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Preface

Ch is an embeddable C/C++ interpreter. Ch supports all featin the 1ISO 1990 C standard, most new
features in the latest ISO C99 standard including complerbers and variable length arrays, classes in
POSIX, C++, Win32, X/Motif, OpenGL, GTK+, ODBC, WinSock, mehigh-level shell programming,
cross-platform internet computing in safe Ch, computati@mrays for linear algebra and matrix computa-
tions, high-level 2D/3D plotting and numerical computings as differential equation solving, integration,
Fourier analysis. Ch can also be used as a login Unix commiagitl and for high-level scripting such
as shell programming to automate tasks and common gateweyaire in a Web server in both Unix and
Windows.

Ch Software Development Kit (SDK) can be used to develop ohcally loaded libraries for C/C++
scripts (Ch scripts) to interface C/C++ binary libraries.allows Ch scripts to access global variables or
call functions in the compiled C/C++ libraries such as sthlirary, shared library or Dynamically Linked
Library (DLL). Ch scripts can callback Ch functions from G/€libraries functions. There is no distinction
between the interpreted and compiled code. As illustrateBligure[l, functionfunc() in a binary C
library can be called from a Ch script using a wrapper fumctoifunction filefunc.chf  in the Ch space
through a dynamically loaded library with functifunc _chdl() inthe C space developed using Ch SDK.

Ch Space C/C++ Space
C/C++ source code Bi“IE.I_II'JY CYCH
-- Ch Script ibrary
Function call
func(}

Dsmamically

l Loaded Library !

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

Typographical Conventions

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

¢ Interface componentsare window titles, button and icon names, menu names andtisgle, and
other options that appear on the monitor screen or displagy @re presented in boldface. A sequence
of pointing and clicking with the mouse is presented by a eage of boldface words.

Example: ClickOK

Example: The sequen@art-> Programs-> Ch6.1-> Ch indicates that you first sele&tart. Then
select submen&rograms by pointing the mouse oRrograms, followed by Ch6.1 Finally, select
Ch.

e Keycapsthe labeling that appears on the keys of a keyboard, aresettin angle brackets. The label
of a keycap is presented in typewriter-like typeface.

Example: PressEnter>

e Key combination is a series of keys to be pressed simultaneously (unlesswasigeindicated) to
perform a single function. The label of the keycaps is presskm typewriter-like typeface.

Example: PressCtrI><Alt><Enter>

e Commands presented in lowercase boldface are for reference only endat intended to be typed
at that particular point in the discussion.

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

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

Example: “Typeinstall to install the software in the current directory.”
e Command Syntax linesconsist of a command and all its possible parameters. Couisreane dis-
played in lowercase bold; variable parameters (those fachwyou substitute a value) are displayed

in lowercase italics; constant parameters are display&mviercase bold. The brackets indicate items
that are optional.

Example:ls [-aAbcCdfFgilLmnopgrRstux1] [file ...]

e Command lines consist of a command and may include one or more of the commandsible
parameters. Command lines are presented in the typewkitetypeface.

Example:ls /home/username
e Screen textis a text that appears on the screen of your display or exteromitor. It can be a system

message, for example, or it can be a text that you are ingttuottype as part of a command (referred
to as a command line). Screen text is presented in the tyigevikie typeface.

Example: The following message appears on your screen
usage: rm [-fiRr] file ...



Is [-aAbcCdfFgilLmnopqgrRstux1] [file ... ]

e Function prototype consists of return type, function name, and arguments veith type and param-
eters. Keywords of the Ch language, typedefed names, astidamames are presented in boldface.
Parameters of the function arguments are presented in. itdlhe brackets indicate items that are
optional.

Example:double derivative(double (*fung)(double), doubleX, ... [double *err, double h]);
e Source codeof programs is presented in the typewriter-like typeface.

Example: The prograrhello.chwith code

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

}

will produce the outpuHello, world! on the screen.

e Variables are symbols for which you substitute a value. They are ptededn italics.

Example: module (wheren represents the memory module number)

e System Variables and System Filenaraes presented in boldface.

Example: startup fildhome/username/.chraor .chrc in directory/home/username in Unix and
C:\ >_chrc or _chrc in directory C\ > in Windows.

o ldentifiers declared in a program are presented in typewriter-likefggewhen they are used inside
a text.

Example: variablevar is declared in the program.

o Directories are presented in typewriter-like typeface when they ard irsgde a text.
Example: Ch is installed in the directofysr/local/ch in Unix andC:/Ch in Windows.

e Environment Variablesare the system level variables. They are presented in logldfa

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

Other Relevant Documentations

The core Ch documentation set consists of the followingditThese documentation come with the CD and
are installed in CHHOME/docs, where CHHOME is the Ch homediary.

e The Ch Language Environment — Installation and System Astmaition Guide version 6.1, Softin-
tegration, Inc., 2008.

This document covers system installation and configuratisiwell as setup of Ch for Web servers.

e The Ch Language Environment, — User’s Guigersion 6.1, Softintegration, Inc., 2008.
This document presents language features of Ch for varigpigcations.



e The Ch Language Environment, — Reference Guiedision 6.1, Softintegration, Inc., 2008.
This document gives detailed references of functionsseleand commands along with sample source
code.

e The Ch Language Environment, — SDK User's Guiggsion 6.1, Softintegration, Inc., 2008.
This document presents Software Development Kit for iatEny with C/C++ functions in static or
dynamical libraries.

e The Ch Language Environment CGI Toolkit User's Guidarsion 3.5, Softintegration, Inc., 2003.

This document describes Common Gateway Interface in CG$etawith detailed references for each
member function of the classes.

Vi
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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 descal in this document are available in
CHHOMEtoolkit/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++ programfebght platforms and compilers have
different options and settings for compiling a C/C++ praogralo interface Ch script with C/C++ libraries,
a simple and consistent way for compiling a library acroffeint platforms is introduced in this chapter.
The compiling method in this chapter will be applied in thédwing 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. ,Mausneed 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+OHNET 2003) in Windows, Borland
C/C++ compiler v5.5 and Borland CBuilder v6.0 for WindowsingW C/C++ compiler through gcc v3.4.4
for Windows. gccandg++ (Version 2.91 or above) in Linuxsc andc++ (Version 3.3 or above) from Apple
Computer in Mac OS X¢c andCC (Version 5.0 or above) from Sun Microsystem in Solacisand CC
from Hewlett-Packard (Version A.10.32.03 or above) in HR;dc andc++ for FreeBSD 5.1, andc (gcc)
andCC (QCC) from QNX Software Systems for QNX 6.2.1,

To compile the sample C/C++ programs discussed in the fallgwections, 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 systemkis . You can check and see if it
has already been set in Ch shell by typing the command edtiev $PATH or _path . However, if the
compilers are located in other directories or there is naulepath settings, you must add the paths with
the commands for the C and C++ compilers to the system varighlth either in the system startup file



CHAPTER 1. PORTABLE COMPILATION AND LINKING OF C/C++ PROGRMS IN DIFFERENT

PLATFORMS 1.1. HOW TO SETUP CH FOR COMPILATION

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

ch -d

to copy a sample startup file from directory CHHOME/configthie user's home directory if there is no
startup file in the home directory yet. Please r&arUser’s Guiddor more information aboutpath and
chrc .

Below is an example to set PATH for Sun CC compiler by addimgatory/opt/SUNWspro/bin*
for _path :

_path = stradd(_path, "/opt/'SUNWSspro/bin;");

The advantage of using Ch SDK for building interface with €&inary is that no change is needed
for your current building of C/C++ libraries. It mimimizekd changes for your existing code. Once you
have created the library either in Windows IDE or Unix, yon ¢&e 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 filechrc from the directory CHHOME/config/ to the user's home diregti
there is no startup file in the home directory yet. The stafitap/_chrc  in the user's home directory can
be configured to setup the Visual .NET, Visual (VC++), or Bod 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/COMMONT7/IDE;");
putenv(stradd("LIB=C:/Program Files/Microsoft Visual S tudio 8/VCllib;",
"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/VClinclude;",
"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/COMMONT7/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")));
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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/COMMONT7/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/ atimfc/include;",
";", getenv("INCLUDE")));
For VC++ 6.0 installed a€:/Program Files/Microsoft Visual Studio/ , the code below
needs to be added to the startup Tllechrc  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 progranwithbe run in the VC++ environment.

Ch will look through_path to find thecl.exe command that is used to compile programs. THg path
will be searched for libraries. Similarly, tHBICLUDE paths will be searched for the header files.

1.1.3.2 Using Borland C++ Compiler

Executable binary programs and dynamical loaded libram#gndows can also be built using Borland C++
compiler. Examples using Borland C++ compiler. are digteld in Embedded Ch SDK in the directory
CHHOME/toolkit/demos/embedch/Borland . Assume Ch is installed in the directo@/\Ch . To
compile the code using Borland C++ compiler, follow the @hares below.

e The commandC:/Ch/bin/make.exe does not work for Makefile for compiling and linking code
in Borland C++ compiler. Make sure the commaneke.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 ver&dnis used.
the Ch statement below sets up the command search paths sd tha
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_filerc in the user’'s home directory.

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

e Ch librariesch.lib andchsdk.lib are used to create dynamically loaded libraries using ViduE&T
or VC++. Using a Borland compiler, librariesh_bc.lib and chsdkbc.lib, instead ofch.lib and
chsdk.lib, shall be used. These libraries are located in the dire@ai@h/extern/lib
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1.2 Set Paths for Shared Libraries

An executable program has to know where to search for thedHhgraries that has suffixo in Unix or
dynamically linked librariesdll  in Windows. It can only find libraries in the default path. TiHearies

not located in the default path will not be found. Differepeoating systems use different macros for library
paths. Solaris, Linux, and QNX use the environment variallld IBRARY_PATH Windows use$ATH

or _path , and HP-UX use$SHLIB _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. Howevensige can add the library paths jmath
and those paths will be shown up in baplath andPATH

1.2.2 Shared Library Paths for Solaris, Linux, and QNX
The environment variableD_LIBRARY_PATHis used to store the library paths on Solaris, Linux, and
QONX. The default value for this environment variabléusr/ch/extern/lib

1.2.3 Shared Library Paths for HP-UX

HP_UX uses environment variableHLIB _PATH Examples of how these environment variables are setup
can be found in the system startup f@3&lIHOME/config/chrc

1.3 Compile and Link C Programs

PrograniLllsample.h ,is the header file of a C program nanfedc.c

#ifndef SAMPLE_H
#define SAMPLE_H

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

extern double funcl(double x);
extern double func2(double x, double vy);

#endif /* SAMPLE_H */

Program 1.1: Header file sample.h.

Sincefuncl() andfunc2() call functions that are defined in header fil@th.h, math.his included
in sample.h . There are two function declarations in the header filacl() is defined as an external
function that takes an argument of type double and returredwe\of type double. Functiciunc2() is
defined similarly, except that it takes two arguments of tgpable instead of one. Progrdmlif@nc.c
contains the definitions of functioiencl() andfunc2()
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#include "sample.h"

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

}

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

Program 1.2: Function definitiofanc.c

The function declarations will be searchegsample.h  with an#include preprocessing directive at
the very beginning of Program.2. For functidoec1() andfunc2() ,each performs a mathematical
computation and returns the result to the calling functiBrogran{_LB is an application program that uses
funcl() andfunc2()

#include "sample.h"

int main () {

double di, d2;
dl = sin(3.0);
d2 = hypot(3, 4);

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

dl = funcl(3.0);

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

Program 1.3: Testing program (program.c).

To compile the C programfeinc.c , program.c , andsample.h in Unix, the following makefile,
Makefile , can be used. A Makefile is a textual file which is used with thekenutility to build an
executable file or libraries. The commonly used make w@ditre the commardake in Unix, andnmake
in Windows. The commandiicomp in sectio.C.P andllink in sectio.CB are used in Makefile as default
compiler and link-editor. Details of these commands waladissed belovMakefile, make andnmake
are easy to use even for the beginners in our Ch SDK.
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# Make command program
target: program

# -Im for using functions in libm.so
program: program.o func.o
ch dllink program program.o func.o -Im
program.o: program.c
ch dicomp program.dl program.c
func.o: func.c
ch dlcomp program.dl func.c
clean:
rm -f *.0 program

Program 1.4: Makefile for Unix.

The makefile in Prograinl.4 can be used to generate an exkcfilaimamed agprogram .

The commandlicomp anddllink are created to hide the different compiler and platformsi§ipations
from the user, and make the cross platform compilation easid convenient. The commarmticomp
compiles a C or C++ file and produces a binary object file for madyically loaded library. Additional
compiler options such aHMacro to define a macrdlacro can be added at the end of the command
dicomp.

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

Commanddllink links the object files to create an executable binary programdynamically loaded
library. It links the object filepprogram.o andfunc.o together to generaterogram . Please check
more information regarding the commardisomp anddllink in Appendix(C.

Additional link options can be added at the end of the comnaiiitk . For example, additional libraries
to be linked by commandllink can be added by options starting with, The-Im option will link the
program with functions in the librarfibm.so library, although the mathematical library is linked by
commandlllink by default.

To compile them in Windows, the makefilglakefile.win shown in Prograri 115 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 dicomp 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. Haower, Makefile.win generates an
object file with file extensionobj and an executable progrgmogram.exe  with file extensionexe .
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 commadgram at the Unix prompt
or at the Windows prompt. The output from executing the céedpgbrogram is shown below.

sin(3) = 0.141120
hypot(3,4) = 5.000000
funcl(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 Crarag This section describes how to com-
pile C++ programs across different platforms. Progkam &.thé 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).

Prograni_L]7 contains the definition of the functidalloWorld() . This function neither takes argu-
ment nor returns anythindgdelloWorld() 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 Prograni 1.8. The hedédi&lloworld.h  isincluded because
it contains the function prototype. The functiomin() makes a call to functiomdelloWorld() and
exits by returning a zero.

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

int main()

{
HelloWorld();

return O;

Program 1.8: Application program (program.cpp).

# Make command program
target: program

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

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

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

ch dicomp program.dl cplusplus func.cpp
clean:

rm -f *.0 program

Program 1.9: Unix Makefile (Makefile).

The makefile for compiling and linking in Unix is shown in Prag\[I.9. The executablg@rogram ,
that the makefile generates is obtained by compifinggram.cpp andfunc.cpp and then linking
program.o andfunc.o together. This Unix makefile and one introduced in the previsection are
almost the same, except that this one contains the keyemusplus and C++ programs have file exten-
sion.cpp . Adding the keywordplusplus  after the name of the executable instructs comntiodmp
to compile the files with the C++ compiler. To run this makefilge make at the Unix command prompt.

The makefile for Windows is shown in Program1.10. Tyypeake -f Makefile.win at the Win-
dows command prompt, the executaptegram.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 dicomp program.dl cplusplus program.cpp
func.obj:  func.cpp

ch dicomp 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 whanogram is executed.

Hello World from Chl

1.5 Use Ch Programs Inside Makefiles

Sometimes, we may want to use a Ch program in a makefile. Thefitemkuse the prograndilink and
dlcomp in Unix, anddllink.exe anddicomp.exein Windows. There are three ways to run a Ch program in
a Makefile, if we assume thahcmd is a ch command and its first line#d/bin/ch . (Note that the line
#l/bin/ch indicates that the file is a Ch program.)

1. ch chemd
2. ch chemd.ch
3. chemd.ch

The first two options will run in all environments under diff@at operating systems and shells such as C
Shell and Korn Shell in Windows. The last format works in Uplatforms only.



Chapter 2

Interfacing Binary Modules Using
Dynamically Loaded Libraries

Several special file extensions and types are used in Ch. véris 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 @gpem written in
Ch language, and can be executed in the Ch shell without diogp@ind linking. The extension
of a Ch program isch by default, it is specified by system variahlgathext. For a Ch program
namedsample.ch ,the user can type eitheample.ch orsample at the shell prompt to run this
program. Ch will search for this program in the paths spetifie system variablepath. Functions
invoked in a Ch program are either generic functions or fionstthat are defined in the program or
function files.

File with extension .h indicates the Ch header files, similar to header files in Cb&leariables, function
prototypes, macros and data types used in Ch programs andnCtiohs are defined in the header
files. Ch will search for Ch header files in paths specified lsyesy variableipath.

File with extension .chf indicates a Ch function file, orhf file. It is an ASCII file in which the corre-
sponding Ch function is defined. Its file name shall be the sasrtbe function name, and its exten-
sion is specified by system variahlpathext. By default, it is.chf . Assume a Ch function named
funcl() isinvoked ina Ch program, the corresponding function filelse named afincl.chf
Ch will search for this function file in paths specified by gystvariable_fpath. Because a Ch func-
tion can load a Dynamically Loaded Library (DLL ) discussetbi, and then call the binary function
in the DLL to implement the function, it is regarded as a dyitdink interface between Ch programs
and binary functions. Ch functions can be defined within Gigpms.

All variables and functions in a Ch program, relevant Ch fiomcfiles (chf files) and Ch header files
make up &h 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 whichetfunctions
in C or C++ are defined. It usually has the extension of .c foui@fion 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 extensian for C programs anccpp for C++ programs.
If your chdl file is not big, C or C++ function files can be merged ictodl functions since they
have the same file extensions. As an export interface, a cimgktibn is used to call a C or C++
function in library from Ch script. According to the Ch pragn convention, a chdl function is named
after the corresponding Ch function with the suffohdl , such as function namsample _chdl ()
in chdl file. The user needs to write this file to build a DLL asadissed below.

File with extension .h indicates a header file for chdl files, C and C++ function filk$as the extension
of .h . Some global variables, function prototypes and data tgpesisually defined in header files.

File with extension .so, .sl, .dll, .0, .obj, .libindicates a shared or static library in which functions €ixis
binary mode. The library files can be either provided by safewendors or built by the user. The
file extension depends on the platform for which the librardésigned for, as well as the type of the
library — shared or static. Typically it iso 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 Windowslib s for library used
for linking in Windows.

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

File with extension .dl indicates a Dynamically Loaded LibraryDLL . It has a diffeteneaning in Ch from
the definition in other places. It is a binary file which is b&ibm chdl files, C/C++ files and library
files. By convention, a DLL is designated by prefix lib and sufil in Ch, such as libsample.dl.
When a DLL is loaded by functiodlopen() within a Ch program or function, Ch will search for it in
paths specified by system variahlpath. 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@#+ 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 inteefs betweerCh spaceandC space are
the main focuses.

Ch spaceandC spacehave their own name spaces. As a result, a function in C sgagstcommu-
nicate with a function that is in Ch space directly. Howewetinding the DLL , a Ch program is able to
extend its address space from Ch address space to C addaessdsping execution, and call functions in
C space. The memory dynamically allocated in C space byifumisuch 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 frorh @ill be discussed briefly in this section.

11



CHAPTER 2. INTERFACING BINARY MODULES USING DYNAMICALLY LOADED LIBRARIES
2.3. INTERFACING C LIBRARIES FROM CH SPACE

To call a C function from Ch, it is necessary to create a wrafygction that can link the Ch and the
underlying C function. A wrapper function must be able to ld@ée 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 @ace and chdl functions in C space.

Here is how it works. When a Ch program is running directly im €pace, the Ch header files are
loaded first. As it has been mentioned, Ch searches for thezmiehfiles in the paths specified by system
variable_ipath. Once a Ch function in the program is invoked, the correspanchf file which includes the
definition of the Ch function is loaded. Ch searches for tHditghin the paths specified by system variable
_fpath. The Ch function can be completely implemented with the Gitspor by calling a chdl function
in a DLL file. If the chf file needs to load a DLL file by calling fation dlopen() which is declared in the
header filedlfcn.h. Ch searches for the DLL file in the paths specified by systemable _Ipath. Then the
chf file can call the corresponding chdl function by its addren the loaded DLL file. Through the chdl
function, the C function is called. Most libraries and saftes packages can be added to the Ch language
environment by this mechanism.

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

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

Ch Space : C Space (libsample.dl)
T N
sample.ch ; sample_chdl.c
A i L
sarﬁple.h* : : sample.c
| A
funcl.chf ———— sample.H
i N J

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

Figure 2.1: Files in Ch and C Spaces.

FigurelZ1 illustrates the relation of Ch and C space. In Glespthe Ch applicatiosample.ch calls
the Ch functionfuncl () in the filefuncl.chf . The chf filefuncl.chf in Ch space loads the DLL
file libsample.dl in C space and calls the chdl functisample _chdl () by the address in chdl file
sample _chdl.c .sample _chdl ()then calls the C functiofuncl ()in file sample.c and finishes the
interfacing.

12
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2.3.1.1 Filesin Ch Space
Listing 1 — a Ch progransample.ch

#include "sample.h”

int main() {
double di;

dl = funcl(3.0);
printf("func1(3.0) = %f\n", dl);
return O;

}

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

Listing 2 — header filsample.h

#ifndef SAMPLE_H
#define SAMPLE_H

extern double funcl(double);

#endif /* SAMPLE_H */

This header file includes the prototype of the functiancl() . "extern” indicates that this function is
defined in C/C++ libraries. This header file is used in both &spand Ch space. Header files will be
searched for in the directories specified_ipath 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 vegitlugs in the remaining chapters.

Listing 3 — Ch function filefuncl.chf

#include <dlfcn.h>

double funcl(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);

13
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fptr = dilsym(chSample_handle, "funcl_chdl");
if(fptr == NULL) {
fprintf(_stderr,
"Error: %s(): dilsym(): %s\n", _ func__, dlerror());
return NaN;

}

dirunfun(fptr, &retval, funcl, Xx);

diclose(chSample_handle);
return retval;

}

In this program, the function call
chSample_handle = dlopen("libsample.dl", RTLD_LAZY);

locates and adds the Dynamically Loaded Library(Dlib¥ample.dl to the address space of the run-
ning process. How to buillbsample.dl will be discussed below. Functiomdopen(), disym(), dl-
close() dlerror(), anddlrunfun() are declared in the head fitlifcn.h The first argument ofllopen()
indicates the library name and the second argument is th&Tfla@p LAZY . RTLD _LAZY instructs Chto
resolve undefined symbols from the dynamic library when tlogmam is executed. Note that the function
dlopen() used to load a Ch DLL should u$®TLD _LAZY as its second argument. The function returns
to the process a handhSample _handle which the process uses on subsequent caliigpm() and
diclosg). If the attempt to load the library failsllopen() returns NULL, and a string describing the most
recent error that occurred from any of the dynamical loadlimgtionsdlopen(), disym(), anddIclose()can

be returned by functiodlerror() . The function call

fptr = disym(chSample_handle, "funcl_chdl");

locates the symbolfuncl _chdl within the dynamically loaded library pointed to by handler
chSample _handle . The application can then reference the data or call theifumdefined by the symbol
using the functiordirunfun ().

dirunfun(fptr, &retval, funcl, Xx);

runs the function in the dynamically loaded object throughdddress pointed to ligtr  which is returned
by functiondIsym(). The second argumefetval is the address of return value. If the function doesn’t
have a return value, i.e. its return type is void, NULL shobkl used as the second argument. If the
third argument is the function name itself, in this cases funcl , Ch will check the number and type of
the rest of the arguments according to the function protatyn this case, the functioluncl() takes
one argument of type double. If the third argument is NULle, #ngument check is ignored. In the case of
argument list of variable length, the third argument shalNbJLL. The fourth argument is the argument of
functionfuncl() , which is passed from Ch prograsample.ch and will be passed to the chdl function
funcl _chdl() . If funcl() took no argument, the functiatirunfun() would take only the first three
arguments. Ifuncl() took more than one argument, they would be listed aftér the argument list of
dirunfun() . Before the function returns, the function

diclose(chSample_handle);

shall be called to free the dynamically loaded library peihto by the argumemhSample _handle . Ch
function files will be searched in the directories specifigdia system variablepath.
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2.3.1.2 Filesin C Space

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

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

Listing 4 — chdl filesample _chdl.c

/* File name: sample_chdl.c to create libsample.dl */
#include <ch.h>
#include <sample.h>
EXPORTCH double funcl_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
double x;
double retval;

Ch_VasStart(interp, ap, varg);

x = Ch_VaArg(interp, ap, double);
retval = funcl(x);
Ch_VaEnd(interp, ap);

return retval;

}

sample.h is the same asample.h in Ch space which can be found in Listing 2. The function
funcl _chdl() takesone argumemarg . If no argumentis passed to the C function from the Ch functio
file, the chdl function takes no argument in the argument (herwise, it always takes one argument of
typevoid * even if there are more than one argument to be passed. The macr

Ch_VasStart(interp, ap, varg);

initializes a Ch interpreteinterp of type Chinterp _t and an objectp of type ChValList_t, to represent in
the C space for a variable number of arguments in the Ch sfracgybsequent use by madth_VaArg ()
and functionCh_VaEnd(). These macros and functions are defined in the headehfie . TheCh_VaArg
macro expands an expression that has the specified type @andltle of the argument in the call. The first
invocation of theCh_VaArg macro after th&€Ch_VaStart macro, i.e.

X = Ch_VaArg(interp, ap, double);

returns the value of the first argument passed from Ch fumfiiofuncl.chf . If more than one argument
is passed, successive invocations return the values ofthamning arguments in succession. In other words,
the macraCh_VaArg (interp, ap, doublreturns an argument of double type, from the argumentfiat@h
interpreterinterp and stepsp, which is a pointer, to the next one. The expression

retval = funcl(x);

calls the functiorfuncl() inthe C space to calculate the return value. The fundtimec1() is listed in
the filesample.c below.

Listing 5 — C function filesample.c
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#include <sample.h>

#include <math.h>

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

}

In functionfuncl(x) ,the standard C functiosin(), defined in header filmath.h, is called. For the sake
of simplity, we can use

retval = 2 * sin(x);
to replace the function call
retval = funcl(x);

in functionfuncl _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 -Im
sample_chdl.o: sample_chdl.c
ch dicomp libsample.dl sample_chdl.c -l/dirl/include_di r
sample.o: sample.c
ch dicomp libsample.dl sample.c -l/dirl/include_dir
clean:
rm -f *.o *.dl

The command
ch dicomp libsample.dl sample.c -l/dirl/include_dir

makes the object fileample.o from sample.c with commandilcomp. The argumentibsample in-
dicates that the generated object file will be used to budddynamically loaded libraribsample.dl

The option-l/dirl/include dir gives the additional path /dirl/includdir where the header file
sample.h is located. The command

ch dllink libsample.dl sample.o -Im

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

Output from executingample.ch at the command line is

> sample.ch
0.282240
>
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Ch Space : C Space (libsample.dl)
main() :
y : —= funcl_chdl() —
func1() Y i Ch_VaStart()
dlopen ()* : Ch_VaArg()
disym() : Ch_VvaEnd()
dirunfun() : funcl()
diclose() * | i Stho)

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

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

Figure[Z.2 illustrates the relation of Ch and C space fromesvpbint of functions and APlIs. In the
main() function of Ch applicatiosample.ch , the Ch functionfuncl () is called. Within Ch function
funcl (), four commonly used APIgjlopen(), disym(), dirunfun () anddiclosg), are called to load the
DLL file and invoke chdl functiorfuncl _chdl () by the address. In C space, once the chdl function
funcl _chdl ()is called, three argument-handling APG&h_VaStart(), Ch_VaArg () andCh_VaEnd(), are
called to retrieve arguments passed from Ch space. Then finecGonfuncl () and C Standard function
sin() are called to work with these arguments.

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

2.3.2 APIsin Header File dlfcn.h in Ch Space

As mentioned in the above example, prototypes for ARdpen(), disym(), diclose() dlerror() , anddl-
runfun() are declared in headeifcn.h file which is located in the directorf@HHOME/include . These
four functions are mandatory for Ch functions which needsIDLL files.

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

To handle the argument passed from the Ch space, the chdidiuirc C space needs to call some APIs de-
clared in header fileh.hwhich is located in the directol@HHOME/extern/include . These Mandatory
APIs include macro€h_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 psgs are also declared in thbe.h , such as
Ch_VaCount() andCh_VaDataType() for getting information about argument li€h_VaArrayDim() and
Ch_VaArrayExtent() for handling argument of array type,Ch_VaFuncArgDataType() and
Ch_VaFuncArgNum() for handling argument of pointer to functionCh_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, typgreturns one argument from the argument list and ségys the

next one. To handle the current argument, function cdlb_VaArrayType (interp, ap,
Ch_VaArrayDim (interp, ap, Ch_VaArrayExtent(interp, ap, ), Ch_ValsFunc(interp, ap,
Ch_ValsFuncVarArg (interp, ap, Ch_VaDataType(interp, ap,

Ch_VaFuncArgDataType(interp, ap, argnurjy andCh_VaFuncArgNum(interp, ap must be called before
Ch_VaArg(interp, ap, typ&is called to stefp to the next argument for a Ch interpreteterp. Similarly,
the function callCh_VaCount(interp, ap calculates the number of the remaining arguments in thaaegt
list, so it should be called before the first calling@tfi_VaArg (interp, ap, typgto get the total number of
arguments passed from the Ch space. The next four sectiirdesgribe 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 argumexgdben actually
passed from Ch space. For example,

EXPORTCH int funcl_chdl(void *varg) {
Chinterp_t interp;
ChValList_t ap;
int arg_num;
Ch_VasStart(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 functiosges arguments of variable argument list to
the chdl function. This kind of case will be discussed in ®edb.5.3.
FunctionCh_VaDataType() can get the type of an argument or element type of an arrayexample,

EXPORTCH int func2_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
int elem_type;

Ch_VasStart(interp, ap, varg);

if(Ch_VabDataType(interp, ap) == CH_INTTYPE) {
printf("The type of the element is int\n");

}

18



CHAPTER 2. INTERFACING BINARY MODULES USING DYNAMICALLY LOADED LIBRARIES
2.3. INTERFACING C LIBRARIES FROM CH SPACE

}
All element types for Ch, such &H_INTTYPE for type int, are defined in header fitd.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 argumenttheffunction, which is pointed to by the
argument of function pointer. For example,

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

Ch_VasStart(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 duncfion, sayfunptr() , after

Ch_VaFuncArgNum() is called, the variablaumstores the number of argumentsfiahptr() according
to its definition. The data type of each argument of the famctis obtained by function
Ch_VaFuncArgDataType() using a loop. Then, the variablJNCchdl _funptr is pointed to function
funptr() after the function calCh_VaArg (interp, ap, void J. Note that the functiol©h_VaCount() is
used to get the number of the arguments passed from the Cliciua chdl function itself. This function
also plays an important role in handling cases of functioitk arguments of pointer to function taking
different number of arguments, which will be discussed ttisa[6.1.8.

2.3.4.3 Arguments of Array Type

FunctionsCh_VaArrayType (ap), Ch_VaArrayDim( ap) and Ch_VaArrayExtent( ap, i) are specially de-
signed for getting information of an variable length arraguenent. They can determine if an argument is
an array and then retrieve dimension and extent of an arayexample, in the code fragment below
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EXPORTCH int func4_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
int dim, ext;

Ch_VasStart(interp, ap, varg);
if(Ch_VaArrayType(inerp, ap)) {
dim = Ch_VaArrayDim(interp, ap);
fori = 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 disi@m of the array if the current argument is of
array type. The example using these APlIs is available in@d€6i7/.2.1.

2.3.4.4 Variable Argument Lists

FunctionsCh_VaVarArgsCreate() and Ch_VaVarArgsDelete() are designed specially for handling vari-
able argument lists. Since argument lists in Ch space,cc@lleargument lists, are different from those in
C space, argument lists passed from Ch space to C spagleumyun () can be handled only by the func-
tions declared in the header fith.h, such a<Ch_VaStart() andCh_VaArg(), rather than by the C standard
functionsva_start() andva_arg() declared in header filgtdarg.h. For the same reason, before an argument,
sayap _ch, which is of typeChValList_t from Ch space is going to be passed to a C function, it should be
converted to the corresponding C variable argument lig¢@dab _c. The functionCh_VaVarArgsCreate()

can create a C style variable argumentdiptc from a Ch variable argument lis{p. The C style variable
argument liseap _c can then be passed to a C function. For example, the statdralemt

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

creates a C variable argument list nanagdc from the Ch variable argument list namad_ch for a Ch
interpreterinterp . The variablememhandle points to a linked list. It is used to manage the memory
allocated in functiorCh_VaVarArgsCreate().

To release memory allocated by functith_VaVarArgsCreate(), the functionCh_VaVarArgsDelete()
should be called when the generated C variable argumeiplist is no longer needed. For example,

Ch_VaVarArgsDelete(interp, memhandle);

More information and examples about converting Ch variabdgiment list into C variable argument list
are available in sectidn 5.5.1 and Appenidix A on dagé 328.

2.4 Callback Ch Functions From C Space

In the previous sections, we described how to call a C fundogated in a DLL from a Ch function by
loading the DLL and getting the address of the C function. l@mdther hand, in some cases, we need to call
back an existing Ch function (Ch space) from a C function (&s in a running Ch program (Ch space).
It can be illustrated in Figude—4.3. Please note that you aoall a Ch function from a C program if this
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/

* Filename - callch_chdl.c

* Call Ch function chfun() through three methods
* * wkkkk|

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

EXPORTCH void callch_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
void *chfunhandle;
int funret;

Ch_VasStart(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 functi@al{ch.chdl.c).

C program is not called from Ch unless you haveecartbedded Ch from Softintegration. Interfacing Ch
modules from C space is for call back only.

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

Ch Space (callch.ch) C Space (libcallch.dl)

main() {
callch() callch_chdl() {
} N ; Ch_CallFuncByName(interp,"chfun", ...
chfun() | °
}

Figure 2.3: Interface Ch modules from C Spaces.
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CC=cc

INC1=-1/usr/include
INC2=-1/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 dicomp libcallch.dl callch_chdl.c $(INC1) $(INC2)

clear:
rm -f *.o0 *.dl

Program 2.2: Makefile for building DLL (Makefile).

Assume that the Ch function to be called in a C functionhifun (). The functionchfun() in Pro-
gram[Z3B is the Ch function to be calleddallch_chdl() in PrograniZIl using three different methods
described below.

Method 1: The functionCh_GlobalSymbolAddrByName() is used to get the addressdaffun() . The
first argument is a Ch interpreter. The second argume@hatlobalSymbolAddrByName() is the func-
tion name. The functiolfCh_CallFuncByAddr() is used to calchfun() by the address. The second
argument ofCh_CallFuncByAddr() is the address afhfun() , the third is the address of the return value
of chfun() and the fourth is the argument to be passed to the functifum()

Method 2: The functionCh_CallFuncByName()is used to calthfun() 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 caliedhtrd is the address of the return value
of chfun() and the fourth is the argument to be passed to the functiéumn()

PrograniZP is the Makefile to build the dynamically loadbeddiylibcallch.dl using Prograri 2]1.
This DLL is used in Prograin2.3.

The output from executing ProgrdmP.3 is displayed in Figlfe

Note: For advanced application using above APls, you can chedpt@hdb andl8 for more details.
Chaptel® is about handling the pointer to function. Chdgtisrabout how to callback Ch functions with
argument of VLAs from C space.
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I‘ * *kkk *

Filename - callch.ch
*  The function chfun() will be called from c space

*/
#include<dlfcn.h>
void callch() {
void *dlhandle, *fptr;
dihandle = dlopen("libcallch.dl", RTLD_LAZY);
if(dlhandle == NULL) {
fprintf(_stderr, "Error: %s(): dlopen(): %s\n",
__func__, dlerror());
return;
}
fptr = disym(dlhandle, “"callch_chdI");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );

return;

}

dirunfun(fptr, NULL, callch);

if(dIclose(dlhandle)!=0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n",
__func__, dlerror());
return;

}

return;

}

/* this function will be called from a C function */
int chfun(int argl) {
printf("in the Ch function, argl = %d\n", argl);
return argl * argl,;

}

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

}

Program 2.3: Example of calling Ch function from C functiaal{ch.ch).

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

in the Ch function, argl = 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 functiothe C space from the Ch space. In many
applications, there are many functions in a library whictl e called from Ch program. We do not
want to load and close a DLL time for every function call. listbhapter, we will describe how to build a
Dynamically Loaded Library (DLL), chf and chdl files. Oftamies, the functions in a library are prototyped
in a header file, we introduce the commarthf with details described in sectidn_C.1 that generates chf
and chdl files automatically based on a header file. It caavela use from tedious coding.

3.1 Preparing to Build a Dynamically Loaded Library

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

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

Prograni31l is a C header file. It includes two function pggiesfuncl andfunc2 .

#ifndef SAMPLE_H
#define SAMPLE_H
/* funcl() and func2() use sin() and hypot() in math.h */
#include <math.h>

#include <stdio.h>

extern double funcl(double x);
extern double func2(double x, double vy);

#endif /* SAMPLE_H */

Program 3.1: C header file (sample.h).
ProgranZ3R contains the definitions of functidoscl() andfunc2() . Each of these functions

takes an argument of type double and returns a value to itesponding calling function after performing
a mathematical computation.
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#include "sample.h"

double funcl(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).

Progranf-311 and ProgrdmB.2 can be compiled as a library in C.

Prograni3 is a Ch program that wants to call two functiobme1() andfunc2() . In addition,
it calls two mathematical functionsin() andhypot() declared in the standard C library header file
math.h.

#include "sample.h"

int main () {
double di, d2;

dl = sin(3.0);

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

dl = funcl(3.0);

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

Program 3.3: Ch Program (program.ch).

When the Ch programrogram.ch is executed in the Ch space, it does not call the C header file as
shown in Prograri3l1. Instead, it calls its Ch header file.gRm[3.% is the Ch header fimmple.h
that Prograni-313 will use at execution time. You may notic ample.h is quite different from the
declaration in Chaptéd 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 _dIclose_sample(void) {
diclose(_Chsample_handle);

}
atexit(_dlclose_sample);
#endif

extern double funcl(double);
extern double func2(double, double);

#endif /* SAMPLE_H */

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

Note that the header file in Progrdml3.4 in the Ch space cantainonly the same function prototypes
as the Prograrhi 3.1 in the C space, but also codes that areaiseddss the dynamically loaded library
libsample.dl . The statement

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

opens the librarjibsample.dl using the functiordlopen()to load the binary module that contain func-
tionsfuncl() andfunc2() inthe C space. How to create the dynamically loaded libiasample.dl
will be discussed in the next section.

In some situation, the dynamically loaded library may neeld opened at the program parsing stage.
For example, using the ARTh_ParseScript() in the Embedded Ch to process a script, then, call
functions using other APls in the Embedded Ch; or invokingcfions in a command prompt interactively.
In this case, the handle can be initialized with the type ifipe@xtern 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 functiadiclose _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 funcl(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 fiample.h is shown in Prograriz3.5. The header lemple.h
in Progran3b is the same as that in Progiath 3.4. The m&@@ADCHDL() is defined in the header file
chdl.h

Since the application program makes calls to two differemicfions, two function files will have to
be written. ProgramB—3.6 and_13.7 are the two Ch function fiedunctionsfuncl() andfunc2() ,
respectively. They will be called from Progrdml3.3.

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

fptr = disym(_Chsample_handle, "funcl_chdl");

if(fptr == NULL) {
fprintf(_stderr, "Error: %s(): disym(): %s\n", _ func__, dlerror());
return NaN;

}

dirunfun(fptr, &retval,funcl, x);

return retval;

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

fptr = disym(_Chsample_handle, "func2_chdl");

if(fptr == NULL) {
fprintf(_stderr, "Error: %s(): disym(): %s\n", _ func__, dlerror());
return NaN;

dirunfun(fptr, &retval,func2, x, y);
return retval;

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

Program$-316 an@—3.7 each makes a call to its corresponddiducittion usingdlrunfun() . Then the
chdl file shown in Program3.8 in turn call the binary C funoso

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

EXPORTCH double funcl_chdl(void *varg) {
Chinterp_t interp;
ChValList_t ap;
double x;
double retval;

Ch_VasStart(interp, ap, varg);

x = Ch_VaArg(interp, ap, double);
retval = funcl(x);
Ch_VaEnd(interp, ap);

return retval;

}

EXPORTCH double func2_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
double x;
double v;
double retval;

Ch_VasStart(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 (samplehdl.c).

The chdl functions in Prografn—3.8 are written according ® definitions of the two C functions in
ProgramZ3R. Functionfincl _chdl() andfunc2 _chdl() both have arguments and return values.
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Ch Space C Space (libsample.dl)
dlopen() = funcl_chdl() —y
main() —y Ch_VaStart()
funcl()

Ch_VaArg()

i funcl()

disym() ; V Ch_VaEnd()
dirunfun() : sin0
func2() jv % func2_chdl() —y

disym() : Ch_VaStart()
dirunfun() | func20) Ch_VaArg()
% v Ch_VaEnd()

diclose() : hypot()

Figure 3.1: Functions and APIs in Ch and C Spaces.

They obtain the arguments passed from the Ch space G$ingaArg() and then call the C functions with
those arguments.

The relations of functions and APIs used in this example Bustiated by FigureE-3.1. The func-
tion dlopen() is involked in the header filsample.h before the main() function is called, and the func-
tion diclosg) is called before the program exits. In Ch space, the fandtincl () calls chdl function
funcl _chdl () in DLL by APIs dlsym() anddlrunfun (). In C space, the chdl functioluncl _chdl ()
callsfuncl(), and therfuncl () callssin(). After the Ch functiorfuncl () 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 functiornia binary mode. It is built from the chdl files

and bound to the running programs at runtime. Prodrain 3t@is/hix Makefile for building a DLL named
libsample.dl
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# build dynamically loaded lib libsample.dl
target: libsample.dl

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

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

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

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

rm -f *.o *.dl

Program 3.9: Makefile for Unix (Makefile).

The Makefile shown in Prograln’8.9 createslthsample.dl in Unix, assuming thatample _chdl.c
is stored in the current directory and tfianc.c  is stored in the parent8directory. Thel option directs
the C compiler inside programiicomp to find the header filsample.h in the parent'sC directory. The
-Im option tells the linker inside progradilink to look in the librarylibm.so to find functionssin()
andhypot() used in functiongunc 1() andfunc2()

# build dynamically loaded lib libsample.dl
target: libsample.d|

libsample.dl: sample_chdl.obj func.obj

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

ch dicomp libsample.dl sample_chdl.c -1../C
func.obj: ../C/func.c

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

del *.obj

del *.exp

del *.lib

del *.dl

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

Progran3.10 is the makefile used in Windows. The windows filakauilds libsample.dl in a
similar manner described in the Unix makefile section. Thedailile has file extensiorob) in Windows,
instead ofo in Unix.

We assume that the files are located in their proper dires@pecified 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 Prograris B.9, dndB.10, We compile produnc.c to create an object file,
which is then linked with the object file from progresample _chdl.c to create dynamically loadable file
libsample.dl . Instead, the dynamically loadable filbsample.dl can be created with an object
file from programsample chdl.c and dynamical or static library. In this example, the stéibcary
libfunc.a is created using commands ar amahlib  from the object file of progranfunc.c  which
contains functionsuncl() andfunc2() as shown in the makefile in Program-3.11 for Unix.

# build dynamically loaded lib libsample.dl using libfunc. a
target: libsample.d|

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

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

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

cc -c ../C/func.c -I../C

ar -r libfunc.a func.o

ranlib libfunc.a

clean:
rm -f *.0 *.dl libfunc.a
Program 3.11: Makefile for Unix (Makefilkb).
The makefile in Prograin-3.112 illustrates how to create dynalfyiloadable libraryibsample.dl in
Windows using functions in a dynamically linked library. &tynamically linked libranfunc.dll with

symbols infunc.lib is created from Program_3113 by Visual C++ compitér and linkerlink . Un-
like functions in Prograri 312, functiodancl() andfunc2() in programfunc _lib.c  are exported
through the type qualifier.declspec(dllexport) . When the obiject file from prografanc _lib.c

is linked to create the runtime dynamical libraiync.dll |, file func.lib will also be generated.
Library file func.lib is used to resolve the external symbols when the dynamitadlgiable 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 dicomp libsample.dl sample_chdl.c -1../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 (Makefild.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 funcl(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 (furi.c) for Windows.

We assume that the files are located in their proper direst@pecified 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 dynamicallydbkdlibrarylibsample.dl

In many applications, the source code for functions are vaitable. Only dynamical or static library
such adibfunc.a for Unix andfunc.lib for Windows and relevant header files are provided by
software vendors. Ch can also interface such binary funstlocated in a static or dynamically loaded
library as shown in makefiles in Programs=3.11 @ndl3.12 fox ldnd 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 fildjletdnd DLL in the same directory as Ch
application program. There might be too many files in a sameetliry once the program gets bigger.

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

Ch searchs the directories specified in system varialpegh, _ipath, _Ipath, and_path for function
files, header files, dynamically loaded library, and commsanespectively.

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

> fpath

To add a directory for the system variables, the user carheseommandtradd . For example, if the
directory for functions files, saynydir/lib , is not included, the user can add it by using the generictimmc
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 sgexi by the system paths. Toolkits are mainly
distributed by Softintegration.

The user can take advantage of existing toolkit path set webgult. You can simply copy the Ch pro-
gram header files to the directoBHHOME/toolkit/include , copy the program Dynamically Loaded
Files (.dl) to the directonfCHHOME/toolkit/dI . A Ch program header file need a slight modification
as described below. Binary programs and dynamically loditheary (.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 defaGijHOME/toolkit/include ,
CHHOME/toolkit/dl , and CHHOME/toolkit/bin and CHHOME/toolkit/sbin have been in-
cluded in the system variablegpath, _Ipath, and_path, respectively.

We use different method to handle the the function files stheeCh program usually contains too
many Ch functions files. The solution in Ch is to add preprsicgsdirectivestpragma _fpath into the
corresponding Ch program header files.

