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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.

Embedded Ch includes distributable Embedded Ch Stand&béessional Edition. It requires a regu-
lar Ch Standard or Professional Edition and Ch SDK instdilstl In most platforms, Ch SDK is bundled
with both Ch Standard and Professional Editions.

By default, Embedded Ch includes distributable Embedde&t@hdard EditionEmbedded Ch Stan-
dard Editioncontains all features of regular Ch Standard Edition, eixiteyt it cannot be started standalone.
All capabilities in Ch Standard Edition can be invoked froouy application program with Ch embedded.
However, the size oEmbedded Ch Standard Editi@an be significantly reduced by removing the docu-
mentations, demo programs, Unix utilities in Windows, amalkits such as OpenGL, Win32, GTK+. The
size of such a slinEmbedded Ch Standard Editiavith all ISO C standard libraries is less than 3 Mb.

Applications developed using Embedded Ch Evaluation &uitian only run in a machine where Em-
bedded Ch Evaluation Edition is installed.

This documentation contains detailed information aboatute of Embedded Ch SDK. For information
about Ch and Ch SDK, please check the corresponding docatioent

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 andtisele, 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.

o 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>



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

Example: PressCtrI><Alt><Enter>

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

Example: “Use thenstall 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.”
Command Syntax linesconsist of a command and all its possible parameters. Coutsreame 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 ...]

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
Screen textis a text that appears on the screen of your display or extermaitor. It can be a system

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

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

Is [-aAbcCdfFgilLmnopqgrRstux1] [file ... ]

Function prototype consists of return type, function name, and arguments vata type and param-
eters. Keywords of the Ch language, typedefed names, antidamames 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]);
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.

Variables are symbols for which you substitute a value. They are ptedan italics.
Example: module (wheren represents the memory module number)
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System Variables and System Filenamaes 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.

Identifiers declared in a program are presented in typewriter-likefagewhen they are used inside
a text.

Example: variablerar is declared in the program.

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

Environment Variablesare the system level variables. They are presented in loaldfa

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.

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

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

The Ch Language Environment, — User’'s Guidersion 6.1, Softintegration, Inc., 2008.
This document presents language features of Ch for varjgpigcations.

The Ch Language Environment, — Reference Guigesion 6.1, Softintegration, Inc., 2008.

This document gives detailed references of functionsselaand commands along with sample source
code.

The Ch Language Environment, — SDK User’s Guiggsion 6.1, Softintegration, Inc., 2008.

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

The Ch Language Environment CGI Toolkit User’s Guikrsion 3.5, Softintegration, Inc., 2003.

This document describes Common Gateway Interface in CG$etawith detailed references for each
member function of the classes.
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Chapter 1

Embedding Ch Programs in C Space

Note: The source code and templates for all examples descal in this document are available in
CHHOME/toolkit/demos/embedch/chapters and CHHOME/tookit/demos/embedch/appendix, where
CHHOME is the directory where Ch is installed such asC:\Ch for Windows and /usr/local/ch

for Unix. For Windows, some additional examples are availale at and CHHOME/toolkit/demos/embedch
for different compilers and options. It is recommended thatyou try these examples while reading this
document.

1.1 Getting Started

In Ch SDK (Software Development Kit) User's Guitew to call C/C++ functions from Ch scripts has
been described. Ch SDK can be used to build interface, imdudrapper functions and dynamically
loaded library in .dl file, between Ch and C/C++ when a Ch mogruns first. The Ch program then calls
C/C++ functions in binary library. In this case, a Dynamigéloaded Libraries (DLLs) with binary C/C++
functions is loaded first by functiodlopen(). Functiondlopen() follows the Unix POSIX standard. Itis a
standard C function in Linux. It is equivalent to LoadLiby@rin Windows.

Then, the address of a function is obtained by functitsym(). Finally, the function is invoked by
functiondlrunfun ().

With Embedded Ch, typically, a binary application progranteunched first. The program invokes Ch
scritps (C/C++ scripts) through an Embedded Ch scriptirggren When a Ch scripting engine is embedded
in a C/C++ executable program, the binary library functiangl Ch scripting engine are part of the same
application. The addresses of variables in both C/C++ andpg@bes can be shared each other. Therefore,
it is much simpler and easier to call C/C++ functions from @ace or call Ch script functions from C/C++

space.
Embedded Ch provides macros and core ARI$_Initialize (), Ch_RunScript() and Ch_End() in
header fileembedch.hlocated in the directonCHHOME/extern/include . In this document, these

data type, macros and APIs will be described in detail witinegles.
PrograniI1l is an example of C programs with embedded Ch.mbedded Ch executes a Ch program,
namedembedchl.ch , with only one statement

printf("hello from embedchl.ch\n");

After compiling and linking fileembedch1.c with a makefile such as one shown in Progkanh 1.2 for Unix,
the binary executable filembedchl.exe is generated.
The output of executing application programbedchl.exe is as follows.
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I‘ *kkkkkkkkkkkkk
* File Name: embedchl.c
* executing Ch program in C program with embedded Ch
* (with default options)
****************/
#include <embedch.h>
#include <stdio.h>
int main() {
Chinterp_t interp;
int status;
char *argvv[]={"embedchl.ch", NULL};
/* initialize embedded Ch */
status = Ch_lInitialize(&interp, NULL);
if(status)
printf("Error: initialization of Embedded Ch failed\n");
/* run an embedded Ch program indicated by argvv */
status = Ch_RunScript(interp, argw);
if(status == CH_ERROR)
printf("Error: execution of program embedchl.ch failed\n ");

/* release memory and terminate the shell */
Ch_End(interp);

Program 1.1: A C program with embedded Ch (embedchl.c).

> embedchl.exe
hello from embedchl.ch

The Ch progranembedchl.ch has been executed to generate the output.

Let’s take a close look at Progrdm11.1 to understand the guveeof embedding Ch in C/C++ programs.
First, the header filembedch.hin which APIs are specially defined for embedded Ch must Hediecl.

Next, APIs are used to involve Embedded Ch. Variabigvv is an array of pointers to char which is
used to keep the file name of the Ch program to be executed,llessveeguments passed to the Ch program.
The initialization

char *argvv[]={"embedchl.ch", NULL};

indicates that Ch programmbedchl.ch will be called without argument. The last elementaofvv
should be a NULL pointer.

Figure[T1 illustrates how a Ch program is executed by these tcore APIs of embedded Ch. The
function call

Ch_Initialize(&interp, NULL)

initializes a Ch interpreter. with default options. Thertp file CHHOME/config/chrc will be executed in
this initialization function. The first argument is a pointe Chinterp _t, a Ch interpreter. The data type
Chinterp _t is defined in header fileh.h. All macros and functions defined in header keh are available
in Embedded Ch. The variabileterp  for an instance of Ch interpreter is used in all subsequdist dghe
data type of the first argument of all Ch APIsG#interp _t, except for functionCh_Initialize () with the
data type of its first argument of a pointer@interp _t. The second NULL in the argument list indicates
default options. User-defined options of Ch shell will beaiid later. Function call

2
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#assume CHHOME is /usr/local/ch

#If not, change /usr/local/ch to CHHOME such as /usr/ch

CC= cc

INC=-1/usr/local/ch/extern/include

CFLAG=

LFLAG=/usr/local/ch/extern/lib/libchsdk.a \
/usr/local/ch/extern/lib/libembedch.a -Im -Isocket -Id

target: embedchl.exe embedchlb.exe embedch2.exe reopen. exe \
embedch.exe chhome.exe embedchprograms.exe parseprogra
thread.exe threads.exe append.exe

embedch.exe: embedch.c

$(CC) embedch.c $(INC) $(LFLAG) $(CFLAG) -o embedch.exe
embedchl.exe: embedchl.c

$(CC) embedchl.c $(INC) $(LFLAG) $(CFLAG) -0 embedchl.exe
embedchlb.exe: embedchlb.c

$(CC) embedchlb.c $(INC) $(LFLAG) $(CFLAG) -o embedchlb.e
embedch2.exe: embedch2.c

$(CC) embedch2.c $(INC) $(LFLAG) $(CFLAG) -o embedch2.exe
reopen.exe: reopen.c

$(CC) reopen.c $(INC) $(LFLAG) $(CFLAG) -0 reopen.exe
chhome.exe: chhome.c

$(CC) chhome.c $(INC) $(LFLAG) $(CFLAG) -o chhome.exe
embedchprograms.exe: embedchprograms.c

$(CC) embedchprograms.c $(INC) $(LFLAG) $(CFLAG) -o embed
parseprograms.exe: parseprograms.c

$(CC) parseprograms.c $(INC) $(LFLAG) $(CFLAG) -o parsepr
thread.exe: thread.c

$(CC) thread.c $(INC) $(LFLAG) $(CFLAG) -o thread.exe
threads.exe: threads.c

$(CC) threads.c $(INC) $(LFLAG) $(CFLAG) -0 threads.exe -I
append.exe: append.c

$(CC) append.c $(INC) $(LFLAG) $(CFLAG) -o append.exe

clean:
rm -f *.0 *.obj *.exe *.dl *lib *.exp

1.1. GETTING STARTED

ms.exe \

xe

chprograms.exe

ograms.exe

pthread

Program 1.2: Makefile in Unix for all examples in this chapter
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| ( \
. 1 C Space (embedchl.exe)
Ch Space :
/embedchl.c? | main() {
| Ch_Initialize();
o |
o : Ch_RunScript();
1) \
| o
- ‘ o
: o
\ 1 Ch_End();
}
N )

Figure 1.1: Core APIs of embedded Ch.

status = Ch_RunScript(interp, argvv);

runs the Ch program indicated in argumeargvv[0] in the Ch interpreter initialized by function
Ch_lnitialize (). The return valuestatus is CH_OK on successful executioGfH_ERROR on failure.
These two macros for return status are defined in headectfie Before the program exits, function
Ch_End() needs to be called to end the embedded Ch initialized by iam€&h_Initialize(). Function
calls Ch_lnitialize() at the beginning an@h_End() at the end are required for embedding Ch into C/C++
applications. Functio@€h_RunScript() can be replaced by other APIs in the Embedded Ch.

Finally, The librariedibchsdk.a andlibembedch.a  for Unix or chsdk.lib andembedch.lib
for Windows located in the directoi @HHOME/extern/lib  are linked with compiled objects to create a
binary executable application program. The sample Makfile le fi in
CHHOME/toolkit/demos/embedch/chapters/chapterl/Make file contains options for com-
pilation and linking application programs with Embedded fGhspecific platforms. Users can still use a
graphical Integrated Development Environment to develgplieations with Embedded Ch. Additional
information about how to setup paths for header files andiiigs for different platforms for portable com-
pilation and linking using Ch SDK can be found in Chapter CmSDK User’s Guide.

1.2 Building Executables in Windows

Executables with Embedded Ch in Windows can be developed asferent compilers either in command
shell or in an Integrated Development Environment (IDE).

1.2.1 Building Executables in Windows Using Command Shell

The makefile shown in ProgramlL.3 can be used to build all éablas in Ch command shell for Windows
for all examples described in this document. Assume C:/Gheéshome directory for Ch, the header files
ch.h andembedch.hare located in the director@:/Ch/extern/include , which should be added to
the search path for header files in compilation. By defalt,dption/MD shall be added in compilation for
using the multi-thread dynamically linked system librari@he librariechsdk.lib  andembedch.lib

4
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#assume CHHOME is C:/Ch

#If not, change C:/Ch to CHHOME such as D:/Ch

CC= cl

INC=-IC:/Ch/extern/include

CFLAG=/MD

LFLAG=C:/Ch/extern/lib/chsdk.lib \
C:/Ch/extern/lib/embedch.lib advapi32.lib

target: embedchl.exe embedchlb.exe embedch2.exe reopen. exe \
embedch.exe chhome.exe embedchprograms.exe parseprogra ms.exe \
thread.exe threadswin.exe append.exe

embedch.exe: embedch.c

$(CC) embedch.c $(INC) $(LFLAG) $(CFLAG) -o embedch.exe
embedchl.exe: embedchl.c

$(CC) embedchl.c $(INC) $(LFLAG) $(CFLAG) -0 embedchl.exe
embedchlb.exe: embedchlb.c

$(CC) embedchlb.c $(INC) $(LFLAG) $(CFLAG) -o embedchlb.e xe
embedch2.exe: embedch2.c

$(CC) embedch2.c $(INC) $(LFLAG) $(CFLAG) -o embedch2.exe
reopen.exe: reopen.c

$(CC) reopen.c $(INC) $(LFLAG) $(CFLAG) -0 reopen.exe
chhome.exe: chhome.c

$(CC) chhome.c $(INC) $(LFLAG) $(CFLAG) -o chhome.exe
embedchprograms.exe: embedchprograms.c

$(CC) embedchprograms.c $(INC) $(LFLAG) $(CFLAG) -o embed chprograms.exe
parseprograms.exe: parseprograms.c
$(CC) parseprograms.c $(INC) $(LFLAG) $(CFLAG) -o parsepr ograms.exe

thread.exe: thread.c

$(CC) thread.c $(INC) $(LFLAG) $(CFLAG) -o thread.exe
threadswin.exe: threadswin.c

$(CC) threadswin.c $(INC) $(LFLAG) $(CFLAG) -o threadswin .exe
append.exe: append.c

$(CC) append.c $(INC) $(LFLAG) $(CFLAG) -o append.exe

clean:
rm -f *.0 *.obj *.exe *.dl *.lib *.exp

Program 1.3: Makefile in Windows for all examples in this dieap
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for applications compiled with optioAVID are located in the directorZ:/Ch/extern/lib , which
should be added to the search path for libraries in linkirgetkecutable program. If an application is com-
piled with option /MDd for debug multi-thread dynamically linked system librarie libraries
chsdk mdd.lib andembedch_mdd.lib should be used. If an application is compiled with optiiT
for multi-thread static linked system libraries. librar@hsdk _mt.lib andembedch _mt.lib  should be
used. If an application is compiled with optidM Td for debug multi-thread static linked system libraries.
librarieschsdk _mtd.lib andembedch_mtd.lib  should be used. For some applications, the system
library advapi32.lib may also need to be linked to create an executable applicat@gram.

The startup file€’/_chrc  in the user's home directory can be configured to setup theaVi€++
(VC++) in Windows for automatic compilation using a Makefitea Ch shell. This startup file can be

created by running the following command in a command shell.

ch -d

If a VC++ in
C:/Program Files/Microsoft Visual Studio 8
startup file_chrc in the user’s home directory.

NET

_path = stradd(_path, "C:/Program Files/Microsoft Visual

_path = stradd(_path, "C:/Program Files/Microsoft Visual

putenv(stradd("LIB=C:/Program Files/Microsoft Visual S
"C:/Program Files/Microsoft Visual Studio 8/VC/Platform
"C:/Program Files/Microsoft Visual Studio 8/SDK/v2.0/li

putenv(stradd("INCLUDE=C:/Program Files/Microsoft Vis
"C:/Program Files/Microsoft Visual Studio 8/VC/Platform
"C:/Program Files/Microsoft Visual Studio 8/VC/atimfc/i
getenv("INCLUDE")));

If a VC++ in NET

C:/Program Files/Microsoft Visual Studio .NET 2003

to the startup file chrc in the user's home directory.

_path stradd(_path, "C:/Program Files/Microsoft Visual
_path = stradd(_path, "C:/Program Files/Microsoft Visual
putenv(stradd("LIB=C:/Program Files/Microsoft Visual S

"C:/Program Files/Microsoft Visual Studio .NET 2003/VC7/

getenv("LIB")));
putenv(stradd("INCLUDE=C:/Program Files/Microsoft Vis

"C:/Program Files/Microsoft Visual Studio .NET 2003/VC7/
"C:/Program Files/Microsoft Visual Studio .NET 2003/VC7/

";", getenv("INCLUDE")));

For VC++ 6.0 installed &t :/Program Files/Microsoft Visual Studio/
in the user’'s home directory.

needs to be added to the startup Tillechrc

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

"C:/Program Files/Microsoft Visual Studio/Common/MSDev

putenv(stradd("LIB=", "C:/Program Files/Microsoft Visu

"C:/Program Files/Microsoft Visual Studio/VC98/MFC/Lib

putenv(stradd("INCLUDE=",
"C:/Program Files/Microsoft Visual Studio/VC98/include
"C:/Program Files/Microsoft Visual Studio/VC98/MFC/inc

2005 is installed at
, the code below needs to be added to the

Studio 8/VC/bin;");
Studio 8/COMMONT7/IDE;");
tudio 8/VCllib;",
SDK/lib;",
b;", getenv("LIB")));
ual Studio 8/VC/include;",
SDK/Include;",
nclude;.;",

2003 is installed at
, the code below needs to be added

Studio .NET 2003/VC7/bin;");
Studio .NET 2003/COMMONT7/IDE;");
tudio .NET 2003/VC7/lib;",
PlatformSDK/lib;",

ual Studio .NET 2003/VC7/include;",
PlatformSDK/Include”,
atimfc/include;",

, the code below

Studio/VC98/Bin;",

98/Bin;");

al Studio//VC98/Lib;",

;", getenv("LIB")));

lude;", ".;", getenv("INCLUDE")));

The code above defines the search paths for all the progranithbe run in the VC++ environment.

Ch will look through_path to find thecl.exe

command that is used to compile programs. TH& path

will be searched for libraries. Similarly, tHBICLUDE paths will be searched for the header files.

In Windows, command
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nmake -f makefile
or
make -f makefile.win

will generate executable programs defined in the makefilerufica generated program, simply type the
command such ammbedchl.exe atthe Windows prompt.

1.2.2 Building Executables in Windows Using Visual .NET

Assume Ch is installed in the directo€/\Ch . To compile the code using Embedded Ch SDK in Visual
.NET, follow the procedures below.

e Create a Win32 project or Win32 console project.

e Header filexh.h andembedch.hare located in the directol@HHOME/extern/include . Some
sample programs described in this document use headerrfitbe icurrent working directory. Add
the directoryCHHOME/extern/include and the current working directory. to the header file

search path. CliclProject => Properties ... , it will pop up an Properties pages win-
dow. From left panel, clickConfiguration Properties => C/C++ => General , select
Additional Include Directories from right panel, Add the include path

C:\Ch\extern\include;.

e Take one of the following actions:

(@) Add compilation option /MD. Click Command Line under C/C++, then select
Additional Options , Add /MD.

The application program should be linked with Embedded kvatieschsdk.lib  andembedch.lib
located in the directorHHOME/extern/lib |, To add this directory, in the library search path as
follows. Under the same Configuration Properties Window,lecte Linker , select
Additional Library Directories from right panel, AddC:\Ch\extern\lib ,then click
Apply to finalize the settings in Property Window. Cli@ommand Line underLinker ,then se-
lect Additional Options , Add chsdk.lib, embedch.lib . Finally, click OKto finalize
the settings in Project Settings.

(b) Add compilation option/MDd and use Embedded Ch librarieshsdk mdd.lib  and
embedch _mdd.lib

(c) Add compilation option/MT and use Embedded Ch librarieshsdk mt.lib and
embedch _mt.lib

(c) Add compilation option/MTd and use Embedded Ch librarieshsdk mtd.lib and
embedch _mtd.lib

The source code for Visual .NET project filesembedfuncmain.vcproj and
embedclassmain.vcproj for examples described in sectidns]5.1 5.5 can be foute idistribu-
tion of Embedded Ch for Windows in the directories
CHHOME/toolkit/demos/embedch/chapters/chapter5/embe dfuncmain and
CHHOME/toolkit/demos/embedch/chapters/chapter5/embe dclassmain , respectively.
They can be opened from Visual .NET directly. Please check
CHHOME/toolkit/demos/embedch/chapters/chapter5/embe dfuncmain/readme and
CHHOME/toolkit/demos/embedch/chapters/chapter5/embe dclassmain/readme

for more details on how to run the program.
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1.2.3 Building Executables in Windows Using Visual C++ 6.0

Assume Ch is installed in the directo@/\Ch . To compile the code using Embedded Ch SDK in VC++
6.0, follow the procedures below.

e Create a Win32 project or Win32 console project.

e Header filexh.h andembedch.hare located in the directol@HHOME/extern/include . Some
sample programs described in this document use headenfiles current working directory. Add the
directory CHHOME/extern/include and the current working directory. to the header file search

path. ClickTools => Options , it will pop up an Option window. CliclkDirectories , Se-
lect Win32 underplatform  and selectnclude files underShow directories for:
Finally addC:\Ch\extern\include;. underDirectories

e The application program should be linked with Embedded kfatieschsdk.lib  andembedch.lib
located in the directorHHOME/extern/lib  , To add this directory, in the library search path as
follows. Under the same Option Window, selédgbrary files underShow directories
for: , addC:\Ch\extern\lib underDirectories , then click OKto finalize the settings in
Option Window. Finally, clickProjects => Settings ... ,and selectink ,addchsdk.lib
embedch.lib  underProject Options . Also add/NODEFAULTLIB:"LIBCD.LIB"  under
Project Options . Then, clickOKto finalize the settings in Project Settings.

The source code for Visual C++ 6.0 workspace and projectfilleexamples described in sectidns]5.1
and [B5 can be found in the distribution of Embedded Ch for dé&five in the directories

CHHOME/toolkit/demos/embedch/chapters/chapter5/embe dfuncmain and
CHHOME/toolkit/demos/embedch/chapters/chapter5/embe dclassmain , respectively.
You wil find VC++ project files embedfuncmain.dsw, embedfuncmain.dsp,
embedclassmain.dsw, and embedclassmain.dsp in these two directories. Please check
CHHOME/toolkit/demos/embedch/chapters/chapter5/embe dfuncmain/readme and
CHHOME/toolkit/demos/embedch/chapters/chapter5/embe dclassmain/readme

for more details on how to run the program.

1.2.4 Building Executables in Windows Using Intel C++ Comper

To use Intel C++ compiler, you need to install Visual .NETtfirdf Intel C++ compiler is installed at

"C:/Program Files/Intel/Compiler/C++/10.1.021/IA32" , the code below needs to be
added to the startup filechrc in the user's home directory.

_path = stradd(_path, "C:/Program Files/Intel/Compiler/ C++/10.1.021/IA32/Bin;");

putenv(stradd("LIB=C:/Program Files/Intel/Compiler/C ++/10.1.021/1A32/lib;",
getenv("LIB")));

putenv(stradd("INCLUDE=C:/Program Files/Intel/Compil er/C++/10.1.021/IA32/include;",

";", getenv("INCLUDE"));

You also need to use the Intel C++ compiler and linker commialngke by changing'CC = cl" to
"CC = icl" inthe distributed make files such klakefile

1.2.5 Building Executables in Windows Using Borland C++ Corpiler

Executable binary programs and dynamic loaded librarié8imdows 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 @rhares below.

8
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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&idnis 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_fifec in the user’s home directory. For the convenience
of users, command

ch -d

copies a startup file from the directoBHHOME/config to the user's home directory.

e Header filexh.handembedch.h located in the director¢ HHOME/extern/include , are needed
to compile code using Embedded Ch.

e Chlibrarieschsdk.lib  andembedch.lib  are used to create dynamically loaded libraries using
Visual .NET or VC++. Using a Borland compiler, librarieksdk _bc.lib  andembedch bc.lib
instead ofchsdk.lib andembedch.lib , shall be used. These libraries are located in the direc-
tory C:/Ch/extern/lib

1.2.6 Building Executables in Windows Using Borland CBuilér

Executable binary programs and dynamic loaded librariegvindows can also be built using Borland
CBuilder version 6 or above. An example using Borland CRarilid are distributed in Embedded Ch SDK

in the directoryCHHOME/toolkit/demos/embedch/Borland/CBuilder . You may click or type
CHHOME/toolkit/demos/embedch/Borland/CBuilder/embed funcmain.bpr to start
the project for compilation and linking. More information arc be found in
CHHOME/toolkit/demos/embedch/Borland/CBuilder/readm e.txt.

1.3 Other Essential APIs and Options for Embedded Ch

When an embedded Ch program is executed, it first will be gatken executedCh_RunScript() performs
these two steps together. Often time it is desirable to cheelkyntax of the embedded Ch program before
it is executed. This can be accomplished by functi@msParseScrip{) and Ch_ExecScript() as shown
in Progran_Ti4. Functio€h_ParseScrip{) parses a Ch program only. Later, the parsed program can be
executed through functio@h_ExecScript(). The arguments of functio@h_ParseScrip{) is the same as
those of functionrCh_RunScript(). The function returns 0 if the program is parsed succégsfOtherwise,
it returns non-zero. Like other functions, the first argutm@frfunction Ch_ExecScript() is Ch interperter.
The second argument is the first element of the second argushemray of pointer to char in function
Ch_ParseScrip{). The function returns 0 on successful and -1 on failure.

Binary executable C/C++ programs can call Ch functions thice subject to change at the user's
preference. In Prograi_l.1, the second argument of funGhomitialize () is NULL to indicate the

9
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File Name: embedchlb.c
executing Ch program in C program with embedded Ch
(using separate parse and execution functions)
* * * * ****************/
#include <embedch.h>
#include <stdio.h>
#include <string.h>

* X X T3

int main() {
Chinterp_t interp;
int status;
char *argvv[]={"embedchl.ch", NULL};

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* parse embedded Ch program indicated by argvv */
status = Ch_ParseScript(interp, argwv);
if(status == CH_ERROR)

printf("Error: parse program embedchl.ch failed\n");
else {

/* execute embedded Ch program embedchl.ch */

status = Ch_ExecScript(interp, argwv[0]);

if(status)

printf("Error: execute script embedchl.ch failed\n");

}

/* release memory and terminate the shell */
Ch_End(interp);

Program 1.4: A C program with embedded Ch with separate padexecution (embedchlb.c).

