptr = dlsym(dlhandle, "getFunction2_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded library by ad dress
arguments are passed to chdl function here */

dlrunfun(fptr, &retval, getFunction2, arg1);

/* close the dynamically loaded library */
if(dlclose(dlhandle)!=0) {

fprintf(_stderr, "Error: %s(): dlclose(): %s\n", __func_ _,
dlerror());

return FAIL_VALUE;
}

return retval;
}

Program 6.23: Returning pointer to function with return value (chf file).
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#include<ch.h>
#include<stdio.h>
/* ... */

typedef return_type (*funcHandle)(); /* function pointer type */

static ChInterp_t interp;
/* C function to replace the Ch function pointer */
static return_type setFunction2_chdl_funarg();

/* for saving the function pointer from Ch space */
static void *setFunction2_chdl_funptr;

EXPORTCH void setFunction2_chdl(void *varg) {
ChVaList_t ap;
data_type1 arg1;
funcHandle handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
/* get and save Ch function pointer */
handle_ch = Ch_VaArg(interp, ap, funcHandle);
setFunction2_chdl_funptr = (void *)handle_ch;

/* replace the Ch function pointer with the C one */
if(handle_ch != NULL) { /* the NULL pointer can’t be replaced */

handle_c = (funcHandle)setFunction2_chdl_funarg;
}

setFunction2(arg1, handle_c);

Ch_VaEnd(interp, ap);
}

static return_type setFunction2_chdl_funarg() {
return_type retval;

/* Call Ch address space function by its address */
Ch_CallFuncByAddr(interp, setFunction2_chdl_funptr, & retval);
return retval;

}

Program 6.24: Returning pointer to function with return value (chdl file).
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/************************************************** *****/
/* following part is added for getting function handle */

EXPORTCH funcHandle getFunction2_chdl(void *varg) {
ChVaList_t ap;

data_type1 arg1;
funcHandle retval_c = NULL, retval_ch = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */

/* get the C function pointer which is set by setFunction2_ch dl() */
retval_c = getFunction2(arg1);

/* replace the C pointer with the Ch one */
if(retval_c == setFunction2_chdl_funarg) { /* check the co nsistency */

retval_ch = (funcHandle)setFunction2_chdl_funptr;
}

Ch_VaEnd(interp, ap);
return retval_ch;

}

Program 6.24: Returning pointer to function with return value (chdl file) (Contd.).

The chdl functiongetFunction2 chdl () is shown in Program 6.24. It is created based on Pro-
gram 6.22. The only difference between Programs 6.24 and 6.22 is the typedef statement. Therefore,
function setFunction2 chdl funarg () has a different prototype. Variableshandle ch in function
setFunction2 chdl () and retval c and retval ch in function getFunction2 chdl () have
different data types. The return value of functiongetFunction2 chdl () is also different.

In Program 6.24, only one function pointer can be set and kept. If function
setFunction2 chdl funarg () is called for multiple times, the function
getFunction2 chdl funarg () retrieves the pointer set in the last time. However, function
ptfun2 setHandle () in the example below can set up to 3 different Ch functions,and function
ptfun2 getHandle () can retrieve them all by different event ID.

Example

In this example, functionsptfun2 setHandle () andptfun2 getHandle illustrate how to set and
get function pointers which point to functions with returned values. If you already understand the previous
section, it will be easy to follow this example.
Listing 1 — header file for Ch functions (ptfun2.h )

#ifndef _PTFUN2_H_
#define _PTFUN2_H_

typedef int (*funcHandle)(); /* return a int */
int ptfun2_setHandle(int num, funcHandle funptr);
funcHandle ptfun2_getHandle(int num);

/* added for Ch */
#include <dlfcn.h>
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void *_Chptfun_handle = dlopen("libptfun.dl", RTLD_LAZY );
if(_Chptfun_handle== NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
exit(-1);

}

/* initialize and set static function pointer array */
void *_fptr = dlsym(_Chptfun_handle, "ptfun2_setgetHand les_init");
if(_fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
exit(-1);

}
dlrunfun(_fptr, NULL, NULL);

/* to close dl */
void _dlclose_ptfun2(void) {

dlclose(_Chptfun_handle);
}
atexit(_dlclose_ptfun2);

#pragma importf <ptfun2.chf>
#endif /* _PTFUN2_H_ */

Listing 2 — Ch function file (ptfun2.chf )

#include <dlfcn.h>

int ptfun2_setHandle(int i, funcHandle funptr) {
void *fptr;
int retval;

fptr = dlsym(_Chptfun_handle, "ptfun2_setHandle_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, ptfun2_setHandle, i, funptr);
return retval;

}

funcHandle ptfun2_getHandle(int i) {
void *fptr;
funcHandle retval;

fptr = dlsym(_Chptfun_handle, "ptfun2_getHandle_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return NULL;

}

dlrunfun(fptr, &retval, ptfun2_getHandle, i);
return retval;

}

Listing 3 — header file for C functions (ptfun2.h )

#ifndef _PTFUN2_H_
#define _PTFUN2_H_
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typedef int (*funcHandle)();
int ptfun2_setHandle(int num, funcHandle funptr);
funcHandle ptfun2_getHandle(int num);

#endif /* _PTFUN2_H_ */

Listing 4 — chdl (ptfun2 chdl.c )

#include <stdio.h>
#include "ptfun2_c.h"
#include <ch.h>

/* The maximum number of ptfun2_setHandle()
can be called */

#define MAXNUM 3

/* C functions to replace the Ch one */
static ChInterp_t interp;
static int (*ptfun2_chdl_funarg[MAXNUM])();

/* function pointers to save Ch function pointers */
static void *ptfun2_chdl_funptr[MAXNUM];

/* index of pointer pairs, from 0 to MAXNUM-1 */
static int index = 0;

EXPORTCH int ptfun2_setHandle_chdl(void *varg){
int i;
ChVaList_t ap;
int id;
funcHandle handle_ch, handle_c;
int retval;

Ch_VaStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int);
handle_ch = Ch_VaArg(interp, ap, funcHandle);

if(handle_ch == NULL) {
handle_c = NULL;

}
else {

if(index == MAXNUM) {
printf("Error: Only %d function pointers can be set\n", MAX NUM);
return -1;

}
ptfun2_chdl_funptr[index] = (void *)handle_ch;
handle_c = ptfun2_chdl_funarg[index];
index++;

}

retval = ptfun2_setHandle(id, handle_c);

Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH funcHandle ptfun2_getHandle_chdl(void *varg){
int i;
ChVaList_t ap;
int id;
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funcHandle retval_c = NULL, retval_ch = NULL;

Ch_VaStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int);

retval_c = ptfun2_getHandle(id);

/* replace C pointer with corresponding Ch function pointer */
if(retval_c == NULL) {

retval_ch = NULL;
}
else {

for(i = 0; i < index; i++) {
if(ptfun2_chdl_funarg[i] == retval_c) {

retval_ch = (funcHandle)ptfun2_chdl_funptr[i];
}

}
}

Ch_VaEnd(interp, ap);
return retval_ch;

}

/**** hundreds of functions can be here ****/

static int ptfun2_chdl_funarg0() {
int retval;

Ch_CallFuncByAddr(interp, ptfun2_chdl_funptr[0], &ret val);
return retval;

}

static int ptfun2_chdl_funarg1() {
int retval;

Ch_CallFuncByAddr(interp, ptfun2_chdl_funptr[1], &ret val);
return retval;

}

static int ptfun2_chdl_funarg2() {
int retval;

Ch_CallFuncByAddr(interp, ptfun2_chdl_funptr[2], &ret val);
return retval;

}

/********* initialization routine called in ptfun2.h **** ******/
EXPORTCH int ptfun2_setgetHandles_init() {

/* from 0 to MAXNUM -1 */

ptfun2_chdl_funarg[0] = ptfun2_chdl_funarg0;
ptfun2_chdl_funarg[1] = ptfun2_chdl_funarg1;
ptfun2_chdl_funarg[2] = ptfun2_chdl_funarg2;

return 0;
}

Listing 5 — C functions to be added (ptfun2.c )

#include <stdio.h>
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#include "ptfun2_c.h"
/* #include <ptfun2.h> */

#define MAXNUM 500

struct FuncList{
int num; /* id of the function handle */
funcHandle handle;

};

/* to keep function handles in c space */
struct FuncList funcList[MAXNUM];
static int index_c = 0; /* index of funList */

int ptfun2_setHandle(int num, funcHandle funptr) {
int i;

if(index_c == MAXNUM) {
printf("Error: too many functions");
return -1;
}

/* make sure that one id is mapped to only one handle */
for(i=0; i<index_c; i++)

if(funcList[i].num == num) {
funcList[i].num = num;
funcList[i].handle = funptr;
return num;

}
funcList[index_c].num = num;
funcList[index_c++].handle = funptr;

/* Call Ch function from C space */
printf("Calling Ch function from C space: return value is %d \n",

funptr());

return num;
}

funcHandle ptfun2_getHandle(int num) {
int i;

for(i=0; i<index_c; i++)
if(funcList[i].num == num)

return funcList[i].handle;
return NULL;

}

Listing 6 — Application (ptfun2.ch )

#include "ptfun2.h"

int ptfun2_1() {
printf("ptfun2_1() in ptfun2.ch is called \n");
return 10;

}

int ptfun2_2() {
printf("ptfun2_2() in ptfun2.ch is called \n");
return 20;

178



CHAPTER 6. TEMPLATES FOR FUNCTIONS WITH POINTER TO FUNCTION
6.2. FUNCTIONS WITH RETURN VALUE OF POINTER TO FUNCTION

}

int main() {
int id;
funcHandle handle;

/* set function handle */
ptfun2_setHandle(1, ptfun2_1);
ptfun2_setHandle(2, ptfun2_2);

/* get function handle */
handle = ptfun2_getHandle(1);
printf("retval of id1 = %d\n", handle());
handle = ptfun2_getHandle(2);
printf("retval of id2 = %d\n", handle());

ptfun2_setHandle(2, ptfun2_1);
printf("retval of id2 = %d\n", ptfun2_getHandle(2)());

return 0;
}

Output

ptfun2_1() in ptfun2.ch is called
Calling Ch function from C space: return value is 10
ptfun2_2() in ptfun2.ch is called
Calling Ch function from C space: return value is 20
ptfun2_1() in ptfun2.ch is called
retval of id1 = 10
ptfun2_2() in ptfun2.ch is called
retval of id2 = 20
ptfun2_1() in ptfun2.ch is called
retval of id2 = 10

6.2.3 Pointer to Function with Arguments

This section discusses functions that return pointer to functions with arguments. Here, we assume that the
returned function pointer of the functiongetFunction3 () below is already set bysetFunction3 ()
which is presented in section 6.1.3.

typedef void (*funcHandle)(data_type2);
void setFunction3(data_type1 arg1, funcHandle){

...
}
funcHandle getFunction3(data_type1 arg1) {

...
}

funcHandle is typedefed as a pointer to a function that has an argument ofdata typedata type2 .
FunctiongetFunction3 () has both argument and return value. The argumentarg1 is of simple data
typedata type1 and the return value is a pointer of data typefuncHandle .

The Ch functiongetFunction3 () is shown in Program 6.25. The return value ofgetFunction3 ()
is defined asfuncHandle which is typedefed as a pointer to function that has an argument of data type
data type2 . Therefore, the arguments of functiondlrunfun() are different. This is the only difference
between Program 6.25 and other function files such as Program5.5 and Program 6.21.
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#include<dlfcn.h>

void (*getFunction3(data_type1 arg1))(data_type2) {
void *dlhandle, *fptr;
void (*retval)(data_type2);

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n",
__func__, dlerror());

return FAIL_VALUE; /* FAIL_VALUE is typically NULL for poin t
and negative value for integral type */

}

/* get the address by function name */
fptr = dlsym(dlhandle, "getFunction3_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded
library by address arguments to chdl function */

dlrunfun(fptr, &retval, getFunction3, arg1);

/* close the dynamically loaded library */
if(dlclose(dlhandle)!=0) {

fprintf(_stderr, "Error: %s(): dlclose(): %s\n",
__func__, dlerror());

return FAIL_VALUE;
}

return retval;
}

Program 6.25: Returning pointer to function with arguments(chf file).
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#include<ch.h>
#include<stdio.h>
/* ... */

/* function pointer type which points the function with argu ment */
typedef void (*funcHandle)(data_type2);

static ChInterp_t interp;
/* C function to replace the Ch function pointer */
static void setFunction3_chdl_funarg(data_type2 arg2);

/* save the function pointer from the Ch space */
static void *setFunction3_chdl_funptr;

EXPORTCH void setFunction3_chdl(void *varg) {
ChVaList_t ap;
data_type1 arg1;
funcHandle handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
/* get and save Ch function pointer */
handle_ch = Ch_VaArg(interp, ap, funcHandle);
setFunction3_chdl_funptr = (void *)handle_ch;

/* replace the Ch function pointer with the C one,
the NULL pointer can’t be replaced */

if(handle_ch != NULL) {
handle_c = (funcHandle)setFunction3_chdl_funarg;

}

setFunction3(arg1, handle_c);

Ch_VaEnd(interp, ap);
}

static void setFunction3_chdl_funarg(data_type2 arg2) {
/* Call Ch callback function by its address */
Ch_CallFuncByAddr(interp, setFunction3_chdl_funptr, N ULL, arg2);

}

Program 6.26: Returning pointer to function with arguments(chdl file).
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/************************************************** *****/
/* following part is added for getting function handle */

EXPORTCH funcHandle getFunction3_chdl(void *varg) {
ChVaList_t ap;

data_type1 arg1;
funcHandle retval_c = NULL, retval_ch = NULL;

/* get arguments passed from the Ch function */
Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */

/* get the C function pointer which is set by setFunction3_ch dl() */
retval_c = getFunction3(arg1);

/* replace the C pointer with the Ch one */
if(retval_c == setFunction3_chdl_funarg) { /* check the co nsistency */

retval_ch = (funcHandle)setFunction3_chdl_funptr;
}

Ch_VaEnd(interp, ap);
return retval_ch;

}

Program 6.26: Returning pointer to function with arguments(chdl file) (Contd.).

The chdl functiongetFunction3 chdl () is shown in Program 6.26, Program 6.26 is based on
Program 6.8 and Program 6.22. The only difference between Program 6.26 and Program 6.22 is that
funcHandle is typedefed as a pointer to function that has an argument of data typedata type2 . To re-
place Ch functions of different prototypes, prototypes of
functionssetFunction3 chdl funarg andsetFunction2 chdl funarg are different. This is
also true for the variables such ashandle c , handle ch , retval ch , andretval c . These variables
have data types that are defined specifically byfuncHandle .

Example

Functionsptfun3 setHandle () andptfun3 getHandle in this example illustrates the case of set-
ting and getting pointers to functions that have arguments.

Listing 1 — header file for Ch functions (ptfun3.h )

#ifndef _PTFUN3_H_
#define _PTFUN3_H_

typedef void (*funcHandle)(float, int);
int ptfun3_setHandle(int num, funcHandle funptr);
funcHandle ptfun3_getHandle(int num);

/* below is added for Ch */
#include <dlfcn.h>
void *_Chptfun_handle = dlopen("libptfun.dl", RTLD_LAZY );
if(_Chptfun_handle== NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
exit(-1);
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}

/* initialize and set static function pointer array */
void *_fptr = dlsym(_Chptfun_handle, "ptfun3_setgetHand les_init");
if(_fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
exit(-1);

}
dlrunfun(_fptr, NULL, NULL);

/* to close dl */
void _dlclose_ptfun3(void) {

dlclose(_Chptfun_handle);
}
atexit(_dlclose_ptfun3);

#pragma importf <ptfun3.chf>
#endif /* _PTFUN3_H_ */

Listing 2 — chf file (ptfun3.chf )

#include <dlfcn.h>

int ptfun3_setHandle(int i, funcHandle funptr) {
void *fptr;
int retval;

fptr = dlsym(_Chptfun_handle, "ptfun3_setHandle_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, ptfun3_setHandle, i, funptr);
return retval;

}

funcHandle ptfun3_getHandle(int i) {
void *fptr;
funcHandle retval;

fptr = dlsym(_Chptfun_handle, "ptfun3_getHandle_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return NULL;

}

dlrunfun(fptr, &retval, ptfun3_getHandle, i);
return retval;

}

Listing 3 — header file for C functions (ptfun3.h )

#ifndef _PTFUN3_H_
#define _PTFUN3_H_

typedef void (*funcHandle)(float, int);
int ptfun3_setHandle(int num, funcHandle funptr);
funcHandle ptfun3_getHandle(int num);

#endif /* _PTFUN3_H_ */
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Listing 4 — chdl file (ptfun3 chdl.c )

#include <stdio.h>
#include "ptfun3_c.h"
#include <ch.h>

/* The maximum number of ptfun3_setHandle()
can be called */

#define MAXNUM 3

/* C functions to replace the Ch one */
static ChInterp_t interp;
static void (*ptfun3_chdl_funarg[MAXNUM])(float, int);

/* function pointers to save Ch function pointers */
static void *ptfun3_chdl_funptr[MAXNUM];

/* index of pointer pairs, from 0 to MAXNUM-1 */
static int index = 0;

EXPORTCH int ptfun3_setHandle_chdl(void *varg){
int i;
ChVaList_t ap;
int id;
funcHandle handle_ch, handle_c;
int retval;

Ch_VaStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int);
handle_ch = Ch_VaArg(interp, ap, funcHandle);

if(handle_ch == NULL) {
handle_c = NULL;

}
else {

if(index == MAXNUM) {
printf("Error: Only %d function pointers can be set\n", MAX NUM);
return -1;

}
ptfun3_chdl_funptr[index] = (void *)handle_ch;
handle_c = ptfun3_chdl_funarg[index];
index++;

}

retval = ptfun3_setHandle(id, handle_c);

Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH funcHandle ptfun3_getHandle_chdl(void *varg){
int i;
ChVaList_t ap;
int id;
funcHandle retval_c = NULL, retval_ch = NULL;

Ch_VaStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int);
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retval_c = ptfun3_getHandle(id);

/* replace C pointer with corresponding Ch function pointer */
if(retval_c == NULL) {

retval_ch = NULL;
}
else {

for(i = 0; i < index; i++) {
if(ptfun3_chdl_funarg[i] == retval_c) {

retval_ch = (funcHandle)ptfun3_chdl_funptr[i];
}

}
}
Ch_VaEnd(interp, ap);
return retval_ch;

}

/**** hundreds of functions can be here ****/

static void ptfun3_chdl_funarg0(float f, int i) {
Ch_CallFuncByAddr(interp, ptfun3_chdl_funptr[0], NULL , f, i);

}

static void ptfun3_chdl_funarg1(float f, int i) {
Ch_CallFuncByAddr(interp, ptfun3_chdl_funptr[1], NULL , f, i);

}

static void ptfun3_chdl_funarg2(float f, int i) {
Ch_CallFuncByAddr(interp, ptfun3_chdl_funptr[2], NULL , f, i);

}

/********* initialization routine called in ptfun3.h **** ******/
EXPORTCH int ptfun3_setgetHandles_init() {

/* from 0 to MAXNUM -1 */

ptfun3_chdl_funarg[0] = ptfun3_chdl_funarg0;
ptfun3_chdl_funarg[1] = ptfun3_chdl_funarg1;
ptfun3_chdl_funarg[2] = ptfun3_chdl_funarg2;

return 0;
}

Listing 5 — C function to be handled (ptfun3.c )

#include <stdio.h>
#include "ptfun3_c.h"

#define MAXNUM 500

/* keep function handles in C space */
struct FuncList{

int num; /* id of the function handle */
funcHandle handle;

} funcList[MAXNUM];

static int index_c = 0; /* index of funList */
int ptfun3_setHandle(int num, funcHandle funptr) {

int i;

if(index_c == MAXNUM) {
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printf("Error: too many functions");
return -1;
}

/* make sure that one id is mapped to only one handle */
for(i=0; i<index_c; i++)

if(funcList[i].num == num) {
funcList[i].num = num;
funcList[i].handle = funptr;
return num;

}
funcList[index_c].num = num;
funcList[index_c++].handle = funptr;

/* Call Ch function from C space */
printf("Calling Ch function from C space\n");
funptr(1.1, 1);

return num;
}

funcHandle ptfun3_getHandle(int num) {
int i;

for(i=0; i<index_c; i++)
if(funcList[i].num == num)

return funcList[i].handle;
return NULL;

}

Listing 6 — Application functions (ptfun3.ch )

#include "ptfun3.h"

void ptfun3_1(float f, int i) {
printf("ptfun3_1() in ptfun3.ch is called, f = %f, i = %d\n", f, i);
return;

}

void ptfun3_2(float f, int i) {
printf("ptfun3_2() in ptfun3.ch is called, f = %f, i = %d\n", f, i);
return;

}

int main() {
int id;
funcHandle handle;

/* set function handle */
ptfun3_setHandle(1, ptfun3_1);
ptfun3_setHandle(2, ptfun3_2);

/* get function handle */
handle = ptfun3_getHandle(1);
handle(1.1, 1);
handle = ptfun3_getHandle(2);
handle(2.2, 2);

ptfun3_setHandle(2, ptfun3_1);
ptfun3_getHandle(2)(1.1, 1);
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return 0;
}

Output

Calling Ch function from C space
ptfun3_1() in ptfun3.ch is called, f = 1.100000, i = 1
Calling Ch function from C space
ptfun3_2() in ptfun3.ch is called, f = 1.100000, i = 1
ptfun3_1() in ptfun3.ch is called, f = 1.100000, i = 1
ptfun3_2() in ptfun3.ch is called, f = 2.200000, i = 2
ptfun3_1() in ptfun3.ch is called, f = 1.100000, i = 1

6.2.4 Pointer to Function with Return Value and Arguments

This section describes how to deal with functions that return pointers to functions that have return values
and arguments. We assume that the function pointer returnedby the functiongetFunction4 () below is
set by functionsetFunction4 () which is presented in section 6.1.4.

typedef return_type (*funcHandle)(data_type2)
funcHandle getFunction4(data_type1 arg1) {

...
}

Notice thatfuncHandle is a pointer to a function that has both return value and argument. So, the defini-
tion of funcHandle in this example is a combination ofgetFunction2 () andgetFunction3 ().

Program 6.27 has the Ch functiongetFunction4 (), funcHandle in this example is typedefed
as a pointer to function which has both argument and return value. This is the only difference between
Program 6.27 and other Ch function files such as Programs 5.5,6.23 and 6.25.

Program 6.28 has the chdl function. It is written according to Program 6.10, 6.24 and 6.26. The only
difference among these files is thatfuncHandle in this template is typedefed as a pointer to function
which has both an argument and a return value.

Example

In this example, functionsptfun4 setHandle () andptfun4 getHandle illustrates the case of set-
ting and getting pointers to functions that have both returnvalue and argument.

Listing 1 — header file for Ch functions (ptfun4.h )

#ifndef _PTFUN4_H_
#define _PTFUN4_H_

typedef int(*funcHandle)(float, int);
int ptfun4_setHandle(int i, funcHandle);
funcHandle ptfun4_getHandle(int i);

/* below is added only for Ch */
#include <dlfcn.h>
void *_Chptfun_handle = dlopen("libptfun.dl", RTLD_LAZY );
if(_Chptfun_handle== NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
exit(-1);

}
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#include<dlfcn.h>

return_type (* getFunction4(data_type1 arg1))(data_typ e2) {
void *dlhandle, *fptr;
return_type (*retval)(data_type2);

/* load the dynamically loaded library */
dlhandle = dlopen("libproject.dl", RTLD_LAZY);
if(dlhandle == NULL) {

fprintf(_stderr, "Error: %s(): dlopen(): %s\n",
__func__, dlerror());

return FAIL_VALUE; /* FAIL_VALUE is typically NULL for poin t
and negative value for integral type */

}

/* get the address by function name */
fptr = dlsym(dlhandle, "getFunction4_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded library by ad dress
and pass arguments to C address space */

dlrunfun(fptr, &retval, getFunction4, arg1);

/* close the dynamically loaded library */
if(dlclose(dlhandle)!=0) {

fprintf(_stderr, "Error: %s(): dlclose(): %s\n",
__func__, dlerror());

return FAIL_VALUE;
}

return retval;
}

Program 6.27: Returning pointer to function with return value and arguments (chf file).
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#include<ch.h>
#include<stdio.h>
/* ... */

/* define function pointer type with argument of data_type2
and return value of return_type */

typedef return_type (*funcHandle)(data_type2);

static ChInterp_t interp;
/* C function to replace the Ch function pointer */
static return_type setFunction4_chdl_funarg(data_type 2 arg2);

/* save the function pointer from the Ch space */
static void *setFunction4_chdl_funptr;

EXPORTCH void setFunction4_chdl(void *varg) {
ChVaList_t ap;
data_type1 arg1;
funcHandle handle_ch, handle_c = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
/* get and save function pointer from Ch space */
handle_ch = Ch_VaArg(interp, ap, funcHandle);
setFunction4_chdl_funptr = (void *)handle_ch;

/* replace the Ch function pointer with the C one,
the NULL pointer can’t be replaced */

if(handle_ch != NULL) {
handle_c = (funcHandle)setFunction4_chdl_funarg;

}

setFunction4(arg1, handle_c);

Ch_VaEnd(interp, ap);
}

static return_type setFunction4_chdl_funarg(data_type 2 arg2) {
return_type retval;

/* Call Ch function by its address which has argument arg2,
and return a value */

Ch_CallFuncByAddr(interp, setFunction4_chdl_funptr, & retval, arg2);

return retval;
}

Program 6.28: Returning pointer to function with return value and arguments (chdl file).
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EXPORTCH funcHandle getFunction4_chdl(void *varg) {
ChVaList_t ap;

data_type1 arg1;
funcHandle retval_c = NULL, retval_ch = NULL;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */

/* get the C function pointer which is set by setFunction4_ch dl() */
retval_c = getFunction4(arg1);

/* replace the C pointer with the Ch one */
if(retval_c == setFunction4_chdl_funarg) { /* check the co nsistency */

retval_ch = (funcHandle)setFunction4_chdl_funptr;
}

Ch_VaEnd(interp, ap);
return retval_ch;

}

Program 6.28: Returning pointer to function with return value and arguments (chdl file) (Contd.).

/* initialize and set static function pointer array */
void *_fptr = dlsym(_Chptfun_handle,

"ptfun4_setgetHandles_init");
if(_fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}
dlrunfun(_fptr, NULL, NULL);

/* to close dl */
void _dlclose_ptfun4(void) {

dlclose(_Chptfun_handle);
}
atexit(_dlclose_ptfun4);

#pragma importf <ptfun4.chf>
#endif /* _PTFUN4_H_ */

Listing 2 — Ch function file (ptfun4.chf )

#include <dlfcn.h>

int ptfun4_setHandle(int i, funcHandle funptr) {
void *fptr;
int retval;

/* ldd is loaded in ptfun4.h */
fptr = dlsym(_Chptfun_handle, "ptfun4_setHandle_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}
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dlrunfun(fptr, &retval, ptfun4_setHandle, i, funptr);
return retval;

}

funcHandle ptfun4_getHandle(int i) {
//int(*)(float, int) ptfun4_getHandle(int i) {

void *fptr;
funcHandle retval;

fptr = dlsym(_Chptfun_handle, "ptfun4_getHandle_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return NULL;

}

dlrunfun(fptr, &retval, ptfun4_getHandle, i);
return retval;

}

Listing 3 — header file for C functions (ptfun4 c.h )

#ifndef _PTFUN4_H_
#define _PTFUN4_H_

typedef int(*funcHandle)(float, int);
int ptfun4_setHandle(int i, funcHandle);
funcHandle ptfun4_getHandle(int i);

#endif /* _PTFUN4_H_ */

Listing 5 — chdl file (ptfun4 chdl.c )

#include <stdio.h>
#include "ptfun4_c.h"
#include <ch.h>

/* The maximum number of ptfun4_setHandle()
can be called */

#define MAXNUM 3

/* C functions to replace the Ch one */
static ChInterp_t interp;
static int (*ptfun4_chdl_funarg[MAXNUM])(float, int );

/* function pointers to save Ch function pointers */
static void *ptfun4_chdl_funptr[MAXNUM];

/* index of pointer pairs, from 0 to MAXNUM-1 */
static int index = 0;

EXPORTCH int ptfun4_setHandle_chdl(void *varg){
int i;
ChVaList_t ap;
int id;
funcHandle handle_ch, handle_c;
int retval;

Ch_VaStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int); /* get id of function handle * /
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handle_ch = Ch_VaArg(interp, ap, funcHandle); /* get ch fun ction pointer */

if(handle_ch == NULL) {
handle_c = NULL;

}
else {

if(index == MAXNUM) {
printf("Error: Only %d function pointers can be set\n", MAX NUM);
return -1;

}
ptfun4_chdl_funptr[index] = (void *)handle_ch;
handle_c = (funcHandle)ptfun4_chdl_funarg[index];
index++;

}

retval = ptfun4_setHandle(id, handle_c);

Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH funcHandle ptfun4_getHandle_chdl(void *varg){
int i;
ChVaList_t ap;
int id;
funcHandle retval_c = NULL, retval_ch = NULL;

Ch_VaStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int); /* get 1st arg */

retval_c = ptfun4_getHandle(id);

/* replace C pointer with corresponding Ch function pointer */
if(retval_c == NULL) {

retval_ch = NULL;
}
else {

for(i = 0; i < index; i++) {
if(ptfun4_chdl_funarg[i] == retval_c) {

retval_ch = (funcHandle)ptfun4_chdl_funptr[i];
}

}
}

Ch_VaEnd(interp, ap);
return retval_ch;

}

/**** hundreds of functions can be here ****/

static int ptfun4_chdl_funarg0(float f, int j) {
int retval;

Ch_CallFuncByAddr(interp, ptfun4_chdl_funptr[0], &ret val, f, j);
return retval;

}

static int ptfun4_chdl_funarg1(float f, int j) {
int retval;
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Ch_CallFuncByAddr(interp, ptfun4_chdl_funptr[1], &ret val, f, j);
return retval;

}

static int ptfun4_chdl_funarg2(float f, int j) {
int retval;

Ch_CallFuncByAddr(interp, ptfun4_chdl_funptr[2], &ret val, f, j);
return retval;

}

/****initialization routine called in ptfun4.h ********* */
EXPORTCH int ptfun4_setgetHandles_init() {

/* from 0 to MAXNUM -1 */

ptfun4_chdl_funarg[0] = ptfun4_chdl_funarg0;
ptfun4_chdl_funarg[1] = ptfun4_chdl_funarg1;
ptfun4_chdl_funarg[2] = ptfun4_chdl_funarg2;

return 0;
}

Listing 4 — C functions to be handled (ptfun4.c )

#include <stdio.h>
#include "ptfun4_c.h"

#define MAXNUM 500

/* keep function handles in c space */
struct FuncList{

int num; /* id of the function handle */
funcHandle handle;

} funcList[MAXNUM];

static int index_c = 0; /* index of funList */
int ptfun4_setHandle(int num, funcHandle funptr) {

int i;

if(index_c == MAXNUM) {
printf("Error: too many functions");
exit(1);
}

/* make sure that one id is mapped to only one handle */
for(i=0; i<index_c; i++)

if(funcList[i].num == num) {
funcList[i].num = num;
funcList[i++].handle = funptr;
return num;

}
funcList[index_c].num = num;
funcList[index_c++].handle = funptr;

/* Call Ch function from C space */
printf("Calling Ch function from C space: return value is %d \n",

funptr(1.1, 1));

return num;
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}

funcHandle ptfun4_getHandle(int num) {
int i;

for(i=0; i<index_c; i++)
if(funcList[i].num == num)

return funcList[i++].handle;
return NULL;

}

Listing 6 — Application (ptfun4.ch )

#include "ptfun4.h"

int ptfun4_1(float f, int j) {
printf("f in ptfun4_1() in ptfun4.ch = %f\n", f);
printf("j in ptfun4_1() in ptfun4.ch = %d\n", j);
printf("ptfun4_1() in ptfun4.ch is called \n");
return 10;

}

int ptfun4_2(float f, int j) {
printf("f in ptfun4_2() in ptfun4.ch = %f\n", f);
printf("j in ptfun4_2() in ptfun4.ch = %d\n", j);
printf("ptfun4_2() in ptfun4.ch is called \n");
return 20;

}

int main() {
int id;
funcHandle handle;

/* set function handle */
ptfun4_setHandle(1, ptfun4_1);
ptfun4_setHandle(2, ptfun4_2);

/* get function handle */
handle = ptfun4_getHandle(1);
printf("retval of id1 = %d\n", handle(1.1, 1));
handle = ptfun4_getHandle(2);
printf("retval of id2 = %d\n", handle(2.2, 2));

ptfun4_setHandle(2, ptfun4_1);
printf("retval of id2 = %d\n", ptfun4_getHandle(2)(1.1, 1 ));

return 0;
}

Output

f in ptfun4_1() in ptfun4.ch = 1.100000
j in ptfun4_1() in ptfun4.ch = 1
ptfun4_1() in ptfun4.ch is called
Calling Ch function from C space: return value is 10
f in ptfun4_2() in ptfun4.ch = 1.100000
j in ptfun4_2() in ptfun4.ch = 1
ptfun4_2() in ptfun4.ch is called
Calling Ch function from C space: return value is 20
f in ptfun4_1() in ptfun4.ch = 1.100000
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/* Header file for cases of returning a system default functi on */

/* This is an empty function. Only its address is used */
return_type _Ch_PROC_Default(data_type2) {

return_type retval;
return retval;

}

/* if the system default function has no return value,
the fake Ch function should look like

void _Ch_PROC_Default(data_type2) {
}
*/

/* ... */

Program 6.29: Header File for Returning Default Function.

j in ptfun4_1() in ptfun4.ch = 1
ptfun4_1() in ptfun4.ch is called
retval of id1 = 10
f in ptfun4_2() in ptfun4.ch = 2.200000
j in ptfun4_2() in ptfun4.ch = 2
ptfun4_2() in ptfun4.ch is called
retval of id2 = 20
f in ptfun4_1() in ptfun4.ch = 1.100000
j in ptfun4_1() in ptfun4.ch = 1
ptfun4_1() in ptfun4.ch is called
retval of id2 = 10

6.3 Special Cases

6.3.1 Function with Return Value of Pointer to Default System Function

In the previous section, we described how to deal with the functions setting a function pointer or getting
a function pointer. These function pointers are supposed tobe defined in Ch space. In other words, the
functions to be set are user-defined functions in Ch space when an application runs. Often times, one may
encounter situations that may need to get the function pointer in Ch space from the C space, pass back the
function pointer to C space from Ch space later, and then haveit invoked in C space. Usually these pointer
functions are system default functions in C space rather than user-defined functions in Ch space. They need
to be handled specifically in chdl functions.