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

#ifndef _ GTK H__
#define _ GTK H__
#pragma _fpath <GTK/gtk>

#endif * __GTK_H__ %/

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

The other form of the pragma directive,
#pragma _fpath /dirl/dir2/fpathname

can add the absolute path navndel/dir2/fpathname into the system variablepath 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 destiiedow.

1. Modify system paths by system variablespath, _fpath, _ipath, and _Ipath. Assuming that the
executable filprogram.ch isin
{usr/local/ch/toolkit/demos/SDK/command/c2chf/bin
libsample.dl isin
/usr/local/ch/toolkit/demos/SDK/command/c2chf/dl
funcl.chf andfunc2.chf arein
{usr/local/ch/toolkit/demos/SDK/command/c2chf/lib
andsample.h isin
{/usr/local/ch/toolkit/demos/SDK/command/c2chf/inclu de.

The following code need to be added to eiti@HOME/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(_Ipath, "/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 fijgogram.ch isin
{usr/local/ch/toolkit/demos/SDK/command/c2chf/bin
libsample.dl isin
{usr/local/ch/toolkit/demos/SDK/command/c2chf/dl
funcl.chf andfunc2.chf arein
{usr/local/ch/toolkit/demos/SDK/command/c2chf/lib
andsample.h isin

{usr/local/ch/toolkit/demos/SDK/command/c2chf/inclu de.
The following code need to be added to the startupGtHHOME/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"d.2 can be executed for the above setiqgdhe

installation of the package2chf 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 itddrefdle. #pramga package <c2chf>
adds_ppath/c2chf/bin to _path, _ppath/c2chf/lib to _fpath, _ppath/c2chf/include to

_ipath, and_ppath/c2chf/dl to _Ipath. Prograni:3.14 is a Ch program based on the application progra
shown in Prograri 31 3.
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#pragma package <c2chf>
#include <sample.h>

int main () {

double di, d2;
dl = sin(3.0);
d2 = hypot(3, 4);

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

dl = funcl(3.0);
d2 = func2(3, 4);

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

Program 3.14: Testing program (program.ch).

There is another option to run the Program B.14 withoutregttie_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 Progrdm-3114. By specifying the alisgath, Ch can find all the file components in

the subdirectories of the directohysr/local/ch/toolkit/demos/SDK/command/c2chf with-
out setting any system path.
3. The simplest way is to use prograorkginstall.ch , described in sectidnd.2, to install a package

into the directory CHHOME/package. For example, a pacldgpgample can be installed by
> pkginstall.ch chsample

and uninstalled by
> pkginstall.ch -u chsample

as described in secti®én B.5.

Adding packages for Embedded Ch

To add a pckage for an Embedded Ch, it needs to be added irr¢otody relevant to the home directory
of Embedded Ch. For example, by default, the home directorizimbedded Ch is CHHOME/toolkit/embedch.
CHHOME is /usr/localch in Unix and C:/Ch in Windows. To adadckagec2chf 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 arfjbr In most cases, you might only need a
relatively small subset of library. You may need to elimentite unnecessary functions and variables in your
Ch header file to interface C library from Ch space. Howevds inconvenient to write the chf and chdl
files for every function by hand. To speed up application tgueent, the command2chf with details
described in section_d.1 can be used. ComnwHuhf 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 modifyexisting header file. This header file
should only contain all the prototypes of those functiora thill be used in the application program without
macros and typedef statements.

The header filesample.h , with the contents below is an example of what a typical hefidewould
look like.

extern double funcl(double Xx);
extern double func2(double x, double y);

Type qualifierextern will be ignored by command2chf . The above header readily for processing by
commandc2chf can be obtained by functiomrocesshfile() . For example, for the two commands
below typed at the command prompt,

n 1]

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

function processhfile() with details described in sectignID.2 will create a new heéilesample.h

in the current directory based on the original C header fildknénC directory first. Commancchf then
creates a directory with the name of the header file’s prefiside the directory there would be the chf files
and a chdl file for creating a dynamically loaded library. Huenber of chf files in the directory will match
the number of function prototypes written in the header file.

The command2chf has limitations as described in sectlon]C.1. It is able talleamost C functions.
But, it can not handle functions with argument of pointerundtion. You need to write the code manually
for this case.

In this example, the directory being created d8chf is sample and its contents artuncl.chf
func2.chf ,andsample chdl.c . We have used these three generated files in the previousrsect

More information about functioprocesshfile() and command2chfcan be found in sectiofsT).2
and[C1, respectively.

3.5 Creating Interface to C Library Using a Script Program

To make the process of creating and maintaining a dynarit@dided library and function files simpler,
we will be using a script program. In order to demonstrateuse of a script program, we modify the
programs used at the begin of the chapter by adding a newidancthe new functiorfunc3() has an
argument of pointer to a function which has one argument atdns an integer. A function with pointer
to function cannot be handled automatically by the progc2chf |, so it needs to be handled manually.
Progranf:3.75 is the new C header file which includes thredifumprototypes. Prograin"3116 contains the
definitions of functiongunc1() ,func2() ,andfunc3() . Prograniz3l7 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 Usingkgcreate.ch

#ifndef SAMPLE_H
#define SAMPLE_H

/* funcl() 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 funcl(double x);
EXPORT extern double func2(double x, double vy);
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 funcl(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 O;

}

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

dl = sin(3.0);

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

dl = funcl(3.0);

d2 = func2(3, 4);
printf("func1(3) = %f\n", dl);
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> /I for dlopen()
#include <chshell.h> // for chinfo()

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

string_t pkgname="chsample";// define package name

chinfo_t info; /I for Ch version number
string_t cwd = _cwd; /I the current working directory
string_t debugFile; /I compilation debug information in Wi ndows

string_t debug;
string_t makecmd;
#if defined(_WIN32_)

debug=">nul 2>nul"; /I 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

/Imake 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);

/I run this script in proper Ch version
chinfo(&info);

if ((info.vermajor*100+ info.verminor*10 + info.vermicr 0) < 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);

/lecho clean up existing directory and create new ones
if (laccess(pkgname, F_OK))
rm -rf $pkgname
mkdir $pkgname
mkdir $pkgname/dl $pkgname/lib $pkgname/include $pkgnam e/demos $pkgname/bin

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

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

/lecho extracting function prototypes ...

processhfile("EXPORT", 0, ", stradd(pkgname, "/includ e/sample.h"), "chfcreate/sample.h”, NULL);
/lecho removing special functions

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

/lecho 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 -0 ¢ ¢ -0 chf $pkgname/lib
/lecho patching special .chf files

cp -f chfhandmade/*.chf $pkgnamellib

chmod 644 $pkgname/lib/*.chf

Program 3.18: Script file (pkgcreate.ch).
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/lecho making .dl files
cd ¢

$makecmd clean $debug
$makecmd $debugFile

cd $cwd

/lecho .DLL path and testing .dl file

/l#pragma exec _path=stradd(_path, "chsample/bin®);

if (dlopen("./c/llibsample.dl", RTLD_LAZY) == NULL) {
printf("Error: test of loading libsample.dl: %s\n", dlerr or());
exit(-1);

cd ¢

mv -f libsample.dl $cwd/$pkgname/d|
$makecmd clean $debug

echo package $pkgname created successfully!

/ *kkkkkkkkkkkkkkkk

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

L

R T

FREFKATAFAAIAKIKRK [

int addChdIHeader(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)-strien(sto p_ptn));
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 0O;

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

Prograni-3.18 is the Ch script which creates the dynamicadlgiéd library. Before the script can be exe-
cuted, the proper directory structure must be in place.re[@i2 shows how the directory structure is set up.
Start by creating this directory structure and insertingnyffdes as shown. After runningkgcreate.ch
in the current directory, the packaghsample in the current directory is created as shown in Fiduré 3.2
Under the directorchsample , the directorydemos contains demo programs in C that are ready to run
in Ch. The directorydl contains the dynamically loaded library. The directbby contains the function
files. The directoryinclude contains the header files used in the program. The contetttssidirectory
are copied to CHHOME/toolkit/include when the package s$ated using programkginstall.ch

Now let's take a closer look at the script program to see éxadtat is being done. The script begins
with the lines

40



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

sample
:
chfcreate c src include chfhandmadg demos . pkgcreate.ch  Makefile README
\ \ \ \ \ 1
sample_err program.c sample.h README program.c |
func.c func3.chf }
sample sample.h |
Makefile.win }
Makefile !
README !
Makefile i
Makefile.win 1
Makefile_lib
Makefile_lib.win chsample
handmade/ README
sample func_lib.c
\
func3_chdl.c
demos dl include bin lib
program.c libsample.dl sample.h funcl.chf
func2.chf
func3.chf
Figure 3.2: Directory structure creating packafsample using the script pkgcreate.ch.
#l/bin/ch

#include <unistd.h>  // for access()
#include <dlfcn.h> I/l for dlopen()
#include <chshell.h> /I for chinfo()

Starting the program witk¥!/bin/ch | rather tharmain() lets the system know that this is a Ch
script. This script can be executed in Ch and other shellspd?rheader files are included in the program,
because it contains system and process functions thatevilhtbed in the script program.

After some variables are declared and initialized, the fextlines contain aif 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 pathnameatgubito by the
firstargument. The second argumBnDKtells the function to check for read permissionplkcreate.ch
exists and the user has read permissamtess() will return zero. If either the file does not exist, or the
user does not have read permission, the function will rettand a message will be displayed and the script
will exit.

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

If the directory chsample exists, it will be removed first. This directory for the pagkaand its
subdirectories as shown in Figurel3.2. will be created tidterwards, 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 packagample 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";
addChdIHeader(stradd(pkgname, “/include/sample.h”), m acro, chdlheader);
copies header fildnclude/sample.h to chsample/include/sample.h . The header file
chsample/include/sample.h for Ch is then modified using functioaddChdIHeader() . The

firstargument is the header file to be modified. The secondragtiis the symbol#define SAMPLE_H" |
to be recognized for insertion of the preprocessing divestin the third argument. The difference between
the original header fileinclude/sample.h in Program 315 and modified header file
chsample/include/sample.h in Prograni-3.79 is thathsample/include/sample.h contains
the directive in the third argument of functiamldChdIHeader()

#ifdef _CH_

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

#endif

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

extern PNG_EXPORT(rettype ,func) PNGARG((type arg));
to
extern rettype func(type arg);
so that it can be processed by comma@dhf. 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

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

#if defined(_WIN32)

#define EXPORT _declspec(dllexport)
telse

#define EXPORT

#endif

typedef int *FUNPTR)(int n);

EXPORT extern double funcl(double x);
EXPORT extern double func2(double x, double vy);
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 funcl(double Xx);
extern double func2(double x, double vy);

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

creates a new header file in the directofghfcreate , based on the delimiter£EXPORT" and";"

in the header filénclude/sample.h . The first delimiter'EXPORT" is the first common symbol for
function prototypes in the header file. The new headersfilmple.h only contains the prototype of the
functions that will be used in the application program withonacros and typedef statements. Details
about the functiorprocesshfile() can be found in sectionJ.2. Before the header gdenple.h

is processed bg2chf , special functions such dsnc3() with an argument of pointer to functions are
removed by function removeFuncProto().

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

Details about functiomemoveFuncProto() can be found in sectidn’.3. The nesample.h in the
directorychfcreate  is shown in Prografi-3.20.
Command

c2chf chfcreate/sample.h -h _Chsample_handle -r chfcreat e/sample_err
-0 ¢ ¢ -0 chf $pkgname/lib
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generates a C wrapper fisample _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 numb&function
prototypes written in the header file. The optidn allows the user to specify handle for chf files. In this
case the handlgChsample _handle is used.

funcl NaN
func2 NaN

Program 3.21: Return values for function files (samgig

The option-r allows the user to provide a file which contains a list of fimetthames and their error
return values used inside their chf function files to oveteuwtie default value NULL for a function returning
pointer type and -1 for other types. In this case the errarnetalues are specified in the fdample _err
in the directorychfcreate . Prograniz3.21 shows the figmmple _err .

The next block of code is

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

Function files for special cases were prepared before thg pkgcreate.ch  is executed. These function
files are copied to the function file directory of the packagegran-3.22, show function file féunc3()
which is created manually for functidonc3()  with an argument of pointer to function.

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

fptr = disym(_Chsample_handle, "func3_chdl");

if(fptr == NULL) {
fprintf(_stderr, "Error: %s(): disym(): %s\n", _ func__, dlerror());
return -1;

dirunfun(fptr, &retval, func3, fp, n);
return retval;

Program 3.22: chf file (func3.chf).

The commanahmod changes the permissions for a file. The nuntbét changes all the permissions
of the files in the directorgample to give the owner read and write permissions as well as readipgon
to the group and everyone else.

The directoryc contains a chdl C prograrsample _chdl.c generated automatically by command
c2chf . ProgranZ3:24 shows theample _chdl.c  for functionsfuncl() andfunc2() . Program
func3 _chdl.c for special functiorfunc3() in the directoryc/handmade/sample is manually cre-
ated. Progranfunc3 _chdl.c contains is the chdl file foiunc3()
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#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) {
ChValList_t ap;
FUNPTR fp_ch, fp_c;
int n;
int retval;

Ch_VasStart(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 (func8hdl.c).
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#include <sample.h>
#include <ch.h>

EXPORTCH double funcl_chdl(void *varg) {
Chinterp_t interp;
ChValList_t ap;
double x;
double retval;

Ch_VaStart(interp, ap, varg);

x = Ch_VaArg(interp, ap, double);
retval = funcl(x);
Ch_VaEnd(interp, ap);

return retval;

}

EXPORTCH double func2_chdl(void *varg) {
Chinterp_t interp;
ChValList_t ap;
double x;
double vy;
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 (samylidl.c).

The code below compiles chdl files to create a dynamicallgddalibrary libsample.d| 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 makefildakefile.win will be used. The programmake first cleans up the unwanted
files specified byMakefile.win and then rund/lakefile.win . The command suffixnul 2> nul
from the variabledebug redirects the standard output and standard error streatnsmminake command.
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The command suffielogfile 2>& 1 from the variabledebugFile redirects the standard output
and standard error streams of tbeake command to fildogfile . Prograniz3.25 displays Makefile.win
used for Windows. In other operating systems, prograake and Makefile will be used. Program-3126
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 dicomp libsample.dl sample_chdl.c -I../src
func3_chdl.obj: handmade/sample/func3_chdl.c

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

ch dicomp libsample.dl ../src/func.c -l../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

# -Im for funcl() 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 -Im

sample_chdl.o: sample_chdl.c

ch dicomp libsample.dl sample_chdl.c -l../src
func3_chdl.o: handmade/sample/func3_chdl.c

ch dicomp libsample.dl handmade/sample/func3_chdl.c -I. Jsrc
func.o: ../src/func.c

ch dicomp libsample.dl ../src/func.c -l../src

clean:
rm -f *.o0 *.dl *a *dll *lib *.exp *.obj
Program 3.26: Unix Makefile (Makefile).
The generated dynamically loaded interface libtdrgample.dl is tested using functiodlopen()

The code segment below

cd c
mv -f c/libsample.dl $cwd/$pkgname/dl
$makecmd clean $debug
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moves the fildibsample.d| into the dl directory of the package. The script then doesa @ileaning
of unwanted files in the directony.

3.5.2 Installing a Package Usingpkginstall.ch

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

If you want to install Ch package into your preferred diregto/ou 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, artalation 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 removingeneidds installed into the directory
CHHOME/toolkit/include and the package in tteHHOME/package directory based on the corre-
sponding package file @HHOME/package/installed directory.

The packagehsample 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 cl/*.c
rm -f chfcreate/*.h
cd c; make clean

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

A Makefile in Prograni-3.27 allows creation, installationdaminstallation of a package to be handled
by commands

make
make install
make uninstall

respectively.
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Chapter 4

Accessing Global Variables in C Space

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

In the example below, the global varialdenst int il in C space will be accessed in Ch space.

Example

Listing 1 — header file in C space (expwveuh)

#ifndef EXPVAR_H_
#define EXPVAR_H_

/* global variables to be exported to the Ch space */
const int i1l = 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;
ChvalList_t ap;
int *iil;

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

Ch_VasStart(interp, ap, varg);
iil = Ch_VaArg(interp, ap, int*);
*il = 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 _diclose_expvar(void) {
diclose(_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(): disym(): %s\n", _ func__, dlerror() );
return;

dirunfun(fptr_expvar_h, NULL, NULL, &il);
#endif

Listing 4 — Ch application (expvar.ch)
#include <expvar.h>

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

}

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

**'k/
Listing 5 — Makefile (Makefile)
target: Makefile libexpvar.di

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

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

clean:
rm -f *.o0 *.dl

In the next example, the value for global varialiie i2  in C space will be changed in Ch space.
PrograniZll is a C header file containing three global vasbl, i2 , anda. We assume the variable

il remains unchanged after the original value is assignedieabevariablé2 will be changed during the

execution of the C program. Variabdeis an array of int type. Three methods of handling globalalaés
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#ifndef _EXPVAR_H_
#define EXPVAR_H_

/* global variables to be exported to the Ch space */
const int i1l = 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 */
o

#endif

Program 4.1: C header file containing global variabegpgar _c.h ).

will be introduced by this example. In Ch header file shownrogPam4.R, code for loading and releasing
DLL module has been described in Chailer 3. The global Varidbin Ch is declared with the same data
type as the corresponding global variaille in C. It is used to keep the original value of the C variable.
Since the value o2 in C space will be changed during the execution of the prograshonly its value,
but also its address is needed in Ch space. A temporary l@ifabis declared as pointer to int to keep the
address of C space variab® in ProgranTZ.P, so that we can get the C space vali2 dfom Ch space
using macrad2 defined as follows

#define 2 *i2_

To use the memory for arrag in the C space, variabla in the Ch space is declared as a pointer to int.
This pointer in the Ch space will point to the memory for theagma in the C space. The chdl function
expvar _chdl () defined in Prograri4l.3 is called by statements

void *fptr_expvar_h = dlsym(_ChExpvar_handle, "expvar_c hdl™);
dirunfun(fptr_expvar_h, NULL, NULL, &il, &i2_, &a);

where addresses of variablds, i2 _, anda in Ch space are passed to C space as argumedtsuafun ().
In the chdl functiorexpvar _chdl () shown in Prograrfi4l3, statements

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

assign the value dfl. to the address of variabi@ in Ch space. Therefore, the variable 11 in Ch has the
same value as the one in the C space. But, if the varidblie C space is changed afterward, the one in Ch
will keep the original value. For variabig , statements

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

assign the address if to the address of the temporary varialfle_ in Ch, so that the variable in C can
be accessed from Ch space by its address. If the variabia C is changed, the one in Ch will change
correspondingly. For arrag, 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 2 *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 _diclose_expvar(void) {
diclose(_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(): disym(): %s\n", _ func__, dlerror() );
return;

dirunfun(fptr_expvar_h, NULL, NULL, &il, &i2_, &a);

#endif

Program 4.2: Ch header file for handling global variabegyar.h ).

assign the address for arrayin the C space to the pointarin the Ch sapce.

The functionchangeCVar _chdl () changes the values f ,i2 and elemeng[3] inthe C space.
The Ch application shown in Progrdm14.4 prints out the cpoeding values ofl andi2 in Ch space
before and aftechangeCVar () is called as well as values for the array Thei2 is changed fron200 to
400, whereasl keeps the original valug#00. The value for elemerd[3] has been changed. The result
from executing Prograiin4.4 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;
ChVvalList_t ap;
int *iil;
int **ii2;
int **aptr;

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

Ch_VasStart(interp, ap, varg);

iil = Ch_VaArg(interp, ap, int*);

*il = il; /* pass the value to the Ch space */

ii2 = Ch_VaArg(interp, ap, int**);

*i2 = &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", il, i2)
a[3] = 300; /* change value of an element of C array*/

return;

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

void changeCVar() {
void *fptr;

fptr = disym(_ChExpvar_handle , "changeCVar_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

}

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

return;
}
int main() {
int i
printf("Original values of i1 and i2 in Ch are %d and %d\n", il , i2);
changeCVar(); /* change variables in C space *
printf("After calling changeCVar(), il and i2 are %d and %od\ n", i1, i2);

for(i=0; i<10; i++) {
printf("a[%d] = %d\n", i, a[i]);

return O;

}

/*** 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

a0] = 1
afl] = 2
af2] = 3
a[3] = 300
a[4] = 5
al5] = 6
a6] = 7
a[7] = 8
a8l = 9
a[9] = 10
***/

Program 4.4: expvar.ch: Ch application accessing glob#bies 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 fileskanild dynamically loaded libraries. After
reading the first three chapters, the users should havedjaibasic understanding of what chdl, chf, and
dynamically loaded libraries are, and how the C binary meslutterface with the Ch space through APIs.
We still need to explain topics that deal with specific typé$uaction. This chapter will describe how a
simple function with arguments or return value of simpleadgpes in C space can be called in Ch space.
The Makefile in the first example is used for all examples ia tiapter.

5.1 Functions without Return Value or Argument

The section is for handling functions without a return vahrel 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 andretlue.

In the chf file, the Ch function is given in Progrdml5.1.
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#include<dlfcn.h>

void functionName()

{
void *dlhandle, *fptr;

/* load the dynamically loaded library */
dihandle = 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 = disym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;
}
/* call the chdl function in dynamically loaded library by ad dress */

dirunfun(fptr, NULL, functionName);

/* close the dynamically loaded library */
if(diclose(handle)!=0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n",
__func__, dlerror());
return;

}
}

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

Here, we assume thhibproject.dl is the DLL (Dynamically Loaded Library) file that the user loigi

from the library files and the chdl files. Functions introdilide Chapter 2 such adlopen(), disym(),

dirunfun() anddiclose() defined indIfcn.h, are used to access the DLL . Appenfix B contains detailed

reference of these functions. THEunfun() in the Ch function calls the chdl function (Progr&ml5.2) lsy it

address in the C address space. The third argumettitwifun() can be NULL orfunctionName . If

functionName is used, Ch will perform the prototype checking. Ch skipspitwotype check otherwise.
Progranf &R is the chdl file that has the chdl funcfionctionName _chdl ().

#include<ch.h>

EXPORTCH void functionName_chdl() {
functionName();

}

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

Example

A complete example including the original C function file, €ader file, chf , chdl , Makefile, and
application program is given in this section. The hedusaderl.h in both C space and Ch space is the
same here for easy of illustration. If you have multiple fiires to interface, you might need to follow the

example in Chaptdil 3 to construct different header file.
Listing 1 — header file (hello1.h)

void hellol1();
Listing 2 — C function (hellol.c)

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

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

}
Listing 3 — chf file (hellol.chf)

#include<dlfcn.h>
void hellol() {
void *handle, *fptr;

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

if(handle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );
return;

}

fptr = disym(handle, "hellol_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

}

dirunfun(fptr, NULL, hellol);

if(diclose(handle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return;

}

return;

}
Listing 4 — Makefile (Makefile)

# This Makefile is for all examples

All : libhello.dl Makefile
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libhello.dl : hellol.o hellol chdl.o \
hello2.0 hello2_chdl.o \
hello3.0 hello3_chdl.o \
testarray.o testarray chdl.o \
suml.o suml_chdl.o \
sum2.0 sum2_chdl.o \
retstruct.o retstruct_chdl.o \
ret_comp_arr_chdl.o comp_array.o
ch dllink libhello.dl hellol.o hellol_chdl.o \
hello2.0 hello2_chdl.o \
hello3.0 hello3_chdl.o \
testarray.o testarray_chdl.o \
suml.o suml_chdl.o \
sum2.0 sum2_chdl.o \
retstruct.o retstruct_chdl.o \
ret_comp_arr_chdl.o comp_array.o

hellol.o : hellol.c
ch dicomp libhello.dl hellol.c

hellol_chdl.o : hellol_chdl.c
ch dicomp libhello.dl hellol_chdl.c

hello2.0 : hello2.c
ch dicomp libhello.dl hello2.c

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

hello3.0 : hello3.c
ch dicomp libhello.dl hello3.c

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

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

testarray_chdl.o : testarray chdl.c
ch dicomp libhello.dl testarray chdl.c

suml.o : suml.c
ch dicomp libhello.dl suml.c

suml chdl.o : suml_chdl.c
ch dicomp libhello.dl suml_chdl.c

sum2.0 : sum2.c
ch dicomp libhello.dl sum2.c

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

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

retstruct_chdl.o : retstruct_chdl.c
ch dicomp libhello.dl retstruct_chdl.c
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comp_array.0 : comp_array.c
ch dicomp libhello.dl comp_array.c

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

clean :
rm -f *dl *.0

Listing 5 — chdl file (hellolchdl.c)

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

EXPORTCH void hellol_chdl() {
hellol1();
return;

}
Listing 6 — Ch application (hellol1.ch)

#include "hellol.h"
int main() {

hellol1();
return O;

}
Output

hello world !

5.2 Functions with Arguments of Simple Type

After learning how to deal with the most simple function,'daleal with functions that are a little more
complicated. This section describes functions that hayeraents of simple data types but no return value.

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

void functionName(data typel argl, data_type2 arg2) {

}

data _typel anddata _type2 could be any simple data type andgl andarg2 could be any valid
variable names in C/ Ch. The simple data tga¢a _typel can be any one of the following typehar,

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 fundfibA etc do not belong to

the simple data type. When a struct or union type is involtleel same structure or union needs to be defined
in both Ch and C spaces.
Progranf5B contains the Ch functibmctionname () that communicates with the C space.
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#include<dlfcn.h>

void functionName(data_typel argl, data_type2 arg2)

{
void *dlhandle, *fptr;

/* load the dynamically loaded library */
dihandle = 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 = disym(dlhandle, "functionName_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded library
by address. arguments are passed to chdl function here */
dirunfun(fptr, NULL, functionName, argl, arg2);

/* close the dynamically loaded library */
if(diclose(handle)!=0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n",
__func__, dlerror());
return;

}
}

Program 5.3: Regular functions with arguments of simple tjghf function).

This function is essentially the same as the one in the ficdicse except that this one has two arguments.
This difference is reflected in the argument list of the Chcfiom anddirunfun(). The valueargl and
arg2 , the fourth and fifth arguments of tlidrunfun() , respectively, are passed to the chdl function fol-
lowing the chdl handleNULL, andfunctionName . BecausdunctionName () has no return value, the
second argument afirunfun () is NULL .

In the chdl file, the chdl functiofunctionName _chdl () is shown in Prograrii 5.4,
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#include<ch.h>

EXPORTCH void functionName_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;

data_typel argil,;
data_type2 arg2;

/* get arguments passed from the Ch address space*/

Ch_VaStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel); /* get 1lst argumen t ¥
arg2 = Ch_VaArg(interp, ap, data_type2); /* get 2nd argumen t ¥
functionName(argl, arg2);

Ch_VaEnd(interp, ap);

Program 5.4: Regular functions with arguments of simple tighdl function).

where macroga_list, Ch_VaStart(), Ch_VaArg() andCh_VaEnd() are defined in header filth.h to han-
dle the argument list of exported functions for a dynamyckdbhded library presented in AppendiX A. The
pointervarg is used to keep the variable argument list in this functiofier®all the arguments are received,
they are passed to the C functiunctionName ().

Example

In this example, functiomello2 () is used to illustrate the interface of a function with omguenent.

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

}

dirunfun(fptr, NULL, hello2, name);

if(dIclose(handle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return;

}

return;

}
Listing 4 — chdl file (hello2chdl.c)

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

EXPORTCH void hello2_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
char *name;

Ch_VasStart(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 O;

}
Output

hello world from Ch !

5.3 Functions with Return Value of Simple Type

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

return_type functionName(data_typel argl, 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 typeturn _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 retuatue. In the chf
file, the Ch function is shown in Progrdmb.5.

#include<dlfcn.h>

return_type functionName(data_typel argl, data_type2 ar g2)

{
void *dlhandle, *fptr;
return_type retval,

/* load the dynamically loaded library */
dihandle = 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 = disym(dlhandle, "functionName_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return FAIL_VALUE;

}

/* call the chdl function in dynamically loaded library */

/* arguments argl and arg2 are passed to chdl function here */
/* return value will passed from chdl function */

dirunfun(fptr, &retval, functionName, argl, arg2);

/* close the dynamically loaded library */
if(diclose(handle)!=0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n",
__func__, dlerror());
return FAIL_VALUE;

}

return retval;

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

whereretval is of data typereturn _type . To get the return value from C address space, its address
&retval is passed téunctionName _chdl () in Prograni&lb byllrunfun() , as its second argument. If
the DLL can not be loaded, or the chdl function can not be faarfdLL , the valueFAIL VALUEwiIll be
returned.FAIL _VALUEis a value of typeeturn _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 Progriml5.6.
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#include<ch.h>

EXPORTCH return_type functionName_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;

data_typel argil,;
data_type2 arg2;
return_type retval,

/* get arguments passed from the Ch function */

Ch_VasStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel); /* get 1st argumen t ¥
arg2 = Ch_VaArg(interp, ap, data_type2); /* get 2nd argumen t ¥

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

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

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

whereretval ’'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, functiornello3 () is used to illustrate the case of a function with returrueahnd
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(hame);

}
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) {
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printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );

return -1;

}

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

printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );

return -1;

}

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

if(diclose(handle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);

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;
ChValList_t ap;
char *name;
int retval;

Ch_VasStart(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 O;

}
Output

hello world from Ch !
strlen = 2

5.4 Functions with Arguments of Array

This section has the sample chf and chdl files for functiortk ®iguments of array of simple types.
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Assume that we have the following function:

return_type functionName(data_typel argl[numl],
data_type2 arg2[num2][num3],
data_type3 arg3[]) {
return_type val_of return_type;

return val_of _return_type;

}

numl, num2andnum3are integers indicating the size of each dimension of arrélyis example is slightly
different from the previous one, since arguments of arrpg tinstead of simple data type, are passed to the
function.

In the chf file, the Ch function is shown in Programl5.7.
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#include<dlfcn.h>

return_type functionName(data_typel argl[numl],
data_type2 arg2[num2][num3])
data_type3 arg3[])

void *dlhandle, *fptr;
return_type retval,

/* load the dynamically loaded library */
dihandle = 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 = disym(dlhandle, "functionName_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return FAIL_VALUE;

}

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

/* close the dynamically loaded library */
if(diclose(handle)!=0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n",
__func__, dlerror());
return FAIL_VALUE;

}

return retval;

Program 5.7: Regular functions with argument of array (ahntfion).
where names (actually addresses) of arrays are passed ¢hdhé&inction as the fourth, fifth and sixth

arguments of the functiodirunfun() , just like what was done for the previous example.
In the chdl file, the chdl function is shown in Progriml5.8.
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#include<ch.h>

EXPORTCH return_type functionName_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;

/* use pointers to access arrays */
data_typel *argil;
data_type2 *arg2;
data_type3 *arg3;
return_type retval,

/* get arguments passed from the Ch function */
Ch_VaStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel*); /* get 1lst argume
arg2 = Ch_VaArg(interp, ap, data_type2*); /* get 2nd argume
arg3 = Ch_VaArg(interp, ap, data_type3*); /* get 3rd argume

retval = functionName(argl, arg2, arg3);

Ch_VaEnd(interp, ap);

return retval; /* pass the return value to Ch function */

nt */
nt */
nt */

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

Three pointersargl , arg2 andarg3 are created to store the three arrays that are passed inHe@ht
space. Note that we used pointers instead of arrays. Argeraegil andarg2 are then passed to the C

functionName ().

Example

In this example, functiotestarray () is used to illustrate the case of the function with argutserf

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 O;

}
Listing 3 — chf file (testarray.chf)
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#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 = disym(handle, "testarray_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror()
return -1,

}

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

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

}

return retval;

Listing 4 — chdl file (testarrayhdl.c)

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

EXPORTCH int testarray_chdl(void *varg) {

}

Chinterp_t interp;
ChvalList_t ap;
int *arri;

int retval;

Ch_VasStart(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++)
arrifi] = i;

testarray(arri);

return O;
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Output
i[0]=0
i1 =1
i[2] = 2
i3] =3
i[4 = 4

5.5 Functions with an Argument List of Variable Length

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

void functionName(data_typel param, ... ) {

}
Normally, functions of this kind take at least one argumeaparam with type ofdata _typel . The
ellipsis... inthe argument list indicates that the function can takerampber of arguments following the

first one. Three methods described below can be used to héwglfenction depending on different ways it
works in.

Sectiof 5.5l is a general method for handling a functioh watriable number of arguments. Sectibns™.5.2
and[5.5.B 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 litbiary, such as the one shown below

void functionName(data_typel param, ...);

the function has to be implemented using a correspondingtium typically named/functionName (),
taking an argument ofa _list , instead of argument list.." | i.e.

void vfunctionName(data_typel param, va_list ap);
Then, the functiofunctionName()  can be implemented as follows:

#include <stdarg.h>

void functionName(data_typel 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_typel 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(datatgpram, ...) in the Ch space, Ch cannot pass
parameter'..."  from the Ch space to the C space directly. We have to wrap treeemargument of
typeva_list ap , which can be any type and any number of arguments in the Gles@de argument
va_list ap  can be easily passed from the Ch space to the C space. If ydbra@ylfunction does not
have a corresponding function, similarwfunctionName() , 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 sinyildflor example, a C function that returns a
value of double type can be implemented as follows:

#include <stdarg.h>

double functionName2(data_typel param, ...) {
va_list ap;
double retval;

va_start(ap, param);

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

return retval;

}

The source code for C functiofuunctionName() can be readily used as a function file in the
Ch space. To interface a C function with an argument of tyadist , such as/ffunctionName()
Ch provides two APIsCh_VaVarArgsCreate() andCh_VaVarArgsDelete(), to handle variable argument
lists.

Example

Example shown below illustrates how to handle variable gt list with APIs ChvaVarArgsCreate()
and ChVaVarArgsDelete(). Variables of different data types,luiging char, int, double, struct, pointer,
pointer to pointer and array in main() function of Progrfai, @re passed to functidunc (). Function
func () can take variable arguments after its first argument. MW/ithis function, a variable argument list
ap with type valist is generated by statement

va_start(ap, ii);

whereii is the first argument. Herap is a pointer to the Ch variable argument list which includiés a
arguments followingi . Then the Ch functiowfunc (), which takes two arguments, andap, will be
invoked. Typically, for a function likéunc () in Prograni5.10, which takes an variable argument ligteth

is a corresponding function likgunc (), which takes an argument with type_ist, to handle the variable
argument list of the former. Through the function file in Prag[5.11, the chdl functiorfunc _chdl ()
and C functionvfunc () in Prograni 512 will be called sequentially. The C funatidunc () takes a C
variable argument list as the second argument. As mentiabede, a Ch variable argument list is different
from the corresponding C variable argument in handling meuts inside. Therefore, Ch variable argument
list ap in functionvfunc _chdl () can’'t be passed directly tdunc (). Statement

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

creates a C variable argument list nanagdc from the Ch variable argument list namad_ch for a Ch
interpreterinterp. The variablenemhandle is used only for management of memory allocated in function
Ch_VaVarArgsCreate(). All memory allocated foap _c will be released later by function call
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Ch_VaVarArgsDelete(interp, memhandle);

The output from executing Progrdmb.9 is appended at the fethe dile.
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#1/bin/ch
#include <stdio.h>
#include <stdarg.h>

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

int main() {
char cl ='c}
int i1 10;

short sl = 20;
float fl = 30;
double dl1 = 65536;

double *pdl = &di; /* pointer to double */
double **ppdl = &pdi; /* pointer to double */
float  afl[3][4]; [* array */

SS1 ssi; [* struct */

double d2 = 50;

ssl.il = 10;
ssl.dl = 65536;
ssl.cl = 'c’;
ss1.f1 = 65536;

af1[1][1] = 456;

func(0, cl, i1, s1, f1, di, pdl, ppdl, afl, ssl, d2);
return O;

}

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

cl =c

i1 =10

sl = 20

f1 = 30.000000

dl = 65536.000000

*ndl = 65536.000000
*ppdl = 65536.000000
af1[1][1] = 456.000000

ssl.il = 10

ssl.dl = 65536.000000
ssl.cl = ¢

ss1.f1 = 65536.000000
d2 = 50.00000

*******/

Program 5.9: Example for handling variable arguments — @grmamvararg.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 €tfan 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( )R
return;

}

fptr = disym(handle, "vfunc_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

}
dirunfun(fptr, NULL, NULL, ii, ap);

if(diclose(handle)!=0) {

fprintf(stderr, "Error: %s(): diclose(): %s\n", _ func__ , dlerror());
return;

}

return;

Program 5.11: Example for handling variable arguments etfan file vfunc.chf
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#include <ch.h>

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

typedef struct {int il; double d1; char cl; float f1;} SSI;
void func(int n, ..);
void vfunc(int n, ChValList_t ap_c);

EXPORTCH void vfunc_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
void *ap_c; /* equivelent to va_list ap */
ChvalList_t ap_ch;
int ii;
void *memhandle;
Ch_VasStart(interp, ap, varg);

ii = Ch_VaArg(interp, ap, int);
ap_ch = Ch_VaArg(interp, ap, ChValList_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 ci;
int il;
short s1;
float f1;
double di;
double *pdl = &di; /* pointer to double */
double **ppdl = &pdi; /* pointer to double */
float *afl; [* for array */
Ss1 ssl; [* struct */
double d2;

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

¢l = va_arg(ap_c, char);
printf("\ncl = %c\n", cl);
il = va_arg(ap_c, int);
printf("il = %d\n", i1);

sl = va_arg(ap_c, short);
printf("sl = %d\n", sl);

fl1 = va_arg(ap_c, float);
printf("f1 = %fAn", f1);

dl = va_arg(ap_c, double);
printf("d1 = %f\n", di);

Program 5.12: Example for handling variable arguments +fillbdvararg.c
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pd1l= va_arg(ap_c, double*);
printf("\n*pd1l = %f\n", *pdl);
ppdl= va_arg(ap_c, double**);
printf("**ppd1 = %f\n", **ppdl);
afl = va_arg(ap_c, float*);
printf("afl[1][1] = %f\n", *(afl+5));

ssl = va_arg(ap_c, SS1);
printf("\nssl.il = %d\n", ssl.il);
printf("ss1.d1 = %f\n", ssl.dl);
printf("ssl.cl = %c\n", ssl.cl);
printf("ss1.f1 = %f\n", ssl1.fl);
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 +filbedsararg.c ~ (Contd.).

Functions with variable number of arguments can be handleahaatically by command2chfwith an
option-l func vfunc as described in sectiénC.1.

5.5.2 Calling Function Multiple Times

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

1. The data types of the remaining arguments in the variaglen@ent list of functiofunctionName ()
are the same, salata _type2 .

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

functionName(param, argl, arg2, arg3, arg4) {
is equivalent to

functionName(param, argl);
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$.13.

#include<dlfcn.h>

void functionName(data_typel param, ...

{

}

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

/* load the dynamically loaded library */
dihandle = dlopen("libproject.dl*, RTLD_LAZY);
if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror(
return;

}

/* get the address by function name */

fptr = disym(dlhandle, “functionName_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror()
return;

}

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

if(vacount == 0)
dirunfun(fptr, NULL, functionName, param);
else
for(i = 1; i <= vacount; i++) {
arg = va_arg(ap, data_type2);
dirunfun(fptr, NULL, functionName, param, arg);

}

va_end(ap);
/* close the dynamically loaded library */
if(diclose(handle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror
return;

}

)

0

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

where macroza_count() is used to determine the number of arguments. We use a fprttocall the func-
tion multiple times to simulate the calling of function withultiple arguments.

In the chdl file, the chdl function is shown in Program™.14.
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#include<ch.h>

EXPORTCH void functionName_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
data_typel param;
data_type2 arg;

/* get the arguments from the Ch function */
Ch_VasStart(interp, ap, varg);

param = Ch_VaArg(interp, ap, data_typel);
arg = Ch_VaArg(interp, ap, data_type2);

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

Program 5.14: Regular functions with arguments of varigagth (chdl function).
where functiorfunctionName () is called with only two argument.
Example

In this example, functiosum1() is used to describe the case of the function with variadagth argu-
ment list.

Listing 1 — header file (sum1.h)
double suml(int count, ...);
Listing 2 — C function (sum1.c)

#include <stdarg.h>
#include <stdio.h>
#include "sumil.h"

double sumi(int count, ...) {

int i
double retval = 0, di;
va_list ap;

va_start(ap, count);
if(count < 0) {
printf("Wrong number of argument\n®);
exit(-1);
}
for(i = 0; i < count; i++) {
dl = va_arg(ap, double);
retval += di;

}

return retval;

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

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

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

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

if(handle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );
return -1;

}

fptr = disym(handle, "suml1_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1;

}

va_start(ap, count);
vacount = va_count(ap);
/I for-loop is used to call the chdl function multiple times
for(i = 0; i < vacount; i++) {
dl = retval;
d2 = va_arg(ap, double);
dirunfun(fptr, &retval, suml, 2, di, d2);
}

va_end(ap);

if(diclose(handle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return -1,

}

return retval;

}

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

Listing 4 — chdl file (sumlchdl.c)

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

EXPORTCH double suml_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
int count;
double d1, d2, retval;

Ch_VasStart(interp, ap, varg);
count = Ch_VaArg(interp, ap, int);
dl = Ch_VaArg(interp, ap, double);
d2 = Ch_VaArg(interp, ap, double);
retval = suml(count, d1, d2);
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Ch_VaEnd(interp, ap);
return retval;

}

The chdl function calls the C functicsuml() 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 O;

With the for-loop in the chf file, applications in Ch space @all 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 satisé@d the function has a limited number of
arguments with different data types, such as the possilllagsaof functionfunctionName () below:

functionName(param);
functionName(param, argl);
functionName(param, argl, arg2);
functionName(param, argl, arg2, arg3);

whereparam, argl , arg2 andarg3 are data types adata _type , data _typel , data _type2 and
data _type3 , respectively, the following chdl function and Ch functican be used.

In the chf file, the Ch function is shown in Program$.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_typel argil;
data_type2 arg2;
data_type3 arg3;

/* load the dynamically loaded library */

dihandle = dlopen("libproject.dl*, RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );
return;

}

fptr = disym(dlhandle, "functionName_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

}

va_start(ap, param);
vacount = va_count(ap);
if(vacount == 0)
dirunfun(fptr, NULL, NULL, param);

if(vacount >= 1) {
argl = va_arg(ap, data_typel);
if(vacount == 1)
dirunfun(fptr, NULL, NULL, param, argl);
}

if(vacount >= 2) {
arg2 = va_arg(ap, data_type2);
if(vacount == 2)
dirunfun(fptr, NULL, NULL, param, argl, arg2);
}

if(vacount == 3) {

arg3 = va_arg(ap, data_type3);

dirunfun(fptr, NULL, NULL, param, argl, arg2, arg3);
}

va_end(ap);

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

}
}

Program 5.15: Regular functions with a limited number oLiangnts (chf function).
Here, the APVa_count() which is only available in Ch space, is used to determirentimber of arguments

after the first one. In Ch, a function can begin with the vdddéngth argument list without any arguments,
for example
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void functionName(...)
If this is the caseYA _NOARG is used to replace the first argument in the following statéme
va_start(ap, VA_NOARG);

to start the processing of variable number arguments. Mdoerhation about this can be found in Ch User’s
Guide.
In the chdl file, the chdl function is shown in Program™.16.

#include<ch.h>

EXPORTCH void functionName_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;

int count;
data_type param;
data_typel argil;
data_type2 arg2;
data_type3 arg3;

Ch_VasStart(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(lcount >= 1) {
argl = Ch_VaArg(interp, ap, data_typel);
if(count == 1)
functionName(param, argl);

}

if(count >= 2) {
arg2 = Ch_VaArg(interp, ap, data_type2);
if(count == 2)
functionName(param, argl, arg2);

}

if(count == 3) {
arg3 = Ch_VaArg(interp, ap, data_type3);
functionName(param, argl, arg2, arg3);

}

Ch_VaEnd(interp, ap);

Program 5.16: Regular functions with a limited number oLangnts (chdl function).

where the APCh_VaCount() is used to obtain the number of the rest of arguments inrthenaent list after
the first ongparam is taken.
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Example

In this example, functiosum?2() is used to describe the case of the function with a varibdrigth 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 = O;

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 */
dihandle = 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 = disym(dlhandle, "sum2_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1;

}

va_start(ap, param);
count = va_count(ap);
if(count == 0)
dirunfun(fptr, &retval, sum2, param);

if(lcount >= 1) {
i = va_arg(ap, int);
if(count == 1)
dirunfun(fptr, &retval, sum2, param, ii);

}

if(count >= 2) {
ii2 = va_arg(ap, int);
if(count == 2)
dirunfun(fptr, &retval, sum2, param, ii, ii2);

}

if(count >= 3) {
ff = va_arg(ap, float);
if(lcount == 3)
dirunfun(fptr, &retval, sum2, param, ii, ii2, ff);

}

if(count >= 4) {
ff2 = va_arg(ap, float);
if(lcount == 4)
dirunfun(fptr, &retval, sum2, param, ii, ii2, ff, ff2);
}

if(count >= 5) {
dd = va_arg(ap, double);
if(count == 5)
dirunfun(fptr, &retval, sum2, param, ii, ii2, ff, ff2, dd);
}

if(count >= 6) {
dd2 = va_arg(ap, double);
iflcount == 6)
dirunfun(fptr, &retval, sum2, param, ii, ii2, ff, ff2, dd, d d2);
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}

va_end(ap);
return retval;

}
Listing 4 — chdl file (sumzchdl.c)

#include <ch.h>
#include "sum2.h"

EXPORTCH double sum2_chdl(void *varg){
Chinterp_t interp;
ChVvalList_t ap;

int count, param, ii, ii2;
float ff, ff2;
double dd, dd2, retval = O;

Ch_VasStart(interp, ap, varg);
param = Ch_VaArg(interp, ap, int);

count = Ch_VaCount(interp, ap);
if(count == 0)
retval = sum2(param);

if(lcount >= 1) {
ii = Ch_VaArg(interp, ap, int);
iflcount == 1)
retval = sum2(param, ii);

}

if(count >= 2) {
ii2 = Ch_VaArg(interp, ap, int);
if(lcount == 2)
retval = sum2(param, ii, ii2);

}

if(lcount >= 3) {
ff = Ch_VaArg(interp, ap, float);
if(lcount == 3)
retval = sum2(param, ii, ii2, ff);

}

if(count >= 4) {
ff2 = Ch_VaArg(interp, ap, float);
if(lcount == 4)
retval = sum2(param, ii, ii2, ff, ff2);

}

if(count >= 5) {
dd = Ch_VaArg(interp, ap, double);
iflcount == 5)
retval = sum2(param, ii, ii2, ff, ff2, dd);
}

if(lcount >= 6) {
dd2 = Ch_VaArg(interp, ap, double);
iflcount == 6)
retval = sum2(param, ii, ii2, ff, ff2, dd, dd2);
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}

Ch_VaEnd(interp, ap);
return retval;

}
Listing 5 — Ch application (sumz2.ch)
#include "sum2.h"

int main() {

printf("sum1
printf("sum?2
printf("sum3
printf("sum4
printf("sum5

%fn", sum2(2, 11, 22));

%fn", sum2(3, 11, 22, 3.3));

%f\n", sum2(4, 11, 22, 3.3, 4.4));

%f\n", sum2(5, 11, 22, 3.3, 4.4, 5.5));
%fn", sum2(6, 11, 22, 3.3, 4.4, 5.5, 6.6));

return O;

}
Output

suml = 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 retaue 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_typel argl, data_type2 ar g2) {
struct tag_t retval;

return retval;

}

whereretval is a variable of data typstruct tag  _t.