10
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default options of Ch shell are used. In Progfdan 1.5, we vaiadibe how to use user-defined options
with the data type&ChOptions_t. The variableoption is declared as a structure of typdOptions_t with
member fieldshelltype  andchhome as follows.

typedef struct ChOptions{

int shelltype; // shell type

char *chhome; // Embedded Ch home directory
} ChOptions_t;

e Fieldshelltype indicates the type of the Ch shell. It could 6&l REGULARCH for a regular
Ch shell orCH_SAFECH for a safe Ch shell. By default, its valueG@$_REGULARCH .

e Field chhome contains the home directory for the Embedded Ch. If the valufield chhome
is NULL, the Ch home directory for the regular Standard orfé&sional Edition is used for the
Embedded Ch. In most applications, the Embedded Ch hometalyeis different from that for a
regular Ch. In this example, the Embedded Ch home directmspeécified as/../../embedch
The startup fileeonfig/chrc in the Embedded Ch home directory will be used. More inforomat
about Ch startup file and safe Ch shell is availabl€linUser's Guide

The values for argumentargc and argv of function main() inside an embedded Ch program
(embedch2.ch )shown in Prograri1l6 are obtained from the second arguni@miation Ch_RunScript().
Ch_RunScript(interp, argvv) is similar to invoke prograrembedch2.ch in a command shell as follows.

embedch2.ch optl opt2
The output of executing filembedch2.exe is shown as follows.

> embedch2.exe

argc = 3

argv[0] = embedch2.ch
argv[l] = optl

argv[2] = opt2

i in fun() 5

i in fun() 10

>

The Ch progranembedch2.ch is executed to generate the above output when the funCtioRunScript()
is called. At that point, the Embedded Ch maintains the stat¢he interpreted program. Functions such
asCh_CallFuncByName(), Ch_CallFuncByNameVar(), Ch_CallFuncByAddr (), a Ch_ExprCalc(), and
Ch_ExprEval() can be used to access the states. In PrograhtCh& allFuncByNamg) is used to call
functionfun() in the embedded prograembedch2.ch explicitly.

If an embedded Ch program has multiple functions, but witlfiaaction main() as shown below.

/* embedded Ch program */
/* header files */
int funcl() {

%

}

void func2() {
> o

}

11
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File Name: embedch2.c
executing Ch program in C program with embedded Ch
(with user-defined options)
* * * * ****************/
#include<stdio.h>
#include<string.h>
#include<stdlib.h>
#include<embedch.h>

* 0k X T3

int main() {
Chinterp_t interp;
int status;
char *argw[]={"embedch2.ch", "optl", "opt2", NULL};
ChOptions_t option;
int retval;

/* initialize embedded Ch */

option.shelltype = CH_REGULARCH,;

option.chhome = strdup("../../../../lembedch"); /* Embed ded Ch Home */
Ch_Initialize(&interp, &option);

/* run an Embedded Ch program indicated by argwv */
status = Ch_RunScript(interp, argvv);
if(status == CH_ERROR)
printf("Error: execution of program embedch2.ch failed\n ");
Ch_CallFuncByName(interp, "fun", &retval, 10);

/* release memory and terminate the shell */
free(option.chhome);
Ch_End(interp);

Program 1.5: A C program with embedded Ch with user-defindidmmp (embedch2.c).

#include <stdio.h>

int fun(int i) {
printf("i in fun() = %d\n", i);
return O;
}
int main(int argc, char **argv){
int i = 0;
printf("argc = %d\n", argc);
while(argv[i] != NULL) {
printf("argv[%d] = %s\n", i, argv]i]);
i++;
}
fun(5);
return O;

Program 1.6: An embedded Ch program (embedch2.ch).

12
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After Ch_RunScript() is called,Ch_CallFuncByName() can be used to invoke different functions inside
the embedded Ch program separately as follows.

r* o

int status, retval;

status = Ch_RunScript(interp, argvv);
Ch_CallFuncByName(interp, "funcl", &retval);
Ch_CallFuncByName(interp, "func2", NULL);
r* %

1.4 Incremental Execution by Appending Code to an Embedded K Pro-
gram

For some applications, it is desirable to append a piece dé ¢o an embedded program after it has
been executed. Embedded Ch provides this capability thrdugctions Ch_AppendRunScript() and
Ch_AppendParseScrip(). These functions append a piece of code to an embedded dgnapr exe-
cuted by functiongCh_RunScript() or Ch_ExecScript(). Like other APIs, the first arguments of func-
tions Ch_AppendRunScript() and Ch_AppendParseScrip() are Ch interpreter. The second argument of
these two functions contains the code to be appended to thtngxembedded Ch program inside the
interpreter. The functiolCh_AppendRunScript() both parses and executes the code, whereas function
Ch_AppendParseScrip() only parses the code to check its syntax. The code is nauéx@. Functions
Ch_ExprEval (), Ch_CallFuncByAddr (), or Ch_CallFuncByNameg() shall be called to execute the code.
This implies that functions shall be appended by func@mAppendParseScrip(). These two appending
functions return 0 on successful and -1 on failure.

Application of these two functions is illustrated in ProgrBL 4. Prograni—I]7 is modified based on
ProgranLb. Different from ProgranL.5, Program 1.7 exetwb fragments of Ch code after the em-
bedded Ch program Progrdmll.6 has been executed by fur€tioRunScript(). The code fragment
codel which calls functionfun() in PrograniL16 and its own functidan2() in ProgranLl/ is exe-
cuted byCh_AppendRunScript(). The code fragmerdode?2 is parsed byCh_AppendParseScript) first.
Then, functionCh_ExprParse() is called to check if the expressidan3(30) is valid. Finally, function
Ch_ExprEval() is invoked to call functiofun3() in the code fragmertode2 . The output of executing
Progran_LJ7 is shown as follows.

> append.exe

argc = 3

argv[0] = embedch2.ch
argv[l] = optl

argv[2] = opt2

i in fun() = 5

i in fun() = 10

i in fun2() = 20

i in fun() = 100

i in fun3() = 30

The code that can be appended to an embedded Ch program hasestrictions. For example, it shall
not contain preprecessing directives and comments deliny '//. To overcome these restrictions, Func-
tions Ch_AppendRunScriptFile() and

13
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/* File Name: append.c

* Executing Ch program in C proram with embedded Ch

* (Append code after embedded Ch program has executed) */
#include <embedch.h>

#include <stdio.h>

#include <string.h>

#include <stdlib.h>

char *codel = "\
fun(10);\
void fun2(int i) {\
printf(\"i in fun2() = %d\n\", i);\
]l
fun2(20);";

char *code2 = "\
void fun3(int i) {\
fun(100);\
printf(\"i in fun3()
|

%d\n\", i)\

int main() {
Chinterp_t interp;
int status;
char *argw[]={"embedch2.ch", "optl", "opt2", NULL};
ChOptions_t option;
int retval;

/* initialize embedded Ch */

option.shelltype = CH_REGULARCH,;

option.chhome = strdup("../../../../lembedch"); /* Embed ded Ch Home */
Ch_Initialize(&interp, &option);

/* run an Embedded Ch program indicated by argwv */
status = Ch_RunScript(interp, argvv);
if(status == CH_ERROR)

printf("Error: execution of program embedch2.ch failed\n ");
status = Ch_AppendRunScript(interp, codel);
if(status == CH_ERROR)

printf("Error: Ch_AppendRunScript(interp, codel) faile d\n");
/*** Ch_AppendParseScript() will parse, but not execute co de ***/
status = Ch_AppendParseScript(interp, code?2);
if(status == CH_ERROR)

printf("Error: Ch_AppendParseScript(interp, code2) fai led\n");
else {

status = Ch_ExprParse(interp, "fun3(30)");

if(status == CH_ERROR)

printf("Error: Ch_ExprParse(interp, \"fun3(30)\") fail ed\n");
else
Ch_ExprEval(interp, "fun3(30)");

}
/* release memory and terminate the shell */
free(option.chhome);
Ch_End(interp);

Program 1.7: Append code after embedded Ch program hastegecu
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Ch_AppendParseScriptFilg) can be used to append the code located in a file to an embé&tiugao-
gram. More information about using functio@h_AppendRunScript() andCh_AppendRunScriptFile()
can be found in sectidn3.4.

1.5 Embedding Ch in Multi-Thread Applications

In some applications, multiple Ch programs need to be egdcint a single Ch interpreter embedded in
an application. Functio@h_RunScript() or Ch_ExecScript() cannot be invoked multiple times through
a single interpreter. To execute multiple embedded Ch progrsequentially inside an application pro-
gram with a single instance of Ch interpreter, functidbis_RunScriptM (), or Ch_ParseScrip{) and
Ch_ExecScriptM() shall be used. For example, only one instance of Ch ireéepiis created by func-
tion Ch_lnitialize() in Program[CLB. After the start-up file CHHOME/config/chrceisecuted through
Ch_lnitialize(), embedded Ch programembedchl.ch and embedch2.ch are executed by calling
Ch_RunScriptM () twice. Then, Ch prograrembedch2.ch again is parsed bgh_ParseScrip{) and
executed byCh_ExecScriptM(). Finally, the Ch interpreter is terminated by functiéh_End(). After a Ch
program is executed by eith@h_RunScriptM () or Ch_ExecScriptM(), its global variables and functions
shall not be accessed by other APIs.
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/
* File Name: embedchprograms.c
* executing multiple Ch programs in a C program with embedded Ch

****************/

#include <embedch.h>
#include <stdio.h>
#include <string.h>

int main() {
Chinterp_t interp;
int status;
char *argvl[]={"embedchl.ch", NULL};
char *argv2[]={"embedch2.ch", "optl", "opt2",NULL};

[* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

[* execute embedchl.ch */
status = Ch_RunScriptM(interp, argvl);
if(status == CH_ERROR)
printf("Error: execution of program embedchl.ch failed\n ");
/* execute embedch2.ch */
status = Ch_RunScriptM(interp, argv2);
if(status == CH_ERROR)
printf("Error: execution of program embedch2.ch failed\n ");
/* execute embedch2.ch */
status = Ch_ParseScript(interp, argv2);
if(status == CH_ERROR)
printf("Error: parsing program embedch2.ch failed\n");
status = Ch_ExecScriptM(interp, argv2[0]);
if(status == CH_ERROR)
printf("Error: executing program embedch2.ch failed\n") ;

/* release memory and terminate the interpreter */
Ch_End(interp);

Program 1.8: A program executing multiple embedded Ch prngr(embedchprograms.c).
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/

* File Name: thread.c

* executing multiple Ch programs using multiple instances o f Ch interpreter.
/

#include <embedch.h>
#include <stdio.h>
#include <string.h>

int main() {
Chinterp_t interpl, interp2;
int status, retval;
char *argvl[]={"embedchl.ch", NULL};
char *argv2[]={"embedch2.ch", "optl", "opt2",NULL};

/* initialize an embedded Ch interpl */
Ch_Initialize(&interpl, NULL);
/* execute embedchl.ch */
status = Ch_RunScriptM(interp1, argvl);
if(status == CH_ERROR)
printf("Error: execution of embedchl.ch in interpl failed \n");
/* execute embedch2.ch */
status = Ch_RunScriptM(interp1, argv2);
if(status == CH_ERROR)
printf("Error: execution of embedch2.ch in interpl failed \n");

/* initialize another embedded Ch interp2 */
Ch_Initialize(&interp2, NULL);
/* execute embedch2.ch */
status = Ch_RunScript(interp2, argv2);
if(status == CH_ERROR)
printf("Error: execution of embedch2.ch in interp2 failed \n");

/* use variables and functions in embedch2.ch in interp2 */
Ch_CallFuncByName(interp2, "fun", &retval, 10);

/* release memory and terminate interperters */
Ch_End(interpl);
Ch_End(interp2);

Program 1.9: A program executing multiple embedded Ch aragrusing multiple instances of Ch inter-
preter (thread.c).

ProgranLDB illustrates how to invoke multiple Ch interpretembedded in an application with a single
thread. In this example, two function caltd_Initialize() initialize two instancemterpl andinterp2
of Ch interpreter. The same Ch interpreteterpl  executes both Ch programnesnbedchl.ch and
embedch2.ch by calling function Ch_RunScriptM () twice. Global variables in embedded Ch pro-
gramsembedchl.ch andembedch2.ch are in separate namespaces. There is no memory collisions
betweenembedchl.ch andembedch2.ch . The global variables in these Ch programs executed by
Ch_RunScriptM (), however, cannot be accessed later in the host programbaGVariables for the Ch
programembedch2.ch loaded by different interpreters are also in different ngpaees. The instance of
Ch interpreteiinterp2 , executes the Ch prograembedch2.ch usingCh_RunScript(). The program
embedch2.ch executed byCh_RunScript() remains inside the memory so that other Embedded Ch APls,
such aCh_CallFuncByNamg(), can be used to access global variables and functionsebtife interpreter
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is terminated byCh_End().

Typical scenarios for running embedded Ch programs in desihgead application are as follows:

° Ch_Initialize(&interp, option);
while(1) {
Ch_RunScriptM(interp, argv);
}
Ch_End(interp);

° Ch_Initialize(&interp, option);
while(1) {
Ch_ParseScript(interp, argv);
Ch_ExecScriptM(interp, argv[0]);
}
Ch_End(interp);

° Ch_Initialize(&interp, option);
while(1) {
Ch_RunScriptM(interp, argvl);
Ch_ParseScript(interp, argv2);
Ch_ExecScriptM(interp, argv2[0]);

}
Ch_End(interp);

° Ch_Initialize(&interp, option);
while(1) {
Ch_ParseScript(interp, argv);
/* other API such as Ch_CallFuncByName() to access
variables and functions in script argv[0] */

}
Ch_End(interp);

° Ch_Initialize(&interp, option);
while(1) {
Ch_ParseScript(interp, argv);
Ch_AppendParseScript(interp, code);
Ch_AppendParseScriptFile(interp, filename);
/* other APl such as Ch_CallFuncByName() to access

variable

and functions in script argv[0], code, and filename */

}
Ch_End(interp);

° Ch_Initialize(&interp, option);
while(1) {
Ch_AppendParseScript(interp, code);
Ch_AppendParseScriptFile(interp, filename);
/* other APl such as Ch_CallFuncByName() to access

variables and functions in script code and filename */

}
Ch_End(interp);
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° while(1) {
Ch_Initialize(&interp, option);
Ch_RunScript(interp, argv);
/* other APl such as Ch_CallFuncByName() to access
variables and functions in script argv[0] */
Ch_End(interp);

}
° while(1) {
Ch_Initialize(&interp, option);
Ch_ParseScript(interp, argv);
Ch_ExecScript(interp, argv[0]);
/* other API such as Ch_CallFuncByName() to access
variables and functions in script argv[0] */

Ch_End(interp);

}

In an application with multi-threads, each thread can haseparate instance of Ch interpreter. In this
case, multiple Ch programs can be executed simultaneoystyuitiple Ch interpreters embedded in the
application. Each Ch interpreter maintains its own namespad can also be used to process multiple Ch
programs as shown in Progrdml1.8. The maximum number ofeaClivinterpreters, which do not include
interpreters terminated byh_End(), is decided by the number of dynamically loaded embeddetioCary
chmt#.dl in the Windows system directory in Windows and in the directastr/lib in Unix.

Progran_L100 illustrates how to invoke multiple Ch intetpre embedded in a multi-thread application
using POSI{pthread . In this example, three threads are created using POSIXitumgthread_create().
The first argument of functiopthread_creatd() is the thread id, the second one the attributes of thedhrea
the third one the thread function, and the last one the arguneethe thread function. In the thread
function thread _function (), Ch_lnitialize() initializes an instance of Ch interpreter. The Ch code
in the memory is loaded usinGh_AppendRunScript(). Functionfunc() in the Ch space is called
by Ch_CallFuncByNameg() with the value of its argument passed from the fourth amguinof function
pthread_creatg)). Each Ch interpreter in different threads has to be temteth byCh_End() when it is
no longer needed. The process waits for all three threadsnmplete using the functiopthread_join ().
Because these threads are executed simultaneously wahwmatticular order, a possible output from the
application is as follows.

1: hello
2: hello
3: hello

Program_I 11 is an example of multi-thread application vidthbedded Ch in Windows. The logic
of Progran_L Il is the same as that of Progiaml1.10. Insteathofad_creatg), Windows APICre-
ateThread() is used to create three threads. These three threads aesl jointhe process using
WaitForSingleObject(), instead ofpthread_join(). Although the prototype of the thread function
thread _function() in ProgramCLI1 is different from that in in Progrdm 1.10, tomtents of the
function as to how to embed Ch are the same.

Note that Embedded Ch SDK APIs for the same embedded Ch camvdied across different threads
with the same first argument ofterp . A running thread of a Ch script can be aborted in a thread &y th
function Ch_Abort () in another thread. Check Appendx A @i_Abort () andCh_SetGlobalUserDatd)
for more examples about embedding Ch in multi-thread agiptios across different platforms in Windows
and Unix.
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I‘ * *kkk *

* File Name: threads.c

* Embeddeding Ch in a multi-thread application using POSIX p thread
* * * * ********************/

#include <stdio.h>

#include <stdlib.h>

#include <embedch.h>

#include <pthread.h>

#define N 3
char *code = "int func(int i) { printf(\"%d: hello\n\", i); return 0;}";

void *thread_function(void *arg){
Chinterp_t interp;
int val, retval;

val = *((int*)arg);
Ch_Initialize(&interp, NULL);
Ch_AppendRunScript(interp, code);
Ch_CallFuncByName(interp, "func", &retval, val);
Ch_End(interp);
return NULL,;

}

int main ()
pthread_t threadId[N];
int i, arg[N], status;

/* Create three new threads. */
for(i = 0; i < Nj i++){
arg[i] = i+1;
status = pthread_create(&threadld[i], NULL, thread_func tion, arg+i);
if(status '= 0) {
perror("Thread creation failed");
exit(EXIT_FAILURE);

}

/* Waiting for threads to finish */
for(i = 0; i < N; i++){
status != pthread_join(threadld[i], NULL);
if(status '= 0) {
perror("Thread join failed");
exit(EXIT_FAILURE);

}
}
exit(EXIT_SUCCESS);

Program 1.10: A multi-thread program using POSIX pthreagcating multiple embedded Ch programs
using multiple instances of Ch interpreter (threads.c).
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I‘ * *kkk *

* File Name: threadswin.c
* Embeddeding Ch in a multi-thread application in Windows
* * * * ********************/
#include <windows.h>
#include <stdio.h>
#include <stdlib.h>
#include <embedch.h>

#define N 3
char *code = "int func(int i) { printf(\"%d: hello\n\", i); return 0;}";

DWORD WINAPI thread_function(PVOID arg) {
Chinterp_t interp;
int val, retval;

val = *((int*)arg);

Ch_Initialize(&interp, NULL);
Ch_AppendRunScript(interp, code);
Ch_CallFuncByName(interp, "func", &retval, val);
Ch_End(interp);

return O;

}

int main ()
HANDLE thread[N];
DWORD threadId[N];
int i, arg[N];

/* Create three new threads. */
fori = 0; i < N; i++) {
arg[i] = i+1;
thread[i] = CreateThread(NULL, 0, thread_function, (PVOI D)(arg+i),
0, &threadld[i]);
if(thread[i] == NULL) {
perror("Thread creation failed");
exit(EXIT_FAILURE);
}
}

/* Waiting for threads to finish */
for( = 0; i < N; i++) {
if(WaitForSingleObject(thread(i], INFINITE) '= WAIT_OB JECT_0) {
perror("Thread join failed");
exit(EXIT_FAILURE);
}

}
exit(EXIT_SUCCESS);

Program 1.11: A multi-thread program using Windows API exieg multiple embedded Ch programs
using multiple instances of Ch interpreter (threadswin.c)
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1.6 Redirecting Standard Output and Error Stream from Embedded Ch

Sometimes, it is desirable to display error messages inupoy/indows in some GUI applications. The
simplest method to display a message from a Ch script is td\isdows APIMessageBox() as shown
below.

/* This Ch script will display a pop-up message in Windows */
#include <windows.h>
#define APP_NAME "MessageBox Title"

int main() {
PCHAR string="This is a message generated from MessageBox( ).\n";
MessageBox( NULL, string, APP_NAME, MB_OK | MB_SYSTEMMODA L | MB_NOFOCUS);
return O;

}

More demo programs for Ch Windows can be found in the dirgc@dtHOME/toolkit/demos/Windows

The output from standard streams of a script can also be gpp&sghe host application first, then dis-
played. In this case, functionSh_Reoper(), Ch_Closg), and Ch_Flush() with the following function
prototypes can be used to handle redirectioatdin, stdout, andstderr streams.

int Ch_Close(Chinterp_t interp, ChFile_t fildes);

ChFile_t Ch_Reopen(Chinterp_t interp, const char *filena me,
const char *mode, int fildes);

int Ch_Flush(Chinterp_t interp, ChFile_t fildes);

where data typeChFile _t for file descriptor is defined in header fikmbedch.h File descriptors
STDIN_FILENO, STDOUT_FILENO, STDERR_FILENO corresponding tatdin, stdout, andstderr
streams, respectively, defined in the headerdiifdoedch.h can be used as the fourth argument of function
Ch_Reopern(). In some platforms, functio€h_Reopen() need to be called before any I/O happens. It is
best to call functiorCh_Reopen() right afterCh_Initialize () is called as shown in in Progrdm-1112.

In ProgranT_L12, the argumeatgvv of function Ch_ParseScrip{) for program nameeopen.ch
without command line option is created dynamically. Befeogipt reopen.ch in ProgramCLI3, is
parsed by functiolCh_ParseScrip{) in Embedded Ch, thstderr stream is redirected to a temporary file
stderrfile by function call

fildes_stderr = Ch_Reopen(interp, stderrfile, "w", STDER R_FILENO);
which is equivalent to
FILE* stream = freopen(stderrfile, "w", stderr);

Before the error message generated by function calClfParseScrip{) can be retrieved from file
stderrfile , the file descriptor for the redirectetiderr stream has to be closed by function call

Ch_Close(interp, fildes_stderr);
which is equivalent to
fclose(stream);

The argument of function printf() in scripgeopen.ch  shown in Prograri .13 is missing a closing
double quote. When Progrdm 1112 is executed in a Unix machiwdl display the following messages in
the console.
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Error. parse program reopen.ch failed.
ERROR: missing "
ERROR: argument 1 of the function is undefined or not a valid e Xpression
ERROR: syntax error before or at line 6 in file 'reopen.ch’
==>: return O;
BUG: return<== ???

The contents of the temporary filelvar/tmp/aaaxlaa6M are displayed by function
displayContentsinFile() in Progran_T1R.
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/* File Name: reopen.c

* redirect stderr from Embedded Ch to different file. */
#include <embedch.h>

#include <stdio.h>

#include <stdlib.h>

#include <string.h>

/* Display contents in a file */

void displayContentsinFile(char *filename) {
FILE *stream;
char buffer[BUFSIZ];
int length;

stream = fopen(filename, "r");
length = fread(buffer, 1, BUFSIZ, stream);
buffer[length] = "\0’;
if(length > 0)
printf("%s\n", buffer);
/* use MessageBox(NULL, buffer, "Message title", 0 ); for GU I in Windows */
fclose(stream);

}

int main() {
Chinterp_t interp;
int status;
char **argvv, *program = "reopen.ch", stderrfile[L_tmpna mj;
ChFile_t fildes_stderr;

Ch_Initialize(&interp, NULL);
tmpnam(stderrfile); /* create a temporary file name */
fildes_stderr = Ch_Reopen(interp, stderrfile, "w", STDER R_FILENO);
if(fildes_stderr == CH_ERROR)
printf("Error: cannot redirect stderr error stream\n");
/* create char *argwv[] = {"reopen.ch”, NULL} dynamically * /
argvwv = (char **)malloc(2*sizeof(char *));
argvv[0] = strdup(program);
argvv[l] = NULL;
status = Ch_ParseScript(interp, argvv);
if(status == CH_ERROR) {
printf("Error: parse program %s failed.\n", program);
Ch_Close(interp, fildes_stderr);
displayContentsInFile(stderrfile);

}
else {
status = Ch_ExecScript(interp, program); /* execute reope n.ch */
Ch_Close(interp, fildes_stderr);
if(status == CH_ERROR) {
printf("Error: execute script %s failed\n", program);
displayContentsinFile(stderrfile);
}
}
remove(stderrfile); /* remove temporary file for stderr */
free(argvv[0]); /* release memory and terminate the shell * /
free(argwv);
Ch_End(interp);

Program 1.12: Redirecting stderr to a file.
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#include <stdio.h>

int main() {
[lprintf("hello, good\n");
printf("hello, missing quote\n);
return O;

}

Program 1.13: Script with an error for testing stderr rextica.

Note that you can capture the error messages from Ch EmbétldédP|’'s by redirecting them using
Ch_Reoper(), except for the error message from the ABH_Initialize (). In this case, you can create
a console application based on one of demos in the directbiff@ME/toolkit/demos/embedch. guide.
Then, you should see the error message f@minitialize ().

1.7 Distributing Embedded Ch in Your Applications

If the second argument of function call Chinitialize() is NLJ such as
Ch_Initialize(interp, NULL);

TheCHHOME/toolkit/embedch s used as the home directory of Embedded Ch. This is the catef
development of applications with Embedded Ch. In this casthe startup file
CHHOME/toolkit/embedch/config/chrc will be executed in this initialization function. Embed-
ded Ch searches for the dynamically loaded libraries suanedl.dl andchmt2.dl in the directory
CHHOME/toolkit/embedch.