Based on Program 6.28, we add a functiongetFunction5 which returns a pointer to a default sys-
tem function. In the functiongetFunction1 chdl () in Program 6.22, if a pointer to a Ch function
is not found to map the C function pointer returned by function getFunction1 (), NULL will be re-
turned to Ch space. This is because we assume that the pointerreturned by functiongetFunction1 ()
has been set by functionsetFunction1 () in chdl function setFunction1 chdl () and should be
identical to the pointersetFunction1 chdl funarg . However, the C function returned is assumed
to be a system function in this case, and it couldn’t be identical to any user-defined C pointer, such as
setFunction1 chdl funarg . Therefore, we can’t find an existing Ch function to correspond to it. For
getting and setting a function pointer of this kind in Ch space, the fake Ch functionCh PROCDefault ,
which has the same prototype as the system function, is defined in the Ch header file Program 6.29. This
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/* keep Ch and C function pointer pair */
struct HandlePairs{

funcHandle handle_c;
funcHandle handle_ch;

} handlePairs;

typedef return_type (*funcHandle)(data_type2);
static ChInterp_t interp;
static return_type setFunction5_chdl_funarg(data_type 2 arg2);
EXPORTCH funcHandle getFunction5_chdl(void *varg) {

ChVaList_t ap;

datatype1 arg1;
funcHandle handle_c = NULL, handle_ch = NULL;

/* get arguments passed from the Ch function */
Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, int);

handle_c = getFunction5(arg1);

/* a NULL pointer is returned if handle_c is NULL*/
if(handle_c == NULL) {

handle_ch = NULL;
}

/* this c function has a ch function to map */
else if(handlePairs.handle_c == handle_c);

handle_ch = handlePairs.handle_ch;

/* replace the C pointer with the pointer to Ch fake function * /
else {

handlePairs.handle_c = handle_c;
handle_ch = handlePairs.handle_ch

= (funcHandle *)Ch_SymbolAddrByName(interp, "_Ch_PROC_ Default");
}

Ch_VaEnd(interp, ap);
return handle_ch;

}

Program 6.30: Returning pointer to system default function(chdl file).
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EXPORTCH void setFunction5_chdl(void *varg) {
ChVaList_t ap;

data_type1 arg1;
funcHandle handle_ch = NULL, handle_c = NULL;

/* get arguments passed from the Ch function */
Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, data_type1); /* get 1st argumen t */
/* get function handle of Ch space */
handle_ch = Ch_VaArg(interp, ap, funcHandle);

if(handle_ch == NULL) {
handle_c = NULL;

}

else if(handlePairs.handle_ch == handle_ch) {
handle_c = handlePairs.handle_c;

}

else {
setFunction5_chdl_funptr = (void *)handle_ch;
handlePairs.handle_ch = handle_ch;
handle_c = handlePairs.handle_c = setFunction5_chdl_fun arg;

}

setFunction5(arg1, handle_c);

Ch_VaEnd(interp, ap);
}

/* C function to replace the Ch function pointer */
static return_type setFunction5_chdl_funarg(data_type 2 arg2) {

return_type retval;
Ch_CallFuncByAddr(interp, setFunction5_chdl_funptr, & retval, arg2);
return retval;

}

Program 6.30: Returning pointer to system default function(chdl file) (Contd.).
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function is an empty function except for the return statement if the system function has return value. When
the header file is included by an application, this function is also loaded into Ch space. In chdl function
getFunction5 chdl (), functionCh GlobalSymbolAddrByName() can be used to get the address of
the fake Ch function. More information about functionCh GlobalSymbolAddrByName() can be found in
Appendix A.

In Program 6.30, a static variablehandlePairs of structHandlePairs can save the Ch and C func-
tion pointer pair. In functiongetFunction5 chdl (), if the C function returned bygetFunction5 ()
has a corresponding Ch function pointer inhandlePairs , the Ch function pointer is returned. This
corresponding Ch function pointer could point to either a fake Ch function, or a user-defined Ch function.
Otherwise, the pointer to fake Ch functionCh PROCDefault is assigned to this C function and returned.
At the same time, this function pointer pair is saved inhandlePairs .

Similarly, in functionsetFunction5 chdl (), if the Ch function pointer passed from Ch space has
a corresponding C function pointer inhandlePairs , the C function pointer is used. This corresponding C
function pointer could point to either a default system function, or function
setFunction5 chdl funarg (). Otherwise, the pointer to functionsetFunction5 chdl funarg ()
is assigned to replace this Ch function. This function pair is saved inhandlePairs .

Example

In this example, functionsptfun5 setHandle () andptfun5 getHandle () are used to illustrate the
case of setting and getting system default functions.

Listing 1 — header file for Ch functions (ptfun5.h )

#ifndef _PTFUN5_H_
#define _PTFUN5_H_

typedef int(*funcHandle)(float, int);

int def_func1(float f, int i);
int def_func2(float f, int i);
int def_func3(float f, int i);

int ptfun5_setHandle(funcHandle);
funcHandle ptfun5_getHandle(int i);
void ptfun5_call_it();

/* added for Ch */

#include <dlfcn.h>
void *_Chptfun_handle = dlopen("libptfun.dl", RTLD_LAZY );
if(_Chptfun_handle== NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
exit(-1);

}

/* initialize and set static function pointer array */
void *_fptr = dlsym(_Chptfun_handle, "ptfun5_setgetHand les_init");
if(_fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
exit(-1);

}
dlrunfun(_fptr, NULL, NULL);
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/* to close dl */
void _dlclose_ptfun5(void) {

dlclose(_Chptfun_handle);
}
atexit(_dlclose_ptfun5);

#pragma importf "ChProcDefault.chf"
#pragma importf "ptfun5.chf"

#endif /* _PTFUN5_H_ */

For multiple default functions, we defineCh PROCDefault as an array of pointers to function. Function
ptfun5 call it () can be used to invoke the the default system function.

Listing 2 — definitions of fake Ch functions (ChProcDefault.chf )

#define MAXNUM_FUN 3

int (*_Ch_PROC_Default[MAXNUM_FUN])(float, int);

int _Ch_PROC_Default0(float f, int i) {return 0;}
int _Ch_PROC_Default1(float f, int i) {return 0;}
int _Ch_PROC_Default2(float f, int i) {return 0;}

_Ch_PROC_Default[0] = _Ch_PROC_Default0;
_Ch_PROC_Default[1] = _Ch_PROC_Default1;
_Ch_PROC_Default[2] = _Ch_PROC_Default2;

This file is included in the header fileptfun5.h with code#pragma importf "ChProcDefault.chf" .

Listing 3 — function file (ptfun5.chf )

#include <dlfcn.h>

int ptfun5_setHandle(funcHandle funptr) {
void *fptr;
int retval;

/* dl is loaded in ptfun5.h */
fptr = dlsym(_Chptfun_handle, "ptfun5_setHandle_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, ptfun5_setHandle, funptr);
return retval;

}

funcHandle ptfun5_getHandle(int i) {
void *fptr;
funcHandle retval;

fptr = dlsym(_Chptfun_handle, "ptfun5_getHandle_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return NULL;
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}

dlrunfun(fptr, &retval, ptfun5_getHandle, i);
return retval;

}

void ptfun5_call_it() {
void *fptr;

fptr = dlsym(_Chptfun_handle, "ptfun5_call_it_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

dlrunfun(fptr, NULL, ptfun5_call_it);
return;

}

Listing 4 — header file for C functions (ptfun5.h )

#ifndef _PTFUN5_H_
#define _PTFUN5_H_

typedef int(*funcHandle)(float, int);

int def_func1(float f, int i);
int def_func2(float f, int i);
int def_func3(float f, int i);

int ptfun5_setHandle(funcHandle);
funcHandle ptfun5_getHandle(int i);
void ptfun5_call_it();

#endif /* _PTFUN5_H_ */

Listing 5 — chdl file (ptfun5 chdl.c )

#include <stdio.h>
#include "ptfun5_c.h"
#include <ch.h>

/* The maximum number of pointers can be get */
#define MAXNUM 3

/* keep handle pairs in C and Ch space
can use dynamic memory allocation */

struct HandlePairs{
funcHandle handle_c;
funcHandle handle_ch;

} handlePairs[MAXNUM];

/* C functions to replace the Ch one */
static ChInterp_t interp;
static int (*ptfun5_chdl_funarg[MAXNUM])(float, int);

/* function pointers to save Ch function pointers */
static void *ptfun5_chdl_funptr[MAXNUM];
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/* index of funarg and funptr, from 0 to MAXNUM-1 */
static int index = 0;

EXPORTCH int ptfun5_setHandle_chdl(void *varg){
int i;
ChVaList_t ap;
funcHandle handle_ch, handle_c;
int retval;

Ch_VaStart(interp, ap, varg);
handle_ch = Ch_VaArg(interp, ap, funcHandle);

if(handle_ch == NULL) {
handle_c = NULL;

}
else {

/* make sure that one ch handle is mapped to only one c handle */
for(i = 0; i < index; i++) /* this ch function has been set */
{

if(handlePairs[i].handle_ch == handle_ch) {
handle_c = handlePairs[i].handle_c;
break;

}
}
if(i == index) { /* has never been set */

handlePairs[index].handle_ch = handle_ch;
ptfun5_chdl_funptr[index] = (void *)handle_ch;
handle_c = handlePairs[index].handle_c = ptfun5_chdl_fu narg[index];
index++;

}
}

retval = ptfun5_setHandle(handle_c);
Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH funcHandle ptfun5_getHandle_chdl(void *varg){
int i;
ChVaList_t ap;
int id;
funcHandle retval_c = NULL, retval_ch = NULL;
funcHandle *p = NULL;

Ch_VaStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int);

retval_c = ptfun5_getHandle(id);

if(retval_c == NULL) {
Ch_VaEnd(interp, ap);
return NULL;

}

for(i=0; i<index; i++) {
if(handlePairs[i].handle_c == retval_c) {

retval_ch = handlePairs[i].handle_ch;
break;

}
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}
if(i == index) {

handlePairs[index].handle_c = retval_c;
p = (funcHandle *)Ch_GlobalSymbolAddrByName(interp, "_C h_PROC_Default");
retval_ch = handlePairs[index].handle_ch = p[index];
index++;

}

Ch_VaEnd(interp, ap);
return retval_ch;

}

EXPORTCH void ptfun5_call_it_chdl(){

ptfun5_call_it();
return;

}

/**** C functions to replace Ch callback functions ****/

static int ptfun5_chdl_funarg0(float f, int i) {
int retval;
Ch_CallFuncByAddr(interp, ptfun5_chdl_funptr[0], &ret val, f, i);
return retval;

}

static int ptfun5_chdl_funarg1(float f, int i) {
int retval;
Ch_CallFuncByAddr(interp, ptfun5_chdl_funptr[1], &ret val, f, i);
return retval;

}

static int ptfun5_chdl_funarg2(float f, int i) {
int retval;
Ch_CallFuncByAddr(interp, ptfun5_chdl_funptr[2], &ret val, f, i);
return retval;

}

/********* initialization routine called in ptfun5.h **** ******/
EXPORTCH int ptfun5_setgetHandles_init() {

/* from 0 to MAXNUM -1 */

ptfun5_chdl_funarg[0] = ptfun5_chdl_funarg0;
ptfun5_chdl_funarg[1] = ptfun5_chdl_funarg1;
ptfun5_chdl_funarg[2] = ptfun5_chdl_funarg2;

return 0;
}

Listing 6 — Application (ptfun5.ch )

#include "ptfun5.h"

int main() {
int id;
int retval;
funcHandle def_handle;

def_handle = ptfun5_getHandle(1);
ptfun5_setHandle(def_handle);
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ptfun5_call_it();

def_handle = ptfun5_getHandle(2);
ptfun5_setHandle(def_handle);
ptfun5_call_it();

return 0;
}

Listing 7 — C functions to be handled (ptfun5.c )

#include <stdio.h>
#include "ptfun5_c.h"

funcHandle def_handle = NULL;

int ptfun5_setHandle(funcHandle funptr) {
def_handle = funptr;
/* Call Ch function from C space */
printf("Calling function from C space: return value is %d\n \n",

funptr(1.1, 1));
return 0;

}

funcHandle ptfun5_getHandle(int num) {
switch (num) {

case 1 :
return def_func1;

case 2 :
return def_func2;

case 3 :
return def_func3;

default:
return NULL;

}
}

void ptfun5_call_it() {
if(def_handle != NULL)

(*def_handle)(1.1, 2);
else {

printf("No default C function has been set\n");
}

}

/* the default callback functions in c space */
int def_func1(float f, int i) {

printf("in def_func1, f = %f, i = %i\n\n", f, i);
return 0;

}

int def_func2(float f, int i) {
printf("in def_func2, f = %f, i = %i\n\n", f, i);
return 0;

}

int def_func3(float f, int i) {
printf("in def_func3, f = %f, i = %i\n", f, i);
return 0;

}
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Output

in def_func1, f = 1.100000, i = 1

Calling function from C space: return value is 0

in def_func1, f = 1.100000, i = 2

in def_func2, f = 1.100000, i = 1

Calling function from C space: return value is 0

in def_func2, f = 1.100000, i = 2

6.3.2 Functions with Pointer to Function containing Argument of Pointer to Void

In Section 6.2.3, we have discussed how to handle the functions with pointer to function containing argu-
ment. It can be used to handle functions with pointer to function containing argument of pointer to void.
However, we provide a different way for handling functions with an argument of pointer to function and
the pointer to function has the argument of pointer to void. Consider the functionsetHandle() in Pro-
gram 6.32 which has prototype of It has the following two characteristics: 1. It takes a function pointer
handle of type funcHandle as an argument, wherefuncHandle is typedefed as a pointer to function
which takes a pointer tovoid as the argument.

2. One of arguments of the functionsetHandle (), such asusrMsg is a pointer to void which will be
passed to the function pointed by function pointerfunptr when it is called.

The method introduced here only applies to the case that satisfies these two conditions. While in Sec-
tion 6.2.3, pointer to void won’t be passed as an argument in functionsetHandle (). The method intro-
duced here are commonly used to set event or error handlers ascallback functions. For example, it can be
used to set function pointerfunptr to deal with the error with error number ofindex which is the first
argument of the function. When the system detects an error with number ofindex , the function pointed
to by funptr is called and the user-defined messageusrMsg is displayed. The first argument is only an
index for different events, and it does not have to be of type int. If only one event to be handled, the first
argument is not necessary.

FunctioncallFun () in Program 6.32 calls the handler according to argumentindex . The user-defined
message is passed to the handler. An array of structFuncList is used internally to save the information
of handlers and messages.

Note In most cases, the user can only get shared library or static library for interfacing with Ch. The chdl
file and chf file are the main focuses in this document. The C/C++ function files we provide in Program 6.32
are just for demos to display the running result even though they can be combined with chdl file for code
optimization.
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#ifndef _PTFUN6_H_
#define _PTFUN6_H_

typedef int(*funcHandle)(void *usrMsg);
int setHandle(int index, funcHandle handle, void * usrMsg) ;
void callFun(int index);

#endif /* _PTFUN6_H_ */

Program 6.31: Setting function with argument of pointer to void (header file ptfun6c.h in C space).

The Ch functions setHandle () and callFun () are shown in Program 6.33 where
Chsethandle handle is set in Program 6.34. To handle functionssetHandle () andcallFun (),

we have chdl functionssetHandle chdl () andcallFun chdl () in Program 6.35
Comparing Program 6.35 with other chdl function that can setmultiple Ch function pointers, you can

find there is no array of pointer needed to save the Ch functionpointers in the Program 6.35. Only one C
functionchdl funarg () is used to replace the Ch function pointers. This code is more compact.

Inside the functionsetHandle chdl (), we usechdl funarg , which is a C function, to replace
handle ch . Finally, chdl funarg is pass to functionsetHandle (). This is one of the critical points
mentioned before. Then the address of the structhandlePairs[i] is passed to the function to replace
the pointerusrMsg . BecauseusrMsg is a pointer tovoid, we need to cast the type of the address to the
pointer tovoid.

The structhandlePairs[i] , which is passed to replace the pointerusrMsg , has three fields.num
makes sure that each event has only one handler and message.handle ch keeps the function pointer in
Ch address space.usrMsg is set to the pointerusrMsg passed from Ch.

When some errors or events occur, the functionchdl funarg () is called with the argument
pHandlePairs , which is actually a pointer tohandlePairs[i] set by the functionsetHandle ().
Therefore, besides the information of user-defined message, the function pointer in Ch address space is
passed. No array of pointers to save the Ch function pointersis needed here.

The application is in Program 6.36. First we set different handlers with different messages to different
events and then call them. Then we set the same handlers with different messages to different events. The
results is shown in Program 6.37.
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#include<stdio.h>
#include "ptfun6_c.h"

#define MAXNUM 500
struct FuncList{

/* id of the function handle, treated as the event id */
int num;
/* function handle, regarded as a pointer to the callback fun ction*/
funcHandle handle;
/* assume usrMsg is a pointer used by callback function */
void* usrMsg;

};

/* internal data to keep function handles */
struct FuncList functList[MAXNUM];
static int index_c = 0; /* index of funList */

int setHandle(int index, funcHandle funptr, void * usrMsg) {
int i;

if(index_c == MAXNUM) {
printf("Error: too many functions");
exit(1);
}

/* make sure that one id is mapped to only one handle */
for(i=0; i<index_c; i++)

if(functList[i].num == index) {
functList[i].handle = funptr;
functList[i].usrMsg = usrMsg;
return index;

}
functList[index_c].num = index;
functList[index_c].handle = funptr;
functList[index_c++].usrMsg = usrMsg;

return index;
}

void callFun(int index) {
int i;

for(i=0; i<index_c; i++) {
if(functList[i].num == index)

functList[i].handle(functList[i].usrMsg);
}
return;

}

Program 6.32: Setting function with argument of pointer to void (C functions).
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#include <dlfcn.h>

int setHandle(int i, funcHandle funptr, void *usrMsg) {
void *fptr;
int retval;

/* ldd is loaded in .h */
fptr = dlsym(_Chsethandle_handle, "setHandle_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, setHandle, i, funptr, usrMsg);
return retval;

}

void callFun(int i) {
void *fptr;

fptr = dlsym(_Chsethandle_handle, "callFun_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

dlrunfun(fptr, NULL, callFun, i);
return;

}

Program 6.33: Setting function with argument of pointer to void (chf functions).

#ifndef _PTFUN6_H_
#define _PTFUN6_H_

typedef int(*funcHandle)(void *usrMsg);
int setHandle(int index, funcHandle handle, void * usrMsg) ;
void callFun(int index);

#include <dlfcn.h>
void *_Chsethandle_handle = dlopen("libptfun.dl", RTLD_ LAZY);
if(_Chsethandle_handle== NULL) {

printf("Error: dlopenn(): %s\n", dlerror());
exit(-1);

}

/* to close dl */
void _dlclose_sethandle(void) {

dlclose(_Chsethandle_handle);
}
atexit(_dlclose_sethandle);

#pragma importf "ptfun6.chf"
#endif /* _PTFUN6_H_ */

Program 6.34: Setting function with argument of pointer to void (header file ptfun6.h in Ch space).
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#include <stdio.h>
#include <ch.h>

typedef int(*funcHandle)(void *);
int setHandle(int index, funcHandle funptr, void *usrMsg) ;
void callFun(int index);
static ChInterp_t interp;
static int chdl_funarg(void *usrMsg);

struct HandlePairs{
int num;
funcHandle handle_ch;
void *usrMsg;

};

/* keep pairs of index, handler and message */
#define MAXNUM_P 3
static struct HandlePairs handlePairs[MAXNUM_P];
static int index_p = 0; /* index of handlePairs, from 0 to MAXN UM-1 */

EXPORTCH int setHandle_chdl(void *varg){
int i;
ChVaList_t ap;
int index;
funcHandle handle_ch;
void *usrMsg;
int retval;

Ch_VaStart(interp, ap, varg);
index = Ch_VaArg(interp, ap, int);
handle_ch = Ch_VaArg(interp, ap, funcHandle);
usrMsg = Ch_VaArg(interp, ap, void *);

if(index_p == MAXNUM_P) {
printf("Error: too many functions to set, the limit is %d", M AXNUM_P);
return -1;

}

/* make sure that the index is mapped to only one ch handle */
for(i=0; i<index_p; i++) /* this ch function has been set */
{

if(handlePairs[i].num == index) {
handlePairs[i].handle_ch = handle_ch;
handlePairs[i].usrMsg = usrMsg;
break;

}
}

if(i == index_p) { /* has never been set */
handlePairs[index_p].handle_ch = handle_ch;
handlePairs[index_p].usrMsg = usrMsg;
index_p++;

}

retval = setHandle(index, chdl_funarg, (void *)&handlePa irs[i]);
Ch_VaEnd(interp, ap);
return retval;

}

Program 6.35: Setting function with argument of pointer to void (chdl functions).
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EXPORTCH void callFun_chdl(void *varg){
ChVaList_t ap;
int id;

Ch_VaStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int); /* get 1st arg */

callFun(id);

Ch_VaEnd(interp, ap);
return;

}

static ChInterp_t interp;
static int chdl_funarg(void* pHandlePairs) {

int retval;

if (pHandlePairs == NULL) {
printf("Error: The pHandlePairs pointer is NULL\n");
retval = -1;

}
else if(((struct HandlePairs *)pHandlePairs)->handle_c h) {

Ch_CallFuncByAddr(interp,
(void *)((struct HandlePairs *)pHandlePairs)->handle_c h, &retval,
((struct HandlePairs *)pHandlePairs)->usrMsg);

}

return retval;
}

Program 6.35: Setting function with argument of pointer to void (chdl functions) (Contd.).
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#include "ptfun6.h"

int setHandle(int i, funcHandle funptr, void *usrMsg);
void callFun(int i);

int fun1(void *usrMsg) {
printf("in function1() usrMsg is \"%s\"\n", usrMsg);
return 0;

}

int fun2(void *usrMsg) {
printf("in function2() usrMsg is \"%s\"\n", usrMsg);
return 0;

}

int main() {
int id;
int retval;

/* set function handle */
setHandle(1, fun1, "This is event 1");
setHandle(2, fun2, "This is event 2");

/* id1 -> fun: 1, msg: "This is event 1") */
/* id2 -> fun: 2, msg: "This is event 2") */
callFun(1);
callFun(2);

printf("\n\n");

setHandle(1, fun1, "This is event 2");
setHandle(2, fun1, "This is event 2");

/* id1 -> fun: 1, msg: "This is event 1") */
/* id2 -> fun: 1, msg: "This is event 2") */
callFun(1);
callFun(2);

return 0;
}

Program 6.36: Setting function with argument of pointer to void (Ch Application).

in function1() usrMsg is "This is event 1"
in function2() usrMsg is "This is event 2"

in function1() usrMsg is "This is event 1"
in function1() usrMsg is "This is event 2"

Program 6.37: Setting function with argument of pointer to void (Output).

210



Chapter 7

Interfacing Classes and Member Functions
in C++

This chapter describes how to interface Ch with classes in C++. The method described in this chapter can
only wrap C++ classes whose data members are declared private.

7.1 Class Definition, Constructor and Destructor

Classes in C++ are supported in Ch. It makes the interface to class simple and easy. This section describes
how to build the constructor and destructor of a class in the Ch space to interface the corresponding ones in
a C++ class in the C++ space. Interface for member functions will be described in the subsequent sections.

class Class1 {
private:

data_type1 m_1;
public:

Class1();
˜Class1();

};

Program 7.1: The class Class1 in the C++ space.

As an example, a C++ classClass1 in the C++ space with its declaration is shown in Program 7.1.
Let’s take a look atClass1 definition in details.Class1 has a private memberm1 whosedata type
is a simple data type as discussed in the previous section. Like any other conventional C++ classes, it has a
constructor and a destructor that creates and destroys the instance, respectively.

We have to modify a header file in the C++ space for use in the Ch space. Private variables and often
time private member functions need to be removed. The corresponding declaration ofClass1 in the Ch
space is given in Program 7.2. The static private memberg sample dlhandle is a handle to load a
dynamically loaded library (DLL). The static private member g sample dlcount is the total number of
class instances in the Ch space. It is used to make sure the loaded DLL will be released if there is no class
instance in use.

If there is only a single class in a program, in order to avoid name space conflict, these two static
private members can be used to handle the dynamically loadedlibrary for interface between Ch and C++.
Using these two variables, the program will manage the DLL actively by loading the DLL in a constructor
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and releasing it in a destructor. An alternative general method for handling DLL with multiple classes
or combination of classes and functions will be presented later in an example in this section and further
illustrated in section 7.5.

class Class1 {
private:

static void *g_sample_dlhandle;
static int g_sample_dlcount;

public:
Class1();
˜Class1();

};
void * Class1::g_sample_dlhandle = NULL;
int Class1::g_sample_dlcount = 0;

Program 7.2: Declaration of Class1 in the Ch space.
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Figure 7.1: Declaration of Class1 in Ch and C Spaces.

The relation of classClass1 in both Ch and C++ spaces are illustrated in Figure 7.1. An object in
the Ch space shares the memory corresponding to the object inthe C++ space. Member functions in both
C++ and Ch do not occupy additional memory in an instance of class. Static members in a class also do not
occupy the memory in each instance of class. Therefore, member functions in the Ch space can be different
from the ones in the C++ space.

We will try to make the constructor and destructor work in theCh space first. To add the constructor
Class1::Class1 () in the Ch space, we need to write both the chf function and chdl function like what
we did for the regular functions in previous chapters.
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#include<dlfcn.h>
#include "class1_ch.h"

Class1::Class1() {
void *fptr;

/* Here to load the dynamically loaded library if necessary.
g_sample_dlhandle is a global pointer pointing to the loade d DLL
g_sample_dlcount is a global int counting instances for all classes
They are declared in the header file class1_ch.h for Ch space .

*/
if(g_sample_dlhandle == NULL || g_sample_dlcount == 0) {

g_sample_dlhandle = dlopen("libproject.dl", RTLD_LAZY) ;
if(g_sample_dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __class_func__, dl error());
return;

}
}

/* to get the address by function name */
fptr = dlsym(g_sample_dlhandle, "Class1_Class1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

/* to call the chdl function in dynamically loaded
library by address */

dlrunfun(fptr, NULL, NULL);
g_sample_dlcount++; // to increase count of instance

}

Program 7.3: Constructor of Class1 (chf file).

The chf function of constructorClass1::Class1 () is shown in Program 7.3. The variable
g sample dlhandle points to the loaded DLL, andg sample dlcount counts instances for all classes,
so that the loaded DLL will be released if there is no class instance in use. Ifg sample dlhandle is
NULL or g sample dlcount is zero, the DLL filelibproject.dl is loaded and its handle is kept by
the variableg sample dlhandle . The DLL file is closed in the chf function of destructor.

Functiondlrunfun() will call the interface functionClass1 Class1 chdl() defined in Program 7.4.
It will get the handle of a class instance in the C++ space. Thesecond argument is the address for holding the
returned value from calling the binary chdl function. It shall be NULL for constructor of a class. The third
argument of functiondlrunfun() is the name of the member function that is called. If the thirdargument
of function dlrunfun() is Class1 , Ch will check the compatibility of the passed arguments based on the
prototype of classClass1 .
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#include<ch.h>
EXPORTCH void Class1_Class1_chdl(void *varg) {

ChInterp_t interp;
ChVaList_t ap;
class Class1 *c=new Class1();

Ch_VaStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Class1));
Ch_VaEnd(interp, ap);

}

Program 7.4: Constructor of Class1 (chdl file).

Program 7.4 has the chdl function for the constructorClass1 Class1 chdl . This function initializes
a new instance ofClass1 in the C++ space and keeps it in the Ch space. The function
Ch CppChangeThisPointer() changes thethis pointer of an instance of a class in the Ch space as shown
below.

Ch_CppChangeThisPointer(interp, c, sizeof(Class1));

The this pointer of an instance of a class in the Ch space will point to an instance of class in the C++ space
passed as the second argumentc . The size of the class in the Ch space will also be changed to the size of
the class in the C++ space passed as the third argument.

#include<dlfcn.h>
#include "class1_ch.h"

Class1::˜Class1() {
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class1_dClass1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

/* call the chdl function in DLL by address */
dlrunfun(fptr, NULL, NULL, this);
g_sample_dlcount--; // to decrease count of instance

if(g_sample_dlcount <= 0 && g_sample_dlhandle != NULL) {
if(dlclose(g_sample_dlhandle)!=0)

printf("Error: %s(): dlclose(): %s\n", __class_func__, d lerror());
}

}

Program 7.5: Destructor of Class1 (chf file).

The chf function of destructorClass1::˜Class1 () is shown in Program 7.5. The DLL file loaded
in chf function of constructorClass1::Class1 () is closed in the destructorClass1::˜Class1 (). By
calling the chdl function of destructorClass1 dClass1 chdl () using functiondlrunfun() , it deletes the
instance in the C++ space by passing thethis pointer in the C++ space. If there is no more instance in use,
the DLL will be closed.
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#include<ch.h>
EXPORTCH void Class1_dClass1_chdl(void *varg) {

ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1 *);
if(Ch_CppIsArrayElement(interp))

c->˜Class1();
else

delete c;
Ch_VaEnd(interp, ap);
return;

}

Program 7.6: Destructor of Class1 (chdl file).

The chdl function of destructorClass1 dClass1 chdl () is shown in Program 7.6. Contrary to the
constructor, this function deletes the instance ofClass1 in the C++ space which is created in chdl function
of the constructorClass1 Class1 chdl () as shown below.

if(Ch_CppIsArrayElement(interp))
c->˜Class1();

else
delete c;

The functionCh CppIsArrayElement () test if the destructor of a class in the Ch space is called byan
element of an array of class. If the destructor s called by an element of an array of class in the Ch space,
only the destructor in the C++ space will be called. In this case, the memory allocated in the constructor has
been released in the Ch kernel beforehand.

Example: A class with constructor and destructor
This is a simple example in which theClass1 has only constructor and destructor.
For the convenience of development and maintenance, the same header filesampclass.h in Listing

1 can be used for both Ch and C++. C++ programsampclass.cpp in Listing 2 contains constructor
and destructor. In its constructor in the C++ space, the value of membermd is printed out. The appli-
cation programscript.cpp in Listing 3 will print out the size of the class in the Ch space. Programs
sampclass.cpp andscript.cpp can be compiled using a C++ compiler to create a binary executable
programscript.exe with the output shown in Listing 5 using a Makefile shown in Listing 4. The size
of the classClass1 is the same in both Ch and C++ spaces as shown in Listing 5.

The interface programsampclass chdl.cpp in Listing 6 can be compiled and linked against the
C++ programsampclass.cpp to create the dynamically loaded librarylibsampclass.dl . Function
files and member function definitions in Ch are placed in a separate filesampclass.chf in Listing 7.
This function file is included in header filesampclass.h by a preprocessing directive

#pragma importf <sampclass.chf>

which will search the programsampclass.chf based on the function pathfpath .

Listing 1 — the header filesampclass.h in the Ch and C++ spaces.
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#ifndef _SAMPCLASS_H_
#define _SAMPCLASS_H_

/********* for Ch space ***********/
#ifdef _CH_
#include <dlfcn.h>

class Class1 {
private:

static void *g_sample_dlhandle;
static int g_sample_dlcount;

public:
Class1();
˜Class1();

};
void * Class1::g_sample_dlhandle = NULL;
int Class1::g_sample_dlcount = 0;

#pragma importf <sampclass.chf>
#else
/********* for C++ space **********/
class Class1 {

private:
double m_d;

public:
Class1();
˜Class1();

};
#endif

#endif /* _SAMPCLASS_H_ */

Listing 2 — the C++ programsampclass.cpp

#include <stdio.h>
#include "sampclass.h"

Class1::Class1() {
m_d = 1;
printf("in Constructor in C++ space, m_d = %f\n", m_d);

}

Class1::˜Class1() {
}

Listing 3 — The application programscript.cpp in both Ch and C++ spaces.

#include <stdio.h>
#include "sampclass.h"

int main() {
class Class1 c1 = Class1();
class Class1 *c2 = new Class1();

printf("sizeof(class Class1) = %d\n", sizeof(class Class 1));
printf("sizeof(c1) = %d\n", sizeof(c1));
delete c2;
return 0;

}

Listing 4 — Makefile
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target: libsampclass.dl script.exe

libsampclass.dl: sampclass.o sampclass_chdl.o
ch dllink libsampclass.dl cplusplus sampclass.o sampclas s_chdl.o

sampclass.o: sampclass.cpp
ch dlcomp libsampclass.dl cplusplus sampclass.cpp

sampclass_chdl.o: sampclass_chdl.cpp
ch dlcomp libsampclass.dl cplusplus sampclass_chdl.cpp

script.exe: script.o sampclass.o
ch dllink script.exe cplusplus script.o sampclass.o

script.o: script.cpp
ch dlcomp libsampclass.dl cplusplus script.cpp

test:
script.exe > test1
ch script.cpp > test2
test1 test2

clean:
rm -f *.o *.dl *.obj *.exp *.lib *.exe test1 test2

Listing 5 — Output from executing programscript.cpp .

in Constructor in C++ space, m_d = 1.000000
in Constructor in C++ space, m_d = 1.000000
sizeof(class Class1) = 8
sizeof(c1) = 8

Listing 6 — the chdl programsampclass chdl.cpp

#include <stdio.h>
#include <ch.h>
#include "sampclass.h"

/****** member functions of Class1 ******/

EXPORTCH void Class1_Class1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;
c = new Class1();

Ch_VaStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Class1));
Ch_VaEnd(interp, ap);

}

EXPORTCH void Class1_dClass1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1 *);
if(Ch_CppIsArrayElement(interp))

217



CHAPTER 7. INTERFACING CLASSES AND MEMBER FUNCTIONS IN C++
7.1. CLASS DEFINITION, CONSTRUCTOR AND DESTRUCTOR

c->˜Class1();
else

delete c;
Ch_VaEnd(interp, ap);
return;

}

Listing 7 — the Ch function filesampclass.chf

/****** member functions of Class1 ******/
Class1::Class1(){

void *fptr;

if(g_sample_dlhandle == NULL || g_sample_dlcount == 0) {
g_sample_dlhandle = dlopen("libsampclass.dl", RTLD_LAZ Y);
if(g_sample_dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __class_func__, dl error());
return;

}
}
fptr = dlsym(g_sample_dlhandle, "Class1_Class1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

dlrunfun(fptr, NULL, NULL);
g_sample_dlcount++; // to increase count of instance
return;

}

Class1::˜Class1() {
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class1_dClass1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

dlrunfun(fptr, NULL, NULL, this);
g_sample_dlcount--; // to decrease count of instance

if(g_sample_dlcount <= 0 && g_sample_dlhandle != NULL) {
if(dlclose(g_sample_dlhandle)!=0)

printf("Error: %s(): dlclose(): %s\n", __class_func__, d lerror());
}
return;

}

If the DLL is opened in a constructor and closed in a destructor, a count is needed for keeping the number
of instance of the class. Using two static private members tohandle DLL as illustrated in the above example
works only for a single class. If there are multiple classes in a dynamically loaded library, a global variable
should be used for the DLL handle, which will be illustrated in section 7.5.