In the chf file, the Ch function is shown in Program3.17,
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#include<dlfcn.h>

struct tag_t functionName(data_typel argl, data_type2 ar g2) {
void *dlhandle, *fptr;
struct tag_t retval;

/* load the dynamically loaded library */
dihandle = 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 = disym(dlhandle, "functionName_chdI");
if(fptr == NULL) {

printf("Error: %s(): disym(): %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 */

dirunfun(fptr, NULL, NULL, &retval, argl, arg2);

/* close the dynamically loaded library */
if(diclose(handle)!=0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n",
__func__, dlerror());
return FAIL_VALUE;

}

return retval,

Program 5.17: Regular functions with return value of st(abf function).
whereretval is declared as a variable of type of straay _t . Its addreskretval is passed to C
space as the fourth argument, instead of the second arguofiémctiondlrunfun (). 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 Progrem™.18.
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#include<ch.h>

EXPORTCH void functionName_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;

/* use pointers to access arrays */
data_typel argil,;

data_type2 arg2;

struct tag_t *pretval;

/* get arguments passed from the Ch function */
Ch_VasStart(interp, ap, varg);

pretval = Ch_VaArg(interp, ap, struct tag_t *); /* address o f struct in Ch space */
argl = Ch_VaArg(interp, ap, data_typel); /* get 1lst argumen t ¥
arg2 = Ch_VaArg(interp, ap, data_type2); /* get 2nd argumen t ¥

*pretval = functionName(argl, arg2);

Ch_VaEnd(interp, ap);

Program 5.18: Regular functions with return value of st{abtl function).

where chdl functiodunctionName _chdl has no return value. Variabjetval s defined as a pointer

to structtag _t and it will take the address of the variabttval in Ch space. In this function, the content
of the return value, which is a struct, of C functiimctionName () is copied over to the memory of the
variableretval in Ch space by statement

*pretval = functionName(argl, arg2);

Example

In this example, functiometstruct () is used to describe the case of the function returninguatstr

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 = disym(handle, "retstruct_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return retval;

}
dirunfun(fptr, NULL, NULL, &retval, i, sptr, d, ps);

if(diclose(handle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return retval;

}

return retval;

}
Listing 4 — chdl file (retstructhdl.c)

#include <ch.h>
#include <stdlib.h>
#include "retstruct.h”

EXPORTCH void retstruct_chdl(void *varg) {
Chinterp_t interp;
ChValList_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() = %A\n", p.d);

return O;

}
Output

h = 20

s.i in main()
s.s in main()
s.d in main()
p.i in main()
p.s in main()
p.d in main()

000000

=1
=2
= 3.
=1
=2
= 3.000000

Functions return structure type can also be handled autcatiptby commandc2chf as described in
sectiofCIl. However, when the return type is representedtipyedefed struct variable, an optiesneeds
to be used for commantRchf.

5.7 Functions with Arguments of Special Data Type

There are some data types in Ch that have to be handled inlgldjfierent ways, such astring _t in
Ch.

5.7.1 Functions with Arguments of Type stringt

This section discusses how to call a function with "char *aasargument in C space from a function in Ch
space that have arguments with type string
Assume that the function that we have to deal with has theviatlg prototype:

void functionName(string_t argl) {

}

Progran{ 5.0 is the chf function that would be loaded wherapigication program runs in Ch.
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#include<dlfcn.h>

void functionName(string_t s) {
void *dlhandle, *fptr;

dihandle = dlopen("libt.dl", RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );
return;

}

fptr = disym(dlhandle, "functionName_chdI");
if(fptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;
}
dirunfun(fptr, NULL, functionName, s); /* string is valid d ata type for dlrunfun */

if(diclose(dlhandle) != 0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n",
__func__, dlerror());
return;

}
}

Program 5.19: Regular functions with Arguments of typenstti (chf function).

Notice that the chf function above is very similar to the odisplayed earlier. But unlike other chf functions,
this one takes atring _t argument from the application program and passes the sajumant to the
chdl function usingdlrunfun() .

Let’s take a look of chdl file that is shown in Program %.20. Rerber that the chdl function is called
by dlrunfun() .
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#include<ch.h>

EXPORTCH void functionName_chdl(void *varg) {
Chinterp_t interp;
ChvalList_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 gttinhdl function).

Sincestring _t is a data type that is specifically designed for Ch, it will et recognized in the
C space. As a result, we have to declare the string variapledyar * in the chdl file to store a copy
of thestring _t argument that is passed in. Thging _t variable in the Ch space will be deallocated
automatically by the Ch kernel when the function exists. e, the memory allocated for the string in the
C space has to be freed by functifsee()  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.K4, we have introduced how to handle functiorth wigument of arrays which have fixed di-
mensions and extents. The array names which representdhesads of arrays have been passed to the C
space. Because numbers of dimensions and extents are fixadprmation other than addresses of arrays
need to be passed to the C space in that case. If a C functiatkekaarrays with different extents, it typi-
cally takes information of extents from the argument lisdbr Example, a C function which performs array
multiplication of C = 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 pointeps,, pb andpc, represent two-dimensional arrays with shapenok(
m), (m x r) and @ x r). Due to differenin, mandr , the extents of arrays in the multiplication operations
can be different. There are many different ways to build teasponding Ch function and chdl function
to call a C function likearrmul (). One of them is to use a Ch function with the same prototyptha
corresponding C function. If this is the case, the Ch fumcaad chdl function can be coded according to
the templates of cases of regular functions. Another wafias the Ch function takes only arrays, either
C array or Ch computational array, as arguments without dngranformation. If this is the case, the
prototype of the corresponding Ch functiarrmul () can be
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int arrmul(array double a[:][:], array double b[:][:],
array double c[:][:];

where arguments, b andc are assumed-shape computational arrays instead of dooinies. Please
refer toCh User’'s Guiddor more information about Ch computational arrays. Witbussed-shape arrays,
a Ch function can take arrays with different extents. A fiorcwith this prototype is more convenient to
use for Ch users. To make this Ch function work with the C fiamctvhich needs more information of
arrays, we need extract the information, including numbésmensions and extents, in the Ch function or
the chdl function.

Programd_5.21 along witi_5R2 is a complete example of arralfiptication. In this example (Pro-
gram[5.21), either C arrays or Ch computational arrays assgubto the Ch function. In the chdl function
arrmul _chdl () in Program[522, we extract the information about theseyar with functions
Ch.VaArrayType(), ChvaArrayExtent() and Ch/aArrayDim(). 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 afilag 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. Tacinghe prototype of the C function, we also
need to make three double pointges, 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 figgtraentaa is a pointer which represents

a one-dimensional array. As we have known, with enough mé#ion, aa can also represents a multi-
dimensional array. The second argumetiin , contains the number of the dimension, and the third one,
ext , contains extents of all dimensions. The Ch function withfiimction prototype

double summary(array double &a);

can be used, whera is array of reference. Please referGb User's Guidefor more information about
Ch computational array of reference. With arrays of refeeeia Ch function can take arrays with different
dimensions, extents, and even different data types. Prdgra3 along with[5.24 is a complete example of
calculating the summary of each element of an array. Unfikgotevious example, in which the information
of array is extracted in the chdl function, here we extraetiiiormation in the Ch function with the function
shape (). Given an n-dimensional arra, 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 = disym(handle, "arrmul_chdI");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1;

}

dirunfun(fptr, &retval, arrmul, a, b, c);

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

}

return retval;

}

int main() {

array double al[2][3] = { 1, 5, 3,
5, 6, 7}
double b1[3][2] = { 1, 5,

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(al, bl, cl);
printf("cl = \n%f\n", cl);
arrmul(a2, b2, c2);
printf("c2 = \n%f", c2);

return O;

Program 5.21: arrmul.ch: Example of array multiplicatiothvarguments 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;
ChValList_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_ ¢ 0, ext_c_1;
int retval;

Ch_VasStart(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);

Ch_VaArrayExtent(interp, ap, 0);
Ch_VaArrayExtent(interp, ap, 1);
_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 ¢ _1 = Ch_VaArrayExtent(interp, ap, 1);

¢ = Ch_VaArg(interp, ap, double*);

Program 5.22: arrmul.c: Example of array multiplicationttwarguments of VLAs (C and chdl file).
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/* check if extents of these three arrays match for array mult iplication */
iflext_a_1 == ext_ b 0 && ext a 0 == ext ¢ 0 && ext b 1 == ext c{
if( !(pa = (double **)malloc(ext_a_0 * sizeof(double*))) | |
I(pb = (double **)malloc(ext_b_0 * sizeof(double*))) ||
I(pc = (double **)malloc(ext_c_0 * sizeof(double*))) ) {
printf("Can’t allocate memory.\n");
exit(-1);

}

fori = 0; i <= ext_a_0-1; i++) {
pali] = &a[i*ext_a_1];
pcli] = &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]ir] = a[n][m] * b[m][r] */
int arrmul(double **pa, double **pb, double **pc, int n, int m, int r) {

int i, j, k;

fori = 0; i <= n-1; i++) {
forG = 0; j <= r-1; j++) {
pclillil = O;
for(k = 0; k <= m-1; k++)
pefillil += palillk] * pbIK][i];

}

return O;

}

Program 5.22: Example of array multiplication with argunseof VLAS (arrmul.c).
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ext = shape(a)

returns a one-dimensional arraxt with n elements which contain all extents of aray Therefore, the
function call

dim = shape(shape(a))
returns the number of the dimensionsafThe statement
aa = (array double [totnum])a;

casts computational array; which can be different dimension and different data typesa which is an
one-dimensional computational array with type double eAfhat, all necessary information with arrag
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, tothum = 1;
double sums;

ext = shape(a);
fori = 0; i < dim; i++) {
totnum = totnum * ext[i];

array double aaftotnum];

5.7. FUNCTIONS WITH ARGUMENTS OF SPECIAL DATA TYPE

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 = disym(handle, "summary_chdl");

iffptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );

return NaN;

}

dirunfun(fptr, &retval, NULL, aa, dim, ext);

if(diclose(handle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);

return NaN;

}

return retval;

}

int main() {

array double al[2][3] = { 1, 5, 3,

5 6, 7}

int b1[3] = { 1, 5, 3}

printf("summary
printf("summary
return O;

%f\n", summary(al));
%f\n", summary(bl));

Program 5.23: Example of calculating summary with argusiehtVLAs (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;
ChvalList_t ap;
double *a;
int dim, *ext;
double retval = 0;

Ch_VasStart(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, tothum = 1;
double sums = 0;

fori = 0; i < dim; i++) {
totnum = totnum * ext[i];

}
for(i = 0; i < totnum; i++) {
sums = sums + aali];

}

return sums;

Program 5.24: Example of calculating summary with argusiehVLAs (summary.c).

5.7.3 Functions with Return Value of Ch Computational Array

A lot of existing Ch functions designed for numeric compiatag are taking the advantage of the feature of
Ch computation arrays. Sometimes, it is more efficient toerskne computational jobs done in C space
and return the result in the form of Ch computational arragto Unlike previous sections where cases are
focused on how to port C code to Ch, cases in this section limiitiate how to make up Ch functions, chdl
functions, as well as C function if necessary, to work withd@mputational arrays.

Let's get started with writing a Ch function which returns & Gomputational array. It is shown in
Progranf5.25,
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#include<dlfcn.h>

array return_type functionName(data_typel argl, data_ty pe2 arg2)[ARRAY_DIM] {
void *dlhandle, *fptr;
array return_type retval[ARRAY_DIM];

/* load the dynamically loaded library */
dihandle = 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 = disym(dlhandle, "functionName_chdl");
if(fptr == NULL) {

printf("Error: %s(): disym(): %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 */

dirunfun(fptr, NULL, NULL, &retval[0], argl, arg2);

/* close the dynamically loaded library */
if(diclose(handle)!=0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n",
__func__, dlerror());
return FAIL_VALUE;

}

return retval;

Program 5.25: Regular functions with return value of Ch cotagonal array (chf function).
whereretval is defined as &h Computational Array , and ARRAYDIM is a predefined macro that
indicates the fixed size of the array. The address of the fagtent ofretval &retval[0] is passed to
C space as the fourth argument of functairunfun (), and the second and the third arguments are NULLSs.

In the chdl file, the chdl function is shown in Program™.26,
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#include<ch.h>

EXPORTCH void functionName_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
return_type *pretval;
data_typel argil;
data_type2 arg2;

/* get arguments passed from the Ch address space */
Ch_VasStart(interp, ap, varg);

pretval = Ch_VaArg(interp, ap, retrun_type*); /* address o f the array in Ch space */
argl = Ch_VaArg(interp, ap, data_typel); [* 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 cotational array (chdl function).

wherepretval is defined as a pointer t@turn _type to hold the address of the computational array
passed from the Ch space. Then, we can do some computatiasaihj C space and put the result to the
computational array by its address.

Example

In this example, the Ch functiot _comp_arr () returns a Ch computational array with extent of 5.
Listing 1 — header file (recomparr.h)
#define ARRAY_DIM 5 /* the extent of the computational array */

In this header file, the extent of the computational arrayefingd as a macro. Both C and Ch files will
use this file.

Listing 2 — Ch application (recomparr.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);

}
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Being different from the template shown in Program b.25,Ghefunctionret _comp_arr () does not
take any argument.

Listing 3 — chf file (retcomparr.chf)

#include <dlfcn.h>
#include <array.h>
#include "ret_comp_arr.h"

array double ret_comp_arr()JARRAY_DIM] {
void *handle, *fptr;
array double retvall[ARRAY_DIM];

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

if(handle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( ));
return retval;

}

fptr = disym(handle, "ret_comp_arr_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return retval;

}

/* pass the address of the first element of retval
to the C space */
dirunfun(fptr, NULL, NULL, &retval[Q]);

if(diclose(handle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
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;
ChVvalList_t ap;

double *pa;

Ch_VasStart(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+l

pa++;

}
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Ch_VaEnd(interp, ap);
}

Here, the for-loop stands for some complicated computalifmis 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 Computtional Array

Based on the previous section, here we will continue withdiseussion of functions with return value of
variable length computation arrays (VLCA).
The corresponding chf file of the template is shown in Prodsaad,
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#include<dlfcn.h>

array return_type functionName(int array_dim1, int array _dim2,
data_typel argl, data_type2 arg2) [][:] {
void *dlhandle, *fptr;
array return_type retval[array_dim1][array_dim2];

/* load the dynamically loaded library */
dihandle = 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 = disym(dlhandle, "functionName_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %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 */
dirunfun(fptr, NULL, NULL, &retval[0][0],
array_diml, array_dim2, argl, arg2);

/* close the dynamically loaded library */
if(diclose(handle)!=0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n",
__func__, dlerror());
return FAIL_VALUE;

}
return retval;
}
Program 5.27: Regular functions with return value of VLCAf(function).
where[:][:] in the function header indicates that the dimension of the&med Ch computational array

is 2, but the extents of each dimension are variable. Thiseisrtain difference between ProgrAm .27 and
Progranf5.25 where extents of the returned array are fixeeladtiress of the first element of the computa-
tional array, i.e&retval[0][0] , as well as its extents which are determined at runtime agagkto the

C space as the arguments of functairunfun .

The chdl function is shown in Progrdm®5l128,
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#include<ch.h>

EXPORTCH void functionName_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;

int array_dim1, array_dim2;
data_typel argil,;
data_type2 arg2;
return_type *pretval;

/* get arguments including address and dimentions of
array passed from the Ch address space */

Ch_VasStart(interp, ap, varg);

/* get address of the returned array in Ch */

pretval = Ch_VaArg(interp, ap, return_type*);

array_diml = Ch_VaArg(interp, ap, int); /* get 1st dimentio n *
array_dim2 = Ch_VaArg(interp, ap, int); /* get 2nd dimentio n */
argl = Ch_VaArg(interp, ap, data_typel); /* 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 VLCAdEtfunction).

It is similar to the chdl function shown in Progrdm .26 exdbgt it has two arguments specifying the size
of each dimension of the array.

Example

This example shows how to handle a function which returnsrabig length computational array
(VLCA).

Ch function — comparray.chf is shown in Program 5129,
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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 = disym(handle, "comp_array_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return retval;

}

/* pass the first element of retval to C space */
dirunfun(fptr, NULL, NULL, &retval[0], i);

if(diclose(handle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return retval;

}

return retval;

Program 5.29: Example of functions with return value of VL(AT file).

where[:] in the function header indicates the returned array has ionengion with variable extent. The
argument will contain the extent of the array at runtime.

C and chdl file — The chdl function and corresponding C fumctomp_array() is shown in Pro-
gram®.3D,
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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;
ChVvalList_t ap;

int nn;
double *pa;

Ch_VasStart(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 VL(@AdI file).
Here we use a separated C functammp_array () to handle the computational jobs in C space.

Application — comparray.ch is shown in Program5131. Two arrays of one dimensiot 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 VL@¥pplication).

Output is shown in Prograi5.82,

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 VL{Result).
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Chapter 6

Templates for Functions with Pointer to
Function

Pointers are powerful in C. Pointer to function allows C pesgmers to do sophisticated manipulations
with functions. In this chapter, we will discuss functiohat have arguments or return values of pointer to
function. This chapter is more difficult to comprehend comepéao the previous chapters due to the subject
matter. Callback Ch functions from C space in Sediioh 2.8dgired to understand first. It would be very
helpful to readCh User’s Guideand learn about pointer to function first if you are new to tbacept of
pointer to function. Most examples presented in this chiagrte commonly used to set callback functions
and then get callback functions. This chapter is organinealway that users will learn how to register/set
function pointer in C space and get function pointer from @space. Typically, setting function pointer
and getting function pointer are used in conjunction, thecfions are defined in Ch space. Some complete
examples that invoke functions for both setting and getlimgrtion pointer will be given. It is crucial to
read the Sectiof 8.1 thoroughly, because it has detailddradons for the codes that will not be repeated
for other sections.

6.1 Functions with Arguments of Pointer to Function in C spae

6.1.1 Pointer to Function without Return Value and Argumentin C space

Let’s look at a C space program with pointer to function befinre general templates are given. The function
setFunctionl () in PrograniGll takes two arguments. The first one is a noangaiment with type of
int . The second one is a pointer to function which has no arguameshtreturn value. The function call
using the pointer to function is the only statement in thergkidn of functionsetFunctionl ().

#include <stdio.h>

void setFunctionl(int a, void (*f)()) { // int a is not used he re
if (f!= NULL)
{

}

f0;

Program 6.1: Function taking argument of pointer to functio
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In the Ch space, the applicati@etfuncptrl.ch shown in Prograrfi @l 2, the functidn() is passed
to setFunctionl() as a pointer.

#include <stdio.h>

void f() {
printf("This is printed from fO\n");
}

int main() {
setFunction1(10, f);

return O;

}

Program 6.2: setfuncptrl.ch: Ch application calling fiorcsetFunctionl()

the expected result from execution of the applicagetfuncptrl.ch is
This is printed from f()
The C functionsetFunctionl () mentioned above can be generalized as the following imct

void setFunctionl(data typel argl, void (*funptr)()) {

}

where the first argumemirgl is simple data typelata _typel . The simple data typdata typel can
be any one of the following typechar, 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. Theadargumenfunptr is a pointer to the
function which has no return value and argument. In circamss of callback, functiosetFunctionl ()
can be considered as an API to register a user-defined Clacklfinction pointed to byunptr . This
user-defined functiofiunptr  can be used to handle certain system event, for examplegthembuse
button being pushed or the menu item being selected. Afeefuhction pointefunptr is registered,
every time when the left mouse button is pushed, the usanatkfunction will be invoked through function
pointerfunptr . The first argumenint is optional in this case.

The corresponding Ch functi@etFunctionl  ()is shown in Progra.3. Two arguments of function
setFunctionl (), argl andfunptr , are passed teetFunctionl _chdl () in the C space as the
fourth and fifth arguments of functiadirunfun() . setFunction1  _chdl () can be found in Prograin®.4.
Note that the argumerfitinptr  in ProgranT &8 has to be NULL or a pointer which points to advidcal
or global function in Ch space. If it is a pointer pointing t€dunction or other improper memory address,
the functiondlrunfun () will not work properly. In functionsetFunctionl  _chdl() , funptr  will
be saved and replaced by a function which is defined in C spitve statements opening and closing the
DLL file, say libproject.dl , should be moved to a Ch header file as illustrated in Chéapifeth@re
are multiple functions to be handled.

The chdl functionsetFunctionl  _chdl () which runs in C space is shown in Progr&ml 6.4. One
data type is defined and two static variables are declarentdoétie definition of the chdl function. Type
funcHandle s typedefed as a pointer to a function that has no returrevaha argument. This definition
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#include<dlfcn.h>

void setFunctionl(data_typel argl, void (*funptr)()) {
void *dlhandle, *fptr;

dihandle = dlopen("libproject.dl*, RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );
return;

}

fptr = disym(dlhandle, "setFunctionl_chdl");

if(fptr == NULL) {

printf("Error: %s(): disym(): %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 * /

dirunfun(fptr, NULL, setFunctionl, argl, funptr);

if(diclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return;

}
}

Program 6.3: Argument of pointer to function without retwatue and argument (chf file).

should match the second argumensefFunctionl (). The variablesetFunctionl  _chdl _funptr
is defined as a static pointer which is used to save the fungkinter passed from Ch space. Since func-
tion setFunctionl  _chdl _funarg () is a static C function which is used to replace the Ch fumcti
pointer, it is very critical to make the prototype of this Ghfition consistent with that of the Ch function
setFunctionl() . This rule applies to all remaining cases of setting andrggftinction pointers.

In the definition of functiorsetFunctionl  _chdl (), the Ch function pointer that is passed from the
Ch function in Prograrfi 6l 3 is obtained and saved with statésne

handle_ch = Ch_VaArg(ap, funcHandle);
setFunction1_chdl_funptr = (void *)handle_ch;

handle ch is cast to be compatible wittsetFunctionl _chdl funptr . The C function
setFunctionl () is then called with two arguments as follows

setFunctionl(argl, handle_c);

If the Ch function pointehandle _ch is not a NULL pointer, the second argumdrandle _c points to
the static C functiorsetFunctionl  _chdl _funarg (), which is also defined in this chdl file, otherwise,
NULL will passed as the function pointer. Since a functiorthe C address space cannot call a function
defined in the Ch space directly, the call to the Ch functionted to bysetFunctionl  _chdl _funptr

are directed to the C functiogetFunction  _chdl _funarg (). This is the key point of cases of setting
function pointers. In other words, the C functieatFunctionl  chdl funarg () is called in C space
instead of the Ch function. In tursetFunctionl  _chdl _funarg () calls the Ch function pointed to by
setFunctionl  _chdl _funptr with statement

Ch_CallFuncByAddr(interp, setFunctionl chdl_funptr, N ULL);
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#include<ch.h>
#include<stdio.h>
A

typedef void (*funcHandle)(); /* function pointer type */

static Chinterp_t interp;
/* C function to replace the Ch function pointer */
static void setFunctionl_chdl_funarg();

/* save the function pointer from the Ch space */
static void *setFunctionl_chdl_funptr;

EXPORTCH void setFunctionl_chdl(void *varg) {
ChVvalList_t ap;
data_typel argil,;
funcHandle handle_ch, handle_c = NULL;

Ch_VasStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel); /* get 1lst argumen t ¥
/* get and save Ch function pointer */

handle_ch = Ch_VaArg(interp, ap, funcHandle);

setFunctionl_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 */
setFunctionl(argl, handle_c);

Ch_VaEnd(interp, ap);
}

static void setFunctionl_chdl_funarg() {
/* Call Ch function by its address */
Ch_CallFuncByAddr(interp, setFunctionl_chdl_funptr, N ULL);

}

Program 6.4: Argument of pointer to function without retwatue and argument (chdl file).
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Ch Space C Space (libproject.dl)
dlopen() ! setFunctionl_chdli)
main() —y |
setFunctionl(argi.,fgn_pgf)= l Ch_VasStart()
! Ch_VaArg()
e T B
diclose() | Ch_callFuncByAddr()

Figure 6.1: Functions and APIs in Ch and C spaces for settfngaion.

More information about interfacing Ch function from C spagith the API Ch_CallFuncByAddr () is
available in sectiol2l4. In this case, the first argumietérp  of static duration was assigned a Ch
interpreter by functiorCh_VaStart() inside functionsetFunctionl  _chdl() . The second argument of
Ch_CallFuncByAddr () is the Ch function pointer. The third argumeniN&JLL, because the Ch function
has no return value. If the function does return a value, ifsesecond argument would Baetval . The
case of the pointer to function with return value will be gttuced in the next section.

If function setFunctionl  _chdl () is called for multiple times to set different Ch functionipters,
the last pointer will replace the previous one, becausetdii variablesetFunctionl  _chdl _funptr
only holds the last Ch function pointer.

Figured 61l illustrates the relation between the functietting function pointers, and functions being
set in both Ch and C spaces. In Ch space, the funsRunctionl () is called to set the Ch function
funptr (). The function namefunptr is passed as an argument to the chdl function
setFunctionl  _chdl () in C space. In C space, the chdl function calls C funcietFunctionl () to
set a function pointer. The function to be setin C space i€thictionsetFunctionl  _chdl _funarg ()
instead of the Ch functiofunptr (), because in C space, Ch functions suctiuaptr (), can only be
called by the Ch APICh_CallFuncByAddr () andCh_CallFuncByNameg(). If a Ch function is set in C
space, and called back later from C space directly, the anogvill not work properly.

Example

This is a complete example that illustrates the case ohggtibinter to function that has no return value and
argument.

Listing 1 — Ch function file §etFunctionl.chf )

#include<dlfcn.h>
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void setFunctionl(int argl, void (*funptr)()) {
void *dlhandle, *fptr;

dihandle = dlopen("libsetfuncptr.dl", RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( ));
return;

}

fptr = disym(dlhandle, "setFunctionl_chdl");

if(fptr == NULL) {

printf("Error: %s(): disym(): %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 * /

dirunfun(fptr, NULL, setFunctionl, argl, funptr);

if(diclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return;
}
}

The above Chf function is almost the same as the templatershoRrograni6l3, except for the DLL file
libsetfuncptr.dl

Listing 2 — chdl file etFunctionl  _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 setFunctionl_chdl_funarg();

/* function pointers to save Ch function pointers */
static void *setFunctionl_chdl_funptr;

EXPORTCH void setFunctionl_chdl(void *varg){
ChvalList_t ap;
int argl;
funcHandle handle_ch, handle_c = NULL;

Ch_VasStart(interp, ap, varg);

argl = 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;

}

setFunctionl(argl, handle_c);
Ch_VaEnd(interp, ap);
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}

static void setFunctionl_chdl_funarg() {
Ch_CallFuncByAddr(interp, setFunctionl_chdl_funptr, N ULL);

}

It is actually the template shown in Programl6.4.
Listing 3 — C function to be handleag¢tFunctionl.c )

#include <stdio.h>

void setFunction1(int a, void (*f)()) { // int a is not used he re
if ( f!= NULL)
{
f0;
}
}

Listing 4 — Makefile to build DLL Makefile )

# for cases pointer to function

INC1=-l/usr/include
INC2=-1/usr/ch/extern/include

target: libsetfuncptr.dl
libsetfuncptr.dl: setFunctionl.0 setFunctionl_chdl.o
ch dllink libsetfuncptr.dl \

setFunctionl.0 setFunctionl_chdl.o

setFunctionl.o: setFunctionl.c

ch dicomp libsetfuncptr.dl setFunctionl.c $(INC1) $(INC2 )
setFunctionl_chdl.o: setFunctionl_chdl.c

ch dicomp libsetfuncptr.dl setFunctionl_chdl.c $(INC1) $ (INC2)
clear:

rm -f *.0
clean:

m -f *.o

rm -f  lib*.dl

Listing 5 — Ch Application ¢etfuncptrl.ch )

#include <stdio.h>
void f() {

printf("This is printed from f(\n");
}

int main() {
setFunction1(10, f);

return O;

}
After making the DLL file, the result from direct executionagplicationsetfuncptrl.c is

This is printed from f()
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#include<dlfcn.h>

void setFunction2(data_typel argl, retrun_type (*funptr )0) {
void *dlhandle, *fptr;

dihandle = dlopen("libproject.dl*, RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );
return;

}

fptr = disym(dlhandle, "setFunction2_chdl");

if(fptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;
}
/* call the chdl function in dynamically loaded library by ad dress,

arguments including function pointer are passed C space */
dirunfun(fptr, NULL, setFunction2, argl, funptr);

if(diclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return;

}
}

Program 6.5: Argument of pointer to function with returnuealchf file).

6.1.2 Pointer to Function with Return Value

This section discuss functions with arguments of pointeifsinctions that have return values. Assume the
function to be called in C space is:

void setFunction2(data_typel argl, return_type (*funptr )0) {

}

This function would be the same as the one in the first sectiit® $econd argument did not have a return
value.

The Ch functionsetFunction2 () is given in Prograri 6l5. The only difference between thisfite
from the one shown in Progradm 6.3 is the type of the pointehénargument list. It is defined as a pointer
to function with a return value of data typeturn _type .

In the chdl file, the chdl functiosetFunction2  _chdl () is shown in Prografi8.6. Note that the type-
def statement declarekincHandle in accordance to the second argument of the Ch function
setFunction2 () in the beginning of this section. To be compatible with tBle function, the C re-
placement functiosetFunction2  _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 &@h_CallFuncByAddr() is the address of the return value.
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#include<ch.h>
#include<stdio.h>
A

typedef return_type (*funcHandle)(); /* function pointer

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) {

}

ChVvalList_t ap;
data_typel argil,;
funcHandle handle_ch, handle_c = NULL;

Ch_VasStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel); /* get 1lst argumen
/* 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(argl, 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, &
return retval;

type */

*/

retval);

Program 6.6: Argument of pointer to function with returnualchdl file).
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#include<dlfcn.h>

void setFunction3(data_typel argl, void(*funptr)(data_ type2)) {
void *dlhandle, *fptr;

dihandle = dlopen("libproject.dl*, RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );
return;

}
fptr = disym(dlhandle, "setFunction3_chdl");

if(fptr == NULL) {

printf("Error: %s(): disym(): %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 * /

dirunfun(fptr, NULL, setFunction3, argl, funptr);

if(diclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return;

}
}

Program 6.7: Argument of pointer to function with argumaattf (file).

6.1.3 Pointer to a Function with Arguments

This section gives a template including chf and chdl fileg dre used for functions with arguments of
pointers to functions that have arguments. Let’s say we tiavéollowing function:

void setFunction3(data_typel argl,
void (*funptr)(data_type2 arg2)) {

}

wheresetFunction3 () has two arguments and no return value. The first argurakyit is of simple
data typedata _typel . The second argumefunptr is a pointer to function which has one argument
arg2 of simple data typelata _type2 and has no return value.
The chf function is shown in Progrdm®.7. It is different frérogran &b in function argument only.
The chdl functionsetFunction3  _chdl () is shown in Prograrii@8.8. The typedef statement in the
chdl file should be identical to the one in the chf file. Nowslebmpare this file with the previous two chdl
files. This one is different from the chdl file shown in Progi@a in a way that this function does not return
value. As a resultCh_CallFuncByAddr () calls the function thafuncHandle points to by passin§lULL
in as the third argument instead &fetval . This is also the reason why the line

return retval;

in function setFunction2  _chdl _funarg () of Program[&J6 is not included in here. Notice that
Ch_CallFuncByAddr () has an extra argumergrg2 , that the function irCh_CallFuncByAddr () in Pro-
gramg$6.4 and Prografisk.6 do not have. This is because thm@loh pointer here points to a function that
has an argument, arlg2 has to be passed to the Ch function when it is calle@hyCallFuncByAddr ().

118



CHAPTER 6. TEMPLATES FOR FUNCTIONS WITH POINTER TO FUNCTION

6.1. FUNCTIONS WITH ARGUMENTS OF POINTER TO FUNCTION IN C SPA

#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) {
ChvalList_t ap;
data_typel argil;
funcHandle handle_ch, handle_c = NULL;

Ch_VasStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel); /* 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(argl, 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 argumeattd] function).
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6.1.4 Pointer to Function with Both Return Value and Argumerts

This section is a summary of previous two sections. Assumtiie function to be handled in this section
is:

void setFunction4(data_typel argl,
return_type (*funptr)(data_type2 arg2)) {

}...

FunctionsetFunction4 () has two arguments and no return value. The first argurmigit is of sim-
ple data typedata _typel . The second argumeritinptr is a pointer to function that has both ar-
gument and return value. The argumemy2 is of simple data typelata type2 . The return value
has data typeeturn _type . In fact, setFunction4() is a combination oketFunction2() and
setFunction3 (). Variablefunptr  points to a function that has a return value and an argumdraref
fore, we can find some methods that have been used earliex @hthh and chf functions.

#include<dlfcn.h>

void setFunction4(data_typel argl, return_type(* funptr )(data_type2)) {
void *dlhandle, *fptr;

dihandle = dlopen("libproject.dl", RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );
return;

}
fptr = disym(dlhandle, "setFunction4_chdl");

if(fptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;
}
/* to call the chdl function in dynamically loaded library by address;

arguments including function handle are passed C space */
dirunfun(fptr, NULL, setFunction4, argl, funptr);

if(diclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return;

}
}

Program 6.9: Argument of pointer to function with returnu@bnd argument (chf file).
Progranf €. is the chf file for this example. The return valioction is of data typeeturn _type

and the argument is of data typata _type2 . This is the only difference between Progrml 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) {
ChvalList_t ap;
data_typel argil;
funcHandle handle_ch, handle_c = NULL;

Ch_VasStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel); /* get 1lst 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(argl, handle_c);

Ch_VaEnd(interp, ap);
}

static return_type setFunction4_chdl_funarg(data_type 2 arg?) {
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 returtueaand argument (chdl function).

The chdl functionsetFunction4  _chdl () is shown as Prograll 6110. The typedef statement in this
file should be identical to the one that is in the chf file. Indg?ean[6.6,funcHandle has a return value
of data typereturn _type . In Prograni&BfuncHandle has an argument of data tygata _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 ha®turn value and an
argument. As it has been mentioned before, prototype of €tilumsetFunction4  _chdl _funarg()
should be consistent with that of the Ch functeetFunction4 ().

Example

This is a complete example that illustrates the case ohsgettointer to function that has return value and
two arguments.

Listing 1 — Ch function file §etFunction4.chf )

#include<dlfcn.h>
void setFunction4(int argl, int (*funptr)(float, int)) {
void *dlhandle, *fptr;

dihandle = dlopen("libsetfuncptr4.dl', RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( ));
return;

}

fptr = disym(dlhandle, "setFunction4_chdl");

if(fptr == NULL) {

printf("Error: %s(): disym(): %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 * /

dirunfun(fptr, NULL, setFunction4, argl, funptr);

if(diclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return;

}
}

The above Chf function is almost the same as the templatershio®rogranf 619, except for the DLL file
libsetfuncptr4.dl

Listing 2 — chdl file etFunction4  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){
ChvalList_t ap;
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int argl;
funcHandle handle_ch, handle_c = NULL;

Ch_VasStart(interp, ap, varg);

argl = 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(argl, 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 handleg¢tFunction4.c )

#include <stdio.h>
void setFunction4(int i, int (*f)(float, int)) {
int retval;
if (f!= NULL) {
retval = (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=-l/usr/include
INC2=-1/usr/ch/extern/include

target: libsetfuncptr4.dl
libsetfuncptr4.dl: setFunction4.0 setFunction4_chdl.o
ch dllink libsetfuncptr4.dl \

setFunction4.0 setFunction4_chdl.o

setFunction4.o: setFunction4.c

ch dicomp libsetfuncptr4.dl setFunction4.c $(INC1) $(INC 2)
setFunction4_chdl.o: setFunction4_chdl.c

ch dicomp libsetfuncptr4.dl setFunction4_chdl.c $(INC1) $(INC2)
clear:

rm -f *.0
clean:

rm -f *.o

rm -f  lib*.dl

Listing 5 — Ch Application ¢etfuncptr4.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 O;

}
After making the DLL file, the result from direct executionagplicationsetfuncptrd.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 discuss&ectiof 5. Functions with the argument
of struct or pointer to struct type without the field of pointe function can be handled as a simple type,
it has been discussed in Sect[onl5.3. If a structure has mrefielns of pointer to functions and functions
pointed by these member fieldds are in binary space, theroih&epto structure can be treated the same as
in SectiofB.B. In this case, functions pointed by pointdutwtions might be set by other functions.

In this section, we will discuss functions with argumentswiicts that have fields of pointers to func-
tions and these functions are in the Ch script space. Asshatene have the following function in C
space:

struct s_t {
data_type mem;
return_typel (*funptrl)(data_typel argl);
return_type2 (*funptr2)(data_type2 arg2);
¥
return_type3 setFunction6(data_type3 arg3, struct s_t *a rg4) {

}

structs_t has three members. Memberemis of simple data type, whereas membé&raptrl and
funptr2  are of pointers to functions which have arguments and retalures.

FunctionsetFunction6 () takes two arguments and returns a value of tsgtern _type3 . The
argumentarg3 is of date typedata _type3 , andarg4 is a pointer to strucs _t .

The Ch functiorsetFunction6 () is given in Prograri6.11. Sine®tFunction6  returns a value,
the method introduced in sectibnkb.3 can also be applieddcdse. Functiodlrunfun() 's second argument
is &retval instead ofNULL It is shown as follows.

dirunfun(fptr, &retval, setFunction6, arg3, arg4);

At the same time, the variabletval s returned at the end of the chf function. The argunsegd , a
pointer to strucs _t , is passed as the fifth argument of the functitnunfun() . If the DLL cannot be loaded,
or the chdl function can not be found in DLL , the valealL _VALUEwill be returned.FAIL _VALUEIs a
value of typereturn _type3 , such as NULL for point type and -1 for integral type, to iratie 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;

dihandle = 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 = disym(dlhandle, "setFunction6_chdl");

if(fptr == NULL) {

printf("Error: %s(): disym(): %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 */
dirunfun(fptr, &retval, setFunction6, arg3, arg4);

if(diclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return FAIL_VALUE;

}

return retval;

Program 6.11: Argument of struct with members of pointerutaction (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_typel setFunction6_chdl_funargl(data_ty pel argl);
static return_type2 setFunction6_chdl_funarg2(data_ty pe2 arg2);

/* save the Ch function pointers */
static void *setFunction6_chdl_funptrl, *setFunction6_ chdl_funptr2;

EXPORTCH return_type3 setFunction6_chdl(void *varg) {
ChvalList_t ap;
data_type3 arg3;
struct s_t *arg4;
return_type3 retval;

Ch_VasStart(interp, ap, varg);

arg3 = Ch_VaArg(interp, ap, data_type3); /* get 1lst argumen t ¥
argd = 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_funptrl = (void*)arg4->funptrl; // us ed for callback

if( arg4->funptrl !'= NULL) {
arg4->funptrl = setFunction6_chdl_funargl;

}

setFunction6_chdl_funptr2 = (void*)arg4->funptr2; // us ed for callback
if( arg4->funptr2 !'= NULL) {
arg4->funptr2 = setFunction6_chdl_funarg?2;
}
}

retval = setFunction6(arg3, arg4);

if(arg4 '= NULL) { /* restore the original pointers */
arg4->funptrl = setFunction6_chdl_funptrl;
arg4->funptr2 = setFunction6_chdl_funptr2;

}

Ch_VaEnd(interp, ap);

return retval;

}

/* C function to replace Ch function pointers as struct membe rs */

static return_typel setFunction6_chdl_funargl(data_ty pel argl) {
return_typel retval;
Ch_CallFuncByAddr(interp, setFunction6_chdl_funptrl, &retval, argl);
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 pointewtactions (chdl function).
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The chdl functionsetFunction6  _chdl () for this example is shown in Progrdm 6.12. Argument
arg4 is a pointer to strucs _t , in which membersunptrl  andfunptr2 are pointers to functions in Ch
address space. After the statements

setFunction6_chdl_funptrl
setFunction6_chdl_funptr2

(void*)arg4->funptrl,;
(void*)arg4->funptr2;

save these  two members into static pointerssetFunction6  _chdl _funptrl
andsetFunction6  _chdl _funptr2 , we assign two C function pointers to membersag§4 as fol-
lows to replace Ch function pointers if they are not NULL gers.

setFunction6_chdl_funptrl = (void*)arg4->funptrl;
if(arg4->funptrl !'= NULL) {
arg4->funptrl = setFunction6_chdl_funargl;

}

Then the C functiorsetFunction6 () is called with argumentarg3 andarg4 with the statement
retval = setFunction6(arg3, arg4);

where the members of argumearg4 is C function pointers instead of Ch function pointers. Tikia key
point of this case.

Since it is the address of the struct rather than the copy ofeab of the struct that is passed from
Ch space, The assignments of struct member in C space alsgecttae content of the struct in Ch space.
Therefore, restoring the original content of the struchwiite following two statements before the function
is returned is also one of the key points of this case.

arg4->funptrl = setFunction6_chdl_funptrl;
arg4->funptr2 = setFunction6_chdl_funptr2;
6.1.6 Arguments of Array of Function

In this section, we will discuss functions with argumentsagfy 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 argumefinc is an array of function which takes one argumarg and returns a value with
typereturn _type2 . The length of this array is variable and can be determinedrditne. Typically, the
length can be passed as another argument, for exampighis prototype.

The way we handle this function is similar to the one describehe previous section. The correspond-
ing Ch function is shown in Prograim 6113.
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#include <dlfcn.h>

return_type setarrayfunc(int n, return_type2 (*func[])( data_type arg)) {
void *dlhandle, *fptr;
return_type retval,

dihandle = 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 = disym(dlhandle, "setarrayfunc_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return FAIL_VALUE;

}

dirunfun(fptr, &retval, setarrayfunc, n, func);
if(diclose(dlhandle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
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 functithe array of functiofiunc is passed to the
C space like a simple data type.

The chdl function is shown in Progrdm 6l 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_funptrfMAXNUM ])(data_type arg);
static return_type2 setarrayfunc_chdl_funargO(data_ty pe arg);

static return_type2 setarrayfunc_chdl_funargl(data_ty pe arg);

static return_type2 setarrayfunc_chdl_funarg2(data_ty pe arg);

/* ... up to MAXNUM */

EXPORTCH return_type setarrayfunc_chdl(void *varg) {
ChValList_t ap;
return_type retval,
int i, n;
pfuncArr_t parr_ch, parr_c = NULL;

Ch_VasStart(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_chli];
}
/* assign C function pointer to the C array */
setarrayfunc_chdl_funarg[0] = setarrayfunc_chdl_funar go;
setarrayfunc_chdl_funarg[1] = setarrayfunc_chdl_funar al;

setarrayfunc_chdl_funarg[2]
/* ... up to MAXNUM */

setarrayfunc_chdl_funar 02;

/* 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_funargO(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_funargl(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) (@bh

The macraMAXNUhdicates the maximum length of the array of function. DgtepfuncArr  _t is de-
fined as a pointer to pointer to function. Static variadgéarrayfunc  _chdl _funarg ,whichis declared
as an array of function, will be used later to replace the Chayar C functions
setarrayfunc  _chdl _funargl (),setarrayfunc  _chdl _funarg2 (), and so on, have the same pro-
totype as members of the Ch array of function. After the Chyais retrieved from the argument list, we
will assign these C functions to the C arrsgtarrayfunc ~ _chdl _funarg . Then, this C array will be
passed to the C functissetarrayfunc () instead of the Ch array.