To distribute your application with Embedded Ch, after obiey the authorization, the Embedded Ch
located iInCHHOME/toolkit/embedch  can be bundled with your application program for distriboti
This directory contains the Ch run time environment. Tylbycidt will be placed under the home directory
of your application such aS:/myApplication/embedch. Your application program should set the
Embedded Ch home directory properly as shown in exampledgrBnCLb. A sample code for distribution
of Embedded Ch without regular Ch is given in Progfam]1.14.

To distribute your application with Embedded Ch, but withagular Ch, follow the steps below.

1. If your application is distributed in the directo@z/myApplication in a target machine. Copy
and distribute the contents in the direct@iHHOME/toolkit/‘embedch  of the Embedded Ch in
your development machine &/myApplication/embedch in the target machine.

2. In Windows, make sure applications will be able to accdsschi.dll . In general, the dynami-
cally linked librarych.dll  for Embedded Ch shall be located at the same directory wlooh ¢
tains the hosting application with Embedded Ch. For exanipiee binary application is located in
C:/myApplication/bin , copy CHHOME/toolkit/embedch/bin/ch.dll to
C:/myApplication/bin/ch.dll . If the binary hosting application with Embedded Ch is lo-
cated in the Windows system directory suchCa8Nindows/System32 it is not recommended
to put ch.dll over there. Instead, the environment varidbdH can be set with the directory
C:/myApplication/bin which containsch.dll . This will reduce the chance of the conflict
since the installation of regular standardalone Ch putdlldh.the Windows system directory.

3. The second argument of function call Chinitialize() ddawt be NULL, such as
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/* We assume that your application is distributed
in /usr/local/companyname in Unix or C:/myApplication in W
The Embedded Ch runtime environment should be copied from
CHHOME/toolkit/embedch in your development machine and di
at /usr/local/companyname/embedch in Unix and
C:/myApplication/embedch in Windows in a target machine. T
Embedded Ch home directory will be /usr/local/companyname
in Unix and C:/myApplication/embedch in Windows. */

#include <embedch.h>
#include <stdio.h>
#include <string.h>
#include <stdlib.h>

int main() {
int status, len;
Chinterp_t interp;
ChOptions_t option;
char *proghome, *p;

/* get the home dir for your application program from
an environment variable or registry value PROG_HOME which
was setup during the installation of your application in a
target machine. The Embedded Ch home directory will be
PROG_HOME/embedch which needs be setup using option.chhom
as follows. */

[* set option.shelltype */
option.shelltype = CH_REGULARCH,;

/* set option.chhome */

proghome = getenv("PROG_HOME"); /* from an environment var

/* or obtain the value for proghome from a registry value in Wi
using Windows APl RegOpenKeyEx() and RegQueryValueEx(). *

len = strlen(proghome)+ strlen(*/embedch")+1;

option.chhome = (char *)malloc(len);

strcpy(option.chhome, proghome);

strcat(option.chhome, "/embedch");

Ch_Initialize(&interp, &option);
r* o

Ch_End(interp);
free(option.chhome);

indows.
stributed

hen
/embedch

iable */
ndows,

Program 1.14: A sample code for distribution of Embedded @howt regular Ch.
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Ch_Initialize(interp, &option);

as shown in Program_Th4. The startup filgption.chhome/config/chrc or
C:/myApplication/embedch/config/chrc will be executed in this initialization function.
Embedded Ch searches for dynamically loaded libraries aaschmtl.dl andchmt2.dl in the
directoryoption.chhome/extern/lib

Multiple Ch interpreters can be embedded in an applicat@th instance of Ch interpreter is dynam-
ically loaded. The dynamically loaded librachmt1.dl is for the first instance of Ch interpreter,
chmt2.dl  for the second one, ardhmt n.dl for thenth one. Although these dynamically loaded
libraries are exactly the same, different copies are nedgedr application has multi-threads. For a
multi-thread  application which needsn instances of Ch interpreter, copy
CHHOME/toolkit/embedch/extern/lib/chmtl.dl to chmt2.dl , chmt3.dl , and
chmt n.dl in option.chhome/extern/lib . The maximum number of simultaneous instances
of Ch interpreter is 500.

4. Like regular Ch shell, a Ch script invoked by Embedded Ghitsaown search pathes for commands,
include header files, and function files specified by the systeariables path, _ipath, and _fpath,
respectively. The value for the system varialgath is also copied to the environment variablaTH
The pathes specified by the environment varid?Ad Hare searched for dynamically loaded libraries
in Windows. If your application needs some dynamically kddbraries which are not located in the
default directories specified by the system varialplath, make sure they are added fmath in the
system startup file EMBEDCHHOME/config/chrc or individualew's startup filechrc in the user
home directory. If some dynamically loaded libraries arated inC:/myApplication/bin ,
add the statement below in the startup file.

_path = stradd(_fpath, "C:/myApplication/bin;");

5. Function files with extensiorhf , used in Ch scripts, can be distributed along with your aggitbn.
You may put these function files in a separate directory ugdar application home directory such
as C:/myApplication/ch/lib. Then add the directory in the system varialfigath in file
config/chrc under the home directory of Embedded Ch as follows.

_fpath = stradd(_fpath, "C:/myApplication/ch/lib;");
Similarly, the search paths C:/myApplication/ch/include and
C:/myApplication/ch/dl for header files and dynamically loaded libraries with filéegsion

.dl'in Ch, respectively, can be added as follows.

stradd(_ipath, "C:/myApplication/ch/include;" );
stradd(_Ipath, "C:/myApplication/ch/dl;");

_ipath
_Ipath

6. Finally, your application must include the following frage in the copyright section or in other
suitable place such as thabout" box of the product:

Contains Ch™®) | an embeddable C/C++ interpreter developed by Softintegrtion, Inc.,
http://www.softintegration.com. All Rights Reserved.
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1.7.1 Minimizing the Distribution of Runtime Components

For many applications, only a subset of Ch is needed. In #g,csome of components in Embedded
Ch can be removed in your distribution. More specificallg thllowing modules are removable.

o If your application is single thread and needs only one mesteof the interpreter, remove all
chmt#.dl files excepthmtl.dl inthe directoryCHHOME/toolkit/embedch/extern/lib

e Unix utilities such as Is.exe, grep.exe, sed.exe, etc. fdanddws in the directory
option.home/toolkit/embedch/bin.

e OpenGL, GTK+, Win32, X11/Motif toolkits in the directory
option.home/toolkit/embedch/toolkit

For applications using only expressions and built-in matikical functions listed in the header file
math.h in Embedded Ch, files imption.home/toolkittembedch are not needed. In this
case, however, scripts processed by Embedded Ch shall niatircdunction files and header files.
The member fieldption.chhome  for the embedded Ch home directory can be set to the current
working directory”.” . In Unix, no additional file is needed.
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Chapter 2

Accessing Ch Variables from C Space

In the previous chapter, we introduced the basic procedudecare APIs for embedding Ch. After a Ch
program is executed by a C/C++ program, users may want teserel modify the value of variables, or
evaluate expressions in the Ch program. We will describesAPich can be used to access variables, assign
values of variables, and evaluate expressions in the Cledpam a C/C++ program in the C space.

2.1 Accessing Variables by Addresses

The basic method to access a variable in Ch program typicaligists of two steps:
1. Getting the address of a variable in Ch space within itpesdry APICh_SymbolAddrByName()
with its function prototype in header filgh.h as follows.

void* Ch_SymbolAddrByName(Chinterp_t interp, char *name );

The first argument of functio®€h_SymbolAddrByName() is an instance of Ch interpreter. The second
argument is the name of the symbol whose address in Ch spaloised. The function returns the address
obtained on successful execution or a NULL pointer on failtfunctionCh_SymbolAddrByName() can
obtain the address of both local and global variables. kam€&h_GlobalSymbolAddrByName() can be
used to obtain the address of a global variable when thepirir is executing a function as shown in an
example on pade2F8. More information ab@t GlobalSymbolAddrByName() can be found irCh SDK
User's Guide Other functions with the prefi€h_GlobalSymbol can be found in the reference described
Appendix A.

2. Accessing the variable by its address.

C programaccesschvar.c in ProgramZ1 is an example of accessing global variables @h
program. After functionrCh_RunScript() is called, only global variables in the Ch space can bessezk
The Ch progranaccesschvar.ch ~ shown in Prograri212 has two global variablés,with type int and
dd with type double. The data type of a variable in the Ch spaondeabtained by the ARZh_DataType(),
which returns a value for a valid Ch type defined in the heatechii.h. Accordingly, two variablepii  with
pointer to int andodd with pointer to double are declared accesschvar.c  for keeping addresses of
those two Ch variables. The size of a variable or expressiarbe obtained by the functiddh_DataSiz€).
After the embedded Ch is initialized, Programl 2.2 is loadedlexecuted. Statements below

pii = Ch_SymbolAddrByName(interp,"ii");
pdd = Ch_SymbolAddrByName(interp,"dd");

obtain addresses of variabliés anddd in Ch space. Then the statement
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* File Name: accesschvar.c
* Accessing global variables in the Ch program

****************/

#include<stdio.h>
#include<string.h>
#include<embedch.h>

int main() {
Chinterp_t interp;
int status;
char *argvv[]={"accesschvar.ch", NULL};
int *pii;
double *pdd;

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch function file */
status = Ch_RunScript(interp, argvv);
if(status == CH_ERROR)
printf("Error: execution of program accesschvar.ch faile d\n");

if(Ch_DataType(interp, "ii'") == CH_INTTYPE)
printf("ii is int\n");

else
printf("ii is not int\n");

if(Ch_DataType(interp, "dd") == CH_DOUBLETYPE)
printf("dd is double\n");

else
printf("dd is not double\n");

printf("Ch_DataSize(interp, \"dd\") = %d\n", Ch_DataSiz e(interp, "dd"));
pii = Ch_SymbolAddrByName(interp,"ii");

pdd = Ch_SymbolAddrByName(interp,"dd");

printf("In C, before assignments, ii = %d, dd = %f\n", *pii, * pdd);
*pii = 20;

*pdd = 2.2;

printf("In C, after assignments, ii = %d, dd = %f\n", *pii, *p dd);

Ch_End(interp);

Program 2.1: Accessing variables in a Ch program (acceaschv

int ii = 10;
double dd = 1.1;
printf("printed from accesschvar.ch, ii = %d, dd = %fn", ii , dd);

Program 2.2: Accessing variables in a Ch program (acceaschy.
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printed from accesschvar.ch, ii = 10, dd = 1.100000
i is int

dd is double

Ch_DataSize(interp, "dd") = 8

In C, before assignments, ii = 10, dd = 1.100000
In C, after assignments, ii = 20, dd = 2.200000

Figure 2.1: Output of executable compiling fraacesschvar.c

int i = 10;
double d = 1.1;
int prototype();
extern int e;
struct tag {
int j;
}s
int func() {
int localvariable =20;
printf("printed from symbol.ch, i = %d, d = %f\n", i, d);
return O;
}
int main() {
func();
return O;

Program 2.3: A Ch program for testing its symbol table (syha.

printf("In C, before assignments, ii = %d, dd = %f\n", *pii, * pdd);
prints out values in these two addresses. Afterwards, ras&gt statements below

*pii = 20;

*pdd = 2.2;

change values af anddd in the Ch program. The output from executing the programt kg Pro-
gram[Z1 is shown in Figufe2.1.

Symbols in header files including system header files aréetidhe same as in a user’s program. All
symbols in the symbol table for global variables in an embkeéddh program can be accessible by the hosting
program after the Ch program is loaded ®fi_RunScript(), Ch_ParseScrip{), or other functions. Pro-
gram[Z3B has seven symbaJsd, prototype, e, s, func , andmain . The function prototype
prototype , and user defined functiorianc andmain are included in the symbol table. The symbol
table does not contain generic functigrrintf() , System functions, tag name for a structure/class/union
definition and local variables of automatic duration nottinscope. The information about Program 2.3 is
processed by ProgramP.4. The output of Prodram 2.4 is gisplan FigurdZR. The total number eight
of all symbols in the symbol table is obtained by functi@h_SymbolTotalNum(). The variabled is the
second symbol in the symbol table as shown in the return fedne functionCh_SymbolindexByNam«).
Note that the index number for a symbol table starts with Oe &tldress of a variable can be obtained
by functionCh_SymbolAddrByName() or Ch_SymbolAddrBylndex() based on its name or index num-
ber in the symbol table, respectively. The address for atimmgrototype without function definition
or an extern variable without definition such @®totype ande, respectively, in Prograii 2.3 is also
NULL. The symbol name corresponding to its index number endpmbol table can be obtained by func-
tion Ch_SymbolNameByIndex).
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* File Name: symbol.c

* * * * * ****************/
#include<stdio.h>
#include<embedch.h>

int numOfVar(Chinterp_t interp) {
int index, totalnum, varnum=0;
char *name;

totalnum = Ch_SymbolTotalNum(interp);
for(index=0; index<totalnum;index++){
name = Ch_SymbolNameBylndex(interp, index);
if('Ch_FuncType(interp, name))

varnum-++;
}
if(!Ch_VarType(interp, "localvariable"))
printf("localvariable is not CH_LOCALVARTYPE or CH_GLOBA LVARTYPE\n");

if(Ch_VarType(interp, "func") == CH_GLOBALVARTYPE)
printf("func is CH_GLOBALVARTYPE\n");
return varnum;

}
int main() {
Chinterp_t interp;
int status;
char *argwv[]={"symbol.ch", NULL};
int index, totalnum;
Ch_Initialize(&interp, NULL);
status = Ch_RunScript(interp,argvv);
/* or status = Ch_ParseScript(interp,argvv); */
if(status == CH_ERROR)
printf("Error: execution of program symbol.ch failed\n") ;
index = Ch_SymbolindexByName(interp, "d");
printf("symbol index for 'd’ is %d\n", index);
index = Ch_SymbolindexByName(interp, "unknown");
printf("symbol index for 'unknown’ is %d\n", index);
totalnum = Ch_SymbolTotalNum(interp);
printf("The total number of symbols is %d\n", totalnum);
for(index=0; index<totalnum;index++){
printf("symbol index %d, name %s, address %p\n", index,
Ch_SymbolNameBylIndex(interp, index),
Ch_SymbolAddrBylIndex(interp, index));
}
printf("Ch_SymbolAddrByName(interp, \"main\") = %p\n",
Ch_SymbolAddrByName(interp, "main"));
printf("Number of global variables of not function type is % d\n", numOfVar(interp));
Ch_End(interp);
}

Program 2.4: Accessing symbols in the symbol table in a Chrpro (symbol.c).
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printed from symbol.ch, i = 10, d = 1.100000
symbol index for 'd’ is 1

symbol index for 'unknown’ is -1

The total number of symbols is 7

symbol index 0, name i, address 40a60

symbol index name d, address 57b00

symbol index name prototype, address 0

symbol index name e, address O

symbol index name s, address 53628

symbol index name func, address 54cd0

symbol index 6, name main, address 55180
Ch_SymbolAddrByName(interp, "main") = 55180
localvariable is not CH_LOCALVARTYPE or CH_GLOBALVARTYPE
func is CH_GLOBALVARTYPE

Number of global variables of not function type is 4

SO~ ONE

Figure 2.2: Output of the executable program freymbol.c

The information about variables can be obtained by othertfons. The data type, array element data
type, and function return type of a variable can be obtainddfictionCh_DataType(). If a variable is an ar-
ray, its array type, dimension, and extent for each dimensaém be obtained by functiofzh_ArrayDim (),
Ch_ArrayExtent (), andCh_ArrayType (), respectively. Whether a variable is function, functieith vari-
able number of arguments, and the number of arguments cabthmed by function<Ch_FuncType(),
Ch_lsFuncVarArg (), andCh_FuncArgNum(), respectively.Ch_FuncType&() can be used to test whether
a symbol is function with definition, function prototype,ipt@r to function, member function, constructor,
destructor of a class. The symbol table contains global acal ariables. Functio@h_VarType() can be
used to check if a symbol is a variable, global variable oal@ariable as shown in Progrdm2.4. Function
numOfVar() returns the number of variables of not function type. Prodga3 has four variables d,

e, ands of not function type. The tag name, size, and total number efivers of a user defined class,
structure, or union can be obtained by functi@ts UserDefinedInfq). The information for a member of of
a user defined class, structure, or union can be obtainednigyidusCh_UserDefinedMeminfoByindex)

or Ch_UserDefinedMemInfoBylndex).

2.2 Assigning Values in C Space to Variables in Ch Space

Values in the C space can be assigned to variables in the €& bgdunctionCh_SetVar() with the follow-
ing function prototype.

int Ch_SetVar(Chinterp_t interp, const char *name, ChType _t atype, ..);
For a simple data type, the function will be called as if it oastotyped as follows.

int Ch_SetVar(Chinterp_t interp, const char *name, ChType _t atype, type value);

where name is an identifier in the Ch spacatype is the data typeChType_t of the value in the C
space defined in header filtHHOME/extern/include/ch.h, the last argumentalue is an expression or a
variable in the C space. It can be any valid data type in C saahtadouble, pointer to int, array, structure,
etc. By assigning the address of a variable or data in the €esfmaa variable of pointer type in the Ch
space, the memory in the C space can be shared by the vaiiiakiesCh space.

For example, Prograin 2.5 declares three variatites of int, ch _p of pointer to int, ancch _data of
pointer to int in the Ch space by functi@@h_AppendRunScript(). The value of the variable_i inthe C
space and its address are assigned to variablds andch _p, respectively, by function calls
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/* File Name: setvar.c */
#include <stdio.h>
#include <embedch.h>

int main() {
Chinterp_t interp;
int status;
int c_i, c_data[10] = {1,2,3,4,5,6,7,8,9,10};

/* initialize embedded Ch */

Ch_Initialize(&interp, NULL);

/* declare variables i, p, ch_data in Ch space */
Ch_AppendRunScript(interp,“int ch_i, *ch_p, *ch_data;" );
c i = 10;

/* assign c_i in C space to ch_i in Ch space */

Ch_SetVar(interp, "ch_i", CH_INTTYPE, c_i);

Ch_ExprEval(interp, "printf(\"ch_i = %d\n\",ch_i)");

/* assign &c_i in C space to ch_p in Ch space */
Ch_SetVar(interp, "ch_p", CH_INTPTRTYPE, &c_i);

ci = 20;

Ch_ExprEval(interp, "printf(\"ch_i = %d\n\",ch_i)");

Ch_ExprEval(interp, "printf(\"*ch_p = %d\n\",*ch_p)");
Ch_ExprEval(interp, "*ch_p = 30");

printf("c_i = %d\n",c_li);

/* assign &c_data in C space to ch_data in Ch space */
Ch_SetVar(interp, "ch_data", CH_INTPTRTYPE, &c_data);
Ch_ExprEval(interp, "printf(\"ch_data[9] = %d\n\",ch_d ata[9])");
Ch_End(interp);

Program 2.5: Assigning values in C space to variables in @besfsetvar.c).

Ch_SetVar(interp, "ch_i", CH_INTTYPE, c_i);
Ch_SetVar(interp, "ch_p", CH_INTPTRTYPE, &c_i);

The value forc_i in the C space is later changed to 30 indirectly through tbeation operator in the Ch
space by function call

Ch_ExprEval(interp, "™ch_p = 30");

The arrayc_data in the C space is shared in the Ch space by the vareblelata . The output from
executing Program 2.5 is shown in Figlirel 2.3.

Variables in the Ch space in Progrml2.5 are created dynlyrtigafunction Ch_AppendRunScript().
Variables in a Ch script can also access values in the C sgaskaavn in Prograrfh 2.6. Progrdml2.6 is
similar to Prograni Z]5. ProgrdmP.6 invokes embedded Chranogetvar.ch  in PrograniZJ7. Variable
c_i and its address are assigned to variables andch _p in ProgranfZJ7. Arrag data in the C space
is shared by variableh _data in Progran{ZJ7. Functioohfun() in the Ch space is called by

Ch_CallFuncByName(interp, "chfun", NULL);

in the C space, which changes the values for elenmemtsta[0] andc_data[9] inthe C space. Details
about calling a Ch function using the ABh_CallFuncByName() will be described in detail Chaptgl 3.
The output from executing ProgrdmP.6 is shown in Fidure 2.4.
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ch_i = 10
ch i =10
*ch_p = 20
ci=30

ch_data[9] = 10

Figure 2.3: Output from executirgptvar.c

2.3 Obtaining information for a Variable of Structure, Class, and Union

Ch provides the following four APIs to find information forarsdefined variables of structure, class, and
union types.

ChUserDefinedTag_t Ch_UserDefinedTag(Chinterp_t, cons t char *name);

int Ch_UserDefinedInfo(Chinterp_t interp, ChUserDefine dTag_t udtag,
ChUserDefinedInfo_t *udinfo);

int Ch_UserDefinedMemInfoByName(Chinterp_t interp,

ChUserDefinedTag_t udtag, const char *memname, ChMemiInfo _t *meminfo);
int Ch_UserDefinedMemIinfoBylndex(Chinterp_t interp,
ChUserDefinedTag_t udtag, int index, ChMemInfo_t *meminf 0);

A user defined structure, class and union has a tag. This tagbeaobtained by the function
Ch_UserDefinedTad) based on the name of variable or tag name. The returnedreéag function
Ch_UserDefinedTad) is passed as the second argument of func@inUserDefinedInfq)). The infor-
mation for the user defined data type is passed back to thegalihction in the third argument of function
Ch_UserDefinedInfq). TheChUserDefinedInfat structure contains three members for the tag name, size
and total number of members of the user defined type. Thenvation for each member of a variable of the
user defined type can be obtained by functio@h_UserDefinedMeminfoByNam¢g) and
Ch_UserDefinedMemInfoBylndeX) based on the member name and index of the member in the $ymbo
table for the user defined type, respectively.

As an example, Prograin 2.8 contains a user defined struetgrevith four members, d, p , and
a. Three variables, sp , andsa of structure, pointer to structure, and array of structueedeeclared. For
comparison, a global variableint type using the same name of a member of structure is aldardd in
the program.

Progran 20 first executes the script in Progfam 2.8 by fanag@ih_RunScript(). It then obtain the
information for structurdag and its members by functigmrocessUserDefined() . The dimension
of array for variablesa is obtained byCh_ArrayExtent (). Like variables of other type, the address for a
variable of structuréag can be obtained by functioBh_SymbolAddrByName(). The tag for structure is
assigned to the variabledtag . The information for the variablg is kept in the variabledinfo , whereas
the variablememinfo contains the information for a member of variableFunctionprintMemiInfo()
prints out the information for a member. Using the offsetdach member of structutag , the address for
each member of a variable of structuagy can be obtained by the expression

addr + meminfo.offset

The output from executing ProgrdmP.9 is shown in Fiduré 2.5.
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/* File Name: setvar2.c */
#include <stdio.h>
#include <embedch.h>

int main() {
Chinterp_t interp;
int status;
int c_i, c_data[10] = {1,2,3,4,5,6,7,8,9,10};
char *argvv[]={"setvar.ch", NULL};

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);
/* run a Ch function file */
status = Ch_RunScript(interp,argwv);
if(status == CH_ERROR)
printf("Error: execution of program setvar.ch.ch failed\ n");

c i = 10;

Ch_SetVar(interp, "ch_i", CH_INTTYPE, c_i);
Ch_ExprEval(interp, "printf(\"ch_i = %d\n\",ch_i)");
Ch_SetVar(interp, "ch_p", CH_INTPTRTYPE, &c_i);

c_i = 20;

Ch_ExprEval(interp, "printf(\"ch_i = %d\n\",ch_i)");
Ch_ExprEval(interp, "printf(\"*ch_p = %d\n\",*ch_p)");
Ch_ExprEval(interp, "*ch_p = 30");

printf("c_i = %d\n",c_li);

Ch_SetVar(interp, "ch_data", CH_INTPTRTYPE, &c_data);

Ch_ExprEval(interp, "printf(\"ch_data[9] = %d\n\",ch_d ata[9])");
Ch_CallFuncByName(interp, "chfun", NULL);
Ch_ExprEval(interp, "printf(\"ch_data[9] = %d\n\",ch_d ata[9])");

Ch_End(interp);

Program 2.6: Assigning values in C space to variables iniptsnrCh space (setvar2.c).

#include <stdio.h>

int ch_i, *ch_p, *ch_data;
void chfun() {
printf("in the Ch function chfun(), ch_data[0] = %d, ch_dat af9] = %d\n",
ch_data[0], ch_data[9]);
ch_data[0]++;
ch_data[9]++;

}
Program 2.7. Ch script with values assigned in C space (setya
ch i =10
ch_i = 10
*ch_p = 20
ci =30

ch_data[9] = 10
in the Ch function chfun(), ch_data[0] = 1, ch_data[9] = 10
ch_data[9] = 11

Figure 2.4: Output from executirggtvar2.c
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struct tag {int i; double d; int *p; int a[2][3];};

struct tag s = {10, 20, NULL, 30}, *sp, sa[2]={10, 20, NULL, 30 =
int i;
int main () {

s.p = &i;

sp = &s;

printf("&s = %p\n", &Ss);

printf("&s.i = %p\n", &s.i);

printf("&sp = %p\n", &sp);

printf("&sp->i = %p\n", &sp->i);
return O;

Program 2.8: Ch program with user defined data type (usesdtsymbol.ch).

2.4 Evaluating Expressions

Ch provides APICh_ExprEval() to evaluate expressions in a Ch program. This functiotopype is given
in header fileembedch.has follows.

int Ch_ExprEval(Chinterp_t interp, char *expr);

The first argument of this function is an instance of Ch intetgr. The second argument is the string of
the expression to be evaluated in Ch space. The functiomeeagro on successful execution, non-zero on
failure.