If a dynamically loaded librarylibsampclass.dl contains both C++ classes and C functions, it can
be loaded when the program is executed and released when the program exits. This can be accomplished in
a header file. In this case, the DLL will be loaded once at the beginning of the program execution by calling
dlopen() using the global variableg sampl dlhandle . It is closed when the program exits. Therefore,
the variableg sample dlcount for counting the number of instantiation of the class can be eliminated.
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The updated header filesampclass.h is given in Listing 8 below. The DLL is opened at the program
execution and closed by functiondlclose sampclass() which is registered to run at the exit of the
program. The corresponding function filesampclass.chf in Listing 9 is similar to that in Listing 7,
except that constructor and destructor have been changed.

Listing 8 — the Ch/C++ header filesampclass.h .

#ifndef _SAMPCLASS_H_
#define _SAMPCLASS_H_

/********* for Ch space ***********/
#ifdef _CH_
#include <dlfcn.h>
void *g_sample_dlhandle = dlopen("libsampclass.dl", RTL D_LAZY);
if(g_sample_dlhandle == NULL) {

fprintf(_stderr, "Error: dlopen(): %s\n", dlerror());
fprintf(_stderr, " cannot get g_sample_dlhandle in sampcl ass.h\n");
exit(-1);

}
void _dlclose_sampclass(void) {

dlclose(g_sample_dlhandle);
}
atexit(_dlclose_sampclass);
#endif

class Class1 {
#ifndef _CH_
/********* for C++ space **********/

private:
double m_d;

#endif
public:

Class1();
˜Class1();
int memfun1(int i);

};

#pragma importf <sampclass.chf>

#endif /* _SAMPCLASS_H_ */

Listing 9 — the Ch function filesampclass.chf .

/****** member functions of Class1 ******/

Class1::Class1(){
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class1_Class1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, _dl error());
return;

}
dlrunfun(fptr, NULL, NULL);

}

Class1::˜Class1() {
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class1_dClass1_chdl") ;
if(fptr == NULL) {
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printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

dlrunfun(fptr, NULL, NULL, this);
return;

}

7.2 Member Functions without Return Value and Argument

This section discusses interface class member functions without return value and argument.
As an example, a C++ classClass1 with member functions in the C++ space with its declaration is

shown in Program 7.7. An alternative form without constructor and destructor is shown in Program 7.8.
Its public member functions arememfun1() , memfun2() , andmemfun3() . Note thatmemfun1() ,
memfun2() , andmemfun3() have the same forms as the ones we already discussed in Chapter 5. How-
ever, they will be handled differently since they are memberfunctions of class instead of regular functions.
The corresponding class declaration in the Ch space for the class either in Program 7.7 or Program 7.8 is
given in Program 7.9. In this section, we’ll present sample chdl and chf function files for member function
memfun1() without return value and argument The other two member functions will be handled in the
subsequent sections.

class Class1 {
private:

data_type1 m_1;
public:

Class1();
˜Class1();
void memfun1();
void memfun2(data_type2 arg2);
return_type1 memfun3();

};

Program 7.7: The class Class1 with member functions in the C++ space.

class Class1 {
private:

data_type1 m_1;
public:

void memfun1();
void memfun2(data_type2 arg2);
return_type1 memfun3();

};

Program 7.8: The class Class1 with member functions in the C++ space. It has no constructor and destructor.
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void *g_sample_dlhandle;
int g_sample_dlcount;

class Class1 {
public:

Class1();
˜Class1();
void memfun1();
void memfun2(datatype2 arg2);
return_type1 memfun3();

};

Program 7.9: The class Class1 with member functions in the Chspace.

The definition of member functionClass1::memfun1 () in the Ch space is shown in Program 7.10,
This function file is very similar to the ones in the previous two chapters. Note that thethis pointer of
the instance of the class is passed to the C++ space as an argument of functiondlrunfun() even though
memfun1() has no argument and return value. This is because we are trying to call a member function,
memfun1() , of a specific class instance. In order to do this, we have to invoke this function through the
pointer that points to that instance in the C++ space. Thethis pointer gets its value when the constructor is
called.

void Class1::memfun1() {
void *fptr;

/* to get the address by function name */
fptr = dlsym(g_sample_dlhandle, "Class1_memfun1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

/* to call the chdl function in dynamically loaded library by address */
dlrunfun(fptr, NULL, memfun1, this);
return;

}

Program 7.10: Member function without return value or argument (chf file).
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EXPORTCH void Class1_memfun1_chdl(void *varg){
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1 *);

c->memfun1();

Ch_VaEnd(interp, ap);
return;

}

Program 7.11: Member function without return value or argument (chdl file).

In Program 7.11,Class1 memfun1 chdl () is a chdl function, for Class1::memfun1 ().
Class1 memfun1 chdl () is actually not a member function of a class. It retrieves one argument from the
Ch space, namelythispointer, and stores it inc . Then it calls the binary C++ member functionmemfun1()
through that pointer.

Ch_VaStart()

Ch_VaArg()

Ch_VaEnd()

Ch_VaStart()

Ch_VaArg()

Ch_VaEnd()

class1_memfunc1_chdl()

dlrunfun()

dlsym()

dlrunfun()

dlsym()

Ch Space C Space (libobject.dl)

dlopen()

dlclose()

c1−>memfun1()

c1−>memfun2() class1_memfunc2_chdl()

c−>memfun1()

c−>memfun2()

Figure 7.2: Relation of member function of object of Class1 in Ch and C Spaces.

Figure 7.2 illustrates how to deal with calling a Ch member function in the Ch space. If the member
function memfun1() of the objectc1 is called, the chdl functionclass1 memfunc1 chdl (), which is
in the DLL, will be invoked bydlrunfun (). In the meantime, thethis pointer in the C++ space maintained
in the Ch space is passed to the C++ space as an argument. In theC++ space, the corresponding member
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function memfun1() of C++ objectc , which is pointed to by thethis pointer, will be finally called. The
objectc in the C++ space and objectc1 in the Ch space share the same memory.

7.3 Member Functions with Arguments of Simple Types

This section describes about class member functions that have arguments of simple data types but no return
value. The example that we use is the member functionClass1::memfun2 () in Program 7.7.

void Class1::memfun2(data_type2 arg2) {
{

void *fptr;

/* to get the address by function name */
fptr = dlsym(g_sample_dlhandle, "Class1_memfun2_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

/* to call the chdl function in dynamically loaded
library by address */

dlrunfun(fptr, NULL, memfun2, this, arg2);
return;

}

Program 7.12: Member function with argument of simple data type (chf file).

The member functionClass1::memfun2 () in the C++ space will be called by the member function
Class1::memfun2 () in the Ch space as shown in Program 7.12, Just like the chf function file in Pro-
gram 7.10, thethis pointer has to be passed to the C++ space. At the same time,arg2 is sent as the fifth
argument since functionmemfun2() takes that argument.

EXPORTCH void Class1_memfun2_chdl(void *varg){
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;
data_type2 arg2;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1 *);
arg2 = Ch_VaArg(interp, ap, data_type2);

c->memfun2(arg2);

Ch_VaEnd(interp, ap);
return;

}

Program 7.13: Member function with argument of simple data type (chdl file).

Program 7.13 is the chdl file for chdl functionClass1 memfun2 chdl (). This chdl file is pretty
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similar toClass1 memfun1 chdl () in Program 7.11. However, this function gets two arguments from
the Ch space. One is thethis pointer and the other is the argumentarg2 .

7.4 Member Functions with Return Values of Simple Types

This section illustrates how to add a function with return value of simple data type shown in member function
Class1::memfun3() in Program 7.7.

return_type1 Class1::memfun3() {
{

void *fptr;
return_type1 retval;

/* to get the address by function name */
fptr = dlsym(g_sample_dlhandle, "Class1_memfun3_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

/* to call the chdl function in dynamically
loaded library by address */

dlrunfun(fptr, &retval, memfun3, this);

return retval;
}

Program 7.14: Member function with return value of simple data type (chf file).

The member functionClass1::memfun3 () in the Ch space is shown as Program 7.14, This chf is
similar to the one shown in Program 7.10, except that the second and third arguments are different in the
argument list of functiondlrunfun (). The address of retval,&retval , is passed to the C++ space instead of
NULL because it needs to retrieve the return value. The thirdargument is the name of the member function
that is called.

EXPORTCH return_type1 Class1_memfun3_chdl(void *varg){
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;
return_type1 retval;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1 *);

retval = c->memfun3();

Ch_VaEnd(interp, ap);
return retval;

}

Program 7.15: Member function with return value of simple data type (chdl file).
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Program 7.15 is the chdl functionClass1 memfun3 chdl (). Besides the pointer to the instance of
Class1 in the C++ space, there is no other argument passed from the Chspace. On the other hand, function
Class1 memfun3 chdl () returns a value of typereturn type1 .

7.4.1 Two Complete Examples

Several complete examples for interface Ch with C++ classesare presented in this section.

7.4.1.1 Example of Class with a Regular Member function

The complete source code presented below is an example for interface Ch with a C++ class which consists
of constructor, destructor, and a member function. Programs sampclass.cpp andscript.cpp can be
compiled using a C++ compiler to create a binary executable programscript.exe with the same Make-
file in Listing 4 in section 7.1. The output from the programscript.cpp is shown in Listing 5. The same
application programscript.cpp can also be executed in Ch without compilation.

Listing 1 — the header filesampclass.h in both Ch and C++ spaces.

#ifndef _SAMPCLASS_H_
#define _SAMPCLASS_H_

/********* for Ch space ***********/
#ifdef _CH_
#include <dlfcn.h>
void *g_sample_dlhandle = dlopen("libsampclass.dl", RTL D_LAZY);
if(g_sample_dlhandle == NULL) {

fprintf(_stderr, "Error: dlopen(): %s\n", dlerror());
fprintf(_stderr, " cannot get g_sample_dlhandle in sampcl ass.h\n");
exit(-1);

}
void _dlclose_sampclass(void) {

dlclose(g_sample_dlhandle);
}
atexit(_dlclose_sampclass);
#endif

class Class1 {
#ifndef _CH_
/********* for C++ space **********/

private:
int m_i1;

#endif
public:

Class1();
˜Class1();
int memfun1(int i);

};

#pragma importf <sampclass.chf>

#endif /* _SAMPCLASS_H_ */

Listing 2 — the C++ programsampclass.cpp .

#include <stdio.h>
#include "sampclass.h"
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Class1::Class1() {
m_i1 = 1;
printf("m_i1 in Class1::Class1() = %d\n", m_i1);

}

Class1::˜Class1() {
printf("m_i1 in Class1::˜Class1() = %d\n", m_i1);

}

int Class1::memfun1(int i) {
m_i1 += i;
printf("m_i1 = %d\n", m_i1);
return m_i1;

}

Listing 3 — The application programscript.cpp in both Ch and C++ spaces.

#include "sampclass.h"

int main() {
class Class1 c1;
class Class1 *c2 = new Class1;
class Class1 c3[2];

c1.memfun1(100);
c2->memfun1(200);
c3[0].memfun1(300);
c3[1].memfun1(300);
delete c2;

}

Listing 4 — Output from executing programscript.cpp .

m_i1 in Class1::Class1() = 1
m_i1 in Class1::Class1() = 1
m_i1 in Class1::Class1() = 1
m_i1 in Class1::Class1() = 1
m_i1 = 101
m_i1 = 201
m_i1 = 301
m_i1 = 301
m_i1 in Class1::˜Class1() = 201
m_i1 in Class1::˜Class1() = 301
m_i1 in Class1::˜Class1() = 301
m_i1 in Class1::˜Class1() = 101

Listing 5 — the chdl programsampclass chdl.cpp .

#include <stdio.h>
#include <ch.h>
#include "sampclass.h"

/****** member functions of Class1 ******/

EXPORTCH void Class1_Class1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c = new Class1();
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Ch_VaStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Class1));
Ch_VaEnd(interp, ap);

}

EXPORTCH void Class1_dClass1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1 *);
if(Ch_CppIsArrayElement(interp))

c->˜Class1();
else

delete c;
Ch_VaEnd(interp, ap);
return;

}

EXPORTCH int Class1_memfun1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;
int i;
int retval;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1*);
i = Ch_VaArg(interp, ap, int); /* get 1st arg */

retval = c->memfun1(i);

Ch_VaEnd(interp, ap);
return retval;

}

Listing 6 — the Ch function filesampclass.chf .

/****** member functions of Class1 ******/

Class1::Class1(){
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class1_Class1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, _dl error());
return;

}
dlrunfun(fptr, NULL, NULL);

}

Class1::˜Class1() {
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class1_dClass1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

dlrunfun(fptr, NULL, NULL, this);
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return;
}

int Class1::memfun1(int i) {
void *fptr;
int retval;

fptr = dlsym(g_sample_dlhandle, "Class1_memfun1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return -1;

}

dlrunfun(fptr, &retval, memfun1, this, i);
return retval;

}

7.4.1.2 Linked List

The example in this section illustrates how to handle memberfunctions of linked list with classes. Three
files list.h , List.chf , andliblist.dl are needed to run the Ch applicationscript.cpp . The
classList defined in header filelist.h contains a list of students’ names and ID numbers. The static
fields of the class and member functions are located in fileList.chf . The public member functions can
prepend, insert, append, remove a student in the list, and print out the list. The dynamically loaded library
liblist.dl is built by two C++ programslist.cpp andlist chdl.cpp , and header filelist.h
using a makefilemakefile cpp . Programlist.cpp contains the C++ source code for member func-
tions of class List. Programlist chdl.cpp is an interface between Ch and C++. Programs in both Ch
and C++ spaces share the same header filelist.h .

Listing 1 — An example Ch programscript.cpp in C and C++ spaces using member functions in the
dynamically loaded library.

#include "list.h"

int main() {
class List students;

int i;
struct Data data1, data2, data3, data4;

/* prepare the data */
createData(&data1, 456, "Mary");
createData(&data2, 789, "John");
createData(&data3, 234, "Peter");
createData(&data4, 567, "Hanson");
students.prepend(data1);
students.prepend(data2);
students.append(data3);
students.insert(data4, 2);

students.printList();
students.printName("Peter");

i = students.printName("Bob");
cout << "There is/are " << i << " person(s) named Bob" << endl;
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students.removeElement(789);
students.printList();
students.printName("Peter");

students.clear();
students.printList();

freeMem(&data1);
freeMem(&data2);
freeMem(&data3);
freeMem(&data4);
return 0;

}

Listing 2 — The Ch/C++ header filelist.h defining the class.

/* list.h */
#ifndef LIST_H_
#define LIST_H_

#include <iostream>
#include <stdlib.h>
using namespace std;

struct Data {
int id; /* id number */
char *name; /* name */

};

struct Element {
struct Data data;
struct Element *next;

};

void createData(struct Data *newData, int id, char *name);
void freeMem(struct Data *elem);

#ifdef _CH_
#include <dlfcn.h>
void *g_sample_dlhandle = dlopen("liblist.dl", RTLD_LAZ Y);
if(g_sample_dlhandle == NULL) {

fprintf(_stderr, "Error: dlopen(): %s\n", dlerror());
fprintf(_stderr, " cannot get g_sample_dlhandle in sampcl ass.h\n");
exit(-1);

}
void _dlclose_sampclass(void) {

dlclose(g_sample_dlhandle);
}
atexit(_dlclose_sampclass);

class List {
public:

List();
˜List(); //remove memory
void prepend(struct Data data); //prepend to the list at the beginning
void append(struct Data data); //append to the list at end
void insert(struct Data data, int pos); //insert to the list at pos
void printList(); //print out the list
int printName(char *name); //print nodes with the same lnam e
void removeElement(int id); //delete first node with id = id

229



CHAPTER 7. INTERFACING CLASSES AND MEMBER FUNCTIONS IN C++
7.4. MEMBER FUNCTIONS WITH RETURN VALUES OF SIMPLE TYPES

void clear(); //delete all nodes attached to the list
};

/* get member functions of class List*/
#pragma importf <List.chf>
#else
class List {

private:
static int totnum;
Element *head;

public:
List();
˜List(); //remove memory
void prepend(struct Data data); //prepend to the list at the beginning
void append(struct Data data); //append to the list at end
void insert(struct Data data, int pos); //insert to the list at pos
void printList(); //print out the list
int printName(char *name); //print nodes with the same lnam e
void removeElement(int id); //delete first node with id = id
void clear(); //delete all nodes attached to the list

};
#endif

#endif /* LIST_H_ */

Listing 3 — The chf function fileList.chf contains the definitions of member functions which invoke
the dynamically loaded library.

/************************************************** **********
* File name: List.chf
* member functions of class List
*************************************************** *********/

/******************** Public Functions *************** *****/
List::List(){

void *fptr;

fptr = dlsym(g_sample_dlhandle, "List_List_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

};
dlrunfun(fptr, NULL, NULL);

}

List::˜List(){
void *fptr;
fptr = dlsym(g_sample_dlhandle, "List_dList_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

};
dlrunfun(fptr, NULL, NULL, this);

}

void List::prepend (struct Data data) {
void *fptr;

fptr = dlsym(g_sample_dlhandle, "List_prepend_chdl");
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if(fptr == NULL) {
printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());

};
dlrunfun(fptr, NULL, prepend, this, data);

}

void List::append(struct Data data) {
void *fptr;

fptr = dlsym(g_sample_dlhandle, "List_append_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
};
dlrunfun(fptr, NULL, append, this, data);

}

void List::insert(struct Data data, int pos) {
void *fptr;

fptr = dlsym(g_sample_dlhandle, "List_insert_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
};
dlrunfun(fptr, NULL, insert, this, data, pos);

}

void List::printList() {
void *fptr;

fptr = dlsym(g_sample_dlhandle, "List_printList_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

};
dlrunfun(fptr, NULL, printList, this);

}

int List::printName(char *name) {
void *fptr;
int retval;

fptr = dlsym(g_sample_dlhandle, "List_printName_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return -1;

};
dlrunfun(fptr, &retval, printName, this, name);
return retval;

}

void List::removeElement (int id) {
void *fptr;

fptr = dlsym(g_sample_dlhandle, "List_removeElement_ch dl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

};
dlrunfun(fptr, NULL, removeElement, this, id);

231



CHAPTER 7. INTERFACING CLASSES AND MEMBER FUNCTIONS IN C++
7.4. MEMBER FUNCTIONS WITH RETURN VALUES OF SIMPLE TYPES

return;
}

void List::clear() {
void *fptr;

fptr = dlsym(g_sample_dlhandle, "List_clear_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

};
dlrunfun(fptr, NULL, clear, this);
return;

}

void createData(struct Data *newData, int id, char *name) {
void *fptr;

fptr = dlsym(g_sample_dlhandle, "createData_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

};
dlrunfun(fptr, NULL, createData, newData, id, name);

}

void freeMem(struct Data *elem) {
void *fptr;

fptr = dlsym(g_sample_dlhandle, "freeMem_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

};
dlrunfun(fptr, NULL, freeMem, elem);

}

Listing 4 — The C++ programlist.cpp contains the C++ source code for member functions of class
List.

/**********************************************
* list_cpp.cpp
* Definition of member functions of class List for linked lis t
*********************************************/

#include "list.h"
#include "string.h"
#include "stdio.h"

/* static member to maintain the number
of the students in the list */

int List::totnum = 0;

List::List() {
head = NULL;

}

List::˜List() {

clear(); // release all memory allocated
}
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/* append to the list at end */
void List::append(struct Data data)
{

struct Element *temp = head;
struct Element *e = new Element;
e->data = data;
e->next = NULL;

if(head == NULL) /* no element in linked list */
head = e;

else
{

/* get the tail of the linked list */
while(temp->next)

temp = temp->next;
/* add the new one to the end of the list */
temp->next = e;

}

totnum++;
printf("\nelement with id %d is appended\n", e->data.id);
//cout << endl << "element with id " << e->data.id << " is appen ded" << endl;

}

/* delete all nodes attached to the list */
void List::clear() {

struct Element *e = NULL;

while(head) {
e = head;
head = head->next;
delete e;
totnum--;

}

printf("\nAll elements are cleared.\n");
//cout << endl << "All elements are cleared." << endl;
return;

}

/* insert to the list at pos */
void List::insert(struct Data data, int pos)
{

int i = 0;
struct Element *temp = head;

struct Element *e = new Element;
e->data = data;
e->next= NULL; /* can be replaced later */

/* insert to the first position */
if(pos == 1) {

head = e;
head->next = temp;
totnum++;
printf("\nAn element with id %d is inserted at the beginning \n", e->data.id);
return;

}
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/* get position */
while(temp) {

if(++i >= pos-1) break;
temp = temp->next;

}
if(i != pos-1) { /* can not get that position */

printf("\nWrong position for insert\n");
//cout << endl << "Wrong position for insert " << endl;
delete e;
return;

}

e->next = temp->next;
temp->next = e;
totnum++;

printf("\nAn element with id %d is inserted in the position % d\n", e->data.id, pos);

return;
}

/* prepend to the list at the beginning */
void List::prepend(struct Data data)
{

struct Element *e = new Element;

e->data = data;
e->next = head;
head = e;

totnum++;
printf("\nAn element with id %d is prepended\n", e->data.i d);
//cout << endl << "An element with id " << e->data.id << " is pre pended" << endl;

return;
}

/* print out the list */
void List::printList() {

struct Element *temp = head;

if(temp == NULL) {
printf("\nNo element is in the list\n");
//cout << endl << "No element is in the list" << endl;
return;

}
else

printf("\n %d element is in the list\n", totnum);
//cout << endl << totnum << " element is in the list" << endl;

while(temp) {
printf("id = %d, neame = %s\n", temp->data.id, temp->data. name);
//cout << "id = " << temp->data.id << " name = " << temp->data.n ame << endl;
temp = temp->next;

}

return;
}
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/* print nodes with the same lname */
int List::printName(char * name) {

struct Element *temp = head;
int count = 0;

if(temp == NULL) {
printf("\nNo element with the name %s\n", name);
//cout << endl << "No element with the name " << name << endl;
return 0;

}

printf("\nFollowing is/are element(s) with name %s\n", na me);
//cout << endl << "Following is/are element(s) with name " << name << endl;
while(temp) {

if(!strcmp(temp->data.name, name))
{

printf("id = %d, name = %s\n", temp->data.id, temp->data.n ame);
//cout << "id = " << temp->data.id << " name = " << temp->data.n ame << endl;
count++;

}
temp = temp->next;

}

return count;
}

/* delete first node with id = id */
void List::removeElement(int id) {

struct Element *tmp1 = head, *tmp2 = NULL;

if (head == NULL)
return;

else if (head->data.id == id)
{

head = head->next;
printf("\nAn element with id %d is moved\n", tmp1->data.id );
//cout << endl << "An element with id " << tmp1->data.id << " is moved. " << endl;
delete tmp1;
totnum--;
return;

}

else
while (tmp1->next)
{

if (tmp1->next->data.id == id)
{

tmp2 = tmp1->next;
tmp1->next = tmp1->next->next;
printf("\nAn element with id %d is moved\n", tmp2->data.id );
//cout << endl << "An element with id " << tmp2->data.id << " is moved." << endl;
delete tmp2;
totnum--;
return;

}
tmp1 = tmp1->next;

}
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return;
}

/* create a new item of data */
void createData(struct Data *newData, int id, char *name) {

newData->id = id;
newData->name = strdup(name);
return;

}

/* release the memory */
void freeMem(struct Data *elem) {

free(elem->name);
return;

}

Listing 5 — The chdl programlist chdl.cpp that interfaces between programsList.chf in Ch and
list.cpp in C++ through a dynamically loaded libraryliblist.dl .

/* list_chdl.cpp */
#include <ch.h>
#include <stdio.h>
#include <string.h>
#include <iostream>
#include "list.h"

EXPORTCH void List_List_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class List *c = new List();

Ch_VaStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(List));
Ch_VaEnd(interp, ap);

}

EXPORTCH void List_dList_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class List *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class List*);
if(Ch_CppIsArrayElement(interp))

c->˜List();
else

delete c;
Ch_VaEnd(interp, ap);

}

EXPORTCH void List_append_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class List *c;
struct Data data;

Ch_VaStart(interp, ap, varg);
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c = Ch_VaArg(interp, ap, class List*);
data = Ch_VaArg(interp, ap, struct Data);
c->append(data);

Ch_VaEnd(interp, ap);
}

EXPORTCH void List_prepend_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class List *c;
struct Data data;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class List*);
data = Ch_VaArg(interp, ap, struct Data);
c->prepend(data);

Ch_VaEnd(interp, ap);
}

EXPORTCH void List_insert_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class List *c;
struct Data data;
int pos;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class List*);
data = Ch_VaArg(interp, ap, struct Data);
pos = Ch_VaArg(interp, ap, int);
c->insert(data, pos);

Ch_VaEnd(interp, ap);
}

EXPORTCH void List_printList_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class List *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class List*);
c->printList();
Ch_VaEnd(interp, ap);

}

EXPORTCH int List_printName_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class List *c;
char *name;
int retval;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class List*);
name = Ch_VaArg(interp, ap, char *);
retval = c->printName(name);
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Ch_VaEnd(interp, ap);

return retval;
}

EXPORTCH void List_removeElement_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int id ;
class List *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class List*);
id = Ch_VaArg(interp, ap, int);
c->removeElement(id);
Ch_VaEnd(interp, ap);

}

EXPORTCH void List_clear_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class List *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class List*);
c->clear();
Ch_VaEnd(interp, ap);

}

EXPORTCH void createData_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
struct Data *newData;
int id;
char *name;

Ch_VaStart(interp, ap, varg);
newData = Ch_VaArg(interp, ap, struct Data *);
id = Ch_VaArg(interp, ap, int);
name = Ch_VaArg(interp, ap, char *);
createData(newData, id, name);
Ch_VaEnd(interp, ap);

}

EXPORTCH void freeMem_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
struct Data *elem;

Ch_VaStart(interp, ap, varg);
elem = Ch_VaArg(interp, ap, struct Data *);
freeMem(elem);
Ch_VaEnd(interp, ap);

}

Listing 6 — Makefilemakefile cpp .

# Make dynamic linked lib liblist.dl for demo lib
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target: liblist.dl script.exe

liblist.dl: list.o list_chdl.o
ch dllink liblist.dl cplusplus list.o list_chdl.o

list.o: list.cpp
ch dlcomp liblist.dl cplusplus list.cpp

list_chdl.o: list_chdl.cpp
ch dlcomp liblist.dl cplusplus list_chdl.cpp

script.exe: script.o list.o
ch dllink script.exe cplusplus script.o list.o

script.o: script.cpp
ch dlcomp liblist.dl cplusplus script.cpp

test:
script.exe > test1
ch script.cpp > test2
diff test1 test2

clean:
rm -f *.o *.obj a.out liblist.dl *.lib *.exp *.exe test1 test 2

Listing 7 — Output from executing programscript.cpp .

An element with id 456 is prepended

An element with id 789 is prepended

element with id 234 is appended

An element with id 567 is inserted in the position 2

4 element is in the list
id = 789, neame = John
id = 567, neame = Hanson
id = 456, neame = Mary
id = 234, neame = Peter

Following is/are element(s) with name Peter
id = 234, name = Peter

Following is/are element(s) with name Bob
There is/are 0 person(s) named Bob

An element with id 789 is moved

3 element is in the list
id = 567, neame = Hanson
id = 456, neame = Mary
id = 234, neame = Peter

Following is/are element(s) with name Peter
id = 234, name = Peter

All elements are cleared.
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No element is in the list

All elements are cleared.

7.5 Multiple Classes and Functions with Class of Pointer or Array Type

In section 7.1, we have described how to load and unload a DLL in a constructor and destructor. However,
if we have many classes in a DLL, it is inefficient or even impossible to load a DLL in a constructor for each
class.

In this section, we will give an example on how to interface multiple classes in C++ using a single
dynamically loaded library. We will also illustrate how to handle member functions with arguments or
return value of pointer to classes and pointer to pointer to classes. as well as functions with arguments of
class of array type. The interface from Ch to member functions of pointer and array type of classes is the
same as interface with other simple data types. This will be illustrated by an example below.

A second class namedClass2 will be used in conjunction withClass1 for the illustrative pur-
pose. The definitions of bothClass1 and Class2 in both Ch and C++ spaces are shown in Listing
1. Member functionClass2::memfun1 (). has an argument of pointer toClass1 . Member function
Class2::memfun2 () returns a pointer toClass1 . Member functionClass2::memfun3 () returns a
pointer to Class1 and has an argument of pointer to pointer toClass1 . Member function
Class2::memfun4 () has an argument of array of pointer toClass1 . Member function
Class2::memfun5 () has an argument of array ofClass1 .

The source code for definitions of classesClass1 andClass2 in the C++ space is listed in Listing 2.
It can be compiled and linked along with the application program script.cpp in Listing 3 using a C++
compiler to create a binary executable program with the output shown in Listing 4. The same Makefile in
Listing 4 in section 7.1 can be used. As illustrated in the example, the interface for multiple classes can be
handled in the same manner as the one with a single class.

Listing 1 — the header filesampclass.h in both Ch and C++ spaces.

#ifndef _SAMPCLASS_H_
#define _SAMPCLASS_H_

#define NUM 2

#ifdef _CH_
#include <dlfcn.h>
void *g_sample_dlhandle = dlopen("libsampclass.dl", RTL D_LAZY);
if(g_sample_dlhandle == NULL) {

fprintf(_stderr, "Error: dlopen(): %s\n", dlerror());
fprintf(_stderr, " cannot get g_sample_dlhandle in sampcl ass.h\n");
exit(-1);

}
void _dlclose_sampclass(void) {

dlclose(g_sample_dlhandle);
}
atexit(_dlclose_sampclass);

class Class1 {
public:

Class1();
˜Class1();
int memfun1(int i);

};
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class Class2 {
public:

Class2();
˜Class2();
void memfun1(class Class1 *pc);
class Class1 *memfun2(int i);
class Class1 *memfun3(int i, class Class1 **ppc);
int memfun4(class Class1 *apc[NUM]);
int memfun5(int num, class Class1 c[NUM]);

};
#pragma importf <sampclass.chf>
#else /************************* for C++ space ********* *********/
class Class1 {

private:
int m_i1;

public:
Class1();
˜Class1();
int memfun1(int i);

};

class Class2 {
private:

int m_i2;
public:

Class2();
˜Class2();
void memfun1(class Class1 *pc);
class Class1 *memfun2(int i);
class Class1 *memfun3(int i, class Class1 **ppc);
int memfun4(class Class1 *apc[NUM]);
int memfun5(int num, class Class1 c[NUM]);

};
#endif

#endif /* _SAMPCLASS_H_ */

Listing 2 — the C++ programsampclass.cpp .

#include <stdio.h>
#include "sampclass.h"

/****** member functions of Class1 ******/

Class1::Class1() {
m_i1 = 1;
printf("m_i1 in Class1::Class1() = %d\n", m_i1);

}

Class1::˜Class1() {
printf("m_i1 in Class1::˜Class1() = %d\n", m_i1);

}

int Class1::memfun1(int i) {
m_i1 += i;
printf("m_i1 = %d\n", m_i1);
return m_i1;

}
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/****** member functions of Class2 ******/

Class2::Class2() {
printf("Class2::Class2() called\n");

}

Class2::˜Class2() {
printf("Class2::˜Class2() called\n");

}

void Class2::memfun1(Class1 *pc) {

pc->memfun1(10); //set m_i1 to 10
}

Class1 *Class2::memfun2(int i) {
Class1 *retval;

retval = new Class1();
retval->memfun1(i);
return retval;

}

Class1 *Class2::memfun3(int i, Class1 **ppc) {
Class1 *pc;
pc = *ppc;
return &pc[i];

}

int Class2::memfun4(Class1 *apc[NUM]) {
int i;
for (i = 0; i < NUM; i++) {

if(apc[i]) {
apc[i]->memfun1(i);

}
}
return 0;

}

int Class2::memfun5(int num, Class1 *pc) {
int i;

for(i=0; i<num; i++) {
pc[i].memfun1(1000+i);

}
return 0;

}

Listing 3 — the main programscript.cpp in both Ch and C++ spaces.

#include "sampclass.h"

int main() {
class Class1 c1;
class Class1 *pc1, *pc2, *pc3;
class Class1 ac[NUM];
class Class1 *apc[NUM];
class Class2 b;
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int i;
b.memfun1(&c1);
pc1 = b.memfun2(20);
pc2 = new Class1[2];
pc2[0].memfun1(10);
pc2[1].memfun1(20);
pc3 = b.memfun3(1, &pc2);
pc3->memfun1(100);

for (i = 0; i < NUM; i++) {
apc[i] = new Class1;

}
b.memfun4(apc);
b.memfun5(NUM, ac);

delete pc1;
#ifdef _CH_

delete [2] pc2;
#else

delete [] pc2;
#endif

for (i = 0; i < NUM; i++) {
delete apc[i];

}
return 0;

}

Listing 4 — Output from executing programscript.cpp .

m_i1 in Class1::Class1() = 1
m_i1 in Class1::Class1() = 1
m_i1 in Class1::Class1() = 1
Class2::Class2() called
m_i1 = 11
m_i1 in Class1::Class1() = 1
m_i1 = 21
m_i1 in Class1::Class1() = 1
m_i1 in Class1::Class1() = 1
m_i1 = 11
m_i1 = 21
m_i1 = 121
m_i1 in Class1::Class1() = 1
m_i1 in Class1::Class1() = 1
m_i1 = 1
m_i1 = 2
m_i1 = 1001
m_i1 = 1002
m_i1 in Class1::˜Class1() = 21
m_i1 in Class1::˜Class1() = 121
m_i1 in Class1::˜Class1() = 11
m_i1 in Class1::˜Class1() = 1
m_i1 in Class1::˜Class1() = 2
Class2::˜Class2() called
m_i1 in Class1::˜Class1() = 1002
m_i1 in Class1::˜Class1() = 1001
m_i1 in Class1::˜Class1() = 11

Through the interface programs in Listings 5 to 7 we shall be able to execute programscript.cpp in-
terpretively in Ch. The makefile in Listing 7 can be used to build the dynamically loaded library
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libsampclass.dl and binary executable programscript.exe .

Listing 5 — the chdl programsampclass chdl.cpp .