Example

In main() function in applicatioprog.ch  of this example, the array of functidnwith three elements,
which are user-defined Ch functiof@ (), 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[J)(int num));

int fO(int num) {
printf("fO() is called, num = %d\n", num);
return O;

}

int f1(int num) {
printf("f1() is called, num = %d\n", num);
return O;

}
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int f2(int num) {
printf("f2() is called, num = %d\n", num);
return O;

}

int main() {
int (*f[3])(int num);
fl0] = fO;
fl1] = f1;
fl2] = 2;

setarrayfunc(3, f);
return O;

}
Listing 2 — Ch function file §etarrayfunc.chf )

#include <dlifcn.h>

int setarrayfunc(int n, int(*f[])(int num)) {
void *dlhandle, *fptr;
int retval;

dihandle = dlopen("libarrayfunc.dl", RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );
return -1;

}

fptr = disym(dlhandle, "setarrayfunc_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1;

}

dirunfun(fptr, &retval, setarrayfunc, n, f);

if(dIclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return -1;

}

return retval,

}
Listing 3 — chdl file getarrayfunc ~ 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_funptrfMAXNUM])(int num );

static int setarrayfunc_chdl_funargO(int num);
static int setarrayfunc_chdl_funargl(int num);
static int setarrayfunc_chdl_funarg2(int num);
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EXPORTCH int setarrayfunc_chdl(void *varg) {
ChvalList_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 go;
setarrayfunc_chdl_funarg[1] = setarrayfunc_chdl_funar al;
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_funargO(int num) {
int retval;
Ch_CallFuncByAddr(interp, (void*)setarrayfunc_chdl_f unptr[0], &retval, num);
return retval;

}

static int setarrayfunc_chdl_funargl(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 handleddtarrayfunc.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 */
i (0);
}

return O;

}
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 dicomp libarrayfunc.dl setarrayfunc_chdl.c

setarrayfunc.o: setarrayfunc.c
ch dicomp libarrayfunc.dl setarrayfunc.c

clear:
rm -f *.o0 *.dl

Listing 6 — Output

fO() 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 whichme to function with variable number of argu-
ments will be discussed. To give the template, assume wethaexgeneral function prototype as follows

return_type2 (*FUNC)(int num, ..);
return_type setFuncVNA(FUNC pf);

where functionsetFuncVNA has an argument of pointer with typé&JNG andFUNCis type defined as a
pointer to function which has variable number of argumeiiygically, the first argumentum of FUNCis
the information of number of the following argument.

The corresponding Ch function is shown in Progfiam16.16.
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#include <dlfcn.h>

return_type setFuncVNA(return_type2 (*pf)(int num, ...) ) {
void *dlhandle, *fptr;
return_type retval,

dihandle = 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 = disym(dihandle, "setFuncVNA_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return FAIL_VALUE;

}

dirunfun(fptr, &retval, setFuncVNA, pf);
if(diclose(dlhandle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return FAIL_VALUE;

}
return retval;
Program 6.16: Argument of function with variable number ifuenents (chf file).

There is nothing need to be specially handled in this functibhe function pointepf is passed to the C
space like a simple data type.

The chdl function is shown in Progrdm6l17.
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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_typel argl;
data_type2 arg2;
/* ... other possible arguments in the variable length argum ent list */
ChValList_t ap_ch, ap;

va_start(ap, num);
ap_ch = Ch_VarArgsCreate(interp);

if(num>=1) {
argl = va_arg(ap, data_typel);
Ch_VarArgsAddArg(interp, &ap_ch, CH_TYPE_1, argl); /* CH _TYPE_1 is one of macros
corresponding to data_typel and
defined in ch.h,
such as CH_INTTYPE to int */
}
if(hum>=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)

{
ChValList_t ap;

return_type retval;

Ch_VasStart(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 gfiements (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 argumentalistin every possible case, we need to write a
statement shown below to retrieve it from the C argumentlhst add to the Ch argument legp _ch.

if(num>=1) {
argl = va_arg(ap, data_typel);
Ch_VarArgsAddArg(interp, &ap_ch, CH_TYPE_1, ));
/* CH_TYPE_1 is one of macros corresponding to data typel
and defined in ch.h, such as CH_INTTYPE to int */

}
Example

In this example, user-defined Ch functidusic () is going to be passed to the C space by the function
funcl (), and then this Ch function is called from C space with 0, &iguments, respectively.

Listing 1 — Application and Ch functiompfogl.ch )

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

typedef int *FUNC)(int num, ...);

int f(int num, ...) { // function to be set by funcl()
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 O;

}
int funcl(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 = disym(handle, "funcl_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1,

}

dirunfun(fptr, &retval, funcl, f);

return retval;

}

int main() {
funci1(f);
return O;

}

Listing 2 — chdl file progl _chdl.c )

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

typedef int *FUNC)(int num, ...);
extern int funcl(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;
ChVvalList_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, ));

}
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 funcl_chdl(void *varg)
{

ChValList_t ap;

int count, num;

int retval;

Ch_VaStart(interp, ap, varg);

count = Ch_VaCount(interp, ap);
printf("Total args passed to funcl_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 funcl_chdl has variable n umber arg\n");
else
printf("Passed pointer to func in funcl_chdl has %d arg\n", num);

func_chdl_funptr = Ch_VaArg(interp, ap, void *);

if(func_chdl_funptr '= NULL) {
retval = funcl(func_chdl_funarg);

}
else {

printf("passed fun argument to funcl_chdl() is NULL\n");
}

Ch_VaEnd(interp, ap);
return retval;

Listing 3 — C functions to be handleg@rogl.c )

#include <stdio.h>

typedef int (*FUNC)(int num, ...);
int funcl(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: progl.o progl_chdl.o \
prog2.0 prog2_chdl.o \
prog3_chdl.o
ch dllink libprog.dl progl.o progl chdl.o \
prog2.0 prog2_chdl.o \
prog3_chdl.o

progl.o: progl.c

ch dicomp libprog.dl progl.c
progl_chdl.o: progl_chdl.c

ch dicomp libprog.dl progl_chdl.c
prog2.0: prog2.c

ch dicomp libprog.dl prog2.c
prog2_chdl.o: prog2_chdl.c

ch dicomp libprog.dl prog2_chdl.c
prog3_chdl.o: prog3_chdl.c

ch dicomp libprog.dl prog3_chdl.c

clean:
rm -f *.0 *.obj libprog.dl libprog.exp libprog.lib

Listing 5 — Output
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Total args passed to funcl_chdl() in C code = 1

Passed pointer to func in funcl_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 functiafiy), which takes an argumeap with type ap_list, is
going to be passed to the C space by the fundtime2 (), and then this Ch function is called from C space
with argument of typap _list  including 0, 1, 2 arguments, respectively.

Listing 1 — Application and Ch functiompfog2.ch )

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

typedef int (*FUNC)(int num, va_list ap);
int fiint 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 O;

}

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 O;

}

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 = disym(handle, "func2_chdI");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1;

dirunfun(fptr, &retval, func2, f);
return retval;

}

int main() {
func2(vf);
return O;

}

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, ChValList_t ap) {
int retval;
int j;
double d;
ChvalList_t ap_ch;

ap_ch = Ch_VarArgsCreate(interp);
if(hum >= 1) {
j = va_arg(ap, int);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, ));
}
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,
Ch_VarArgsDelete(interp, ap_ch);
return retval;

EXPORTCH int func2_chdl(void *varg)

{

ChValList_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",
num = Ch_VaFuncArgNum(interp, ap);
if(num == INT_MAX)

printf("Passed pointer to func in func2_chdl has varaible n
else

printf("Passed pointer to func in func2_chdl has %d arg\n",
vfunc_chdl_funptr = Ch_VaArg(interp, ap, void *);

if(vfunc_chdl_funptr !'= NULL) {

int num;

int j =10;

double d = 20;

num = O;

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 handle@rog2.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 O;

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'tl have to take at least one argument.
In this example, the user-defined Ch functidr{l which only takes variable number of arguments is going
to be passed to the C space by the functiorc3 (), and then this Ch function is called from C space with
3 arguments. Note that C functidanc3 _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 edangponly to
illustrate how to invoke Ch functions with variable numbéamuments from C space.

Listing 1 — Application and Ch functiompfog3.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);
vi(ap);

va_end(ap);

return O;

}

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 O;
}

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 = disym(handle, "func3_chdI");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1;

dirunfun(fptr, &retval, func3, f);
return retval;

}

int main() {
func3(f);
return O;

}

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;

ChvalList_t ap_ch;

ap_ch = Ch_VarArgsCreate(interp);

Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, ));
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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{
ChValList_t ap;
int i;
int j;
int count, num;
int retval,
Ch_VasStart(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 Chaptéll 2, ARTh_VaFuncArgNum() gets the number of the arguments of the function
which is passed as an argument. For example, if we have thieec@ons 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 functisetDiffFunc () can pas$l (), f2 () or f3 () as the second argument to the C
space, the APCh_VaFuncArgNum() then can be applied in C space to determine which functenter

is passed. As a special case, we assume the first argumi@n{)dé an integer which indicates the number
of the following arguments. Up to two arguments, one is iategnd another is double, might be passed
after the first argument &3 (). To give the template, we have the general prototype &safsl

return_type2 (*FUNC)();
return_type setDiffFunc(data_type argl, FUNC pf);

whereargl is an argument with simple data type, agsfdis a pointer to function. Functions returning data
of typeretrun _type2 and taking any number of arguments could be the second argumihis case.
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The corresponding Ch function is shown in Progfam16.18.

#include <dlfcn.h>

return_type setDiffFunc(data_type argl, int (*pf)() {
void *dlhandle, *fptr;
int retval;

dihandle = dlopen("libproject.dl*, RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( ));
return -1;

}

fptr = disym(dlhandle, "setDiffFunc_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1;

}

dirunfun(fptr, &retval, setDiffFunc, argl, pf);
if(diclose(dlhandle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return -1;

}
return retval;
Program 6.18: Argument of functions taking different numblearguments (chf file).

There is nothing need to be specially handled in this functibhe function pointepf is passed to the C
space like a simple data type.

The chdl function is shown in Progrdm 6119.
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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_funargl(data_typ ell num) {
return_type2 retval;
Ch_CallFuncByAddr(interp, setDiffFunc_chdl_funptr, &r etval, num);
return retval;

}

static return_type2 setDiffFunc_chdl_funarg2(data_typ e21 numl, data_type22 num2) {
return_type2 retval;
Ch_CallFuncByAddr(interp, setDiffFunc_chdl_funptr, &r etval, numl, num?2);
return retval;

}

static return_type2 diff_arg_chdl_funarg3(int num, ...) {

return_type2 retval;
ChVvalList_t ap, ap_ch;
int x;

double d;

va_start(ap, num1l);
ap_ch = Ch_VarArgsCreate(interp);
if(huml > 1) {
X = va_arg(ap, int);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, x);
}
if(huml == 2) {
d = va_arg(ap, double);
Ch_VarArgsAddArg(interp, &ap_ch, CH_DOUBLETYPE, d);
}
Ch_CallFuncByAddr(interp, diff_arg_chdl_funptr, &retv al, numl, ap_ch);
Ch_VarArgsDelete(interp, ap_ch);
return retval;

}

/* ... for other possible prototypes ... */

Program 6.19: Argument of functions taking different numblearguments (chdl file).
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EXPORTCH return_type setDiffFunc_chdl(void *varg) {
ChvalList_t ap;
return_type retval,
data_type argil;
int argnum;
FUNC handle_ch, handle_c = NULL,;

Ch_VasStart(interp, ap, varg);
argl = 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_funargO;
}
else if(argnum == 1) {
handle_c = setDiffFunc_chdl_funargl;
}
else if(argnum == 2) {
handle_c = setDiffFunc_chdl_funarg?2;
}
else if(argnum == INT_MAX) {
handle_c = (pf_t)diff_arg_chdl_funarg3;

}
L
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(argl, handle_c);

Ch_VaEnd(interp, ap);
return retval;

Program 6.20: Argument of functions taking different numlearguments (chdl file) (Contd.).

For each prototype of Ch function to be passed, we shouldevaritorresponding C function with the
same prototype, for exampleetDiffFunc  _chdl _funarg0 (), setDiffFunc  chdl funargl (),
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 arguméstt | Then, a C function with the proper
prototype is chosen to be passgetDiffFunc (). If the Ch function pointed to bjhandle _ch takes
variable number of arguments, the return valueGbf VaFuncArgNum(ap) is INT _MAX. In func-
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tion setDiffFunc  _chdl _funarg3 (), we use APISCh_VarArgsCreate(), Ch_VarArgsAddArg () and
Ch_VarArgsDeletg() to create a Ch variable-length argument list. These ABRl& lbeen described in the
previous section.

Example

In this example, user-defined Ch functidifs(), f1 (), f2 () f3 (), as well as NULL pointer are going
to be passed to the C space by the functdiffi _arg (). These three Ch functions take no argument, one
argument, two argument and varible number arguments, ctgplg.

Listing 1 — Application fprog.ch )

#include <stdarg.h>
#include <limits.h>

typedef int (*FUNC)();
int diff_arg(int, FUNC);

int fo() {
printf("fo() is called\n");
return O;

}

int fi(int argl) {
printf("f1() is called, argl = %d\n", argl);
return O;

}

int f2(int argl, int arg2) {
printf("f2() is called, argl = %d, arg2 = %d\n", argl, arg2);
return O;

}

int f3(int argl, ...) {
int i, vacount;
va_list ap;

printf("f3() is called, \nargl = %d\n", argl);
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 O;
}
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 O;

}
Listing 2 — Ch function file diff _arg.chf )

#include <dlfcn.h>

int diff_arg(int argl, int (*pf)()) {
void *dlhandle, *fptr;
int retval;

dihandle = dlopen("libdiffarg.dl", RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );
return -1;

}

fptr = disym(dihandle, "diff_arg_chdI");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1,

}
dirunfun(fptr, &retval, diff_arg, argl, pf);

if(diclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
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_funargO() {
int retval;

Ch_CallFuncByAddr(interp, diff_arg_chdl_funptr, &retv al);
return retval;

}

static int diff_arg_chdl_funargl(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, numl, num?2);
return retval;

}

static int diff_arg_chdl_funarg3(int num1, ...) {
int retval;
va_list ap;
ChVvalList_t ap_ch;
int x;
double d;

va_start(ap, numil);
ap_ch = Ch_VarArgsCreate(interp);
if(huml >= 1) {
X = va_arg(ap, int);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, x);
}
if(numl == 2) {
d = va_arg(ap, double);
Ch_VarArgsAddArg(interp, &ap_ch, CH_DOUBLETYPE, d);
}
Ch_CallFuncByAddr(interp, diff_arg_chdl_funptr, &retv al, numl, ap_ch);
Ch_VarArgsDelete(interp, ap_ch);
return retval;

}

EXPORTCH int diff_arg_chdl(void *varg) {
ChvalList_t ap;
int retval;
int argl, argnum;
pf_t handle_ch, handle_c = NULL;

Ch_VasStart(interp, ap, varg);
argl = 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_funargO;

}
else if(argnum == 1) {
handle_c = diff_arg_chdl_funargl;
}
else if(argnum == 2) {

handle_c = diff_arg_chdl_funarg?2;
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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(argl, handle_c);

Ch_VaEnd(interp, ap);
return retval;

Listing 4 — C functions to be handlediff _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 O;
}
switch (num) {
case O:
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 O;

}
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 dicomp libdiffarg.dl diff_arg_chdl.c

diff_arg.o: diff_arg.c
ch dicomp libdiffarg.dl diff_arg.c
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clear:
rm -f *.o0 *.dl

Listing 6 — Output
argnum = 0
fO() 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, argl = 10, arg2 = 20

passed varaible number arg

f3() is called,
argl = 0

f3() is called,
argl = 1

arg2 = 20

f3() is called,
argl = 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 peitefunction work, let's take a look at the
following simple example.

Listing 1 — header file for Ch functionp{fun.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) {
diclose(_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 = disym(_Chptfun_handle, "ptfun_setHandle_chdlI");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

}

dirunfun(fptr, NULL, ptfun_setHandle, funptr);
return;

}

funcHandle ptfun_getHandle() {
void *fptr;
funcHandle retval;

fptr = disym(_Chptfun_handle, "ptfun_getHandle_chdI");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return NULL;

}

dirunfun(fptr, &retval, ptfun_getHandle);
return retval;

}
Listing 3 — header file for C functiongffun _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){

ChVvalList_t ap;
funcHandle handle_ch;
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Ch_VasStart(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){
ChVvalList_t ap;
funcHandle retval_ch;

Ch_VasStart(interp, ap, varg);
retval_ch = ptfun_getHandle();
Ch_VaEnd(interp, ap);

return retval_ch;

}
Listing 5 — C functions to be handleg@tfun.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=-l/usr/include
INC2=-1/usr/ch/extern/include

target: libptfun.dl Makefile

libptfun.dl: ptfunl_l1.0 ptfunl_1 chdl.o \

ptfunl_2.0 ptfunl_2_chdl.o \

ptfun2.0 ptfun2_chdl.o \

ptfun3.o0 ptfun3_chdl.o \

ptfun4.o ptfun4_chdl.o \

ptfun5.0 ptfun5_chdl.o \

ptfun6.o ptfun6_chdl.o \

ptfun.o ptfun_chdl.o

ch dllink libptfun.dl \

ptfunl_l1.o0 ptfunl_1_ chdl.o \
ptfunl_2.0 ptfunl_2_ chdl.o \
ptfun2.0 ptfun2_chdl.o \
ptfun3.o ptfun3_chdl.o \
ptfund4.o ptfun4_chdl.o \
ptfun5.0 ptfun5_chdl.o \
ptfun6.o ptfun6_chdl.o \
ptfun.o ptfun_chdl.o
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ptfun.o: ptfun.c

ch dicomp libptfun.di
ptfun_chdl.o: ptfun_chdl.c

ch dicomp libptfun.di

ptfunl_1.o0: ptfunl_1.c
ch dicomp libptfun.di

ptfunl_1_chdl.o: ptfunl_1 chdl.c

ch dicomp libptfun.di

ptfunl_2.0: ptfunl_2.c
ch dicomp libptfun.di

ptfunl_2_chdl.o: ptfunl_2_chdl.c

ch dicomp libptfun.di

ptfun2.0: ptfun2.c
ch dicomp libptfun.di
ptfun2_chdl.o: ptfun2_chdl.c
ch dicomp libptfun.di

ptfun3.o: ptfun3.c
ch dicomp libptfun.di
ptfun3_chdl.o: ptfun3_chdl.c
ch dicomp libptfun.di

ptfund.o: ptfund.c
ch dicomp libptfun.di
ptfun4_chdl.o: ptfun4_chdl.c
ch dicomp libptfun.di

ptfun5.0: ptfun5.c
ch dicomp libptfun.di
ptfun5_chdl.o: ptfun5_chdl.c
ch dicomp libptfun.di

ptfun6.o: ptfun6.c
ch dicomp libptfun.di
ptfun6_chdl.o: ptfun6_chdl.c
ch dicomp libptfun.di

clear:
rm -f *.o
clean:
rm -f *.o
rm -f lib*.dl

This makefile is also for subsequent examples in this chapter

ptfun.c $(INC1) $(INC2)

ptfun_chdl.c $(INC1) $(INC2)

ptiunl_1.c $(INC1) $(INC2)

ptfunl_1_chdl.c $(INC1) $(INC2)

ptfunl_2.c $(INC1) $(INC2)

ptfunl_2_chdl.c $(INC1) $(INC2)

ptfun2.c $(INC1) $(INC2)

ptfun2_chdl.c $(INC1) $(INC2)

ptfun3.c $(INC1) $(INC2)

ptfun3_chdl.c $(INC1) $(INC2)

ptfund.c $(INC1) $(INC2)

ptfund_chdl.c $(INC1) $(INC2)

ptfun5.c $(INC1) $(INC2)

ptfun5_chdl.c $(INC1) $(INC2)

ptfuné.c $(INC1) $(INC2)

ptfun6_chdl.c $(INC1) $(INC2)

Listing 7 — Application ptfun.ch )

/

* function handle with no arguments and return value

* * *

#include <math.h>
#include "ptfun.h"

void funcl() {

/

printf("# Ch function funcl() is called \n");
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return;

}

void func2() {
printf("# Ch function func2() is called\n");
return;

}

int main() {
funcHandle handle;

ptfun_setHandle(funcl);  /* 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 O;

}

Output

# Ch function funcl() is called
# Ch function func2() is called

In this example , the functioptfun _setHandle () is called twice to set the Ch function pointdéusncl

and func2 , respectively. After every time of a Ch function pointer rmgiset, the function
ptfun _getHandle () is called to retrieve it back. Then the corresponding Gicfion is invoked in Ch
space through the retrieved function pointer. Unlike calissussed in the previous section, Ch functions
in this simple example are not called from C space. Thergfweecan handle these pointers of function
as normal pointers. But, in most cases of interfacing C nexlid the libraries provided by other software
vendors, users don't know exactly how the passed Ch fungidmers are handled in the C space. In other
words, it is not guaranteed that the passed Ch functionswafilbe called in C space. Once a Ch function is
called from C space, the program will crash. The users avaegy 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 ltaae arguments of pointer to functions in the
previous section. These Ch functions can be called from €espihis subsection will discuss how to return
the pointer to functions set by functions discussed in tlegipus section.

We will use the following template to describe how to add acfion that returns a pointer to a function
without return value and argument. To return a pointer tetion from C space to Ch space, we need to
set ( or register) a pointer to function first. We assume thatftinction pointer returned by the function
getFunctionl () below is set by functiosetFunctionl () which is presented in sectibn 6.11.1.

typedef void(*funcHandle)();
void setFunctionl(data typel argl, funcHandle funptr) {

}
funcHandle getFunctionl(data typel argl) {

}
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#include<dlfcn.h>

void (*getFunctionl(data_typel argl))() {
void *dlhandle, *fptr;
void (*retval)();

dihandle = dlopen("libproject.dl*, RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror( );
return NULL;

}

fptr = disym(dlhandle, "getFunctionl_chdI");

if(fptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return NULL;
}
/* call the chdl function in dynamically loaded library by ad dress */

dirunfun(fptr, &retval, getFunctionl, argl);

if(diclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return NULL;

}

return retval;

Program 6.21: Returning pointer to function without retuatue and argument (chf file).

funcHandle is typedefed as a pointer to function without return valug algumentsetFunctionl ()
has the same prototype in sectlon8.1.1. FunagetiFunctionl () has an argument of simple data type
argl and a return value of pointer to functiduncHandle.
The Ch functiorgetFunctionl () is shown in Prografi&.21. Its return typstval  is of a pointer to
a function. The address of this pointer is passed to C spaite agcond argument of functiatrunfun() .
Prograni6.22 shows the chdl functions getFunctichdl() and setFunctionthdl(). setFunctionhdl()
is the same as shown in Programl6.4. The main difference batWeogranitl4 and Progrdm @.22 is the
added chdl functiogetFunctionl  _chdl () in Progranf6.212.
In getFunctionl  _chdl (), after getting all arguments by functi@@h_VaArg(), getFunctionl ()
is called with an argumeratrgl of data typedata _typel .

retval_¢c = getFunctionl(argl);

It returns a pointer which points to a function in C space. idaity this pointer is set by C function
setFunctionl () in setFunctionl  _chdl (). getFunctionl _chdl () cannot return this pointer to
Ch address space directly, because it is a pointer to a &umaii C space. In other words, only the cor-
responding Ch function pointer can be returned to Ch spate cbnsistency will be checked first with
statements below

if(retval_c == setFunctionl_chdl_funarg) {
retval ch = (funcHandle)setFunctionl_chdl_funptr;

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

typedef void (*funcHandle)(); /* function pointer type */

static Chinterp_t interp;
/* C function to replace the Ch function pointer */
static void setFunctionl_chdl_funarg();

/* save the function pointer from the Ch space */
static void *setFunctionl_chdl_funptr;

EXPORTCH void setFunctionl_chdl(void *varg) {
ChVvalList_t ap;
data_typel argil,;
funcHandle handle_ch, handle_c = NULL;

Ch_VasStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel); /* get 1lst argumen t ¥
/* get and save Ch function pointer */

handle_ch = Ch_VaArg(interp, ap, funcHandle);

setFunctionl_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 */
setFunctionl(argl, handle_c);

Ch_VaEnd(interp, ap);
}

static void setFunctionl_chdl_funarg() {
/* Call Ch function by its address */
Ch_CallFuncByAddr(interp, setFunctionl_chdl_funptr, N ULL);

}

Program 6.22: Returning pointer to function without retuatue and argument (chdl file).
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I' * * **'k**/

/* following part is added for getting function handle */

EXPORTCH funcHandle getFunctionl_chdl(void *varg) {
ChvalList_t ap;
data_typel argil;
funcHandle retval_¢ = NULL, retval_ch = NULL;

Ch_VasStart(interp, ap, varg);
argl = Ch_VaArg(interp, ap, data_typel); /* get 1lst argumen t ¥

/* get the C function pointer which is set by setFunctionl_ch di() */
retval_c = getFunctionl(argl);

/* replace the C pointer with the Ch one */
if(retval_c == setFunctionl_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 retuatue and argument (chdl file) (Contd.).

If the function returned by C functiongetFunctionl () equals the C function pointer
setFunctionl  _chdl _funarg , we can say that the returned pointetval _c is the right pointer that
was set in function setFunctionl _chdl (). Therefore, the pointer kept in
setFunctionl  _chdl funptr mustbe the corresponding Ch function pointer which shoalteturned
instead of the C function pointeretval . This is the key point of this case. If function
setFunctionl  _chdl () is called for multiple times to set different Ch functioaipters, the last one will
replace the previous one, Therefore, functmifunl _getHandle _chdl () returns the last Ch function
pointers set by functiosetFunctionl  _chdl ().

If the equation doesn’t hold, the pointeetval _c is not the last pointer set by function
setFunctionl() . It may be a wrong result or a default system function. Theudefsystem func-
tion is the callback function which defined by system ratlantthe users. Typically it is set by default
when the software is started. If this is the case, the NULIntgwiwill be returned. The case about the
function which returns a pointer to default system functiagh be discussed in sectidn 6.8.1

Figured&.P illustrates the relations between the funstseiting or getting function pointers, and func-
tions to be set in both Ch and C spaces. In Ch space, the Chdarfahptr () is set and passed to
C space. In C space, the temporary C funcsatFunctionl  _chdl _funarg () is practically set by
setfunction (). If this C function is called back later, it will invoke theorresponding Ch function
funptr () using APICh_CallFuncByAddr ().

After that, if the Ch functiorgetFunctionl () is called to get the function pointer which has been set
before, the C functionsgetFunctionl _chdl () and getFunctionl () are invoked. Set by
setfunction (), the function pointesetFunctionl  _chdl _funarg () will be returned by the C func-
tion getFunctionl (). In function getFunctionl _chdl (), this C function pointer is replaced with
the corresponding Ch function pointemptr , which has been set by Ch functieetFunctionl ().
Finally, it is Ch function pointer that will be returned byetiCh functiongetFunctionl ().

Example
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Ch Space

dlopen() i setFunctionl_chdli)
main() —y j
setFunction 1(argi1_,fyn_pj[:r) i Ch_VaStart()

Ch_VaArg()

C Space (libproject.dl)

! _getFunctionl(argt)————= getFunction1_chdl()

Ch_VaStart()

Ch_VaArg()
Ch_VaEnd()

. getFunctionl()

i
i
i
i
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i
i
i
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i
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i
i

diclose() Ch_CallFuncByAddr()

Figure 6.2: Functions and APIs in Ch and C Spaces for gettingetion.
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This is a complete example which illustrates the case ahgedind getting pointer to function without return
value and argument.

The functions ptfunl _1_setHandle () is used to set a pointer to function, and function
ptfunl _1_getHandle () can be called to get the function pointer set by function
ptfunl _1_setHandle (). If the functionptfunl _1_setHandle () is called for multiple times with
different function pointers, the new Ch function pointetlwéplace the old one.

Listing 1 — header file for Ch functionp(funl _1.h)

#ifndef PTFUN1 1 H_
#define PTFUNL 1 H_

typedef void(*funcHandle)();
void ptfunl_1_setHandle(funcHandle funptr);
funcHandle ptfunl_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_ptfunl_1(void) {
diclose(_Chptfun_handle);

}
atexit(_dlclose_ptfunl_1);

#pragma importf <ptfunl_1.chf>
#endif /+ PTFUN1 1 H_ ¥

Besides the content of C header fi#unl _1_c.h , some particular statements for Ch are added in this
file. The DLL file libptfun.dl is loaded with statement

void * Chptfunl_handle = dlopen("libptfun.dl", RTLD_LAZ Y);
To close this DLL file, the statement
atexit(_dlclose_ptfunl);

instructs the system to invoke the user-defined functiiolose _ptfunl when the program exits. In
the previous templates, the DLL file is handled in the chf fioms.
The statement

#pragma importf <ptfunl_ 1.chf>

includes function fileptfunl _1.chf . Typically, we defined only one Ch function in a function file,
and the file name is named after the corresponding Ch funciitierefore, Ch can search for the proper
Ch function file by the function name. In this case, for theesak convenience, we put two Ch func-
tions, ptfunl _1_setHandle () and ptfunll_getHandle(), into the same function file. ThHpragma
importf  directive is used to include definitions of these two funcsian the header file, thereby in the
Ch applicatiorptfunl _1.ch in Listing 7. More information aboutpragma directive is available ifCh
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User’s Guide
Listing 2 — Ch function file ptfunl _1.chf )
#include <dlfcn.h>

void ptfunl_1_setHandle(funcHandle funptr) {

void *fptr;

fptr = disym(_Chptfun_handle, "ptfunl_1_setHandle_chdl ";

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

}

dirunfun(fptr, NULL, ptfunl_1_setHandle, funptr);

return;

}

funcHandle ptfunl_1 getHandle() {
void *fptr;
funcHandle retval;

fptr = disym(_Chptfun_handle, "ptfunl_1_getHandle_chdl ");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return NULL;
}

dirunfun(fptr, &retval, ptfunl_1_getHandle);
return retval;

}
Two Ch functionsptfunl _1_setHandle ()and ptfunll_getHandle(), are defined in this Ch function file.

Listing 3 — header file for C functiongffunl 1 c.h)

#ifndef PTFUN1 1 H_
#define PTFUNL 1 H_

typedef void (*funcHandle)();

void ptfunl_1_setHandle(funcHandle funptr);
funcHandle ptfunl_1 getHandle();

#endif /+ PTFUN1 1 H_ ¥

This is the header file used for compiling C files.
Listing 4 — chdl file ptfunl _1_chdl.c )

#include <stdio.h>
#include "ptfunl_1 c.h"
#include <ch.h>

static Chinterp_t interp;
static void ptfunl_1_chdl_funarg();
static void *ptfunl_1_chdl_funptr;

EXPORTCH void ptfunl_1_setHandle_chdl(void *varg){
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ChVvalList_t ap;
funcHandle handle_ch, handle c;

Ch_VasStart(interp, ap, varg);

/* get and save the Ch function pointer */

handle_ch = Ch_VaArg(interp, ap, funcHandle);

ptfunl_1_chdl_funptr = (void *)handle_ch;

printf("\nin ptfunl_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)ptfunl_1_chdl_funarg;

}

printf("in ptfun1l_1_setHandle_chdl(), \
the corresponding C function pointer is %p\n\n", handle_c) ;
ptfunl_1_setHandle(handle_c);

Ch_VaEnd(interp, ap);
}

EXPORTCH funcHandle ptfunl_1_getHandle_chdl(void *varg )
ChValList_t ap;
funcHandle retval_c = NULL, retval_ch = NULL;

Ch_VaStart(interp, ap, varg);

retval_c = ptfunl_1_getHandle();
if(retval_c == ptfunl_1_chdl_funarg) { /* check the consis tency */
retval_ch = (funcHandle)ptfunl_1_chdl_funptr;

}

printf("in ptfunl_1_getHandle_chdl(), \
the returned C function pointer %p\n", retval_c);
printf("in ptfunl_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 ptfunl_1_chdl_funarg() {
Ch_CallFuncByAddr(interp, ptfunl_1_ chdl_funptr, NULL)

}
Listing 5 — C functions to be handlegtfunl _1.c )

#include <stdio.h>
#include "ptfunl_1 c.h"

/* keep function handles in c space */
funcHandle handle;

void ptfunl_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 ptfunl_1 getHandle() {
return handle;

}

In this file, two C functionsptfunl _1_setHandle ()andptfunl _1_getHandle (), are defined to save
and return function pointers set by the user. Mostly, APlthixf kind are available in binary libraries. What
users need to do is to link their chdl functions with the bynlgsraries. As it is mentioned before, this doc-
ument places great emphasis on coding chf and chdl files. Veéglge source code of C fijgtfunl _1.c
only for the completeness of the example. In practice, tlee can only get shared library or static library
instead of the C and C++ function files. It is recommended i tiis file, because it may distract the users’
attention from the chdl and chf files.

To make difference from the examplemtfun.ch , the Ch function passed in is called from C space.

Listing 6 — Application ptfunl _1.ch )

I‘ * *
* function handle with no arguments and return value
* * /

#include <math.h>
#include "ptfunl_1.h"

void ptfunl_1() {
printf("# Ch function ptfunl_1() in ptfunl.ch is called \n\ n");
return;

}

void ptfunl_2() {
printf("# Ch funtion ptfunl_2() in ptfunl.ch is called\n")
return;

}

int main() {
funcHandle handle;

ptfunl_1_setHandle(ptfunl_1); /* set function pointer */
handle = ptfunl_1 getHandle(); /* get Ch function pointer * /
handle();  /* call function by function pointer */

ptfunl_1_setHandle(ptfunl_2); /* set another function po inter */
ptfunl_1_getHandle()(); /* get function pointer and call t he function */
return O;

}

In this application, the functioptfunl _1_setHandlel () is called twice to set the Ch function pointers
ptfunl _1 andptfunl _2, respectively. After every time of a Ch function pointerrmeset, the function
ptfunl _1_getHandle () is called to retrieve it back. Then the corresponding Qficfion is invoked
through the retrieved function pointer.

In this example, the pointeptfunl _2 overwrites the pointeptfunl _1 after the second calling
ptfunl _1_setHandlel ().

Output
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in ptfunl_1_setHandle_chdl(), Ch function pointer is 1bd3 48

in ptfunl_1_setHandle_chdl(), the corresponding C functi on pointer is ef572308
Call Ch function in C space : # Ch function ptfunl_1() in ptfun l.ch is called
in ptfunl_1_getHandle_chdl(), the returned C function poi nter ef572308

in ptfunl_1_getHandle_chdl(), Ch function pointer to be re turned is 1bd348

# Ch function ptfunl_1() in ptfunl.ch is called

in ptfunl_1_setHandle_chdl(), Ch function pointer is 1bd6 70

in ptfunl_1_setHandle_chdl(), the corresponding C functi on pointer is ef572308
Call Ch function in C space : # Ch funtion ptfunl_2() in ptfunl .ch is called
in ptfunl_1_getHandle_chdl(), the returned C function poi nter ef572308

in ptfunl_1_getHandle_chdl(), Ch function pointer to be re turned is 1bd670

# Ch funtion ptfunl_2() in ptfunl.ch is called

By the output above, we can understand better the whole guog®f the pointer replacements. In Ch space,
the Ch function pointerptfunl _1 with value O0x1cb260 is passed to the chdl function
ptfunl _1_setHandle _chdl (). In the chdl function, it is replaced with the C function ipier
ptfunl _1_chdl _funarg with valueOxef572264 . Itis pointerOxef572264 thatis setin C space by
functionptfunl _1_setHandle ().

While Ch function ptfunl _1_getHandle () is <called in Ch space, functions
ptfunl _1_getHandle _chdl () andptfunl _1_getHandle () are called subsequently in C space. The
C functionptfunl _1_getHandle ()returns the last C pointer set by C functistiunl _1_setHandle ().
In function ptfunl _1_getHandle _chdl (), the returned pointe®xef572264 is replaced with the
corresponding Ch function point€&x1cb260 . The pointerOx1cb260 which stands for Ch function
ptfunl _1() is finally returned by functioptfunl _1_getHandle _chdl () to Ch space.

Example

In the previous example of setting function pointer, thecfion ptfunl _1_setHandle () can set and
keep only one Ch function pointer. In other words, the new @fcfion pointer will overwrite the old one
if function ptfunl _1 setHandle () is called for multiple times. However, the same API can bedito
set different callback functions for different events imsoapplications. For example, with the same API,
user can set a callback function to handle the event of dickin the right button of the mouse, the event of
clicking on the left button and the event of clicking on theddie button. The similar method can also be
applied for handling menus.

For the example listed below, the functiopgunl _2_setHandle () can set a function pointer with
an event ID, whereas the functipifunl _2_getHandle () can retrieve the function pointer by the asso-
ciated event ID. Different Ch callback functions can be sigh different event ID using the same function
ptfunl _2_setHandle ().

Listing 1 — header file for Ch functionpfunl 2.h)

#ifndef PTFUN1 2 H_
#define PTFUNL 2 H_

typedef void(*funcHandle)();
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int ptfunl_2_setHandle(int num, funcHandle funptr);
funcHandle ptfunl_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 = disym(_Chptfun_handle, "ptfunl_2_setgetHa ndles_init");
if(_fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
exit(-1);
}

dirunfun(_fptr, NULL, NULL);

/* usr-defined function which is called to close DLL
when the program exits */

void _diclose_ptfunl_2(void) {
diclose(_Chptfun_handle);

atexit(_dlclose_ptfunl_2);

#pragma importf <ptfunl_2.chf>
#endif /* PTFUN1 2 H_ ¥

After the DLL is loaded, the C functioptfunl _2_setgetHandles _nit (), which is defined in file
ptfunl.2_chdl.c in Listing 4, is called to initialize a static array @Gspace. With this static array, named
ptfun1.2_chdLfunarg, all C function pointers can be accessed by the index.

Listing 2 — Ch function file ptfunl _2.chf )

#include <dlfcn.h>

int ptfunl_2_setHandle(int i, funcHandle funptr) {

void *fptr;
int retval;
fptr = disym(_Chptfun_handle, "ptfunl_2_setHandle_chdl ";
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1,
}

dirunfun(fptr, &retval, ptfunl_2_setHandle, i, funptr);
return retval;

}

funcHandle ptfunl_2_getHandle(int i) {
void *fptr;
funcHandle retval;

fptr = disym(_Chptfun_handle, "ptfunl_2_getHandle_chdl ");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );

return NULL;
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}

dirunfun(fptr, &retval, ptfunl_2_getHandle, i);
return retval;

}
Listing 3 — header file for C functiongffunl _2_c.h)

#ifndef PTFUN1 2 H_
#define PTFUNL 2 H_

typedef void (*funcHandle)();
int ptfunl_2_setHandle(int num, funcHandle funptr);
funcHandle ptfunl_2_getHandle(int num);

#endif /* _PTFUN1_2_H_ */
Listing 4 — chdl file ptfunl _2_chdl.c )

#include <stdio.h>
#include "ptfunl_2_c.h"
#include <ch.h>

/* The maximum number of ptfunl_2_setHandle()
can be called */
#define MAXNUM 3

/* C functions to replace the Ch one */
static Chinterp_t interp;
static void (*ptfunl_2_chdl_funarg[MAXNUM])();

/* function pointers to save Ch function pointers */
static void *ptfunl_2_chdl_funptrfMAXNUM]J;

/* index of pointer pairs, from 0 to MAXNUM-1 */
static int index = O;

EXPORTCH int ptfunl_2_setHandle_chdl(void *varg){
int i;
ChVvalList_t ap;
int id;
funcHandle handle_ch, handle c;
int retval;

Ch_VasStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int);
handle_ch = Ch_VaArg(interp, ap, funcHandle);

if(handle_ch == NULL) {
handle_ ¢ = NULL;

}
else {
if(index == MAXNUM) {
printf("Error: Only %d function pointers can be set\n", MAX NUM);
return -1;
}
ptfunl_2_chdl_funptr[index] = (void *)handle_ch;
handle_c = ptfunl_2_chdl_funarg[index];
index++;
}
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printf("in ptfunl_2_setHandle_chdI():\\nCh function poi
replaced by C function pointer %p\n\n", handle_ch, handle_
retval = ptfunl_2_setHandle(id, handle_c);

Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH funcHandle ptfunl_2_getHandle_chdl(void *varg
int i;
ChValList_t ap;
int id;
funcHandle retval ¢ = NULL, retval ch = NULL;

Ch_VaStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int);

retval_c = ptfunl_2_getHandle(id);
/* replace C pointer with corresponding Ch function pointer

if(retval_c == NULL) {
retval_ch = NULL;

}
else {
fori = 0; i < index; i++) {
if(ptfunl_2_chdl_funarg[i] == retval_c) {
retval_ch = (funcHandle)ptfunl_2_chdl_funptr]i];
}
}
}

Ch_VaEnd(interp, ap);

printf("in ptfunl_2_getHandle_chdl():\nC function poin
replaced by Ch function pointer %p\n", retval_c, retval_ch

return retval_ch;

}

[*** C functions to replace Ch callback functions ****/

static void ptfunl_2_chdl_funargO() {
Ch_CallFuncByAddr(interp, ptfunl_2_chdl_funptr[0], NU

}

static void ptfunl_2_chdl_funargl() {
Ch_CallFuncByAddr(interp, ptfunl_2_chdl_funptr[1], NU

}

static void ptfunl_2_chdl_funarg2() {
Ch_CallFuncByAddr(interp, ptfunl_2_chdl_funptr[2], NU

}

[rexexexiik nitialization routine called in ptfunl_2.h **
EXPORTCH int ptfunl_2_setgetHandles_init() {
/* from 0 to MAXNUM -1 */

ptfunl_2_chdl_funarg[O tfunl_2_chdl_funargO;

| =p
ptfunl_2_chdl_funarg[1l] = ptfunl_2_chdl_funargl;
ptfunl_2_chdl_funarg[2] = ptfunl_2_chdl_funarg?2;
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return 0;

}
Listing 5 — C functions to be handlegtfunl _2.c )

#include <stdio.h>
#include "ptfunl_2_c.h"

#define MAXNUM 500

/* keep function handles in C space */

struct FuncList{
int num; /* id of the function handle */
funcHandle handle;

} funcListitMAXNUM];

static int index_c = 0; [* index of funList */
int ptfunl_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[il.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 ptfunl_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 macrdAXNUMefines the maximum number of different Ch function pointetse set and saved. The
static function pointer arragtfunl _2_chdl _funarg is used to access all C function pointers by an in-
dex. When the program is started, this array is initializgflinctionptfunl _2_setgetHandles nit ()
which is invoked in the header fifgfunl _2.h . The static pointer arrggtfunl _2_chdl _funptr make

it possible to save multiple Ch function pointers at the stime. The static variablendex can index both
these two arrays. A C function pointer in arrpifunl _2_chdl _funarg is supposed to match the Ch
one in arrayptfunl _2_chdl _funptr with the same index.
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In function ptfunl _2_setHandle _chdl (), if the Ch function pointeretval _ch is not a NULL
pointer, itis saved in arragtfunl _2_chdl _funptr , atthe same time a C function is assigned to replace
it as follows

ptfunl_2 chdl_funptr[index] = (void *)handle_ch;
handle_c = ptfunl_2_ chdl_funarg[index];

Otherwise, a NULL pointer is used.

In function ptfunl _2_getHandle _chdl (), if the C function pointeretval _c returned by func-
tion ptfunl _2_getHandle () can be found in arraptfunl _2_chdl _funarg , itis replaced with the
corresponding Ch function pointer in array ptfuBXhdLfunptr with the same index as follows.

if(ptfunl_2_chdl_funarg[i] == retval_c) {
retval_ch = (funcHandle)ptfunl 2 chdl_funptri];
}

Listing 6 — Applicationptfunl _2.ch

#include "ptfunl_2.h"

void ptfunl_1() {
printf("\nptfun1_1() in Ch space is called \n\n");
return;

}

void ptfunl_2() {
printf("\nptfun1_2() in Ch space is called \n\n");
return;

}

int main() {
int id;
funcHandle handle;

/* set function pointer */
ptfunl_2_setHandle(1, ptfunl_1);
ptfunl_2_setHandle(2, ptfunl_2);

handle = ptfunl_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 */

ptfunl_2_getHandle(2)();

ptfunl_2_setHandle(2, ptfunl_1);
ptfunl_2_getHandle(2)();

return O;

}

Two Ch function pointersptfunl _1 and ptfunl _2, are set with different event ID by function
ptfunl _2_setHandle (). The function pointeptfunl _2 set with event ID 2 will not overwrite the pre-
vious function pointer set with event ID 1. Both of them camdieieved by functioptfunl _2_getHandle ()
using associated event ID.

Output
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in ptfunl_2_setHandle_chdl():
Ch function pointer 1d9078 is replaced by C function pointer ef5a25b8

Calling Ch function from C space:
ptfunl_1() in Ch space is called

in ptfunl_2_setHandle_chdl():
Ch function pointer 1d28a8 is replaced by C function pointer ef5a25d4

Calling Ch function from C space:
ptfunl_2() in Ch space is called

in ptfunl_2_getHandle_chdl():
C function pointer ef5a25b8 is replaced by Ch function point er 1d9078

ptfunl_1() in Ch space is called

in ptfunl_2_getHandle_chdl():
C function pointer ef5a25d4 is replaced by Ch function point er 1d28a8

ptfunl_2() in Ch space is called

in ptfunl_2_setHandle_chdl():
Ch function pointer 1d9078 is replaced by C function pointer ef5a25f4

in ptfunl_2_getHandle_chdl():
C function pointer ef5a25f4 is replaced by Ch function point er 1d9078

ptfunl_1() in Ch space is called

The functionptfunl _2_setHandle () is called three times to set Ch function pointers. In cluiction,
three differents C function pointers are assigned to reptaem.