C programexpreval.c  shown in Prograni 210 is an example of evaluating expressiom Ch
program. The Ch program executed by embedded Ch is showrogrd®n[Z.Tll. Two variables, with
type int anddd with type double, are assigned with original valuesl6f and 1.1 , respectively. The
pointerp is pointed to the address of the varialile. The arraya and structures are also declared and
initialized. Figurd2J illustrates how to evaluate expiess in the Ch program with embedded Ch. In C
programexpreval.c , after the embedded Ch shell is initialized, the Ch progmioaded and executed.
Statements below

pii = Ch_SymbolAddrByName(interp, "ii");
pdd = Ch_SymbolAddrByName(interp, "dd");

p2 = Ch_SymbolAddrByName(interp, "p");
pa = Ch_SymbolAddrByName(interp, "a");
sp = Ch_SymbolAddrByName(interp, "s");
obtain the addresses of the Ch global variakilesld, p, a , ands of int, double, pointer to int, array

of int, and structure types, respectively. The functiorscal

Ch_ExprEval(interp, "ii++");
Ch_ExprEval(interp, "dd = dd + ii + 2*(1+pow(2.0,3))");
Ch_ExprEval(interp, "func()");

evaluate expressions
li++
dd = dd + ii + 2*(1+pow(2.0,3))
func()
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* File Name: userdefinedsymbol.c

* * * * ****************/
#include<stdio.h>
#include<embedch.h>

int main() {
Chinterp_t interp;
int status;
char *argvv[]={"userdefinedsymbol.ch", NULL};

Ch_Initialize(&interp, NULL);
status = Ch_RunScript(interp,argwv);
processUserDefined(interp, "s");
/*
processUserDefined(interp, "sp");
processUserDefined(interp, "sa");
*/
Ch_End(interp);
return O;

}

int processUserDefined(Chinterp_t interp, const char *na me) {
int i, n = 1, index, totalnum;
char *addr;
ChUserDefinedTag_t udtag;
ChUserDefinedInfo_t udinfo;
ChMeminfo_t meminfo;

if(Ch_ArrayType(interp, name) &&
(Ch_DataType(interp, name) == CH_STRUCTTYPE ||
Ch_DataType(interp, name) == CH_CLASSTYPE))

{
}

n = Ch_ArrayExtent(interp, name, 0); /* assume it is 1-dim ar ray */

addr = Ch_SymbolAddrByName(interp, name);
if(Ch_DataType(interp, name) == CH_STRUCTPTRTYPE ||
Ch_DataType(interp, name) == CH_CLASSPTRTYPE)

{

}
printf("The address of the variable %p\n", addr);

addr = *(void **)addr;

udtag = Ch_UserDefinedTag(interp, name);
printf("The user defined tag is %p\n", udtag);
Ch_UserDefinedInfo(interp, udtag, &udinfo);

printf("udinfo.dtype == CH_STRUCTTYPE = %d\n", udinfo.dt ype == CH_STRUCTTYPE);
printf("The size of the struct/class/union is %d\n", udinf 0.size);

printf("The tag name of the struct/class/union is %s\n", ud info.tagname);
printf("The total number of members is %d\n", udinfo.totnu m);

for(i=0; i<n; i++) {
for(index=0; index<udinfo.totnum;index++){
Ch_UserDefinedMemInfoBylndex(interp, udtag, index, &me minfo);
printMeminfo(&meminfo, addr+i*udinfo.size);
}
}

Program 2.9: C program for obtaining information for valésbof user defined type (userdefinedsymbol.c).
38



CHAPTER 2. ACCESSING CH VARIABLES FROM C SPACE
2.4. EVALUATING EXPRESSIONS

for(index=0; index<udinfo.tothum;index++){
Ch_UserDefinedMemInfoByIndex(interp, udtag, index, &me minfo);
printf(*meminfo.offset = %d\n", meminfo.offset);

}

Ch_UserDefinedMemInfoByName(interp, udtag, "i", &memin fo);
printf("i = %d\n", *(@int *)(addr + meminfo.offset));
Ch_UserDefinedMemInfoByName(interp, udtag, "d", &memin fo);
printf("d = %f\n", *(double*)(addr + meminfo.offset));
Ch_UserDefinedMemInfoByName(interp, udtag, "p", &memin fo);
printf("p = %p\n", (int*)(addr + meminfo.offset));
Ch_UserDefinedMemInfoByName(interp, udtag, "a", &memin fo);
printf("a[0] = %d\n", *(int*)(addr + meminfo.offset));

return O;

}

int printMemInfo(ChMeminfo_t *meminfo, void *addr) {
printf("meminfo->index = %d\n", meminfo->index);
printf("meminfo->memname = %s\n", meminfo->memname);
printf("meminfo->offset = %d\n", meminfo->offset);
if(meminfo->dtype == CH_INTTYPE)
printf(*meminfo->dtype == CH_INTTYPE = 1\n");
else if(meminfo->dtype == CH_DOUBLETYPE)
printf(*meminfo->dtype == CH_DOUBLETYPE = 1\n");
else if(meminfo->dtype == CH_INTPTRTYPE)
printf("meminfo->dtype == CH_INTPTRTYPE = 1\n");
printf("meminfo->ispublic = %d\n", meminfo->ispublic);
if(meminfo->isfunc)
printf("meminfo->isfunc= %d\n", meminfo->isfunc);
if(meminfo->isconstructor)

printf("meminfo->isconstructor = %d\n", meminfo->iscon structor);
if(meminfo->isdestructor)
printf("meminfo->isdestructor = %d\n", meminfo->isdest ructor);

if(meminfo->isvararg)
printf("meminfo->isvararg = %d\n", meminfo->isvararg);
if(meminfo->arraytype) {

printf("meminfo->arraytype = %d\n", meminfo->arraytype );
printf("meminfo->dim = %d\n", meminfo->dim);
printf("meminfo->externt[0] = %d\n", meminfo->extent[0 B
printf("meminfo->externt[1] = %d\n", meminfo->extent[1l D;
}
if(meminfo->isbitfield) {
printf("meminfo->ishitfield = %d\n", meminfo->ishitfie Id);
printf("meminfo->fieldsize = %d\n", meminfo->fieldsize );
printf("meminfo->fieldoffset= %d\n", meminfo->fieldof fset);
}

if(meminfo->dtype == CH_STRUCTTYPE ||
meminfo->dtype == CH_CLASSTYPE ||
meminfo->dtype == CH_UNIONTYPE)
printf("meminfo->udtag= %p\n", meminfo->udtag);

printf("\n");

return O;

Program 2.9: C program for obtaining information for vakehbof user defined type (userdefinedsymbol.c)
(Contd.).
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&s = 50090
&s.i = 50090
&sp = 50110

&sp->i = 50090

The address of the variable 50090
The user defined tag is 59940
udinfo.dtype == CH_STRUCTTYPE = 1
The size of the struct/class/union is 48
The tag name of the struct/class/union is tag
The total number of members is 4
meminfo->index = 0
meminfo->memname = i
meminfo->offset = 0

meminfo->dtype == CH_INTTYPE = 1
meminfo->ispublic = 1

meminfo->index = 1

meminfo->memname = d

meminfo->offset = 8

meminfo->dtype == CH_DOUBLETYPE = 1
meminfo->ispublic = 1

meminfo->index = 2

meminfo->memname = p

meminfo->offset = 16

meminfo->dtype == CH_INTPTRTYPE = 1
meminfo->ispublic = 1

meminfo->index = 3
meminfo->memname = a
meminfo->offset = 20

meminfo->dtype == CH_INTTYPE = 1
meminfo->ispublic = 1
meminfo->arraytype = 80
meminfo->dim = 2

meminfo->externt[0] = 2
meminfo->externt[1] = 3
meminfo.offset = 0
meminfo.offset = 8
meminfo.offset = 16
meminfo.offset = 20

i =10

d = 20.000000

p = 500a0

a[0] = 30

Figure 2.5: Output from executingserdefinedsymbol.c
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* File Name: expreval.c
* Evaluating expression in Ch space
* * * * * ****************/
#include<stdio.h>
#include<string.h>
#include<embedch.h>

struct tag {
int i
double f;
} *sp;
int main() {
Chinterp_t interp;
int status;
char *argwv[[={"expreval.ch", NULL};
int *pii, **p2, *pa;
double *pdd;

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch function file */
status = Ch_RunScript(interp,argwv);
if(status == CH_ERROR)
printf("Error: execution of program expreval.ch failed\n ");

pii = Ch_SymbolAddrByName(interp,"ii");

pdd = Ch_SymbolAddrByName(interp,"dd");

p2 = Ch_SymbolAddrByName(interp,"p");

pa = (int *)Ch_SymbolAddrByName(interp,"a");

sp = Ch_SymbolAddrByName(interp,"s");

printf("In C, before expression evaluations:\n");

printf("ii = %d, dd = %f, *p = %d\n"*pii, *pdd, **p2);

printf("a[0] = %d, a[l] = %d, a[2] =%d\n", *pa, *(pa+l), pa[2 D
printf("s.i = %d, s.f = %f\n", sp->i, sp->f);

Ch_ExprEval(interp,"ii++");
Ch_ExprEval(interp,"dd = dd + ii + 2*(1+pow(2.0,3))");
Ch_ExprEval(interp,"func()");

printf("In C, after expression evaluations:\n");
printf("ii = %d, dd = %f, *p = %d\n"*pii, *pdd, **p2);

Ch_End(interp);

Program 2.10: Evaluating expressions in a Ch program (eapc.
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int ii = 10;
double dd = 1.1;
int *p = &ii;
int a[3] = {1,2,3};
struct tag {

int i
double f;
} s = {10,20};
printf("printed from expreval.ch, ii = %d, dd = %f\n", ii, dd
int func() {
printf("func() in expreval.ch called, ii = %d, dd = %f\n", ii , dd);
return O;
}
Program 2.11: Evaluating expressions in a Ch program (eapoh).
printed from expreval.ch, ii = 10, dd = 1.100000

In C, before expression evaluations:

ii = 10, dd = 1.100000, *p = 10

a[0] = 1, a[1l] = 2, a[2] =3

s.i = 10, s.f = 20.000000

func() in expreval.ch called, ii = 11, dd = 30.100000
In C, after expression evaluations:

ii = 11, dd = 30.100000, *p = 11

Figure 2.6: Output from executirgxpreval.c
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in the Ch space based on the current values of two varigblemddd.
The output from executing the file built froexpreval.c  is shown in Figur&2]6.

4 N\
C Space (expreval.exe)

4 N\
Ch Space main() {
/expreval.ch ) : Ch_Initialize();
li++; i Ch_RunScript();
dd = dd + i : Ch_ExprEval(interp,"ii ++");
. Ch_ExprEval(interp,"dd=dd+ii");
- i
L )= Ch_End();
i }
o J

Figure 2.7: Evaluating expressions in Ch program.

Before an expression in Ch space is evaluated by fun@inrExprEval (), it can be parsed to test if it
is syntactically correct. For example, the expressionuatan statement

Ch_ExprEval(interp, "ii++");
can be replaced by the following statements.

if(\Ch_ExprParse(interp, "ii++") {
Ch_ExprEval(interp, "ii++");

}
else {

printf("Error: Ch expression ii++ is invalid\n™);
}

Ch_ExprEval() has no way to return a value, so a global variable, sudh asr dd, in the Ch space
is used to hold the result of the expression first. It is theressed in the C space through its address using
functionCh_GlobalSymbolAddrByName() or Ch_SymbolAddrByName(). FunctionCh_ExprCalc() can
obtain the result of an expression in the Ch space directiiyont through such an intermediate variable in
the Ch space. For example, the statements

strepy(expr,"2*(1+pow(2.0,3))+cos(0.3)");

Ch_ExprCalc(interp, expr, CH_DOUBLETYPE, &result);

in ProgramZ 12 evaluate the expressexpr of 2*(1+pow(2.0,3))+cos(0.3) in the Ch space
and pass its result through the fourth argument. The dag d¢yhe fourth argument, specified by the
third argument of the function, shall be compatible with tlata type of the expression. The output from
executing the program built from in Program4.12 is showmowel
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/ * * *kkkkkkkkkkkkk

* File Name: exprcalc.c
* Evaluating expression in Ch space

****************/

#include<stdio.h>
#include<string.h>
#include<embedch.h>

int main() {
Chinterp_t interp;
int status;
double result;
char expr[512];

strepy(expr,"2*(1+pow(2.0,3))+cos(0.3)");
Ch_Initialize(&interp, NULL); /* initialize embedded Ch * /
status = Ch_ExprParse(interp,expr);
if(status==CH_ERROR) {
printf("%s is invalid.\n", expr);

}

else {
Ch_ExprCalc(interp, expr, CH_DOUBLETYPE, &result);
printf("%s = %f\n", expr, result);

}
Ch_End(interp);

Program 2.12: Evaluating an expression in the Ch spacedaixpr).

2*(1+pow(2.0,3))+cos(0.3) = 18.955336

The expression evaluated by functidBb_ExprEval() andCh_ExprCalc() may contain functions lo-
cated in function files. If the Embedded Ch is used to evalaatexpression, which may contain func-
tions, no Ch program needs to be loaded explicitly by fumgtisuch a&h_RunScript() as shown in Pro-
gram[ZIP. Variables and functions in the Ch space can alsaltbed by APICh_AppendParseScrip{)
and Ch_AppendRunScript(), without callingCh_RunScript() first, then used by APIEh_ExprParse(),
Ch_ExprEval(), andCh_ExprCalc() described in sectidn3.4.

2.5 Removing and Redeclaring Variables

Variables in the Ch space can declared inside a Ch prograteddayCh_RunScript(), Ch_RunScriptM (),
andCh_ParseScrip{). After the program is loaded and executed, additionabgleariables can be added
by the APIs Ch_AppendParseScrip{), Ch_AppendParseScriptFil), Ch_AppendRunScript(),
Ch_AppendRunScriptFile(). For example, a global variabteof int type can be declared by

Ch_AppendParseScript(interp, "int s;");

Unlike global variables, system variables remain in anaims¢ of an Embedded Ch engine when a new
program is loaded. A system variable is declared in Ch wightype qualifier__declspec(global) as
shown below.

__declspec(global) int s;

A system variable can be declared using the BR1DeclareVar() as shown below.
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/* File Name: removevar.c */
#include<stdio.h>
#include<embedch.h>

int main() {
Chinterp_t interp;
int status;
char *argvv[]={"removevar.ch", NULL};

Ch_Initialize(&interp, NULL);
status = Ch_RunScript(interp,argvv);
if(status == CH_ERROR) {
printf("Error: execution of program removevar.ch failed\ n");

}

Ch_ExprEval(interp, "printf(\"var = %d\n\",var)");

if(Ch_SymbolAddrByName(interp, "var")) {
Ch_AppendParseScript(interp,"#pragma remvar(var)");

}

Ch_AppendParseScript(interp,“float var = 100.0;");

Ch_ExprEval(interp, "printf(\"var = %f\n\",var)");
Ch_AppendParseScript(interp,"#pragma remvar(var)");
Ch_AppendParseScript(interp,"#include <array.h>");
Ch_AppendParseScript(interp,"array double var[2][3]={ 1,2,3,4,5,6};");
Ch_ExprEval(interp, "printf(\"var = \n%f\",var)");

Ch_End(interp);

Program 2.13: Removing and declaring variables in the Cbesframovevar.c).

int var = 10, b = 20;
printf("var in removevar.ch = %d\n", var);

Program 2.14: A Ch program to test removing and declaringabbas (removevar.ch).

Ch_DeclareVar(interp, "int s;");

A system variable can be changed to a new data type specifigy e APICh_DeclareTypedef). For
example, the typedefed specifieewType t of int type is used to declare a system variabjevar .

Ch_DeclareVar(interp, "int newType_t;");
Ch_DeclareTypedef(interp, "newType_t");
Ch_DeclareVar(interp, "newType_t sysvar;");

In some applications, it may be desirable to reuse someblasian the Ch space which are already
declared. Global and system variables, including varg@abfdunction type, in the Ch space can be removed
by preprocessing directivépragma . For example, the following Ch statement

#pragma remvar(var)

removes the variablevar of the global scope or system scope declared with the typeifigre
___declspec(global) in a Ch program. After a variable is removed from the symbbleaits name
can be re-used and redeclared as any other data type.

For example, when the Ch script Progr&m_P.13, loads and ®ed®rograni_2.14 using the API
Ch_RunScript(). The variablevar of int type is declared and initialized with value 10. Itsualis then
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var in removevar.ch = 10
var 10

var 100.000000

var =
1.000000 2.000000 3.000000
4.000000 5.000000 6.000000

Figure 2.8: Output of the executable program fr@movevar.c

printed out. APICh_SymbolAddrByName() returns the address of a global variable by name in the Ch
Space. If the name is not a global variable, it returns NUIoLPtogranf2.113, it is used to check whether
the variablevar exists in programremovevar.ch . If it exists, the variable is removed by the function
call

Ch_AppendParseScript(interp, "#pragma remvar(var)")

Then, the namear is redeclared as a floating-point variable of float type ariialized with the value
100.0. After it is printed out, the variable is again remavieds then redeclared as a computational array of
double type and initialized with values for each elment ef&lnray by the following statements.

Ch_AppendParseScript(interp, "#include <array.h>");
Ch_AppendParseScript(interp, "array double var[2][3]={ 1,2,3,4,5,6}";

The entire array is then printed out. The output from in PaodZ.I3 is shown in FigurE—2.8.
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Chapter 3

Calling Ch Functions from C Space

In the previous chapters, we introduced methods of acagssiriables and evaluating expressions in Ch
programs from C/C++ programs with embedded Ch. Furthermaers can call Ch functions in C/C++
programs (C space). There are four methods to call Ch furecfimm the C space. In this chapter, we will
describe these methods in detail.

3.1 Calling Ch Functions by Expression Evaluations

In addition to regular expressions, Ch function calls thapear in the form of expressions can also be
handled by function€h_ExprEval () andCh_ExprCalc(). UsingCh_ExprCalc() to evaluate an expression
which may contain functions is quite simple as illustrated®rograni 2.112.

C programfuncall.c in Prograni311 is an example of calling Ch functions by exgicgsevaluations.
The Ch progranfuncall.ch shown in Prograrfi 312 has three global variakiieswith type int,dd with
type double andetval _g with type int, as well as a Ch functiofunc() . Functionfunc() takes
an argumentrgl of type int and returns an integer with value 2f* argl . It also prints out the
current values of variablas anddd. To get the return value of the Ch function in C space, theattes
pretval _gis declared as a pointer to intin C progrdomcall.c . After the Ch prograri 312 is loaded
and executed bfuncall.c with embedded Ch, the statement below

pretval g = Ch_SymbolAddrByName(interp,"retval_g");

obtain addresses of variahletval _g declared in Ch program amufetval _g is used to keep this ad-
dress. The statement

Ch_ExprEval(interp,"retval_g = func(10)");
evaluates the expression
retval_g = func(10);

which actually is a function call in Ch space. The return gakisaved in Ch variableetval _g which
is pointed to by the C pointgoretval _g. After Ch variabledi anddd are changed by the following
expression evaluations

Ch_ExprEval(interp,"ii++");
Ch_ExprEval(interp,"dd = dd + ii");

the Ch functiorfunc () is invoked again by
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/ kkkkkkkkkkkkkk

* File Name: funcall.c
* Calling Ch functions by evaluating expressions

****************/
#include<stdio.h>
#include<string.h>
#include<embedch.h>
int main() {
Chinterp_t interp;
int status;
char *argvv[]={"funcall.ch", NULL};
int *pretval_g;
/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);
/* parse embedded Ch program indicated by argvv */
status = Ch_ParseScript(interp, argwv);
if(status == CH_ERROR)
printf("Error: parse program funcall.ch failed\n");
else {
/* execute embedded Ch program funcall.ch */
status = Ch_ExecScript(interp, argwv[0]);
if(status)
printf("Error: execute script funcall.ch failed\n");
}
pretval_g = Ch_SymbolAddrByName(interp,"retval_g");
printf("In C, the original value of *pretval_g:\n");
printf("*pretval_g = %d\n", *pretval_g);
Ch_ExprEval(interp,"retval_g = func(10)"); /* call Ch fun ction func() */
printf("In C, after the first function call:\n");
printf("*pretval_g = %d\n", *pretval_g);
Ch_ExprEval(interp,"ii++");
Ch_ExprEval(interp,"dd = dd + ii");
Ch_ExprEval(interp,"retval_g = func(ii)"); /* call Ch fun ction func() */
printf("In C, after expression evaluations and the second f unction call:\n");

printf("*pretval_g = %d\n", *pretval_g);

Ch_End(interp);

Program 3.1: Calling Ch function by expression evaluatidmscall.c).
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int ii = 10;

double dd = 1.1;

int retval_g;

int func(int argl) {
printf("\nprinted from Ch function func(), ii = %d, dd = %fi\n ", i, dd);
return 2 * argl,;

}

Program 3.2: Calling Ch function by expression evaluatidmscall.ch).

In C, the original value of *pretval_g:
*pretval_g = 0

printed from Ch function func(), ii = 10, dd = 1.100000
In C, after the first function call:
*pretval_g = 20

printed from Ch function func(), ii = 11, dd = 12.100000
In C, after expression evaluations and the second function ¢ all:
*pretval_g = 22

Figure 3.1: Output from executirfgncall.c

Ch_ExprEval(interp,"retval_g = func(ii)");

to print out the new values of these two Ch variables.

To get the return value of the function call, a global vagalibr exampleretval _g, is used as the
Ivalue of an assignment operation to save the return valdleeo€h function. Then it can be retrieved by
functionCh_GlobalSymbolAddrByName() or Ch_SymbolAddrByName() when there is no local variable
in its scope.

The output from executing the file built frofancall.c is shown in Figuré3]1.

FunctionCh_ExprCalc() can also be used to calculate an expression with functds. c

The function definition in an expression can be located innatfan file specified by the function file
path _fpath . For a generic function, its regular function version witfuaction prototype will be used.
For example, for functiorin(), the regular function

double sin(double);

will be used ifsin () is an operand of an expression.

Variables and functions in the Ch space can also be added Iy @GP AppendParseScrip() and
Ch_AppendRunScript(), without calling Ch_RunScript() first, then used by API<h_ExprParse(),
Ch_ExprEval(), andCh_ExprCalc() described in sectidn3.4.

3.2 Calling Ch Functions by Address Using ChCallFuncByAddr() and Ch _CallFuncBy:!

A Ch function in a Ch program can also be called by its addrais APl Ch_CallFuncByAddr (). The
prototype of APICh_CallFuncByAddr () is given in header fileh.h as follows.

int Ch_CallFuncByAddr(Chinterp_t interp, void *fptr, voi d *retval, ...);
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I' * * *kkkkkkkkkkkkk

* File Name: funcall2.c
* Calling Ch functions by evaluating expressions
* * * ****************/
#include<stdio.h>
#include<string.h>
#include<embedch.h>

int main() {
Chinterp_t interp;
int status;
char *argwv[]={"funcall2.ch", NULL};
void *fptr;
int retval_g;

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch function file */
status = Ch_RunScript(interp, argvv);
if(status == CH_ERROR)
printf("Error: execution of program funcall.ch failed\n" );

fptr = Ch_SymbolAddrByName(interp,"func"); /* obtain the address of the function */
Ch_CallFuncByAddr(interp, fptr, &retval_g, 10); /* call C h function func() */
printf("In C, after the first function call:\n");

printf("retval_g = %d\n", retval_g);

Ch_ExprEval(interp,"ii++");
Ch_ExprEval(interp,"dd = dd + ii");

Ch_CallFuncByAddr(interp, fptr, &retval_g, 20); /* call C h function func() */
printf("In C, after expression evaluations and the second f unction call:\n");
printf("retval_g = %d\n", retval_g);

Ch_End(interp);

Program 3.3: Calling Ch function with ARZh_CallFuncByAddr () (funcall2.c).

The first argument is an instance of Ch interpreter. The skewgument is the pointer containing the
address of the function, and the third one is the pointerainimy the address of the return value of the
called function. If the Ch function to be called takes argaotegthey will be listed following the third
argumentetval . The function returns zero on successful execution or rea-an failure.

C program funcall2.c in Program[3B is an example of calling Ch functions with API
Ch_CallFuncByAddr (). The Ch progranfuncall2.ch shown in Prograni_3l4 is similar to the one
in Prograni3R. The difference is that the global Ch variabteal _g is not used in this case. To get
the return value of the Ch function, tmetval _g is declared as an int in C space instead. After the Ch
prograni34 is executed, the statement below

fptr = Ch_SymbolAddrByName(interp,"func");
obtain the address of Ch functiémnc (). Then function call

Ch_CallFuncByAddr(interp, fptr, &retval g, 10);
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int ii = 10;
double dd = 1.1;

int func(int argl) {
printf("\nprinted from Ch function func(), ii = %d, dd = %fi\n ", i, dd);
return 2 * argl,;

}

Program 3.4: Calling Ch function with ARZh_CallFuncByAddr () (funcall2.ch).

printed from Ch function func(), ii = 10, dd = 1.100000

In C, after the first function call:

retval_g = 20

printed from Ch function func(), ii = 11, dd = 12.100000

In C, after expression evaluations and the second function ¢ all:
retval_g = 40

Figure 3.2: Output from executirfgncall2.c

invokes this Ch function by its address pointed tdity . The return value is saved in varialoltval _g,
and the integetO is passed as the argument. In the same way, the functionetaib

Ch_CallFuncByAddr(interp, fptr, &retval g, 20);

calls the same Ch function with argument2f at the second time.