#include <stdio.h>
#include <ch.h>
#include "sampclass.h"

/****** member functions of Class1 ******/

EXPORTCH void Class1_Class1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c = new Class1();

Ch_VaStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Class1));
Ch_VaEnd(interp, ap);

}

EXPORTCH void Class1_dClass1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1 *);
if(Ch_CppIsArrayElement(interp))

c->˜Class1();
else

delete c;
Ch_VaEnd(interp, ap);
return;

}

EXPORTCH int Class1_memfun1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;
int i;
int retval;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1*);
i = Ch_VaArg(interp, ap, int); /* get 1st arg */
retval = c->memfun1(i);
Ch_VaEnd(interp, ap);
return retval;

}

/****** member functions of Class2 ******/

EXPORTCH void Class2_Class2_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class2 *c = new Class2();

Ch_VaStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Class2));
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Ch_VaEnd(interp, ap);
}

EXPORTCH void Class2_dClass2_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class2 *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class2 *);
if(Ch_CppIsArrayElement(interp))

c->˜Class2();
else

delete c;
Ch_VaEnd(interp, ap);
return;

}

EXPORTCH void Class2_memfun1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class2 *c;
class Class1 *pc;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class2*);
pc = Ch_VaArg(interp, ap, class Class1*);
c->memfun1(pc);
Ch_VaEnd(interp, ap);
return;

}

EXPORTCH class Class1 *Class2_memfun2_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class2 *c;
int i;
class Class1 *retval;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class2*);
i = Ch_VaArg(interp, ap, int);
retval = c->memfun2(i);
Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH class Class1 *Class2_memfun3_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class2 *c;
int i;
class Class1 **ppc;
class Class1 *retval;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class2*);
i = Ch_VaArg(interp, ap, int);
ppc = Ch_VaArg(interp, ap, class Class1**);
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retval = c->memfun3(i, ppc);
Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH int Class2_memfun4_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class2 *c;
class Class1 **apc;
int retval;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class2*);
apc = Ch_VaArg(interp, ap, class Class1**);
retval = c->memfun4(apc);
Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH int Class2_memfun5_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class2 *c;
class Class1 *pc;
int num;
int retval;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class2*);
num = Ch_VaArg(interp, ap, int);
pc = Ch_VaArg(interp, ap, class Class1*);
retval = c->memfun5(num, pc);
Ch_VaEnd(interp, ap);
return retval;

}

Listing 6 — the Ch function filesampclass.chf .

/****** member functions of Class1 ******/
Class1::Class1(){

void *fptr;

fptr = dlsym(g_sample_dlhandle, "Class1_Class1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}
dlrunfun(fptr, NULL, NULL);

}

Class1::˜Class1() {
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class1_dClass1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}
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dlrunfun(fptr, NULL, NULL, this);
}

int Class1::memfun1(int i) {
void *fptr;
int retval;

fptr = dlsym(g_sample_dlhandle, "Class1_memfun1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return -1;

}

dlrunfun(fptr, &retval, memfun1, this, i);
return retval;

}

/****** member functions of Class2 ******/

Class2::Class2(){
void *fptr;

fptr = dlsym(g_sample_dlhandle, "Class2_Class2_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}
dlrunfun(fptr, NULL, NULL);

}

Class2::˜Class2() {
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class2_dClass2_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}
dlrunfun(fptr, NULL, NULL, this);

}

void Class2::memfun1(Class1 *pc) {
void *fptr;

fptr = dlsym(g_sample_dlhandle, "Class2_memfun1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

dlrunfun(fptr, NULL, memfun1, this, pc);
return;

}

Class1 *Class2::memfun2(int i) {
void *fptr;
Class1 *retval;

fptr = dlsym(g_sample_dlhandle, "Class2_memfun2_chdl") ;
if(fptr == NULL) {
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printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return NULL;

}

dlrunfun(fptr, &retval, memfun2, this, i);
return retval;

}

Class1 *Class2::memfun3(int i, Class1 **ppc) {
void *fptr;
Class1 *retval;

fptr = dlsym(g_sample_dlhandle, "Class2_memfun3_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return NULL;

}

dlrunfun(fptr, &retval, memfun3, this, i, ppc);
return retval;

}

int Class2::memfun4(Class1 *apc[NUM]) {
void *fptr;
int retval;

fptr = dlsym(g_sample_dlhandle, "Class2_memfun4_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return NULL;

}

dlrunfun(fptr, &retval, NULL, this, apc);
return retval;

}

int Class2::memfun5(int num, Class1 c[NUM]) {
void *fptr;
int retval;

fptr = dlsym(g_sample_dlhandle, "Class2_memfun5_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return NULL;

}

dlrunfun(fptr, &retval, NULL, this, num, c);
return retval;

}

7.6 Classes with Multiple Constructors

This section will use an example to illustrate how to handle C++ classes with multiple constructors. The dec-
larations of the classClass1 with multiple constructors in both Ch and C++ spaces are given in the header
file sampclass.h in Listing 1. The definitions of ts constructors in the C++ space are shown program
sampclass.cpp in Listing 2. The constructor ofClass1 can take up to two arguments. If it takes two
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arguments, the first one has to be aninteger and the second onedouble . Programssampclass.cpp
andscript.cpp can be compiled using the same Makefile in Listing 4 in section7.1 to create a binary
executable programscript.exe . The application programscript.cpp in Listing 3 will produce the
output in Listing 4.

The corresponding constructor in the Ch space is given in Listing 5 We useclass1::class1(...)
to handle the different number of arguments. With APIsva start (), va count () andva elementtype (),
cases with different number of arguments will take different if-then paths.

The chdl interface function of the constructor ofClass1 is shown in Listing 6. The same Makefile in
Listing 4 in section 7.1 can be used to create a dynamically loaded librarylibsampclass.dl .

Example: A class with multiple constructors
This is an example of handling multiple constructors. Threeobjects will be initialized by calling constructor
with different arguments. The output from executing program script.cpp in Listing 3 in both Ch and
C++ spaces is given in Listing 4.

Listing 1 — the header filesampclass.h in both Ch and C++ spaces.

#ifndef _SAMPCLASS_H_
#define _SAMPCLASS_H_

/********* for Ch space **************/
#ifdef _CH_
#include<dlfcn.h>
#include<stdarg.h>
class Class1 {

private:
static void *g_sample_dlhandle; // make sure to load dl once
static int g_sample_dlcount; // count the instance of class

public:
Class1(...);
˜Class1();

};
void * Class1::g_sample_dlhandle = NULL;
int Class1::g_sample_dlcount = 0;

#pragma importf <sampclass.chf>
#else
/********* for C++ space **************/
class Class1 {

private:
double m_d;

public:
Class1();
Class1(int i);
Class1(int i, double d);
˜Class1();

};
#endif

#endif /* _SAMPCLASS_H_ */

Listing 2 — the C++ programsampclass.cpp

#include <stdio.h>
#include "sampclass.h"
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Class1::Class1() {
m_d = 1;
printf("in Constructor in C++ space, m_d = %f\n", m_d);

}

Class1::Class1(int i) {
m_d = i;
printf("in Constructor in C++ space, m_d = %f\n", m_d);

}

Class1::Class1(int i, double d) {
m_d = i+d;
printf("in Constructor in C++ space, m_d = %f\n", m_d);

}

Class1::˜Class1() {
}

Listing 3 — The application programscript.cpp in both Ch and C++ spaces.

#include "sampclass.h"

int main() {
class Class1 c1=Class1();
class Class1 c2=Class1(5);
class Class1 c3=Class1(5, 10.0);

return 0;
}

Listing 4 — Output from executing programscript.cpp in the Ch space.

m_d = 1.000000
m_d = 5.000000
m_d = 15.000000

Listing 5 — the Ch function filesampclass.chf .

/****** member functions of Class1 ******/

Class1::Class1(){
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class1_Class1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, _dl error());
return;

}
dlrunfun(fptr, NULL, NULL);

}

Class1::˜Class1() {
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class1_dClass1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

dlrunfun(fptr, NULL, NULL, this);
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return;
}

int Class1::memfun1(int i) {
void *fptr;
int retval;

fptr = dlsym(g_sample_dlhandle, "Class1_memfun1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return -1;

}

dlrunfun(fptr, &retval, memfun1, this, i);
return retval;

}

Listing 6 — the chdl programsampclass chdl.cpp

#include <stdio.h>
#include <ch.h>
#include "sampclass.h"

/****** member functions of Class1 ******/

EXPORTCH void Class1_Class1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;
int vacount;
int i;
double d;

Ch_VaStart(interp, ap, varg);
vacount = Ch_VaCount(interp, ap);
if(vacount ==0)

c = new Class1();
else if(vacount ==1) {

i = Ch_VaArg(interp, ap, int);
c = new Class1(i);

}
else if(vacount ==2) {

i = Ch_VaArg(interp, ap, int);
d = Ch_VaArg(interp, ap, double);
c = new Class1(i, d);

}
Ch_CppChangeThisPointer(interp, c, sizeof(Class1));
Ch_VaEnd(interp, ap);

}

EXPORTCH void Class1_dClass1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1 *);
if(Ch_CppIsArrayElement(interp))

c->˜Class1();
else
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delete c;
Ch_VaEnd(interp, ap);
return;

}

7.7 Member Functions with Return Values and Arguments of Class Type

Member functions with return values and arguments of class type are discussed in this section. They are
handled differently from other data types.

Let’s take a look at the following member function prototypes in Program 7.16.

Class1 memfun1();
inv memfun2(Class1 c);

The member functionClass2::memfun1 () returns classClass1 whereas the member function
Class2::memfun2 () has an argument of classClass1 . The complete definitions of classesClass1
andClass2 in both Ch and C++ spaces are given in Program 7.16. The definitions of member functions
in the C++ space is shown in Program 7.17. Instances ofClass1 is initialized and returned by member
function Class2::memfun1 (). Note that, in practice, the user typically may only get the binary library
of these member functions rather than the source code.

An application uses these member functions is shown in Program 7.18. The output of executing Pro-
gram 7.18 is shown in Figure 7.3. The same Makefile in Listing 4in section 7.1 can be used.
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#ifndef _SAMPCLASS_H_
#define _SAMPCLASS_H_

#ifdef _CH_
#include <dlfcn.h>
void *g_sample_dlhandle = dlopen("libsampclass.dl", RTL D_LAZY);
if(g_sample_dlhandle == NULL) {

fprintf(_stderr, "Error: dlopen(): %s\n", dlerror());
fprintf(_stderr, " cannot get g_sample_dlhandle in sampcl ass.h\n");
exit(-1);

}
void _dlclose_sampclass(void) {

dlclose(g_sample_dlhandle);
}
atexit(_dlclose_sampclass);

class Class1 {
public:

Class1();
˜Class1();
int memfun1(int i);

};

class Class2 {
public:

Class2();
˜Class2();
Class1 memfun1(); // return Class1
int memfun2(Class1 c); // arg of Class1

};

#pragma importf "sampclass.chf"
#else
class Class1 {

private:
int m_i1;

public:
Class1();
˜Class1();
int memfun1(int i);

};

class Class2 {
private:

int m_i2;
public:

Class2();
˜Class2();
Class1 memfun1(); // return Class1
int memfun2(class Class1 c); // arg of Class1

};
#endif

#endif /* _SAMPCLASS_H_ */

Program 7.16: The header file for definitions of classes in Ch/C++ space (sampclass.h).
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#include <stdio.h>
#include <stdlib.h>
#include "sampclass.h"

/****** member functions of Class1 ******/

Class1::Class1() {
m_i1 = 1;

}

Class1::˜Class1() {
}

int Class1::memfun1(int i) {
m_i1 += i;
printf("In Class1::memfun1(), m_i1 = %d\n", m_i1);
return m_i1;

}

/****** member functions of Class2 ******/

Class2::Class2() {
m_i2 = 2;

}

Class2::˜Class2() {
}

Class1 Class2::memfun1() {
Class1 c1;
return c1;

}

int Class2::memfun2(Class1 c) {
c.memfun1(1000);
return 0;

}

Program 7.17: Definitions of member functions in the C++ space (sampclass.cpp).
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#include <stdio.h>
#include "sampclass.h"

int main() {
int i;
class Class1 c1_1, c1_2;
class Class2 c2_1;
class Class2 *c2_2;

c1_1 = c2_1.memfun1();
c1_1.memfun1(10);
c2_2 = new Class2;
c1_2 = c2_2->memfun1();
c1_2.memfun1(10);

c2_1.memfun2(c1_1);

delete c2_2;
return 0;

}

Program 7.18: Application program in C and C++ spaces(script.cpp).

In Class1::memfun1(), m_i1 = 11
In Class1::memfun1(), m_i1 = 11
In Class1::memfun1(), m_i1 = 1011

Figure 7.3: The output of executing Program 7.18
.

Ch functions of these member functions are shown in Program 7.19. To avoid calling constructor
multiple times, for member functionClass2::memfun1 () returning a class, the memory for the re-
turning class is allocated in the Ch space by functionmalloc() . The address is passed to function
Class2 memfun1 chdl() in the C++ space to receive the returned value. The memory will be deal-
located in the Ch kernel.

Similarly, for member functionClass2::memfun2 () with an argument of class type, the address of
the argument is passed to functionClass2 memfun2 chdl() in the C++ space, which in turn will pass
the class using an indirection operator to member functionClass2::memfun2 () in the C++ space.

7.8 Static Member Functions

The memory in both Ch and C++ spaces can be shared as describedin the previous sections. Regular and
static member functions as well as static data members do notoccupy the memory in an instance of class.
Therefore, it is possible that additional member functions, including static and private member functions
as well static data members, in a class in the Ch space can use different names, which can call the same
member function in the C++ space.

In this section, we will demonstrate how to create static member functions in the Ch space that will call
regular member functions in the C++ space. The definitions ofclassClass1 in both Ch and C++ spaces
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/****** member functions of Class1 ******/
Class1::Class1() {

void *fptr;

fptr = dlsym(g_sample_dlhandle, "Class1_Class1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}
dlrunfun(fptr, NULL, NULL);

}

Class1::˜Class1() {
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class1_dClass1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}
dlrunfun(fptr, NULL, NULL, this);

}

int Class1::memfun1(int i) {
void *fptr;
int retval;
fptr = dlsym(g_sample_dlhandle, "Class1_memfun1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return -1;

}
dlrunfun(fptr, &retval, memfun1, this, i);
return retval;

}

Program 7.19: The function files of member functions (sampclass.chf).
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/****** member functions of Class2 ******/
Class2::Class2() {

void *fptr;

fptr = dlsym(g_sample_dlhandle, "Class2_Class2_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}
dlrunfun(fptr, NULL, NULL);

}

Class2::˜Class2() {
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class2_dClass2_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}
dlrunfun(fptr, NULL, NULL, this);

}

Class1 Class2::memfun1() {
void *fptr;
Class1 *retval;

fptr = dlsym(g_sample_dlhandle, "Class2_memfun1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
exit -1;

}
retval = (Class1 *)malloc(sizeof(Class1));

dlrunfun(fptr, NULL, NULL, retval, this);
return *retval;

}

int Class2::memfun2(Class1 c) {
void *fptr;
int retval;

fptr = dlsym(g_sample_dlhandle, "Class2_memfun2_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return NULL;

}

dlrunfun(fptr, &retval, NULL, this, &c);
return retval;

}

Program 7.19: The function files of member functions (sampclass.chf) (Contd.).
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#include <stdio.h>
#include <ch.h>
#include <string.h>
#include "sampclass.h"

EXPORTCH void Class1_Class1_chdl(void) {
ChInterp_t interp;
class Class1 *c=new Class1();
Ch_CppChangeThisPointer(interp, c, sizeof(Class1));

}

EXPORTCH void Class1_dClass1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1 *);
if(Ch_CppIsArrayElement(interp))

c->˜Class1();
else

delete c;
Ch_VaEnd(interp, ap);
return;

}

EXPORTCH int Class1_memfun1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;
int i;
int retval;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1*);
i = Ch_VaArg(interp, ap, int); /* get 1st arg */
retval = c->memfun1(i);
Ch_VaEnd(interp, ap);
return retval;

}

Program 7.20: The chdl functions of member functions (sampclasschdl.cpp).
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EXPORTCH void Class2_Class2_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class2 *c = new Class2();

Ch_VaStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Class2));
Ch_VaEnd(interp, ap);

}

EXPORTCH void Class2_dClass2_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class2 *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class2 *);
if(Ch_CppIsArrayElement(interp))

c->˜Class2();
else

delete c;
Ch_VaEnd(interp, ap);
return;

}

EXPORTCH void Class2_memfun1_chdl(void *varg) { /* return ing Class1 */
ChInterp_t interp;
ChVaList_t ap;
class Class2 *c;
Class1 *retval;

Ch_VaStart(interp, ap, varg);
retval = Ch_VaArg(interp, ap, class Class1*);
c = Ch_VaArg(interp, ap, class Class2*);
*retval = c->memfun1(); /* copy over */
Ch_VaEnd(interp, ap);

}

EXPORTCH int Class2_memfun2_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class2 *c;
class Class1 *pc;
int retval;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class2*);
pc = Ch_VaArg(interp, ap, class Class1*);
retval = c->memfun2(*pc);
Ch_VaEnd(interp, ap);
return retval;

}

Program 7.20: The chdl functions of member functions (sampclasschdl.cpp) (Contd.).
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are given in Program 7.21. The constructor, destructor and member functionClass1::memfun1() are
the same as in the previous sections as shown in Program 7.22.But, the classClass1 in the Ch space has
two extra static member functionsClass1::Create() andClass1::Delete() in comparison with
one in the C++ space. They can be used to create and delete an instance of class.

The member functionClass1::Create() in the Ch space is defined in Program 7.23. It calls the bi-
nary interface functionClass1 Create chdl in Program 7.24 to instantiate an instance of the class, sim-
ilar to the interface function. Class1 Class1 chdl for constructor. Unlike function
Class1 Class1 chdl() which does not return a value, functionClass1 Create chdl() returns
a pointer to the created instance of class. This instance of class shall be deleted by the memeber function
Class1::Delete() in the Ch space, which in turn calls the interface function
Class1 dClass1 chdl() for the destructor.

A Ch application program and its output are shown in Program 7.25 and Figure 7.4, respectively.

#ifndef _SAMPCLASS_H_
#define _SAMPCLASS_H_

#ifdef _CH_
#include <dlfcn.h>
void *g_sample_dlhandle = dlopen("libsampclass.dl", RTL D_LAZY);
if(g_sample_dlhandle == NULL) {

fprintf(_stderr, "Error: dlopen(): %s\n", dlerror());
fprintf(_stderr, " cannot get g_sample_dlhandle in sampcl ass.h\n");
exit(-1);

}
void _dlclose_sampclass(void) {

dlclose(g_sample_dlhandle);
}
atexit(_dlclose_sampclass);

class Class1 {
public:

static Class1 *Create();
static void Delete(Class1 *);
Class1();
˜Class1();
int memfun1(int i);

};

#pragma importf <sampclass.chf>
#else /************************* for C++ space ********* *********/
class Class1 {

private:
int m_i1;

public:
Class1();
˜Class1();
int memfun1(int i);

};
#endif

#endif /* _SAMPCLASS_H_ */

Program 7.21: The header file for definitions of classes in Ch/C++ space (sampclass.h).
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#include <stdio.h>
#include "sampclass.h"

Class1::Class1() {
m_i1 = 1;
printf("in Constructor in C++ space, m_i1 = %d\n", m_i1);

}

Class1::˜Class1() {
printf("in Destructor in C++ space, m_i1 = %d\n", m_i1);

}

int Class1::memfun1(int i) {
m_i1 += i;
printf("m_i1 = %d\n", m_i1);
return m_i1;

}

Program 7.22: Definitions of member functions in the C++ space (sampclass.cpp).

#include "sampclass.h"

int main() {
class Class1 c1;
class Class1 *c2 = new Class1();
class Class1 *c3 = Class1::Create();

c1.memfun1(100);
c2->memfun1(200);
c3->memfun1(300);
delete c2;
Class1::Delete(c3);
return 0;

}

Program 7.25: Ch application program (script.ch).

in Constructor in C++ space, m_i1 = 1
in Constructor in C++ space, m_i1 = 1
in Constructor in C++ space, m_i1 = 1
m_i1 = 101
m_i1 = 201
m_i1 = 301
in Destructor in C++ space, m_i1 = 201
in Destructor in C++ space, m_i1 = 301
in Destructor in C++ space, m_i1 = 101

Figure 7.4: The output of executing Program 7.25
.
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/****** member functions of Class1 ******/

Class1::Class1(){
void *fptr;

fptr = dlsym(g_sample_dlhandle, "Class1_Class1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}
dlrunfun(fptr, NULL, NULL);

}

Class1::˜Class1() {
void *fptr;
fptr = dlsym(g_sample_dlhandle, "Class1_dClass1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}

dlrunfun(fptr, NULL, NULL, this);
}

int Class1::memfun1(int i) {
void *fptr;
int retval;

fptr = dlsym(g_sample_dlhandle, "Class1_memfun1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return -1;

}

dlrunfun(fptr, &retval, memfun1, this, i);
return retval;

}

Class1 *Class1::Create(){
void *fptr;
Class1 *cptr;

fptr = dlsym(g_sample_dlhandle, "Class1_Create_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return NULL;

}
dlrunfun(fptr, &cptr, NULL);
return cptr;

}

void Class1::Delete(Class1 *cptr) {
void *fptr;

fptr = dlsym(g_sample_dlhandle, "Class1_dClass1_chdl") ;
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __class_func__, dle rror());
return;

}
dlrunfun(fptr, NULL, NULL, cptr);

}

Program 7.23: The function files of member functions (sampclass.chf).
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#include <stdio.h>
#include <ch.h>
#include "sampclass.h"

/****** member functions of Class1 ******/

EXPORTCH void Class1_Class1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c = new Class1();

Ch_VaStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Class1));
Ch_VaEnd(interp, ap);

}

EXPORTCH void Class1_dClass1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1 *);
if(Ch_CppIsArrayElement(interp))

c->˜Class1();
else

delete c;
Ch_VaEnd(interp, ap);
return;

}

EXPORTCH int Class1_memfun1_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;
int i;
int retval;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class Class1*);
i = Ch_VaArg(interp, ap, int); /* get 1st arg */

retval = c->memfun1(i);

Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH class Class1* Class1_Create_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class Class1 *c;
c = new Class1();

Ch_VaStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Class1));
Ch_VaEnd(interp, ap);
return c;

}

Program 7.24: The chdl functions of member functions (sampclasschdl.cpp).263
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7.9 C++ Functions with Arguments of Data Type boolean

The typeboolean in C++ cannot interface with Ch in the same manner as other data types in some
platforms. Bool is defined as unsigned char in Ch. The following chdl code fragment shows the correct way
to handle this data type.

EXPORTCH void functionName_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
class class1 *c;
bool value;

Ch_VaStart(interp, ap, varg);
c = Ch_VaArg(interp, ap, class class1*);
value = Ch_VaArg(interp, ap, unsigned char);
/* value = 1; */
c->functionName(value);
Ch_VaEnd(interp, ap);

}

The argument value of boolean type in C++ should be obtained as unsigned char to interface. That is why
we used

value = Ch_VaArg(interp, ap, unsigned char);

instead of

value = Ch_VaArg(interp, ap, bool);
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Chapter 8

Calling Ch Functions with Arguments of
VLAs from C Space

A large number of existing Ch code, especially on numerical computation, are very useful to users. Some
users may want to call these Ch functions from both Ch space and C space. In section 2.4, we have discussed
three typical methods of calling Ch functions or access Ch variables from C space. Some commonly used
functions, includingCh CallFuncByAddr() , Ch ExprEval() , andCh ExprCalc(), have been introduced
with some simple samples. Although those simple samples canhelp users deal with most cases they may
encounter, some special cases about functions with arguments of VLAs have not been covered yet.

In C space, an array is passed to a function as a pointer only. For the C function with arguments of fixed
length arrays, such as

int funct1(int i, int a[2], int b[2][3]);

the information of number of dimensions and extents is obtained from the prototype of the function. For the
C function with arguments of variable length arrays, such as

int funct2(int i, int a[], int b[][3], int m, int n);

the information of dimensions and extents is mostly obtained from the additional arguments, for example,
argumentsmandn for arraysa[m] andb[n][3] in the function prototypefunct2 ().

However, in the argument list of a Ch function, an array, which can be either C array or Ch computational
array, is passed assumed-shape array. Other information about this array, which is invisible to users, is also
passed through the argument list inexplicitly. So, for a Ch function, users don’t need to pass extra arguments
explicitly except for the array name. For example, the prototype of Ch function with argument of VLA
could be

int funct3(int i, int a[:], int b[:][:]);

More information about the arrays in Ch can be found inCh User’s Guide. Different methods of call-
ing Ch functions with arguments of VLAs in the Ch program using APIs Ch CallFuncByName() and
Ch CallFuncByAddr () will be described in this chapter. It is equivalent to build an argument list using API
Ch VarArgsAddArg () for function call ofCh CallFuncByNameVar() .

8.1 Calling Ch Functions with Arguments of Assumed-Shape Arrays

The methods described in this section can apply to Ch functions with arguments of both C arrays and Ch
computational arrays of assumed-shape. Assumed that the Chfunction below takes a two-dimensional array
a as the argument.

265



CHAPTER 8. CALLING CH FUNCTIONS WITH ARGUMENTS OF VLAS FROM CSPACE
8.1. CALLING CH FUNCTIONS WITH ARGUMENTS OF ASSUMED-SHAPE ARRAYS

int func1(array int a[:][:]) {
...
}

According to the discussion in section 6.1.4, we can pass a pointer to this Ch function to C space. In C
space, the C functioncfun1 () in which the Ch functionfunc1 () is invoked can be defined as follows.

int cfun1(void *chfunptr){
int dim, ext1, ext2;
int retval;
int aa1[2][3] = {1, 2, 3,

4, 5, 6};
dim =2, ext1 = 2; ext2 = 3; /* extents of aa1 */
Ch_CallFuncByAddr(interp, chfunptr, &retval, aa1, dim, e xt1, ext2);

return 0;
}

Inside functioncfun1 (), the functionCh CallFuncByAddr () is used to call the Ch functionfunc1 (),
which is pointed to by the second argument,chfunptr . The third argument gets the return value from the
Ch function. The argumentaa1 is the array in C space to be passed to the Ch function as the argument.
In most cases, such as the one in section 6.1.4, the number of the arguments after the third one matchs
exactly with the number of the arguments of the Ch function tobe called. This rule doesn’t apply to the
case of calling a Ch function with arguments of VLAs, becauseVLAs in Ch argument lists can provide
more information in addition to addresses whereas those in Cargument list can’t. So, the users need to
provide extra arguments about extents of array explicitly when a Ch function with arguments of VLAs is
called from C space. In the above function definition, although the Ch function takes only one argument,
two extra arguments,ext1 andext2 , are also passed to the Ch function byCh CallFuncByAddr (). The
argumentaa1 is only an address in C space, whiledim , ext1 , andext2 provide the information about
the dimension and extents of arrayaa1 to the Ch function. Because the Ch functionfunc1 () only takes
the argument of assumed-shape array of fixed dimension, the users don’t need to provide the information
of dimensions from C space. For the same reason, if a Ch function func1 () takes the argument of an X-
dimensional assumed-shape array, where X can be any integer, the users should add X extra arguments in
Ch CallFuncByAddr () to provide the information of extents of all dimensions ofthe array.

Example 1

The complete sample of this case is shown in Programs 8.1 and 8.2. The Ch functionsum2d() calculates
the sum of each element of the two-dimensional arraya. The functionshape() called insum2d() can get
the information of shape of an array in Ch space. In the function main () in Ch space, the functionsum2d()
is called first to calculate the sum of the arraya as follows,

sum_ret = sum2d(a);

Then the function pointer tosum2d() is passed to C space by function call

callchvla_2d(sum2d);

In C space (Program 8.2), the function pointer passed from Chspace is assigned tosum2d ch fun by

sum2d_ch_fun = Ch_VaArg(interp, ap, void *);

and passed to functioncfun1 () by function call
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retval = cfun1(sum2d_ch_fun);

In the C functioncfun1 (), the Ch functionsum2d(), which is pointed to bychfunptr , is called twice to
calculate sum of two arraysaa1 andaa2 of different shapes. Arrayaa1 has shape of (2 × 3). In the code
below,

dim = 2, ext1 = 2; ext2 = 3; /* dim and extents of aa1 */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aa1, dim, ext1, ext2);

two extra argumentsext1 andext2 , which contain extents ofaa1 , are passed to Ch function. For array
aa2 , its extents are also passed as extra arguments in the function call below.

dim = 2, ext1 = 3; ext2 = 4; /* dim and extents of aa2 */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aa2, dim, ext1, ext2);

Note that the dimensions of arrays in C space, such asaa1 andaa2 , should be the same as the dimensions
of the array argument the Ch functionsum2d(). In this example,sum2d takes a 2-dimensional array as the
argument, arrays in C space should also be of two dimensions.The output from executing this example is
shown in Figure 8.1.

If the Ch function takes the argument of an array of referencewithout a subscript, arrays with different
dimensions can be passed to it. This special case will be discussed in the next section.

Example 2

Another sample is shown in Programs 8.3 and 8.4. In this example the called Ch functionfunc () has two
arguments of array of assumed-shape. Every element of thesetwo arrays is doubled byfunc (). When the
function is called in the dynamically loaded object to handle C arraysa andb, every element of these two
arrays is also doubled.

8.2 Calling Ch Functions with Arguments of Arrays of Reference

In this section we will describe how to call Ch function with argument of arrays of reference from C space.
Assume that the Ch functionfunc2 () shown below takes an array of reference with one dimensionas
argument.

int func2(array int a[&]) {
...
}

In C space, the C functioncfun2 () in which the Ch functionfunc2 () is invoked can be defined as follows.

int cfun2(void *chfunptr){
int dim, ext1, ext2;
int retval;
int aa1[2][3] = { 1, 2, 3,

4, 5, 6};
dim = 2, ext1 = 2; ext2 = 3; /* dim and extents of aa1 */
Ch_CallFuncByAddr(interp, chfunptr, &retval, aa1, ext1, ext2);

return 0;
}
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#include<dlfcn.h>
#include<array.h>

int callchvla_2d(int (*fun)(int a[:][:])) {
void *handle, *fptr;
int retval;

handle = dlopen("libcallchvla.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}
fptr = dlsym(handle, "callchvla_2d_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, callchvla_2d, fun);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}
return retval;

}

int sum2d(int a[:][:]) { /* function to be called from C space */
int i, j, retval = 0;
array int ext[2] = shape(a);

printf("ext[0] = %d\n", ext[0]);
printf("ext[1] = %d\n", ext[1]);
for(i = 0; i < ext[0]; i++)

for(j = 0; j < ext[1]; j++)
retval += a[i][j];

return retval;
}

int main() {
int sum_ret;
int a[3][4] = { 1, 2, 3, 4,

5, 6, 7, 8,
9, 10, 11, 12 };

sum_ret = sum2d(a);
printf("sum2d has been called from Ch space and returned %d\ n\n", sum_ret);

callchvla_2d(sum2d);
return 0;

}

Program 8.1: Example of calling Ch function with arguments of assumed-shape arrays from C function
(callchvla2d.ch).
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#include<stdio.h>
#include<ch.h>

int cfun1(ChInterp_t interp, void *chfunptr){
int dim, ext1, ext2;
int sum_ret;
int aa1[2][3] = { 1, 2, 3,

4, 5, 6};

int aa2[3][4] = { 1, 2, 3, 4,
5, 6, 7, 8,
9, 10, 11, 12};

dim = 2, ext1 = 2; ext2 = 3; /* dim and extents of aa1 */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aa1, dim, ext1, ext2);
printf("sum2d has been called from C space and returned %d\n \n", sum_ret);

dim = 2, ext1 = 3; ext2 = 4; /* dim and extents of aa2 */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aa2, dim, ext1, ext2);
printf("sum2d has been called from C space and returned %d\n ", sum_ret);

return 0;
}

EXPORTCH int callchvla_2d_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int retval;
void *sum2d_ch_fun;

Ch_VaStart(interp, ap, varg);
sum2d_ch_fun = Ch_VaArg(interp, ap, void *);

retval = cfun1(interp, sum2d_ch_fun);
Ch_VaEnd(interp, ap);
return retval;

}

Program 8.2: Example of calling Ch function with arguments of assumed-shape arrays from C function
(callchvla2d.c).

ext[0] = 3
ext[1] = 4
sum2d has been called from Ch space and returned 78

ext[0] = 2
ext[1] = 3
sum2d has been called from C space and returned 21

ext[0] = 3
ext[1] = 4
sum2d has been called from C space and returned 78

Figure 8.1: Output from executing callchvla2d.ch.
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#include <dlfcn.h>
#include <array.h>

int chcallfuncbyaddr_1(int (*func)(int a[:], int b[:][:] )) {
void *handle, *fptr;
int retval;

handle = dlopen("libch.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}

fptr = dlsym(handle, "chcallfuncbyaddr_1_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, chcallfuncbyaddr_1, func);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}

return retval;
}

int func(int a[:], int b[:][:]) { /* a and b are arrays of assum ed-shape*/
int j, k;
int n = (int) shape(a);
array int dim[2] = shape(b);
int n1 = dim[0], m1 = dim[1];

printf("The dimensions, numbers of elements and values of a rray a and b \
in func is:\n");

printf("n = %d\n", n);
printf("n1 = %d\n", n1);
printf("m1 = %d\n", m1);
for(j=0; j<n; j++) {

printf("a[%i] = %d\n", j, a[j]);
a[j] *= 2;

}
for(j=0; j<n1; j++) {

for(k=0; k<m1; k++) {
printf("b[%i][%i] = %d\n", j, k, b[j][k]);
b[j][k] *= 2;

}
}
return 0;

}

int main() {
chcallfuncbyaddr_1(func);

}

Program 8.3: Example 2 of calling Ch function with argumentsof assumed-shape arrays from C function
(Ch application).

270



CHAPTER 8. CALLING CH FUNCTIONS WITH ARGUMENTS OF VLAS FROM CSPACE
8.2. CALLING CH FUNCTIONS WITH ARGUMENTS OF ARRAYS OF REFERENCE

#include<ch.h>
#include<stdio.h>

int chcallfuncbyaddr_1(ChInterp_t interp, void * func_ch dl_fptr) {
int retval, j, k;
int a[3] = {1,2,3,};
int b[3][4] = {1,2,3,4,

5,6,7,8,
9, 10, 11, 12};

Ch_CallFuncByAddr(interp, func_chdl_fptr, &retval, a, 1 , 3, b, 2, 3, 4);

printf("\nIn the dynamically loaded object:\n");
for(j=0; j<3; j++)

printf("a[%i] = %d\n", j, a[j]);
for(j=0; j<3; j++) {

for(k=0; k<4; k++) {
printf("b[%i][%i] = %d\n", j, k, b[j][k]);

}
}
return 0;

}

EXPORTCH int chcallfuncbyaddr_1_chdl(void *varg) {
ChInterp_t interp;
void *func_chdl_fptr;
ChVaList_t ap;
int retval;
Ch_VaStart(interp, ap, varg);
func_chdl_fptr = Ch_VaArg(interp, ap, void *); /* get point er of func */
retval = chcallfuncbyaddr_1(interp, func_chdl_fptr);

Ch_VaEnd(interp, ap);
return retval;

}

Program 8.4: Example 2 of calling Ch function with argumentsof assumed-shape arrays from C function
(chdl and C functions).
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The dimensions, numbers of elements and values of array a and b in func is:
n = 3
n1 = 3
m1 = 4
a[0] = 1
a[1] = 2
a[2] = 3
b[0][0] = 1
b[0][1] = 2
b[0][2] = 3
b[0][3] = 4
b[1][0] = 5
b[1][1] = 6
b[1][2] = 7
b[1][3] = 8
b[2][0] = 9
b[2][1] = 10
b[2][2] = 11
b[2][3] = 12

In the dynamically loaded object:
a[0] = 2
a[1] = 4
a[2] = 6
b[0][0] = 2
b[0][1] = 4
b[0][2] = 6
b[0][3] = 8
b[1][0] = 10
b[1][1] = 12
b[1][2] = 14
b[1][3] = 16
b[2][0] = 18
b[2][1] = 20
b[2][2] = 22
b[2][3] = 24

Figure 8.2: Output from executing Program 8.3.
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The functionCh CallFuncByAddr () is used to call the Ch functionfunc2 (), which is pointed to by the
second argument,chfunptr . The way of calling Ch function with arguments of array of reference with
fixed dimension is exactly the same as calling Ch function with arguments of assumed-shape array which
has been described in the previous section. The extra arguments providing information of extents of arrays
need to be passed to the Ch function. InCh User’s Guide, it is described that arrays with different data
type can be handled by the same function with argument of array of reference. This feature cannot apply to
embedded Ch. The array in C space should be the same data type as the argument of the Ch function to be
called. In other words, only arrays of typeint in C space can be passed to Ch functionfunc2 ().