6.2.2 Pointer to Function with Return Value

This section describes functions that return pointers htions with return values. We assume that the
returned function pointer of the functiagetFunction2 () below is already set bgetFunction2 ()
which is presented in secti@n 6.11.2.

typedef return_type (*funcHandle)();
funcHandle getFunction2(data_typel argl) {

}

funcHandle has the same typedef statement as the osetifunction2 (). funcHandle is defined
as a pointer to function that has a return value but withaguimeent.getFunction2 () has both argument
and return value. The argumeanigl is of simple data typeata _typel and the return value is a pointer
of data typdfuncHandle

The Ch functiongetFunction2 () is shown in Prografi 6.23.
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#include<dlfcn.h>

return_type(*getFunction2(data_typel argl))() {
void *dlhandle, *fptr;
return_type (*retval)();

/* load the dynamically loaded library */
dihandle = 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 = disym(dlhandle, "getFunction2_chdI");
if(fptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;
}
/* call the chdl function in dynamically loaded library by ad dress

arguments are passed to chdl function here */
dirunfun(fptr, &retval, getFunction2, argl);

/* close the dynamically loaded library */
if(diclose(dlhandle)!=0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n", _ func_ ,
dlerror());
return FAIL_VALUE;

}

return retval;

Program 6.23: Returning pointer to function with returnuea(chf file).
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#include<ch.h>
#include<stdio.h>
A

typedef return_type (*funcHandle)(); /* function pointer

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) {

}

ChVvalList_t ap;
data_typel argil,;
funcHandle handle_ch, handle_c = NULL;

Ch_VasStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel); /* get 1lst argumen
/* 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(argl, 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, &
return retval;

type */

*/

retval);

Program 6.24: Returning pointer to function with returnuea(chdl file).
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/ *****/

/* following part is added for getting function handle */

EXPORTCH funcHandle getFunction2_chdl(void *varg) {
ChvalList_t ap;

data_typel argil,;
funcHandle retval ¢ = NULL, retval ch = NULL;

Ch_VasStart(interp, ap, varg);
argl = Ch_VaArg(interp, ap, data_typel); /* get 1st argumen t ¥

/* get the C function pointer which is set by setFunction2_ch di() */
retval_c = getFunction2(argl);

/* 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 returnuea(chdl file) (Contd.).

The chdl functiongetFunction2  _chdl () is shown in Prograri 6.24. It is created based on Pro-
gram[@2P. The only difference between Progrdmsl6.24 i8.2he typedef statement. Therefore,
functionsetFunction2  _chdl _funarg () has a different prototype. Variabléandle _ch in function
setFunction2  _chdl () andretval _c andretval _ch in function getFunction2 _chdl () have
different data types. The return value of functigetFunction2  _chdl () is also different.

In Program [&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, fiomct
ptfun2 _setHandle () in the example below can set up to 3 different Ch functioasd function
ptfun2 _getHandle () can retrieve them all by different event ID.

Example

In this example, functionptfun2 _setHandle () andptfun2 _getHandle illustrate how to set and
get function pointers which point to functions with retudnealues. If you already understand the previous

section, it will be easy to follow this example.
Listing 1 — header file for Ch functionptfun2.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(): disym(): %s\n", _ func__, dlerror() );
exit(-1);
}

dirunfun(_fptr, NULL, NULL);

/* to close dl */

void _diclose_ptfun2(void) {
diclose(_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 = disym(_Chptfun_handle, "ptfun2_setHandle_chdl") ;

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1;

}

dirunfun(fptr, &retval, ptfun2_setHandle, i, funptr);
return retval,

}

funcHandle ptfun2_getHandle(int i) {
void *fptr;
funcHandle retval;

fptr = disym(_Chptfun_handle, "ptfun2_getHandle_chdI")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return NULL;

}

dirunfun(fptr, &retval, ptfun2_getHandle, i);
return retval;

}
Listing 3 — header file for C functiongffun2.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_funptrfMAXNUM];

/* index of pointer pairs, from 0 to MAXNUM-1 */
static int index = O;

EXPORTCH int ptfun2_setHandle_chdl(void *varg){
int i
ChvalList_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_ ¢ = 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;
ChvalList_t ap;
int id;
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funcHandle retval_c = NULL, retval_ch = NULL;

Ch_VasStart(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_funargl() {
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;

}

[reeexeik nitialization routine called in ptfun2.h **** Fhkkkk|
EXPORTCH int ptfun2_setgetHandles_init() {
/* from 0 to MAXNUM -1 */

ptfun2_chdl_funarg[0] = ptfun2_chdl_funargO;
ptfun2_chdl_funarg[1] = ptfun2_chdl_funargl;
ptfun2_chdl_funarg[2] = ptfun2_chdl_funarg2;

return O;

}
Listing 5 — C functions to be addegtfun2.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;

h

/* to keep function handles in c space */
struct FuncList funcListtMAXNUM];
static int index_c = 0; [* index of funList */

int ptfun2_setHandle(int num, funcHandle funptr) {
int i

ifindex_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 funclList[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;
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}

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 idl = %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 O;

}
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 idl = 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 tatfans with arguments. Here, we assume that the
returned function pointer of the functiagetFunction3 () below is already set bgetFunction3 ()
which is presented in secti@n 6.11.3.

typedef void (*funcHandle)(data_type?2);
void setFunction3(data_typel argl, funcHandle){

}
funcHandle getFunction3(data_typel argl) {

}

funcHandle is typedefed as a pointer to a function that has an argumedataef typedata _type2 .
FunctiongetFunction3 () has both argument and return value. The arguraegl is of simple data
typedata _typel and the return value is a pointer of data typacHandle

The Ch functiongetFunction3 () is shown in Prografi &.25. The return valuggetFunction3 ()
is defined aguncHandle which is typedefed as a pointer to function that has an argtiofedata type
data _type2 . Therefore, the arguments of functidirunfun() are different. This is the only difference
between Prografn 6.P5 and other function files such as Prdgfand Prografn 6.21.
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#include<dlfcn.h>

void (*getFunction3(data_typel argl))(data_type2) {
void *dlhandle, *fptr;
void (*retval)(data_type2);

/* load the dynamically loaded library */
dihandle = 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 = disym(dlhandle, "getFunction3_chdI");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

}

/* call the chdl function in dynamically loaded
library by address arguments to chdl function */
dirunfun(fptr, &retval, getFunction3, argl);

/* close the dynamically loaded library */
if(dIclose(dlhandle)!=0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n",
__func__, dlerror());
return FAIL_VALUE;

}

return retval;

Program 6.25: Returning pointer to function with arguméolsg 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) {
ChvalList_t ap;
data_typel argil;
funcHandle handle_ch, handle_c = NULL;

Ch_VasStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel); /* 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(argl, 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 arguméntsll file).
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/* following part is added for getting function handle */

EXPORTCH funcHandle getFunction3_chdl(void *varg) {
ChvalList_t ap;

data_typel argl;
funcHandle retval ¢ = NULL, retval ch = NULL;

/* get arguments passed from the Ch function */
Ch_VasStart(interp, ap, varg);
argl = Ch_VaArg(interp, ap, data_typel); /* get 1lst argumen t ¥

/* get the C function pointer which is set by setFunction3_ch di() */
retval_c = getFunction3(argl);

/* 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 arguméotsll file) (Contd.).

The chdl functiongetFunction3  _chdl () is shown in Prograni 6.26, Progrdm .26 is based on
Program[&B and Program 6122. The only difference betweegr@m[6.2b and Progralm 6122 is that
funcHandle istypedefed as a pointer to function that has an argumerdtaftgpedata _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 suchla@ndle _c, handle _ch,retval _ch, andretval _c. These variables
have data types that are defined specificalljuncHandle

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 functionp{fun3.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( )R
exit(-1);
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}
/* initialize and set static function pointer array */
void *_fptr = disym(_Chptfun_handle, "ptfun3_setgetHand les_init");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
exit(-1);
}

dirunfun(_fptr, NULL, NULL);

/* to close dl */
void _diclose_ptfun3(void) {
diclose(_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 = disym(_Chptfun_handle, "ptfun3_setHandle_chdl")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1,

}

dirunfun(fptr, &retval, ptfun3_setHandle, i, funptr);
return retval;

}

funcHandle ptfun3_getHandle(int i) {
void *fptr;
funcHandle retval;

fptr = disym(_Chptfun_handle, "ptfun3_getHandle_chdl") ;

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return NULL;

}

dirunfun(fptr, &retval, ptfun3_getHandle, i);
return retval;

}

Listing 3 — header file for C functionp{fun3.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 = O;

EXPORTCH int ptfun3_setHandle_chdl(void *varg){
int i;
ChVvalList_t ap;
int id;
funcHandle handle_ch, handle c;
int retval,

Ch_VasStart(interp, ap, varg);
id = Ch_VaArg(interp, ap, int);
handle_ch = Ch_VaArg(interp, ap, funcHandle);

if(handle_ch == NULL) {
handle_c = NULL;

}
else {
ifindex == 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;
ChVvalList_t ap;
int id;

funcHandle retval ¢ = NULL, retval ch = NULL;

Ch_VasStart(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 {
fori = 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_funargO(float f, int i) {

}

Ch_CallFuncByAddr(interp, ptfun3_chdl_funptr[0], NULL

static void ptfun3_chdl_funargl(float f, int i) {

}

Ch_CallFuncByAddr(interp, ptfun3_chdl_funptr[1], NULL

static void ptfun3_chdl_funarg2(float f, int i) {

}

Ch_CallFuncByAddr(interp, ptfun3_chdl_funptr[2], NULL

[reeexeik nitialization routine called in ptfun3.h ****
EXPORTCH int ptfun3_setgetHandles_init() {

}

/* from 0 to MAXNUM -1 */

ptfun3_chdl_funarg[0]
ptfun3_chdl_funarg[1]
ptfun3_chdl_funarg[2]

ptfun3_chdl_funargO;
ptfun3_chdl_funargl;
ptfun3_chdl_funarg2;

return O;

Listing 5 — C function to be handleg{fun3.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;

} funcListtMAXNUM];

static int index ¢ = 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 funclList[i].handle;
return NULL;

}
Listing 6 — Application functionsgftfun3.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 O;

}
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 repusinters to functions that have return values
and arguments. We assume that the function pointer retuoyéige functiongetFunction4 () below is
set by functiorsetFunction4 () which is presented in sectibn 6.11.4.

typedef return_type (*funcHandle)(data_type?2)
funcHandle getFunction4(data_typel argl) {

}

Notice thatftuncHandle is a pointer to a function that has both return value and aeguingo, the defini-
tion of funcHandle in this example is a combination gétFunction2 () andgetFunction3 ().

Program[6.27 has the Ch functigetFunction4 (), funcHandle in this example is typedefed
as a pointer to function which has both argument and retuluevaThis is the only difference between
Progranf6.27 and other Ch function files such as Prograrh$523, and[6.25.

Progran{6.28 has the chdl function. It is written accordim@tograni 6.0 6.24 and_6126. The only
difference among these files is tHancHandle in this template is typedefed as a pointer to function
which has both an argument and a return value.

Example

In this example, functionptfun4 _setHandle () andptfun4 _getHandle illustrates the case of set-
ting and getting pointers to functions that have both retadne and argument.

Listing 1 — header file for Ch functionptfun4d.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_typel argl))(data_typ e2) {
void *dlhandle, *fptr;
return_type (*retval)(data_type2);

/* load the dynamically loaded library */
dihandle = 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 = disym(dlhandle, "getFunction4_chdI");
if(fptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;
}
/* call the chdl function in dynamically loaded library by ad dress

and pass arguments to C address space */
dirunfun(fptr, &retval, getFunction4, argl);

/* close the dynamically loaded library */
if(dIclose(dlhandle)!=0) {
fprintf(_stderr, "Error: %s(): diclose(): %s\n",
__func__, dlerror());
return FAIL_VALUE;

}

return retval;

Program 6.27: Returning pointer to function with returnueabnd arguments (chf file).

188



CHAPTER 6. TEMPLATES FOR FUNCTIONS WITH POINTER TO FUNCTION
6.2. FUNCTIONS WITH RETURN VALUE OF POINTER TO FUNCTION

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

/* define function pointer type with argument of data_type2

and return value of return_type */

typedef return_type (*funcHandle)(data_type?2);

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) {

}

ChVvalList_t ap;
data_typel argl,;
funcHandle handle_ch, handle_c = NULL;

Ch_VasStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel); /* get 1st argumen
/* 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(argl, 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 returnueaénd arguments (chdl file).
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EXPORTCH funcHandle getFunction4_chdl(void *varg) {
ChvalList_t ap;

data_typel argil;
funcHandle retval ¢ = NULL, retval ch = NULL;

Ch_VaStart(interp, ap, varg);
argl = Ch_VaArg(interp, ap, data_typel); /* get 1st argumen t ¥

/* get the C function pointer which is set by setFunction4_ch dij) */
retval_c = getFunction4(argl);

/* 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 returnueahnd arguments (chdl file) (Contd.).

/* initialize and set static function pointer array */
void *_fptr = disym(_Chptfun_handle,
"ptfun4_setgetHandles_init");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1;

}
dirunfun(_fptr, NULL, NULL);

/* to close dl */
void _diclose_ptfun4(void) {
diclose(_Chptfun_handle);

atexit(_diclose_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;

/* I1dd is loaded in ptfund.h */

fptr = disym(_Chptfun_handle, "ptfun4_setHandle_chdl")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1,
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dirunfun(fptr, &retval, ptfun4_setHandle, i, funptr);
return retval;

}

funcHandle ptfun4_getHandle(int i) {
llint(*)(float, int) ptfun4_getHandle(int i) {
void *fptr;
funcHandle retval;

fptr = disym(_Chptfun_handle, "ptfun4_getHandle_chdl")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return NULL;

}

dirunfun(fptr, &retval, ptfun4_getHandle, i);
return retval;

}
Listing 3 — header file for C functiongffun4 _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_funptrfMAXNUM];

/* index of pointer pairs, from 0 to MAXNUM-1 */
static int index = O;

EXPORTCH int ptfun4_setHandle_chdl(void *varg){
int i;
ChvalList_t ap;
int id;
funcHandle handle_ch, handle c;
int retval;

Ch_VasStart(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 {
ifindex == 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;
ChVvalList_t ap;
int id;

funcHandle retval ¢ = NULL, retval ch = NULL;

Ch_VasStart(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 {
fori = 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_funargO(float f, int j) {
int retval;

Ch_CallFuncByAddr(interp, ptfun4_chdl_funptr[0], &ret val, f, ));
return retval;

}

static int ptfun4_chdl_funargl(float f, int j) {
int retval;
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Ch_CallFuncByAddr(interp, ptfun4_chdl_funptr[1], &ret
return retval;

}

static int ptfun4_chdl_funarg2(float f, int j) {
int retval;

Ch_CallFuncByAddr(interp, ptfun4_chdl_funptr[2], &ret
return retval;

}

[****initialization routine called in ptfung.h *xxkkkxex
EXPORTCH int ptfun4_setgetHandles_init() {
/* from 0 to MAXNUM -1 */

ptfund_chdl_funarg[0] = ptfun4_chdl_funargO;
ptfund_chdl_funarg[1] = ptfun4_chdl_funargl;
ptfund_chdl_funarg[2] = ptfun4_chdl_funarg?2;

return 0;

}
Listing 4 — C functions to be handlegtfun4.c )

#include <stdio.h>
#include "ptfun4_c.h"

#define MAXNUM 500

/* keep function handles in ¢ space */

struct FuncList{
int num; /* id of the function handle */
funcHandle handle;

} funcListitMAXNUM];

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[il.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
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 ptfun4d.ch )

#include "ptfun4.h"

int ptfun4_1(float f, int j) {
printf("f in ptfun4_1() in ptfund.ch = %f\n", f);
printf("j in ptfun4_1() in ptfund.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 ptfund4_2() in ptfund.ch = %f\n", f);
printf("j in ptfun4_2() in ptfund.ch = %d\n", ));
printf("ptfun4_2() in ptfun4d.ch is called \n");
return 20;

}

int main() {
int id;
funcHandle handle;

/* set function handle */
ptfun4_setHandle(1, ptfun4_1);
ptfund_setHandle(2, ptfun4_2);

/* get function handle */

handle = ptfun4_getHandle(1);

printf("retval of idl = %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 O;

}

Output

f in ptfun4_1() in ptfund.ch = 1.100000

j in ptfund4_1() in ptfund.ch =1

ptfun4_1() in ptfund.ch is called

Calling Ch function from C space: return value is 10
f in ptfun4_2() in ptfund4.ch = 1.100000

j in ptfund4_2() in ptfund.ch =1

ptfund_2() in ptfund.ch is called

Calling Ch function from C space: return value is 20
f in ptfun4_1() in ptfund4.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) {

}
*/

[*o

Program 6.29: Header File for Returning Default Function.

j in ptfund4_1() in ptfund.ch =1
ptfun4_1() in ptfund.ch is called
retval of idl1 = 10

f in ptfun4_2() in ptfund.ch
j in ptfund4_2() in ptfund.ch
ptfund_2() in ptfund.ch is called

retval of id2 = 20

f in ptfun4_1() in ptfund.ch = 1.100000
j in ptfund_1() in ptfund.ch 1
ptfun4_1() in ptfund.ch is called

retval of id2 = 10

.200000

NN

6.3 Special Cases

6.3.1 Function with Return Value of Pointer to Default Systen Function

In the previous section, we described how to deal with thetfans setting a function pointer or getting
a function pointer. These function pointers are supposduktdefined in Ch space. In other words, the
functions to be set are user-defined functions in Ch space wheapplication runs. Often times, one may
encounter situations that may need to get the function @ointCh space from the C space, pass back the
function pointer to C space from Ch space later, and then ihawsked in C space. Usually these pointer
functions are system default functions in C space rather tlsar-defined functions in Ch space. They need
to be handled specifically in chdl functions.

Based on Prograln 6.8, we add a functg@iFunction5  which returns a pointer to a default sys-
tem function. In the functiometFunctionl _chdl () in Program&2R, if a pointer to a Ch function
is not found to map the C function pointer returned by functetFunctionl (), NULL will be re-
turned to Ch space. This is because we assume that the pahiared by functiorgetFunctionl ()
has been set by functiosetFunctionl () in chdl functionsetFunctionl _chdl () and should be
identical to the pointesetFunctionl  _chdl _funarg . However, the C function returned is assumed
to be a system function in this case, and it couldn’t be idahtio any user-defined C pointer, such as
setFunctionl  _chdl _funarg . Therefore, we can’t find an existing Ch function to correspto it. For
getting and setting a function pointer of this kind in Ch spabe fake Ch functionCh_ PROCDefault
which has the same prototype as the system function, is deffinthe Ch header file Progrdm6129. 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) {
ChValList_t ap;

datatypel argil;
funcHandle handle_c = NULL, handle_ch = NULL;

/* get arguments passed from the Ch function */
Ch_VaStart(interp, ap, varg);
argl = Ch_VaArg(interp, ap, int);

handle_c = getFunction5(argl);

/* a NULL pointer is returned if handle_c is NULL*/
if(handle_c == NULL) {

handle_ch = NULL;
}

/* this ¢ 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 functaml file).
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EXPORTCH void setFunction5_chdl(void *varg) {
ChVvalList_t ap;

data_typel argil;
funcHandle handle_ch = NULL, handle_c = NULL;

/* get arguments passed from the Ch function */

Ch_VasStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, data_typel); /* get 1st argumen t ¥
/* get function handle of Ch space */

handle_ch = Ch_VaArg(interp, ap, funcHandle);

if(handle_ch == NULL) {
handle_ ¢ = 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(argl, handle_c);

Ch_VaEnd(interp, ap);

}

/* C function to replace the Ch function pointer */

static return_type setFunction5_chdl_funarg(data_type 2 arg?) {
return_type retval,
Ch_CallFuncByAddr(interp, setFunction5_chdl_funptr, & retval, arg2);
return retval;

}

Program 6.30: Returning pointer to system default functal file) (Contd.).
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function is an empty function except for the return statenifethe system function has return value. When
the header file is included by an application, this functieralso loaded into Ch space. In chdl function
getFunction5 _chdl (), function Ch_GlobalSymbolAddrByName() can be used to get the address of
the fake Ch function. More information about functi@h_GlobalSymbolAddrByName() can be found in
AppendixA.

In Prograni6.30, a static variatk@ndlePairs  of structHandlePairs can save the Ch and C func-
tion pointer pair. In functiorgetFunction5 _chdl (), if the C function returned bgetFunction5 ()
has a corresponding Ch function pointerhiandlePairs , the Ch function pointer is returned. This
corresponding Ch function pointer could point to eitherkef&h function, or a user-defined Ch function.
Otherwise, the pointer to fake Ch functiodh_.PROCDefault is assigned to this C function and returned.
At the same time, this function pointer pair is savethamdlePairs

Similarly, in functionsetFunction5 _chdl (), if the Ch function pointer passed from Ch space has
a corresponding C function pointerlandlePairs ,the C function pointer is used. This corresponding C
function pointer could point to either a default system fw or function
setFunction5 _chdl _funarg (). Otherwise, the pointer to functi@etFunction5 _chdl _funarg ()
is assigned to replace this Ch function. This function magaved irhandlePairs

Example

In this example, functionptfun5 _setHandle () andptfun5 _getHandle () are used to illustrate the
case of setting and getting system default functions.

Listing 1 — header file for Ch functiongtfun5.h )

#ifndef PTFUN5_H_
#define _PTFUN5_H_

typedef int(*funcHandle)(float, int);

int def_funcl(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 = disym(_Chptfun_handle, "ptfun5_setgetHand les_init");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
exit(-1);
}

dirunfun(_fptr, NULL, NULL);
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/* to close dl */
void _diclose_ptfun5(void) {
diclose(_Chptfun_handle);

atexit(_dlclose_ptfun5);

#pragma importf "ChProcDefault.chf"
#pragma importf "ptfun5.chf"

#endif /* PTFUNS_H_ */

For multiple default functions, we defirtgh_.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 function€hProcDefault.chf )
#define MAXNUM_FUN 3

int (*_Ch_PROC_DefaultfMAXNUM_FUN])(float, int);

int _Ch_PROC_DefaultO(float f, int i) {return 0;}
int _Ch_PROC_Defaultl(float f, int i) {return 0;}
int _Ch_PROC_Default2(float f, int i) {return 0;}

_Ch_PROC_Defaultf0] = _Ch_PROC_Default0;
_Ch_PROC_Default[]1l] = _Ch_PROC_Defaultl;
_Ch_PROC_Default[2] = _Ch_PROC_Default2;

This file is included in the header fifgfun5.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 = disym(_Chptfun_handle, "ptfun5_setHandle_chdl")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1,

}

dirunfun(fptr, &retval, ptfun5_setHandle, funptr);
return retval;

}

funcHandle ptfun5_getHandle(int i) {
void *fptr;
funcHandle retval;

fptr = disym(_Chptfun_handle, "ptfun5_getHandle_chdl")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return NULL;
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}

dirunfun(fptr, &retval, ptfun5_getHandle, i);
return retval;

}

void ptfun5_call_it() {
void *fptr;

fptr = disym(_Chptfun_handle, "ptfun5_call_it_chdI");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

}

dirunfun(fptr, NULL, ptfun5_call_it);
return;

Listing 4 — header file for C functiongffun5.h )

#ifndef PTFUN5_H_
#define PTFUN5_H_

typedef int(*funcHandle)(float, int);

int def_funcl(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;
} handlePairsf]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 = O;

EXPORTCH int ptfun5_setHandle_chdl(void *varg){
int i;
ChVvalList_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(handlePairsJi].handle_ch == handle_ch) {
handle_c = handlePairs[i].handle_c;
break;

}

ifi == index) { /* has never been set */
handlePairs[index].handle_ch = handle_ch;
ptfun5_chdl_funptrlindex] = (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;
ChvalList_t ap;
int id;

funcHandle retval_c = NULL, retval_ch = NULL;
funcHandle *p = NULL;

Ch_VasStart(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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handlePairs[index].handle_c = retval_c;
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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_chdI(){
ptfun5_call_it();

return;

}

[**** C functions to replace Ch callback functions ****/

static int ptfun5_chdl_funargO(float f, int i) {

int retval;
Ch_CallFuncByAddr(interp, ptfun5_chdl_funptr[0], &ret val, f, i);
return retval;

}

static int ptfun5_chdl_funargl(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;

}

[rrxxxiikx njtialization routine called in ptfun5.h **** Fhxxxx|

EXPORTCH int ptfun5_setgetHandles_init() {
/* from 0 to MAXNUM -1 */

ptfun5_chdl_funarg[0] = ptfun5_chdl_funargO;
ptfun5_chdl_funarg[1] = ptfun5_chdl_funargl;
ptfun5_chdl_funarg[2] = ptfun5_chdl_funarg?2;

return O;

}
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 O;

}
Listing 7 — C functions to be handle@tfun5.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
funptr(1.1, 1));
return O;

}

funcHandle ptfun5_getHandle(int num) {
switch (num) {
case 1 :
return def_funcl;
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 ¢ space */
int def_funcl(float f, int i) {
printf("in def_funcl, f = %f, i = %i\n\n", f, i);
return O;

}

int def_func2(float f, int i) {

printf("in def_func2, f = %f, i = %i\n\n", f, i);
return O;

}

int def_func3(float f, int i) {
printf("in def_func3, f = %f, i = %i\n", f, i);

return O;

}
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Output
in def_funcl, f = 1.100000, i = 1
Calling function from C space: return value is 0

in def funcl, 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, we have discussed how to handle the furgctioth pointer to function containing argu-
ment. It can be used to handle functions with pointer to fienctontaining argument of pointer to void.
However, we provide a different way for handling functionghaan argument of pointer to function and
the pointer to function has the argument of pointer to voidn€ider the functiorsetHandle()  in Pro-
gram[6.3PR which has prototype of It has the following two cleteristics: 1. It takes a function pointer
handle of typefuncHandle as an argument, whefencHandle is typedefed as a pointer to function
which takes a pointer teoid as the argument.

2. One of arguments of the functi@etHandle (), such asusrMsg is a pointer to void which will be
passed to the function pointed by function poirfterptr  when it is called.

The method introduced here only applies to the case thafisatthese two conditions. While in Sec-
tion[6.Z.3, pointer to void won't be passed as an argumentriatfonsetHandle (). The method intro-
duced here are commonly used to set event or error handlesdlback functions. For example, it can be
used to set function pointéunptr to deal with the error with error number ofdex which is the first
argument of the function. When the system detects an erttbrrmimber ofindex , the function pointed
to by funptr is called and the user-defined messageMsg is displayed. The first argument is only an
index for different events, and it does not have to be of type lif only one event to be handled, the first
argument is not necessary.

FunctioncallFun () in Prograni6.32 calls the handler according to argurimetex . The user-defined
message is passed to the handler. An array of skuotList is used internally to save the information
of handlers and messages.

Note In most cases, the user can only get shared library or statgsy for interfacing with Ch. The chdl
file and chf file are the main focuses in this document. The @/fDmction files we provide in Program 6132
are just for demos to display the running result even thohgly tan 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 pointeraa\vheader file ptfun&.h in C space).

The Ch functions setHandle () and callFun () are shown in Program[_6B33 where
_Chsethandle _handle is set in Prografi6.34. To handle functiosstHandle () andcallFun (),
we have chdl functionsetHandle _chdl () andcallFun _chdl () in Progranf&.35

Comparing Prografi 6.B5 with other chdl function that camseitiple Ch function pointers, you can
find there is no array of pointer needed to save the Ch fungtmnters in the Prograin 685. Only one C
functionchdl _funarg ()is used to replace the Ch function pointers. This code isemompact.

Inside the functiorsetHandle _chdl (), we usechdl _funarg , which is a C function, to replace
handle _ch. Finally,chdl _funarg is pass to functiorsetHandle (). This is one of the critical points
mentioned before. Then the address of the stnactdlePairs]i] is passed to the function to replace
the pointerusrMsg . BecausausrMsg is a pointer tovoid, we need to cast the type of the address to the
pointer tovoid.

The structhandlePairsJi] , Which is passed to replace the pointsrMsg , has three fieldsnum
makes sure that each event has only one handler and messag#ie _ch keeps the function pointer in
Ch address spacasrMsg is set to the pointemsrMsg passed from Ch.

When some errors or events occur, the functml _funarg () is called with the argument
pHandlePairs , which is actually a pointer thandlePairsi] set by the functiorsetHandle ().
Therefore, besides the information of user-defined mesdhgefunction pointer in Ch address space is
passed. No array of pointers to save the Ch function poirgareeded here.

The application is in Progral 6136. First we set differentdiers with different messages to different
events and then call them. Then we set the same handlers iff@iredt messages to different events. The
results is shown in Program 6137.
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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;

kh

/* internal data to keep function handles */
struct FuncList functListfMAXNUM]J;
static int index ¢ = 0; /* index of funList */

int setHandle(int index, funcHandle funptr, void * usrMsg) {
int i;

ifindex_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[il.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[il.num == index)
functList[i].handle(functList[i].usrMsg);
}

return;

}

Program 6.32: Setting function with argument of pointeraayC functions).
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#include <dlfcn.h>

int setHandle(int i, funcHandle funptr, void *usrMsg) {
void *fptr;
int retval;

/* 1dd is loaded in .h */

fptr = disym(_Chsethandle_handle, "setHandle_chdI");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1,

}

dirunfun(fptr, &retval, setHandle, i, funptr, usrMsg);
return retval;

}

void callFun(int i) {
void *fptr;

fptr = disym(_Chsethandle_handle, "callFun_chdl");
if(fptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

}

dirunfun(fptr, NULL, callFun, i);

return;

Program 6.33: Setting function with argument of pointeraaychf 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) {
diclose(_Chsethandle_handle);

atexit(_dlclose_sethandle);

#pragma importf "ptfun6.chf"
#endif /* PTFUN6 H_ */

Program 6.34: Setting function with argument of pointeraayvheader 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;

h

/* keep pairs of index, handler and message */

#define MAXNUM_P 3

static struct HandlePairs handlePairsf]MAXNUM_P];

static int index_p = 0; /* index of handlePairs, from 0 to MAXN UM-1 */

EXPORTCH int setHandle_chdl(void *varg){
int i;
ChvalList_t ap;
int index;
funcHandle handle_ch;
void *usrMsg;
int retval;

Ch_VasStart(interp, ap, varg);

index = Ch_VaArg(interp, ap, int);

handle_ch = Ch_VaArg(interp, ap, funcHandle);
usrMsg = Ch_VaArg(interp, ap, void *);

ifindex_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[il.num == index) {
handlePairs[i].handle_ch = handle_ch;
handlePairs[i].usrMsg = usrMsg;
break;

}

ifi == 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 pointeraa\ychdl functions).
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EXPORTCH void callFun_chdl(void *varg){
ChvalList_t ap;
int id;

Ch_VasStart(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 pointeraavchdl functions) (Contd.).
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#include "ptfun6.h"

int setHandle(int i, funcHandle funptr, void *usrMsg);

void callFun(int i);

int funl(void *usrMsg) {

}

printf("in function1() usrMsg is \"%s\"\n", usrMsg);

return O;

int fun2(void *usrMsg) {

}

printf("in function2() usrMsg is \"%s\"\n", usrMsg);

return O;

int main() {

int id;
int retval,

/* set function handle */
setHandle(1, funl, "This is event 1");
setHandle(2, fun2, "This is event 2");

/* idl -> fun: 1, msg: "This is event 1") */
/* id2 -> fun: 2, msg: "This is event 2") */
callFun(2);
callFun(2);

printf("\n\n");

setHandle(1, funl, "This is event 2");
setHandle(2, funl, "This is event 2");

/* idl -> fun: 1, msg: "This is event 1") */
/¥ id2 -> fun: 1, msg: "This is event 2") */
callFun(2);
callFun(2);

return O;

6.3. SPECIAL CASES

Program 6.36: Setting function with argument of pointeraayvCh Application).

function1() usrMsg is "This is event 1"
function2() usrMsg is "This is event 2"

function1() usrMsg is "This is event 1"
function1() usrMsg is "This is event 2"

Program 6.37: Setting function with argument of pointeraayOutput).



Chapter 7

Interfacing Classes and Member Functions
in C++

This chapter describes how to interface Ch with classes i 0Hhe method described in this chapter can
only wrap C++ classes whose data members are declaredeprivat

7.1 Class Definition, Constructor and Destructor

Classes in C++ are supported in Ch. It makes the interfackass simple and easy. This section describes
how to build the constructor and destructor of a class in the@&ace to interface the corresponding ones in
a C++ class in the C++ space. Interface for member functiah®evdescribed in the subsequent sections.

class Classl {
private:
data_typel m_1;
public:
Class1();
“Classi();

Program 7.1: The class Classl in the C++ space.

As an example, a C++ clagdlassl in the C++ space with its declaration is shown in Progkamh 7.1.
Let's take a look aClassl definition in details.Classl has a private membenl whosedata _type
is a simple data type as discussed in the previous sectitg.dny other conventional C++ classes, it has a
constructor and a destructor that creates and destroyadtamce, respectively.

We have to modify a header file in the C++ space for use in thep@bes Private variables and often
time private member functions need to be removed. The qurelng declaration oflassl in the Ch
space is given in Progral¥.2. The static private menghsample _dlhandle is a handle to load a
dynamically loaded library (DLL). The static private memigesample _dlcount is the total number of
class instances in the Ch space. It is used to make sure thedi&LL will be released if there is no class
instance in use.

If there is only a single class in a program, in order to avaiging space conflict, these two static
private members can be used to handle the dynamically lo#atady for interface between Ch and C++.
Using these two variables, the program will manage the Dlilvaly by loading the DLL in a constructor
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and releasing it in a destructor. An alternative generahogetfor handling DLL with multiple classes
or combination of classes and functions will be presentégf ia an example in this section and further
illustrated in sectiof715.

class Classl {
private:
static void *g_sample_dlhandle;
static int g_sample_dlcount;
public:
Class1();
“Class1();

void * Classl::g_sample_dlhandle = NULL;

int Classl::g_sample_dlcount = 0;

Program 7.2: Declaration of Class1l in the Ch space.

Ch Space C Space (libproject.dl)

this pointer

Object of Classl in Ch space
Object of Classl in C space

Figure 7.1: Declaration of Classl in Ch and C Spaces.

The relation of clas€lassl in both Ch and C++ spaces are illustrated in Fiduré 7.1. Aedaihp
the Ch space shares the memory corresponding to the objda D++ space. Member functions in both
C++ and Ch do not occupy additional memory in an instanceadsc|Static members in a class also do not
occupy the memory in each instance of class. Therefore, mefabctions 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 @fe space first. To add the constructor
Classl::Classl () inthe Ch space, we need to write both the chf function artil fthnction like what
we did for the regular functions in previous chapters.
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#include<dlfcn.h>
#include "classl ch.h"

Classl::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 classl_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__, dI error());
return;

}
}

/* to get the address by function name */

fptr = disym(g_sample_dlhandle, "Classl_Classl_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}

/* to call the chdl function in dynamically loaded
library by address */

dirunfun(fptr, NULL, NULL);

g_sample_dlcount++; // to increase count of instance

Program 7.3: Constructor of Class1 (chf file).

The chf function of constructoClassl::Classl1 () is shown in Prograni_4.3. The variable
g_sample _dlhandle points tothe loaded DLL, angl.sample _dlcount counts instances for all classes,
so that the loaded DLL will be released if there is no clasgam=e in use. Ifj_.sample dlhandle s
NULL or g_sample _dlcount is zero, the DLL fildibproject.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 functiorClass1 _Class1l _chdl() definedin Prografii.4.

It will get the handle of a class instance in the C++ space.sBoend argument is the address for holding the
returned value from calling the binary chdl function. It Bieee NULL for constructor of a class. The third
argument of functiordirunfun() is the name of the member function that is called. If the tlhairgument

of function dirunfun() is Classl , Ch will check the compatibility of the passed argumentetam the
prototype of clas€lassl .
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#include<ch.h>

EXPORTCH void Classl_Class1_chdl(void *varg) {
Chinterp_t interp;
ChValList_t ap;
class Classl *c=new Classl1();

Ch_VasStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Classl));
Ch_VaEnd(interp, ap);

Program 7.4: Constructor of Class1 (chdl file).

PrograniZW has the chdl function for the constru@arss1l _Classl _chdl . This function initializes
a new instance ofClassl in the C++ space and keeps it in the Ch space. The function
Ch_CppChangeThisPointel) changes thé¢his pointer of an instance of a class in the Ch space as shown
below.

Ch_CppChangeThisPointer(interp, c, sizeof(Classl));

Thethis pointer of an instance of a class in the Ch space will poinntinatance of class in the C++ space
passed as the second argument he size of the class in the Ch space will also be changecetsitie of
the class in the C++ space passed as the third argument.

#include<dlfcn.h>
#include "classl ch.h"

Classl::"Class1() {
void *fptr;
fptr = disym(g_sample_dlhandle, "Class1l_dClass1_chdl")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}

/* call the chdl function in DLL by address */
dirunfun(fptr, NULL, NULL, this);
g_sample_dlcount--; // to decrease count of instance

if(g_sample_dlcount <= 0 && g_sample_dlhandle '= NULL) {
if(diclose(g_sample_dlhandle)!=0)
printf("Error: %s(): diclose(): %s\n", _ class_func__, d lerror());

Program 7.5: Destructor of Class1 (chf file).

The chf function of destructo€lassl::"Classl () is shown in Prograrhi.5. The DLL file loaded
in chf function of constructo€lassl::Classl  ()is closed in the destruct@lassl::"Classl (). By
calling the chdl function of destruct@lassl _dClassl _chdl () using functiondlrunfun(), it deletes the
instance in the C++ space by passingtifis 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 Classl_dClass1_chdl(void *varg) {
Chinterp_t interp;
ChValList_t ap;
class Classl *c;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Classl *);

if(Ch_CpplsArrayElement(interp))
c->"Classl();

else
delete c;

Ch_VaEnd(interp, ap);

return;

Program 7.6: Destructor of Class1 (chdl file).

The chdl function of destructd€lass1l _dClass1l _chdl () is shown in Prograri.6. Contrary to the
constructor, this function deletes the instanc€lafss1 in the C++ space which is created in chdl function
of the constructoClassl _Classl _chdl () as shown below.

if(Ch_CpplsArrayElement(interp))
c->"Class1();
else
delete c;

The functionCh_CpplsArrayElement() test if the destructor of a class in the Ch space is callearby
element of an array of class. If the destructor s called bylament of an array of class in the Ch space,
only the destructor in the C++ space will be called. In thisecahe 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 tli&dass1l has only constructor and destructor.

For the convenience of development and maintenance, the Baader filssampclass.h in Listing
1 can be used for both Ch and C++. C++ progrsampclass.cpp in Listing 2 contains constructor
and destructor. In its constructor in the C++ space, theevaflumembemd is printed out. The appli-
cation progranscript.cpp in Listing 3 will print out the size of the class in the Ch spaéograms
sampclass.cpp andscript.cpp can be compiled using a C++ compiler to create a binary eabtaut
programscript.exe with the output shown in Listing 5 using a Makefile shown intlrig 4. The size
of the clas<Classl is the same in both Ch and C++ spaces as shown in Listing 5.

The interface prograresampclass _chdl.cpp in Listing 6 can be compiled and linked against the
C++ programsampclass.cpp  to create the dynamically loaded librdilgsampclass.dl . Function
files and member function definitions in Ch are placed in arsdpdile sampclass.chf  in Listing 7.
This function file is included in header fisampclass.h by a preprocessing directive

#pragma importf <sampclass.chf>

which will search the prograrsampclass.chf  based on the function patfpath

Listing 1 — the header filsampclass.h inthe Ch and C++ spaces.
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#ifndef _SAMPCLASS_H_
#define _SAMPCLASS_H_

/******'k** for Ch Space **'k*******'k/
#ifdef CH_
#include <dlfcn.h>

class Classl {
private:
static void *g_sample_dlhandle;
static int g_sample_dicount;
public:
Class1();
“Class1();
2
void * Classl::g_sample_dlhandle = NULL;
int Classl::g_sample_dicount = 0;

#pragma importf <sampclass.chf>
#else
/******'k** for C++ SpaCe **********/
class Classl {
private:
double m_d;
public:
Class1();
“Class1();
h
#endif

#endif /* _SAMPCLASS_H_ */
Listing 2 — the C++ progransampclass.cpp
#include <stdio.h>

#include "sampclass.h"

Classl::Class1() {
m.d = 1;
printf("in Constructor in C++ space, m_d = %f\n", m_d);

}

Classl::"Classl() {
}

Listing 3 — The application prograrscript.cpp in both Ch and C++ spaces.
#include <stdio.h>

#include "sampclass.h"

int main() {
class Classl c1 = Classl();
class Classl *c2 = new Classl();

printf("sizeof(class Classl) = %d\n", sizeof(class Class 1));
printf("sizeof(cl) = %d\n", sizeof(cl));

delete c2;

return O;

}
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 dicomp libsampclass.dl cplusplus sampclass.cpp

sampclass_chdl.o: sampclass_chdl.cpp
ch dicomp 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 dicomp libsampclass.dl cplusplus script.cpp

test:
script.exe > testl
ch script.cpp > test2
testl test2

clean:

rm -f *.0 *.dl *.0bj *.exp *lib *.exe testl test2

Listing 5 — Output from executing prograscript.cpp

1.000000
1.000000

in Constructor in C++ space, m_d
in Constructor in C++ space, m_d
sizeof(class Classl) = 8
sizeof(cl) = 8

Listing 6 — the chdl progransampclass _chdl.cpp

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

[******x member functions of Classl ******/

EXPORTCH void Classl_Class1_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
class Classl *c;
¢ = new Classl();

Ch_VasStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, ¢, sizeof(Classl));
Ch_VaEnd(interp, ap);

}

EXPORTCH void Classl_dClass1_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
class Classl *c;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Classl *);
if(Ch_CpplsArrayElement(interp))
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c->"Class1();
else

delete c;
Ch_VaEnd(interp, ap);
return;

}
Listing 7 — the Ch function filesampclass.chf

[ member functions of Classl *xvvxx/
Classl::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__, dI error());
return;
}

}

fptr = disym(g_sample_dlhandle, "Classl_Classl_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}

dirunfun(fptr, NULL, NULL);
g_sample_dlcount++; // to increase count of instance
return;

}

Classl::"Class1() {
void *fptr;
fptr = disym(g_sample_dlhandle, "Class1l_dClass1_chdl") ;
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}

dirunfun(fptr, NULL, NULL, this);
g_sample_dlcount--; // to decrease count of instance

if(g_sample_dlcount <= 0 && g_sample_dlhandle !'= NULL) {
if(diclose(g_sample_dlhandle)!=0)
printf("Error: %s(): diclose(): %s\n", _ class_func__, d lerror());

}

return;

If the DLL is opened in a constructor and closed in a destruatoount is needed for keeping the number
of instance of the class. Using two static private membehatawlle DLL as illustrated in the above example
works only for a single class. If there are multiple classesa dynamically loaded library, a global variable
should be used for the DLL handle, which will be illustratedsectior_Z5b.

If a dynamically loaded librarliibsampclass.dl contains both C++ classes and C functions, it can
be loaded when the program is executed and released wherodram exits. This can be accomplished in
a header file. In this case, the DLL will be loaded once at thygrinéng of the program execution by calling
dlopen() using the global variablg_sampl _dlhandle . Itis closed when the program exits. Therefore,
the variableg_sample _dlcount for counting the number of instantiation of the class canlimimated.
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The updated header fisampclass.h is given in Listing 8 below. The DLL is opened at the program
execution and closed by functiadiclose _sampclass() which is registered to run at the exit of the
program. The corresponding function fdampclass.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 filseampclass.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) {
diclose(g_sample_dlhandle);

atexit(_dlclose_sampclass);
#endif

class Classl {
#ifndef _CH_
/********* for C++ Space **********/
private:
double m_d;
#endif
public:
Class1();
“Classi();
int memfunl(int i);

h
#pragma importf <sampclass.chf>

#endif /* _SAMPCLASS_H_ */
Listing 9 — the Ch function filesampclass.chf

[F***%% member functions of Classl ******/

Class1::Class1(){

void *fptr;

fptr = disym(g_sample_dlhandle, "Classl_Classl_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, _dI error());
return;

}

dirunfun(fptr, NULL, NULL);

}

Classl1::"Class1() {
void *fptr;
fptr = disym(g_sample_dlhandle, "Class1l_dClass1_chdl") ;
if(fptr == NULL) {
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printf("Error: %s(): dlsym(): %s\n", _ class_func__, dle rror());
return;

}

dirunfun(fptr, NULL, NULL, this);
return;

}

7.2 Member Functions without Return Value and Argument

This section discusses interface class member functiotmutireturn value and argument.

As an example, a C++ clagdlassl with member functions in the C++ space with its declarat®n i
shown in PrograniZ17. An alternative form without constucind destructor is shown in Progréml7.8.
Its public member functions ammemfunl() , memfun2() , andmemfun3() . Note thatmemfunl() ,
memfun2() ,andmemfun3() have the same forms as the ones we already discussed in (fBaplew-
ever, they will be handled differently since they are mentbactions of class instead of regular functions.
The corresponding class declaration in the Ch space forléss either in Prografn41.7 or Progr&ml7.8 is
given in Prograni 7]9. In this section, we’ll present samplél @and chf function files for member function
memfunl() without return value and argument The other two member fonstwill be handled in the
subsequent sections.

class Classl {

private:
data_typel m_1;

public:
Class1();
“Classi();
void memfunl();
void memfun2(data_type2 arg2);
return_typel memfun3();

Program 7.7: The class Class1 with member functions in thespace.

class Classl {
private:
data_typel m_1;
public:
void memfunl();
void memfun2(data_type2 arg2);
return_typel memfun3();

Program 7.8: The class Class1 with member functions in thespace. It has no constructor and destructor.
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void *g_sample_dlhandle;
int g_sample_dicount;

class Classl {
public:
Class1();
“Class1();
void memfunl();
void memfun2(datatype2 arg2);
return_typel memfun3();

Program 7.9: The class Class1 with member functions in thepabe.