The output from executing the file built frofancall2.c is shown in Figuré3]2.
A Ch function in a Ch program can also be called by its addratis APl Ch_CallFuncByAddrv ().
The prototype of APCh_CallFuncByAddrv () is given in header fileh.h as follows.

int Ch_CallFuncByAddrv(Chinterp_t interp, void *fptr, vo id *retval, va_list ap);

whereapis the variable argument list of a function obtained bystart(). Details abouth_CallFuncByAddrv ()
can be found irCh SDK User’s Guide

3.3 Calling Ch Functions by Name Using ChCallFuncByName() and Ch.CallFuncByN:z

In addition toCh_CallFuncByAddr (), API Ch_CallFuncByName() can also be used to call a Ch function
in the Ch program. In this case, the Ch function is called $yné@me instead of the address. The prototype
of API Ch_CallFuncByNamg() is given in header fileh.h as follows.

int Ch_CallFuncByName(Chlinterp_t interp, char *name, voi d *retval, ...);

The first argument is an instance of Ch interpreter. The skacgument is a string containing the name of
the function. The functiomame can be a function located in a function file specified by thecfiom file
path _fpath . For a generic function, its regular function version witfuaction prototype will be used.
For example, for functiorin(), the regular function

double sin(double);
will be used ifsin is the function name foCh_CallFuncByNameg)). The third argument is the pointer

containing the address of the return value of the calledtionc If the Ch function takes arguments, they
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* File Name: funcall3.c
* Calling Ch functions by evaluating expressions

****************/

#include<stdio.h>
#include<string.h>
#include<embedch.h>

int main() {
Chinterp_t interp;
int status;
char *argvv[]={"funcall2.ch", NULL},
void *fptr;
int retval_g;

[* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch function file */
status = Ch_RunScript(interp,argvv);
if(status == CH_ERROR)
printf("Error: execution of program funcall.ch failed\n" );

Ch_CallFuncByName(interp, "func", &retval_g, 10); /* cal I Ch function func() */
printf("In C, after the first function call:\n");
printf("retval_g = %d\n", retval_g);

Ch_ExprEval(interp,"ii++");
Ch_ExprEval(interp,"dd = dd + ii");

Ch_CallFuncByName(interp, "func", &retval_g, 20); /* cal | Ch function func() */
printf("In C, after expression evaluations and the second f unction call:\n");
printf("retval_g = %d\n", retval_g);

Ch_End(interp);

Program 3.5: Calling Ch function with ARZh_CallFuncByName() (funcall3.c).
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s N
: C Space (funcall.exe)
) L~
Ch Space i main() {
(funcall2.ch : Ch_Initialize();
func()f : Ch_RunScript();
}"' : Ch_ExprEval(interp, "func()");
. Ch_CallFuncByName(interp,"func", ...)|
- i
§ )= Ch_End();
i }
\_ J

Figure 3.3: Calling functions in Ch program.

will be listed following the third argumenttval . The function returns zero on successful execution or
non-zero on failure.

C program funcall3.c in Program[3k is an example of calling Ch functions with API
Ch_CallFuncByNamg(). Prograni-3 4 is used as the Ch program in this example rél§a illustrates how
to call a Ch function  func () by expression evaluations and API

Ch_CallFuncByNamg(). After the Ch program is loaded and executed, the statebwow
Ch_CallFuncByName(interp, "func", &retval g, 10);
invokes Ch functiorfunc () by its name. It is equivalent to statements

fptr = Ch_SymbolAddrByName(interp,"func");
Ch_CallFuncByAddr(interp, fptr, &retval g, 10);

in Progran-318. The output from executing the file built framcall3.c is the same as FigufeB.2.
The argument of functiofunc() in Prograni:3} is int type. If an argument of the Ch functiom is
pointer type, the data in the C space can be shared by thdheaimethe Ch space. The details about sharing

C space data by variables in the Ch space through functiamegts are described in detail in secfiod 4.1.
A Ch function in a Ch program can also be called by its name ARhCh_CallFuncByName\W). The
prototype of APICh_CallFuncByName\) is given in header fileh.h as follows.

int Ch_CallFuncByNamev(Chinterp_t interp, const char *na me*fptr,
void *retval, va_list ap);

whereap is the variable argument list of a function obtained bystart(). This API can be used to
implement user's own API for calling functions in the C/C+sript space as shown Progrdml]3.6. The
output from Prograrfi316. is given as follows.

retval = 5.000000
retval = 20.000000

Details aboutCh_CallFuncByName\W) can be found irCh SDK User’s Guide
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/* File: callfuncbynamev.c */
#include <stdio.h>
#include <embedch.h>

Chinterp_t interp;

/* this function Some_API() is exported and documented for u ser */
int Some_API(char *funcname, void *retval, ...) {
va_list ap;

va_start(ap, retval);

/* call Ch function by its name */
Ch_CallFuncByNamev(interp, funcname, retval, ap);
va_end(ap);

}

int main () {
char *code = "double func(int n) {int retval\
retval = 2*n; return retval;} \
int main() {printf(\"hello\n\"); return 0;}";
int c_i = 10;
double retval;

Ch_Initialize(&interp, NULL);

/* call Ch function by its name */
Some_API("hypot", &retval, 3.0, 4.0);
printf("retval = %f\n", retval);

Ch_AppendRunScript(interp,code);
Some_API("func", &retval, c_i);
printf("retval = %f\n", retval);
Ch_End(interp);

return O;

Program 3.6: Calling Ch functions using user’s own API tigtogunctionCh_CallFuncByName\).
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/* File: funcall4.c */
#include <stdio.h>
#include <embedch.h>

int main () {
Chinterp_t interp;
char *code = "double func(int n) {int retval\
retval = 2*n; return retval;} \
int main() {printf(\"hello\n\"); return 0;}";
int c_i = 10;
double retval;

Ch_Initialize(&interp, NULL);
Ch_CallFuncByName(interp, "hypot", &retval, 3.0, 4.0);
printf("retval = %f\n", retval);
Ch_AppendRunScript(interp,code);
Ch_CallFuncByName(interp, "main", &retval);
Ch_CallFuncByName(interp, "func”, &retval, c_i);
printf("retval = %fn", retval);
Ch_AppendRunScript(interp,“int ch_i;");
Ch_SetVar(interp,“ch_i", CH_INTTYPE, c_i);
Ch_ExprEval(interp,"ch_i *= 5");
Ch_ExprCalc(interp,"10*ch_i+hypot(3,4)",
CH_DOUBLETYPE, &retval);
printf("retval = %f\n", retval);
Ch_End(interp);
return O;

Program 3.7: Calling Ch function and accessing Ch variatgdated in the C space.

3.4 Calling Ch Functions and Accessing Ch Variables Createth C

In some applications, the user provides mathematical egfmes and formulas in C syntax. These mathe-
matical expressions and formulas can be sent to an embedufet @ocessing directly. Functions in func-
tion files can also be used directly in embedded Ch. Variaedunctions in the Ch space can be added by
APIs Ch_AppendParseScrip{) and Ch_AppendRunScript(), without callingCh_RunScript() first, then
used by APIs Ch_ExprParse(), Ch_ExprEval(), Ch_ExprCalc(), Ch_CallFuncByAddr (),
Ch_CallFuncByName(), andCh_CallFuncByNameVar().

For example, Prograin-3.7 calls functibppot() in a function file directly by

Ch_CallFuncByName(interp, "hypot", &retval, 3.0, 4.0);

The third argument passes back the returned value in theddaihction. Functionfunc() andmain()
are first added to the Ch space by

Ch_AppendRunScript(interp, code);

then called byCh_CallFuncByNamg). Functionmain() is optional. Unlike usingCh_RunScript(),
function main() , loaded byCh_AppendRunScript() or Ch_AppendRunScriptFile(), has to be called
explicitly usingCh_CallFuncByNamg() or other APIs. Next, functio€h_AppendRunScript() is used to
declare variableh _i in the Ch space. The variabtd _i of int type in the Ch space is assigned with the
value forc_i in the Ch space by function call

Ch_SetVar(interp, "ch_i", CH_INTTYPE, c_i);
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Details about using functioBh_SetVar() to set variables in the Ch space are described in seciibrirde
expression and formulas, including functions in functidesfi in the Ch space can be calculated by either
functions Ch_ExprEval() or Ch_ExprCalc(). FunctionCh_ExprCalc() can pass back the result of the
calculated expression. Progr&ml3.7 the expression carfiaictionhypot()  in a function file in function
call.

Ch_ExprCalc(interp, "10*ch_i+hypot(3,4)", CH_DOUBLETY PE, &retval);
The output from Prograiin-3.7 is given as follows.

retval = 5.000000

hello
retval = 20.000000
retval = 505.000000

3.5 Calling Ch Functions by Ch CallFuncByNameVar()

Both functionsCh_CallFuncByAddr (), and Ch_CallFuncByName() can be used to call functions with
different number of arguments. However, a function to bkeddy these two APIs has to be hardcoded. API
Ch_CallFuncByNameVar() can be used to call different functions with different argents dynamically.
The prototype of APCh_CallFuncByNameVar() is given in header fileh.h as follows.

int Ch_CallFuncByNameVar(Chinterp_t interp, char *name, void *retval,
void *arglist);

The first argument is an instance of Ch interpreter. The gsbaggument is a string containing the name of
the function. The functiomame can be a function located in a function file specified by thecfiom file
path _fpath . For a generic function, its regular function version witfuaction prototype will be used.
For example, for functiorin(), the regular function

double sin(double);

will be used ifsin is the function name fo€h_CallFuncByNameVar(). The third argument is the pointer
containing the address of the return value of the calledtfomc 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(). The function returns zero on successful execution orzero on failure.

C programcallfuncbynamevar.c in Progranf:3B is an example of calling Ch functions with API
Ch_CallFuncByNameVar(). Prograni3.0 is used as a Ch program in this example. Thgamoillustrates
how arguments of scalar, array, computational array, ustneH data type such as structure, class, union
are handled. Functiolunc() inthe Ch space is called by API

Ch_CallFuncByNameVar(interp, "func”, &retval, arglist) ;

in C Prograni-318. The first call uses variables in the Ch spacaguments. It is equivalent to calling
functionfunc() by

func(n_ch, m_ch, f ch, p_ch, a_ch, b_ch, c_ch, d_ch, chs, s p_ch);

in the Ch space. When functidanc() is called the second time by ARIh_CallFuncByNameVar(), it
uses values in the C space. It is equivalent to calling fondtinc() by

func(n, m, f, p, a, b, ¢, d, s, sp);
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3.5. CALLING CH FUNCTIONS BY CHCALLFUNCBYNAMEVAR()

/* File Name: callfuncbynamevar.c */
#include<stdio.h>

#include<embedch.h>

struct tag { int i; double f; } s = {10,20}, *sp=&s;

int main() {

Chinterp_t interp;

intn =2 m=3, *p = &n;

double f = 10.0;

int a[2][3] = {1, 2, 3,

4, 5, 6};
{1, 2, 3,

4, 5, 6}
{1, 2, 3,

4, 5, 6};
{1, 2, 3,

4, 5, 6};
int status, retval, dim = 2;
char *argvv[]={"callfunchynamevar.ch", NULL};
ChVvalList_t arglist;
Ch_Initialize(&interp, NULL);
status = Ch_RunScript(interp,argwv);
if(status == CH_ERROR) {

printf("Error: execution of program callfuncbynamevar.c h failed\n");
}
/* use variables and expressions in Ch space */
arglist= Ch_VarArgsCreate(interp);
Ch_VarArgsAddArgExpr(interp, &arglist, "2");
Ch_VarArgsAddArgExpr(interp, &arglist, "m_ch");
Ch_VarArgsAddArgExpr(interp, &arglist, "f_ch");
Ch_VarArgsAddArgExpr(interp, &arglist, "p_ch");
Ch_VarArgsAddArgExpr(interp, &arglist, "a_ch");
Ch_VarArgsAddArgExpr(interp, &arglist, "b_ch");
Ch_VarArgsAddArgExpr(interp, &arglist, "c_ch");
Ch_VarArgsAddArgExpr(interp, &arglist, "d_ch");
Ch_VarArgsAddArgExpr(interp, &arglist, "s_ch");
Ch_VarArgsAddArgExpr(interp, &arglist, "sp_ch");
/* equivalent of retval = func(n_ch, m_ch, f _ch, p_ch, a_ch,
b_ch, c_ch, d_ch, _chs, sp_ch); */

Ch_CallFuncByNameVar(interp, "func”, &retval, arglist) ;
Ch_VarArgsDelete(interp, arglist);

int b2][3]

int c[2][3]

int d[2][3]

/* use values in C space */

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);

/I or Ch_VarArgsAddArg(interp, &arglist, CH_CHARRAYTYPE , CH_INTTYPE, c, dim, n, m);
I Ch_VarArgsAddArg(interp, &arglist, CH_CHARRAYTYPE, C H_INTTYPE, d, dim, n, m);
Ch_VarArgsAddArg(interp, &arglist, CH_STRUCTTYPE, "tag " &S);
Ch_VarArgsAddArg(interp, &arglist, CH_STRUCTPTRTYPE, s p);

/* equivalent of retval = func(n, m, f, p, a, b, ¢, d, s, sp); *
Ch_CallFuncByNameVar(interp, "func”, &retval, arglist)
Ch_VarArgsDelete(interp, arglist);

Ch_End(interp);
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3.5. CALLING CH FUNCTIONS BY CHCALLFUNCBYNAMEVAR()

#include<array.h>
#include<stdio.h>

int n_.ch = 2, ch_m = 3, *p_ch = &n_ch;
double f ch = 10.0;
int a_ch[2][3] = {1, 2, 3,

4, 5, 6}
int b_ch[2][3] = {1, 2, 3,
4, 5, 6}
array int c_ch[2][3] = {1, 2, 3,
4, 5, 6}
array int d_ch[2][3] = {1, 2, 3,
4, 5, 6}
struct tag {
int i;
double f;

} s_ch = {10,20}, *sp_ch=&s_ch;

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)

{
printf(*func() called-------- \n");
printf("n = %d\n", n);
printf("m = %d\n", m);
printf("f = %f\n", f);
printf("*p = %d\n", *p);
printf("a[1][1] = %d\n", a[1][1]);
printf("b[1][2] = %d\n", a[1][2]);
printf("c = \n%d", c);
printf("d = \n%d", d);
printf("s.i = %d\n", s.i);
printf("sp->f = %f\n", sp->f);
return O;

}

/*

int main() {

func(n_ch, m_ch, f ch, p_ch, a_ch, b_ch, c_ch, d_ch, s_ch, s p_ch);
return O;
}
*/

Program 3.9: Ch program with function func() called Bh_CallFuncByNameVar() (callfuncby-
namevar.ch).
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Figure 3.4: Output from executirgpllifuncbynamevar.c
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3.6. CALLING CH FUNCTIONS WITH VARIABLE NUMBER OF ARGUMENTS

These two function calls in Progrdm13.8 generate the sanpeibsihown in Figuré=3l4.

In Prograniz3B8, after a variable argument list in the Ch sgaoeated by functio@h_VarArgsCreate(),
arguments of the called function is added to the list by eiftection functionCh_VarArgsAddArg () or
Ch_VarArgsAddArgExpr (). Then, the function func() in the Ch space is called by
Ch_CallFuncByNameVar(). Finally, the variable argument list is deleted ®f_VarArgsDelete().

FunctionCh_VarArgsAddArgExpr () adds an expression in the Ch space as an augment to theeangum
list. Therefore, variables in an expression shall be dedlam a Ch program before this
Ch_VarArgsAddArgExpr () is called. FunctiorCh_VarArgsAddArg () adds an expression in the C space
as an augment to the argument list. No variable in the Ch spaeds to be explicitly declared. In a typical
application, the argument listrglist is typically built dynamically through a linked list of vads or
expressions obtained from the user input. To build an argtfiet arglist ~ dynamically using function
Ch_VarArgsAddArg (), data type, array dimension, etc. may need to be obtaimethé called function,
such afunc() ,inthe hosting program such as Progfan 3.8.

The data type, array element data type, and function reypa bf an argument of a function can
be obtained by functio€h_FuncArgDataType(). If the argument of a function is array type, its array
type, dimension, and extent for each dimension can be aatdiy functionsCh_FuncArgArrayDim (),
Ch_FuncArgArrayExtent (), and Ch_FuncArgArrayType (), respectively. Whether the argument of a
function is a pointer to function, pointer to function witaniable number of arguments, and the number of
arguments of the pointer to function can be obtained by fanst Ch_FuncArgisFunc(),
Ch_FuncArglsFuncVarArg (), andCh_FuncArgFuncArgNum (), respectively. The tag name and size of
the user defined data in terms of class, structure, and uar@nfargument of a function can be obtained by

functionsCh_FuncArgUserDefinedNamé) andCh_FuncArgUserDefinedSiz€), respectively.
Argumentsc andd for function func() are computational arrays which are also called Ch arrays.
Either C or Ch array can be passed to an argument of Ch array Tyyerefore, function calls

Ch_VarArgsAddArg(interp, &arglist, CH_CARRAYTYPE, CH_lI NTTYPE, c, dim, n, m);
Ch_VarArgsAddArg(interp, &arglist, CH_CARRAYTYPE, CH_|I NTTYPE, d, dim, n, m);

for building the argument list of the second call of APt_CallFuncByNameVar() in Prograni-3.B can
be replaced by

Ch_VarArgsAddArg(interp, &arglist, CH_CHARRAYTYPE, CH_ INTTYPE, c, dim, n, m);
Ch_VarArgsAddArg(interp, &arglist, CH_CHARRAYTYPE, CH_ INTTYPE, d, dim, n, m);

Note that Prograni_3.8 does not contain functimain() . The code is processed first by API
Ch_RunScript() as if it was an initialization for a Ch script. This kind dfifialization can be useful for
handling a large script code with many functions which avelked later in the host program. For example,
header filavindows.h which contains a large number of lines of source code can&igfiocessed in the
APl Ch_RunScript(). Then, Windows APl irwindows.h can can be called by Ch functions from the host
program.

3.6 Calling Ch Functions with Variable Number of Arguments

Calling Ch functions with a variable number of argumentd @ described in this section. In all previous
examples, Ch functions take no argument or fixed number ohaegts. In practice, some Ch functions can
take variable number of arguments, for example

int funcl(va_list ap);
int func2(int i, ...);
int func3(...);
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3.6. CALLING CH FUNCTIONS WITH VARIABLE NUMBER OF ARGUMENTS

These three typical prototypes can represents almost dili@itions with variable number of arguments.
The functionfuncl () take a variable length argument lggt with type ofva _list . The functionfunc2 ()
take variable number of arguments, but at least one argurfergéxamplei , need to be passed in when
this function is called. The functiofunc3 () take variable number of arguments, and it can even have no
argument at all. The former two functions are also valid inMBereas functioriunc3 () is only valid in
Ch. This format allows a function to take any number of argutmevithout constraint on the first argument.
More information on how this format for handling functionttvia variable number of arguments can be
found inCh User’s Guide The definitions of these three functions are shown in Pro@d0.

The APlsva_start(), va_end(), va_count() andva_elementtypd) are used to handle the variable length
argument list. These APIs are described in detailBha Ch Language Environment Reference Guide

To call these Ch functions from the C space with embedded @hnpered to create Ch style variable
length argument lists in the C space first, then pass theds ts Ch functions by calling
Ch_CallFuncByNamg(), Ch_CallFuncByNameVar(), or Ch_CallFuncByAddr (). The C program with
embedded Ch to call Ch programs taking variable number ofraegts are shown in Progrdm3.11, where
APIls Ch_VarArgsCreate(), Ch_VarArgsAddArg () Ch_VarArgsAddArgVar () andCh_VarArgsDelete()
are used to create Ch style variable length argument listshe Whole procedure is as follows:
Ch_VarArgsCreate() is used first to initialize a Ch style variable length argunn list firt. Then
Ch_VarArgsAddArg () is used to add arguments with values in the C space into libis Or
Ch_VarArgsAddArgVar () is used to add arguments in the Ch space into the list. IiFiGdl_VarArgsDelete()
is used to delete this list. The result of running executablapiled from Prograri-311. is shown as Fig-
ure[35.

FunctionCh_CallFuncByNameg() used in

Ch_CallFuncByName(interp, "funcl", &retval, ap_ch);

and
Ch_CallFuncByName(interp, "func3", &retval, ap_ch);

in Prograni-3.711 can be replaced by funct@m CallFuncByNameVar(). To useCh_CallFuncByNameVar()
to call functionfunc2() in the Ch space, the first argument of functiomc2()  should also be placed
in the argument list. The code

ap_ch = Ch_VarArgsCreate(interp);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, J);
Ch_VarArgsAddArg(interp, &ap_ch, CH_FLOATTYPE, f);
Ch_CallFuncByName(interp, "func2", &retval, i, ap_ch);
Ch_VarArgsAddArg(interp, &ap_ch, CH_DOUBLETYPE, d);
Ch_CallFuncByName(interp, "func2", &retval, i, ap_ch);
Ch_VarArgsDelete(ap_ch);

in Progranf-3.111 should be changed to

ap_ch = Ch_VarArgsCreate(interp);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, i);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, J);
Ch_VarArgsAddArg(interp, &ap_ch, CH_FLOATTYPE, f);
Ch_CallFuncByNameVar(interp, "func2", &retval, ap_ch);
Ch_VarArgsAddArg(&ap_ch, CH_DOUBLETYPE, d);
Ch_CallFuncByNameVar(interp, , "func2", &retval, ap_ch)
Ch_VarArgsDelete(interp, ap_ch);
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#include <stdarg.h>
int funcl(va_list ap) {
int vacount, i, val_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);
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 func2(int i, ...) {
int vacount, val_i, i;
float val_f;
double val_d;
va_list ap;

va_start(ap, i);
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);
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);
}
}
va_end(ap);
return O;

}

int func3(...) {
int vacount, i;
va_list ap;

va_start(ap, VA_NOARG);
funcl(ap);

va_end(ap);
return O;
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3.6. CALLING CH FUNCTIONS WITH VARIABLE NUMBER OF ARGUMENTS

#include <stdio.h>
#include <embedch.h>

int main() {
Chinterp_t interp;
char *argvv[]={"callchvna.ch", NULL};
int retval, status;
inti = 5;
int j = 10;
float f=20;
double d=40;
ChVvalList_t ap_ch;

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch function file */
status = Ch_RunScript(interp, argvv);
if(status == CH_ERROR)
printf("Error: execution of program callchvna.ch failed\ n");

/* int funcl(va_list ap) */

printf("calling funcl() from C space:\n");

ap_ch = Ch_VarArgsCreate(interp);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, j);
Ch_VarArgsAddArg(interp, &ap_ch, CH_FLOATTYPE, f);
Ch_CallFuncByName(interp, "funcl", &retval, ap_ch);
Ch_VarArgsAddArg(interp, &ap_ch, CH_DOUBLETYPE, d);
Ch_CallFuncByName(interp, "funcl", &retval, ap_ch);
Ch_VarArgsDelete(interp, ap_ch);

[* int func2(int i, ...) */

printf("\ncalling func2() from C space:\n");

ap_ch = Ch_VarArgsCreate(interp);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, j);
Ch_VarArgsAddArg(interp, &ap_ch, CH_FLOATTYPE, f);
Ch_CallFuncByName(interp, "func2", &retval, i, ap_ch);
Ch_VarArgsAddArg(interp, &ap_ch, CH_DOUBLETYPE, d);
Ch_CallFuncByName(interp, "func2", &retval, i, ap_ch);
Ch_VarArgsDelete(interp, ap_ch);

/* int func3(...) */

printf("\ncalling func3() from C space:\n");

ap_ch = Ch_VarArgsCreate(interp);
Ch_VarArgsAddArg(interp, &ap_ch, CH_INTTYPE, j);
Ch_VarArgsAddArg(interp, &ap_ch, CH_FLOATTYPE, f);
Ch_CallFuncByName(interp, "func3", &retval, ap_ch);
Ch_VarArgsAddArg(interp, &ap_ch, CH_DOUBLETYPE, d);
Ch_CallFuncByName(interp, "func3", &retval, ap_ch);

/* or

Ch_CallFuncByNameVar(interp, "func3", &retval, ap_ch); */
Ch_VarArgsDelete(interp, ap_ch);

Ch_End(interp);

Program 3.11: Calling Ch functions taking variable numtdearguments (callchvna.c).
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calling funcl() from
vacount = 2

val i = 10

val_f = 20.000000
vacount = 3

val_i 10

val_f = 20.000000
val_d = 40.000000

calling func2() from
vacount = 2

val i = 10

val_f = 20.000000
vacount = 3

val i = 10

val_f = 20.000000
val_d = 40.000000

calling func3() from
vacount = 2

val i = 10

val_f = 20.000000
vacount = 3

val i = 10

val_f = 20.000000
val_d = 40.000000

3.6. CALLING CH FUNCTIONS WITH VARIABLE NUMBER OF ARGUMENTS

C space:

C space:

C space:

Figure 3.5: Output of executable compiled from Progfiami3.11

Besides using APIEh_CallFuncByNameg(), Ch_CallFuncByNameVar(), andCh_CallFuncByAddr (),
we can call Ch function by expression evaluations with ABtsExprEval() and Ch_ExprCalc(). It has
been mentioned in the pervious chapter. This method carbelssed to call Ch functions taking variable
length argument lists. For example, functidosic2 () andfunc3 () in ProgranZ3.7I0 are called in Pro-
gram[3IP by expression evaluations. The result of runnkegutable compiled from Program3l12. is
shown as Figure_3.6. Note that the functiomcl () which takes a variable length argument list cannot be
called by this method.
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3.6. CALLING CH FUNCTIONS WITH VARIABLE NUMBER OF ARGUMENTS

#include <stdio.h>
#include <embedch.h>

int main() {
Chinterp_t interp;
char *argvv[]={"callchvna.ch", NULL};
int retval, status;
int i =5;
int j = 10;
float f=20;
double d=40;

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch function file */
status = Ch_RunScript(interp, argvv);
if(status == CH_ERROR)
printf("Error: execution of program callchvna.ch failed\ n");

printf("calling func2() from C space:\n");

[* int func2(int i, ...) */

Ch_ExprEval(interp, "func2(5, 10, 20.0)");
Ch_ExprEval(interp, "func2(5, 10, 20.0, 40.0)");

printf("\ncalling func3() from C space:\n");
/* int func3(...) */

Ch_ExprEval(interp, "func3(10, 20.0)");
Ch_ExprEval(interp, "func3(10, 20.0, 40.0)");

Ch_End(interp);

Program 3.12: Calling Ch functions taking variable numbéramuments by expression evaluations
(callchvna2.c).

calling func2() from C space:
vacount = 2

val_i = 10

val_d = 20.000000

vacount = 3

val_i = 10
val_d = 20.000000
val_d = 40.000000

calling func3() from C space:
vacount = 2

val_i = 10

val_d = 20.000000

vacount = 3

val_i = 10
val_d = 20.000000
val_d = 40.000000

Figure 3.6: Output of executable compiled from Progfami3.12
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Chapter 4

Accessing C/C++ Variables from Ch Space

In ChaptefR, we discussed how to access variables in Ch §paeeC space with embedded Ch. Because
both C and Ch use the same memory layout internally, acegessinables and data in C space from Ch
space is much simpler than any other scripting languages.