Program 8.5 is another version of Ch functionsum2d() which takes an argument of array of reference
with the fixed dimension. The C program in Program 8.2 still works with this Ch function. The output is the
same as Figure 8.1.

If the Ch functionfunc3 () shown below takes array of reference without constraint of dimension as the
argument, arrays with different dimension can be passed to this function.

int func3(array int &a) {
...
}

To call this Ch function from C space, the users need to provide not only information of extents, like what
we have done in the previous section, but also the number of dimensions. If the array in C space has 2
dimension, the C functioncfun3 (), in which the Ch functionfunc3 () is called by address, can defined as
follows.

int cfun3(void *chfunptr){
int dim, ext1, ext2;
int retval;
int aa[3][4] = { 1, 2, 3, 4,

5, 6, 7, 8,
9, 10, 11, 12};

/* number of dimensions of aa are 2, extents are 3 and 4 */
dim = 2; ext1 = 3; ext2 = 4;
Ch_CallFuncByAddr(interp, chfunptr, &retval, aa, dim, ex t1, ext2);
return 0;

}

wherechfunptr is the pointer to the Ch function to be called. The arrayaa is a two-dimension array
with extents of 3 and 4. In the argument list ofCh CallFuncByAddr (), three extra arguments,dim , ext1
andext2 , which contains number of dimensions and extents ofaa , have been added and passed to the Ch
function func3 ().

The complete sample of this case is shown in Programs 8.6 and 8.7. The Ch functionsumNd() can
calculate the sum of each element of arraya with different dimension. The statement

aa = (array int [totnum])a;

casts arraya which can have any dimensions to the one-dimensional arrayaa with totnum elements. In
functionmain (), the functionsumNd() is called to calculate the sum of arraya, which is a two-dimensional
array. Then the function pointer tosumNd() is passed to C space by the function call

callchvla_Nd(sumNd);

In C space (Program 8.7), the function pointer passed from Chspace is obtained by
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#include<dlfcn.h>
#include<array.h>

int callchvla_2d(int (*fun)(int a[&][&])) {
void *handle, *fptr;
int retval;

handle = dlopen("libcallchvla.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}
fptr = dlsym(handle, "callchvla_2d_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, callchvla_2d, fun);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}
return retval;

}

int sum2d(array int a[&][&]) { /* function to be called from C space */
int i, j, retval = 0;

array int ext[2] = shape(a);
int n = ext[0], m = ext[1];
array int aa[n][m];
aa = a;

printf("ext[0] = %d\n", ext[0]);
printf("ext[1] = %d\n", ext[1]);
for(i = 0; i < n; i++)

for(j = 0; j < m; j++)
retval += aa[i][j];

return retval;
}

int main() {
int sum_ret;
int a[3][4] = { 1, 2, 3, 4,

5, 6, 7, 8,
9, 10, 11, 12 };

sum_ret = sum2d(a);
printf("sum2d has been called from Ch space and returned %d\ n\n", sum_ret);

callchvla_2d(sum2d);
return 0;

}

Program 8.5: Example of calling Ch functions with argumentsof array of reference with fixed dimension
(callchvla2d.ch).
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sumNd_ch_fun = Ch_VaArg(interp, ap, void *);

Then the C functionscfun3 () calls this Ch function twice to calculate sum of two arraysof different
dimensions. For arrayaa1 with the shape of (3 × 4), three extra arguments,dim , ext1 andext2 , which
represent dimensions and extents, are added following the argumentaa1 . It is shown as follows.

dim = 2; ext1 = 3; ext2 = 4; /* dimension and extents of aa1 */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aa1, dim, ext1, ext2);

For the arrayaa2 which has the shape of (2× 3× 4), four extra arguments, the dimensiondim and extents
ext1 , ext2 andext3 , are added after the argumentaa2 . It is shown as follows.

dim=3; ext1=2; ext2=3; ext3=4; /* dimension and extents of a a2 */
Ch_CallFuncByAddr(interp, chfunptr,&sum_ret,aa2,dim, ext1,ext2,ext3);

The output from executing this example is shown in Figure 8.3.
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#include<dlfcn.h>
#include<array.h>

int callchvla_Nd(int (*fun)(array int &a)) {
void *handle, *fptr;
int retval;

handle = dlopen("libcallchvla.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}
fptr = dlsym(handle, "callchvla_Nd_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}
dlrunfun(fptr, &retval, callchvla_Nd, fun);
if(dlclose(handle)!=0) {

printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}
return retval;

}

int sumNd(array int &a) { /* function to be called from C space */
int i, totnum = 1, retval = 0;
int dim = (int)shape(shape(a));
array int ext[dim];

ext = shape(a);
for(i = 0; i < dim; i++) {

printf("ext[%i] = %d\n", i, ext[i]);
totnum *= ext[i];

}
array int aa [totnum];
aa = (array int [totnum])a;
for(i = 0; i < totnum; i++) {

retval += aa[i];
}
return retval;

}

int main() {
int sum_ret;
int a[3][4] = { 1, 2, 3, 4,

5, 6, 7, 8,
9, 10, 11, 12};

sum_ret = sumNd(a);
printf("sumNd has been called from Ch space and returned %d\ n\n", sum_ret);
callchvla_Nd(sumNd);
return 0;

}

Program 8.6: Example of calling Ch function with arguments of arrays of reference without constraint of
dimension from C function (callchvlaNd.ch).
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8.2. CALLING CH FUNCTIONS WITH ARGUMENTS OF ARRAYS OF REFERENCE

#include<stdio.h>
#include<ch.h>

int cfun3(ChInterp_t interp, void *chfunptr){
int dim, ext1, ext2, ext3;
int sum_ret;
int aa1[3][4] = { 1, 2, 3, 4,

5, 6, 7, 8,
9, 10, 11, 12};

int aa2[2][3][4] = { 1, 2, 3, 4,
5, 6, 7, 8,
9, 10, 11, 12,

1, 2, 3, 4,
5, 6, 7, 8,
9, 10, 11, 12};

dim = 2; ext1 = 3; ext2 = 4; /* dimension and extents of aa1 */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aa1, dim, ext1, ext2);
printf("sumNd has been called from C space and returned %d\n \n", sum_ret);

dim = 3; ext1 = 2; ext2 = 3; ext3 = 4; /* dimension and extents of a a2 */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aa2, dim, ext1, ext2, ext3);
printf("sumNd has been called from C space and returned %d\n ", sum_ret);

return 0;
}

EXPORTCH int callchvla_Nd_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int retval;
void *sumNd_ch_fun;

Ch_VaStart(interp, ap, varg);
sumNd_ch_fun = Ch_VaArg(interp, ap, void *);

retval = cfun3(interp, sumNd_ch_fun);
Ch_VaEnd(interp, ap);
return retval;

}

Program 8.7: Example of calling Ch function with arguments of arrays of reference from C function
(callchvlaNd.c).
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ext[0] = 3
ext[1] = 4
sumNd has been called from Ch space and returned 78

ext[0] = 3
ext[1] = 4
sumNd has been called from C space and returned 78

ext[0] = 2
ext[1] = 3
ext[2] = 4
sumNd has been called from C space and returned 156

Figure 8.3: Output from executing callchvlaNd.ch.
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Functions for Dynamically Loaded Library
—<ch.h>

The header filech.h defines macros and function prototypes used to build Dynamically Loaded Libraries
(DLL) to work with Ch.

Data Types
The following data type are declared in the header filech.h.

Data Type Description

ChInfo t Information for Embedded Ch obtained byCh Version().
ChInterp t A Ch interperer. The first argument for all Ch SDK APIs.
ChType t The internal Ch data type.
ChVaList t A Ch variable number of arguments in the C space.

TypeChInfo t is a structure for information of Ch obtained byCh Version().

typedef struct ChInfo_ {
char *edition; /* edition: "Professional", "Standard" */
char *releasedate; /* release date: "March 17, 2005" */
char *version; /* version: "" or "Beta" */
unsigned int vermajor; /* major version */
unsigned int verminor; /* minor version */
unsigned int vermicro; /* micor version */
unsigned int verbuild; /* build number */

} ChInfo_t;

Functions
The following functions are defined inside the header filech.h.

Function Description
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Ch CallFuncByAddr Call a Ch function by its address from the C address space.
Ch CallFuncByAddrv Call a Ch function by its address from the C address space.
Ch CallFuncByName Call a Ch function by its name from the C address space.
Ch CallFuncByNamev Call a Ch function by its name from the C address space.
Ch CallFuncByNameVar Call a Ch function by its name from the C address space

with a variable number of arguments.
Ch CppChangeThisPointer Changethis pointer of an instance of a class.
Ch CppIsArrayElement Check if the destructor is called by an elment of

an array of class.
Ch GetSymbol Get the address of a global variable in a Ch program.

Deprecated, useCh GlobalSymbolAddrByName.
Ch GlobalSymbolAddrByNameGet the address of a global variable based on its name.
Ch Home Get the home directory in which the Ch is installed
Ch SymbolAddrByName Get the address of a variable based on its name within its program scope.

useCh GlobalSymbolAddrByName() in Ch SDK.
Ch VaArg Obtain a value of a function argument in Ch passed to a dynamically

loaded library.
Ch VaArrayDim Obtain the dimension of argument of array.
Ch VaArrayExtent Obtain the number of elements in the specified dimension of
Ch VaArrayNum Obtain the number of elements of argument of array.
Ch VaArrayType Determine if the argument in the argument list is an array.

the passed argument.
Ch VaCount Obtain the number of the arguments to be processed byCh VaArg ().
Ch VaDataType Obtain the data type of an argument in the argument list.
Ch VaElementtype Obtain the data type of an argument in the argument list.

Deprecated, useCh VaDataType.
Ch VaEnd For a normal return from a function.
Ch VaFuncArgDataType Obtain the data type of an argument of the function which is pointed

to by an argument of function pointer.
Ch VaFuncArgNum Obtain the number of the arguments of the function which is pointed

to by an argument of function pointer.
Ch VaIsFunc Determine if the argument in the argument list is function type.
Ch VaIsFuncVarArg Determine if the argument in the argument list is function

with a variable number of arguments.
Ch VarArgsAddArg Add an argument into a Ch style variable argument list.
Ch VarArgsAddArgExpr Add an argument in expression into a Ch style variable argument list.
Ch VarArgsCreate Create a Ch style variable argument list initially.
Ch VarArgsDelete Delete a Ch style variable argument list and release its memory.
Ch VaStart Obtain an instance of Ch interpreter and

initialize ahandlefor reference to arguments of a function in Ch.
Ch VaStructAddr Obtain the address of the argument of struct.

Deprecated, useCh VaUserDefinedAddr.
Ch VaStructSize Obtain the size of the argument of struct.

Deprecated, useCh VaUserDefinedSize.
Ch VaUserDefinedAddr Obtain the address of the user defined data type of the argument

in the argument list.
Ch VaUserDefinedName Obtain the name of the user defined data type of the argument.
Ch VaUserDefinedSize Obtain the size of the user defined data type of the argument.
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Ch VaVarArgsCreate Create a C style variable argument list according to the Ch style variable
argument list.

Ch VaVarArgsDelete Delete memory allocated in functionCh VaVarArgsCreate().
Ch Version Obtain the version information for Ch.

Macros

The data typeChType t defined inside the header filech.h has the following values.

Value Description

CH UNDEFINETYPE Undefined type.
CH CHARTYPE char type.
CH UCHARTYPE unsigned char type.
CH SHORTTYPE short int type.
CH USHORTTYPE unsigned short int type.
CH INTTYPE int/long int type.
CH UINTTYPE unsigned int type.
CH LLINTTYPE long long int type.
CH ULLINTTYPE unsigned long long int type.
CH FLOATTYPE float type.
CH DOUBLETYPE double type.
CH LDOUBLETYPE long double type.
CH COMPLEXTYPE float complex type.
CH LCOMPLEXTYPE long complex type.
CH STRINGTYPE string t type.
CH FILETYPE FILE type.
CH VOIDTYPE void type.
CH PROCTYPE function type.
CH STRUCTTYPE struct type.
CH CLASSTYPE class type.
CH UNIONTYPE union type.
CH ENUMTYPE enum type.
CH CARRAYTYPE C array type.
CH CARRAYPTRTYPE pointer to C array.
CH CARRAYVLATYPE C VLA array.
CH CHARRAYTYPE Ch array type.
CH CHARRAYPTRTYPE pointer to Ch array.
CH CHARRAYVLATYPE Ch VLA array.

CH NULLTYPE NULL pointer type.
CH VOIDPTRTYPE pointer to void type.
CH CHARPTRTYPE pointer to char type.
CH UCHARPTRTYPE pointer to unsigned char type.
CH SHORTPTRTYPE pointer to short int type.
CH USHORTPTRTYPE pointer to unsigned short int type.
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CH INTPTRTYPE pointer to int/long int type.
CH UINTPTRTYPE pointer to unsigned int type.
CH LLINTPTRTYPE pointer to long long int type.
CH ULLINTPTRTYPE pointer to unsigned long long int type.
CH FLOATPTRTYPE pointer to float type.
CH DOUBLEPTRTYPE pointer to double type.
CH LDOUBLEPTRTYPE pointer to long double type.
CH COMPLEXPTRTYPE pointer to float complex type.
CH LCOMPLEXPTRTYPE pointer to long complex type.
CH STRINGPTRTYPE pointer to stringt type.
CH PROCPTRTYPE function pointer type.
CH FILEPTRTYPE pointer to FILE type.
CH STRUCTPTRTYPE pointer to struct type.
CH CLASSPTRTYPE pointer to class type.
CH UNIONPTRTYPE pointer to union type.
CH ENUMPTRTYPE pointer to enum type.

CH VOIDPTR2TYPE pointer to pointer to void type.
CH CHARPTR2TYPE pointer to pointer to char type.
CH UCHARPTR2TYPE pointer to pointer to unsigned char type.
CH SHORTPTR2TYPE pointer to pointer to short int type.
CH USHORTPTR2TYPE pointer to pointer to unsigned short int type.
CH INTPTR2TYPE pointer to pointer to int/long int type.
CH UINTPTR2TYPE pointer to pointer to unsigned int type.
CH LLINTPTR2TYPE pointer to pointer to long long int type.
CH ULLINTPTR2TYPE pointer to pointer to unsigned long long int type.
CH FLOATPTR2TYPE pointer to pointer to float type.
CH DOUBLEPTR2TYPE pointer to pointer to double type.
CH LDOUBLEPTR2TYPE pointer to pointer to long double type.
CH COMPLEXPTR2TYPE pointer to pointer to float complex type.
CH LCOMPLEXPTR2TYPE pointer to pointer to long complex type.
CH STRINGPTR2TYPE pointer to pointer to stringt type.
CH FILEPTR2TYPE pointer to pointer to FILE type.
CH STRUCTPTR2TYPE pointer to pointer to struct type.
CH CLASSPTR2TYPE pointer to pointer to class type.
CH UNIONPTR2TYPE pointer to pointer to union type.
CH ENUMPTR2TYPE pointer to pointer to enum type.

The return value for most Ch SDK APIs defined inside the headerfile ch.h has the following values.

Value Description

CH ABORT 1 when the execution of the function is aborted byCh Abort()
CH ERROR -1 for failure of a Ch SDK API call.
CH OK 0 for success of a Ch SDK API call.
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Ch CallFuncByAddr

Synopsis
#include<ch.h>
int Ch CallFuncByAddr (ChInterp t interp, void * fptr, void * retval, ...);

Purpose
Call a Ch function by its address from the C address space.

Return Value
This function returnsCH OK on success,CH ERROR on failure,CH ABORT whenCh Abort() in Em-
bedded Ch was called.

Parameters
interp A Ch interpreter.

fprt A pointer to the function in the Ch space.

retval The address to store the return value of the called function.

Description
The functionCh CallFuncByAddr () calls a Ch function by its address from the C address space.The
argumentretval contains the address to store the returned value of the called function. In case that the
function returns a computational array, it contains the address to store the elements of the returned array.
The number of the arguments afterretval in the argument list depends on that of the called function. The
functionCh CallFuncByName() calls a Ch function by its name.

Example 1
This example calculates the function values of an array. Thefunction y = x2 in Ch program is called
from the dynamically loaded object. The Makefile for compiling and linking to create a dynamically loaded
library libch.dl for all examples is shown in Example 1 of functionCh GlobalSymbolAddrByName() on
page 297.

Listing 1 — A C program to create a dynamically loaded library

#include<ch.h>
#include<stdio.h>

int chcallfuncbyaddr(double x[], double y[], double (*fun c)(double), int n) {
int i;
double retval;
for (i = 0; i < n; i++)

y[i] = func(x[i]);
return 0;

}

static ChInterp_t interp;
static void *func_chdl_funptr;
static double func_chdl_funarg(double xx) {

double retval;
Ch_CallFuncByAddr(interp, func_chdl_funptr, &retval, x x);
return retval;
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}

EXPORTCH int chcallfuncbyaddr_chdl(void *varg) {
ChVaList_t ap;
double *x, *y;
int i, n, retval;

Ch_VaStart(interp, ap, varg);
n = Ch_VaArrayExtent(interp, ap, 0);
x = Ch_VaArg(interp, ap, double*);
y = Ch_VaArg(interp, ap, double*);
func_chdl_funptr = Ch_VaArg(interp, ap, void *);
retval = chcallfuncbyaddr(x, y, func_chdl_funarg, n);

Ch_VaEnd(interp, ap);
return retval;

}

Listing 2 — A Ch application program

#include <dlfcn.h>
#include <array.h>

int chcallfuncbyaddr(double x[:], double y[:], double (*f unc)(double)) {
void *handle, *fptr;
int retval;

handle = dlopen("libch.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}
fptr = dlsym(handle, "chcallfuncbyaddr_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}
dlrunfun(fptr, &retval, chcallfuncbyaddr, x, y, func);
if(dlclose(handle)!=0) {

printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}

return retval;
}

double func(double a){
return a*a;

}

int main() {
array double x[4] = {1,2,3,4}, y[4];

chcallfuncbyaddr(x, y, func);
printf("x = %f\n", x);
printf("y = %f\n", y);

}

Output
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x = 1.000000 2.000000 3.000000 4.000000

y = 1.000000 4.000000 9.000000 16.000000

See Also
Ch CallFuncByAddrv (), Ch CallFuncByName(), Ch CallFuncByNamev(), Ch CallFuncByNameVar(),
Ch GlobalSymbolAddrByName(), Ch VarArgsAddArg (), Ch VarArgsAddArgExpr (), Ch VarArgsCreate(),
Ch VarArgsDelete().
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Ch CallFuncByAddrv

Synopsis
#include<ch.h>
#include<stdarg.h>
int Ch CallFuncByAddrv (ChInterp t interp, void * fptr, void * retval, va list ap);

Purpose
Call a Ch function by its address from the C address space witha variable number of argument list.

Return Value
This function returnsCH OK on success,CH ERROR on failure,CH ABORT whenCh Abort() in Em-
bedded Ch was called.

Parameters
interp A Ch interpreter.

fprt A pointer to the function in the Ch space.

retval The address to store the return value of the called function.

ap The variable argument list of a function obtained by vastart().

Description
The functionCh CallFuncByAddrv () calls a Ch function by its address from the C address space.The
argumentretval contains the address to store the returned value of the called function. In case that
the function returns a computational array, it contains theaddress to store the elements of the returned
array. The number of the arguments afterretval in the argument list depends on that of the called func-
tion. The variable number of argumentsap is obtained by a previous function call vastart(). The function
Ch CallFuncByNamev() calls a Ch function by its name.

Example

SeeCh CallFuncByNamev() andCh CallFuncByAddr ().

See Also
Ch CallFuncByAddr (), Ch CallFuncByName(), Ch CallFuncByNamev(), Ch CallFuncByNameVar(),
Ch GlobalSymbolAddrByName(), Ch VarArgsAddArg (), Ch VarArgsAddArgExpr (), Ch VarArgsCreate(),
Ch VarArgsDelete().
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Ch CallFuncByName

Synopsis
#include<ch.h>
int Ch CallFuncByName(ChInterp t interp, const char*name, void * retval, ...);

Purpose
Call a Ch function by its name from the C address space.

Return Value
This function returnsCH OK on success,CH ERROR on failure,CH ABORT whenCh Abort() in Em-
bedded Ch was called.

Parameters
interp A Ch interpreter.

name The name of the called function.

retval The address to store the return value of the called function.

Description
The functionCh CallFuncByName() calls a Ch function by its name from the C address space. The
functionnamecan be a function located in one of function files specified by the function file pathfpath .
For a generic function, its regular function version with a function prototype will be used. For example, for
functionsin(), the regular function

double sin(double);

will be used ifsin is the function name forCh CallFuncByName(). The argumentretval contains the
address to store the returned value of the called function. In case that the function returns a computational
array, it contains the address to store the elements of the returned array. The number of the arguments after
retval in the argument list depends on that of the called function. The functionCh CallFuncByAddr () calls
a Ch function by its address.

Example 1
In this example, the Chfunctionchfun() is called by its name from the C function
chcallfuncbyname chdl (). The Makefile for compiling and linking to create a dynamically loaded
library libch.dl for all examples is shown in Example 1 of functionCh GlobalSymbolAddrByName() on
page 297.

Listing 1 — A C program to create a dynamically loaded library

#include<ch.h>
#include<stdio.h>

EXPORTCH void chcallfuncbyname_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
void *chfunhandle;
int funret;
double d;
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Ch_VaStart(interp, ap, varg);
/* call Ch function by its name */
Ch_CallFuncByName(interp, "chfun", &funret, 20);
printf("The return value in C space from Ch function chfun(2 0) is %d\n", funret);
/* call Ch function in function file */
Ch_CallFuncByName(interp, "hypot", &d, 3.0, 4.0);
printf("The return value in C space from Ch function hypot(3 ,4) is %f\n", d);
Ch_VaEnd(interp, ap);
return;

}

Listing 2 — A Ch application program

#include<dlfcn.h>
#include<math.h>

void chcallfuncbyname() {

void *dlhandle, *fptr;

dlhandle = dlopen("libch.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}

fptr = dlsym(dlhandle, "chcallfuncbyname_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

dlrunfun(fptr, NULL, chcallfuncbyname);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}

return;
}

/* this function will be called from a C function */
int chfun(int arg1) {

printf("in the Ch function chfun(), arg1 = %d\n", arg1);
return arg1 * arg1;

}

int main() {
chcallfuncbyname();
return 0;

}

Output 1

in the Ch function chfun(), arg1 = 20
The return value in C space from Ch function chfun(20) is 400
The return value in C space from Ch function hypot(3,4) is 5.0 00000

289



Chapter A: Functions for Dynamically Loaded Library —<ch.h> Ch CallFuncByName

See Also
Ch CallFuncByAddr (), Ch CallFuncByAddrv (), Ch CallFuncByNamev(), Ch CallFuncByNameVar(),
Ch GlobalSymbolAddrByName(), Ch VarArgsAddArg (), Ch VarArgsAddArgExpr (), Ch VarArgsCreate(),
Ch VarArgsDelete().
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Ch CallFuncByNamev

Synopsis
#include<ch.h>
#include<stdarg.h>
int Ch CallFuncByNamev(ChInterp t interp, const char*name, void * retval, va list ap);

Purpose
Call a Ch function by its name from the C address space with variable number of arguments.

Return Value
This function returnsCH OK on success,CH ERROR on failure,CH ABORT whenCh Abort() in Em-
bedded Ch was called.

Parameters
interp A Ch interpreter.

name The name of the called function.

retval The address to store the return value of the called function.

ap The variable argument list of a function obtained by vastart().

Description
The functionCh CallFuncByNamev() calls a Ch function by its name from the C address space. The
functionnamecan be a function located in one of function files specified by the function file pathfpath .
For a generic function, its regular function version with a function prototype will be used. For example, for
functionsin(), the regular function

double sin(double);

will be used ifsin is the function name forCh CallFuncByNamev(). The argumentretval contains the
address to store the returned value of the called function. In case that the function returns a computational
array, it contains the address to store the elements of the returned array. The variable number of arguments
ap is obtained by a previous function call vastart(). The functionCh CallFuncByAddrv () calls a Ch func-
tion by its address.

Example 1
In this example, the Chfunctionchfun() is called by its name from the C function
chcallfuncbynamev chdl (). The Makefile for compiling and linking to create a dynamically loaded
library libch.dl for all examples is shown in Example 1 of functionCh GlobalSymbolAddrByName() on
page 297.

Listing 1 — A C program to create a dynamically loaded library

#include<ch.h>
#include<stdio.h>
#include<stdarg.h>

ChInterp_t interp;
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/* this function Some_API() is exported and documented for u ser */
int Some_API(char *funcname, void *retval, ...) {

va_list ap;

va_start(ap, retval);
/* call Ch function by its name */
Ch_CallFuncByNamev(interp, funcname, retval, ap);
va_end(ap);

}

void call_API() { /* test and use Some_API() */
int funret;
double d;

/* call Ch function by its name */
Some_API("chfun", &funret, 20);
printf("The return value in C space from Ch function chfun(2 0) is %d\n", funret);

/* call Ch function in function file */
Some_API("hypot", &d, 3.0, 4.0);
printf("The return value in C space from Ch function hypot(3 ,4) is %f\n", d);

}

EXPORTCH void chcallfuncbynamev_chdl(void *varg) {
ChVaList_t ap;

Ch_VaStart(interp, ap, varg);
call_API();
Ch_VaEnd(interp, ap);
return;

}

Listing 2 — A Ch application program

#include<dlfcn.h>
#include<math.h>

void chcallfuncbynamev() {

void *dlhandle, *fptr;

dlhandle = dlopen("libch.dl", RTLD_LAZY);
if(dlhandle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}

fptr = dlsym(dlhandle, "chcallfuncbynamev_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}

dlrunfun(fptr, NULL, chcallfuncbynamev);

if(dlclose(dlhandle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}
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return;
}

/* this function will be called from a C function */
int chfun(int arg1) {

printf("in the Ch function chfun(), arg1 = %d\n", arg1);
return arg1 * arg1;

}

int main() {
chcallfuncbynamev();
return 0;

}

Output 1

in the Ch function chfun(), arg1 = 20
The return value in C space from Ch function chfun(20) is 400
The return value in C space from Ch function hypot(3,4) is 5.0 00000

See Also
Ch CallFuncByAddr (), Ch CallFuncByAddrv (), Ch CallFuncByName(), Ch CallFuncByNameVar(),
Ch GlobalSymbolAddrByName(), Ch VarArgsAddArg (), Ch VarArgsAddArgExpr (), Ch VarArgsCreate(),
Ch VarArgsDelete().
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Ch CallFuncByNameVar

Synopsis
#include<ch.h>
int Ch CallFuncByNameVar(ChInterp t interp, const char*name, void * retval, void *arglist);

Purpose
Call a Ch function by its name from the C address space.

Return Value
This function returnsCH OK on success,CH ERROR on failure,CH ABORT whenCh Abort() in Em-
bedded Ch was called.

Parameters
interp A Ch interpreter.

name The name of the called function.

retval The address to store the return value of the called function.

arglist The argument list for the function.

Description
The functionCh CallFuncByNameVar() calls a Ch function by itsname from the C address space. The
functionnamecan be a function located in one of function files specified by the function file pathfpath .
For a generic function, its regular function version with a function prototype will be used. For example, for
functionsin(), the regular function

double sin(double);

will be used ifsin is the function name forCh CallFuncByNameVar(). The return value of the called
function in the Ch space is passed back by argumentretval . The argumentretval contains the address
to store the returned value of the called function. In case that the function returns a computational array,
it contains the address to store the elements of the returnedarray. The arguments of the called function
are passed in the fourth argumentarglis . The argumentarglis is built dynamically using functions
Ch VarArgsAddArg (), Ch VarArgsAddArgExpr (), andCh VarArgsCreate(). Later, it shall be deleted
by functionCh VarArgsDelete().

Example
See examples in reference forCh VarArgsAddArg () andCh VarArgsAddArgExpr ().

See Also
Ch CallFuncByAddr (), Ch CallFuncByAddrv (), Ch CallFuncByName(), Ch CallFuncByNamev(),
Ch GlobalSymbolAddrByName(), Ch VarArgsAddArg (), Ch VarArgsAddArgExpr (), Ch VarArgsCreate(),
Ch VarArgsDelete().
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Ch CppChangeThisPointer

Synopsis
#include<ch.h>
int Ch CppChangeThisPointer(ChInterp t interp, void *c, size t size);

Purpose
Change thethis pointer of an instance of a class in the Ch space.

Return Value
This function returnsCH OK on success andCH ERROR on failure.

Parameters
interp A Ch interpreter.

c A pointer to an instance of a class in the C++ space.

size The size of the class in the C++ space.

Description
The functionCh CppChangeThisPointer() changes thethis pointer of an instance of a class in the Ch
space. Thethis pointer of an instance of a class in the Ch space will point to an instance of class in the C++
space passed as the argumentc . The size of the class in the Ch space will also be changed to the size of the
class in the C++ space passed as the argumentsize . This function is required for interface a class in the
C++ space.

Restriction
The function must be called by a constructor of a class in the Ch space.

Example
See chapter 7.

See Also
Ch CppIsArrayElement ().
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Ch CppIsArrayElement

Synopsis
#include<ch.h>
int Ch CppIsArrayElement (ChInterp t interp);

Purpose
Test if the destructor of a class in the Ch space is called by anelement of an array of class.

Return Value
This function returns 1 if the destructor of a class in the Ch space is called by an element of an array of class.
Otherwise, it returns 0.

Parameters
interp A Ch interpreter.

Description
The functionCh CppIsArrayElement () test if the destructor of a class in the Ch space is called byan
element of an array of class. This function is required for interface a class in the C++ space.

Restriction
The function must be called by a destructor of a class in the Chspace.

Example
See chapter 7.

See Also
Ch CppChangeThisPointer().
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Ch GlobalSymbolAddrByName

Synopsis
#include<ch.h>
void *Ch GlobalSymbolAddrByName(ChInterp t interp, const char*name);

Purpose
Get the address of a global variable in a Ch program.

Return Value
The address of a global variable in a Ch program. Ifname is not in the list of the symbol table the function
returns NULL. Ifname is a tag name for class, structure, or union, the function returns NULL. For a variable
of C array, Ch computational array, or pointer to Ch computational array, the returned value is the address
of the first element. For a variable of pointer to C array, the returned value is the address of the pointer to C
array, i.e, the address of the first element. For example, forvariables of a and p declared in Ch

int (*pa)[3], *p, a[2][3];

the returned values for bothpa andp are the same of pointer to pointer to int. The return value fora is the
address of the first elementa[0][0] . Note that in C, the address of function is the same as the function.
For example, the output from the two printing statements below are the same.

int func() { /* ... */}
printf("address of func = %p\n", func);
printf("address of func = %p\n", &func);

Parameters
interp A Ch interpreter.

name The name of global variable in a Ch program.

Description
The functionCh GlobalSymbolAddrByName() obtains the address of a global variable inside a dynami-
cally loaded library or embedded Ch program. The global variable can be valid data type in Ch. The value
of a global variable in Ch can be changed in a dynamically loaded object. This function can be used inde-
pendently with other functions defined in header filech.h.

Example
The addresses of global variablesch i andch f are obtained in the dynamically loaded object by calling
functionCh GlobalSymbolAddrByName(). If the values pointed to by these two variables are changed in
the object, the variables printed out in the application Ch program are also changed. Variablech p of pointer
to int is pointed to variablech i in Ch space. The fileMakefile building a dynamically loaded library
libch.dl for samples of functions listed in header filech.h is shown inListing 3 .