The definition of member functio@lass1l::memfunl () in the Ch space is shown in Progr&am71.10,
This function file is very similar to the ones in the previowstchapters. Note that thilis pointer of
the instance of the class is passed to the C++ space as anemgafrfunctiondlrunfun() even though
memfunl() has no argument and return value. This is because we arg tyicall a member function,
memfunl() , of a specific class instance. In order to do this, we haveuvokm this function through the
pointer that points to that instance in the C++ space. thtspointer gets its value when the constructor is
called.

void Classl::memfunl() {
void *fptr;

/* to get the address by function name */
fptr = disym(g_sample_dlhandle, "Classl1_memfunl_chdI")
if(fptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;
}
/* to call the chdl function in dynamically loaded library by address */
dirunfun(fptr, NULL, memfunl, this);
return;
}

Program 7.10: Member function without return value or argatr(chf file).
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EXPORTCH void Class1l_memfunl_chdl(void *varg){
Chinterp_t interp;
ChVvalList_t ap;
class Classl *c;

Ch_VaStart(interp, ap, varg);
¢ = Ch_VaArg(interp, ap, class Classl *);

c->memfunl();

Ch_VaEnd(interp, ap);
return;

Program 7.11: Member function without return value or argatr{chdl file).

In Program[Z111,Classl _memfunl_chdl () is a chdl function, forClassl::memfunl ().
Classl _memfunl_chdl ()is actually nota member function of a class. It retrievies argument from the
Ch space, namelhis pointer, and stores itin. Then it calls the binary C++ member functioremfunl()
through that pointer.

Ch Space C Space (libobject.dl)

dlopen() —+— class1_memfuncl_chdl()

Ch_VaStart()

cl->memfunl()

Ch_VaArg()
Ch_VaEnd()

dlsym()
dIrunfun()

c—>memfunl()

cl—->memfun2() W ——=—class1_memfunc2_chdl()

I
| )
dlsym() i
dlrunfun() ; Ch_VaStart()
I
i
|
i
i
i

Ch_VaArg()
Ch_VaEnd()

diclose() c—>memfun2()

Figure 7.2: Relation of member function of object of ClagsCh and C Spaces.

Figure[Z:2 illustrates how to deal with calling a Ch membenrcfion in the Ch space. If the member
function memfunl() of the objectcl is called, the chdl functioglassl _memfuncl _chdl (), which is
in the DLL, will be invoked bydlrunfun (). In the meantime, ththis pointer in the C++ space maintained
in the Ch space is passed to the C++ space as an argument. @r-thgpace, the corresponding member
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function memfunl() of C++ objectc, which is pointed to by théhis pointer, will be finally called. The
objectc in the C++ space and object in the Ch space share the same memory.

7.3 Member Functions with Arguments of Simple Types

This section describes about class member functions thatdrguments of simple data types but no return
value. The example that we use is the member fund@il@ss1::memfun2 () in ProgranZJ7.

void Classl::memfun2(data_type2 arg2) {

{
void *fptr;

/* to get the address by function name */

fptr = disym(g_sample_dlhandle, "Class1l_memfun2_chdI")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}

/* to call the chdl function in dynamically loaded
library by address */

dirunfun(fptr, NULL, memfun2, this, arg2);

return;

Program 7.12: Member function with argument of simple dgpe t(chf file).

The member functiol€lass1l::memfun2 () in the C++ space will be called by the member function
Classl::memfun2 () in the Ch space as shown in Program¥.12, Just like the citfian file in Pro-
gram[Z.ID, thehis pointer has to be passed to the C++ space. At the samedig2, is sent as the fifth
argument since functiomemfun2() takes that argument.

EXPORTCH void Class1l_memfun2_chdl(void *varg){
Chinterp_t interp;
ChVvalList_t ap;
class Classl *c;
data_type2 arg2;

Ch_VaStart(interp, ap, varg);
¢ = Ch_VaArg(interp, ap, class Classl *);
arg2 = Ch_VaArg(interp, ap, data_type2);

c->memfun2(arg2);

Ch_VaEnd(interp, ap);
return;

Program 7.13: Member function with argument of simple dge tchdl file).

ProgramZ113 is the chdl file for chdl functid®lass1 _memfun2_chdl (). This chdl file is pretty
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similar toClassl _memfunl_chdl () in ProgranZIl. However, this function gets two arguradrdm
the Ch space. One is tltieis pointer and the other is the argumeng2 .

7.4 Member Functions with Return Values of Simple Types

This section illustrates how to add a function with returlueaof simple data type shown in member function
Class1l::memfun3() in Prograni_ZJ7.

return_typel Classl::memfun3() {

{
void *fptr;
return_typel retval;

/* to get the address by function name */

fptr = disym(g_sample_dlhandle, "Class1_memfun3_chdl")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}

/* to call the chdl function in dynamically
loaded library by address */
dirunfun(fptr, &retval, memfun3, this);

return retval;

Program 7.14: Member function with return value of simpleadspe (chf file).

The member functioi€lassl::memfun3 () in the Ch space is shown as Progfam17.14, This chf is
similar to the one shown in Progrdm7.10, except that thergkaod third arguments are different in the
argument list of functiomIrunfun (). The address of retvagretval , is passed to the C++ space instead of
NULL because it needs to retrieve the return value. The tigdiment is the name of the member function
that is called.

EXPORTCH return_typel Classl_memfun3_chdl(void *varg){
Chinterp_t interp;
ChvalList_t ap;
class Classl *c;
return_typel retval;

Ch_VaStart(interp, ap, varg);
¢ = Ch_VaArg(interp, ap, class Classl *);

retval = c->memfun3();

Ch_VaEnd(interp, ap);
return retval;

Program 7.15: Member function with return value of simpleadgpe (chdl file).
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PrograniZ15 is the chdl functidBlassl _memfun3_chdl (). Besides the pointer to the instance of
Classl inthe C++ space, there is no other argument passed from thpdcle. On the other hand, function
Classl _memfun3_chdl () returns a value of typeeturn _typel .

7.4.1 Two Complete Examples

Several complete examples for interface Ch with C++ claasegpresented in this section.

7.4.1.1 Example of Class with a Regular Member function

The complete source code presented below is an exampletéofaice Ch with a C++ class which consists
of constructor, destructor, and a member function. Progsampclass.cpp  andscript.cpp can be
compiled using a C++ compiler to create a binary executatdgramscript.exe with the same Make-
file in Listing 4 in sectiof_711. The output from the progranoript.cpp is shown in Listing 5. The same
application progranscript.cpp can also be executed in Ch without compilation.

Listing 1 — the header filsampclass.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) {
diclose(g_sample_dlhandle);

atexit(_dlclose_sampclass);
#endif

class Classl {
#ifndef _CH_
/******'k** for C++ SpaCe *******'k**/
private:
int m_i1;
#endif
public:
Class1();
“Classi();
int memfunl(int i);

h

#pragma importf <sampclass.chf>

#endif /* _SAMPCLASS_H_ */

Listing 2 — the C++ progransampclass.cpp

#include <stdio.h>
#include "sampclass.h"
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Classl::Class1() {

m_il = 1,

printf("m_il in Classl::Classl() = %d\n", m_il);
}

Classl::"Class1() {
printf("m_i1 in Classl::"Class1() = %d\n", m_il);

}

int Classl::memfuni(int i) {
m_il += i
printf("m_il = %d\n", m_il);
return m_il;

}
Listing 3 — The application prograrscript.cpp in both Ch and C++ spaces.

#include "sampclass.h"

int main() {
class Classl ci;
class Classl *c2 = new Classi;
class Classl c3[2];

cl.memfunl1(100);
c2->memfun1(200);
¢3[0].memfun1(300);
c3[1].memfun1(300);
delete c2;

}
Listing 4 — Output from executing prograscript.cpp

m_il in Classl::Class1(
m_il in Classl::Class1(
m_il in Classl::Class1(
m_il in Classl::Class1(
m_il = 101
m_il = 201
m_il = 301
m_il = 301
m_il in Classl::"Class1() = 201
m_il in Classl:"Classl1l() = 301
m_il in Classl::"Classl1() = 301
m_il in Classl::"Classl1() = 101

e N

)
)
)
)

Listing 5 — the chdl progransampclass _chdl.cpp

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

[rxxxx member functions of Classl *xxxx/
EXPORTCH void Classl_Class1_chdl(void *varg) {
Chinterp_t interp;

ChVvalList_t ap;
class Classl *c = new Classl();
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Ch_VasStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Classl));
Ch_VaEnd(interp, ap);

}

EXPORTCH void Classl_dClassl_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
class Classl *c;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Classl *);

if(Ch_CpplsArrayElement(interp))
c->"Classl();

else
delete c;

Ch_VaEnd(interp, ap);

return;

}

EXPORTCH int Classl_memfunl_chdi(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
class Classl *c;
int i
int retval;
Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Classl®);
i Ch_VaArg(interp, ap, int); /* get 1st arg */

retval = c->memfuni(i);

Ch_VaEnd(interp, ap);
return retval;

}
Listing 6 — the Ch function filesampclass.chf

[******x member functions of Classl ******/

Class1::Class1(){
void *fptr;
fptr = disym(g_sample_dlhandle, "Classl_Class1_chdl");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, _dI error());
return;

}
dirunfun(fptr, NULL, NULL);
}

Classl::"Class1() {
void *fptr;
fptr = disym(g_sample_dlhandle, "Class1l_dClass1_chdl") ;
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}

dirunfun(fptr, NULL, NULL, this);

227



CHAPTER 7. INTERFACING CLASSES AND MEMBER FUNCTIONS IN C++
7.4. MEMBER FUNCTIONS WITH RETURN VALUES OF SIMPLE TYPES

return;

}

int Classl::memfuni(int i) {
void *fptr;
int retval,

fptr = disym(g_sample_dlhandle, "Class1_memfunl_chdI")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return -1;

}

dirunfun(fptr, &retval, memfunl, this, i);
return retval;

7.4.1.2 Linked List

The example in this section illustrates how to handle menmestions of linked list with classes. Three
fileslist.h , List.chf |, andliblist.dl are needed to run the Ch applicatiscript.cpp . The
classList defined in header filést.h contains a list of students’ names and ID numbers. The static
fields of the class and member functions are located irLfdechf . The public member functions can
prepend, insert, append, remove a student in the list, dntaqart the list. The dynamically loaded library
liblist.dl is built by two C++ programést.cpp andlist _chdl.cpp , and header filést.h

using a makefilenakefile _cpp. Programlist.cpp contains the C++ source code for member func-
tions of class List. Prograhist _chdl.cpp is an interface between Ch and C++. Programs in both Ch
and C++ spaces share the same headdidila

Listing 1 — An example Ch prograracript.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 datal, data2, data3, data4;

/* prepare the data */
createData(&datal, 456, "Mary");
createData(&data2, 789, "John");
createData(&data3, 234, "Peter");
createData(&data4, 567, "Hanson");
students.prepend(datal);
students.prepend(data2);
students.append(data3);
students.insert(data4, 2);

students.printList();
students.printName("Peter");

i = students.printName("Bob");
cout << "There is/lare " << i << " person(s) named Bob" << endl;
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students.removeElement(789);
students.printList();
students.printName("Peter");

students.clear();
students.printList();

freeMem(&datal);
freeMem(&data2);
freeMem(&data3);
freeMem(&data4);
return O;

}
Listing 2 — The Ch/C++ header fillst.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 */

h

struct Element {
struct Data data;
struct Element *next;

h

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 _dIclose_sampclass(void) {
diclose(g_sample_dlhandle);

atexit(_dlclose_sampclass);

class List {
public:
List();
“List(); /lremove 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); /linsert to the list at pos
void printList();  //print out the list
int printName(char *name); /lprint nodes with the same Inam e

void removeElement(int id);  //delete first node with id = id
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void clear(); //delete all nodes attached to the list

h

/* get member functions of class List*/
#pragma importf <List.chf>
#else
class List {
private:
static int totnum;
Element *head;

public:
List();
“List();  /Iremove 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); /llinsert to the list at pos
void printList();  //print out the list
int printName(char *name); /lprint nodes with the same Inam e

void removeElement(int id);  //delete first node with id = id
void clear(); //delete all nodes attached to the list

h
#endif
#endif /* LIST_H_ */

Listing 3 — The chf function fileList.chf contains the definitions of member functions which invoke
the dynamically loaded library.

/ *kkkkkkkkk

* File name: List.chf

* member functions of class List
*********/
/******'k************* PUb|IC FUﬂCtIOﬂS *kkkkkkkkkkkkkk **'k**/
List::List(){
void *fptr;
fptr = disym(g_sample_dlhandle, "List_List_chdI");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;
I3
dirunfun(fptr, NULL, NULL);
}
List::"List(){
void *fptr;
fptr = disym(g_sample_dlhandle, "List_dList_chdlI");
if(fptr == NULL) {
printf("Error: %s(): dlsym(): %s\n", _ class_func__, dle rror());
return;
2
dirunfun(fptr, NULL, NULL, this);
}

void List::prepend (struct Data data) {
void *fptr;

fptr = disym(g_sample_dlhandle, "List_prepend_chdl");
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if(fptr == NULL) {

printf("Error: %s(): dlsym(): %s\n", _ class_func__, dle rror());
I3
dirunfun(fptr, NULL, prepend, this, data);

void List::append(struct Data data) {
void *fptr;

fptr = disym(g_sample_dlhandle, "List_append_chdl");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
h
dirunfun(fptr, NULL, append, this, data);

void List::insert(struct Data data, int pos) {
void *fptr;

fptr = disym(g_sample_dlhandle, "List_insert_chdl");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
I3
dirunfun(fptr, NULL, insert, this, data, pos);

void List::printList() {
void *fptr;

fptr = disym(g_sample_dlhandle, "List_printList_chdI")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;
2
dirunfun(fptr, NULL, printList, this);
}

int List::printName(char *name) {
void *fptr;
int retval;

fptr = disym(g_sample_dlhandle, "List_printName_chdlI")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return -1;

3

dirunfun(fptr, &retval, printName, this, name);

return retval;

}
void List::removeElement (int id) {
void *fptr;
fptr = disym(g_sample_dlhandle, "List_removeElement_ch di"y;
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;
I3

dirunfun(fptr, NULL, removeElement, this, id);
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return;
void List::clear() {
void *fptr;

fptr = disym(g_sample_dlhandle, "List_clear_chdI");
if(fptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

b

dirunfun(fptr, NULL, clear, this);

return;

void createData(struct Data *newData, int id, char *name) {
void *fptr;

fptr = disym(g_sample_dlhandle, "createData_chdI");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

b

dirunfun(fptr, NULL, createData, newData, id, name);

void freeMem(struct Data *elem) {
void *fptr;

fptr = disym(g_sample_dlhandle, "freeMem_chdI");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;
h
dirunfun(fptr, NULL, freeMem, elem);
}

Listing 4 — The C++ prograniist.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 = O;

List::List() {
head = NULL;
}
List::"List() {
clear(); /I 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);
/lcout << 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");
/lcout << 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");
/lcout << 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;

tothnum++;

printf("\nAn element with id %d is prepended\n”, e->data.i d);

/lcout << endl << "An element with id " << e->data.id << " is pre pended" << endl;
return;

}

[* print out the list */
void List::printList() {
struct Element *temp = head;

iftemp == NULL) {
printf("\nNo element is in the list\n");
/lcout << endl << "No element is in the list" << endl;
return;
}
else
printf("\n %d element is in the list\n", totnum);
/lcout << endl << totnum << " element is in the list" << endl;

while(temp) {

printf("id = %d, neame = %s\n", temp->data.id, temp->data. name);
/lcout << "id =" << temp->data.id << " name = " << temp->data.n ame << endl;
temp = temp->next;

}

return;
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/* print nodes with the same Iname */
int List::printName(char * name) {
struct Element *temp = head,;
int count = O;

iftemp == NULL) {
printf("\nNo element with the name %s\n", name);
/lcout << endl << "No element with the name " << name << endl;

return O;
}
printf("\nFollowing is/are element(s) with name %s\n", na me);
/lcout << 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);
/lcout << "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 *tmpl = head, **mp2 = NULL;

if (head == NULL)
return;

else if (head->data.id == id)
{
head = head->next;
printf("\nAn element with id %d is moved\n", tmpl->data.id );
/lcout << endl << "An element with id " << tmpl->data.id << " is moved. " << endl;
delete tmpl;
totnum--;
return;

}

else
while (tmpl->next)
{
if (tmpl->next->data.id == id)
{
tmp2 = tmpl->next;
tmpl->next = tmpl->next->next,
printf("\nAn element with id %d is moved\n", tmp2->data.id );
/lcout << endl << "An element with id " << tmp2->data.id << " is moved." << endl;
delete tmp2;
totnum--;
return;
}
tmpl = tmpl->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(hame);
return;

}

/* release the memory */

void freeMem(struct Data *elem) {
free(elem->name);
return;

}

Listing 5 — The chdl prograntist _chdl.cpp that interfaces between prograiist.chf  in Ch and
list.cpp in C++ through a dynamically loaded libraliplist.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;
ChvalList_t ap;
class List *¢ = new List();

Ch_VasStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(List));
Ch_VaEnd(interp, ap);

}

EXPORTCH void List_dList_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
class List *c;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class List*);

if(Ch_CpplsArrayElement(interp))
c->"List();

else
delete c;

Ch_VaEnd(interp, ap);

}

EXPORTCH void List_append_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
class List *c;
struct Data data;

Ch_VasStart(interp, ap, varg);
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¢ = 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;
ChVvalList_t ap;
class List *c;
struct Data data;

Ch_VaStart(interp, ap, varg);

¢ = 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;
ChValList_t ap;
class List *c;
struct Data data;
int pos;

Ch_VasStart(interp, ap, varg);

¢ = 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;
ChvalList_t ap;
class List *c;

Ch_VasStart(interp, ap, varg);
¢ = Ch_VaArg(interp, ap, class List*);
c->printList();
Ch_VaEnd(interp, ap);
}

EXPORTCH int List_printName_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
class List *c;
char *name;
int retval;

Ch_VasStart(interp, ap, varg);
¢ = 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;
ChvalList_t ap;
int id ;
class List *c;

Ch_VasStart(interp, ap, varg);
¢ = 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;
ChVvalList_t ap;
class List *c;

Ch_VasStart(interp, ap, varg);
¢ = Ch_VaArg(interp, ap, class List*);
c->clear();
Ch_VaEnd(interp, ap);
}

EXPORTCH void createData_chdl(void *varg) {
Chinterp_t interp;
ChvalList_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;
ChvalList_t ap;
struct Data *elem;

Ch_VasStart(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 dicomp liblist.dl cplusplus list.cpp

list_chdl.o: list_chdl.cpp
ch dicomp 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 dicomp liblist.dl cplusplus script.cpp

test:
script.exe > testl
ch script.cpp > test2
diff testl test2
clean:

rm -f *.0 *.obj a.out liblist.dl *.lib *.exp *.exe testl test 2
Listing 7 — Output from executing prograscript.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/fare 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 Aay Type

In sectio 7L, we have described how to load and unload a Dla_donstructor and destructor. However,
if we have many classes in a DLL, it is inefficient or even ingibke to load a DLL in a constructor for each
class.

In this section, we will give an example on how to interfaceltiple classes in C++ using a single
dynamically loaded library. We will also illustrate how tardle member functions with arguments or
return value of pointer to classes and pointer to pointeldasses. as well as functions with arguments of
class of array type. The interface from Ch to member funstiohpointer and array type of classes is the
same as interface with other simple data types. This willlbstiated by an example below.

A second class name@lass2 will be used in conjunction wittClass1l for the illustrative pur-
pose. The definitions of bot@lassl andClass2 in both Ch and C++ spaces are shown in Listing
1. Member functionClass2::memfunl (). has an argument of pointer @assl . Member function
Class2::memfun2 () returns a pointer t&€lassl . Member functionClass2::memfun3 () returns a
pointer to Classl and has an argument of pointer to pointer @assl . Member function
Class2::memfun4 () has an argument of array of pointer tGlassl . Member function
Class2::memfun5 () has an argument of array Glassl .

The source code for definitions of clasgadassl andClass2 inthe C++ space is listed in Listing 2.
It can be compiled and linked along with the application papgscript.cpp in Listing 3 using a C++
compiler to create a binary executable program with thewiwpown in Listing 4. The same Makefile in
Listing 4 in sectior_Zl1 can be used. As illustrated in thengxa, the interface for multiple classes can be
handled in the same manner as the one with a single class.

Listing 1 — the header filsampclass.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) {
diclose(g_sample_dlhandle);

}

atexit(_dlclose_sampclass);

class Classl {
public:
Class1();
“Class1();
int memfunl(int i);
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class Class2 {
public:
Class2();
“Class2();
void memfunl(class Classl *pc);
class Classl *memfun2(int i);
class Classl *memfun3(int i, class Classl **ppc);
int memfun4(class Classl *apc[NUM]);
int memfun5(int num, class Classl c[NUM]);
I3
#pragma importf <sampclass.chf>
#else I' * for C+_+_ Space *kkkkkkkk *********/
class Classl {
private:
int m_i1;
public:
Class1();
“Class1();
int memfunl(int i);

h

class Class2 {
private:
int m_i2;
public:
Class2();
“Class2();
void memfunl(class Classl *pc);
class Classl *memfun2(int i);
class Classl *memfun3(int i, class Classl **ppc);
int memfun4(class Classl *apc[NUM]);
int memfun5(int num, class Classl c[NUM]);
h
#endif

#endif _SAMPCLASS_H_
Listing 2 — the C++ progransampclass.cpp

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

[F***x% member functions of Classl ******/

Classl::Class1() {

m_il = 1,

printf("m_il in Classl::Classl() = %d\n", m_il);
}

Classl::"Class1() {
printf("m_i1 in Classl::"Class1() = %d\n", m_il);

}

int Classl::memfuni(int i) {
m_il += i
printf("m_il = %d\n", m_il);
return m_il;

}
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[F***%% member functions of Class2 ******/

Class2::Class2() {
printf("Class2::Class2() called\n");

}

Class2::"Class2() {
printf("Class2::"Class2() called\n");

}

void Class2::memfunl(Classl *pc) {

pc->memfunl(10); //set m_il to 10
}

Classl *Class2::memfun2(int i) {
Classl *retval,

retval = new Classl();
retval->memfunl(i);
return retval,

}
Classl *Class2::memfun3(int i, Classl **ppc) {
Classl *pc;
pc = *ppc;
return &pcli];
}
int Class2::memfun4(Classl *apc[NUM]) {
int i;
for (i = 0; i < NUM; i++) {
if(apc(i]) {
apcli]->memfuni(i);
}
}
return O;
}

int Class2::memfun5(int num, Classl *pc) {
int i;

for(i=0; i<num; i++) {
pc[i].memfun1(1000+i);
}

return O;

}

Listing 3 — the main progranscript.cpp in both Ch and C++ spaces.

#include "sampclass.h"

int main() {
class Classl c1;
class Classl *pcl, *pc2, *pc3;
class Classl ac[NUM];
class Classl *apc[NUM];
class Class2 b;
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int i;

b.memfunl(&cl);

pcl = b.memfun2(20);

pc2 = new Class1[2];
pc2[0].memfun1(10);
pc2[1].memfunl1(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 pcl;
#ifdef _CH_
delete [2] pc2;
#else
delete [] pc2;
#endif
for (i = 0; i < NUM; i++) {
delete apc]i];

return O;

}
Listing 4 — Output from executing prograscript.cpp

m_il in Classl:Classl() = 1
m_il in Classl:Classl() = 1
m_il in Classl:Classl() = 1
Class2::Class2() called

m_il = 11

m_il in Classl:Classl() = 1
m_il = 21

m_il in Classl:Classl() = 1
m_il in Classl:Classl() = 1
m_il = 11

m_il = 21

m_il = 121

m_il in Classl:Classl() = 1
m_il in Classl:Classl() = 1
m_il =1

m_il = 2

m_il = 1001

m_il = 1002

m_il in Classl:"Classl() = 21
m_il in Classl::"Classl() = 121
m_il in Classl:"Classl() = 11
m_il in Classl:"Classl() = 1
m_il in Classl::"Classl() = 2
Class2::"Class2() called

m_il in Classl:"Class1l() = 1002
m_il in Classl::"Class1() = 1001
m_il in Classl:"Classl() = 11

Through the interface programs in Listings 5 to 7 we shallliie &0 execute prograscript.cpp in-
terpretively in Ch. The makefile in Listing 7 can be used tolcdouhe dynamically loaded library
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libsampclass.dl and binary executable prograsuript.exe

Listing 5 — the chdl progransampclass _chdl.cpp

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

[F***x% member functions of Classl ******/

EXPORTCH void Classl_Classl_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
class Classl *¢ = new Classl();

Ch_VaStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, ¢, sizeof(Classl));
Ch_VaEnd(interp, ap);

}

EXPORTCH void Classl_dClass1_chdl(void *varg) {
Chinterp_t interp;
ChValList_t ap;
class Classl *c;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Classl *);

if(Ch_CpplsArrayElement(interp))
c->"Classl();

else
delete c;

Ch_VaEnd(interp, ap);

return;

}

EXPORTCH int Classl_memfunl_chdi(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
class Classl *c;
int i;
int retval;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Classl*);

i = Ch_VaArg(interp, ap, int); /* get 1st arg */
retval = c->memfunl(i);

Ch_VaEnd(interp, ap);

return retval;

}

[F***%% member functions of Class2 ******/

EXPORTCH void Class2_Class2_chdl(void *varg) {
Chinterp_t interp;
ChValList_t ap;
class Class2 *c = new Class2();

Ch_VasStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, ¢, sizeof(Class2));

244



CHAPTER 7. INTERFACING CLASSES AND MEMBER FUNCTIONS IN C++
7.5. MULTIPLE CLASSES AND FUNCTIONS WITH CLASS OF POINTER Of/RRAY TYPE

Ch_VaEnd(interp, ap);
}

EXPORTCH void Class2_dClass2_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
class Class2 *c;

Ch_VaStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Class2 *);

if(Ch_CpplsArrayElement(interp))
c->"Class2();

else
delete c;

Ch_VaEnd(interp, ap);

return;

}

EXPORTCH void Class2_memfunl_chdl(void *varg) {
Chinterp_t interp;
ChValList_t ap;
class Class2 *c;
class Classl *pc;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Class2*);
pc = Ch_VaArg(interp, ap, class Classl®);
c->memfunl(pc);

Ch_VaEnd(interp, ap);

return;

}

EXPORTCH class Classl *Class2_memfun2_chdi(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
class Class2 *c;
int i;
class Classl *retval;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Class2*);
i = Ch_VaArg(interp, ap, int);

retval = c->memfun2(i);
Ch_VaEnd(interp, ap);

return retval;

}

EXPORTCH class Classl *Class2_memfun3_chdi(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
class Class2 *c;
int i;
class Classl **ppc;
class Classl *retval;

Ch_VasStart(interp, ap, varg);
¢ = 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;
ChvalList_t ap;
class Class2 *c;
class Classl **apc;
int retval;

Ch_VasStart(interp, ap, varg);

¢ = 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;
ChvalList_t ap;
class Class2 *c;
class Classl *pc;
int num;
int retval;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Class2*);
num = Ch_VaArg(interp, ap, int);

pc = Ch_VaArg(interp, ap, class Classl*);
retval = c->memfun5(num, pc);
Ch_VaEnd(interp, ap);

return retval;

Listing 6 — the Ch function filesampclass.chf

[ member functions of Classl *vvvxx/
Classl::Class1()}{
void *fptr;

fptr = disym(g_sample_dlhandle, "Classl_Class1_chdl");
if(fptr == NULL) {

printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;
}
dirunfun(fptr, NULL, NULL);
}
Classl1::"Class1() {
void *fptr;

fptr = disym(g_sample_dlhandle, "Class1l_dClass1_chdI")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;
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dirunfun(fptr, NULL, NULL, this);
}

int Classl::memfuni(int i) {
void *fptr;
int retval,

fptr = disym(g_sample_dlhandle, "Class1_memfunl_chdI")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return -1;

}

dirunfun(fptr, &retval, memfunl, this, i);
return retval;

}

[*****x member functions of Class2 ******/

Class2::Class2(){
void *fptr;

fptr = disym(g_sample_dlhandle, "Class2_Class2_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}

dirunfun(fptr, NULL, NULL);

}

Class2::"Class2() {
void *fptr;
fptr = disym(g_sample_dlhandle, "Class2_dClass2_chdI")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

dirunfun(fptr, NULL, NULL, this);
}

void Class2::memfunl(Classl *pc) {
void *fptr;

fptr = disym(g_sample_dlhandle, "Class2_memfunl_chdI")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}

dirunfun(fptr, NULL, memfunl, this, pc);
return;

}
Classl *Class2::memfun2(int i) {
void *fptr;
Classl *retval;
fptr = disym(g_sample_dlhandle, "Class2_memfun2_chdI")
if(fptr == NULL) {
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}

printf("Error: %s(): dlsym(): %s\n", _ class_func__, dle
return NULL;

}

dirunfun(fptr, &retval, memfun2, this, i);
return retval,

Classl *Class2::memfun3(int i, Classl **ppc) {

}

void *fptr;
Classl *retval;

fptr = disym(g_sample_dlhandle, "Class2_memfun3_chdI")
if(fptr == NULL) {
printf("Error: %s(): dlsym(): %s\n", _ class_func__, dle
return NULL;

}

dirunfun(fptr, &retval, memfun3, this, i, ppc);
return retval;

int Class2::memfun4(Classl *apc[NUM]) {

}

void *fptr;
int retval,

fptr = disym(g_sample_dlhandle, "Class2_memfun4_chdI")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle
return NULL;

}

dirunfun(fptr, &retval, NULL, this, apc);
return retval;

int Class2::memfun5(int num, Classl c[NUM]) {

void *fptr;
int retval;

fptr = disym(g_sample_dlhandle, "Class2_memfun5_chdI")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle
return NULL;

}

dirunfun(fptr, &retval, NULL, this, num, c);
return retval;

7.6 Classes with Multiple Constructors

rror());

rror());

rror());

rror());

This section will use an example to illustrate how to handite-Classes with multiple constructors. The dec-

larations of the clas€lass1l with multiple constructors in both Ch and C++ spaces areginghe header

file sampclass.h
sampclass.cpp
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arguments, the first one has to beiaieger and the second ordouble . Programsampclass.cpp
andscript.cpp can be compiled using the same Makefile in Listing 4 in sedfidnto create a binary
executable prograrscript.exe . The application prograrscript.cpp in Listing 3 will produce the
output in Listing 4.

The corresponding constructor in the Ch space is given itmig$ We useclassl::classl(...)
to handle the different number of arguments. With ARdsstart (), va_count () andva_elementtype (),
cases with different number of arguments will take difféiéthen  paths.

The chdl interface function of the constructor@fassl is shown in Listing 6. The same Makefile in
Listing 4 in sectior 711 can be used to create a dynamicadigidd librarylibsampclass.dl

Example: A class with multiple constructors

This is an example of handling multiple constructors. Thulejects will be initialized by calling constructor
with different arguments. The output from executing progiscript.cpp in Listing 3 in both Ch and
C++ spaces is given in Listing 4.

Listing 1 — the header filsampclass.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 Classl {
private:
static void *g_sample_dlhandle; // make sure to load dl once
static int  g_sample_dlcount; // count the instance of class
public:
Classi(...);
“Class1();
2
void * Classl::g_sample_dlhandle = NULL;
int Classl::g_sample_dlcount = 0;

#pragma importf <sampclass.chf>
#else
/********* for C++ SpaCE *******'k******/
class Classl {
private:
double m_d;
public:
Class1();
Classi(int i);
Classi(int i, double d);
“Class1();
2
#endif

#endif /* _SAMPCLASS_H_ */
Listing 2 — the C++ progransampclass.cpp

#include <stdio.h>
#include "sampclass.h"
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Classl::Class1() {

md = 1;

printf("in Constructor in C++ space, m_d = %f\n", m_d);
}
Classl::Class1(int i) {

md = i

printf("in Constructor in C++ space, m_d = %f\n", m_d);
}
Classl::Classi(int i, double d) {

m_d = i+d;

printf("in Constructor in C++ space, m_d = %f\n", m_d);
}
Classl1::"Class1() {
}

Listing 3 — The application prograrscript.cpp in both Ch and C++ spaces.

#include "sampclass.h"

int main() {
class Classl cl1=Classl();
class Classl c2=Class1(5);
class Classl c3=Class1(5, 10.0);

return O;

}
Listing 4 — Output from executing prograscript.cpp in the Ch space.

1.000000
5.000000
15.000000

3 3 3
o O Qo
nonon

Listing 5 — the Ch function filesampclass.chf

[******x member functions of Classl ******/

Class1::Class1(){

void *fptr;

fptr = disym(g_sample_dlhandle, "Classl_Classl_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, _dI error());
return;

}

dirunfun(fptr, NULL, NULL);

}

Classl::"Class1() {
void *fptr;
fptr = disym(g_sample_dlhandle, "Class1_dClass1_chdI")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}

dirunfun(fptr, NULL, NULL, this);
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}

return;

int Classl::memfuni(int i) {

}

void *fptr;
int retval,

fptr = disym(g_sample_dlhandle, "Class1_memfunl_chdI")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle
return -1;

}

dirunfun(fptr, &retval, memfunl, this, i);
return retval;

Listing 6 — the chdl progransampclass _chdl.cpp

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

[F***%% member functions of Classl ******/

EXPORTCH void Classl_Classl_chdl(void *varg) {

}

Chinterp_t interp;
ChValList_t ap;
class Classl *c;
int vacount;

int i

double d;

Ch_VasStart(interp, ap, varg);
vacount = Ch_VaCount(interp, ap);
if(vacount ==0)

¢ = new Classl();
else if(vacount ==1) {
= Ch_VaArg(interp, ap, int);
new Classi(i);

i
c

else if(vacount ==2) {

i = Ch_VaArg(interp, ap, int);

d Ch_VaArg(interp, ap, double);
c new Classi(i, d);

}
Ch_CppChangeThisPointer(interp, c, sizeof(Classl));

Ch_VaEnd(interp, ap);

EXPORTCH void Classl_dClassl1_chdl(void *varg) {

Chinterp_t interp;
ChvalList_t ap;
class Classl *c;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Classl *);

if(Ch_CpplsArrayElement(interp))
c->"Classl();

else
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delete c;
Ch_VaEnd(interp, ap);
return;

}

7.7 Member Functions with Return Values and Arguments of Clas Type

Member functions with return values and arguments of clgse are discussed in this section. They are
handled differently from other data types.
Let’s take a look at the following member function prototgpe Prograni_Z.16.

Classl memfunl();
inv. memfun2(Classl c);

The member functionClass2::memfunl () returns classClassl whereas the member function
Class2::memfun2 () has an argument of clagdassl . The complete definitions of class€assl
andClass2 in both Ch and C++ spaces are given in Progiaml7.16. The defigiof member functions
in the C++ space is shown in Program 1.17. InstanceSla$sl is initialized and returned by member
function Class2::memfunl (). Note that, in practice, the user typically may only get Hinary library
of these member functions rather than the source code.

An application uses these member functions is shown in BroBfI8. The output of executing Pro-
gram[ZIB is shown in Figufe“T.3. The same Makefile in Listirmg gectior_Z]L can be used.

252



CHAPTER 7. INTERFACING CLASSES AND MEMBER FUNCTIONS IN C++
7.7. MEMBER FUNCTIONS WITH RETURN VALUES AND ARGUMENTS OF CASS TYPE

#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 _diclose_sampclass(void) {
diclose(g_sample_dlhandle);

}

atexit(_dlclose_sampclass);

class Classl {
public:
Class1();
“Class1();
int memfunl(int i);

h

class Class2 {
public:
Class2();
“Class2();
Classl memfunl(); /I return Classl
int memfun2(Classl c); // arg of Classl

k

#pragma importf "sampclass.chf"
telse
class Classl {
private:
int m_i1;
public:
Class1();
“Class1();
int memfunl(int i);

h

class Class2 {
private:
int m_i2;
public:
Class2();
“Class2();
Classl memfunl(); /I return Classl
int memfun2(class Classl c); // arg of Classl
2
#endif

#endif /* SAMPCLASS H_ */

Program 7.16: The header file for definitions of classes irC&t/space (sampclass.h).
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#include <stdio.h>
#include <stdlib.h>
#include "sampclass.h"

[F***%% member functions of Classl ******/

Classl::Class1() {
m_il = 1;
}

Classl::"Classl() {
}

int Classl::memfuni(int i) {
m_il += i
printf("In Classl::memfunl(), m_il = %d\n", m_il);
return m_il;

}

[F***%% member functions of Class2 ******/

Class2::Class2() {
m_i2 = 2;
}

Class2::"Class2() {
}

Classl Class2::memfunl() {
Classl c1,
return cl;

}

int Class2::memfun2(Classl c) {
c.memfun1(1000);
return O;

}

Program 7.17: Definitions of member functions in the C++ spg@ampclass.cpp).
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#include <stdio.h>
#include "sampclass.h"

int main() {
int i;
class Classl c1_1, cl1_2;
class Class2 c2_1;
class Class2 *c2_2;

cl 1 = c2_1.memfunl();
cl_1.memfunl(10);

c2_2 = new Class2;
cl 2 = c2_2->memfuni();
cl_2.memfunl(10);

c2_1.memfun2(cl_1);

delete c2_2;
return O;

Program 7.18: Application program in C and C++ spaces(scpp).

In Classl:memfunl(), m_il = 11
In Class1l::memfunl(), m_il = 11
In Classl:memfunl(), m_il = 1011

Figure 7.3: The output of executing ProgrBm ¥.18

Ch functions of these member functions are shown in ProdrdiE. 7To avoid calling constructor
multiple times, for member functio€lass2::memfunl () returning a class, the memory for the re-
turning class is allocated in the Ch space by functioalloc() . The address is passed to function
Class2 _.memfunl_chdl() in the C++ space to receive the returned value. The memohbwitieal-
located in the Ch kernel.

Similarly, for member functiorClass2::memfun2 () with an argument of class type, the address of
the argument is passed to functiGtass2 _-memfun2_chdl() inthe C++ space, which in turn will pass
the class using an indirection operator to member fundiiass2::memfun2 () in the C++ space.

7.8 Static Member Functions

The memory in both Ch and C++ spaces can be shared as desarithedprevious sections. Regular and
static member functions as well as static data members doaeoipy the memory in an instance of class.
Therefore, it is possible that additional member functidnsluding static and private member functions
as well static data members, in a class in the Ch space canffegerd names, which can call the same
member function in the C++ space.

In this section, we will demonstrate how to create static tmenfunctions in the Ch space that will call
regular member functions in the C++ space. The definitiondasfsClass1 in both Ch and C++ spaces
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[******x member functions of Classl ******/
Classl::Class1() {
void *fptr;

fptr = disym(g_sample_dlhandle, "Classl_Classl_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}
dirunfun(fptr, NULL, NULL);
}

Classl::"Class1() {
void *fptr;
fptr = disym(g_sample_dlhandle, "Class1l_dClass1_chdl")
if(fptr == NULL) {
printf("Error: %s(): dlsym(): %s\n", _ class_func__, dle rror());
return;

dirunfun(fptr, NULL, NULL, this);
}

int Classl::memfuni(int i) {

void *fptr;

int retval;

fptr = disym(g_sample_dlhandle, "Class1_memfunl_chdI")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return -1,

}

dirunfun(fptr, &retval, memfunl, this, i);

return retval,

Program 7.19: The function files of member functions (saagsckthf).
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[+ member functions of Class2 ******/
Class2::Class2() {
void *fptr;

fptr = disym(g_sample_dlhandle, "Class2_Class2_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return;

}
dirunfun(fptr, NULL, NULL);
}

Class2::"Class2() {
void *fptr;
fptr = disym(g_sample_dlhandle, "Class2_dClass2_chdl") ;
if(fptr == NULL) {
printf("Error: %s(): dlsym(): %s\n", _ class_func__, dle rror());
return;

dirunfun(fptr, NULL, NULL, this);
}

Classl Class2::memfunl() {
void *fptr;
Classl *retval;

fptr = disym(g_sample_dlhandle, "Class2_memfunl_chdI") ;

if(fptr == NULL) {
printf("Error: %s(): dlsym(): %s\n", _ class_func__, dle rror());
exit -1;

}

retval = (Classl *)malloc(sizeof(Classl));

dirunfun(fptr, NULL, NULL, retval, this);
return *retval;

int Class2::memfun2(Classl c) {
void *fptr;
int retval;

fptr = disym(g_sample_dlhandle, "Class2_memfun2_chdI")

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle rror());
return NULL;

}

dirunfun(fptr, &retval, NULL, this, &c);
return retval;

Program 7.19: The function files of member functions (saagxthf) (Contd.).
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#include <stdio.h>
#include <ch.h>
#include <string.h>
#include "sampclass.h"

EXPORTCH void Classl_Class1_chdl(void) {
Chinterp_t interp;
class Classl *c=new Classl1();
Ch_CppChangeThisPointer(interp, ¢, sizeof(Classl))

}

EXPORTCH void Classl_dClass1_chdl(void *varg) {
Chinterp_t interp;
ChValList_t ap;
class Classl *c;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Classl *);

if(Ch_CpplsArrayElement(interp))
c->"Classl();

else
delete c;

Ch_VaEnd(interp, ap);

return;

}

EXPORTCH int Classl_memfunl_chdi(void *varg) {
Chinterp_t interp;
ChValList_t ap;
class Classl *c;
int i;
int retval;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Classl*);

i = Ch_VaArg(interp, ap, int); /* get 1st
retval = c->memfuni(i);

Ch_VaEnd(interp, ap);

return retval;

arg

7.8. STATIC MEMBER FUNCTIONS

Program 7.20: The chdl functions of member functions (sdasschdl.cpp).
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EXPORTCH void Class2_Class2_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
class Class2 *c = new Class2();

Ch_VasStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Class2));
Ch_VaEnd(interp, ap);

}

EXPORTCH void Class2_dClass2_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
class Class2 *c;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Class2 *);

if(Ch_CpplsArrayElement(interp))
c->"Class2();

else
delete c;

Ch_VaEnd(interp, ap);

return;

}

EXPORTCH void Class2_memfunl_chdl(void *varg) { /* return ing Classl */
Chinterp_t interp;
ChvalList_t ap;
class Class2 *c;
Classl *retval;

Ch_VasStart(interp, ap, varg);
retval = Ch_VaArg(interp, ap, class Classl*);
¢ = Ch_VaArg(interp, ap, class Class2*);
*retval = c->memfunl(); /* copy over */
Ch_VaEnd(interp, ap);

}

EXPORTCH int Class2_memfun2_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
class Class2 *c;
class Classl *pc;
int retval;

Ch_VaStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Class2*);
pc = Ch_VaArg(interp, ap, class Classl*);
retval = c->memfun2(*pc);
Ch_VaEnd(interp, ap);

return retval;

Program 7.20: The chdl functions of member functions (sdasgchdl.cpp) (Contd.).
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are given in PrografiZ.R1. The constructor, destructor agahiper functiorClass1::memfunl() are
the same as in the previous sections as shown in PrdgrainBu22he clasClass1 in the Ch space has
two extra static member functioi®ass1:.Create() andClassl::Delete() in comparison with
one in the C++ space. They can be used to create and deletstamce of class.

The member functio€lass1::Create() in the Ch space is defined in ProgrBm T.23. It calls the bi-
nary interface functio€lassl _Create _chdl in Prograni_Z 24 to instantiate an instance of the class, sim-
ilar to the interface function. Classl Classl chdl for constructor. Unlike function
Classl _Classl _chdl() which does not return a value, functi@lassl _Create _chdl() returns
a pointer to the created instance of class. This instancéas$ chall be deleted by the memeber function
Classl::Delete() in the Ch space, which in turn calls the interface function
Classl _dClassl _chdl() forthe destructor.

A Ch application program and its output are shown in Prodrdfl @nd Figur&714, 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) {
diclose(g_sample_dlhandle);

atexit(_dlclose_sampclass);

class Classl {
public:
static Classl *Create();
static void Delete(Classl *);
Class1();
“Class1();
int memfunl(int i);

h

#pragma importf <sampclass.chf>
#else / for C++ Space *kkkkkkkk *********/
class Classl {
private:
int m_i1;
public:
Class1();
“Class1();
int memfunl(int i);

h
#endif

#endif _SAMPCLASS H_

Program 7.21: The header file for definitions of classes irC&t/space (sampclass.h).
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#include <stdio.h>
#include "sampclass.h"

Classl::Class1() {
m_il = 1,
printf("in Constructor in C++ space, m_il = %d\n", m_il);

}

Classl::"Class1() {
printf("in Destructor in C++ space, m_il = %d\n", m_il);

}

int Classl::memfuni(int i) {
m_il += i
printf("m_il = %d\n", m_il);
return m_il;

}

Program 7.22: Definitions of member functions in the C++ spg@ampclass.cpp).