Accessing global variables in C space, in static or dynaligit@aded library declared in a header file,
from Ch space has been described in ChapteiChisDK User’s GuideThe methods are readily applicable
to embedded Ch programs. However, with Embedded Ch, iotelfatween C and Ch is much simpler. This
chapter describes the methods to access variables anddsitaie C space from Ch space in an embedded
Ch program. Sectioh 2.2 in Chapfdr 2 described how to use BHeCA_SetVar() to assign values in C
space to variables in Ch space. Seclioh 4.1 illustrates b@hdre the data in C space from Ch space using
a function argument after the embedded Ch program has beentex. Sectioh 4.2 describes the method
to export or access variables in C space from an embeddedoghepn. Sectiofi’ 413 describes the method
to export or access variables in C space from an embeddedoghapn using a dynamically loaded library.

4.1 Accessing C/C++ Variables from Ch Space Through Functio Argu-
ments

The memories of scalar variables, arrays, and structur€sspace can be seamlessly shared in Ch space
and can be achieved by just simply passing the address ofeéh®eom through function calls. The concept
of sharing data in C and Ch spaces through a function argumiérie described through an example in
this section.

ProgranT4ll in C space has variabtesl of double type ana _data of an int array of 10 elements.
This C program invokes the Ch Programl4.2 with embedded GtydanctionCh_RunScript(), and then
calls Ch functionchfun () by its name using functio@€h_CallFuncByNameg(). The memory addresses
for variablesc _d andc_data in C space are passed to functiomfun () in Ch space as arguments. The
functionchfun () has no return value. The output from executing Prodraisdshown in Figuré&Zl1.

In this example, the data and memory in C space are sharedspdcie after the embedded Ch program
has been executed. Using the same technique, the data angryrianCh space can also be shared in C
space.
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4.1. ACCESSING C/C++ VARIABLES FROM CH SPACE THROUGH FUN@N ARGUMENTS

#include<stdio.h>
#include<string.h>
#include<embedch.h>

int main () {
Chinterp_t interp;
int status;
char *argvv[]={"embedch4.ch", NULL};
double c_d = 10;
int c_data[10] = {1,2,3,4,5,6,7,8,9,10};

[* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch function file */
status = Ch_RunScript(interp,argvv);
if(status == CH_ERROR)

printf("Error: execution of program embedch4.ch failed\n ");
printf("in embedch4.c, c_d = %f, c_data[0] = %d, c_data[9] = %d\n",
c_d, c_data[0], c_data[9)]);
Ch_CallFuncByName(interp, "chfun”, NULL, &c_d, c_data);
printf("in embedch4.c, c_d = %f, c_data[0] = %d, c_data[9] = %d\n",

c_d, c_data[0], c_data[9]);

c_d = 100; [* change the variable value in C space */

c_data[0] = 101; /* change the variable value in C space */

c_data[9] = 110; /* change the variable value in C space */

Ch_CallFuncByName(interp, "chfun”, NULL, &c_d, c_data);

printf("in embedch4.c, c_d = %f, c_data[0] = %d, c_data[9] = %d\n",
c_d, c_data[0], c_data[9]);

Ch_End(interp);

return O;

Program 4.1: Example of sharing data in C and Ch spaces (etmb&)l.
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4.2. ACCESSING VARIABLES IN A HEADER FILE IN C SPACE FROM CH 3FE

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

/* the main() function is not needed in this example */
int main() {

printf("embedch4.ch invoked\n");

return O;

void chfun(double *ch_d, int *ch_data) {

printf("in the Ch function chfun(), *ch_d = %f, ch_data[0] = %d, ch_data[9] = %d\n",
*ch_d, ch_data[0], ch_data[9]);
*ch_d += 1;

ch_data[0]++;
ch_data[9]++;

Program 4.2: Example of sharing data in C and Ch spaces (ainbeth).

embedch4.ch invoked
in embedch4.c, c_d = 10.000000, c_data[0] = 1, c_data[9] = 10

in the Ch function chfun(), *ch_d = 10.000000, ch_data[0] = 1 , ch_data[9] = 10

in embedch4.c, c_d = 11.000000, c_data[0] = 2, c_data[9] = 11

in the Ch function chfun(), *ch_d = 100.000000, ch_data[0] = 101, ch_data[9] = 110
in embedch4.c, c_d = 101.000000, c_data[0] = 102, c_data[9] = 111

Figure 4.1: Output from executirgmbedch4.c .

4.2 Accessing Variables in a Header File in C Space from Ch Spa

Accessing global variables in C space, in a static or dynalhgitoaded library declared in a header file,
from Ch space has been described in Chapter @hirnSDK User's Guide The methods are simple and
readily applicable to embedded Ch programs. In this secticame example presented there will be used
to illustrate how to access global variables in a main apptia program in C space by embedded Ch scripts.

Program4B is a C header file containing two global variaflesandi2 . We assume the variable
il remains unchanged after the original value is assignedresbevariablé2 will be changed during
the execution of the C program. These two variables in C spaltde exported and shared by embed-
ded Ch programs. They will be used to illustrate two methddsanadling global variables. C header file
expvar _c.h in Prograni4R, interface functions in Progranm 4.4, andiagipbn progranitZl5 will be com-
piled and linked to create the executable progmoy.exeusing a makefile in Prograin 4.6 and Progfanh 4.7
for Unix and Windows, respectively.

68



CHAPTER 4. ACCESSING C/C++ VARIABLES FROM CH SPACE
4.2. ACCESSING VARIABLES IN A HEADER FILE IN C SPACE FROM CH 3FE

#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 */

/* function prototypes */
o

#endif

Program 4.3: C header file containing global variabeggar _c.h ).

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

EXPORTCH void expvar_chdl(void *varg) {
Chinterp_t interp;
ChValList_t ap;
int *iil;
int **ji2;
printf("The variables in the C space are %d and %d\n", i1, i2) ;
Ch_VaStart(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 */
Ch_VaEnd(interp, ap);
return;

}

EXPORTCH void changeCVar_chdl() {
Chinterp_t interp;

i2 = 400; /* change value of C variable */
printf("The variables in the C space are %d and %d\n", il, i2)

return;

}

Program 4.4: The chdl functions for handling global vagsbgxpvar _chdl.c ).
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#include <stdio.h>
#include <embedch.h>

int main() {
Chinterp_t interp;
char *argvv[]={"expvar.ch", NULL};
int status;

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch program */
status = Ch_RunScript(interp, argvv);
if(status)
printf("Error: execution of program.ch failed\n");

Ch_End(interp);

Program 4.5: C program invoking embedded Ch program (prog.c

target: prog.exe

prog.exe: prog.o expvar_chdl.o
ch dllink prog.exe -embedded prog.o expvar_chdl.o
prog.o: prog.c
ch dicomp libsample.dl prog.c
expvar_chdl.o: expvar_chdl.c expvar_c.h
ch dicomp libsample.dl expvar_chdl.c -I./
clean:
rm -f *.0 *.obj *.exp *.lib *.exe

Program 4.6: Makefile for Unix (Makefile).

target: prog.exe

prog.exe: prog.obj expvar_chdl.obj
ch dllink prog.exe -embedded prog.obj expvar_chdl.obj
prog.obj: prog.c
ch dicomp libsample.dl prog.c
expvar_chdl.obj: expvar_chdl.c expvar_c.h
ch dicomp libsample.dl expvar_chdl.c -I./
clean:
rm -f *.0 *.obj *.exp *.lib *.exe

Program 4.7. Makefile for Windows (Makefile).
As described in the previous chapters, functitbopen() is used to load the application program itself

for accessing its exported variables in the Ch header filesshio Prograni-4}8. The global variabile in
Ch is declared with the same data type as the correspondibglglariableil in C. It is used to keep the
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original value of the C variable. Since the valuafin C space will be changed during the execution of the
program, not only its value, but also its address is needé&thispace. A temporary variab _ is declared

as pointer to int to keep the address of C space varigblin ProgranT4.B, so that we can get the C space
value ofi2 from Ch space using maci® defined as follows

#define 2 *i2_
Then the chdl functioexpvar _chdl () defined in Prograrii4.4 is called by statements

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

where addresses of variablés andi2 _in Ch space are passed to C space as argumedtsuafun ().
In the chdl functiorexpvar _chdl () shown in Prograrfi4l4, statements

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

assign the value dfl to the address of variablé in Ch space. Therefore, the varialile 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. The functioohangeCVar _chdl () changes the values @ and i2 in C space. The
embedded Ch script shown in ProgrBml 4.9 prints out the qooreing values ofl andi2 in Ch space
before and aftechangeCVar () is called. The2 is changed fronR00 to 400, whereasl keeps the
original value100 . The result from executing embedded Ch Prodrath 4.9 witimgplication Prograin4.5
is appended at the end of the file. Note that the funatitengeCVar() in Progranf4P calls the interface
functionchangeCVar chdl() ProgranfZl to access and change the values of the varializspace.
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#ifndef _EXPVAR_H_
#define EXPVAR_H_

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

/* load DLL */

#include <dlfcn.h>

void *_ChExpvar_handle;

#ifndef HPUX _

_ChExpvar_handle = dlopen(NULL, RTLD_LAZY);
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);

#endif

/* Get addresses of global variables in C space */
void *fptr_expvar_h;
fptr_expvar_h = disym(_ChExpvar_handle , "expvar_chdl") ;
if(fptr_expvar_h == NULL) {
printf("Error: %s(): disym(): %s\n", _ func__, dlerror() );
return;

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

#endif

Program 4.8: Ch header file for handling global variabegyar.h ).
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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() {
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", il, i2);
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

***/
Program 4.9: expvar.ch: Ch application accessing glob#bias in C space.

4.3 Accessing Variables in a Header File in C Space from Ch Spa with .dl
File

Variables and data in C space can also be accessed from Gh thpaggh a dynamically loaded library
in a .dl file, which can be illustrated by Figure 4.2. Assumat thre have a C programmbedch3.exe
in which there is a global variable_var . This C program invokes a Ch prograambedch3.ch with
embedded Ch, and then calls Ch functarfun () by its name. Our goal here is to access the C global
variablec _var from chfun (). The method we will use is to load a DLL fildbembedch3.dl in which
a chdl function returns the value otvar . Note that the type specifiéMPORTCH defined in header
file ch.h in declaration ot var in embedch3 chdl.c indicates it is an external variable and the same
memory ofc_var in embededch3.exe is used.

The source code of this example is listed in Programs 4.10.18. Besides the value afvar , the
Ch functionchfun () in Program 4111 also obtains the address of C global Variabvar by passing
the address oth _varptr , which is declared as a pointer to int, to chdl functembedch3_chdl ().
Therefore, the value af_var can be changed in Ch space and be effective after returniigtbaC space.

Note: If the global variable in C space is a typecoinst , we can obtain the value of global variable
instead of address in Ch space.

The output from executing the file built froembedch3.c is shown in Figuré4]3.
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Ch Space (embedch3.ch)

C Space

Vs

chfun() {
dirunfunc(...);

o
o

embedch3.exe

int c_var = 10;
int main() {

o

}

Ch_CaIIFuncByName(iﬁter‘p, "chfun”, NULL)

o
o

\l/

AN

libembedch3.dl

externintc_var;
EXPORTCH int embedch3_chdl() {

o
o

o
return c_var;

}

Figure 4.2: Accessing Variables in C Space from Ch Space.
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#include<stdio.h>
#include<string.h>
#include<embedch.h>

EXPORTCH int ¢c_var = 10;

int main () {
Chinterp_t interp;
int status;
char *argvv[]={"embedch3.ch", NULL};

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch function file */
status = Ch_RunScript(interp,argwv);
if(status == CH_ERROR)

printf("Error: execution of program embedch3.ch failed\n ");
printf("in embedch3.c, &c_var = %p, c_var = %d\n", &c_var, ¢ _var);
Ch_CallFuncByName(interp, "chfun”, NULL);
printf("in embedch3.c, &c_var = %p, c_var = %d\n", &c_var, ¢ _var);

c_var = 100; /* change the variable value in C space */

printf("\nin embedch3.c, &c_var = %p, c_var = %d\n", &c_var , c_var);
Ch_CallFuncByName(interp, "chfun”, NULL);
printf("in embedch3.c, &c_var = %p, c_var = %d\n", &c_var, ¢ _var);

Ch_End(interp);

return O;

Program 4.10: Example of accessing variables in C Space@ospace (embedch3.c).

75



CHAPTER 4. ACCESSING C/C++ VARIABLES FROM CH SPACE
4.3. ACCESSING VARIABLES IN A HEADER FILE IN C SPACE FROM CH 32E WITH .DL FILE

#include<dlfcn.h>

void chfun() {
void *handle, *fptr;
int ch_var, *ch_varptr;

handle = dlopen("libembedch3.dl", RTLD_LAZY);

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

}

fptr = disym(handle, "embedch3_chdl");

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

dirunfun(fptr, &ch_var, NULL, &ch_varptr);

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

}

printf("in the Ch function, ch_var = %d\n", ch_var);
*ch_varptr += 10;

Program 4.11: Example of accessing variables in C Space®oispace (embedch3.ch).

#include<ch.h>
IMPORTCH int c_var;

EXPORTCH int embedch3_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
int **c_varptr2;

Ch_VasStart(interp, ap, varg);

c_varptr2 = Ch_VaArg(interp, ap, int **);

*C_varptr2 = &c_var;

printf("in embedch3_chdl.c: &c_var = %p, c_var = %d\n", &c_ var, c_var);
Ch_VaEnd(interp, ap);

return c_var;

Program 4.12: Example of accessing variables in C Space®oispace (embedchéhdl.c).
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in embedch3.c, &c_var = 20d58, c_var = 10

in embedch3_chdl.c: & var = 20d58, ¢ var = 10
in the Ch function, ch_var = 10

in embedch3.c, &c_var = 20d58, c_var = 20

in embedch3.c, &c_var = 20d58, c_var = 100
in embedch3_chdl.c: &c_var = 20d58, c_var = 100

in the Ch function, ch_var = 100
in embedch3.c, &c_var = 20d58, c_var = 110

Figure 4.3: Output from executirgmbedch3.c .
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Chapter 5

Calling C/C++ Functions from Ch Space

At the beginning of this document, Programd 1.1 illustrdtes an embedded Ch program can be invoked
in a C application program. The Ch program can in turn caltfiams in C space. This chapter describes
methods of how to call C functions and invoke C++ class fromhgtgram.

Ch SDK User’s Guidelescribed the details on how to interface C functions and €lasses in static
or dynamical libraries in C space from Ch space when theirsggprogram is a Ch program. If the C/C++
libraries are not part of the main application program, pdeefer tocCh SDK User’'s GuideYou will need
to create a separate dynamically loaded library sudibsample.dl for interfacing with C/C++ library.

However, no separate dynamically loaded libratly file is needed for a Ch script to call C functions
or C++ classes in the main application program. These C ifumgtor C++ classes can be either stati-
cally linked to or dynamically loaded for the main applicati Sectiorf’ 511 illustrates how to call C func-
tions which are part of the main application program. Tha@@weode including Visual .NET project file
embedfuncmain.vcproj , and VC++ project files embedfuncmain.dsw and
embedfuncmain.dsp for the example described in sectiofi15.1 can be found in
in the directory CHHOME/toolkit/demos/embedch/chapters/chapter5/embe dfuncmain
File CHHOME/toolkittdemos/embedch/chapters/chapterS5/embe dfuncmain/readme
has more detailed information about setup for compilinggpms in Visual .NET and VC++. Treating
a binary C function as a system function in the Ch space,@dBIR illustrates how to call C functions even
without using function files from a Ch program. The sourceecfad this section is available in the directory
CHHOME/toolkit/demos/embedch/chapters/chapter5/decl arefunc . Sectior 5B shows
how to call back a binary C function inside an applicatiomirine Ch space. The source code for this section
is available in the directorg HHOME/toolkit/demos/embedch/chapters/chapter5/call back .
Sectiorf 5.} illustrates calling C functions from Ch spadegia dynamically loaded libradjbsample.dl
file.

Invoking C++ classes in the main application program fromhas€ript without a separatél file is
illustrated in sectiofBl5. The source code including VisSN&T and VC++ project files for the example de-

scribed in section A5 are located in
CHHOME/toolkit/demos/embedch/chapters/chapter5/embe dclassmain . Sectior &b il-

lustrates invoking C++ classes from Ch space using a dyrdinic loaded library
libsample.d| file.

5.1 Calling C Functions in the Main Program from Ch Space

ProgranT5ll invokes a Ch scriptogram.ch  shown in PrograriiBl2. The output of executable compiled
from PrograniGll is shown in FiguEe'b.1. Progran 5.2 calls @unctionsfuncl() andfunc2()
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/* File name: prog.c */

#include <stdio.h>
#include <embedch.h>
#include "sample.h"

int main() {
Chinterp_t interp;
char *argvv[]={"program.ch", NULL};
int status;

/* Call funcl() in func.c */

double d;

d = funcl(3.0);

printf("func1(3.0) in prog.c = %f\n", d);

[* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch program */
status = Ch_RunScript(interp, argvv);
if(status)
printf("Error: execution of program.ch failed\n");

Ch_End(interp);

Program 5.1: C program invoking embedded Ch program (prog.c

/* File name: program.ch */
#include <stdio.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); /I call C binary function funcl()
d2 = func2(3, 4); /I call C binary function func2()
printf("func1(3) = %f\n", dl);

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

Program 5.2: Ch Program (program.ch).

func1(3.0) in prog.c = 0.282240
sin(3) = 0.141120

hypot(3,4) = 5.000000

func1(3) = 0.282240

func2(3,4) = 10.000000

Figure 5.1: Output of executable compiled from Progfam 5.1.
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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 5.3: C function file (func.c).

shown in Prograri 83, as well as two mathematical funct®ng andhypot() declared in the stan-
dard C library header filemath.h. Progran SR is the same as one described in detail in Chame€Ch
SDK User’s Guide In that example, C functionfsincl() andfunc2() are located in a binary library.
Therefore, a separate dynamically loaded librdpgample.d| needs to be created to interface these
binary C functions.

In a typical application with Embedded Ch, C functions suefuacl() andfunc2() ,which might
be in a static or dynamical library, are located inside thecatable binary program that invokes embedded
Ch programs. To call these C functions from a Ch script, tHaeetions shall be exported so that Ch
programs can callback these binary functions. We will destrattes the mechanism for interface between
Ch and C for such callback functions.

The procedure for calling C functions from the Ch space Istht same as one described@n SDK
User's Guide.The binary module with interface wrapper is loaded first byctiondlopen(). Then, the ad-
dress of a function is obtained by functidisym(). Finally, the function is invoked by functiogirunfun ().

The dynamically loaded module is the application prograelfiin this case. The header fdample.h
for both C and Ch programs is shown in in Progfam 5.4 The hanGlesample _handle for the dynam-
ically loaded module is obtained by the programming stategme

_Chsample_handle = dlopen(NULL, RTLD_LAZY);

instead of

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

The first argument of functiodlopen()  is NULL. In HP-UX, the handlerChsample _handle is NULL
which is the default value in Ch whehsample _handle of pointer to void type is declared. The code
which is Ch specific is included in the header filemple.h in ProgranT5} using the predefined system
macro_CH_. 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.

Progranm5R calls two Ch functiorfancl() andfunc2() through function files in Progranis 5.5
and [5.6, respectively. Programsl]5.5 abd] 5.6 each makes # étlcorresponding chdl function using
dirunfun() . Then the chdl file shown in Progrdmb.7 in turn calls the hir@rfunctions. The macro in
Progranf &7

Ch_VasStart(interp, ap, varg);
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#ifndef SAMPLE_H
#define SAMPLE_H
/* funcl() and func2() use sin() and hypot() in math.h */
#include <math.h>

[*** in C/Ch space */
extern double funcl(double x);
extern double func2(double x, double vy);

#ifdef _CH_

#include <dlfcn.h>

void *_Chsample_handle;

#ifndef _HPUX_

_Chsample_handle = dlopen(NULL, 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

#endif

#endif /* SAMPLE_H */

Program 5.4: C/Ch header file (sample.h).
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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 5.5: Ch function file (funcl.chf).

double func2(double x, double y) {
void *fptr;
double retval;

fptr = disym(_Chsample_handle, "func2_chdI");

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

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

Program 5.6: Ch function file (func2.chf).

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 sfrcgybsequent use by madéh_VaArg ()
and functionCh_VaEnd(). MacroCh_VaArg () obtains arguments passed from the functmunfun () in
a function file. These macros and functions are defined in éaglér filech.h and described in detail in
Ch SDK User's Guide

Function files in Progranis 8.5 arfd 5.6 should be placed in bd@eaxtories specified by the system
variable_fpath for function file pathes as described in secfiod 1.7. Fundiles shown in Progranis3.5 and
E.4, and C wrapper file shown in Progr&ml5.7 can be creatednatitally from the header filsample.h
by using utility programc2chf and functionsprocessfile()and processcfile()as described in Chapter 3 of
Ch SDK User’s Guide
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#include <ch.h>
#include <sample.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 5.7: chdl file (samplehdl.c).
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#include <stdio.h>
#include <embedch.h>
#include "sample.h"

char *code = "\
#include \"sample.h\" \
double v = 4; \
double d;
d = func2(3, v);";

int main() {
Chinterp_t interp;
int status;
double *pd;

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch program */
status = Ch_AppendRunScript(interp, code);
if(status)

printf("Error: execution of code failed\n");
pd = Ch_SymbolAddrByName(interp,"d");
printf("d in the Ch space = %f\n", *pd);
Ch_End(interp);

Program 5.8: C program invoking scripts in the memory (progl

Progranf &1l invokes scriprogram.ch in Progranf5.R. However, scripts in the Ch space can also be
invoked in the memory in the C space without a separate ddepProgranf58 invokes the script below

#include "sample.h"
double v = 4;
double d;

d = func2(3, v);

directly in the memory byCh_AppendRunScript(). Like Prograni5R, functiofunc2() in the Ch space
calls the corresponding binary function in the C space. Taleesfor the global variabld in the Ch space
is then obtained b€h_SymbolAddrByName(). The output from executing Progrdm1.8 is as follows.

d in the Ch space = 10.000000

C header filssample.h , and program filesunc.c , sample _chdl.c , andprog.c are compiled
and linked to form an executable binary prograrag.exe so that functiorfuncl() can be called inside
programprog.c . The process for compiling and linking of programs can bemated by a Makefile
program. Makefiles in Prograris .9 dnd%.10 can be used tte@recutable prograprog.exe used in
this example for Unix and Windows, respectively, usingitytiprogramsdicomp anddllink  provided in
Ch SDK for portable compilation and linking. Similarly, gn@mprogl.c is compiled and linked against
func.c andsample _chdl.c to create a binary executable progranogl.exe

Makefile in Prograri’5.11 for Windows can also be used to cpgatgramsrog.exe  andprogl.exe
without using programdicomp anddllink
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If application programs such gsog.exe are created using other automation process such as inte-
grated development environment, compile option -DWINDQWR_INUX, -DLINUXPPC, -DSOLARIS,
-DHPUX, -DDARWIN, -DFREEBSD, -DQNX should be added whengmams such asample _chdl.c
with exported functions are compiled for Windows, Linux,|@®, HP-UX, Mac OS X, FreeBSD, QNX,

respectively. The binary objects should be linked withdiis chsdk.lib and embedch.lib in
Windows as shown in Program 5l11ldrchsdk.a and libembedch.a in other platforms to form

programprog.exe

target: prog.exe progl.exe

prog.exe: prog.o func.o sample_chdl.o
ch dllink prog.exe -embedded prog.o func.o sample_chdl.o
prog.o: prog.c
ch dicomp libsample.dl prog.c
progl.exe: progl.o func.o sample_chdl.o
ch dllink progl.exe -embedded progl.o func.o sample_chdl. o]
progl.o: progl.c
ch dicomp libsample.dl progl.c
func.o: func.c
ch dicomp libsample.dl func.c
sample_chdl.o: sample_chdl.c
ch dicomp libsample.dl sample_chdl.c -1/
clean:
rm -f *.0 *.exe

Program 5.9: Makefile to create prog.exe for Unix (Makefile).

target: prog.exe progl.exe

prog.exe: prog.obj func.obj sample_chdl.obj
ch dllink prog.exe -embedded prog.obj func.obj sample_chd l.obj
prog.obj: prog.c
ch dicomp libsample.dl prog.c
progl.exe: progl.obj func.obj sample_chdl.obj
ch dllink progl.exe -embedded progl.obj func.obj sample_c hdl.obj
progl.obj: progl.c
ch dicomp libsample.dl progl.c
func.obj: func.c
ch dicomp libsample.dl func.c
sample_chdl.obj: sample_chdl.c
ch dicomp libsample.dl sample_chdl.c -1/
clean:
del *.obj
del *.exp
del *.lib
del *.exe

Program 5.10: Makefile to create prog.exe for Windows (Mé&kefi
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#assume CHHOME is C:/ch.
#If not, change C:/ch to CHHOME such as C:/usr/local/ch

CC= cl

LD= cl

INC=-IC:/ch/extern/include -I./

CFLAG=/MD

LFLAG=C:/ch/extern/lib/chsdk.lib \
C:/ch/extern/lib/embedch.lib advapi32.lib

target: prog.exe progl.exe

prog.exe: prog.obj func.obj sample_chdl.obj

$(LD) -0 prog.exe prog.obj func.obj sample_chdl.obj $(LFL AG)
prog.obj: prog.c

$(CC) -c prog.c $(INC) $(CFLAG)
progl.exe: progl.obj func.obj sample_chdl.obj

$(LD) -o progl.exe progl.obj func.obj sample_chdl.obj $(L FLAG)
progl.obj: progl.c

$(CC) -c progl.c $(INC) $(CFLAG)
func.obj: func.c

$(CC) -c func.c $(INC) $(CFLAG)
sample_chdl.obj: sample_chdl.c

$(CC) -c sample_chdl.c $(INC) $(CFLAG)

clean:
rm -f *.0*.0bj *.exe *lib *.exp

Program 5.11: Makefile to create prog.exe for Windows (Mékeftin).