Listing 1 — A C program to create dynamically loaded library

#include<ch.h>
#include<stdio.h>
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EXPORTCH int chglobalsymboladdrbyname_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int *ch_i;
int **ch_p;
float *ch_f;
int *ch_a, **ch_aptr;
char **str;

Ch_VaStart(interp, ap, varg);
/* ch_i shall be an extern variable in the calling Ch program * /
ch_i = (int *)Ch_GlobalSymbolAddrByName(interp, "ch_i") ;
if(ch_i!=NULL) {

printf("ch_i value in dynamically loaded object passed fro m Ch program is: %d\n",
*ch_i);

*ch_i = 1000; /* global variable ch_i is assigned with anothe r value */
}
else {

printf("ch_i is not defined in Ch program\n");
}

ch_p = (int **)Ch_GlobalSymbolAddrByName(interp, "ch_p" );
if(ch_p!=NULL) {

if(*ch_p != NULL) {
printf("ch_p value in dynamically loaded object passed fro m Ch program is: %p\n",
*ch_p);
printf("*ch_p value in dynamically loaded object passed fr om Ch program is: %d\n",
**ch_p);

}
else {

printf("ch_p in Ch space is NULL\n");
}

}
else {

printf("ch_p is not defined in Ch program\n");
}

/* ch_f shall be an extern variable in the calling Ch program * /
ch_f = (float *)Ch_GlobalSymbolAddrByName(interp, "ch_f ");
printf("ch_f value in dynamically loaded object passed fro m Ch program is: %f\n",

*ch_f);

*ch_f = 2000; /* global variable ch_f is assigned with anothe r value */

/* ch_aptr is a pointer to pointer to int */
ch_aptr = (int **)Ch_GlobalSymbolAddrByName(interp, "ch _a");
ch_a = *ch_aptr;
/* or ch_a = *(int **)Ch_GlobalSymbolAddrByName(interp, " ch_a"); */
printf("ch_a[0] = %d ch_a[1] = %d, ch_a[2] = %d\n",

ch_a[0], ch_a[1], ch_a[2]);

/* ch_a is a pointer to int */
ch_a = (int *)Ch_GlobalSymbolAddrByName(interp, "a");
/* or ch_a = *(int **)Ch_GlobalSymbolAddrByName(interp, " ch_a"); */
printf("ch_a[0] = %d ch_a[1] = %d, ch_a[2] = %d\n",

ch_a[0], ch_a[1], ch_a[2]);

/* ch_a is a pointer to int */
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ch_a = (int *)Ch_GlobalSymbolAddrByName(interp, "aa");
/* or ch_a = *(int **)Ch_GlobalSymbolAddrByName(interp, " ch_a"); */
printf("ch_a[0] = %d ch_a[1] = %d, ch_a[2] = %d\n",

ch_a[0], ch_a[1], ch_a[2]);

str = (char**)Ch_GlobalSymbolAddrByName(interp, "str") ;
printf("str[0] = %s str[1] = %s\n", str[0], str[1]);

Ch_VaEnd(interp, ap);
return 0;

}

Listing 2 — A Ch application programchglobalsymboladdrbyname.ch
#include<dlfcn.h>
#include<array.h>

int chglobalsymboladdrbyname() {
void *handle, *fptr;
int retval;

handle = dlopen("libch.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}
fptr = dlsym(handle, "chglobalsymboladdrbyname_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}
dlrunfun(fptr, &retval, chglobalsymboladdrbyname);
if(dlclose(handle)!=0) {

printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}
return retval;

}

int ch_i; /* ch_i is an extern variable */
int *ch_p; /* ch_p is an extern variable */
float ch_f; /* ch_f is an extern variable */
int *ch_a;
int a[3] = {10, 20, 30};
array int aa[3] = {100, 200, 300}; /* computatinal array */
char *str[] = {"abcd", "ABCD", NULL};

int main() {
int retval;

ch_i = 10;
ch_p = &ch_i;
ch_f = 20;
ch_a = a;

printf("&ch_i in Ch space: %p\n", &ch_i);
chglobalsymboladdrbyname();
printf("ch_i value is re-assigned by dynamically loaded ob ject to: %d\n", ch_i);
printf("ch_f value is re-assigned by dynamically loaded ob ject to: %f\n", ch_f);

}
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Listing 3 — Makefile

# build dynamically loaded lib libch.dl and libchcpp.dl

target: Makefile libch.dl libchcpp.dl

libch.dl: Makefile chvastart.o chglobalsymboladdrbynam e.o chcallfuncbyaddr.o \
chcallfuncbyaddr_1.o chcallfuncbyaddr_2.o vararg.o

ch dllink libch.dl chvastart.o chglobalsymboladdrbyname .o chcallfuncbyaddr.o \
chcallfuncbyaddr_1.o chcallfuncbyaddr_2.o chvaisfuncv ararg.o vararg.o

libchcpp.dl: Makefile chuserdefinedname.o
ch dllink libchcpp.dl cplusplus chuserdefinedname.o

chvastart.o: chvastart.c
ch dlcomp libch.dl chvastart.c

chcallfuncbyaddr.o: chcallfuncbyaddr.c
ch dlcomp libch.dl chcallfuncbyaddr.c

chglobalsymboladdrbyname.o: chglobalsymboladdrbyname .c
ch dlcomp libch.dl chglobalsymboladdrbyname.c

chcallfuncbyaddr_1.o: chcallfuncbyaddr_1.c
ch dlcomp libch.dl chcallfuncbyaddr_1.c

chcallfuncbyaddr_2.o: chcallfuncbyaddr_2.c
ch dlcomp libch.dl chcallfuncbyaddr_2.c

chvaisfuncvararg.o: chvaisfuncvararg.c
ch dlcomp libch.dl chvaisfuncvararg.c

vararg.o: vararg.c
ch dlcomp libch.dl vararg.c

chuserdefinedname.o: chuserdefinedname.cpp
ch dlcomp libch.dl cplusplus chuserdefinedname.cpp

Output

&ch_i in Ch space: 2ebe68
ch_i value in dynamically loaded object passed from Ch progr am is: 10
ch_p value in dynamically loaded object passed from Ch progr am is: 2ebe68
*ch_p value in dynamically loaded object passed from Ch prog ram is: 1000
ch_f value in dynamically loaded object passed from Ch progr am is: 20.000000
ch_a[0] = 10 ch_a[1] = 20, ch_a[2] = 30
ch_a[0] = 10 ch_a[1] = 20, ch_a[2] = 30
ch_a[0] = 100 ch_a[1] = 200, ch_a[2] = 300
str[0] = abcd str[1] = ABCD
ch_i value is re-assigned by dynamically loaded object to: 1 000
ch_f value is re-assigned by dynamically loaded object to: 2 000.000000

See Also
Ch CallFuncByAddr (), Ch CallFuncByName().
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Ch Home

Synopsis
#include<ch.h>
void *Ch Home(ChInterp t interp);

Purpose
Get the home directory of Ch where Ch is installed, such as/usr/ch or C:/Ch .

Return Value
This function returns the home directory of Ch.

Parameters

interp A Ch interpreter.

Description
The functionCh Home() gets the home directory of Ch where Ch is installed, such as/usr/ch or C:/Ch .

Example
In the C program shown below,Ch Home() is called to get the home directory of Ch in chhome.c.

chhome.c —- A C program to get the home directory of Ch

/*************************************************
* Get home directory of Ch
*************************************************/
#include<stdio.h>
#include<ch.h>

EXPORTCH void chhome_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
char *path = NULL;

Ch_VaStart(interp, ap, varg);
path = Ch_Home(interp);
printf("Home dir of Ch is %s\n", path);
Ch_VaEnd(interp, ap);
return;

}

Output

Home dir of CH is /usr/ch

See Also
Ch GlobalSymbolAddrByName(), Ch CallFuncByAddr (), Ch CallFuncByName().
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Ch VaArg

Synopsis
#include<ch.h>
typeCh VaArg (ChInterp t interp, ChVaList t ap, type);

Purpose
Obtain a value of a function argument passed from a Ch function call in a dynamically loaded library.

Return Value
This macro returns the value of an argument.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t declared in header filech.h. It represents in the C space for a variable
number of arguments in the Ch space.

type The data type of passed argument.

Description
TheCh VaArg macro expands an expression that has the specified type and the value of the argument in the
call. The first invocation of theCh VaArg macro after that of theCh VaStart macro returns the value of
the first argument. Successive invocations return the values of the remaining arguments in succession. The
parameterap of the typeChVaList t shall be the same as that initialized byCh VaStart(). The parameter
typeshall be a type name specified for the argument.

Example
SeeCh VaStart().

See Also
Ch VaArrayDim (), Ch VaDataType(), Ch VaArrayExtent (), Ch VaStart(), Ch VaEnd(), stdarg.h.
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Ch VaArrayDim

Synopsis
#include<ch.h>
int Ch VaArrayDim (ChInterp t interp, ChVaList t ap);

Purpose
Obtain the dimension of passed array argument.

Return Value
If the argument is of array type, This function returns the dimension of the array. Otherwise, it returns 0.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t declared in header filech.h. It represents in the C space for a variable
number of arguments in the Ch space.

Description
The functionCh VaArrayDim () returns the dimension of array argument passed from a Ch function to dy-
namically loaded object. The extent of each dimension of thearray can be obtained by function
Ch VaArrayExtent (). This function shall be called before functionCh VaArg () is called to obtain the
value of the passed argument.

Example
SeeCh VaStart().

See Also
Ch VaDataType(), Ch VaArrayExtent (), Ch VaArrayNum (), Ch VaArrayType (), Ch VaStart(), Ch VaEnd(),
Ch VaArg ().
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Ch VaArrayExtent

Synopsis
#include<ch.h>
int Ch VaArrayExtent (ChInterp t interp, ChVaList t ap, int dim);

Purpose
Obtain the number of elements in the specified dimension of the passed array argument.

Return Value
If the argument is of array type, This function returns the number of elements in a specified dimension of
the passed array. Otherwise, it returns 0.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t.

dim An integer specifying for which dimension the number of elements will be obtained, 0 for the first
dimension.

Description
The functionCh VaArrayExtent () returns the number of elements in the specified dimension of the passed
argument. For arraya[n][m] , If 0 is passed to this function as the second argument, the extentof the first
dimension, i.e.n, will be returned. Otherwise, if1 is passed to,mwill be returned. This function shall be
called before the argument is obtained by functionCh VaArg ().

Example
SeeCh VaStart().

See Also
Ch VaArrayDim (), Ch VaArrayNum (), Ch VaArrayType (), Ch VaDataType(), Ch VaStart(), Ch VaEnd(),
Ch VaArg ().
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Ch VaArrayNum

Synopsis
#include<ch.h>
int Ch VaArrayNum (ChInterp t interp, ChVaList t ap);

Purpose
Obtain the number of elements of a passed array argument.

Return Value
If the argument is of array type, This function returns the number of elements of the array. Otherwise, it
returns 0.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t declared in header filech.h. It represents in the C space for a variable
number of arguments in the Ch space.

Description
The functionCh VaArrayNum () returns the number of elements of array argument passed from a Ch func-
tion to dynamically loaded object. The dimension and extentof each dimension of the array can be obtained
by functionsCh VaArrayNum () andCh VaArrayExtent (), respectively. This function shall be called be-
fore functionCh VaArg () is called to obtain the value of the passed argument.

Example
SeeCh VaStart().

See Also
Ch VaDataType(), Ch VaArrayDim (), Ch VaArrayExtent (), Ch VaArrayType (), Ch VaStart(), Ch VaEnd(),
Ch VaArg ().
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Ch VaArrayType

Synopsis
#include<ch.h>
ChType t Ch VaArrayType (ChInterp t interp, ChVaList t ap);

Purpose
Determine if the argument is an array.

Return Value
Based on its argument, this function returns one of the macros below for data typeChType t, defined in
header filech.h.

Macro Description Example
CH UNDEFINETYPE not an array. int i
CH CARRAYTYPE C array int a[3]
CH CARRAYPTRTYPE pointer to C array int (*ap)[3]
CH CARRAYVLATYPE C VLA array int a[n]

int func(int a[n], int b[:], int c[&])
CH CHARRAYTYPE Ch array array int a[3]
CH CHARRAYPTRTYPE pointer to Ch array array int (*ap)[3]
CH CHARRAYVLATYPE Ch VLA array array int a[n]; int fun(array int a[n],

array int b[:], array int c[&])

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t.

Description
The functionCh VaArrayType () determines if the argument is an array and its type. It shall be call before
Ch VaArg () is called to stepap to the next argument.

Example
seeCh VaStart().

See Also
Ch VaDataType(), Ch VaArrayDim (), Ch VaArrayExtent (), Ch VaArrayNum (), Ch VaStart(), Ch VaEnd(),
Ch VaArg ().
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Ch VaCount

Synopsis
#include<ch.h>
int Ch VaCount(ChInterp t interp, ChVaList t ap);

Purpose
Obtain the number of the arguments which have not been processed byCh VaArg () yet.

Return Value
This function returns the number of the remaining argumentsin the argument list.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t.

Description
The functionCh VaCount() returns the number of the remaining arguments in the argument list. To obtain
total number of arguments passed from the Ch function,Ch VaCount() shall be call beforeCh VaArg () is
called, because each function call ofCh VaArg () returns one argument from the argument list and stepsap
to the next one.

Example
SeeCh VaStart().

See Also
Ch VaStart(), Ch VaEnd(), Ch VaArg (), Ch VaFuncArgNum().
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Ch VaDataType

Synopsis
#include<ch.h>
ChType t Ch VaDataType(ChInterp t interp, ChVaList t ap);

Purpose
Obtain the data type of argument.

Return Value
TheCh VaDataType returns the data type of the argument. The returned value is one of macros defined in
ch.h and listed on page 281. If a passed argument is of array type, the function will return the type of the
element of the array.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t.

Description
The functionCh VaDataType() returns the data type of the argument which can be either a regular argu-

ment or an array argument. For an array argument, the data type of its elements is returned. For an argument
of pointer to function, the data type of the returned value ofthe function is returned. This function shall be
called before the argument is obtained by functionCh VaArg ().

Example
SeeCh VaStart().

See Also
Ch VaDataType(), Ch VaStart(), Ch VaEnd(), Ch VaArrayDim (), Ch VaArrayExtent ().
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Ch VaEnd

Synopsis
#include<ch.h>
void Ch VaEnd(ChInterp t interp, ChVaList t ap);

Purpose
For normal return from a function.

Return Value
None.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t declared in header filech.h. It represents in the C space for a variable
number of arguments in the Ch space. It is created in functionCh VaStart().

Description
The functionCh VaEnd() facilitates a normal return from the function whose variable argument list was
referred to by the expansion ofCh VaStart() that initializeda[ of typeChVaList t. TheCh VaEnd() may
modify ap so that it is no longer usable (without an intervening invocation of Ch VaStart(). If there is no
corresponding invocation of theCh VaStart() , or if the Ch VaEnd() is not invoked before the return, the
behavior is undefined.

Example
SeeCh VaStart().

See Also
Ch VaStart(), Ch VaArrayDim (), Ch VaDataType(), Ch VaArrayExtent ().
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Ch VaFuncArgDataType

Synopsis
#include<ch.h>
int Ch VaFuncArgDataType(ChInterp t interp, ChVaList t ap, int argnum);

Purpose
Get the data type for an argument of the function which is pointed to by the argument of function pointer.

Return Value
This function returns a macro for data typeChType t defined in header filech.h. If a passed argument is of
array type, the function will return the type of the element of the array. For example,CH INTTYPE and
CH DOUBLETYPE are two macros defined for data type of int and double in Ch.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t.

argnum The argument number in the argument list of the function, 0 for the first argument.

Description
The functionCh VaFuncArgDataType() is designed for handling arguments of pointer to functions. It
gets the data type for an agument of the function which is pointed to by the argument of function pointer.
If the function takes a variable number of arguments, it can only return the data type for the fixed number
of arguments. In this case, functionCh VaIsFuncVarArg () returns 1.Ch VaFuncArgDataType() shall be
call beforeCh VaArg () is called to stepap to the next argument.

Example
SeeCh VaStart().

See Also
Ch VaStart(), Ch VaEnd(), Ch VaArg (), Ch VaCount(), Ch VaFuncArgNum().
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Ch VaFuncArgNum

Synopsis
#include<ch.h>
int Ch VaFuncArgNum(ChInterp t interp, ChVaList t ap);

Purpose
Obtain the number of the arguments of the function which is pointed to by the argument of function pointer.

Return Value
This function returns the number of the arguments of the function. If the argument is not function type, it
returns -1.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t.

Description
The functionCh VaFuncArgNum() is designed for handling arguments of pointer to functions. It gets
the number of the arguments of the function which is pointed to by the argument of function pointer. If
the function takes a variable number of arguments, it only returns the fixed number of arguments. In this
case, functionCh VaIsFuncVarArg () returns 1.Ch VaFuncArgNum() shall be call beforeCh VaArg ()
is called to stepap to the next argument.

Example 1

Data type of the argument Return value fromCh VaFuncArgNum()
int func(int, int) 2
int func(void) 0
int func() 0
int func(int i, ...) 1
int func(int i, int j,...) 2
int i -1
int (*fun)() 0

Example 2
SeeCh VaStart() andCh VaIsFuncVarArg ().

See Also
Ch VaStart(), Ch VaEnd(), Ch VaArg (), Ch VaCount(), Ch VaFuncArgDataType(). Ch VaIsFuncVarArg ().
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Ch VaIsFunc

Synopsis
#include<ch.h>
int Ch VaIsFunc(ChInterp t interp, ChVaList t ap);

Purpose
Determine if the argument is a function or pointer to function.

Return Value
If the argument is a function or pointer to function, this function returns 1. Otherwise, it returns 0.
Parameters
interp A Ch interpreter.

ap An object having typeChVaList t.

Description
The functionCh VaIsFunc() determines if the argument is a function or pointer to function. It shall be call
beforeCh VaArg () is called to stepap to the next argument.

Example
seeCh VaStart().

See Also
Ch VaDataType(), Ch VaArrayType (), Ch VaFuncArgNum(), Ch VaIsFuncVarArg ().
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Ch VaIsFuncVarArg

Synopsis
#include<ch.h>
int Ch VaIsFuncVarArg (ChInterp t interp, ChVaList t ap);

Purpose
Determine if the argument is a function type with variable number of arguments.
Return Value
This function returns 1 if the argument is a function type with a variable number of arguments. Otherwise,
it returns 0.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t.

Description
The functionCh VaIsFuncVarArg () is designed for handling arguments of pointer to functions. If the
function takes a variable number of arguments, functionCh VaIsFuncVarArg () returns 1. Otherwise, it
returns 0.Ch VaIsFuncVarArg () shall be call beforeCh VaArg () is called to stepap to the next argument.

Example 1
In this example, functions with different number of arguments are passed to the first argument of function
chvaisfuncvararg (). FunctionCh VaFuncArgNum() is used to determine the number of arguments
of the function, which does not include the aguments passed in the variable number argument list. File
Makefile for compiling and linking to create a dynamically loaded library libch.dl for all examples is shown
in the example for functionCh GlobalSymbolAddrByName() on page 297.

Listing 1 — Ch application.

#include <dlfcn.h>
#include <stdarg.h>

typedef int (*FUNC)();
int func0(int a, int b, int c)
{

int a1 = a;
int b1 = b;
int c1 = c;
printf("func0() called\n");
return a+b+c;

}

int func1(int a, int b)
{

printf("func0() called\n");
return a+b;

}

int func2() {
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printf("func2() called\n");
return 10;

}

int func3(void) {
printf("func3() called\n");
return 10;

}

int func4(int a, int b, ...) {
int i, vacount;
va_list ap;
int sum;
int val;
float valf;
double vald;

printf("func4() called\n");
sum = a+b;
va_start(ap, b);
vacount = va_count(ap);
for(i=0; i<vacount; i++) {

if(va_elementtype(ap) == elementtype(int)) {
val = va_arg(ap, int);
printf("arg %d = %d\n", i+3, val);
sum += val;

}
else if(va_elementtype(ap) == elementtype(float)) {

valf = va_arg(ap, float);
printf("arg %d = %f\n", i+3, valf);
sum += valf;

}
else if(va_elementtype(ap) == elementtype(double)) {

vald = va_arg(ap, double);
printf("arg %d = %f\n", i+3, vald);
sum += vald;

}
}
return sum;

}

int chvaisfuncvararg(FUNC f, int i, int j) {
void *handle, *fptr;
int retval;

handle = dlopen("libch.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}
fptr = dlsym(handle, "chvaisfuncvararg_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}
dlrunfun(fptr, &retval, chvaisfuncvararg, f, i, j);
return retval;

}
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int main() {
int x = 5;
int y = 6;
printf("x=%d, y=%d ==> x+y=%d\n", x, y, chvaisfuncvararg( (FUNC)func0, x, y));
printf("sum=%d\n", chvaisfuncvararg((FUNC)func1, x, y) );
printf("sum=%d\n", chvaisfuncvararg((FUNC)func2, x, y) );
printf("sum=%d\n", chvaisfuncvararg((FUNC)func3, x, y) );
printf("sum=%d\n", chvaisfuncvararg(NULL, x, y));
printf("sum=%d\n", chvaisfuncvararg((FUNC)func4, x, y) );
return 0;

}

Listing 2 — chdl file.

#include<ch.h>
#include<stdio.h>
#include<limits.h>

typedef int (*FUNC)();
static ChInterp_t interp;
static int isvar = 0;
static void *FUNC_chdl_funptr;
static int FUNC_chdl_funarg(int i, int j)
{

int retval;
int k=1;
int x=5;
float f = 10;
double d = 20;

if(isvar) {
ChVaList_t arglist;

arglist = Ch_VarArgsCreate(interp);
Ch_VarArgsAddArg(interp, &arglist, CH_INTTYPE, x);
Ch_VarArgsAddArg(interp, &arglist, CH_FLOATTYPE, f);
Ch_VarArgsAddArg(interp, &arglist, CH_DOUBLETYPE, d);
Ch_CallFuncByAddr(interp, FUNC_chdl_funptr, &retval, i , j, arglist);
Ch_VarArgsDelete(interp, arglist);

}
else

Ch_CallFuncByAddr(interp, FUNC_chdl_funptr, &retval, i , j, k);

return retval;
}

int chvaisfuncvararg(FUNC f, int i, int j)
{

return f(i, j);
}

EXPORTCH int chvaisfuncvararg_chdl(void *varg)
{

ChVaList_t ap;
int i;
int j;
int count, num;
int retval=-1;
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Ch_VaStart(interp, ap, varg);
count = Ch_VaCount(interp, ap);
printf("Total Args passed to chvaisfuncvararg_chdl() in C code = %d\n", count);
num = Ch_VaFuncArgNum(interp, ap);
printf("Passed pointer to func in chvaisfuncvararg_chdl h as %d arg\n", num);
if(Ch_VaIsFuncVarArg(interp, ap)) {

isvar = 1;
printf("Passed pointer to func in chvaisfuncvararg_chdl h as varaible number arg\n");

}
FUNC_chdl_funptr = Ch_VaArg(interp, ap, void *);
i = Ch_VaArg(interp, ap, int);
j = Ch_VaArg(interp, ap, int);

if(FUNC_chdl_funptr != NULL) {
retval = chvaisfuncvararg(FUNC_chdl_funarg, i, j);

}
else {

printf("passed fun argument to chvaisfuncvararg_chdl() i s NULL\n");
}

Ch_VaEnd(interp, ap);
return retval;

}

Output

Total Args passed to chvaisfuncvararg_chdl() in C code = 3
Passed pointer to func in chvaisfuncvararg_chdl has 3 arg
func0() called
x=5, y=6 ==> x+y=12
Total Args passed to chvaisfuncvararg_chdl() in C code = 3
Passed pointer to func in chvaisfuncvararg_chdl has 2 arg
func0() called
sum=11
Total Args passed to chvaisfuncvararg_chdl() in C code = 3
Passed pointer to func in chvaisfuncvararg_chdl has 0 arg
func2() called
sum=10
Total Args passed to chvaisfuncvararg_chdl() in C code = 3
Passed pointer to func in chvaisfuncvararg_chdl has 0 arg
func3() called
sum=10
Total Args passed to chvaisfuncvararg_chdl() in C code = 3
Passed pointer to func in chvaisfuncvararg_chdl has 0 arg
passed fun argument to chvaisfuncvararg_chdl() is NULL
sum=-1
Total Args passed to chvaisfuncvararg_chdl() in C code = 3
Passed pointer to func in chvaisfuncvararg_chdl has 2 arg
Passed pointer to func in chvaisfuncvararg_chdl has varaib le number arg
func4() called
arg 3 = 5
arg 4 = 10.000000
arg 5 = 20.000000
sum=46

See Also
Ch VaStart(), Ch VaEnd(), Ch VaArg (), Ch VaCount(), Ch VaFuncArgNum().
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Ch VaStart

Synopsis
#include<ch.h>
void Ch VaStart(ChInterp t interp, ChVaList t ap, void *varg);

Purpose
Obtain an instance of Ch interpreterinterp and initializeap for reference to arguments of a function in Ch.

Return Value
None.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t declared in header filech.h. It represents in the C space for a variable
number of arguments in the Ch space.

varg The variable argument list.

Description
The Ch VaStart macro initializesinterp andap for subsequent use byCh VaArg () Ch VaArrayDim (),
Ch VaArrayExtent (), Ch VaDataType(), andCh VaEnd(). Ch VaStart() shall not be invoked again for
the sameap without an intervening invocation ofCh VaEnd() for the sameap. TheCh VaStart macro
shall be invoked before any call of function with prefixCh Va defined bych.h header file.

Example
In this example, arguments of array, float and pointer to function have been are passed into C space.
Many macros and functions defined in header filech.h, includingCh VaCount, Ch VaFuncArgDataType,
Ch VaFuncArgNum, Ch VaArrayExtent , Ch VaArrayDim and Ch VaDataType are also used. File
Makefile for compiling and linking to create a dynamically loaded library libch.dl for examples is shown
in the example of functionCh GlobalSymbolAddrByName() on page 297.

Listing 1 — Ch application program.

#include<dlfcn.h>
#include<array.h>

typedef int (*func1_t)();
typedef array double func2_t(int a, int b) [2][3];
int func1(int a, int b) {

return a+b;
}
array double func2(int a, int b) [2][3]{

double a[2][3];
return a;

}

int chvastart(double a[3][4], double d1, func1_t f1, func2 _t f2,
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array double b[30][40], int n, double c[n], double d[n]) {
void *handle, *fptr;
int retval;

handle = dlopen("libch.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return -1;

}

fptr = dlsym(handle, "chvastart_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return -1;

}

dlrunfun(fptr, &retval, NULL, a, d1, f1, f2, b, n, c, d);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return -1;

}
return retval;

}

int main() {
double a[3][4];
array double b[30][40];
int n = 5;
double c[5], d[n];

chvastart(a, 2.0, func1, func2, b, n, c, d);
return 0;

}

Listing 2 — C program to create a dynamically loaded library.

#include <ch.h>
#include <stdio.h>

static void *FUNC_chdl_funptr;
EXPORTCH int chvastart_chdl(void *varg) {

ChInterp_t interp;
ChVaList_t ap;
double *a;
ChType_t elementtype;
int num, d_a, ext_a_1, ext_a_2;
int arg_count, funarg_count, retval = 0;
double d1;
int n;

Ch_VaStart(interp, ap, varg);

/* Number of arguments passed from Ch space*/
arg_count = Ch_VaCount(interp, ap);
printf("Number of arguments before first calling of Ch_VaA rg() is %d\n", arg_count);

/* Data type of 1st argument */
elementtype = Ch_VaDataType(interp, ap);
if(elementtype == CH_DOUBLETYPE) {
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printf("Data type of the 1st argument is double\n");
}

if(Ch_VaArrayType(interp, ap) == CH_CARRAYTYPE) {
printf("The 1st argument is C array\n");

}
else if(Ch_VaArrayType(interp, ap) == CH_CARRAYPTRTYPE) {

printf("The 1st argument is pointer to C array\n");
}

/* Dimension of 1st argument */
d_a = Ch_VaArrayDim(interp, ap);
printf("Dimension of the 1st argument is = %d\n", d_a);

/* Number of elements of 1st argument */
num = Ch_VaArrayNum(interp, ap);
printf("Number of elements of the 1st argument is = %d\n", nu m);

/* Number of elements in the 1st dimension of the 1st argument */
ext_a_1 = Ch_VaArrayExtent(interp, ap, 0);
printf("Extent of the 1st dimension of the 1st argument is = % d\n", ext_a_1);

/* Number of elements in the 2nd dimension of the 1st argument */
ext_a_2 = Ch_VaArrayExtent(interp, ap, 1);
printf("Extent of the 2nd dimension of the 1st argument is = % d\n", ext_a_2);

/* Return the 1st argument, and step to the next argument */
a = Ch_VaArg(interp, ap, double*);

/* Number of the rest of arguments */
arg_count = Ch_VaCount(interp, ap);
printf("\nNumber of the rest of arguments after the 1st call ing of "

"Ch_VaArg() is %d\n", arg_count);

/* Data type of 2nd argument */
elementtype = Ch_VaDataType(interp, ap);
if(elementtype == CH_DOUBLETYPE) {

printf("Element data type of the 2nd argument is double\n") ;
}

/* Return the 2nd argument, and step to the next argument */
d1 = Ch_VaArg(interp, ap, double);

/* Number of the rest of arguments */
arg_count = Ch_VaCount(interp, ap);
printf("\nNumber of the rest of arguments after the 2nd call ing of "

"Ch_VaArg() is %d\n", arg_count);

/* Data type of 3nd argument */
elementtype = Ch_VaDataType(interp, ap);
if(elementtype == CH_INTTYPE) {

printf("Return type of function of the 3nd argument of point er to function is int\n");
}

if(Ch_VaIsFunc(interp, ap)) {
printf("Element data type of the 3nd argument is pointer to f unction\n");

}
funarg_count = Ch_VaFuncArgNum(interp, ap);
printf("Number of arguments of the function pointed to by "
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"the 3nd argument is %d\n", funarg_count);
if(Ch_VaFuncArgDataType(interp, ap, 0) == CH_INTTYPE)

printf("Arg 1 of the function pointed to by the 3nd argument i s int\n");
if(Ch_VaFuncArgDataType(interp, ap, 1) == CH_INTTYPE)

printf("Arg 2 of the function pointed to by the 3nd argument i s int\n");

/* Return the 3rd argument */
FUNC_chdl_funptr = Ch_VaArg(interp, ap, void*);

/* Data type of 4th argument */
elementtype = Ch_VaDataType(interp, ap);
if(elementtype == CH_DOUBLETYPE) {

printf("Return type of function of the 4th argument of point er to function is double\n");
}

if(Ch_VaIsFunc(interp, ap)) {
printf("Element data type of the 4th argument is pointer to f unction\n");

}

if(Ch_VaArrayType(interp, ap) == CH_CHARRAYTYPE) {
printf("Return type of function of the 4th argument of point er to function "

"is computational array\n");
}
funarg_count = Ch_VaFuncArgNum(interp, ap);
printf("Number of arguments of the function pointed to by th e 4th \

argument is %d\n", funarg_count);

/* Return the 4th argument */
FUNC_chdl_funptr = Ch_VaArg(interp, ap, void*);

/* Data type of 5th argument */
elementtype = Ch_VaDataType(interp, ap);
if(elementtype == CH_DOUBLETYPE) {

printf("Element data type of the 5th argument is double\n") ;
}

if(Ch_VaArrayType(interp, ap) == CH_CHARRAYTYPE) {
printf("The 5th argument is computational array\n");

}
else if(Ch_VaArrayType(interp, ap) == CH_CHARRAYPTRTYPE ) {

printf("The 5th argument is pointer to computational array \n");
}

/* Dimension of 5th argument */
d_a = Ch_VaArrayDim(interp, ap);
printf("Dimension of the 5th argument is = %d\n", d_a);

/* Number of elements in the 1st dimension of the 5th argument */
ext_a_1 = Ch_VaArrayExtent(interp, ap, 0);
printf("Extent of the 1st dimension of the 5th argument is = % d\n", ext_a_1);

/* Number of elements in the 2nd dimension of the 5th argument */
ext_a_2 = Ch_VaArrayExtent(interp, ap, 1);
printf("Extent of the 2nd dimension of the 5th argument is = % d\n", ext_a_2);

/* Return the 5th argument, and step to the next argument */
a = Ch_VaArg(interp, ap, double*);

/* Return the 6th argument, and step to the next argument */
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n = Ch_VaArg(interp, ap, int);
printf("n from the 6th argument is = %d\n", n);

/* Dimension of 7th argument */
n = Ch_VaArrayDim(interp, ap);
printf("Dimension of the 7th argument is = %d\n", n);

/* Number of elements in the 1st dimension of the 7th argument */
ext_a_1 = Ch_VaArrayExtent(interp, ap, 0);
printf("Extent of the 1st dimension of the 7th argument is = % d\n", ext_a_1);

/* Return the 7th argument, and step to the next argument */
a = Ch_VaArg(interp, ap, double*);

/* Dimension of 8th argument */
n = Ch_VaArrayDim(interp, ap);
printf("Dimension of the 8th argument is = %d\n", n);

/* Number of elements in the 1st dimension of the 8th argument */
ext_a_1 = Ch_VaArrayExtent(interp, ap, 0);
printf("Extent of the 1st dimension of the 8th argument is = % d\n", ext_a_1);

/* Return the 8th argument, and step to the next argument */
a = Ch_VaArg(interp, ap, double*);

Ch_VaEnd(interp, ap);
return retval;

}

Output

Number of arguments before first calling of Ch_VaArg() is 8
Data type of the 1st argument is double
The 1st argument is pointer to C array
Dimension of the 1st argument is = 2
Number of elements of the 1st argument is = 12
Extent of the 1st dimension of the 1st argument is = 3
Extent of the 2nd dimension of the 1st argument is = 4

Number of the rest of arguments after the 1st calling of Ch_Va Arg() is 7
Element data type of the 2nd argument is double

Number of the rest of arguments after the 2nd calling of Ch_Va Arg() is 6
Return type of function of the 3nd argument of pointer to func tion is int
Element data type of the 3nd argument is pointer to function
Number of arguments of the function pointed to by the 3nd argu ment is 2
Arg 1 of the function pointed to by the 3nd argument is int
Arg 2 of the function pointed to by the 3nd argument is int
Return type of function of the 4th argument of pointer to func tion is double
Element data type of the 4th argument is pointer to function
Return type of function of the 4th argument of pointer to func tion is computational array
Number of arguments of the function pointed to by the 4th argu ment is 2
Element data type of the 5th argument is double
The 5th argument is pointer to computational array
Dimension of the 5th argument is = 2
Extent of the 1st dimension of the 5th argument is = 30
Extent of the 2nd dimension of the 5th argument is = 40
n from the 6th argument is = 5
Dimension of the 7th argument is = 1
Extent of the 1st dimension of the 7th argument is = 5
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Dimension of the 8th argument is = 1
Extent of the 1st dimension of the 8th argument is = 5

See Also
Ch VaArg (). Ch VaEnd(), Ch VaCount(), Ch VaFuncArgDataType(), Ch VaFuncArgNum(),
Ch VaArrayExtent (), Ch VaArrayDim () Ch VaDataType().
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Ch VaUserDefinedAddr

Synopsis
#include<ch.h>
void *Ch VaUserDefinedAddr(ChInterp t interp, ChVaList t ap);

Purpose
Obtain the address of the argument of the user defined data type in terms of struct, class, or union and its
pointer type.

Return Value
This function returns the address to the object or NULL if theargument is not a user defined data type.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t.

Description
The functionCh VaUserDefinedAddr() returns the address of the argument of struct/class/union or its
pointer type in the argument list.Ch VaUserDefinedAddr() shall be call beforeCh VaArg () is called
to stepap to the next one. This function and two relevant functionsCh VaUserDefinedName() and
Ch VaUserDefinedSize() can be used to retrieve complete information about an argument of user defined
type from the argument list. They can be useful for handling polymorphism of function overloading with
arguments of user defined types of class or struct.

Example
SeeCh VaUserDefinedName().

See Also
Ch VaArg (), Ch VaUserDefinedName(), Ch VaUserDefinedSize().

323



Chapter A: Functions for Dynamically Loaded Library —<ch.h> Ch VaUserDefinedName

Ch VaUserDefinedName

Synopsis
#include<ch.h>
void *Ch VaUserDefinedName(ChInterp t interp, ChVaList t ap);

Purpose
Obtain the tag name of the argument of the user defined data type in terms of struct, class, or union and its
pointer type.

Return Value
This function returns the address to the tag name or NULL if the argument is not a user defined data type.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t.

Description
The function Ch VaUserDefinedName() returns the address for the tag name of the argument of
struct/class/union or its pointer type in the argument list. Ch VaUserDefinedName() shall be call before
Ch VaArg () is called to stepap to the next one. This function and two relevant functions
Ch VaUserDefinedName() and Ch VaUserDefinedSize() can be used to retrieve complete information
about an argument of user defined type from the argument list.They can be useful for handling polymor-
phism of function overloading with arguments of user definedtypes of class or struct.

Example
In this example, arguments of structure, pointer to structure, pointer to class, and union type are passed to the
functionchvauserdefinedname (). functionsCh VaUserDefinedName(), Ch VaUserDefinedName(),
are used to handle these arguments. FileMakefile for compiling and linking to create a dynamically loaded
library libch.dl for all examples is shown in the example for functionCh GlobalSymbolAddrByName()
on page 297.

Listing 1 — Ch application.