#include "sampclass.h"

int main() {
class Classl c1;
class Classl *c2
class Classl *c3

new Class1();
Class1::Create();

c1l.memfunl1(100);
c2->memfun1(200);
¢3->memfun1(300);
delete c2;
Classl::Delete(c3);
return O;

}

Program 7.25: Ch application program (script.ch).

in Constructor in C++ space, m_il = 1
in Constructor in C++ space, m_il = 1
in Constructor in C++ space, m_il = 1
m_il = 101
m_il = 201
m_il = 301
in Destructor in C++ space, m_il = 201
in Destructor in C++ space, m_il = 301
in Destructor in C++ space, m_il = 101

Figure 7.4: The output of executing ProgrBm .25
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[******x member functions of Classl ******/

Classl::Class1()}{
void *fptr;

fptr = disym(g_sample_dlhandle, "Classl_Class1_chdl");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle
return;

}
dirunfun(fptr, NULL, NULL);
}

Classl1::"Class1() {
void *fptr;
fptr = disym(g_sample_dlhandle, "Class1l_dClass1_chdI")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle
return;

}

dirunfun(fptr, NULL, NULL, this);
}

int Classl::memfuni(int i) {
void *fptr;
int retval,

fptr = disym(g_sample_dlhandle, "Class1_memfunl_chdI")
if(fptr == NULL) {
printf("Error: %s(): dlsym(): %s\n", _ class_func__, dle
return -1;

}

dirunfun(fptr, &retval, memfunl, this, i);
return retval,

}

Classl *Classl::Create(){
void *fptr;
Classl *cptr;

fptr = disym(g_sample_dlhandle, "Classl_Create_chdI");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle
return NULL,;

dirunfun(fptr, &cptr, NULL);
return cptr;

}

void Classl::Delete(Classl *cptr) {
void *fptr;
fptr = disym(g_sample_dlhandle, "Classl_dClass1_chdI")
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ class_func__, dle
return;

dirunfun(fptr, NULL, NULL, cptr);
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rror());

rror());

rror());

rror());

rror());

Program 7.23: The function files of member functions (saagscthf).
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#include <stdio.h>
#include <ch.h>
#include "sampclass.h"

[F***x% member functions of Classl ******/

EXPORTCH void Classl_Classl_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
class Classl *c = new Classl();

Ch_VasStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, ¢, sizeof(Classl));
Ch_VaEnd(interp, ap);

}

EXPORTCH void Classl_dClassl1_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
class Classl *c;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class Classl *);

if(Ch_CpplsArrayElement(interp))
c->"Classl();

else
delete c;

Ch_VaEnd(interp, ap);

return;

}

EXPORTCH int Classl_memfunl_chdi(void *varg) {
Chinterp_t interp;
ChValList_t ap;
class Classl *c;
int i
int retval;

Ch_VasStart(interp, ap, varg);
¢ = Ch_VaArg(interp, ap, class Classl*);
i = Ch_VaArg(interp, ap, int); /* get 1st arg */

retval = c->memfunl(i);

Ch_VaEnd(interp, ap);
return retval;

}

EXPORTCH class Class1* Classl_Create_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
class Classl *c;
¢ = new Classi();

Ch_VasStart(interp, ap, varg);
Ch_CppChangeThisPointer(interp, c, sizeof(Classl));
Ch_VaEnd(interp, ap);

return c;

Program 7.24: The chdl functions 2681ember functions (sdasschdl.cpp).
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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 ggies in some
platforms. Bool is defined as unsigned char in Ch. The folhgnghdl code fragment shows the correct way
to handle this data type.

EXPORTCH void functionName_chdl(void *varg) {
Chinterp_t interp;
ChVvalist_t ap;
class classl *c;
bool value;

Ch_VasStart(interp, ap, varg);

¢ = Ch_VaArg(interp, ap, class classl1*);
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 obtaisathaigned 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 numericahgutation, are very useful to users. Some
users may want to call these Ch functions from both Ch spat€apace. In sectidn 2.4, we have discussed
three typical methods of calling Ch functions or access Glabkes from C space. Some commonly used
functions, including Ch_CallFuncByAddr(), Ch_ExprEval(), andCh_ExprCalc(), have been introduced
with some simple samples. Although those simple samplesebnusers deal with most cases they may
encounter, some special cases about functions with argaroeWLAs have not been covered yet.

In C space, an array is passed to a function as a pointer amiyh€ C function with arguments of fixed
length arrays, such as

int functl(int i, int a[2], int b[2][3]);

the information of number of dimensions and extents is okthifrom 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 obthiinem the additional arguments, for example,
argumentgnandn for arraysa[m] andb[n][3] in the function prototypéunct2 ().

However, in the argument list of a Ch function, an array, \tuan be either C array or Ch computational
array, is passed assumed-shape array. Other informatgn #iis array, which is invisible to users, is also
passed through the argument list inexplicitly. So, for a @iction, users don’'t need to pass extra arguments
explicitly except for the array name. For example, the gyge 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 foundCim User's Guide Different methods of call-
ing Ch functions with arguments of VLAs in the Ch program gsi#Pls Ch_CallFuncByName() and
Ch_CallFuncByAddr () will be described in this chapter. It is equivalent to duah argument list using API
Ch_VarArgsAddArg () for function call of Ch_CallFuncByNameVar() .

8.1 Calling Ch Functions with Arguments of Assumed-Shape Amays

The methods described in this section can apply to Ch fumetiwith arguments of both C arrays and Ch
computational arrays of assumed-shape. Assumed that thenCtion below takes a two-dimensional array
a as the argument.

265



CHAPTER 8. CALLING CH FUNCTIONS WITH ARGUMENTS OF VLAS FROM GPACE
8.1. CALLING CH FUNCTIONS WITH ARGUMENTS OF ASSUMED-SHAPERRAYS

int funcl(array int a[:][:]) {

According to the discussion in sectibn_6]1.4, we can passragudo this Ch function to C space. In C
space, the C functioofunl () in which the Ch functioriuncl () is invoked can be defined as follows.

int cfunl(void *chfunptr){
int dim, extl, ext2;

int retval,
int aal[2][3] = {1, 2, 3,
4, 5, 6};
dim =2, extl = 2; ext2 = 3; /* extents of aal */
Ch_CallFuncByAddr(interp, chfunptr, &retval, aal, dim, e xtl, ext2);
return O;

}

Inside functioncfunl (), the functionCh_CallFuncByAddr () is used to call the Ch functiofuncl (),
which is pointed to by the second argumeattfunptr . The third argument gets the return value from the
Ch function. The argumergal is the array in C space to be passed to the Ch function as thenard.

In most cases, such as the one in sedfion6.1.4, the numbbke @frguments after the third one matchs
exactly with the number of the arguments of the Ch functiobdccalled. This rule doesn’t apply to the
case of calling a Ch function with arguments of VLASs, becautds in Ch argument lists can provide
more information in addition to addresses whereas those angGment list can’t. So, the users need to
provide extra arguments about extents of array explicithemwa Ch function with arguments of VLAS is
called from C space. In the above function definition, algtothe Ch function takes only one argument,
two extra argumentgxtl andext2 , are also passed to the Ch function®@ly_CallFuncByAddr (). The
argumentaal is only an address in C space, whilem, extl , andext2 provide the information about
the dimension and extents of arragl to the Ch function. Because the Ch functimmcl () only takes
the argument of assumed-shape array of fixed dimension,sérs don’t need to provide the information
of dimensions from C space. For the same reason, if a Ch amftthcl () takes the argument of an X-
dimensional assumed-shape array, where X can be any integarsers should add X extra arguments in
Ch_CallFuncByAddr () to provide the information of extents of all dimensiondluf array.

Example 1

The complete sample of this case is shown in Progfams 8.1 @hdTBe Ch functiorsum2d() calculates
the sum of each element of the two-dimensional agayhe functionshap€) called insum2d() can get
the information of shape of an array in Ch space. In the fongtiain () in Ch space, the functiosum?2d()
is called first to calculate the sum of the areags follows,

sum_ret = sum2d(a);

Then the function pointer teum2d() is passed to C space by function call
callchvla_2d(sum2d);

In C space (Prograifi8.2), the function pointer passed froragabe is assigned smm2d_ch _fun by
sum2d_ch_fun = Ch_VaArg(interp, ap, void *);

and passed to functiozfunl () by function call
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retval = cfunl(sum2d_ch_fun);

In the C functioncfunl (), the Ch functiorsum2d(), which is pointed to bghfunptr , is called twice to
calculate sum of two array@al andaa2 of different shapes. Arragal has shape of2(x 3). In the code
below,

dim = 2, extl = 2; ext2 = 3; /* dim and extents of aal */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aal, dim, extl, ext2);

two extra argumentsxtl andext2 , which contain extents aial, are passed to Ch function. For array
aaz2, its extents are also passed as extra arguments in theduretl below.

dim = 2, extl = 3; ext2 = 4; [* dim and extents of aa2 */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aa2, dim, extl, ext2);

Note that the dimensions of arrays in C space, sua@adsandaa?2, should be the same as the dimensions
of the array argument the Ch functisnm2d(). In this examplesum2d takes a 2-dimensional array as the
argument, arrays in C space should also be of two dimensibms.output from executing this example is
shown in Figuré&8I1.

If the Ch function takes the argument of an array of referemitieout a subscript, arrays with different
dimensions can be passed to it. This special case will begisd in the next section.

Example 2

Another sample is shown in Programs]8.3 8.4. In this elathp called Ch functiofunc () has two
arguments of array of assumed-shape. Every element of tlvesagrrays is doubled bfunc (). When the
function is called in the dynamically loaded object to ha@larraysa andb, every element of these two
arrays is also doubled.

8.2 Calling Ch Functions with Arguments of Arrays of Refererce

In this section we will describe how to call Ch function wittyament of arrays of reference from C space.
Assume that the Ch functiofunc2 () shown below takes an array of reference with one dimenagn
argument.

int func2(array int a[&]) {

In C space, the C functiocfun2 () in which the Ch functioriunc2 () is invoked can be defined as follows.

int cfun2(void *chfunptr){
int dim, extl, ext2;

int retval;
int aal[2][3] = { 1, 2, 3,
4, 5, 6};
dim = 2, extl = 2; ext2 = 3; /* dim and extents of aal */
Ch_CallFuncByAddr(interp, chfunptr, &retval, aal, extl, ext2);
return O;
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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 = disym(handle, "callchvla_2d_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1,

}

dirunfun(fptr, &retval, callchvla_2d, fun);

if(diclose(handle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return -1;
}
return retval;
}
int sum2d(int a[:][:]) { /* function to be called from C space */

int i, j, retval = O;
array int ext[2] = shape(a);

printf("ext[0] = %d\n", ext[0]);
printf("ext[1] = %d\n", ext[1]);
for(i = O; i < ext[0]; i++)
for = 0; j < ext[l]; j++)
retval += al[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 O;
}

Program 8.1: Example of calling Ch function with argumerftassumed-shape arrays from C function
(callchvla2d.ch).
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#include<stdio.h>
#include<ch.h>

int cfunl(Chinterp_t interp, void *chfunptr){
int dim, extl, ext2;

int sum_ret;
int aal[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, extl = 2; ext2 = 3; /* dim and extents of aal */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aal, dim, extl, ext2);
printf("sum2d has been called from C space and returned %d\n \n", sum_ret);

dim = 2, extl = 3; ext2 = 4; /* dim and extents of aa2 */

Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aa2, dim, extl, ext2);
printf("sum2d has been called from C space and returned %d\n ", sum_ret);
return O;

}

EXPORTCH int callchvla_2d_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
int retval;
void *sum2d_ch_fun;

Ch_VasStart(interp, ap, varg);
sum2d_ch_fun = Ch_VaArg(interp, ap, void *);

retval = cfunl(interp, sum2d_ch_fun);
Ch_VaEnd(interp, ap);
return retval;

Program 8.2: Example of calling Ch function with argumenitassumed-shape arrays from C function
(callchvla2d.c).

ext[0] = 3
ext[l] = 4
sum2d has been called from Ch space and returned 78
ext[0] = 2
ext[l] = 3
sum2d has been called from C space and returned 21
ext[0] = 3
ext[l] = 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 = disym(handle, "chcallfuncbyaddr_1_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1;

}

dirunfun(fptr, &retval, chcallfuncbyaddr_1, func);

if(diclose(handle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
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("nl1 = %d\n", nl);
printf("m1 = %d\n", m1l);
for(j=0; j<n; j++) {
printf("a[%i] = %d\n", |, a[j]);
afj] *= 2;
}
for(j=0; j<ni; j++) {
for(k=0; k<ml; k++) {
printf("b[%:i][%i] = %d\n", j, k, b[jJK]);
blilk] *= 2;
}
}

return O;

}

int main() {
chcallfuncbyaddr_1(func);

}

Program 8.3: Example 2 of calling Ch function with argumesftassumed-shape arrays from C function
(Ch application).
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#include<ch.h>
#include<stdio.h>

int chcallfuncbyaddr_1(Chinterp_t interp, void * func_ch di_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[IK]);

}

return O;

}

EXPORTCH int chcallfuncbyaddr_1_chdl(void *varg) {
Chinterp_t interp;
void *func_chdl_fptr;
ChvalList_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 argumesftassumed-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

nl =3

ml = 4
a0] =1
afl] = 2
af2] = 3
b[O][0] = 1
b[O][1] = 2
b[0][2] = 3
b[O][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[l] = 4
a2l = 6
b[O][0] = 2
b[O][1] = 4
b[O][2] = 6
b[O][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 Programi8.3.

272



CHAPTER 8. CALLING CH FUNCTIONS WITH ARGUMENTS OF VLAS FROM GPACE
8.2. CALLING CH FUNCTIONS WITH ARGUMENTS OF ARRAYS OF REFERKCE

The functionCh_CallFuncByAddr () is used to call the Ch functiofunc2 (), which is pointed to by the
second argumenthfunptr . The way of calling Ch function with arguments of array oferefnce with
fixed dimension is exactly the same as calling Ch functiomwaiguments of assumed-shape array which
has been described in the previous section. The extra argarmpeoviding information of extents of arrays
need to be passed to the Ch function.dh User’s Guideit is described that arrays with different data
type can be handled by the same function with argument oy afreeference. This feature cannot apply to
embedded Ch. The array in C space should be the same datsstilpeargument of the Ch function to be
called. In other words, only arrays of typg in C space can be passed to Ch functiomc2 ().

ProgranT 85 is another version of Ch functisum?2d() which takes an argument of array of reference
with the fixed dimension. The C program in Progifani 8.2 stiltkgowith this Ch function. The output is the
same as Figuied.1.

If the Ch functionfunc3 () shown below takes array of reference without constrdidirnension as the
argument, arrays with different dimension can be passdugdiunction.

int func3(array int &a) {

To call this Ch function from C space, the users need to peowiat only information of extents, like what
we have done in the previous section, but also the humbemoéniiions. If the array in C space has 2
dimension, the C functionfun3 (), in which the Ch functioriunc3 () is called by address, can defined as
follows.

int cfun3(void *chfunptr){
int dim, extl, 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; extl = 3; ext2 = 4;

Ch_CallFuncByAddr(interp, chfunptr, &retval, aa, dim, ex tl, ext2);
return O;

}

wherechfunptr is the pointer to the Ch function to be called. The araayis a two-dimension array
with extents of 3 and 4. In the argument list@fi_CallFuncByAddr (), three extra argumentdim , extl
andext2 , which contains number of dimensions and extentaagfhave been added and passed to the Ch
functionfunc3 ().

The complete sample of this case is shown in Progfanis 8.6[and T8e Ch functiorsumNd) can
calculate the sum of each element of araayith different dimension. The statement

aa = (array int [tothum])a;

casts arraya which can have any dimensions to the one-dimensional aaayith tothum elements. In
functionmain (), the functionsumNd() is called to calculate the sum of arraywhich is a two-dimensional
array. Then the function pointer sumNd) is passed to C space by the function call

callchvla_Nd(sumNd);

In C space (Prograi8.7), the function pointer passed frorag@he 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 = disym(handle, "callchvla_2d_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1,

}

dirunfun(fptr, &retval, callchvla_2d, fun);

if(diclose(handle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return -1;
}
return retval;
}
int sum2d(array int a[&][&]) { /* function to be called from C space */
int i, j, retval = O;

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++)
forG = 0; j < m; j++)
retval += aali][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 O;

Program 8.5: Example of calling Ch functions with argumaeaitarray of reference with fixed dimension
(callchvla2d.ch).
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sumNd_ch_fun = Ch_VaArg(interp, ap, void *);

Then the C functiongfun3 () calls this Ch function twice to calculate sum of two arrafsdifferent
dimensions. For arragal with the shape of3 x 4), three extra argumentdim, extl andext2 , which
represent dimensions and extents, are added followingr¢fugreentaal . It is shown as follows.

dim = 2; extl = 3; ext2 = 4; /* dimension and extents of aal */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aal, dim, extl, ext2);

For the arrayaa2 which has the shape dt 3 x 4), four extra arguments, the dimensidim and extents
extl ,ext2 andext3 , are added after the argumed?2 . It is shown as follows.

dim=3; extl=2; ext2=3; ext3=4; /* dimension and extents of a a2 */
Ch_CallFuncByAddr(interp, chfunptr,&sum_ret,aa2,dim, extl,ext2,ext3);

The output from executing this example is shown in Fiduré 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 = disym(handle, "callchvla_Nd_chdI");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return -1;

}

dirunfun(fptr, &retval, callchvla_Nd, fun);

if(diclose(handle)!=0) {

printf("Error: %s(): diclose(): %s\n", _ func__, dlerror 0);
return -1;
}
return retval;
}
int sumNd(array int &a) { /* function to be called from C space */
int i, tothnum = 1, retval = 0;
int dim = (int)shape(shape(a));
array int ext[dim];
ext = shape(a);
fori = 0; i < dim; i++) {
printf("ext[%i] = %d\n", i, ext[i]);
totnum *= ext[i];
}
array int aa [totnum];
aa = (array int [tothum])a;
for(i = 0; i < totnum; i++) {
retval += aali];
}
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 O;
}

Program 8.6: Example of calling Ch function with argumerftamays of reference without constraint of
dimension from C function (callchvlaNd.ch).
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#include<stdio.h>
#include<ch.h>

int cfun3(Chinterp_t interp, void *chfunptr){
int dim, extl, ext2, ext3;
int sum_ret;
int aal[3][4] = { 1, 2, 3, 4,
5, 6, 7, 8,
9, 10, 11, 12};

int aa2[2][3][4] = { 1, 2, 3, 4,

9, 10, 11, 12,

dim = 2; extl = 3; ext2 = 4; /* dimension and extents of aal */
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aal, dim, extl, ext2);
printf("sumNd has been called from C space and returned %d\n \n", sum_ret);

dim = 3; extl = 2; ext2 = 3; ext3 = 4; /* dimension and extents of a a2 *
Ch_CallFuncByAddr(interp, chfunptr, &sum_ret, aa2, dim, extl, ext2, ext3);
printf("sumNd has been called from C space and returned %d\n ", sum_ret);

return O;

}

EXPORTCH int callchvla_Nd_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
int retval;
void *sumNd_ch_fun;

Ch_VasStart(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 argumentsaoays of reference from C function
(callchvlaNd.c).
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ext[0] = 3
ext[l] = 4
sumNd has been called from Ch space and returned 78

ext[0] 3
ext[l] = 4
sumNd has been called from C space and returned 78

ext[0] = 2
ext[l] = 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 fileh.h defines macros and function prototypes used to build Dyreliwitoaded Libraries
(DLL) to work with Ch.

Data Types
The following data type are declared in the headercildn.

Data Type Description

Chinfo _t Information for Embedded Ch obtained &_Version().
Chinterp _t A Ch interperer. The first argument for all Ch SDK APIs.
ChType_t The internal Ch data type.

ChVvalList _t A Ch variable number of arguments in the C space.

Type Chinfo _t is a structure for information of Ch obtained &r_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 headerdiiéh.

Function Description
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Ch_CallFuncByAddr
Ch_CallFuncByAddrv
Ch_CallFuncByName
Ch_CallFuncByNamev
Ch_CallFuncByNameVar

Ch_CppChangeThisPointer

Ch_CpplsArrayElement

Ch_GetSymbol

Call a Ch function by its address from the C address space.
Call a Ch function by its address from the C address space.
Call a Ch function by its name from the C address space.
Call a Ch function by its name from the C address space.
Call a Ch function by its name from the C address space
with a variable number of arguments.

Changethis pointer of an instance of a class.

Check if the destructor is called by an elment of

an array of class.

Get the address of a global variable in a Ch program.
Deprecated, us€h_GlobalSymbolAddrByName.

Ch_GlobalSymbolAddrByNant@et the address of a global variable based on its name.

Ch_Home
Ch_SymbolAddrByName

Ch_VaArg

Ch_VaArrayDim
Ch_VaArrayExtent
Ch_VaArrayNum
Ch_VaArrayType

Ch_VaCount
Ch_VaDataType
Ch_VaElementtype

Ch_vaEnd
Ch_VaFuncArgDataType

Ch_VaFuncArgNum

Ch_ValsFunc
Ch_ValsFuncVarArg

Ch_VarArgsAddArg
Ch_VarArgsAddArgExpr
Ch_VarArgsCreate
Ch_VarArgsDelete
Ch_VaStart
Ch_VaStructAddr
Ch_VaStructSize
Ch_VaUserDefinedAddr

Ch_VaUserDefinedName
Ch_VaUserDefinedSize

Get the home directory in which the Ch is installed

Get the address of a variable based on its name within itsg@mogcope.
useCh_GlobalSymbolAddrByName() in Ch SDK.

Obtain a value of a function argument in Ch passed to a dyraiyic
loaded library.

Obtain the dimension of argument of array.

Obtain the number of elements in the specified dimension of
Obtain the number of elements of argument of array.
Determine if the argument in the argument list is an array.

the passed argument.

Obtain the number of the arguments to be processedhyaArg ().
Obtain the data type of an argument in the argument list.
Obtain the data type of an argument in the argument list.
Deprecated, us€h_VaDataType.

For a normal return from a function.

Obtain the data type of an argument of the function which iated
to by an argument of function pointer.

Obtain the number of the arguments of the function which isted
to by an argument of function pointer.

Determine if the argument in the argument list is functiopety
Determine if the argument in the argument list is function

with a variable number of arguments.

Add an argument into a Ch style variable argument list.

Add an argument in expression into a Ch style variable argaiss.
Create a Ch style variable argument list initially.

Delete a Ch style variable argument list and release its memo
Obtain an instance of Ch interpreter and

initialize ahandlefor reference to arguments of a function in Ch.
Obtain the address of the argument of struct.

Deprecated, us€h_VaUserDefinedAddr.

Obtain the size of the argument of struct.

Deprecated, us€h_VaUserDefinedSize

Obtain the address of the user defined data type of the argumen
in the argument list.

Obtain the name of the user defined data type of the argument.
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 ¢k sariable
argument list.
Ch_VaVarArgsDelete Delete memory allocated in functidbh_VaVarArgsCreate().

Ch_Version Obtain the version information for Ch.

Macros

The data typeChType_t defined inside the header fitddr.h has the following values.

Value Description
CH_UNDEFINETYPE Undefined type.
CH_CHARTYPE char type.

CH_UCHARTYPE
CH_SHORTTYPE
CH_USHORTTYPE
CH_INTTYPE
CH_UINTTYPE
CH_LLINTTYPE
CH_ULLINTTYPE
CH_FLOATTYPE
CH_DOUBLETYPE
CH_LDOUBLETYPE
CH_COMPLEXTYPE
CH_LCOMPLEXTYPE

unsigned char type.
short int type.

unsigned short int type.
int/long int type.
unsigned int type.

long long int type.
unsigned long long int type.
float type.

double type.

long double type.

float complex type.
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
CH_CHARPTRTYPE
CH_UCHARPTRTYPE
CH_SHORTPTRTYPE

CH_USHORTPTRTYPE

pointer to void type.

pointer to char type.

pointer to unsigned char type.
pointer to short int type.

pointer to unsigned short int type.
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CH_NTPTRTYPE
CH_UINTPTRTYPE
CH_LLINTPTRTYPE
CH_ULLINTPTRTYPE
CH_FLOATPTRTYPE
CH_DOUBLEPTRTYPE
CH_LDOUBLEPTRTYPE
CH_COMPLEXPTRTYPE
CH_LCOMPLEXPTRTYPE
CH_STRINGPTRTYPE
CH_PROCPTRTYPE
CH_FILEPTRTYPE
CH_STRUCTPTRTYPE
CH_CLASSPTRTYPE
CH_UNIONPTRTYPE
CH_ENUMPTRTYPE

pointer to int/long int type.
pointer to unsigned int type.
pointer to long long int type.
pointer to unsigned long long int type.
pointer to float type.

pointer to double type.
pointer to long double type.
pointer to float complex type.
pointer to long complex type.
pointer to stringt type.
function pointer type.

pointer to FILE type.

pointer to struct type.

pointer to class type.

pointer to union type.

pointer to enum type.

CH_VOIDPTR2TYPE
CH_CHARPTR2TYPE
CH_UCHARPTR2TYPE
CH_SHORTPTR2TYPE
CH_USHORTPTR2TYPE
CH_NTPTR2TYPE
CH_UINTPTR2TYPE
CH_LLINTPTR2TYPE
CH_ULLINTPTR2TYPE
CH_FLOATPTR2TYPE
CH_DOUBLEPTR2TYPE
CH_LDOUBLEPTR2TYPE
CH_COMPLEXPTR2TYPE
CH_LCOMPLEXPTR2TYPE
CH_STRINGPTR2TYPE
CH_FILEPTR2TYPE
CH_STRUCTPTR2TYPE
CH_CLASSPTR2TYPE
CH_UNIONPTR2TYPE
CH_ENUMPTR2TYPE

pointer to pointer to void type.
pointer to pointer to char type.
pointer to pointer to unsigned char type.
pointer to pointer to short int type.

pointer to pointer to unsigned short int type.

pointer to pointer to int/long int type.
pointer to pointer to unsigned int type.
pointer to pointer to long long int type.

pointer to pointer to unsigned long long int type.

pointer to pointer to float type.

pointer to pointer to double type.
pointer to pointer to long double type.
pointer to pointer to float complex type.
pointer to pointer to long complex type.
pointer to pointer to string type.

pointer to pointer to FILE type.

pointer to pointer to struct type.

pointer to pointer to class type.

pointer to pointer to union type.

pointer to pointer to enum type.

The return value for most Ch SDK APIs defined inside the hefildeth.h has the following values.

Value Description

CH_ABORT 1 when the execution of the function is aborteddiy_Abort()
CH_ERROR -1 for failure of a Ch SDK API call.

CHOK 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 return€CH_OK on successCH_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 spabe.
argumentretval  contains the address to store the returned value of theddaltetion. In case that the
function returns a computational array, it contains theresklto store the elements of the returned array.
The number of the arguments aftetval in the argument list depends on that of the called functione T
function Ch_CallFuncByNamg() calls a Ch function by its name.

Example 1

This example calculates the function values of an array. flihetiony = 22 in Ch program is called
from the dynamically loaded object. The Makefile for conmgliand linking to create a dynamically loaded
library libch.dl for all examples is shown in Example 1 of functi@h_GlobalSymbolAddrByName() on
page 2917

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++)
yliT = func(x[i]);
return O;

}

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) {

ChVvalList_t ap;
double *x, *y;
int i, n, retval;

Ch_VasStart(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

}

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 = disym(handle, "chcallfuncbyaddr_chdl");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror()
return -1;
}
dirunfun(fptr, &retval, chcallfuncbyaddr, x, y, func);
if(diclose(handle)!=0) {
printf("Error: %s(): diclose(): %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 = 9%f\n", y);

Output
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1.000000 2.000000 3.000000 4.000000

x
1

1.000000 4.000000 9.000000 16.000000

<
1

See Also

Ch_CallFuncByAddrv (), Ch_CallFuncByName(), Ch_CallFuncByName\), 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 spaceanitttiable number of argument list.

Return Value
This function return&€H_OK on successCH_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 bystart().

Description

The functionCh_CallFuncByAddrv () calls a Ch function by its address from the C address spébe.
argumentretval  contains the address to store the returned value of thedchllection. In case that
the function returns a computational array, it contains dtdress to store the elements of the returned
array. The number of the arguments aftetval in the argument list depends on that of the called func-
tion. The variable number of argumerap is obtained by a previous function call_gsart(). The function
Ch_CallFuncByName\) calls a Ch function by its name.

Example
SeeCh_CallFuncByName\) andCh_CallFuncByAddr ().
See Also
Ch_CallFuncByAddr (), Ch_CallFuncByNameg(), Ch_CallFuncByName\), 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(Chlnterp _t interp, const char*name void *retval, ...);

Purpose
Call a Ch function by its name from the C address space.

Return Value
This function return€CH_OK on successCH_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_CallFuncByNamg) calls a Ch function by its name from the C address space. The
functionname can be a function located in one of function files specifiedngyftinction file pathfpath

For a generic function, its regular function version wittuadtion prototype will be used. For example, for
functionsin(), the regular function

double sin(double);

will be used ifsin is the function name fo€h_CallFuncByNameg(). The argumentetval contains the
address to store the returned value of the called functiorase that the function returns a computational
array, it contains the address to store the elements of theeel array. The number of the arguments after
retvalin the argument list depends on that of the called functidre flinctionCh_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 dynaatliig loaded
library libch.dl for all examples is shown in Example 1 of functi@in_GlobalSymbolAddrByName() on
page 2917

Listing 1 — A C program to create a dynamically loaded library

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

EXPORTCH void chcallfunchyname_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
void *chfunhandle;
int funret;
double d;
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Ch_VasStart(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
/* 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
Ch_VaEnd(interp, ap);

return;

}
Listing 2 — A Ch application program

#include<dlfcn.h>
#include<math.h>

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

dihandle = dlopen("libch.dl", RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror(
return;

}

fptr = disym(dlhandle, "chcallfunchyname_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror()
return;

}

dirunfun(fptr, NULL, chcallfuncbyname);

if(diclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror
return;

}

return;

}

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

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

}

int main() {
chcallfuncbyname();
return O;

}
Output 1

in the Ch function chfun(), argl = 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
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See Also

Ch_CallFuncByAddr (), Ch_CallFuncByAddrv (), Ch_CallFuncByName\), Ch_CallFuncByNameVair(),
Ch_GlobalSymbolAddrByName(), Ch_VarArgsAddArg (), Ch_VarArgsAddArgExpr (), Ch_VarArgsCreate(),
Ch_VarArgsDeletg().
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Ch_CallFuncByNamev

Synopsis

#include <ch.h>

#include <stdarg.h>

int Ch _CallFuncByNameyChlinterp _t interp, const char*name void *retval, va.list ap);

Purpose
Call a Ch function by its name from the C address space witlhhi@ number of arguments.

Return Value
This function return&€H_OK on successCH_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 bystart().

Description

The functionCh_CallFuncByName\) calls a Ch function by its name from the C address space. The
function name can be a function located in one of function files specifiedhgyftinction file pathfpath

For a generic function, its regular function version withuadtion prototype will be used. For example, for
functionsin(), the regular function

double sin(double);

will be used ifsin is the function name fo€h_CallFuncByName\W). The argumentetval contains the
address to store the returned value of the called functiorcase that the function returns a computational
array, it contains the address to store the elements of thmesl array. The variable number of arguments
apis obtained by a previous function callgart(). The functiorCh_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 dynaatlg loaded
library libch.dl for all examples is shown in Example 1 of functi@h_GlobalSymbolAddrByName() on

page 2917.
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
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

/* 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

}

EXPORTCH void chcallfunchynamev_chdl(void *varg) {
ChVvalList_t ap;

Ch_VasStart(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;

dihandle = dlopen("libch.dl", RTLD_LAZY);

if(dlhandle == NULL) {
printf("Error: %s(): dlopen(): %s\n", _ func__, dlerror(
return;

}

fptr = disym(dlhandle, "chcallfuncbynamev_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror()
return;

}

dirunfun(fptr, NULL, chcallfuncbynamev);

if(diclose(dlhandle)!=0) {
printf("Error: %s(): diclose(): %s\n", _ func__, dlerror
return;

}
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return;

}

/* this function will be called from a C function */

int chfun(int argl) {
printf("in the Ch function chfun(), argl = %d\n", argl);
return argl * argl,;

}

int main() {
chcallfuncbynamev();
return O;

}
Output 1

in the Ch function chfun(), argl = 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_VarArgsDeletg().
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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 return&€CH_OK on successCH_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 itmame from the C address space. The
functionname can be a function located in one of function files specifiedngyftinction file pathfpath

For a generic function, its regular function version witruadtion prototype will be used. For example, for
functionsin(), the regular function

double sin(double);

will be used ifsin is the function name fo€Ch_CallFuncByNameVar(). The return value of the called
function in the Ch space is passed back by argumetmal . The argumentetval  contains the address
to store the returned value of the called function. In cas¢ ttie function returns a computational array,
it contains the address to store the elements of the retuarrag. The arguments of the called function
are passed in the fourth argumemglis . The argumenarglis is built dynamically using functions
Ch_VarArgsAddArg (), Ch_VarArgsAddArgExpr (), andCh_VarArgsCreate(). Later, it shall be deleted
by functionCh_VarArgsDelete().

Example
See examples in reference foh_VarArgsAddArg () andCh_VarArgsAddArgExpr ().

See Also

Ch_CallFuncByAddr (), Ch_CallFuncByAddrv(), Ch_CallFuncByName(), Ch_CallFuncByName\),
Ch_GlobalSymbolAddrByName(), Ch_VarArgsAddArg (), Ch_VarArgsAddArgExpr (), Ch_VarArgsCreate(),
Ch_VarArgsDeletg().
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Ch_CppChangeThisPointer

Ch_CppChangeThisPointer

Synopsis
#include <ch.h>
int Ch_CppChangeThisPointe(Chinterp _t interp, void *c, sizet siz8;

Purpose
Change thehis pointer of an instance of a class in the Ch space.

Return Value
This function return€€H_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

¢ 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_CppChangeThisPointe() changes thé¢his pointer of an instance of a class in the Ch
space. Thehis pointer of an instance of a class in the Ch space will pointtonatance of class in the C++
space passed as the argumenThe size of the class in the Ch space will also be changecttsitle of the
class in the C++ space passed as the argusieat . 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 thegace.

Example
See chaptdr] 7.

See Also
Ch_CpplsArrayElement().

295



Chapter A: Functions for Dynamically Loaded Library <eh.h> Ch_CpplsArrayElement

Ch_CpplsArrayElement

Synopsis
#include <ch.h>
int Ch _CpplsArrayElement(Chinterp _t interp);

Purpose
Test if the destructor of a class in the Ch space is called Bleament of an array of class.

Return Value
This function returns 1 if the destructor of a class in the @édce is called by an element of an array of class.
Otherwise, it returns 0.

Parameters
interp A Ch interpreter.

Description
The functionCh_CpplsArrayElement() test if the destructor of a class in the Ch space is calledrby
element of an array of class. This function is required ftenface a class in the C++ space.

Restriction
The function must be called by a destructor of a class in thepale.

Example
See chaptdn 7.

See Also
Ch_CppChangeThisPointex).
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Ch_GlobalSymbolAddrByName

Synopsis
#include <ch.h>
void *Ch_GlobalSymbolAddrByName(Chinterp _t interp, const char*namé;

Purpose
Get the address of a global variable in a Ch program.

Return Value

The address of a global variable in a Ch programmdine is not in the list of the symbol table the function
returns NULL. Ifnameis a tag name for class, structure, or union, the functiamrnstNULL. For a variable

of C array, Ch computational array, or pointer to Ch componal array, the returned value is the address
of the first element. For a variable of pointer to C array, ttemed value is the address of the pointer to C
array, i.e, the address of the first element. For examplejaicables of a and p declared in Ch

int (*pa)[3], *p, a[2][3];

the returned values for bofta andp are the same of pointer to pointer to int. The return valueafar the
address of the first elemeaf0][0] . Note that in C, the address of function is the same as thai@umc
For example, the output from the two printing statementewelre the same.

int func() { /* ... */}
printf("address of func
printf("address of func

%p\n", 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 globalalde can be valid data type in Ch. The value
of a global variable in Ch can be changed in a dynamicallyddaobject. This function can be used inde-
pendently with other functions defined in header d¢iteh.

Example

The addresses of global variablgsi andch.f are obtained in the dynamically loaded object by calling
function Ch_GlobalSymbolAddrByName(). If the values pointed to by these two variables are chage
the object, the variables printed out in the application @gpam are also changed. Variablep of pointer

to int is pointed to variableh.i in Ch space. The filMakefile  building a dynamically loaded library
libch.dl for samples of functions listed in header file.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;
ChVvalList_t ap;
int *ch_i;
int **ch_p;
float *ch_f;
int *ch_a, **ch_aptr;
char **str;

Ch_VasStart(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

*ch_i);
*ch_i = 1000; /* global variable ch_i is assigned with anothe
}
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

*ch_p);
printf("**ch_p value in dynamically loaded object passed fr
**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
*ch_f);

*ch_f = 2000; /* global variable ch_f is assigned with anothe

/* ch_aptr is a pointer to pointer to int */

ch_aptr = (int **)Ch_GlobalSymbolAddrByName(interp, "ch

ch_a = *ch_aptr;

/* or ch_a = *(int **)Ch_GlobalSymbolAddrByName(interp, "

printf("ch_a[0] = %d ch_a[l] = %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, "

printf("ch_a[0] = %d ch_a[l] = %d, ch_a[2] = %d\n",
ch_a[0], ch_a[1], ch_a[2]);

/* ch_a is a pointer to int */

298

Ch_GlobalSymbolAddrByName

m Ch program is: %d\n",

r

value */

)i
m Ch program is: %p\n",
om Ch program is: %d\n",
/
");
m Ch program is: %f\n",
r value */
_a);
ch_a"); *
ch_a"); *



Chapter A: Functions for Dynamically Loaded Library <eh.h>

ch_a = (int *)Ch_GlobalSymbolAddrByName(interp, "aa");

/* or ch_a = *(int **)Ch_GlobalSymbolAddrByName(interp, "

printf("ch_a[0] = %d ch_a[l] = %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 O;

}

Ch_GlobalSymbolAddrByName

ch_a"); *

Listing 2 — A Ch application prograrohglobalsymboladdrbyname.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 = disym(handle, "chglobalsymboladdrbyname_chdl");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror()
return -1;
}
dirunfun(fptr, &retval, chglobalsymboladdrbyname);
if(diclose(handle)!=0) {
printf("Error: %s(): diclose(): %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;

printf("&ch_i in Ch space: %p\n", &ch_i);
chglobalsymboladdrbyname();

printf("ch_i value is re-assigned by dynamically loaded ob
printf("ch_f value is re-assigned by dynamically loaded ob
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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_1.0 chcallfuncbyaddr_2.0 vararg.o
ch dllink libch.dl chvastart.o chglobalsymboladdrbyname .0 chcallfuncbyaddr.o \
chcallfuncbyaddr_1.0 chcallfuncbyaddr_2.0 chvaisfuncv ararg.o vararg.o

libchcpp.dl: Makefile chuserdefinedname.o
ch dllink libchcpp.dl cplusplus chuserdefinedname.o

chvastart.o: chvastart.c

ch dicomp libch.dl chvastart.c
chcallfuncbyaddr.o:  chcallfuncbyaddr.c

ch dicomp libch.dl chcallfuncbyaddr.c
chglobalsymboladdrbyname.o: chglobalsymboladdrbyname .c

ch dicomp libch.dl chglobalsymboladdrbyname.c
chcallfuncbyaddr_1.0: chcallfuncbyaddr_1.c

ch dicomp libch.dl chcallfuncbyaddr_1.c
chcallfuncbyaddr_2.0: chcallfuncbyaddr_2.c

ch dicomp libch.dl chcallfuncbyaddr_2.c
chvaisfuncvararg.o: chvaisfuncvararg.c

ch dicomp libch.dl chvaisfuncvararg.c
vararg.o: vararg.c

ch dicomp libch.dl vararg.c
chuserdefinedname.o: chuserdefinedname.cpp

ch dicomp 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_CallFuncByNamg().
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Ch_Home

Synopsis
#include <ch.h>
void *Ch_Home(Chlinterp _t interp);

Purpose
Get the home directory of Ch where Ch is installed, suclusigch  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, suchsréch  or C:/Ch .

Example
In the C program shown belowgh_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

I‘ *
* Get home directory of Ch

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

EXPORTCH void chhome_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
char *path = NULL;

Ch_VasStart(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_CallFuncByNamg().
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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 fumci@dl in a dynamically loaded library.

Return Value
This macro returns the value of an argument.

Parameters
interp A Ch interpreter.

ap An object having typ&ChVaList _t declared in header fileh.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 typeawvaltie of the argument in the
call. The first invocation of th€h_VaArg macro after that of th€h_VaStart macro returns the value of
the first argument. Successive invocations return the salfighe remaining arguments in succession. The
parameteap of the typeChValList_t shall be the same as that initialized 6h_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, ChValList_t ap);

Purpose
Obtain the dimension of passed array argument.

Return Value
If the argument is of array type, This function returns thaeinsion of the array. Otherwise, it returns 0.

Parameters
interp A Ch interpreter.

ap An object having typ&ehVaList _t declared in header fileh.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 @ti@n to dy-
namically loaded object. The extent of each dimension of dy can be obtained by function
Ch_VaArrayExtent (). This function shall be called before functi@h_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 dimensioneopéssed array argument.

Return Value
If the argument is of array type, This function returns thenber of elements in a specified dimension of
the passed array. Otherwise, it returns 0.

Parameters
interp A Ch interpreter.

ap An object having typ&hValList _t.

dim An integer specifying for which dimension the number of ebits will be obtained, O for the first
dimension.

Description

The functionCh_VaArrayExtent () returns the number of elements in the specified dimenditimegassed
argument. For arrag[n][m] , If O is passed to this function as the second argument, the extdre first
dimension, i.en, will be returned. Otherwise, if is passed tomwill be returned. This function shall be
called before the argument is obtained by funct@inVaArg().

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 thenber of elements of the array. Otherwise, it
returns 0.

Parameters
interp A Ch interpreter.

ap An object having typ&hVaList _t declared in header fileh.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 passeddrCh func-
tion to dynamically loaded object. The dimension and exb¢éetich 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 nsalcetow for data typ&hType_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 pointerto 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 pointerto 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 typ&ChValList _t.

Description
The functionCh_VaArrayType () determines if the argument is an array and its type. It $leatall before
Ch_VaArg() is called to ste@pto 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 medds/Ch_VaArg() yet.

Return Value
This function returns the number of the remaining argumantise argument list.

Parameters
interp A Ch interpreter.

ap An object having typ&ChValList _t.

Description

The functionCh_VaCount() returns the number of the remaining arguments in the aegaitist. To obtain
total number of arguments passed from the Ch functzinVaCount() shall be call befor€h_VaArg () is
called, because each function call@f_VaArg () returns one argument from the argument list and sips
to the next one.

Example
SeeCh_VaStart().

See Also
Ch_VaStart(), Ch_VaEnd(), Ch_VaArg (), Ch_VaFuncArgNum().
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Ch_VaDataType

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 valuesi®bmacros defined in
ch.h and listed on pageZB1. If a passed argument is of array thpeunction will return the type of the
element of the array.

Parameters
interp A Ch interpreter.

ap An object having typ&hValList _t.

Description

The functionCh_VaDataType() returns the data type of the argument which can be eithegalar argu-
ment or an array argument. For an array argument, the dagafyits elements is returned. For an argument
of pointer to function, the data type of the returned valugheffunction is returned. This function shall be
called before the argument is obtained by funci@inVaArg().

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 typ&ehVaList _t declared in header fileh.h. It represents in the C space for a variable
number of arguments in the Ch space. Itis created in fun@iorvaStart().

Description

The functionCh_VaEnd() facilitates a normal return from the function whose vialgaargument list was
referred to by the expansion 6h_VaStart() that initializeda[ of typeChVaList_t. TheCh_VaEnd() may
modify ap so that it is no longer usable (without an intervening intmecaof Ch_VaStart(). If there is no
corresponding invocation of theh_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 argnumnj;

Purpose
Get the data type for an argument of the function which isfeoirio by the argument of function pointer.

Return Value

This function returns a macro for data typaType_t defined in header fileh.h. If a passed argument is of
array type, the function will return the type of the elemehthe array. For exampleéCH_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 typ&ChValList _t.
argnum The argument number in the argument list of the function r@He first argument.

Description

The functionCh_VaFuncArgDataType() is designed for handling arguments of pointer to functiott
gets the data type for an agument of the function which istpdito by the argument of function pointer.
If the function takes a variable number of arguments, it aaly ceturn the data type for the fixed number
of arguments. In this case, functi@h_ValsFuncVarArg () returns 1.Ch_VaFuncArgDataType() shall be
call beforeCh_VaArg() is called to stef@p to the next argument.

Example
SeeCh_VaStart().

See Also
Ch_VaStart(), Ch_vVaEnd(), Ch_VaArg (), Ch_VaCount(), Ch_VaFuncArgNum().
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Ch_VaFuncArgNum

Synopsis
#include <ch.h>
int Ch _VaFuncArgNum(Chlnterp _t interp, ChVaList _t ap);

Purpose
Obtain the number of the arguments of the function which iated to by the argument of function pointer.

Return Value
This function returns the number of the arguments of thetfanc If the argument is not function type, it
returns -1.

Parameters
interp A Ch interpreter.

ap An object having typ&hValList _t.

Description

The functionCh_VaFuncArgNum() is designed for handling arguments of pointer to fundioft gets
the number of the arguments of the function which is pointetyt the argument of function pointer. If
the function takes a variable number of arguments, it ontiyrns the fixed number of arguments. In this
case, functiorCh_ValsFuncVarArg () returns 1.Ch_VaFuncArgNum() shall be call beforeCh_VaArg ()

is called to ste@p to the next argument.

Example 1

Data type of the argument Return value fr@h_VaFuncArgNum()
int func(int, int)

int func(void)

int func()

int func(int i, ...)

int func(int i, int j,...)
int i

int (*fun)()

NPFPOON

© A

Example 2
SeeCh_VaStart() andCh_ValsFuncVarArg ().