The source code for examples described in this section amglable in the directory
CHHOMEtoolkit/demos/embedch/chapters/chapter5/etiumemain/.

5.2 Calling C Functions in Main Program from Ch Without Funct ion Files

In sectiol 5.1, functionfuncl() andfunc2() are treated as regular functions using function files. To
simplify the interface to the binary C function, these twadtions can be treated as system functions in the
Ch space and defined using the AFH_DeclareFund) with the following function calls

Ch_DeclareFunc(interp,"double funcl(double x);",funcl _chdl;
Ch_DeclareFunc(interp,"double func2(double x,double vy) ;",func2_chdl);

as shown in Program512. The second argument of the fun€tiobeclareFund) is the function prototype
in the C space. The function prototypes for wrapper funetimmcl chdl() andfunc2 _chdl() in
Prograni 57 passed as the third argumehoDeclareFund) are placed in a header fdample _chdl.h
in Progranf5.713. This header file is included in Progiaml5.12.

Because function filefuncl.chf  andfunc2.chf in Programd$-5]5 and 3.6, respectively, are not
needed in this case. The header $iganple.h can be simplified as shown in Program%.14. All other files

including program.ch, func.c, sample _chdl.c , and makfiles in section/3.1 are the same. The
source code for this section is available in the directory
CHHOME/toolkit/demos/embedch/chapters/chapter5/decl arefunc
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/* File name: prog.c */

#include <stdio.h>
#include <embedch.h>
#include "sample.h"
#include "sample_chdl.h"

int main() {
Chinterp_t interp;
char *argvv[]={"program.ch", NULL};
int status;

/* Call funcl() in func.c */

double d;

d = funcl(3.0);

printf("func1(3.0) in prog.c = %f\n", d);

[* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* declare functions funcl() and func2() in the Ch space */
Ch_DeclareFunc(interp, "double funcl(double x);", funcl _chdl);
Ch_DeclareFunc(interp, "double func2(double x, double y) ;", func2_chdl);

/* run a Ch program */
status = Ch_RunScript(interp, argvv);
if(status)

printf("Error: execution of program.ch failed\n");
Ch_End(interp);

Program 5.12: C program invoking embedded Ch program gallifunction usingCh_DeclareFund)
(prog.c).

/* File name: sample_chdl.h */
#ifndef SAMPLE_CHDL_H
#define SAMPLE_CHDL_H
#include <ch.h>

EXPORTCH double funcl_chdl(void *varg);
EXPORTCH double func2_chdl(void *varg);

#endif /* SAMPLE_CHDL_H */

Program 5.13: C header file (samikedl.h).

87



CHAPTER 5. CALLING C/C++ FUNCTIONS FROM CH SPACE
5.3. CALLING BACK C FUNCTIONS IN THE MAIN PROGRAM FROM CH SPAE

/* File name: sample.h */

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

#if !defined(_CH_)

/*** in C space */

extern double funcl(double x);

extern double func2(double x, double vy);
#endif

#endif /* SAMPLE_H */

Program 5.14: C/Ch header file (sample.h).

5.3 Calling Back C Functions in the Main Program from Ch Space

In this section, callback C function in the main program frafanction in the Ch space will be demonstrated
using examples. In Progrdm 5115, the script in Prodram 5. #&ecuted first. The script contains a function
printdata() in the Ch space Without the main() function or function pitata() is not called explicitly,
this function will not be executed when the script is involkgdfunctionCh_RunScript() in Progranf5.15.

The functionprintdata() in the Ch space is called explicitly by the functi@h_CallFuncByName()
in the C space. The function returns an integer of type inte Wddues for two arguments of the function
with num of type int anddata of array of double are passed from the funct©h_CallFuncByName().
The functionprintdata() in the Ch space calls the same function in the C space insolgr&m[5.1b
through a wrapper functioprintdata  _chdl()

The header filsample.h in Progran{ 5117 obtains the handle for dynamically loadeduteoneeded
inside the functiorprintdatal() in the Ch space. If there are multiple functions, the de@nai for
functions, such aprintdata() in the Ch space, can be placed in function files.

The output from execution of Progrdm 5.15 is displayed irurefa.2.

In Programd 535 and 5116, the callback function from Ch epadixed. In some applications, it
might be desirable to call different callback functionshe {C space from a single Ch function. This next
example illustrates the technique for handling such aaekbPrograri’5.18 loads the script in Progiaml5.19
first. When the functiorcallback() is invoked explicitly by the functiorCh_CallFuncByNamg() in
the C space. The actual callback functipnntlist() in the C space is pushed into the Ch space
as an argumenfunc in the functioncallback() . Note that since the argumefinc is a pointer
to function in the C space and shall not be called directlyhim €h space, it is treated as a variable of
pointer to void. It cannot be declared as a pointer to functio Ch space. This pointer to function is
passed back to the wrapper functiomllback _chdl() . When this callback function is invoked in the
functioncallback _chdl() ,itactually calls the functioprintlist() in the C space passed from an
argument of the functio@h_CallFuncByName(). Different callback functions can be pushed into the Ch
space by the functio@h_CallFuncByNamg(). Unlike functionprintdata() in Program§5.15, function
printlist() has no return value. It illustrates how arrays of string anedted through its argument.

The output from execution of Progrdm 5.18 is displayed iruFefb.3.

The source code for examples described in this section awdlable in the directory
CHHOMEtoolkit/demos/embedch/chapters/chapterSdeak.

The C functions can be defined usifidn_DeclareFund) as system functions in the Ch space as de-
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/* File: progl.c */
#include <stdio.h>
#include <string.h>
#include <embedch.h>
#include "sample.h"

double data[4] = {10.0, 20.0, 30.0, 40.0};

int main( int argc, char *argv[] ) {
Chinterp_t interp;
int status;
int num, retval,
char *argw[] = {"embedchl.ch", NULL};

Ch_Initialize(&interp, NULL);
status = Ch_RunScript(interp, argvv);
if(status == CH_ERROR) {
printf("Error: Ch_RunScript() failed\n");
exit(1);
}
num = sizeof(data)/sizeof(double);
printf("calling the printdata() in Ch\n");
status = Ch_CallFuncByName( interp, "printdata”, &retval , num, data);
printf("retval = %d\n", retval);
printf("after calling the printdata() in Ch\n");
if(status == CH_ERROR) {
printf("Error: Ch_CallFuncByName() failed\n");
exit(1);

}
Ch_End(interp);
}

int printdata(int num, double *data) {
int i

for(i=0; i<num; i++)
printf("data[%d] = %f\n", i, datal[i]);
return 100;
}

/* this function is called from the Ch space */
EXPORTCH int printdata_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
int num, retval,
double *data;

Ch_VaStart(interp, ap, varg);

num = Ch_VaArg(interp, ap, int);

data = Ch_VaArg(interp, ap, double *);
printf("data in printdata() in C is %p\n", data);
retval = printdata(num, data);
Ch_VaEnd(interp, ap);

return retval;

Program 5.15: A C program calling back a C function from a Qicfion (progl.c).
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/* File: embedchl.ch */
#include<stdio.h>
#include "sample.h"

/* printdata() can be placed in function file printdata.chf */
int printdata(int num, double *data) {

void *fptr;

int retval;

fptr = disym(_Chsample_handle, "printdata_chdlI");

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

}

printf("data in printdata() in Ch is %p\n", data);

dirunfun(fptr, &retval, printdata, num, data);

return retval;

}

/* the function main() is optional
int main() {
double data[4] = {1.0, 2.0, 3.0, 4.0};

printdata(4, data);
return O;

Program 5.16: Ch program (embedchl.ch).

/* this header file will initialize _Chsample_handle */
#ifndef sample_H
#define sample_H

#ifdef _CH_

#include <dlfcn.h>

void *_Chsample_handle;

#ifndef HPUX _

_Chsample_handle = dlopen(NULL, RTLD_LAZY);

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

}

void _dlclose_sample(void) {
diclose(_Chsample_handle);

atexit(_dlclose_sample);
#endif
#endif

extern int printdata(int num, double *data);

#endif

Program 5.17: C/Ch header file (sample.h).
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calling the printdata() in Ch
data in printdata() in Ch is 26960
data in printdata() in C is 26960

data[0] = 10.000000
data[1] = 20.000000
data[2] = 30.000000
data[3] = 40.000000
retval = 100

after calling the printdata() in Ch

Figure 5.2: Output of executable compiled from Progiaml5.15

scribed in the sectidnd.2. No function file is needed to chlhary function using its corresponding system
function in the Ch space. Then, Progrdmsb.15[and 5.16 camohédied as shown in Prograris 5120 and
BE21, respectively. Program 5120 defines system functimtdata() using the function call below.

Ch_DeclareFunc(interp, "int printdata(int num, double *d ata);",
printdata_chdl);

Similarly, Prograni’5.8 can be replaced by Progiaml5.22;hwtontains a function call

Ch_DeclareFunc(interp, "void callback(void *func, char * *list);",
callback_chdl);
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/* File: prog2.c */
#include <stdio.h>
#include <string.h>
#include <embedch.h>

char *list]] = {"stringl", "string2", NULL};
void printlist(char **list);
typedef void (*FUNCPTR)(char **);

int main( int argc, char *argv[] )
{
Chinterp_t interp;
ChOptions_t option;
int status;
char *argwv[] = {"embedch2.ch", NULL};

Ch_Initialize(&interp, NULL);
status = Ch_RunScript(interp, argvv);
if(status == CH_ERROR) {
printf("Error: Ch_ParseScript() failed\n");
exit(1);
}

printf("calling the callback()\n");
status = Ch_CallFuncByName( interp, "callback”, NULL, pri ntlist, list);
printf("after calling the callback()\n");
if(status == CH_ERROR) {
printf("Error: Ch_CallFuncByName() failed\n");
exit(1);
}
[* status = Ch_CallFuncByName( interp, "callback”, NULL, o therFunc, list); */

Ch_End(interp);
}

void printlist(char **list) {
int i

printf("list in printlist() in C is %p\n", list);
for( i=0; list[i]; i++)
printf("list[%d] = \"%s\"\n", i, list[i]);
}

/* this function is called from the Ch space */
EXPORTCH void callback_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
void (*callback)(char**);
char **list;

Ch_VasStart(interp, ap, varg);

callback = Ch_VaArg(interp, ap, FUNCPTR);
list = Ch_VaArg(interp, ap, char**);

printf("list in callback_chdl() in C is %p\n", list);

/* now we call the real function */

callback(list);
Ch_VaEnd(interp, ap);

Program 5.18: A C program calling baxk a C function from a Qicfion (prog2.c).
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/* File: embedch2.ch */
#include <stdio.h>
#include "sample.h"

/I this prototype will not work because of the internal check ing
/I void callback(void (*func)(char **), char **list)
void callback(void *func, char **list) {
void *fptr;
fptr = disym(_Chsample_handle, "callback_chdl");
if(fptr == NULL) {
fprintf(_stderr, "Error: %s(): disym(): %s\n", _ func__, dlerror());
return;
}
printf("list in callback() in Ch is %p \n", list);
dirunfun(fptr, NULL, callback, func, list);

Program 5.19: Ch program (embedch2.ch).

calling the callback()

list in callback() in Ch is 26930
list in callback_chdl() in C is 26930
list in printlist() in C is 26930
list[0] = "stringl"

list[1] = "string2"

after calling the callback()

Figure 5.3: Output of executable compiled from Progiaml5.18
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/* File: prog3.c */

#include <stdio.h>

#include <string.h>

#include <embedch.h>

#include "sample.h"

EXPORTCH int printdata_chdl(void *varg);

double data[4] = {10.0, 20.0, 30.0, 40.0};

int main( int argc, char *argv[] ) {
Chinterp_t interp;
int status;
int num, retval,
char *argw[] = {"embedch3.ch", NULL};

Ch_Initialize(&interp, NULL);
Ch_DeclareFunc(interp, "int printdata(int num, double *d ata);",
(ChFuncdl_t)printdata_chdl);
status = Ch_RunScript(interp, argvv);
if(status == CH_ERROR) {
printf("Error: Ch_RunScript() failed\n");
exit(1);
}
num = sizeof(data)/sizeof(double);
printf("calling the printdata() in Ch\n");
status = Ch_CallFuncByName( interp, "printdata”, &retval , num, data);
printf("retval = %d\n", retval);
printf("after calling the printdata() in Ch\n");
if(status == CH_ERROR) {
printf("Error: Ch_CallFuncByName() failed\n");
exit(1);

}
Ch_End(interp);
}

int printdata(int num, double *data) {
int i

for(i=0; i<num; i++)
printf("data[%d] = %f\n", i, datal[i]);
return 100;
}

/* this function is called from the Ch space */
EXPORTCH int printdata_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
int num, retval,
double *data;

Ch_VasStart(interp, ap, varg);

num = Ch_VaArg(interp, ap, int);

data = Ch_VaArg(interp, ap, double *);
printf("data in printdata() in C is %p\n", data);
retval = printdata(num, data);
Ch_VaEnd(interp, ap);

return retval;

Program 5.20: A C program calling back a C function from a Qicfion without a function file (prog3.c).
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/* File: embedch3.ch */
#include<stdio.h>
#include "sample.h"

/* the function main() is optional */
int main() {
double data[4] = {1.0, 2.0, 3.0, 4.0};

printdata(4, data);
return O;

Program 5.21: Ch program (embedch3.ch).

5.4 Calling C Functions in the Main Program from Ch Space with.dl File

In the example in section 8.1, fisample chdl.c with interface functions shown in Progrdml5.7 is
compiled and linked with the application program withoueparate dynamically loaded library .dl file.

An alternative method with a dynamically loaded libraryfildl has been used in the past. Although this
method has been deprecated, it is described in this seding the same example presented in se¢fioh 5.1.
Functionsfuncl() andfunc2() called from Ch space are located inside the executableybpragram
that invokes embedded Ch programs. In this case, thesadoscthall be exported so that Ch programs
can callback these binary functions. The example below deirates the mechanism for interface between
Ch and C for such callback functions using a dynamically émhlibrary. Because this example uses the
same functions in sectidn$.1, we only list programs thatddiferent from the ones in the example in
sectio&1L. In this example, function fitkgcl.chf  andfunc2.chf interface filessample _chdl.c ,

Ch scriptprogram.ch , application progranprog.c are the same as before. Progfamb.23toc.c
contains two functionsuncl() andfunc2() , which are exported. To export a function for callback
from Ch scripts, the function shall be defined and prototywét type qualifierEXPORTClds shown in
ProgranT5.23. The corresponding headerddenple.h applicable in both C and Ch spaces is shown in
ProgranT5.24. Fildunc.c is compiled and linked with Prograin5.1 for prograrog.c to form an
executable binary program so that functiomcl() can be called inside prograprog.c . Unlike the
example in sectiof 8.1, the handl&hsample _handle for the dynamically loaded module is obtained
by the programming statement

_Chsample_handle = dlopen("libsample.dl", RTLD_LAZY);
which loads the module explicitly. The statement
extern void * Chsample_handle = dlopen("libsample.dl", R TLD_LAZY);

loads the dynamically loaded library when the code is parsed

The process for compiling and linking of programs can be raated by a Makefile program. Make-
files in Program$§5.25 arfld 5]26 can be used to create exeeygaiiramprog.exe and dynamically
loaded librarylibsample.dl , used in this example for Unix, respectively. The similarkefdes in in
Program§5.27 arld 528 can be used for Windows.

Similar to calling C functions in a library, for commamlink , the option-embedded is required to
make dynamically loaded library .dl file so that some litearwill be included by default. Using VC++ in
.NET in Windows, the libname following the commadttomp must have a surfix .dl so that the source
code will be compiled to use the multi-thread dynamicallgded system library.
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/* File: prog4.c */

#include <stdio.h>

#include <string.h>

#include <embedch.h>

EXPORTCH void callback_chdl(void *varg);
char *list]] = {"stringl", "string2", NULL};
void printlist(char **list);

typedef void (*FUNCPTR)(char **);

int main( int argc, char *argv[] )

{

}

Chinterp_t interp;

ChOptions_t option;

int status;

char *argwv[] = {"embedch4.ch", NULL};

Ch_Initialize(&interp, NULL);
Ch_DeclareFunc(interp, "void callback(void *func, char * *list);",
(ChFuncdl_t)callback_chdl);
/* status = Ch_RunScript(interp, argwv);
if(status == CH_ERROR) {
printf("Error: Ch_ParseScript() failed\n");
exit(1);
}

printf("calling the callback()\n");
status = Ch_CallFuncByName( interp, "callback”, NULL, pri ntlist, list);
printf("after calling the callback()\n");
if(status == CH_ERROR) {
printf("Error: Ch_CallFuncByName() failed\n");
exit(1);
}
[* status = Ch_CallFuncByName( interp, "callback”, NULL, o therFunc, list); */

Ch_End(interp);

void printlist(char **list) {

}

int i

printf("list in printlist() in C is %p\n", list);
for( i=0; list[i]; i++)
printf("list{%d] = \"%s\"\n", i, list[i]);

/* this function is called from the Ch space */
EXPORTCH void callback_chdl(void *varg) {

Chinterp_t interp;
ChVvalList_t ap;

void (*callback)(char**);
char **list;

Ch_VasStart(interp, ap, varg);

callback = Ch_VaArg(interp, ap, FUNCPTR);
list = Ch_VaArg(interp, ap, char**);

printf("list in callback_chdI() in C is %p\n", list);

/* now we call the real function */

callback(list);
Ch_VaEnd(interp, ap);
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If applications programs such as prog.exe are created ugh®y automation process such as inte-
grated development environment, compile option -DWINDQWR_INUX, -DLINUXPPC, -DSOLARIS,
-DHPUX, -DDARWIN, -DFREEBSD, -DQNX should be added when gnams such afunc.c with
exported functions are compiled for Windows, Linux, SaaHP-UX, Mac OS X, FreeBSD, QNX, respec-
tively. The binary objects should be linked with libragynbedch.lib  in Windows orlibembedch.a
in other platforms to form programrog.exe

In Windows, libraryprog.lib  will be generated at the same time whm@ng.exe s created. This li-
brary with symbols for exported functions shall be used ¢éater dynamically loaded libratypsample.d|
as shown in Program 5.28.

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

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

}

EXPORTCH

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

}

Program 5.23: C function file (func.c).
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#ifndef SAMPLE_H
#define SAMPLE_H
/* funcl() and func2() use sin() and hypot() in math.h */
#include <math.h>

[*** in Ch space */

#ifdef CH_

extern double funcl(double);

extern double func2(double, double);

#include <dlfcn.h>

void *_Chsample_handle;

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

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

}

void _dlclose_sample(void) {
diclose(_Chsample_handle);

}

atexit(_dlclose_sample);

/*** in C space */

#else

#include <ch.h>

EXPORTCH extern double funcl(double x);
EXPORTCH extern double func2(double x, double vy);
#endif

#endif /* SAMPLE_H */

Program 5.24: C/Ch header file (sample.h).

target: prog.exe

prog.exe: prog.o func.o

ch dllink prog.exe -embedded prog.o func.o
prog.o: prog.c

ch dicomp libfunc.dl prog.c
func.o: func.c

ch dicomp libfunc.dl func.c

clean:
rm *.0 *.dl *.exe

Program 5.25: Makefile to create prog.exe for Unix (Makedie).
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target: libsample.dl

libsample.dl: sample_chdl.o

ch dllink libsample.dl sample_chdl.o
sample_chdl.o: sample_chdl.c

ch dicomp libsample.dl sample_chdl.c -1/
clean:

rm *.0 *.dl *.exe

Program 5.26: Makefile to create libsample.dl for Unix (Midkedl).

target: prog.exe

prog.exe: prog.obj func.obj

ch dllink prog.exe -embedded prog.obj func.obj
prog.obj: prog.c

ch dicomp libfunc.dl prog.c
func.obj: func.c

ch dicomp libfunc.dl func.c

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

Program 5.27: Makefile to create prog.exe for Windows (Mékefke).

target: libsample.d|

libsample.dl: sample_chdl.obj

ch dllink libsample.dl -embedded sample_chdl.obj prog.li b
sample_chdl.obj: sample_chdl.c

ch dicomp libsample.dl sample_chdl.c -I./
clean:

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

Program 5.28: Makefile to create libsample.dl for Windowskefile dl).

5.5 Invoking C++ Classes in the Main Program from Ch Space

Interface Ch with classes in C++ located in a library has laastribed in Chapter [hterfacing Classes
and Member Functions in C+&f Ch SDK User's GuideDefinitions of member functions for classes are
compiled and linked to form dynamically loaded library wiille extensiondl . In many applications with
embedded Ch, class definitions in C++ space invoked from @tesare located inside the executable binary
program that invokes embedded Ch programs. In this casendingber functions of classes in C++ space
shall be exported so that Ch programs can callback thesgylmmamber functions.

Like interface C functions in an application program ddsedliin the previous sections, C++ classes in
an application can be invoked in Ch scripts with or withoutyaammically loaded library in .dl file. The
example in this section below demonstrates the mechanisnmtierface between Ch and C++ for such
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callback member functions without a dynamically loadedarp. An example using a dynamically loaded
library will be presented in next section.
This example is similar to the example described in sectiohGhapter 7 irCh SDK User’s GuidePro-

gram[5.2P contains the definition of claSkss1 with a constructoClassl::Class1() a destructor,
Classl::"Class1() , and a member functio@lass1::memfuni() in C++ space. The definitions

for the constructor, destructor, and member function afieelé in Prograni 5.30.

Member functions can be exported for callback from Ch ssrigtiead filesampclass.h  in Pro-
gram[5.2D is shared by both Ch and C++. The predefined m@ttois used to distinguish the code block
used for these two different execution and compilation remrments. This program is compiled and linked
with Progranf5.3R for programrog.cpp to form an executable binary program.