#include <dlfcn.h>
#include <stdarg.h>

typedef struct tags {
int i;
double d;

} tags_t;
typedef class tagc {

public:
int i;
double d;

} tagc_t;
typedef union tagu {

int i;
double d;
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} tagu_t;

void chuserdefinedname (struct tags s, struct tags *sp,
tagc_t *cp, union tagu u) {

void *fptr, *handle;

handle = dlopen("libchcpp.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: %s(): dlopen(): %s\n", __func__, dlerror( ));
return;

}
fptr = dlsym(handle, "chuserdefinedname_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}
dlrunfun(fptr, NULL, NULL, s, sp, cp, u);
if(dlclose(handle)!=0) {

printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}
va_end(ap);
return;

}

int main() {
struct tags s = {10, 20.0};
struct tagc c = {10, 20.0};
struct tagu u = {10, 20.0};

chuserdefinedname(s, &s, &c, u);
return 0;

}

Listing 2 — chdl file.

/* Testing functions Ch_VaUserDefined*() */
#include <ch.h>
#include <stdarg.h>
#include <stdio.h>

typedef struct tags {
int i;
double d;

} tags_t;
typedef class tagc {

public:
int i;
double d;

} tagc_t;
typedef union tagu {

int i;
double d;

} tagu_t;
EXPORTCH void chuserdefinedname_chdl(void *varg) {

ChInterp_t interp;
ChVaList_t ap;
int i, vacount;
void *addr;
size_t size;
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char *name;
tags_t s, *sp;
tagc_t *cp;
tagu_t u;

Ch_VaStart(interp, ap, varg);
vacount = Ch_VaCount(interp, ap);
printf("vacount = %d\n", vacount);
for(i = 0; i < vacount; i++) {

addr = Ch_VaUserDefinedAddr(interp, ap);
name = Ch_VaUserDefinedName(interp, ap);
size = Ch_VaUserDefinedSize(interp, ap);
if(Ch_VaDataType(interp, ap) == CH_STRUCTTYPE) {

printf("Structure:\n");
printf("address is %p, the size is %d, tag name is %s\n", addr , size, name);
s = Ch_VaArg(interp, ap, struct tags);
printf("s.i = %d, s.d = %f\n", s.i, s.d);

}
else if(Ch_VaDataType(interp, ap) == CH_STRUCTPTRTYPE) {

printf("Pointer to structure:\n");
printf("address is %p, the size is %d, tag name is %s\n", addr , size, name);
sp = Ch_VaArg(interp, ap, struct tags*);
printf("sp->i = %d, sp->d = %f\n", sp->i, sp->d);

}
else if(Ch_VaDataType(interp, ap) == CH_CLASSPTRTYPE) {

printf("Class:\n");
printf("address is %p, the size is %d, tag name is %s\n", addr , size, name);
cp = Ch_VaArg(interp, ap, tagc_t*);
printf("cp->i = %d, cp->d = %f\n", cp->i, cp->d);

}
else if(Ch_VaDataType(interp, ap) == CH_UNIONTYPE) {

printf("Union:\n");
printf("address is %p, the size is %d, tag name is %s\n", addr , size, name);
u = Ch_VaArg(interp, ap, tagu_t);
printf("u.i = %d, u.d = %f\n", u.i, u.d);

}
}
Ch_VaEnd(interp, ap);
return;

}

Output

vacount = 4
Structure:
address is 2bff28, the size is 16, tag name is tags
s.i = 10, s.d = 20.000000
Pointer to structure:
address is 2bfef8, the size is 16, tag name is tags
sp->i = 10, sp->d = 20.000000
Class:
address is 2bff10, the size is 16, tag name is tagc
cp->i = 10, cp->d = 20.000000
Union:
address is 2b71e0, the size is 8, tag name is tagu
u.i = 1077149696, u.d = 20.000000

See Also
Ch VaArg (), Ch VaUserDefinedAddr(), Ch VaUserDefinedSize().
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Ch VaUserDefinedSize

Synopsis
#include<ch.h>
int Ch VaUserDefinedSize(ChInterp t interp, ChVaList t ap);

Purpose
Obtain the size of the user defined data type in terms of struct, class, or union and its pointer type for the
argument.

Return Value
This function returns the size of the object or -1 if the argument is not a user defined data type.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t.

Description
The functionCh VaUserDefinedSize() returns the size of the argument of struct/class/union orits pointer
type in the argument list.Ch VaUserDefinedSize() shall be call beforeCh VaArg () is called to stepap to
the next one. This function and two relevant functionsCh VaUserDefinedName() andCh VaUserDefinedSize()
can be used to retrieve complete information about an argument of user defined type from the argument list.
They can be useful for handling polymorphism of function overloading with arguments of user defined types
of class or struct.

Example
SeeCh VaUserDefinedName().

See Also
Ch VaArg (), Ch VaUserDefinedAddr(), Ch VaUserDefinedName().
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Ch VaVarArgsCreate

Synopsis
#include<ch.h>
void * Ch VaVarArgsCreate(ChInterp t interp, ChVaList t ap, void ** memhandle);

Purpose
Create a C style variable argument list inchdl.c interface function according to the Ch style variable length
argument list for calling C functions of variable length agument list from Ch space.

Return Value
This function returns a C variable argument list, effectively the same as the argument of typeva list defined
in header filestdarg.h.

Parameters
interp A Ch interpreter.

ap An object having typeChVaList t declared in header filech.h. It represents in the C space for a variable
number of arguments in the Ch space.

memhandleThe address of the pointer to an object for memory managementwith typevoid ** .

Description
Since a variable argument list generated by a Ch function is different from the one generated by a C function,
the arguments in a Ch style argument list can be handled only by functions defined in header filech.h, such
asCh VaArg (), and a Ch style argument list can’t be passed to a C functiondirectly. According to a Ch
style variable argument list, the functionCh VaVarArgsCreate() can create a C style variable argument
list, which can be passed to a C function. To make sure that allarguments in the Ch style argument list will
appear in the C style one,Ch VaVarArgsCreate() shall be call beforeCh VaArg () is called.

The users need to declare a pointer to void in the calling function and then pass its address as the second
argument of this function. This pointer will be used for deleting memory in functionCh VaVarArgsDelete().

Example
In this example, functionfunc () takes variable arguments, and functionvfunc () is the corresponding func-
tion which takes the argument with type of valist. Typically, for each function likefunc (), which takes an
variable argument list, there will be a corresponding function like vfunc (), which takes an argument with
type valist, to handle the variable argument list of the former. File Makefile for compiling and linking to
create the dynamically loaded librarylibch.dl for all examples in Appendix A is shown in Example 1 for
functionCh GlobalSymbolAddrByName() on page 297.

Listing 1 — Ch application (vararg.ch).

#include <stdio.h>

void func(int n, ...);
void vfunc(int n, va_list ap);

int main() {
char c1 = ’c’;
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int i1 = 10;
double d1 = 65536;

func(0, c1, i1, d1);
return 0;

}

void func(int n, ...) {
va_list ap;

va_start(ap, n); /* create a Ch va_list */
vfunc(n, ap);
va_end(ap);

}

void vfunc(int n, va_list ap) {
void *fptr, *handle;

handle = dlopen("libch.dl", RTLD_LAZY);
if(handle == NULL) {

printf("Error: dlopen(): %s\n", __func__, dlerror());
return;

}

fptr = dlsym(handle, "vfunc_chdl");
if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", __func__, dlerror() );
return;

}
dlrunfun(fptr, NULL, NULL, n, ap);

if(dlclose(handle)!=0) {
printf("Error: %s(): dlclose(): %s\n", __func__, dlerror ());
return;

}
}

Listing 2 — chdl file (vararg.c).

/* example for testing functions Ch_VaVarargs*() */
#include <ch.h>
#include <math.h>
#include <stdarg.h>
#include <stdio.h>

void func(int n, ...);
void vfunc(int n, va_list ap_c);

EXPORTCH void vfunc_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
void * ap_c; /* equivalent to va_list ap_c */
ChVaList_t ap_ch;
int ii;
void *memhandle;

Ch_VaStart (interp, ap, varg);
ii = Ch_VaArg (interp, ap, int);
ap_ch = Ch_VaArg (interp, ap, ChVaList_t);
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ap_c = Ch_VaVarArgsCreate(interp, ap_ch, &memhandle);
vfunc(ii, ap_c);
Ch_VaVarArgsDelete(interp, memhandle);

Ch_VaEnd(interp, ap);
return;

}

void func(int n, ...) {
va_list ap;

va_start(ap, n);
vfunc(n, ap);
va_end(ap);

}

void vfunc(int n, va_list ap_c) {
char c1;
int i1;
double d1;

printf("The first argument is %d\n", n);

c1 = va_arg(ap_c, char);
printf("\nc1 = %c\n", c1);

i1 = va_arg(ap_c, int);
printf("i1 = %d\n", i1);

d1 = va_arg(ap_c, double);
printf("d1 = %f\n", d1);

return;
}

Output

The first argument is 0

c1 = c
i1 = 10
d1 = 65536.000000

See Also
Ch VaVarArgsDelete(), Ch VaStart(), Ch VaEnd(), Ch VaArg ().
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Ch VaVarArgsDelete

Synopsis
#include<ch.h>
void Ch VaVarArgsDelete(ChInterp t interp, void *memhandle);

Purpose
Delete memory allocated in functionCh VaVarArgsDelete().

Return Value
No return value.

Parameters
interp A Ch interpreter.

memhandleThe pointer to an object for memory management with typevoid * .

Description
Since a variable argument list generated by a Ch function is different from the one generated by a C function,
the arguments in a Ch style argument list can be handled only by functions defined in header filech.h,
such asCh VaArg (), and a Ch style argument list can’t be passed to a C functiondirectly. The function
Ch VaVarArgsCreate() creates a C style variable argument list, which can be passed to a C function,
according to the Ch style variable argument list.

The users need to declare a pointer to void in the calling function and then pass its address as the
second argument of functionCh VaVarArgsCreate(). This pointer will be used for deleting memory in
Ch VaVarArgsDelete().

Example
SeeCh VaVarArgsCreate().

See Also
Ch VaVarArgsCreate(), Ch VaStart(), Ch VaEnd(), Ch VaArg ().
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Ch VarArgsAddArg

Synopsis
#include<ch.h>
int Ch VarArgsAddArg (ChInterp t interp, ChVaList t *arglistp, ChType t atype, ...);
int Ch VarArgsAddArg (ChInterp t interp, ChVaList t *arglistp, ChType t atype, type value);
int Ch VarArgsAddArg (ChInterp t interp, ChVaList t *arglistp, ChType t atype, const char *tagname, type value);
int Ch VarArgsAddArg (ChInterp t interp, ChVaList t *arglistp, ChType t atype, ChType t etype, type value,

int dim, int extent1, ...);

Syntax
Ch VarArgsAddArg (interp, arglistp, atype, value);
Ch VarArgsAddArg (interp, arglistp, CH INTTYPE, value);
Ch VarArgsAddArg (interp, arglistp, CH PROCPTRTYPE, NULL);
Ch VarArgsAddArg (interp, arglistp, CH PROCPTRTYPE,Ch GlobalSymbolAddrByName(NULL, ”fp”));
Ch VarArgsAddArg (interp, arglistp, CH STRUCTTYPE, tagname, structvalue);
Ch VarArgsAddArg (interp, arglistp, CH CLASSTYPE, tagname, classtvalue);
Ch VarArgsAddArg (interp, arglistp, CH UNIONTYPE, tagname, unionvalue);
Ch VarArgsAddArg (interp, arglistp, CH CARRAYTYPE, etype, dim, extent1, ...);
Ch VarArgsAddArg (interp, arglistp, CH CHARRAYTYPE, etype, dim, extent1, ...);

Purpose
Add an argument into the existing Ch style variable argumentlist.

Return Value
This function returnsCH OK on success andCH ERROR on failure.

Parameters
interp A Ch interpreter.

arglistp The address of Ch variable argument list.

atype The type of the argument to be added. The values for data typesChType t are defined in header file
ch.h on page 281.

... The argument to be added.

Description
This function is typically used in the case of calling a Ch function which takes a variable argument list.
The Ch function will be called by one of functionsCh CallFuncByAddr (), Ch CallFuncByName(), and
Ch CallFuncByNameVar(). Since a variable argument list for a Ch function is different from the one for C
function, arguments can not be passed to a Ch style variable argument list throughCh CallFuncByAddr (),
Ch CallFuncByName(), or Ch CallFuncByNameVar() directly. This function will add arguments, cre-
ated in C space, into an existing Ch style variable argument list.

The functionCh VarArgsCreate() will create a Ch style variable argument list with no argument inside.
Ch style variable argument list needs to be deleted byCh VarArgsDelete() finally.
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Example 1

/* Function prototype in Ch space:
int func(int n, int m, double f, int *p,

int a[2][3], int b[n][m], array int c[2][3], array int d[n][ m],
struct tag s, struct tag *sp);

int func2(int r, ... /* int n, int m, double f, int *p,
int a[2][3], int b[n][m], array int c[2][3], array int d[n][ m],

struct tag s, struct tag *sp */);
array int func3()[2][3];

*/

int n = 2, m = 3, dim =2;
double f = 10.0;
int a[2][3] = {1, 2, 3,

4, 5, 6};
int b[2][3] = {1, 2, 3,

4, 5, 6};
int c[2][3] = {1, 2, 3,

4, 5, 6};
int d[2][3] = {1, 2, 3,

4, 5, 6};
struct tag {

int i;
double f;

} s = {10,20}, *sp=&s;
int r = 10;

arglist = Ch_VarArgsCreate(interp);
Ch_VarArgsAddArg(interp, &arglist, CH_INTTYPE, 2);
Ch_VarArgsAddArg(interp, &arglist, CH_INTTYPE, m);
Ch_VarArgsAddArg(interp, &arglist, CH_DOUBLETYPE, f);
Ch_VarArgsAddArg(interp, &arglist, CH_DOUBLEPTRTYPE, p );
Ch_VarArgsAddArg(interp, &arglist, CH_CARRAYTYPE, CH_I NTTYPE, a, dim, n, m);
Ch_VarArgsAddArg(interp, &arglist, CH_CARRAYTYPE, CH_I NTTYPE, b, dim, n, m);
Ch_VarArgsAddArg(interp, &arglist, CH_CARRAYTYPE, CH_I NTTYPE, c, dim, n, m);
Ch_VarArgsAddArg(interp, &arglist, CH_CARRAYTYPE, CH_I NTTYPE, d, dim, n, m);

/* or Ch_VarArgsAddArg(interp, &arglist, CH_CHARRAYTYPE , CH_INTTYPE, c, dim, n, m);
Ch_VarArgsAddArg(interp, &arglist, CH_CHARRAYTYPE, CH_ INTTYPE, d, dim, n, m); */

Ch_VarArgsAddArg(interp, &arglist, CH_STRUCTTYPE, "tag ", &s);
Ch_VarArgsAddArg(interp, &arglist, CH_STRUCTPTRTYPE, s p);
Ch_CallFuncByNameVar(interp, "func", &retval, arglist) ;
Ch_CallFuncByName(interp, "func2", &retval, r, arglist) ;
Ch_VarArgsDelete(interp, arglist);
Ch_CallFuncByName(interp, "func3", a);// func3() return s computational array

Example 2
Program 6.17.

See Also
Ch VarArgsAddArgExpr (), Ch VarArgsCreate(), Ch VarArgsDelete(), Ch CallFuncByAddr (),
Ch CallFuncByName(), Ch CallFuncByNameVar().
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Ch VarArgsAddArgExpr

Synopsis
#include<ch.h>
int Ch VarArgsAddArgExpr (ChInterp t interp, ChVaList t *arglistp, char expr);

Purpose
Add an argument in terms of an expression in the Ch space into the existing Ch style variable argument list.

Return Value
This function returnsCH OK on success andCH ERROR on failure.

Parameters
interp A Ch interpreter.

arglistp The address of Ch variable argument list.

expr The argument in the expression in the Ch space to be added.

Description
This function is typically used in the case of calling a Ch function. The Ch function will be called by
one of functionsCh CallFuncByAddr (), Ch CallFuncByName(), andCh CallFuncByNameVar(). This
function will add arguments, created in the Ch space, into anexisting Ch style variable argument list.

The functionCh VarArgsCreate() will create a Ch style variable argument list with no argument inside.
Ch style variable argument list needs to be deleted byCh VarArgsDelete() finally.

Example 1

/* Code in Ch space
int func(int n, int m, double f, int *p,

int a[2][3], int b[n][m],
array int c[2][3], array int d[n][m],
struct tag s, struct tag *sp);

int n = 2, m = 3, dim =2;
double f = 10.0;
int a[2][3] = {1, 2, 3,

4, 5, 6};
int b[2][3] = {1, 2, 3,

4, 5, 6};
array int c[2][3] = {1, 2, 3,

4, 5, 6};
array int d[2][3] = {1, 2, 3,

4, 5, 6};
struct tag {

int i;
double f;

} s = {10,20}, *sp=&s;
*/
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arglist= Ch_VarArgsCreate(interp);
Ch_VarArgsAddArgExpr(interp, &arglist, "2");
Ch_VarArgsAddArgExpr(interp, &arglist, "m");
Ch_VarArgsAddArgExpr(interp, &arglist, "f");
Ch_VarArgsAddArgExpr(interp, &arglist, "p");
Ch_VarArgsAddArgExpr(interp, &arglist, "a");
Ch_VarArgsAddArgExpr(interp, &arglist, "b");
Ch_VarArgsAddArgExpr(interp, &arglist, "c");
Ch_VarArgsAddArgExpr(interp, &arglist, "d");
Ch_VarArgsAddArgExpr(interp, &arglist, "s");
Ch_VarArgsAddArgExpr(interp, &arglist, "sp");
Ch_CallFuncByNameVar(interp, "func", &retval, arglist) ;
Ch_VarArgsDelete(interp, arglist);

Example 2
SeeEmbedded Ch SDK User’s Guide.

See Also
Ch VarArgsAddArg (), Ch VarArgsCreate(), Ch VarArgsDelete(), Ch CallFuncByAddr (),
Ch CallFuncByName(), Ch CallFuncByNameVar().
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Ch VarArgsCreate

Synopsis
#include<ch.h>
ChVaList t Ch VarArgsCreate(ChInterp t interp);

Purpose
Create a Ch style variable argument list initially for calling Ch functions of variable agument list from C
space.

Return Value
This function returns a Ch variable argument list with no argument inside.

Parameters

interp A Ch interpreter.

Description
This function is typically used in the case of calling a Ch function which takes a variable argument list.
The Ch function will be called by one of functionsCh CallFuncByAddr (), Ch CallFuncByName(), and
Ch CallFuncByNameVar(). Since a variable argument list for a Ch function is different from the one for C
function, arguments can not be passed to a Ch style variable argument list throughCh CallFuncByAddr (),
Ch CallFuncByName(), or Ch CallFuncByNameVar() directly. This function will create initially a Ch
style variable argument list in C space.

After the Ch style variable argument list is created, the user can add arguments into it by function
Ch VarArgsAddArg () or Ch VarArgsAddArgExpr (). Finally, this Ch style variable argument list needs
to be deleted byCh VarArgsDelete().

Example
Program 6.17.

See Also
Ch VarArgsAddArg (), Ch VarArgsAddArgExpr (), Ch VarArgsDelete(), Ch CallFuncByAddr (),
Ch CallFuncByName(), Ch CallFuncByNameVar().

336



Chapter A: Functions for Dynamically Loaded Library —<ch.h> Ch VarArgsDelete

Ch VarArgsDelete

Synopsis
#include<ch.h>
void Ch VarArgsDelete(ChInterp t interp, ChVaList t arglist);

Purpose
Delete a Ch style variable argument list.

Return Value
None.

Parameters
interp A Ch interpreter.

arglist The Ch variable argument list to be deleted.

Description
This function is typically used in the case of calling a Ch function which takes a variable argument list.
The Ch function will be called by one of functionsCh CallFuncByAddr (), Ch CallFuncByName(), and
Ch CallFuncByNameVar(). Since a variable argument list for a Ch function is different from the one for C
function, arguments can not be passed to a Ch style variable argument list throughCh CallFuncByAddr (),
Ch CallFuncByName(), or Ch CallFuncByNameVar() directly. This function will delete an existing Ch
style variable argument list created byCh VarArgsCreate().

The functionCh VarArgsCreate() will create a Ch style variable argument list with no argument inside.
Then functionsCh VarArgsAddArg () andCh VarArgsAddArgExpr () can add arguments into that Ch
style variable argument afterwards.

Example
Program 6.17.

See Also
Ch VarArgsAddArg (), Ch VarArgsAddArgExpr (), Ch VarArgsDelete(), Ch CallFuncByAddr (),
Ch CallFuncByName(), Ch CallFuncByNameVar().
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Ch Version

Synopsis
#include<ch.h>
int Ch Version(ChInterp t interp, ChInfo t *info);

Purpose
Obtain the version information of Ch.

Return Value
This function returnsCH OK on success andCH ERROR on failure.

Parameters
interp A Ch interpreter.

info A pointer to a structure containing the edition, release date, version, major version number, minor
version number, micro version number, and build number of Ch.

Description
This function gets the information about Ch including the edition, release date, version, , major version
number, minor version number, micro version number, and build number.

Example
In the C program shown below,Ch Version() is called to get the information of Ch in chversion.c.

chversion.c —- A C program to get the information of Ch

/*************************************************
* Get Ch version information
*************************************************/
#include<stdio.h>
#include<ch.h>

EXPORTCH void chversion_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
ChInfo_t info;

Ch_VaStart(interp, ap, varg);
if(Ch_Version(interp, &info)==CH_ERROR)

printf("Error: Ch_Version() failed.\n");
printf("info.edition = %s\n", info.edition);
printf("info.releasedate = %s\n", info.releasedate);
printf("info.version = %s\n", info.version);
printf("info.vermajor = %d\n", info.vermajor);
printf("info.verminor = %d\n", info.verminor);
printf("info.vermicro = %d\n", info.vermicro);
printf("info.verbuild = %d\n", info.verbuild);
printf("Ch %s Edition v%d.%d.%d.%d %s released by %s\n", in fo.edition,

info.vermajor, info.verminor, info.vermicro, info.verb uild,
info.version, info.releasedate);

Ch_VaEnd(interp, ap);
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return;
}

Output

info.edition = Professional
info.releasedate = August 29, 2007
info.version =
info.vermajor = 6
info.verminor = 0
info.vermicro = 0
info.verbuild = 13381
Ch Professional Edition v6.0.0.13381 released by August 29 , 2007
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Interface Functions with Dynamically
Loaded Library — <dlfcn.h>

The headerdlfcn.h defines macros and functions for interface of runtime functions in dynamically loaded
libraries. Using these functions, an application will be able to extend its address space during its execution
by binding to dynamically loaded object.

Functions
The following functions are defined by the header filedlfcn.h.

Function Description

dlopen Gain access to an executable object file.
dlsym Get the address of a symbol in a dynamically loaded library.
dlclose Free address space when application has finished with the shared object.
dlerror Get diagnostic information of using these runtime interface routines.
dlrunfun Call the function defined by the symbol in dynamically loadedlibrary.

Macros
The following macros are defined by the header filedlfcn.h.

Macro Description

RTLD LAZY Function call binding during process execution.
RTLD NOW Immediate function call binding when dynamically loaded object is added.

Portability
Functiondlerror () may not return correct error message in Microsoft Windows.

Difference between C and Ch
Built-in function dlrunfun() is available only in Ch.
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B.1 dlclose

Synopsis
#include<dlfcn.h>

int dlclose(void *handle);

Purpose
Close a dynamically loaded library.

Return Value
This function returns 0 on success or non-zero value on failure. More detailed diagnostic information will
be available throughdlerror ().

Parameters
handle Returned by routinedlopen() for symbol search.

Description
dlclose() disassociates a dynamically loaded object previously opened bydlopen() from the current process.
Once an object has been closed usingdlclose(), its symbols are no longer available todlsym(). All objects
loaded automatically as a result of invokingdlopen() on the referenced object are also closed.

Example
Seedlopen().

See Also
dlsym(), dlerror (), dlopen(), dlrunfun ().
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B.2 dlerror

Synopsis
#include<dlfcn.h>

char *dlerror (void);

Purpose
Obtain diagnostic information during dynamic linking process.

Return Value
The function returns a null-terminated character string describing the error or NULL if there is no error.

Parameters
None.

Description
The functiondlerror () returns a null-terminated character string with no trailing newline that describes the
last error that occurred during dynamic linking processing. If no dynamic linking errors have occurred since
the last invocation ofdlerror (), dlerror () returns NULL. Thus, invokingdlerror () a second time immedi-
ately following a prior invocation will result in NULL beingreturned.

Example
Seedlopen().

See Also
dlsym(), dlclose(), dlopen(), dlrunfun ().

342



Chapter B: Interface Functions with Dynamically Loaded Library —<dlfcn.h> dlopen

B.3 dlopen

Synopsis
#include<dlfcn.h>

void *dlopen(const char*filename, int mode);

Purpose
Gain access to an executable object file.

Return Value
This routine returns ahandlewhich can be used to locate symbol by application usingdlsym() on success
or NULL on failure.

Parameters
filenameThe name of the file which contains the dynamically loadable library. In Windows, Linux, Solaris,

and Mac, if the value offilenameis NULL, the function provides a hanlde for the objects in the
original program.

mode The mode to access the executable object file. It can be set to one of following macros:

RTLD LAZY Function call binding during process execution. Symbol in asymbol scope.

RTLD NOW Immediate function call binding when shared object is added.

Description
The functiondlopen() makes an executable object file available to a running process. The function returns
to the process a handle which the process may use on subsequent calls todlsym(), dlrunfun () anddlclose().

Example
In programhypothetical.ch shown in Listing 1, the functionhypothetical() is called through the function
file hypothetical.chf shown in Listing 2. The shared object is dynamically linked to application program
through the filehypothetical.cshown in Listing 3. The filehypothetical.c is compiled and linked to create a
dynamically loadable librarylibhypothetical.dl. The makefile for compiling and linking is shown in Listing
4. The functionhypothetical() is defined as

hypothetical(x, y) =
√

(x2 + y2)

In this example, the binary object of the C functionhypot() in programhypothetical.c is located in library
libc.a and is automatically linked by commanddllink . If C functions are located in some other binary
library, saymytest.a , this library should be added as one of the arguments for commanddllink as shown
in below.

ch dllink libhypothetical.dl hypothetical.o mytest.a
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Listing 1 — A Ch application program

/* File name: hypothetical.ch */

#include <stdlib.h>
#include <math.h>

int main() {
double x,y;
double z;

x = 3;
y = 4;
z = hypothetical(x,y);
printf("The value of sqrt(%1.0f*%1.0f+%1.0f*%1.0f) = %1. 0f\n",x,x,y,y,z);

}

Listing 2 — A Ch function file that interfaces binary objects

/* File name hypothetical.chf */

#include<math.h>
#include<dlfcn.h>
#include<stdio.h>

double hypothetical(double x, double y) {
void *fptr, *handle;
double retval;

if(isnan(y)) /* some native implementation give hypotheti cal(+/-Inf, NaN) == Inf */
return NaN;

handle = dlopen("libhypothetical.dl", RTLD_LAZY);
if(handle == NULL) {

fprintf(stderr, "Error: dlopen(): %s\n", dlerror());
fprintf(stderr, " cannot get handle in hypothetical.chf\n ");
return NaN;

}
fptr = dlsym(handle, "hypothetical_chdl");
if(fptr == NULL) {

fprintf(stderr, "Error: %s(): dlsym(): %s\n", __func__, d lerror());
return NaN;

}
dlrunfun(fptr, &retval, hypothetical, x, y);
if(dlclose(handle)!=0) {

fprintf(stderr, "Error: %s(): dlclose(): %s\n", __func__ , dlerror());
return NaN;

}
return retval;

}

Listing 3 — A C program to be compiled to create dynamically loaded librarylibhypothetical.dl.

/* file name: hypothetical.c */
#include<ch.h>
#include<math.h>

/* EXPORTCH must be used */
EXPORTCH double hypothetical_chdl(void *varg) {

ChInterp_t interp;
va_list ap;
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double x;
double y;
double retval;

Ch_VaStart (interp, ap,varg);
x = Ch_VaArg (interp, ap, double);
y = Ch_VaArg (interp, ap, double);
retval = hypot(x, y); /* hypot() is a standard function in lib c.a */
Ch_VaEnd(interp, ap);
return retval;

}

Listing 4 — Makefile

# build dynamically loaded lib libhypothetical.dl

target: Makefile libhypothetical.dl

libhypothetical.dl: Makefile hypothetical.o
ch dllink libhypothetical.dl hypothetical.o

hypothetical.o: hypothetical.c
ch dlcomp libhypothetical.dl hypothetical.c

clean:
rm -f *.o *.dl ../output/*

Output

The value of sqrt(3*3+4*4) = 5

See Also
dlclose(), dlerror (), dlsym(), dlrunfun (), dlcomp, dllink .
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B.4 dlrunfun

Synopsis
#include<dlfcn.h>

int dlrunfun (void * fprt, void * retval, type (* func)(), [void *m class], ...);

Purpose
Run a function in a dynamically loaded library.

Return Value
This function returns 0 on success or -1 value on failure.

Parameters
fptr The address of symbol in a dynamically loaded library returned from functiondlsym().

retval A pointer to the return value of called function. NULL is usedif the called function has return type
of void.

func The name of the function to be called or NULL. Ch will perform the prototype checking if the function
name is used.

m class A pointer to an instant of class. It is used only when a member function of a class is called.

... The arguments of the called function. If third parameterfunc for dlrunfun is NULL, the arguments
will not be checked against the function in definition. In other words, the number of arguments can
be different from that in function definition.

Description
dlrunfun () runs a function in a dynamically loaed object through the address of the symbol returned by
functiondlsym(). The number of variable arguments depends on that of called functionfunc.

Example
A regular function in a dynamically loaded object is called.See example fordlopen().

See Also
dlsym(), dlerror (), dlopen(), dlclose(), dlcomp, dllink .
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B.5 dlsym

Synopsis
#include<dlfcn.h>

void *dlsym(void *handle, const char*symbol);

Purpose
Obtain the address of a symbol in a dynamically loaded library.

Return Value
This routine returns the address of symbol in a dynamically loaded library ifhandlereturned by the function
dlopen() is valid, otherwise returns NULL.

Parameters
handle The parameter returned by routinedlopen() for symbol search. In HP-UX, if handle isNULL, the

symbol will be searched in the original program.

symbol The symbol to be searched in the dynamically loaded library.For an exported symbol, it shall be
declared with type qualifierEXPORTCH .

Description
The functiondlsym() locates symbol within the dynamically loaded library. The application can then refer-
ence the data or call the function defined by the symbol using functiondlrunfun ().

Example
Seedlopen().

See Also
dlclose(), dlerror (), dlopen(), dlrunfun ().

347



Appendix C

Commands

All native commands, such ascp in Unix anddir in Windows, are valid in the Ch language environment.
The Ch specific commands are described in this documentation.
Commands

Command Description

c2chf Generate a C file for dynamical loaded library and Ch functionfiles
from a C header file

dlcomp Compile a C/C++ file to generate an object file for dynamical loaded library
dllink Link object files to create a dynamical loaded library
pkginstall.ch Install a Ch package
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C.1 c2chf

Synopsis
c2chf headerfile [-h handle] [ -v] [ -i c head1.h] [ -i c head2.h] ... [-i chf header1.h] [ -i chf header2.h]...
[−r return value file] [-o cdirectory for c output file] [ -o chf directory for chf output files]
[−s cstructdefname ] [-s structdefname2]
[−l func vfunc] [-l func2 vfunc2]

Purpose
Generate a C file for dynamically loaded library and Ch function files from a C header file.

Description
This program will generate .c and .chf files from a C header file. The .chf files are function files to be used
in the Ch language environment. They are used to create dynamic loaded libraries.c2chf will clean up the
specified C header file by removing all comments. The program then takes the ”clean” version of the C
header file and reads in one function prototype at a time. The program then proceeds to build up a single .c
file for each individual C header file, and separate .chf files for each function prototype. The user can use the
command line flags to specify which header files to include in the .c file or the .chf files. The program allows
for multiple header files to be included. If the error return values are known for the function prototypes, the
user can create a two column list consisting of a function name and its error return value. The program
will then proceed to read from this file and store each pair of function name and return value into a struct.
During the building process of the .chf files, the program will search for the current function name in the
struct containing the error return values. If a match is made, the program will use the user specified error
return value in place of the default values. This process will continue until the end of the C header file is
reached.

Options
-h: Allows user to specify handle for .chf files. If no handle is specified, Ch headerfile handle will be

used as the default handle.

-i Allow user to include header files in the .c and .chf files." -i c head1.h" will place the specified header
file head1.hin the .c file. " -i chf header1.h" will place the specified header fileheader1.hin
all the .chf files. Option-i can be used multipel times to include multiple header files asshown
in the above Synopsis for header fileshead1.h and head2.h for .c file andheader1.h and
header2.h for .chf files. If the user does not use the ”-i” flag, then the default include files will be
”ch.h” and ”headerfile.h”.

-r Allow the user to include a file which contains a list of function names and their error return values. (For
example: sin NaN) The default error values that will be used if this flag is not selected are NULL for
functions returning a pointer type, and -1 for all other functions with return values. There is no return
value for functions of type void.

-o Allow the user to specify a directory to place output files. Option -o c specifies the directorydirec-
tory for c output file for a .c file. Option -o chf specifies the directory
directory for chf output filesfor .chf function files. By default, both .c file and .chf files are placed in
the directory ./headerfile.
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-v Print out the processed functoins and statistics.

-s Allow the user to specify a typedefed structure name as return type for a function returning a structure.
This option can be used multiple times for different typedefed structure names.

-l To handle functions with variable number of arguments. The functionfunc() of a variable number of
arguments and its corresponding functionvfunc() with a fixed number of arguments are specified
following option -l. This option can be used multiple times for multiple functions with variable
number of arguments.

Notes

1. The header may need to be cleaned up first. Comments can remain but all preprocessor directives,
such as #define and typedefs, must be removed manually or using functionprocesshfile().

2. If a directory already exists with the same name as the current header file or user specified directory,
the directory will be used. The.chf files and chdl.c file will be overwritten if they exist.

3. The commandc2chf can handle functions with arguments of pointer to structureor or functions that
return a pointer to structure. It can handle functions with arguments of structure type.

4. Although .chf and chdl functions for a function returningstructure type are different from those for
refular functions as described in section 5.6, the commandc2chf also can handle a function that
returns structure if the function return type is represented in the form ofstruct tagname . If the
function return type is represented using a typedefed structure name such asstructdefname , the
option -s structdefname needs to be used.

5. Similar to handling functions returning structure type,the commandc2chf can also handle function
with variable number arguments such asint func(int i, ...) , if there is a corresponding
function of int vfunc(int i, va list ap) as described in 5.5. Otherwise, it needs to be
handled manually.

6. The commandc2chf cannot handle functions with argument type of pointer to function or functions
that return pointer to function. These specicial functionsneed to be handled manually and they need
to be removed from a header file using function or using function removeFuncProto(), before the
header file can be processed by the commandc2chf.