See Also
Ch_Vastart(), Ch_VaEnd(), Ch_VaArg(), Ch_VaCount(), Ch_VaFuncArgDataType(). Ch_ValsFuncVarArg ().
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Ch_ValsFunc

Synopsis
#include <ch.h>
int Ch _ValsFunc(Chlinterp _t interp, ChVaList_t ap);

Purpose
Determine if the argument is a function or pointer to funatio

Return Value
If the argument is a function or pointer to function, thisdtian returns 1. Otherwise, it returns O.
Parameters

interp A Ch interpreter.
ap An object having typ&hValList _t.

Description
The functionCh_ValsFunc() determines if the argument is a function or pointer to fiorc It shall be call
beforeCh_VaArg() is called to ste@p to the next argument.

Example
seeCh_VaStart().

See Also
Ch_VaDataType(), Ch_VaArrayType (), Ch_VaFuncArgNum(), Ch_ValsFuncVarArg ().
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Ch_ValsFuncVarArg

Synopsis
#include <ch.h>
int Ch _ValsFuncVarArg (Chinterp _t interp, ChVaList_t ap);

Purpose

Determine if the argument is a function type with variablentner of arguments.

Return Value

This function returns 1 if the argument is a function typehwatvariable number of arguments. Otherwise,
it returns 0.

Parameters
interp A Ch interpreter.

ap An object having typ&ChValList _t.

Description

The functionCh_ValsFuncVarArg () is designed for handling arguments of pointer to funcionf the
function takes a variable number of arguments, func@@mValsFuncVarArg () returns 1. Otherwise, it
returns 0.Ch_ValsFuncVarArg () shall be call befor€h_VaArg () is called to ste@pto the next argument.

Example 1

In this example, functions with different number of argunseare 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 passdlle variable number argument list. File
Makefile for compiling and linking to create a dynamically loadeddity libch.dl for all examples is shown

in the example for functio@€h_GlobalSymbolAddrByName() on pagd297.

Listing 1 — Ch application

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

typedef int (*FUNC)();
int funcO(int a, int b, int c)
{
int al
int bl b;
int cl C;
printf("funcO() called\n");
return a+b+c;

a

}

int funcl(int a, int b)

{
printf("funcO() 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 = atb;
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 = disym(handle, "chvaisfuncvararg_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror()
return -1;

dirunfun(fptr, &retval, chvaisfuncvararg, f, i, j);
return retval;
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int main() {
int x = 5;
inty = 6;

printf("x=%d, y=%d ==> x+y=%d\n", X, y, chvaisfuncvararg(
printf("sum=%d\n", chvaisfuncvararg((FUNC)funcl, 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 O;

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) {
ChValList_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
Ch_VarArgsDelete(interp, arglist);

}

else
Ch_CallFuncByAddr(interp, FUNC_chdl_funptr, &retval, i

return retval;

}

int chvaisfuncvararg(FUNC f, int i, int j)

{
}

EXPORTCH int chvaisfuncvararg_chdl(void *varg)
{

return f(i, j);

ChValList_t ap;
int i;

int j;

int count, num;
int retval=-1;
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Ch_VasStart(interp, ap, varg);
count = Ch_VaCount(interp, ap);
printf("Total Args passed to chvaisfuncvararg_chdl() in C
num = Ch_VaFuncArgNum(interp, ap);
printf("Passed pointer to func in chvaisfuncvararg_chdl h
if(Ch_ValsFuncVarArg(interp, ap)) {

isvar = 1;

printf("Passed pointer to func in chvaisfuncvararg_chdl h

}

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
}

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
funcO() 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
funcO() 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
func4() called

arg 3 5

arg 4 = 10.000000

arg 5 = 20.000000

sum=46

See Also

Ch_ValsFuncVarArg

code = %d\n", count);

as %d arg\n", num);

as varaible number arg\n");

s NULL\n";

le number arg

Ch_VvasStart(), Ch_VaEnd(), Ch_VaArg(), Ch_vVaCount(), 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 interpreiaterp and initializeap for reference to arguments of a function in Ch.

Return Value
None.

Parameters
interp A Ch interpreter.

ap An object having typ&ChVaList _t declared in header fileh.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 and ap for subsequent use bgh_VaArg() Ch_VaArrayDim (),
Ch_VaArrayExtent (), Ch_VaDataType(), andCh_VaEnd(). Ch_VaStart() shall not be invoked again for
the sameap without an intervening invocation dafh_VaEnd() for the sameap. The Ch_VaStart macro
shall be invoked before any call of function with prefix_Va defined bych.h header file.

Example

In this example, arguments of array, float and pointer to tionchave been are passed into C space.
Many macros and functions defined in headerdiieh, 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 loadeddity libch.dl for examples is shown

in the example of functiol€h_GlobalSymbolAddrByName() on pagd 297.

Listing 1 — Ch application program

#include<dlfcn.h>
#include<array.h>

typedef int (*funcl_t)();
typedef array double func2_t(int a, int b) [2][3];
int funcl(int a, int b) {

return atb;

array double func2(int a, int b) [2][3{
double a[2][3];
return a;

int chvastart(double a[3][4], double di1, funcl_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 = disym(handle, "chvastart_chdl");
if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror()

return -1;

}

dirunfun(fptr, &retval, NULL, a, di, f1, f2, b, n, ¢, d);

if(diclose(handle)!=0) {
printf("Error: %s(): diclose(): %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, funcl, func2, b, n, c, d);

return O;

}

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;

ChvalList_t ap;

double *a;

ChType_t elementtype;

int num, d_a,
int arg_count,

double di;
int n;

ext a 1, ext a 2;
funarg_count, retval = 0;

Ch_VasStart(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

/* 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 */
dl = 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_ValsFunc(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_ValsFunc(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 = %

/* 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 = %

/* 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
Element data type of the 2nd argument is double

Number of the rest of arguments after the 2nd calling of Ch_Va
Return type of function of the 3nd argument of pointer to func
Element data type of the 3nd argument is pointer to function
Number of arguments of the function pointed to by the 3nd argu
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
Element data type of the 4th argument is pointer to function
Return type of function of the 4th argument of pointer to func
Number of arguments of the function pointed to by the 4th argu
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(Chlinterp _t interp, ChVaList _t ap);

Purpose
Obtain the address of the argument of the user defined dagartyerms of struct, class, or union and its
pointer type.

Return Value
This function returns the address to the object or NULL ifdngument is not a user defined data type.

Parameters
interp A Ch interpreter.

ap An object having typ&hValList _t.

Description

The functionCh_VaUserDefinedAddr() returns the address of the argument of struct/classiuaroits
pointer type in the argument listCh_VaUserDefinedAddr) shall be call beforeCh_VaArg() is called
to stepap to the next one. This function and two relevant functigfis_VaUserDefinedNam¢) and
Ch_VaUserDefinedSiz€ can be used to retrieve complete information about annaeg of user defined
type from the argument list. They can be useful for handliotymorphism of function overloading with
arguments of user defined types of class or struct.

Example
SeeCh_VaUserDefinedNamé).

See Also
Ch_VaArg(), Ch_VaUserDefinedNamé), Ch_VaUserDefinedSiz€).
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Ch_VaUserDefinedName

Synopsis
#include <ch.h>
void *Ch _VaUserDefinedNamé¢Chlinterp _t interp, ChVaList_t ap);

Purpose
Obtain the tag name of the argument of the user defined dagartyierms of struct, class, or union and its
pointer type.

Return Value
This function returns the address to the tag name or NULLe&falgument is not a user defined data type.

Parameters
interp A Ch interpreter.

ap An object having typ&hValList _t.

Description

The function Ch_VaUserDefinedNamé) returns the address for the tag name of the argument of
struct/class/union or its pointer type in the argument I8h_VaUserDefinedNamé¢) shall be call before
Ch_VaArg() is called to stepap to the next one. This function and two relevant functions
Ch_VaUserDefinedNamé) and Ch_VaUserDefinedSizé can be used to retrieve complete information
about an argument of user defined type from the argumentTlisty can be useful for handling polymor-
phism of function overloading with arguments of user defityges of class or struct.

Example

In this example, arguments of structure, pointer to stmggtpointer to class, and union type are passed to the
functionchvauserdefinedname (). functionsCh_VaUserDefinedNamé¢), Ch_VaUserDefinedNamég),

are used to handle these arguments. Fiddkefile for compiling and linking to create a dynamically loaded
library libch.dl for all examples is shown in the example for functidh_GlobalSymbolAddrByName()

on pagé 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 = disym(handle, "chuserdefinedname_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror()
return;

}

dirunfun(fptr, NULL, NULL, s, sp, cp, u);

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

}

va_end(ap);

return;

}

int main() {
struct tags s
struct tagc ¢
struct tagu u

{10, 20.0};
{10, 20.0};
{10, 20.0};

chuserdefinedname(s, &s, &c, u);
return O;

}
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;
ChvalList_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_VasStart(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 , Ssize, 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 , Ssize, name);
u = Ch_VaArg(interp, ap, tagu_t);
printf("u.i = %d, u.d = %fn", 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_VaUserDefinedSizé).
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Ch_VaUserDefinedSize

Synopsis
#include <ch.h>
int Ch _VaUserDefinedSizéChlinterp _t interp, ChVaList_t ap);

Purpose
Obtain the size of the user defined data type in terms of stelags, or union and its pointer type for the
argument.

Return Value
This function returns the size of the object or -1 if the arguniris not a user defined data type.

Parameters
interp A Ch interpreter.

ap An object having typ&hValList _t.

Description

The functionCh_VaUserDefinedSizé) returns the size of the argument of struct/class/unioitsquointer
type in the argument lisiCh_VaUserDefinedSiz€) shall be call befor€€h_VaArg() is called to ste@p to

the next one. This function and two relevant functi@ts VaUserDefinedNam¢) andCh_VaUserDefinedSiz€)
can be used to retrieve complete information about an arguofeiser defined type from the argument list.
They can be useful for handling polymorphism of functionrtaé@ding with arguments of user defined types
of class or struct.

Example
SeeCh_VaUserDefinedNamé).

See Also
Ch_VaArg (), Ch_VaUserDefinedAddr(), Ch_VaUserDefinedNamé).
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Ch_VaVarArgsCreate

Synopsis
#include <ch.h>
void * Ch _VaVarArgsCreate(Chlnterp _t interp, ChVaList _t ap, void ** memhandlg

Purpose
Create a C style variable argument listaidl.c interface function according to the Ch style vaeadbhgth
argument list for calling C functions of variable length atgnt list from Ch space.

Return Value
This function returns a C variable argument list, effedyitbe same as the argument of tyelist defined
in header filestdarg.h.

Parameters
interp A Ch interpreter.

ap An object having typ&hVaList _t declared in header fileh.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 managewigntypevoid ** .

Description
Since a variable argument list generated by a Ch functioiffegent from the one generated by a C function,
the arguments in a Ch style argument list can be handled griiyrtztions defined in header fit#h.h, such
asCh_VaArg(), and a Ch style argument list can't be passed to a C fundli@ctly. According to a Ch
style variable argument list, the functid®@h_VaVarArgsCreate() can create a C style variable argument
list, which can be passed to a C function. To make sure thatgliments in the Ch style argument list will
appear in the C style on€h_VaVarArgsCreate() shall be call befor&€€h_VaArg() is called.

The users need to declare a pointer to void in the callingtfomand then pass its address as the second
argument of this function. This pointer will be used for dielg memory in functiorCh_VaVarArgsDelete().

Example

In this example, functiofunc () takes variable arguments, and functidanc () is the corresponding func-
tion which takes the argument with type of list. Typically, for each function likéunc (), which takes an
variable argument list, there will be a corresponding fiomctike vfunc (), which takes an argument with
type valist, to handle the variable argument list of the formereMakefile for compiling and linking to
create the dynamically loaded libralifpch.dl for all examples in Appendik]A is shown in Example 1 for
function Ch_GlobalSymbolAddrByName() on pagd297.

Listing 1 — Ch application (vararg.ch)
#include <stdio.h>

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

int main() {
char cl = 'c;
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void

void

}

int i1 = 10;
double dl1 = 65536;

func(0, ci1, i1, di);
return O;

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

va_start(ap, n); /* create a Ch va_list */
vfunc(n, ap);
va_end(ap);

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 = disym(handle, "vfunc_chdl");

if(fptr == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror()
return;

dirunfun(fptr, NULL, NULL, n, ap);
if(dIclose(handle)!=0) {

printf("Error: %s(): diclose(): %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
void

func(int n, ..);
vfunc(int n, va_list ap_c);

EXPORTCH void vfunc_chdl(void *varg) {

Chinterp_t interp;

ChvalList_t ap;

void * ap_c; /* equivalent to va_list ap_c */
ChVvalList_t ap_ch;

int ii;

void *memhandle;

Ch_VasStart (interp, ap, varg);

ii = Ch_VaArg (interp, ap, int);
ap_ch = Ch_VaArg (interp, ap, ChValList_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 ci;
int i1;
double di;
printf("The first argument is %d\n", n);
cl = va_arg(ap_c, char);
printf("\ncl = %c\n", cl);
il = va_arg(ap_c, int);
printf("il = %d\n", i1);
dl = va_arg(ap_c, double);
printf("d1 = %f\n", di);
return;

}

Output

The first argument is 0

cl =c¢c

i1 = 10

dl = 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(Chlinterp _t interp, void *memhandlg

Purpose
Delete memory allocated in functidbh_VaVarArgsDelete().

Return Value
No return value.

Parameters
interp A Ch interpreter.

memhandleThe pointer to an object for memory management with tyqid *.

Description
Since a variable argument list generated by a Ch functioiffegent from the one generated by a C function,
the arguments in a Ch style argument list can be handled gnlarctions defined in header fileh.h,
such asCh_VaArg(), and a Ch style argument list can’'t be passed to a C funchi@ttly. The function
Ch_VaVarArgsCreate() creates a C style variable argument list, which can begohts a C function,
according to the Ch style variable argument list.

The users need to declare a pointer to void in the callingtiomcand then pass its address as the
second argument of functioBh_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, ChValList _t *arglistp, ChType_t atype ...);
int Ch _VarArgsAddArg (Chinterp _t interp, ChValList _t *arglistp, ChType_t atype type value);
int Ch _VarArgsAddArg (Chinterp _t interp, ChValList _t *arglistp, ChType_t atype const char *tagname, type value);
int Ch _VarArgsAddArg (Chinterp _t interp, ChValList _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, CHLINTTYPE valug;

Ch_VarArgsAddArg (interp, arglistp, CH.PROCPTRTYPHENULL);

Ch_VarArgsAddArg (interp, arglistp, CH.PROCPTRTYPE h_GlobalSymbolAddrByName(NULL, "fp))
Ch_VarArgsAddArg (interp, arglistp, CH_.STRUCTTYPRagnamestructvalug;

Ch_VarArgsAddArg (interp, arglistp, CH.CLASSTYPRagnameclasstvalug

Ch_VarArgsAddArg (interp, arglistp, CH_.UNIONTYPEtagnameunionvalué;

Ch_VarArgsAddArg (interp, arglistp, CH_.CARRAYTYPEetype dim, extent] ...);

Ch_VarArgsAddArg (interp, arglistp, CH_.CHARRAYTYPEetype dim, extent] ...);

Purpose
Add an argument into the existing Ch style variable arguntistt

Return Value
This function return€€H_OK on success an@H_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 Gh&gpe_t are defined in header file
ch.hon pagé241.

... The argument to be added.

Description
This function is typically used in the case of calling a Chdiion which takes a variable argument list.
The Ch function will be called by one of functioi@&h_CallFuncByAddr (), Ch_CallFuncByNamg(), and
Ch_CallFuncByNameVar(). Since a variable argument list for a Ch function is difetrfrom the one for C
function, arguments can not be passed to a Ch style variaiplenant list througlCh_CallFuncByAddr (),
Ch_CallFuncByNamg(), or Ch_CallFuncByNameVar() directly. This function will add arguments, cre-
ated in C space, into an existing Ch style variable argumsint |

The functionCh_VarArgsCreate() will create a Ch style variable argument list with no argunninside.
Ch style variable argument list needs to be delete@byarArgsDelete() 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][ mj,
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][ mj,

struct tag s, struct tag *sp */);
array int func3()[2][3];
*/

intn =2, m=3, dm =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

Progranf6.117.

See Also

Ch_VarArgsAddArgExpr (), Ch_VarArgsCreate(), Ch_VarArgsDelete(), Ch_CallFuncByAddr (),
Ch_CallFuncByNamg(), Ch_CallFuncByNameVar().
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Ch_VarArgsAddArgExpr

Synopsis
#include <ch.h>
int Ch _VarArgsAddArgExpr (Chinterp _t interp, ChVaList_t *arglistp, char expp;

Purpose
Add an argument in terms of an expression in the Ch spacehatexisting Ch style variable argument list.

Return Value
This function return€CH_OK on success an@H_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 Chduon. 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, intexasting Ch style variable argument list.

The functionCh_VarArgsCreate() will create a Ch style variable argument list with no argunninside.
Ch style variable argument list needs to be delete@byarArgsDelete() 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);

intn=2 m= 3, dm =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_CallFuncByNamg(), Ch_CallFuncByNameVar().
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Ch_VarArgsCreate

Synopsis
#include <ch.h>
ChValList_t Ch_VarArgsCreate(Chinterp _t interp);

Purpose
Create a Ch style variable argument list initially for aadliCh functions of variable agument list from C
space.

Return Value
This function returns a Ch variable argument list with nauangnt inside.

Parameters
interp A Ch interpreter.

Description
This function is typically used in the case of calling a Chdiion which takes a variable argument list.
The Ch function will be called by one of functioi@&h_CallFuncByAddr (), Ch_CallFuncByNamg(), and
Ch_CallFuncByNameVar(). Since a variable argument list for a Ch function is difetrfrom the one for C
function, arguments can not be passed to a Ch style variaiplengnt list througlCh_CallFuncByAddr (),
Ch_CallFuncByNamg(), 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, ther wse add arguments into it by function
Ch_VarArgsAddArg () or Ch_VarArgsAddArgExpr (). Finally, this Ch style variable argument list needs
to be deleted byh_VarArgsDelete().

Example
Progranf&.117.

See Also

Ch_VarArgsAddArg (), Ch_VarArgsAddArgExpr (), Ch_VarArgsDelete(), Ch_CallFuncByAddr (),
Ch_CallFuncByNamg(), Ch_CallFuncByNameVar().
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Ch_VarArgsDelete

Synopsis
#include <ch.h>
void Ch_VarArgsDelete(Chlinterp _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 Chdiion which takes a variable argument list.
The Ch function will be called by one of functioi@h_CallFuncByAddr (), Ch_CallFuncByNamg(), and
Ch_CallFuncByNameVar(). Since a variable argument list for a Ch function is difetrfrom the one for C
function, arguments can not be passed to a Ch style variaiplengnt list througlCh_CallFuncByAddr (),
Ch_CallFuncByNamg(), or Ch_CallFuncByNameVar() directly. This function will delete an existing Ch
style variable argument list created 6\1_VarArgsCreate().

The functionCh_VarArgsCreate() will create a Ch style variable argument list with no argunninside.
Then functionsCh_VarArgsAddArg () and Ch_VarArgsAddArgExpr () can add arguments into that Ch
style variable argument afterwards.

Example
Progranf&.117.

See Also

Ch_VarArgsAddArg (), Ch_VarArgsAddArgExpr (), Ch_VarArgsDelete(), Ch_CallFuncByAddr (),
Ch_CallFuncByNamg(), Ch_CallFuncByNameVar().
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Ch_Version

Synopsis
#include <ch.h>
int Ch _Version(Chlinterp _t interp, Chinfo _t *info);

Purpose
Obtain the version information of Ch.

Return Value
This function return€€H_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

info A pointer to a structure containing the edition, releases,dagrsion, major version number, minor
version number, micro version number, and build number of Ch

Description
This function gets the information about Ch including thdétied, release date, version, , major version
number, minor version number, micro version number, anldi lowimber.

Example
In the C program shown belowgh_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;
ChvalList_t ap;
Chinfo_t info;

Ch_VasStart(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
info.vermicro
info.verbuild = 13381

Ch Professional Edition v6.0.0.13381 released by August 29 , 2007

=0
=0
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Interface Functions with Dynamically
Loaded Library — <dlfcn.h>

The headedlfcn.h defines macros and functions for interface of runtime fumgiin dynamically loaded
libraries. Using these functions, an application will béeao extend its address space during its execution
by binding to dynamically loaded object.

Functions
The following functions are defined by the header dilien.h.

Function Description

dlopen Gain access to an executable object file.

disym Get the address of a symbol in a dynamically loaded library.
diclose Free address space when application has finished with tihedsbbject.
dlerror Get diagnostic information of using these runtime integfamutines.
dlrunfun Call the function defined by the symbol in dynamically loadibcary.
Macros

The following macros are defined by the headerdifen.h.

Macro Description

RTLD _LAZY Function call binding during process execution.

RTLD _NOW Immediate function call binding when dynamically loadegeabis 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 diclose

Synopsis
#include <dlfcn.h>
int diclose(void *handlg;

Purpose
Close a dynamically loaded library.

Return Value
This function returns 0 on success or non-zero value onréilMore detailed diagnostic information will
be available througHlerror ().

Parameters
handle Returned by routindlopen() for symbol search.

Description

diclosg) disassociates a dynamically loaded object previousgned bydlopen() from the current process.
Once an object has been closed udiioss), its symbols are no longer availabledtsym(). All objects
loaded automatically as a result of invokidppen() on the referenced object are also closed.

Example
Seedlopen().

See Also
disym(), dlerror (), dlopen(), dlrunfun ().
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B.2 dlerror

Synopsis
#include <dlfcn.h>
char *dlerror (void);

Purpose
Obtain diagnostic information during dynamic linking pess.

Return Value
The function returns a null-terminated character stringcdbing the error or NULL if there is no error.

Parameters
None.

Description

The functiondlerror () returns a null-terminated character string with no imgilnewline that describes the
last error that occurred during dynamic linking processifigo dynamic linking errors have occurred since
the last invocation ofllerror (), dlerror () returns NULL. Thus, invokingllerror () a second time immedi-
ately following a prior invocation will result in NULL beingeturned.

Example
Seedlopen().

See Also
disym(), diclose), dlopen(), dirunfun ().
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B.3 dlopen

Synopsis
#include <dlfcn.h>
void *dlopen(const char*filenamegint mode;

Purpose
Gain access to an executable object file.

Return Value
This routine returns handlewhich can be used to locate symbol by application usilsgm() on success
or NULL on failure.

Parameters

filename The name of the file which contains the dynamically loadablaty. In Windows, Linux, Solaris,
and Mac, if the value ofilenameis 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 saetofdollowing macros:

RTLD _LAZY Function call binding during process execution. Symbol sgym@bol scope.
RTLD _NOW Immediate function call binding when shared object is added

Description
The functiondlopen() makes an executable object file available to a runningga®mcThe function returns
to the process a handle which the process may use on subsegli®todisym(), dlirunfun () anddiclosd).

Example

In programhypothetical.ch shown in Listing 1, the functiohypothetical() is called through the function
file hypothetical.chf shown in Listing 2. The shared object is dynamically linkedapplication program
through the filehypothetical.cshown in Listing 3. The fildypothetical.cis compiled and linked to create a
dynamically loadable librariibhypothetical.dl. The makefile for compiling and linking is shown in Listing
4. The functionhypothetical() is defined as

hypothetical (z,y) = /(22 + y?)

In this example, the binary object of the C functioypot() in programhypothetical.cis located in library
libc.a and is automatically linked by commauadlink . If C functions are located in some other binary
library, saymytest.a , this library should be added as one of the arguments for comifilink 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. of\n",x,x,y,y,2);

}
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;

iflisnan(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 = disym(handle, "hypothetical_chdl");

if(fptr == NULL) {
fprintf(stderr, "Error: %s(): dilsym(): %s\n", _ func__, d lerror());
return NaN;

}

dirunfun(fptr, &retval, hypothetical, x, y);

if(diclose(handle)!=0) {
fprintf(stderr, "Error: %s(): diclose(): %s\n", _ func__ , dlerror());
return NaN;

}

return retval;

}
Listing 3 — A C program to be compiled to create dynamicallgded 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 v;
double retval;

Ch_VasStart (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
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 dicomp libhypothetical.dl hypothetical.c
clean:

rm -f *.o *.dl ../Joutput/*

Output

The value of sqrt(3*3+4*4) = 5

See Also
diclose), dlerror (), disym(), dirunfun (), dicomp, dllink .
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B.4 dlrunfun

Synopsis
#include <dlfcn.h>
int dlrunfun (void *fprt, void *retval, type (*fung(), [void *m_clasy, ...);

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 rezdrfrom functiondisym().

retval A pointer to the return value of called function. NULL is usiéthe called function has return type
of void.

func The name of the function to be called or NULL. Ch will perforhetprototype checking if the function
name is used.

m_class A pointer to an instant of class. It is used only when a meminectfon of a class is called.

... The arguments of the called function. If third paramdterc for dirunfun is NULL, the arguments
will not be checked against the function in definition. Inatkvords, the number of arguments can
be different from that in function definition.

Description
dirunfun () runs a function in a dynamically loaed object through tddrass of the symbol returned by
functiondlsym(). The number of variable arguments depends on that ofccallectionfunc

Example
A regular function in a dynamically loaded object is call&te example fadlopen().

See Also
disym(), dlerror (), dlopen(), diclose(), dicomp, dllink .
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B.5 disym

Synopsis
#include <dlfcn.h>
void *dIsym(void *handle const char*symbo);

Purpose
Obtain the address of a symbol in a dynamically loaded Wbrar

Return Value
This routine returns the address of symbol in a dynamicabyléd library ithandlereturned by the function
dlopen() is valid, otherwise returns NULL.

Parameters

handle The parameter returned by routidbpen() for symbol search. In HP-UX, if handle NULL, the
symbol will be searched in the original program.

symbol The symbol to be searched in the dynamically loaded libreor. an exported symbol, it shall be
declared with type qualifidEXPORTCH.

Description
The functiondlsym() locates symbol within the dynamically loaded library.eTdpplication can then refer-
ence the data or call the function defined by the symbol usingtiondlrunfun ().

Example
Seedlopen().

See Also
diclose), dlerror (), dlopen(), dirunfun ().
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Commands

All native commands, such ap 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 funcfiles
from a C header file
dlcomp Compile a C/C++ file to generate an object file for dynamicatlled 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

c2chfheaderfile [-h handlg [-v] [-i ¢ headl.h[-i c head2.h... [-i chf headerl.h[-i chf header2.h..
[—r return_value_file] [-0 cdirectory_for_c_outputfile] [-o chf directory_for_chf_outputfileg

[—s cstructdefname] [-s structdefname2

[~1 func vfunc] [-] func2 vfunc®

Purpose
Generate a C file for dynamically loaded library and Ch funmcfiles from a C header file.

Description

This program will generate .c and .chf files from a C header Tilwe .chf files are function files to be used
in the Ch language environment. They are used to create dgheaded librariesc2chfwill clean up the
specified C header file by removing all comments. The progfan takes the "clean” version of the C
header file and reads in one function prototype at a time. Togram then proceeds to build up a single .c
file for each individual C header file, and separate .chf fileg&ch function prototype. The user can use the
command line flags to specify which header files to includ@dn.¢ file or the .chf files. The program allows
for multiple header files to be included. If the error retuatues are known for the function prototypes, the
user can create a two column list consisting of a functionenamd its error return value. The program
will then proceed to read from this file and store each paiuatfion name and return value into a struct.
During the building process of the .chf files, the programi sélarch for the current function name in the
struct containing the error return values. If a match is méde program will use the user specified error
return value in place of the default values. This proceskawmittinue until the end of the C header file is
reached.

Options
-h: Allows user to specify handle for .chf files. If no handle i®sified, _Ch headerfile_handle will be
used as the default handle.

-i Allow user to include header files in the .c and .chf files.c headl.H will place the specified header
file headl.hin the .c file. " -i chf header 1. h" will place the specified header fileeaderl.hin
all the .chf files. Optioni can be used multipel times to include multiple header fileshasvn
in the above Synopsis for header filksadl.h andhead2.h for .c file andheaderl.h and
header2.h for .chf files. If the user does not use th&'’flag, then the default include files will be
"ch.h” and "headeffile.h".

-r Allow the user to include a file which contains a list of fulectinames and their error return values. (For
example: sin NaN) The default error values that will be usekis flag is not selected are NULL for
functions returning a pointer type, and -1 for all other fiimres with return values. There is no return
value for functions of type void.

-0 Allow the user to specify a directory to place output files. ti@p -0 ¢ specifies the directordirec-
tory_for_c_outputfile for a .c file. Option -0 chf specifies the directory
directory_for_chf.outputfilesfor .chf function files. By default, both .c file and .chf fileealaced in
the directory lheaderfile.

349



Chapter C: Commands c2chf

-v Print out the processed functoins and statistics.

-s Allow the user to specify a typedefed structure name asmdfyore for a function returning a structure.
This option can be used multiple times for different typede$tructure names.

-I To handle functions with variable number of arguments. Tmfionfunc() of a variable number of
arguments and its corresponding functidonc()  with a fixed number of arguments are specified
following option -I. This option can be used multiple times for multiple funogowith variable
number of arguments.

Notes

1. The header may need to be cleaned up first. Comments caimrbutall preprocessor directives,
such as #define and typedefs, must be removed manually @ fusiotionprocesshfile()

2. If a directory already exists with the same name as thentihreader file or user specified directory,
the directory will be used. Thehf files and_chdl.c file will be overwritten if they exist.

3. The command2chf can handle functions with arguments of pointer to structurer functions that
return a pointer to structure. It can handle functions witfuenents of structure type.

4. Although .chf and chdl functions for a function returnisigucture type are different from those for
refular functions as described in sectionl5.6, the comneRuhf also can handle a function that
returns structure if the function return type is represgmethe form ofstruct tagname . If the
function return type is represented using a typedefed tstreame such agructdefname |, the
option-s structdefname needs to be used.

5. Similar to handling functions returning structure tygiee commanda2chf can also handle function
with variable number arguments suchias func(int i, ...) , if there is a corresponding
function ofint vfunc(int i, va _ist ap) as described il-8.5. Otherwise, it needs to be
handled manually.

6. The commana2chfcannot handle functions with argument type of pointer tafiom or functions
that return pointer to function. These specicial functiored to be handled manually and they need
to be removed from a header file using function or using famcatemoveFuncProto() before the
header file can be processed by the comnuthf.

Example 1
How to include a header file in a .c and .chf file.
c2chfexample.hi c headerl.hi chf header2.h
Example 2
Multiple -i statements are acceptable. The following example showstbamclude a user specified
handle in the .chf files and specify directories for the otfpes:
c2chfexample.rh _Chexamplehandle-o ctempdir_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 -0 ¢ ¢ \
-0 chf chf -s structdef t -I func5 vfunch
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first extract function prototypes using functiprocesshfile()from a header filenath.h and saved the pro-
totypes inchfcreate/math.h . Command:2chfthen process function prototypes in filefcreate/math.h
to create the corresponding .c and .chf fileg emdchf directories, respectively. Functionsnc3() and
func4() return structure. Because the return type of funcfiomc4() is represented in a typedefed
structure namestructdefname  t, it is handled with optiornto structdefname t for command
c2chf. Function

int func5(int a, ...);

has a variable number of arguments. If the correpsondingtitmwith a fixed number of arguments
int vfunc5(int a, va_list ap);

exists, it can be handled by optien func5 vfuncbh

Listing 1 —math.h

struct tag {int i;

float f;
h
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;
ChValList_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;
ChVvalList_t ap;
double x;
double v;
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;
ChValList_t ap;
int n;
struct tag *retval;

Ch_VasStart(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;
ChValList_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;
ChVvalList_t ap;
int n;
ChValList_t ap_ch;
void *ap_c;
void *memhandle;
int retval;

Ch_VasStart(interp, ap, varg);
n = Ch_VaArg(interp, ap, int);
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}

ap_ch = Ch_VaArg(interp, ap, ChValList_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;
ChValList_t ap;
int n;

ChVvalList_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, ChValList_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 = disym(_Chmath_handle, "erf_chdl");

if(fptr == NULL) {
fprintf(_stderr, "Error: %s(): disym(): %s\n", _ func__, dlerror());
return NaN;

dirunfun(fptr, &retval, erf, x);
return retval;

Listing 6 —chf/hypot.chf

double hypot(double x, double y) {

}

void *fptr;
double retval;

fptr = disym(_Chmath_handle, "hypot_chdI");

if(fptr == NULL) {
fprintf(_stderr, "Error: %s(): disym(): %s\n", _ func__, dlerror());
return NaN;

}

dirunfun(fptr, &retval, hypot, X, Vy);

return retval;

Listing 7 —chf/func3.chf
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struct tag func3(int n) {
void *fptr;
struct tag retval;

fptr = disym(_Chmath_handle, "func3_chdl");

if(fptr == NULL) {
fprintf(_stderr, "Error: %s(): dlsym(): %s\n", _ func__, dlerror());
return retval;

}

dirunfun(fptr, NULL, NULL, &retval, n);

return retval;

}
Listing 8 —chf/func4.chf

structdef_t func4(int n) {
void *fptr;
structdef_t retval,

fptr = disym(_Chmath_handle, "func4_chdl");

if(fptr == NULL) {
fprintf(_stderr, "Error: %s(): disym(): %s\n", _ func__, dlerror());
return retval;

}

dirunfun(fptr, NULL, NULL, &retval, n);

return retval;

}
Listing 9 —chf/funch.chf

int func5(int n, ...) {
void *fptr;
va_list ap_ch;
int retval;

va_start(ap_ch, n);

fptr = disym(_Chmath_handle, "func5_chdl");

if(fptr == NULL) {
fprintf(_stderr, "Error: %s(): disym(): %s\n", _ func__, dlerror());
return -1;

dirunfun(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 = disym(_Chmath_handle, "vfunc5_chdI");

if(fptr == NULL) {
fprintf(_stderr, "Error: %s(): dlsym(): %s\n", _ func__, dlerror());
return -1;

dirunfun(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 filenamel.[filename2.c..] [option] ...
dlcomp libname[-]cplusplus filenamel.cppfilename2.cpp..] [option] ...

Purpose
To compile a C or C++ file to create an object file for buildingyaamically loaded library in Ch.

Description

dlcomp creates an object file, with extensions .o in Unix and .obj indws, from the user inputed C and
C++ files with extensions .c and .cpp, respectively. Thegecobles will be used for building a dynamically
loaded library in Ch. Commandicomp can compile both C and C++ programs using the native C or C++
compiler provided by the operating system vendor. The offijeowill then be linked to form a dynamically
loaded library specified by the user with file extension dl.ltidle C or C++ files can be specified at once
on the command line. Each C/C++ file will be executed sepligraléne following are predefined macros
that will be used during execution: _-REENTRANT”, "NeedFunctionPrototypesdicomp also uses the
following header file which are included by default: "/indefX11/Ch” dlcomp has been tested for C
and C++ compilers on the following platforms: Windows, LmMac OS X, Solaris, HPUX, FreeBSD,
and QNX. Ifdlcomp is run on any other platform besides the ones listed aboegyrtigram will give the
following error message: "Error: unknown OS for dlcomp”.

In Windows with VC++, if the libname has surfix .dl, the comrdamill compile the source code to use
the multi-thread dynamically loaded system library.

In commanddicomp, one of the following macros: WINDOWS, LINUX, LINUXPPC, DARIN, SO-
LARIS, HPUX, FREEBSD, and QNX, will be defined for the platioin use. With these macros, the users
can write portable code which behaves differently in défdrplatform, 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 diitbmp, 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: Commanddicomp 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

ONX QNX

See Also

dlopen(), dlerror (), disym(), dlrunfun (), dicloseg), dlfcn.h, ch.h.
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C.3 dllink

Synopsis

dllink libname.dI[[-]cplusplus] [-embedded objnamel.dobjname?2.q..] [option ...

dllink cmdnamd[-]cplusplus ] [-embedded objnamel.dobjname2.q..] [option ...

dllink cmdname.exf-]cplusplus ] [-embedded objnamel.obJobjname?2.0bj..] [optior] ...
dllink libname.dI[[-]cplusplus] [-embedded objnamel.ob[objname2.0bj..] [option ...

Purpose
To build a dynamically loaded library in Ch.

Description

Commandlllink dynamically links all the specified object files together tdddynamically loaded libary.
Commanddllink has been tested on these platforms: Solaris, HPUX, Linur3®/i If dllink is run on

any other platform besides the ones listed above, the progi#l give the following error message: "Error:

unknown OS for dllink”.

If the first argumentibname.dl  following commanddllink is ended with file extension .dl, a dynam-

ically loaded librarylibname.dl  will be created. If the first argumemimdname following command

dllink is not ended with file extension .dl|link links the object files with file extension .o or .obj to create

an executable binary command naneeddnameor cmdname.exe in Unix and Windows, respectively. This

can be used for testing purposes since all undefined exteriables will be displayed.

Options

-cplusplus: This option will perform different tasks depending on whahtform is used.

Platform Action Taken

Solaris -ICrun flag will be included.
Linux g++ will be used instead of gcc
HPUX -IC flag will be included.

-embedded: This option shall be added when building applications withidedded Ch.
Notes

1. All the desired object files can be listed one after therpthg the total number of characters cannot
exceed 4096 in a command line or a dllink error will occur.

See Also
dlopen(), dlerror (), disym(), dlrunfun (), dicloseg), dlfcn.h, ch.h.
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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 pkgname/include into the
CHHOME/toolkit/include directory. If the user has no permission to instpkgname in
CHHOME/package/pkgname , it installspkgname in HOME/pkgname

If you want to install ch package into your preferred diregtgou can specify it in the comand line. Dur-
ing the installation, it will modify_ipath and_ppath in.chrc inUnixor_chrc inWindows inthe user
home directory. During installation, an installation féecreated under tteHHOME/package/installed
directory with a list of the installed directories and files.

pkginstall.ch can also uninstall a Ch Package by removing header filstlled into the
CHHOME/toolkit/include directory and the package in tl@kHHOME/package directory based on
the corresponding package file@HHOME/package/installed directory.

Options
-U uninstallation.

-d install a package in directory.

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 dynamitaloaded library with file extension .dl from
header files are described in this appendix. A complete wgrgkample with source code for automatically
building dynamically loaded library based on header files asailable at the directory
CHHOME/toolkit/demos/SDK/chapters/runc2ctifi/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 camdr2achf .
processhfile Process a header file readily for comma2ethf to create

function files and a C program for building a dynamically leddibrary.
removeFuncProto Remove function prototypes for special functions in a heéitie
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D.1 processcfile

Synopsis
int processcfildchar *dirname char * filename;

Purpose
Comments out special functionsfifenamebased on functions in .c files under directoliyname

Return Value
This function returns 0 on success and negative value ardail

Parameters

dirname The directory where the chdl C progrditetnameand other C programs with special functions are
located.

filename A chdl C program created by commaodchf . It must located in the directofirname

Description

This function comment out special functionsfittnamebased on functions in other C programs with file
extension .c in the directorglirname Special functions such as functions returning data typstrofct or
functions with argument or return type of pointer to funogdhave to be handled manually. The interface
programs to special functions shall be located in the dirgadirname This function is deplicated. Use
functions removeFuncProto() instead.

See Also
processhfil€), removeFuncProtd).
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D.2 processhfile

Synopsis
int processhfilgchar *starttok int flag, char * endtok char * filefrom, char * fileto, char * deletefunc-
macro;

Purpose
Process a header file readily for progragthf 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 ardail

Parameters
starttok The start token for a function prototype sucheagern starting at a new line.

flag A flag of 1 for keeping the start token, O for remove start toketihe processed header file.
endtok The end token for a function prototype such as “;".

filefrom The original header file.

fileto The processed header file for progragcthf .

deletefuncmacra~unction macro to be deleted.

Description

This function processes the orginal header file passed asdbenent ofilefrom  and creates a new file
passed back as the argumentitgto . Only function prototypes starting with the tokstarttok  and
ending tokerendtok will be kept in the filefileto . If theflag is 1, the starting token passed through
starttok  will be kept in the output file. Otherwise, the start tokenl\w# discarded in the output. If the
string starttoke is "?", as shown below

processhfile("?", 1, ";", "input.h", "output.h”,NULL);

all the function definitions in filenput.h  will be kept except comments, typedef, define, struct, union
enum, and so on. This is only used in the case in which you ¢mftout onestartrtok to extract
functions. Itis not recommanded to use "?”. If the first closeaof stringstarttok  is ™, all characters
starting from the beginning of a line till token gtarttok  will be kept. In this caseflag must be 1. If
there is a space between first character '* and tokestamnttok , the space is needed to make the token
effective. The function will remove function calls definesl @ macro if the macro to be deleted is passed
through the argumerdeletefuncmacro . If the passed argument fdeletefuncmacro is NULL,

no macro will be deleted.

Example
Assume that an orignal header fdlample/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

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

#if defined(_WIN32)

#define EXPORT _declspec(dllexport)
telse

#define EXPORT

#endif

typedef int *FUNPTR)(int n);

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

#endif /* SAMPLE_H */
Function call

processhfile("EXPORT", 0, ";", "sample/chsamplefinclud e/sample.h",
"chfcreate/sample.h”, NULL);

will create the filechfcreate/sample.h with the following contents.

extern double funcl(double x);
extern double func2(double x, double vy);
extern int func3(FUNPTR fp, int n);

As another example, if the original header ileample.h is given below

#include <ff.h>
#typedef int INTTYPE
struct{

int a,

void * |,

h

int CALLBACK funcl();
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 funcl0(int a, int b,
double p,
char point,
doubel dd

);

Execution of program below

int main(){
processhfile("* CALLBACK", 1, ";", "example.h", "example
processhfile("*CALLBACK", 1, ";", "example.h", "example
return O;

}

will create two filesexamplel.h andexample2.h as follows.
File examplel.h

int CALLBACK funcl();
void CALLBACK func3();
void CALLBACK func9(

int i,

int j,

char *k,

double t);

File example2.h

int CALLBACK funcl();
CALLBACK double func2();
void CALLBACK func3();
void CALLBACK func9(

int i,

int j,

char *k,

double t);
CALLBACK funcl0(int a, int b,

double p,

char point,

doubel dd

);

See Also
removeFuncProtd), processcfilg).
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D.3 removeFuncProto

Synopsis
int removeFuncProto(char *filename char * funcnameint keepNumi

Purpose
Remove a function prototypgeincnamdor special functions in fildilename

Return Value
This function returns 0 on success and negative value ardail

Parameters
filename A header file created by functigerocesshfile()

funcnameThe function name for which it will be removed from the filename
keepNumAn integral value indicates how function prototypes areoeeal.

Description

This function removes function prototygancname for special functions irilenameSpecial functions
such as functions returning data type of struct or functiwite argument or return type of pointer to func-
tions have to be handled manually. KéepNum is O or negative, remove all occurances of the function
prototype. ItkeepNumis larger than 0, keep the keepNtiafunction prototype.

Example
Assume filechfcreate/sample.h contains

double funcl(double x);

double func2(double x, double vy);
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 funcl(double x);
double func2(double x, double vy);
int func5(float);
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See Also
processhfilg).
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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

Thebool type in Ch has been changed from char to int in Ch 6.0. Thefaterfor 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 t@/alList t defined in header fileh.h, instead ofva_list defined

in header filestdarg.h, to represent in the C space for a variable number of argusmeitte Ch space. Many
APIs defined in header filash.h andembedch.hfor in Ch SDK and Embedded Ch, respectively, shall be
changed to this new data type. For example, the produam _chdl.c below

EXPORTCH double func_chdl(void *varg) {
Chinterp_t interp;
va_list ap;
double x;
double retval,

Ch_VasStart(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;
ChvalList_t ap;
double x;
double retval;

Ch_VasStart(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 2{PHs, all Ch SDK APIs need a valid
instance of Ch interpreter of typgéhinterp _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 prografunc _chdl.c below

EXPORTCH double func_chdl(void *varg) {
va_list ap;
double x;
double retval;

Ch_VasStart(ap,varg);

X = Ch_VaArg(ap, double);
retval = func(x, vy);
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_VasStart(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 arégramport47to50.ch . For example,
file func _chdl.c can be modified asew_func _chdl.c as follows.

ch port47to50.ch func_chdl.c new_func_chdl.c
Programport47to50.ch added
Chinterp_t interp;

and argumeninterp  for functionsCh_VaStart(), Ch_VaArg (), andCh_VaEnd().

To interface a C function with argument or return type of pairio function, a valid Ch instance shall
be used. A Ch interpreter instance obtained from fundibnvaStart() can be assigned to a static variable
or passed from function argument. For example, the produacptr _chdl.c  below

#include <ch.h>

typedef int (*FUNPTR)(int n);
static int fp_funarg(int n);
static void *fp_funptr;

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

Ch_VasStart(ap, varg);
fp_ch = Ch_VaArg(ap, FUNPTR);
n = Ch_VaArg(ap, int);
fp_funptr = (void *)fp_ch;
if (fo_ch !'= NULL) {

fp_c = (FUNPTR)fp_funarg;
}
retval = funcl(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 funcl_chdl(void *varg) {
va_list ap;
FUNPTR fp_ch, fp_c;
int n;
int retval,

Ch_VasStart(interp, ap, varg);
fp_ch = Ch_VaArg(interp, ap, FUNPTR);
n = Ch_VaArg(interp, ap, int);
fp_funptr = (void *)fp_ch;
if (fo_ch !'= NULL) {
fp_c = (FUNPTR)fp_funarg;
}
retval = funcl(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 progrant# 7t050.ch with option-s . For
example, filfuncptr _chdl.c can be modified asew_funcptr _chdl.c as follows.

ch port47to50.ch -s funcptr_chdl.c new_funcptr_chdl.c

Programport47to50.ch added
static Chinterp_t interp;

and argumeninterp  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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