Example 1
How to include a header file in a .c and .chf file.

c2chf example.h-i c header1.h-i chf header2.h
Example 2

Multiple -i statements are acceptable. The following example shows howto include a user specified
handle in the .chf files and specify directories for the output files:

c2chf example.h-h Chexamplehandle-o c tempdir c -o chf tempdir chf
Example 3

The commands below

processhfile("extern", 0, ";", "math.h", "chfcreate/mat h.h", NULL);
c2chf chfcreate/math.h -h _Chmath_handle -r math_err -o c c \

-o chf chf -s structdef_t -l func5 vfunc5
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first extract function prototypes using functionprocesshfile()from a header filemath.h and saved the pro-
totypes inchfcreate/math.h . Commandc2chfthen process function prototypes in filechfcreate/math.h
to create the corresponding .c and .chf files inc andchf directories, respectively. Functionsfunc3() and
func4() return structure. Because the return type of functionfunc4() is represented in a typedefed
structure namestructdefname t , it is handled with option-o structdefname t for command
c2chf. Function

int func5(int a, ...);

has a variable number of arguments. If the correpsonding function with a fixed number of arguments

int vfunc5(int a, va_list ap);

exists, it can be handled by option-l func5 vfunc5 .

Listing 1 –math.h

struct tag {int i;
float f;

};
typedef struct tag2 {int i;

float f;
} structdef_t;
extern double erf(double x);
extern double hypot(double x, double y);
extern struct tag func3(int n); /* return struct */
extern structdef_t func4(int n); /* return struct */
extern int func5(int n, ...); /* argument of ... */
extern int vfunc5(int n, va_list ap); /* argument of va_list */

Listing 2 –chfcreate/math.h

double erf(double x);
double hypot(double x, double y);
struct tag func3(int n);
structdef_t func4(int n);
int func5(int n, ...);
int vfunc5(int n, va_list ap);

Listing 3 –math err

erf NaN
hypot NaN

Listing 4 –c/math chdl.c

#include <math.h>
#include <ch.h>

EXPORTCH double erf_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
double x;
double retval;
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Ch_VaStart(interp, ap, varg);
x = Ch_VaArg(interp, ap, double);
retval = erf(x);
Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH double hypot_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
double x;
double y;
double retval;

Ch_VaStart(interp, ap, varg);
x = Ch_VaArg(interp, ap, double);
y = Ch_VaArg(interp, ap, double);
retval = hypot(x, y);
Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH void func3_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int n;
struct tag *retval;

Ch_VaStart(interp, ap, varg);
retval = Ch_VaArg(interp, ap, struct tag *);
n = Ch_VaArg(interp, ap, int);
*retval = func3(n);
Ch_VaEnd(interp, ap);

}

EXPORTCH void func4_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int n;
structdef_t *retval;

Ch_VaStart(interp, ap, varg);
retval = Ch_VaArg(interp, ap, structdef_t *);
n = Ch_VaArg(interp, ap, int);
*retval = func4(n);
Ch_VaEnd(interp, ap);

}

EXPORTCH int func5_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int n;
ChVaList_t ap_ch;
void *ap_c;
void *memhandle;
int retval;

Ch_VaStart(interp, ap, varg);
n = Ch_VaArg(interp, ap, int);
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ap_ch = Ch_VaArg(interp, ap, ChVaList_t);
ap_c = Ch_VaVarArgsCreate(interp, ap_ch, &memhandle);
retval = vfunc5(n, ap_c);
Ch_VaVarArgsDelete(interp, memhandle);
Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH int vfunc5_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
int n;
ChVaList_t ap_;
void *ap_c;
void *memhandle;
int retval;

Ch_VaStart(interp, ap, varg);
n = Ch_VaArg(interp, ap, int);
ap_ = Ch_VaArg(interp, ap, ChVaList_t);
ap_c = Ch_VaVarArgsCreate(interp, ap_, &memhandle);
retval = vfunc5(n, ap_c);
Ch_VaVarArgsDelete(interp, memhandle);
Ch_VaEnd(interp, ap);
return retval;

}

Listing 5 –chf/erf.chf

double erf(double x) {
void *fptr;
double retval;

fptr = dlsym(_Chmath_handle, "erf_chdl");
if(fptr == NULL) {

fprintf(_stderr, "Error: %s(): dlsym(): %s\n", __func__, dlerror());
return NaN;

}
dlrunfun(fptr, &retval, erf, x);
return retval;

}

Listing 6 –chf/hypot.chf

double hypot(double x, double y) {
void *fptr;
double retval;

fptr = dlsym(_Chmath_handle, "hypot_chdl");
if(fptr == NULL) {

fprintf(_stderr, "Error: %s(): dlsym(): %s\n", __func__, dlerror());
return NaN;

}
dlrunfun(fptr, &retval, hypot, x, y);
return retval;

}

Listing 7 –chf/func3.chf
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struct tag func3(int n) {
void *fptr;
struct tag retval;

fptr = dlsym(_Chmath_handle, "func3_chdl");
if(fptr == NULL) {

fprintf(_stderr, "Error: %s(): dlsym(): %s\n", __func__, dlerror());
return retval;

}
dlrunfun(fptr, NULL, NULL, &retval, n);
return retval;

}

Listing 8 –chf/func4.chf

structdef_t func4(int n) {
void *fptr;
structdef_t retval;

fptr = dlsym(_Chmath_handle, "func4_chdl");
if(fptr == NULL) {

fprintf(_stderr, "Error: %s(): dlsym(): %s\n", __func__, dlerror());
return retval;

}
dlrunfun(fptr, NULL, NULL, &retval, n);
return retval;

}

Listing 9 –chf/func5.chf

int func5(int n, ...) {
void *fptr;
va_list ap_ch;
int retval;

va_start(ap_ch, n);
fptr = dlsym(_Chmath_handle, "func5_chdl");
if(fptr == NULL) {

fprintf(_stderr, "Error: %s(): dlsym(): %s\n", __func__, dlerror());
return -1;

}
dlrunfun(fptr, &retval, func5, n, ap_ch);
va_end(ap_ch);
return retval;

}

Listing 10 –chf/vfunc5.chf

int vfunc5(int n, va_list ap_) {
void *fptr;
int retval;

fptr = dlsym(_Chmath_handle, "vfunc5_chdl");
if(fptr == NULL) {

fprintf(_stderr, "Error: %s(): dlsym(): %s\n", __func__, dlerror());
return -1;

}
dlrunfun(fptr, &retval, vfunc5, n, ap_);
return retval;

}
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See Also
processhfile(), removeFuncProto(), pkginstall.ch.
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C.2 dlcomp

Synopsis
dlcomp libname filename1.c[filename2.c...] [option] ...
dlcomp libname[-]cplusplus filename1.cpp[filename2.cpp...] [option] ...

Purpose
To compile a C or C++ file to create an object file for building a dynamically loaded library in Ch.

Description
dlcomp creates an object file, with extensions .o in Unix and .obj in Windows, from the user inputed C and
C++ files with extensions .c and .cpp, respectively. These object files will be used for building a dynamically
loaded library in Ch. Commanddlcomp can compile both C and C++ programs using the native C or C++
compiler provided by the operating system vendor. The object file will then be linked to form a dynamically
loaded library specified by the user with file extension dl. Multiple C or C++ files can be specified at once
on the command line. Each C/C++ file will be executed separately. The following are predefined macros
that will be used during execution: ”REENTRANT”, ”NeedFunctionPrototypes”.dlcomp also uses the
following header file which are included by default: ”/include/X11/Ch” dlcomp has been tested for C
and C++ compilers on the following platforms: Windows, Linux, Mac OS X, Solaris, HPUX, FreeBSD,
and QNX. If dlcomp is run on any other platform besides the ones listed above, the program will give the
following error message: ”Error: unknown OS for dlcomp”.

In Windows with VC++, if the libname has surfix .dl, the command will compile the source code to use
the multi-thread dynamically loaded system library.

In commanddlcomp, one of the following macros: WINDOWS, LINUX, LINUXPPC, DARWIN, SO-
LARIS, HPUX, FREEBSD, and QNX, will be defined for the platform in use. With these macros, the users
can write portable code which behaves differently in different platform, for example

#if defined(HPUX) /* code for HP-UX */
size = 4;

#elif defined(SOLARIS) /* code for Solaris */
size = 8;

#elif defined(LINUX) || defined(LINUXPPC) || defined(WIN DOWS)
/* code for Linux and Windows */

size = 16;
#else /* code for others */

size = 32;
#endif

When the above source code fragment is compiled withdlcomp, only one statement is used according to
different platforms. In HP-UX, the statement

size = 4;

will be used, whereas in Linux and Windows,

size = 16;
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will be used.
Options
cplusplus: Commanddlcomp uses C++ compile to compile the program.

Notes

Platform Predefined Macros

Win32 WINDOWS, POSIX
Linus for Intel PC LINUX
Linus for PowerPC LINUXPPC
Mac OS X DARWIN
Solaris SOLARIS
HPUX HPUX, PROTOTYPES,HPUX SOURCE, HPUXOS
FreeBSD FREEBSD
QNX QNX

See Also
dlopen(), dlerror (), dlsym(), dlrunfun (), dlclose(), dlfcn.h, ch.h.
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C.3 dllink

Synopsis
dllink libname.dl[[-]cplusplus] [ -embedded] objname1.o[objname2.o...] [option] ...
dllink cmdname[[-]cplusplus ] [ -embedded] objname1.o[objname2.o...] [option] ...
dllink cmdname.exe[[-]cplusplus ] [ -embedded] objname1.obj[objname2.obj...] [option] ...
dllink libname.dl[[-]cplusplus] [ -embedded] objname1.obj[objname2.obj...] [option] ...

Purpose
To build a dynamically loaded library in Ch.

Description
Commanddllink dynamically links all the specified object files together to build dynamically loaded libary.

Commanddllink has been tested on these platforms: Solaris, HPUX, Linux, Win32. If dllink is run on
any other platform besides the ones listed above, the program will give the following error message: ”Error:
unknown OS for dllink”.
If the first argumentlibname.dl following commanddllink is ended with file extension .dl, a dynam-
ically loaded librarylibname.dl will be created. If the first argumentcmdname following command
dllink is not ended with file extension .dl,dllink links the object files with file extension .o or .obj to create
an executable binary command namedcmdnameor cmdname.exe in Unix and Windows, respectively. This
can be used for testing purposes since all undefined externalvariables will be displayed.
Options
-cplusplus: This option will perform different tasks depending on whichplatform is used.

Platform Action Taken

Solaris -lCrun flag will be included.
Linux g++ will be used instead of gcc
HPUX -lC flag will be included.

-embedded: This option shall be added when building applications with Embedded Ch.
Notes

1. All the desired object files can be listed one after the other, but the total number of characters cannot
exceed 4096 in a command line or a dllink error will occur.

See Also
dlopen(), dlerror (), dlsym(), dlrunfun (), dlclose(), dlfcn.h, ch.h.

358



Chapter C: Functions for Building Dynamiaclly Loaded Library pkginstall.ch

C.4 pkginstall.ch

Synopsis
pkginstall.ch [-u] [-d directory] pkgname

Purpose
To install a Ch package.

Description
By default, pkginstall.ch installs a packagepkgname in the current directory into the
CHHOME/package/pkgname and copies required header files inpkgname/include into the
CHHOME/toolkit/include directory. If the user has no permission to installpkgname in
CHHOME/package/pkgname , it installspkgname in HOME/pkgname.

If you want to install ch package into your preferred directory, you can specify it in the comand line. Dur-
ing the installation, it will modify_ipath and_ppath in .chrc in Unix or chrc in Windows in the user
home directory. During installation, an installation file is created under theCHHOME/package/installed
directory with a list of the installed directories and files.

pkginstall.ch can also uninstall a Ch Package by removing header files installed into the
CHHOME/toolkit/include directory and the package in theCHHOME/packagedirectory based on
the corresponding package file inCHHOME/package/installed directory.

Options
-u uninstallation.

-d install a package in adirectory.

Example

(1) uninstall chpng:
pkginstall.ch -u chpng

(2) install chpng in the default directory:
pkginstall.ch chpng

(3) install chpng to a user specified directory:
pkginstall.ch -d /your/preferred/directory chpng

See Also
processhfile(), removeFuncProto(), c2chf.
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Functions for Building Dynamiaclly Loaded
Library

The utility functions for automatically building dynamically loaded library with file extension .dl from
header files are described in this appendix. A complete working example with source code for automatically
building dynamically loaded library based on header files isavailable at the directory
CHHOME/toolkit/demos/SDK/chapters/runc2chfdll/sample in the distribution of Ch SDK.

Functions for Building Dynamiaclly Loaded Library

Function Description

processcfile Comment out special functions in a C program created by command c2chf .
processhfile Process a header file readily for commandc2chf to create

function files and a C program for building a dynamically loaded library.
removeFuncProto Remove function prototypes for special functions in a header file.
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D.1 processcfile

Synopsis
int processcfile(char *dirname, char * filename);

Purpose
Comments out special functions infilenamebased on functions in .c files under directorydirname.

Return Value
This function returns 0 on success and negative value on failure.

Parameters
dirname The directory where the chdl C programfilenameand other C programs with special functions are

located.

filenameA chdl C program created by commandc2chf . It must located in the directorydirname.

Description
This function comment out special functions infilenamebased on functions in other C programs with file
extension .c in the directorydirname. Special functions such as functions returning data type ofstruct or
functions with argument or return type of pointer to functions have to be handled manually. The interface
programs to special functions shall be located in the directory dirname. This function is deplicated. Use
functions removeFuncProto() instead.

See Also
processhfile(), removeFuncProto().
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D.2 processhfile

Synopsis
int processhfile(char *starttok, int flag, char * endtok, char * filefrom, char * fileto, char * deletefunc-
macro);

Purpose
Process a header file readily for programc2chf to create function files and a C file for building a dynami-
cally loaded library.

Return Value
This function returns 0 on success and negative value on failure.

Parameters
starttok The start token for a function prototype such asextern starting at a new line.

flag A flag of 1 for keeping the start token, 0 for remove start tokenin the processed header file.

endtok The end token for a function prototype such as “;”.

filefrom The original header file.

fileto The processed header file for programc2chf .

deletefuncmacroFunction macro to be deleted.

Description
This function processes the orginal header file passed as theargument offilefrom and creates a new file
passed back as the argument offileto . Only function prototypes starting with the tokenstarttok and
ending tokenendtok will be kept in the filefileto . If the flag is 1, the starting token passed through
starttok will be kept in the output file. Otherwise, the start token will be discarded in the output. If the
stringstarttoke is ”?”, as shown below

processhfile("?", 1, ";", "input.h", "output.h",NULL);

all the function definitions in fileinput.h will be kept except comments, typedef, define, struct, union,
enum, and so on. This is only used in the case in which you can’tfind out onestartrtok to extract
functions. It is not recommanded to use ”?”. If the first character of stringstarttok is ’*’, all characters
starting from the beginning of a line till token instarttok will be kept. In this case,flag must be 1. If
there is a space between first character ’*’ and token instarttok , the space is needed to make the token
effective. The function will remove function calls defined as a macro if the macro to be deleted is passed
through the argumentdeletefuncmacro . If the passed argument fordeletefuncmacro is NULL,
no macro will be deleted.

Example
Assume that an orignal header filesample/chsample/include/sample.h contains
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#ifndef SAMPLE_H
#define SAMPLE_H

#ifdef _CH_
#pragma package <chsample>
#include <chdl.h>
LOAD_CHDL(sample);
#endif

/* func1() and func2() use sin() and hypot() in math.h */
#include <math.h>
#include <stdio.h>

#if defined(_WIN32)
#define EXPORT _declspec(dllexport)
#else
#define EXPORT
#endif

typedef int (*FUNPTR)(int n);

EXPORT extern double func1(double x);
EXPORT extern double func2(double x, double y);
EXPORT extern int func3(FUNPTR fp, int n); /* arg is pointer t o func */

#endif /* SAMPLE_H */

Function call

processhfile("EXPORT", 0, ";", "sample/chsample/includ e/sample.h",
"chfcreate/sample.h", NULL);

will create the filechfcreate/sample.h with the following contents.

extern double func1(double x);
extern double func2(double x, double y);
extern int func3(FUNPTR fp, int n);

As another example, if the original header fileexample.h is given below

#include <ff.h>
#typedef int INTTYPE
struct{

int a,
void * l,

};

int CALLBACK func1();
CALLBACK double func2();
void CALLBACK func3();
int func4();
void func5();
double func7();
double func8( int i,

char * text,
float t
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);

void CALLBACK func9(
int i,
int j,
char *k,
double t);

CALLBACK func10(int a, int b,
double p,
char point,
doubel dd

);

Execution of program below

int main(){
processhfile("* CALLBACK", 1, ";", "example.h", "example 1.h",NULL);
processhfile("*CALLBACK", 1, ";", "example.h", "example 2.h",NULL);
return 0;

}

will create two filesexample1.h andexample2.h as follows.
File example1.h

int CALLBACK func1();
void CALLBACK func3();
void CALLBACK func9(

int i,
int j,
char *k,
double t);

File example2.h

int CALLBACK func1();
CALLBACK double func2();
void CALLBACK func3();
void CALLBACK func9(

int i,
int j,
char *k,
double t);

CALLBACK func10(int a, int b,
double p,
char point,
doubel dd

);

See Also
removeFuncProto(), processcfile().
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D.3 removeFuncProto

Synopsis
int removeFuncProto(char *filename, char * funcname, int keepNum);

Purpose
Remove a function prototypefuncnamefor special functions in filefilename.

Return Value
This function returns 0 on success and negative value on failure.

Parameters
filenameA header file created by functionprocesshfile() .

funcnameThe function name for which it will be removed from the filefilename .

keepNumAn integral value indicates how function prototypes are removed.

Description
This function removes function prototypefuncname for special functions infilenameSpecial functions
such as functions returning data type of struct or functionswith argument or return type of pointer to func-
tions have to be handled manually. IfkeepNum is 0 or negative, remove all occurances of the function
prototype. IfkeepNum is larger than 0, keep the keepNumth function prototype.

Example
Assume filechfcreate/sample.h contains

double func1(double x);
double func2(double x, double y);
TAG func3(int n);
int func4(int n);
int func4(float);
int func5(int n);
int func5(float);
int func5(double d);

After the following function calls

removeFuncProto("chfcreate/sample.h", "func3", 0);
removeFuncProto("chfcreate/sample.h", "func4", 0);
removeFuncProto("chfcreate/sample.h", "func5", 2);

file chfcreate/sample.h will contain

double func1(double x);
double func2(double x, double y);
int func5(float);
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See Also
processhfile().
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Appendix E

Porting Code with Ch SDK APIs to the
Latest Version

E.1 Porting Code with Ch SDK APIs from Ch v5.5 to Ch v6.0

The bool type in Ch has been changed from char to int in Ch 6.0. The interface for abool type in Ch
from C++ should be changed from

value = Ch_VaArg(interp, ap, char);

to

value = Ch_VaArg(interp, ap, int);

E.2 Porting Code with Ch SDK APIs to Ch Version 5.1

Ch versions 5.0.3 and higher use data typeChVaList t defined in header filech.h, instead ofva list defined
in header filestdarg.h, to represent in the C space for a variable number of arguments in the Ch space. Many
APIs defined in header filesch.h andembedch.hfor in Ch SDK and Embedded Ch, respectively, shall be
changed to this new data type. For example, the programfunc chdl.c below

EXPORTCH double func_chdl(void *varg) {
ChInterp_t interp;
va_list ap;
double x;
double retval;

Ch_VaStart(interp, ap,varg);
x = Ch_VaArg(interp, ap, double);
retval = func(x);
Ch_VaEnd(interp, ap);
return retval;

}

should be changed to
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EXPORTCH double func_chdl(void *varg) {
ChInterp_t interp;
ChVaList_t ap;
double x;
double retval;

Ch_VaStart(interp, ap,varg);
x = Ch_VaArg(interp, ap, double);
retval = func(x);
Ch_VaEnd(interp, ap);
return retval;

}

E.3 Porting Code with Ch SDK APIs to Ch Version 5.0.0

Ch version 5.0 supports multi-threads. Like Embedded Ch SDKAPIs, all Ch SDK APIs need a valid
instance of Ch interpreter of typeChInterp t as their first argument. Ch SDK APIs starting with a prefix
Ch Va shall add such an argument, i.e.,

Ch_XXX(NULL, ...);

should be changed to

Ch_XXX(interp, ...);

For example, the programfunc chdl.c below

EXPORTCH double func_chdl(void *varg) {
va_list ap;
double x;
double retval;

Ch_VaStart(ap,varg);
x = Ch_VaArg(ap, double);
retval = func(x, y);
Ch_VaEnd(ap);
return retval;

}

should be changed to

EXPORTCH double func_chdl(void *varg) {
ChInterp_t interp;
va_list ap;
double x;
double retval;

Ch_VaStart(interp, ap,varg);
x = Ch_VaArg(interp, ap, double);
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retval = func(x);
Ch_VaEnd(interp, ap);
return retval;

}

Such modifications can be done automatically by running a Ch programport47to50.ch . For example,
file func chdl.c can be modified asnew func chdl.c as follows.

ch port47to50.ch func_chdl.c new_func_chdl.c

Programport47to50.ch added

ChInterp_t interp;

and argumentinterp for functionsCh VaStart(), Ch VaArg (), andCh VaEnd().
To interface a C function with argument or return type of pointer to function, a valid Ch instance shall

be used. A Ch interpreter instance obtained from functionCh VaStart() can be assigned to a static variable
or passed from function argument. For example, the programfuncptr chdl.c below

#include <ch.h>

typedef int (*FUNPTR)(int n);
static int fp_funarg(int n);
static void *fp_funptr;

EXPORTCH int func1_chdl(void *varg) {
va_list ap;
FUNPTR fp_ch, fp_c;
int n;
int retval;

Ch_VaStart(ap, varg);
fp_ch = Ch_VaArg(ap, FUNPTR);
n = Ch_VaArg(ap, int);
fp_funptr = (void *)fp_ch;
if (fp_ch != NULL) {

fp_c = (FUNPTR)fp_funarg;
}
retval = func1(fp_c, n);
Ch_VaEnd(ap);
return retval;

}

static int fp_funarg(int n) {
int retval;
Ch_CallFuncByAddr(NULL, fp_funptr, &retval, n);
return retval;

}

should be changed to
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#include <ch.h>

typedef int (*FUNPTR)(int n);
static ChInterp_t interp;
static int fp_funarg(int n);
static void *fp_funptr;

EXPORTCH int func1_chdl(void *varg) {
va_list ap;
FUNPTR fp_ch, fp_c;
int n;
int retval;

Ch_VaStart(interp, ap, varg);
fp_ch = Ch_VaArg(interp, ap, FUNPTR);
n = Ch_VaArg(interp, ap, int);
fp_funptr = (void *)fp_ch;
if (fp_ch != NULL) {

fp_c = (FUNPTR)fp_funarg;
}
retval = func1(fp_c, n);
Ch_VaEnd(interp, ap);
return retval;

}

static int fp_funarg(int n) {
int retval;
Ch_CallFuncByAddr(interp, fp_funptr, &retval, n);
return retval;

}

Such modifications can be done automatically by a Ch programport47to50.ch with option-s . For
example, filefuncptr chdl.c can be modified asnew funcptr chdl.c as follows.

ch port47to50.ch -s funcptr_chdl.c new_funcptr_chdl.c

Programport47to50.ch added

static ChInterp_t interp;

and argumentinterp for functionsCh VaStart(), Ch VaArg (), andCh VaEnd(). It also changed

Ch_CallFuncByAddr(NULL, fp_funptr, &retval, n);

to

Ch_CallFuncByAddr(interp, fp_funptr, &retval, n);
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CH CARRAYPTR, 281, 311
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CH DOUBLETYPE,seemacro
CH ERROR, 283
Ch ExprCalc(), 265
Ch ExprEval(), 265
Ch GetSymbol(), 280
Ch GloablSymbolAddrByName(), 280

371



Chapter E: Functions for Building Dynamiaclly Loaded Library

Ch GlobalSymbolAddrByName(), 22, 198, 284, 288,
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CH UNDEFINETYPE, 306
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Ch VaArrayExtent(), 18, 19, 93, 280,304, 317
Ch VaArrayNum(), 280,305
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336, 337
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337, 337
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Ch VaStructAddr(), 280
Ch VaStructSize(), 280
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Ch VaUserDefinedName(), 18, 280,324
Ch VaUserDefinedSize(), 18, 280,327
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Ch VaVarArgsDelete(), 18,20, 20, 71, 281, 328,331
Ch Version(), 281,338
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char *, 92
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file, 11, 15, 24, 36
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chf file, 10, 24, 36
chf function, 214
ChInfo t, 279

edition, 279
releasedate, 279
verbuild, 279
vermajor, 279
vermicro, 279

verminor, 279
version, 279

ChInterpt, 15, 279
chrc, 2, 4
chsdkbc.lib, 3
ChTypet, 279, 281
ChVaList t, 15, 20, 279, 302, 303, 305, 309
class

destructor, 214
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complex, 59
copyright, ii
cplusplus, 8, 356, 358

data type, 308
default system function, 159
destructor, 214
dlclose(), 14, 17, 55, 56, 340,341, 342, 343
dlcomp, 5, 6, 8, 9, 16, 30, 348,356, 356
dlcomp.exe, 9
dlerror(), 14, 17, 340,342
dlfcn.h, 17, 55, 56
DLL, 10–12, 29, 56
dllink, 5, 6, 9, 30, 343, 348,358
dllink.exe, 9
dlopen(), 11, 12,14, 14, 17, 55, 56, 340–342,343, 346,

347
dlrunfun(), 14, 17, 55, 56, 60, 110, 213, 340, 343,346,

347
dlsym(),14, 14, 17, 55, 56, 340, 341, 343, 346,347
double, 59, 310
dynamically linked library, 4, 11
dynamically loaded library, 6, 10, 24, 29, 340–343,

346, 347, 349, 356, 358

EXPORTCH,seemacro,seemacro
external variables, 49

fake function, 195
fixed length array, 265
float, 59
free(), 92
FreeBSD, 11, 356
function file, 13

g++, 1
gcc, 1
getenv, 2, 3
global variable, 297
global variables, 49

header file, 13, 16, 17
HP-UX, 1, 4, 11, 356, 358
HPUX, seemcro357
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INCLUDE, 2, 3
Installation of Ch package, 359
instance, 214
int, 59, 310
interface C Libraries from Ch space, 11
interface Ch module from C space, 20

Korn shell, 9

LD LIBRARY PATH, 4
LIB, 2, 3
linked list, 228
Linux, 1, 4, 11, 356, 358
LOAD CHDL(), 27
long, 59

m class, 346
Mac OS X, 356
macro

REENTRANT, 356
ARRAY DIM, 100
CH DOUBLETYPE, 310
CH INTTYPE, 310
EXPORTCH, 56, 57, 347
HPUX, 357
NeedFunctionPrototypes, 356
RTLD LAZY, 343
RTLD NOW, 343
SOLARIS, 357
WINDOWS, 357

macros
DARWIN, 356
FREEBSD, 356
HPUX, 356
LINUX, 356
LINUXPPC, 356
QNX, 356
SOLARIS, 356
WINDOWS, 356

make, 5, 7, 8, 30, 32
Makefile, 5, 8, 9, 16, 30
Makefile.win, 6–8, 30
member functions, 211
MingW C/C++, 1

NeedFunctionPrototypes,seemacro
nmake, 5, 7, 30, 32

PATH, 4
path

compiler, 1
dynamically linked library, 4
Shared library, 4
shared library, 4
Sharedlibrary, 4

pkgcreate.ch, 40
pkginstall.ch, 34, 48, 348,359
pointer to function, 109
processcfile, 360
processcfile(),361
processhfile, 360
processhfile(), 43, 350,362
putenv, 2, 3

QNX, 4, 11, 356

relocatable object, 11
removeFuncProto(), 43,365
removeFuncPrototo(), 350
RTLD LAZY, 14, 14, 340,seemacro
RTLD NOW, 340,seemacro

shape(), 93, 266
shared library, 11
SHLIB PATH, 4
short, 59
simple data type, 59
simple type, 223
SOLARIS,seemcro357
Solaris, 1, 4, 11, 356, 358
static library, 11
stradd(), 2, 3
string t, 2, 3, 59, 90, 92
sum2d(), 266

template of calling Ch function from C space
argument

arrays of reference, 267
assumed-shape array, 265
variable length array, 265

template of class and member function
argument

class, 252, 255
simple type, 223

constructor, 211
definition, 211
destructor, 211
return value

class, 252
simple type, 224

static
class, 255

template of pointer to function, 109
argument

no return value and argument, 109
pointer to void, 204
with return value, 116

as argument
no return value and argument, 109
with argument, 118
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with return value and argument, 120
return value, 152

default system function, 195
template of regular function, 55

argument
array, 65
boolean, 264
simple type, 59
special data type, 90
string t, 90
variable length argument list, 70
variable length array, 92

return value
Ch computational array, 99
simple type, 62
struct, 86
variable length array, 103

typedef, 110
typographical conventions, iv

Unix, 1, 5, 7–9, 356

va arg(), 20
va count(), 249
va elementtype(), 249
va list, 61, 70
VA NOARG, 82
va start(), 20, 71, 249
variable argument list, 20

C, 20
Ch, 20

variable length argument, 265
variable length argument list, 78, 328, 331, 332, 334,

336, 337
variable length array, 265
Visual C++, 1–3
VLA, seevariable length argument

WINDOWS,seemcro357
Windows, 1, 2, 4, 5, 7, 11, 356, 358

374


	Preface
	Portable Compilation and Linking of C/C++ Programs in Different Platforms
	How to Setup Ch for Compilation
	Tested C/C++ Compilers
	Setting Up Ch in Unix and Linux
	Setting Up Ch in Windows
	Using Microsoft Visual .NET and Visual C++
	Using Borland C++ Compiler


	Set Paths for Shared Libraries
	Dynamically Linked Library Paths for Windows
	Shared Library Paths for Solaris, Linux, and QNX
	Shared Library Paths for HP-UX

	Compile and Link C Programs
	Compile and Link C++ Programs
	Use Ch Programs Inside Makefiles

	Interfacing Binary Modules Using Dynamically Loaded Libraries
	File Extensions and File Types in Ch Space
	File Extensions and File Types in C Space
	Interfacing C Libraries From Ch Space
	A Simple Example
	Files in Ch Space
	Files in C Space

	APIs in Header File dlfcn.h in Ch Space
	Mandatory APIs in Header File ch.h in C Space
	APIs Getting Information about Argument List
	Arguments Number and Type
	Arguments of Pointer To Function
	Arguments of Array Type
	Variable Argument Lists


	Callback Ch Functions From C Space

	Calling Multiple Functions From a Library
	Preparing to Build a Dynamically Loaded Library
	Building a Dynamically Loaded Library
	Setting Up the Paths and Running Ch Programs
	Setting Up Paths for a Toolkit
	Setting Up Paths for a Package

	Generating chf and chdl Files Using Command c2chf
	Creating Interface to C Library Using a Script Program
	Creating a Package Using pkgcreate.ch
	Installing a Package Using pkginstall.ch


	Accessing Global Variables in C Space
	Templates for Calling Regular C Functions
	Functions without Return Value or Argument
	Functions with Arguments of Simple Type
	Functions with Return Value of Simple Type
	Functions with Arguments of Array
	Functions with an Argument List of Variable Length
	Using Functions with Argument of va_list Type
	Calling Function Multiple Times
	Limited Number of Arguments

	Functions with Return Value of Struct Type
	Functions with Arguments of Special Data Type
	Functions with Arguments of Type string_t
	Functions with Arguments of Variable Length Arrays (VLAs)
	Assumed-Shape Array
	Array of Reference

	Functions with Return Value of Ch Computational Array
	Functions with Return Value of Variable Length Computational Array


	Templates for Functions with Pointer to Function
	Functions with Arguments of Pointer to Function in C space
	Pointer to Function without Return Value and Argument in C space
	Pointer to Function with Return Value
	Pointer to a Function with Arguments
	Pointer to Function with Both Return Value and Arguments
	Pointer to Struct with a Field of Pointer to Function
	Arguments of Array of Function
	Pointer to Function with Variable Number of Arguments
	Pointer to Function Having Different Number of Arguments

	Functions with Return Value of Pointer to Function
	Pointer to Function without Return Value and Argument
	Pointer to Function with Return Value
	Pointer to Function with Arguments
	Pointer to Function with Return Value and Arguments

	Special Cases
	Function with Return Value of Pointer to Default System Function
	Functions with Pointer to Function containing Argument of Pointer to Void


	Interfacing Classes and Member Functions in C++
	Class Definition, Constructor and Destructor
	Member Functions without Return Value and Argument
	Member Functions with Arguments of Simple Types
	Member Functions with Return Values of Simple Types
	Two Complete Examples
	Example of Class with a Regular Member function
	Linked List


	Multiple Classes and Functions with Class of Pointer or Array Type
	Classes with Multiple Constructors
	Member Functions with Return Values and Arguments of Class Type
	Static Member Functions
	C++ Functions with Arguments of Data Type boolean

	Calling Ch Functions with Arguments of VLAs from C Space
	Calling Ch Functions with Arguments of Assumed-Shape Arrays
	Calling Ch Functions with Arguments of Arrays of Reference

	Functions for Dynamically Loaded Library ---<ch.h>
	Ch_CallFuncByAddr
	Ch_CallFuncByAddrv
	Ch_CallFuncByName
	Ch_CallFuncByNamev
	Ch_CallFuncByNameVar
	Ch_CppChangeThisPointer
	Ch_CppIsArrayElement
	Ch_GlobalSymbolAddrByName
	Ch_Home
	Ch_VaArg
	Ch_VaArrayDim
	Ch_VaArrayExtent
	Ch_VaArrayNum
	Ch_VaArrayType
	Ch_VaCount
	Ch_VaDataType
	Ch_VaEnd
	Ch_VaFuncArgDataType
	Ch_VaFuncArgNum
	Ch_VaIsFunc
	Ch_VaIsFuncVarArg
	Ch_VaStart
	Ch_VaUserDefinedAddr
	Ch_VaUserDefinedName
	Ch_VaUserDefinedSize
	Ch_VaVarArgsCreate
	Ch_VaVarArgsDelete
	Ch_VarArgsAddArg
	Ch_VarArgsAddArgExpr
	Ch_VarArgsCreate
	Ch_VarArgsDelete
	Ch_Version

	Interface Functions with Dynamically Loaded Library --- <dlfcn.h>
	dlclose
	dlerror
	dlopen
	dlrunfun
	dlsym

	Commands
	c2chf
	dlcomp
	dllink
	pkginstall.ch

	Functions for Building Dynamiaclly Loaded Library
	processcfile
	processhfile
	removeFuncProto

	Porting Code with Ch SDK APIs to the Latest Version
	Porting Code with Ch SDK APIs from Ch v5.5 to Ch v6.0
	Porting Code with Ch SDK APIs to Ch Version 5.1
	Porting Code with Ch SDK APIs to Ch Version 5.0.0

	Index