Class filesampclass.cpp  in Programi5.30, interface functiorsmmpclass _chdl.cpp in Pro-
gram [B.31l, and application program progrgmog.cpp in Program[5.32 with C++ header file
sampclass.h in Progran[5.29 are compiled and linked to create an exdeufbgramprog.exe
A Makefile program. Prografin 583 ahd3.34 can be used to dieaexecutable prograprog.exe used
in this example for Unix and Windows, respectively.
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#ifndef _SAMPCLASS_H_
#define _SAMPCLASS_H_

/******'k** for Ch Space **'k********/

#ifdef _CH_

#include <dlfcn.h>

#ifdef _HPUX_

void *g_sample_dlhandle;

#else

extern void *g_sample_dlhandle = dlopen(NULL, RTLD_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);

#endif

#endif

class Classl {
#ifndef _CH_
/********* for C++ Space **********/
private:
int m_i1;
#endif
public:
Class1();
“Classi();
int memfunl(int i);

2
#pragma importf <sampclass.chf>

#endif /* SAMPCLASS_H_ */

Program 5.29: C++/Ch header file (sampclass.h).
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#include <stdio.h>
#include "sampclass.h"

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_i1 in Classl::memfunl() = %d\n", m_il);
return m_il;

}

Program 5.30: C++ class member functions file (sampclgss.cp
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#include <stdio.h>
#include <ch.h>
#include "sampclass.h"

[F***%% member functions of Classl ******/

EXPORTCH void Classl_Classl_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
class Classl *c=new Class1();

Ch_VasStart(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;
ChvalList_t ap;
class Classl *c;
int i;
int retval;
Ch_VaStart(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;

Program 5.31: chdl file (sampclaskdl.cpp).
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/* File: prog.cpp */
#include <stdio.h>
#include <embedch.h>
#include "sampclass.h"

int main() {
Chinterp_t interp;
char *argvv[]={"script.cpp", NULL};
int status;
class Classl c1;

printf("Begin output from prog.exe:\n");
cl.memfunl(10);
printf("End output from prog.exe:\n");

[* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch program */
status = Ch_RunScript(interp, argvv);
if(status)
printf("Error: execution of script.cpp failed\n");
Ch_End(interp);
return O;

Program 5.32: C++ program invoking embedded Ch progranuog (@op).

target: prog.exe

prog.exe: prog.o sampclass.o sampclass_chdl.o
ch dllink prog.exe cplusplus -embedded prog.o sampclass.o sampclass_chdl.o
prog.o: prog.cpp
ch dicomp libclass.dl cplusplus prog.cpp
sampclass.o: sampclass.cpp
ch dicomp libclass.dl cplusplus sampclass.cpp
sampclass_chdl.o: sampclass_chdl.cpp
ch dicomp libclass.dl cplusplus sampclass_chdl.cpp

clean:
rm -f *.0 *.obj *.dl *.exe *.lib *.exp

Program 5.33: Makefile to create prog.exe for Unix (Makefile)
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target: prog.exe

prog.exe: prog.obj sampclass.obj sampclass_chdl.obj
ch dllink prog.exe cplusplus -embedded prog.obj sampclass .obj sampclass_chdl.obj

prog.obj: prog.cpp

ch dicomp libclass.dl cplusplus prog.cpp
sampclass.obj: sampclass.cpp

ch dicomp libclass.dl cplusplus sampclass.cpp
sampclass_chdl.obj: sampclass_chdl.cpp

ch dicomp libclass.dl cplusplus sampclass_chdl.cpp

clean:
rm -f *.0 *.obj *.dl *.exe *.lib *.exp

Program 5.34: Makefile to create prog.exe for Windows (Mé&kefi

Similar to C programs, if applications programs in C++ suspr@g.exe are created using other au-
tomation process such as integrated development envirgnm@mpile option -DWINDOWS, -DLINUX,
-DLINUXPPC, -DSOLARIS, -DHPUX, -DDARWIN, -DFREEBSD, -DQX should be added when pro-
grams such asampclass _chdl.cpp with exported functions are compiled for Windows, Linux,-So
laris, HP-UX, Mac OS X, FreeBSD, QNX, respectively. The lpjnabjects should be linked with library
embedch.lib  in Windows orlibembdch.a  in other platforms to form programrog.exe

Progranf5.35 is the Ch program we want to invoke from C+ spaiteambedded Ch. Itincludes header
file sampclass.h in Progranf5.29 in Ch space. The definitions of the construdestructor, and member
function for clas<Class1 in Ch space defined in Progrdm3.36 is included by headesdiigpclass.h
using the directive

#pragma importf <sampclass.chf>

Class member function filsampclass.chf  should be located in a directory specified in the system
variable_fpath for function files.

Like interface C functions in an application program from<ghipts, the handleg_sample _dlhandle
for the dynamically loaded module is obtained by the prognamg statement

g_sample_dlhandle = dlopen(NULL, RTLD_LAZY);

However, the dynamical loading of a module can be placedérisia constructor, instead of in a header file,
as shown in Prografin’5136. Similarly, the loading of the pragitself with the value of NULL for handler
g_sample _dlhandle in HP-UX is treated differently from other platforms.

When a class is instantiated at the file scope, the constrwiitdoe invoked at the parsing stage. There-

fore, the constructa€lassl::Class1() will open the dynamically loaded libratipsampclass.dl
and get the address of its binary counter part using genatiicib functionsdlopen() anddisym()
respectively. The construct@lassl::Classi() , destructorClass1::"Class1() , and member

function Class1::memfuni() in ProgranT’5.36 each calls its corresponding chdl funct&ingdirun-
fun(). Then the chdl file shown in Progrdm5.31 in turn calls the fyir@++ member functions.
The output of executable compiled from Progfamb.32 is shovwrigure[5.%.
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/* File: script.cpp */
#include "sampclass.h"

int main() {
class Classl cl;
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;

Program 5.35: Ch Program (script.cpp).
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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__, _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);
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;

Program 5.36: Ch member function file (sampclass.chf).
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m_il in Classl:Classl() = 1
Begin output from prog.exe:
m_il in Classl:memfunl() = 11
End output from prog.exe:
m_il in Classl::Classl() =
m_il in Classl::Classl() =
m_il in Classl::Classl() =
m_il in Classl::Classl() =
m_il in Classl::memfunl() = 101
m_il in Classl::memfunl() = 201
m_il in Classl:memfunl() = 301
m_il in Classl::memfunl() = 301
m_il in Classl::"Classl1() = 201
m_il in Classl::"Class1() = 301
m_il in Classl:"Classl() = 301
m_il in Classl::"Classl() = 101
m_il in Classl::"Classl() = 11

[ Y

Figure 5.4: Output of executable compiled from Progfaml5.32

Program[5.32 runs a Ch script in Program 5.35 with classelmecin the script. But, the actual
definition of the class is defined inside C++, although theredefinition of the same class with constructor,
destructor, and member functions only in Ch. In some apjpics, it may be desirable to invoke a class both
defined and declared inside C++. Progfam®b.37 and Prdgrailbi@rate such an application scenario.

Program[5.38 contains a functidanc() which has two arguments, one is a pointer to class and
the other is an integer. Header fdampclass.h  used in Prograri 588 is the same as the one used in
Progran{5.35, Header file Progrdm 3.29 with the same classitaefidefined in Prografi ’5.B6 is used in
ProgranT5.38. Program 5137 runs the Ch script in Prodrani lfy38e APICh_RunScript(). Afterward,
the functionfunc() in the Ch space in Program 5138 is called by the 8RLCallFuncByNamg(). The
classcl and integei defined inside Progral 5137 are passed to the funétiocy)

The output of executable compiled from Progflamb.37 is showigure[5.5.
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/* File: prog2.cpp */
#include <stdio.h>
#include <embedch.h>
#include "sampclass.h"

int main() {
Chinterp_t interp;
char *argvv[]={"script2.cpp", NULL};
int status, i=10, retval;
class Classl c1;

cl.memfunl(i);
/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch program */
status = Ch_RunScript(interp, argvv);
if(status)

printf("Error: execution of script2.cpp failed\n");
Ch_CallFuncByName(interp, "func”, &retval, &cl, i);
printf("retval in prog2.cpp = %d\n", retval);
Ch_End(interp);
return O;

Program 5.37: C++ program invoking embedded Ch progranag@ocpp).

/* File script2.cpp */
#include "sampclass.h"

int func(class Classl *c, int i) {
int j;

j = c->memfuni(i);
printf("i = %d j = %d in func() in script2.cpp\n", i, j);
return j+i;

Program 5.38: Ch Program (script2.cpp).

m_il in Classl:Classl() = 1

m_il in Classl:memfunl() = 11
m_il in Classl:memfunl() = 21

i =10 j = 21 in func() in script2.cpp
retval in prog2.cpp = 31

m_il in Classl::"Classl() = 21

Figure 5.5: Output of executable compiled from Progfkaml5.37
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5.6 Invoking C++ Classes in the Main Program from Ch Space wh .dl File

In the example in the previous section, flampclass _chdl.c with interface functions shown in Pro-
gram5.31 is compiled and linked with the application progmithout a separate dynamically loaded library
dlfile.

An alternative method with a dynamically loaded libraryfildl has been used in the past. Although this
method has been deprecated, it is described in this secing the same example presented in the previous
section. Because this example uses the same functions prahimus section, we only list programs that
are different from the ones in the previous example. In tiemgple, C++ header file in Progrdm5.29,
interface filesampclass _chdl.c , Chscriptscript.ch  ,application programrog.cpp are the same
as before.

To export a member function for callback from Ch scripts,nf@mber function shall be defined and pro-
totyped with the type qualifiEEXPORTCHCLASS shown in Progral 5139 for header ilanpclass.h
Progranf5.40 for class definition fismmpclass.cpp is compiled and linked with Program 5132 for pro-
gramprog.cpp to form an executable binary program. The process for cangpand linking of pro-
grams can be automated by a Makefile program. Profranh 5.4hecased to create executable program
prog.exe used in this example for Unix. The similar makefile in Progs@n#2 can be used for Windows.
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#ifndef _SAMPCLASS_H_
#define _SAMPCLASS_H_

/******'k** for Ch Space **'k********/
#ifdef _CH_
#include <dlfcn.h>
extern void *g_sample_dlhandle = dlopen("libsampclass.d I", RTLD_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);

#endif

class Classl {
#ifndef CH_
/********* for C++ SpaCe **********/
private:
int m_i1;
public:
EXPORTCHCLASS Classl();
EXPORTCHCLASS "Class1();
EXPORTCHCLASS int memfuni(int i);
#else
public:
Class1();
“Classi();
int memfunl(int i);
#endif

3
#pragma importf <sampclass.chf>

#endif /* SAMPCLASS_H_ */

Program 5.39: Ch/C++ header file (sampclass.h).
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#include <stdio.h>
#include <ch.h>
#include "sampclass.h"

Classl::Class1() {

m_il = 1;

printf("m_i1 in Classl::Classl() = %d\n", m_il);
}

Classl1::"Class1() {
printf("m_il in Classl::"Class1() = %d\n", m_il);

}

int Classl::memfuni(int i) {
m_il += i
printf("m_i1 in Classl::memfunl() = %d\n", m_il);
return m_il;

}

Program 5.40: C++ class member functions file (sampclgss.cp

target: prog.exe

prog.exe: prog.o sampclass.o

ch dllink prog.exe cplusplus -embedded prog.o sampclass.o
prog.o: prog.cpp

ch dicomp libclass.dl cplusplus prog.cpp
sampclass.o: sampclass.cpp

ch dicomp libclass.dl cplusplus sampclass.cpp

clean:
rm *.0 *.dl *.exe

Program 5.41: Makefile to create prog.exe for Unix (Makedike).

target: prog.exe

prog.exe: prog.obj sampclass.obj

ch dllink prog.exe cplusplus -embedded prog.obj sampclass .obj
prog.obj: prog.cpp

ch dicomp libclass.dl cplusplus prog.cpp
sampclass.obj: sampclass.cpp

ch dicomp libclass.dl cplusplus sampclass.cpp

clean:
rm *.obj *.dl *.exe *.lib

Program 5.42: Makefile to create prog.exe for Windows (Mékefxe).

Unlike the example in the previous section, the hanglsample _handle for the dynamically loaded
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module is obtained by the programming statement
g_sample_dlhandle = dlopen("libsampleclass.dl", RTLD L AZY);
which loads the module explicitly in Progrdm 3.43. The statnt

extern void *_Chsample_handle = dlopen("libsampleclass. dl", RTLD_LAZY);

loads the dynamically loaded library when the code is parsed
To use an instance of a class in a global variable, one magmeitie handle as a global variable in the
Ch space as follows.

void * Chsample_handle;

When a program is executed by Ah_RunScript() or Ch_ExecScript(), the destructor of the class will
delete the instance of a class in the global variable in tbgram. In this case, the library can be explicitly
loaded in the Ch space as follows.

Ch_Initialize(interp, option);

Ch_ParseScript(interp, prog);

Ch_ExprEval(interp, "_Chsample_handle = dlopen(\"libsa mpleclass.dl\", RTLD_LAZY)");
Ch_ChcCallFuncBYName(interp, Cplusfunc, retval, arg); // use an instance of class

Makefiles in Prograrhi’5.44 and Program .45 can be used to mmigrani’5.31 for Unix and Win-
dows, respectively, to create a dynamically loaded libtdrgampclass.dl . In Windows, the exe-
cutable binary prograrmprog.exe should be created first. The librapyog.lib  will be generated at the
same time wheprog.exe is created. This library with symbols for exported membeirctions shall be
used to create dynamically loaded librditysampclass.dl as shown in Program 5.45.

Note that for commandllink , the option-embedded is required to make dynamically loaded library
.dl file so that some libraries will be included by default.
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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__, _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);
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;

Program 5.43: Ch member function file (sampclass.chf).

target: libsampclass.dl

libsampclass.dl: sampclass_chdl.o
ch dllink libsampclass.dl cplusplus sampclass_chdl.o

sampclass_chdl.o: sampclass_chdl.cpp
ch dicomp libsampclass.dl cplusplus sampclass_chdl.cpp

clean:
rm -f *.0 *.dl *.exe

Program 5.44: Makefile to create libsampclass.dl for Uniakisfile dl).
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target: libsampclass.dl

libsampclass.dl: sampclass_chdl.obj
ch dllink libsampclass.dl cplusplus sampclass_chdl.obj p rog.lib

sampclass_chdl.obj: sampclass_chdl.cpp
ch dicomp libsampclass.dl cplusplus sampclass_chdl.cpp

clean:

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

Program 5.45: Makefile to create libsampclass.dl for Winsl{Makefiledl).
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Calling Special Ch Functions from C Space

In chapterd2 an@l3, we have described how to access Ch eariabd call Ch functions in Ch pro-
grams that are executed by C programs with embedded Ch. Someanly used APIs, including
Ch_SymbolAddrByName(), Ch_CallFuncByAddr() , Ch_CallFuncByName(), Ch_CallFuncByNameVar(),
andCh_ExprEval(), have been introduced with simple samples. Some variabigHearrays (VLAS), com-
putational arrays, and string typ&ging _t are available only in Ch. How to call these special Ch fumtio
involving these data types from Ch space is described irctiapter.

6.1 Calling Ch Functions with VLAs and Computational Arrays from C
Space

Calling Ch functions with VLAs from C space or with return &pf computational array is described in
this section.

6.1.1 Calling Ch Functions with Arguments of VLAs

Calling Ch functions with arguments of VLAs will be describa this section. In C space, an array is
passed to a function as a pointer only. For the C function anguments of fixed length arrays, such as

int functd(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 often obtaifneth the additional arguments, for example,
argumentsnandn for arraysa[m] andb[n][3] in the function prototypéunct2 ().

However, in the argument list of a Ch function, an array, Whian be either C array or Ch computational
array, is passed as assumed-shape array, more informawom this array, which is invisible to users, is
also passed through the argument list inexplicitly. So,a&deh function, users don’'t need to pass extra
arguments explicitly except for the array name. For exantpieprototype of Ch function with argument of
VLA could be

int funct3(int i, int a[:], int b[][:]);
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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 gsiiPls 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 ofCh_CallFuncByNameVar() .

6.1.1.1 Calling Ch Functions with Arguments of Assumed-Shae Arrays

The methods described in this section can apply to Ch fumetiwith arguments of both C arrays and Ch
computational arrays of assumed-shape. Assume that ther@€tidnfunct () defined below takes two
one-dimensional assumed-shape arrays as arguments.

int funct(int a[:], int b[:]) {

After the Ch program is loaded and executed, funcfiorct () can be called in C space as follows.

int dim, ext_a, ext_b;

int retval;

int aal[3] = {1, 2, 3}

int bbl1[2] = {4, 5};

r* o

dim = 1, ext a = 3, ext b = 2; /* dim and extent of aal and bbl, */

Ch_cCallFuncByName(interp, "funct", &retval, aal, dim, ex t a,
bbl, dim, ext_b);

r* o

The argumentaal andbbl of function Ch_CallFuncByName() are arrays in C space to be passed to the
Ch function as arguments. In most cases, the number of thenargs following the third argument of API
Ch_CallFuncByName() matchs exactly with the number of the arguments of the @iotfan to be called.
This rule doesn't apply to the case of calling a Ch functiothveirguments of VLASs, because VLAs in Ch
argument lists can provide more information in additionddr@sses whereas those in C argument list can't.
So, the users need to provide extra arguments about dim a&matewf array explicitly when a Ch function
with arguments of VLAs is called from C space. In the abovectiam definition, although the Ch function
funct () takes only two arguments, the extra argumetita , ext _a, andext _b are also passed to the
Ch function byCh_CallFuncByName(). The argumentaal andbbl are only addresses in C space, and
dim, ext _a andext _b will provide the information about the extents of arrael andbbl to the Ch
function. For the same reason, if Ch functiomct () takes an argument of X-dimensional assumed-shape
array, where X can be any integer, the users should add X asdgraments irCh_CallFuncByName() to
provide the information of extents of all dimensions of tiheg Since the Ch functiofunct () only takes
assumed-shape arrays of fixed dimension as arguments,dfedm’t need to provide the information of
dimensions in C space.

A complete sample of this case is shown in Programs 6.1[addir6Ch prograncallchvla2d.ch
shown in Prograrii6l1, the functieum?2d() is designed to calculate the sum of each element of a two-
dimensional assumed-shape araayl he functionshapd) can be used to get the information of shape of an
array in Ch space. In C prograoallichvla2d.c , sum2d() is called twice byCh_CallFuncByNameg()
to calculate the sum of arrays of different shapes. The aadyhas shape of2(x 3). In the code below,

dim =2, extl = 2; ext2 = 3; /[* dim and extents of aal */
Ch_CallFuncByName(interp, "sum2d", &sum_ret, aal, dim, e xtl, ext2);
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#include<array.h>

double sum2d(double a[:][:]) { /* function to be called from C space */
int i, j;
double retval = 0;
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;

Program 6.1: Example of calling Ch functions with argumeritassumed-shape arrays (callchvla2d.ch).

three extra argumentiim , extl , andext2 , which contain the dimension and extentsaafl , are passed
to Ch function. For arraga?, its dimension and extents are also passed as extra argaimehé function
call below.

dim = 2, extl = 3; ext2 = 4; /* dim and extents of aa2 */
Ch_CallFuncByName(interp, "sum2d", &sum_ret, aa2, extl, ext2);

Note that the dimensions of arrays in C program, suaedsandaa2 , should be the same as the dimensions
of the array argument the Ch functimam2d(). In this examplesum2d takes a 2-dimensional array as
the argument, arrays in C space should also be two dimensidmsoutput from executing this example is
shown in Figurd_8l1. If the Ch function takes the argumentroéaay of reference without constraint of
dimension, arrays with different dimensions can be passédand the information of dimensions needs to
be passed. This special case will be discussed in the ndidrsec

6.1.1.2 Calling Ch Functions with Arguments of Arrays of Retrence

In this section we will describe how to call Ch function wittyament of arrays of reference from C space.
Assume that the Ch functiofunct () defined below takes an array of reference with one dimena
argument.

int funct(array int a[&]) {

}
After the Ch program is loaded and executed, funcfiorct () can be called in C space as follows.
int dim, ext;
int retval;
int aal[3] = {1, 2, 3};
r* %

dim = 1; /* dimension of aal */

ext = 3; /* extents of aal */

Ch_CallFuncByName(interp, "funct", &retval, aal, dim, ex t);
I* ...*l
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#include<stdio.h>
#include<string.h>
#include<embedch.h>

int main() {
Chinterp_t interp;
int status;
char *argvv[]={"callchvla2d.ch", NULL};
int dim, extl, ext2;
double sum_ret;
double aal[2][3] = { 1, 2, 3,
4, 5, 6}

double aa2[3][4] = { 1, 2, 3, 4,
5,6, 7, 8,
9, 10, 11, 12}

[* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch function file */
status = Ch_RunScript(interp, argvv);
if(status == CH_ERROR)
printf("Error: execution of program callchvla2d.ch faile d\n");

dim = 2; /* dimension of aal and aa2 */

extl = 2; ext2 = 3; /* extents of aal */

Ch_CallFuncByName(interp, "sum2d", &sum_ret, aal, dim, e xtl, ext2);
printf("sum2d() has been called from C space and returned %f \n\n", sum_ret);
extl = 3; ext2 = 4; [* extents of aa2 */

Ch_CallFuncByName(interp, "sum2d", &sum_ret, aa2, dim, e xtl, ext2);

printf("sum2d() has been called from C space and returned %f \n", sum_ret);

Ch_End(interp);

Program 6.2: Example of calling Ch functions with argumeritassumed-shape arrays (callchvla2d.c).

ext[0] = 2
ext[1l] = 3
sum2d() has been called from C space and returned 21.000000
ext[0] = 3
ext[l] = 4

sum2d() has been called from C space and returned 78.000000

Figure 6.1: Output from executingplichvla2d.exe
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#include<array.h>

double sum2d(array double a[&][&]) { /* function to be calle d from C space */
double retval = 0;
int i, j;
array int ext[2] = shape(a);
int n = ext[0], m = ext[1];
array double aa[n][m];
aa = a;

printf("ext[0] = %d\n", ext[0]);
printf("ext[1] = %d\n", ext[1]);
fori = 0; i < n; i++)
forG = 0; j < m; j++)
retval += aali][j];

return retval;

Program 6.3: Example of calling Ch functions with argumenftarray of reference with fixed dimension
(callchvla2d.ch).

The way of calling Ch function with arguments of array of refece with fixed dimension is exactly the same
as calling Ch function with arguments of assumed-shapey avtéch has been described in the previous
section. The extra arguments providing information of etg¢®f arrays need to be passed to the Ch function.
In Ch User’s Guideit is described that arrays with different data type candmedied by the same function
with argument of array of reference. This feature cannolyapembedded Ch. The array in C space should
be the same data type as the argument of the Ch function tolled.cl other words, only arrays of type
int can be passed to functidanct () above.

ProgranT 6B is another version of Ch functsum?2d() which takes an argument of array of reference
with the fixed dimension. The C program in Progifani 6.2 stiltkgowith this Ch function. The output is the
same as Figuled.1.

If the Ch function takes the argument of an array of referamitikout constraint of dimension, arrays
with different dimensions can be passed to it. Assume tteath functionfunct () defined below takes
two one-dimensional assumed-shape arrays as arguments.

int funct(array int &a, array int &b) {

After the Ch program is loaded and executed, funcfiorct () can be called in C space as follows.

int dim_a, ext_a, dim_b, ext b 1, ext b 2;

int retval,
int aal[3] = {1, }
int bb1[2][2] = {
6, 7}
I* ..*l
dim_a = 1, ext_a = 3; /* dimension and extent of aal */
dim_b=2, ext_b_1=2, ext_b_2=2; /*dimension and extents of bb1*/
Ch_CallFuncByName(interp, "funct", &retval, aal, dim_a, ext_a,

bbl, dim_b, ext b 1, ext b 2);
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r* o

To call the Ch function from C space, the users needs to peavid only information of extents, like what
we have done in the previous section, but also the numbenwiions. The arragal is a one-dimension
array with extent of 3, wheredsbl is a two-dimension array with extents of 2 and 2. In the argume
list of Ch_CallFuncByNamg(), Extra argumentsdim _a, ext _a, dim_b ext _b_1 andext _b_2, which
contains number of dimensions and extentaaf andbbl, have been added and passed to the Ch function
funct ().

The complete sample of this case is shown in Progifanls 6.4[@Hd The Ch functiorsumNd) in
Progran &M is designed to calculate the sum of each eleniemtay a with different dimension. The
statement

aa = (array double [totnum])a;

casts arraya, which can have any dimensions, to the one-dimensionay aaawith totnum elements.
In C space (Prografm®.5), this Ch function is called twicealzwate the sum of two arrays of different
dimensions. For the arraal which has the shape df & 4), three extra argumentdim , extl andext2 ,
which represent dimensions and extents, are added aftargheental. It is shown as follows.

dim = 2; extl = 3; ext2 = 4; [* dimension and extents of aal */
Ch_CallFuncByName(interp, "sumNd", &sum_ret, aal, dim, e xtl, ext2);

For the arrayga2 which has the shape a & 3 x 4), four extra arguments, the dimensidim and extents
extl ,ext2 andext3 , are added after the argumex#t2 . It is shown as follows.

/* dimension and extents of aa2 */
dim = 3; extl = 2; ext2 = 3; ext3 = 4;
Ch_CallFuncByName(interp, "sumNd", &sum_ret, aa2, dim, e xtl, ext2, ext3);

The output from executing this example is shown in Figuré 6.2

6.1.2 Calling Ch Functions with Return Type of Computationd Array

In this section we will describe how to call Ch functions thetiurn computational arrays. Ch Functions
with return type of computational array can be called in C bg of functionsCh_SymbolAddrByName(),
Ch_CallFuncByAddr() , Ch_CallFuncByName(). The second argument of these functions shall be the the
address that will hold the returned array. The calling syggaor functions returning a fixed length array
and variable length array are the same.

Progranf 6 contains two functiofisncl() andfunc2() . Functionfuncl() returns a computa-
tional array of fixed length, whereas Functifumc1() returns a computational array of variable length.
After programreturnarray.ch is loaded, these two functions in the Ch space are callecci€tbpace
by function calls of

Ch_CallFuncByName(interp, "funcl", a);
and
Ch_CallFuncByNameVar(interp, "func2”, b, arglist);

respectively. Functiofuncl() has no argument. The argument list for the extents of themariength
array of functionfunc2() is built with values in the C space using ABh_VarArgsAddArg () in the
following two statements.
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#include<array.h>

double sumNd(array double &a) { /* function to be called from C space */
int i, tothum = 1,
double 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 double aa [totnum];

aa = (array int [tothum])a;

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

}

return retval;

Program 6.4: Example of calling Ch function with argumerftaroays of reference (callchvlaNd.ch).
Ch_VarArgsAddArg(interp, &arglist, CH_INTTYPE, n);
Ch_VarArgsAddArg(interp, &arglist, CH_INTTYPE, m);

The values of the returned array are passed back and savelrimemory for arraya andb in the C space
in the third argument of functionSh_CallFuncByName()andCh_CallFuncByNameVar(). The output of
Progranf&J7 is shown in Figufe®.3.

122



CHAPTER 6. CALLING SPECIAL CH FUNCTIONS FROM C SPACE
6.1. CALLING CH FUNCTIONS WITH VLAS AND COMPUTATIONAL ARRAYS FROM C SPACE

#include<stdio.h>
#include<string.h>
#include<embedch.h>

int main() {
Chinterp_t interp;
int status;
char *argvv[]={"callchvlaNd.ch", NULL};
int dim, extl, ext2, ext3;
double sum_ret;
double aal[3][4] = { 1, 2, 3, 4,
5 6, 7, 8,
9, 10, 11, 12}

double aa2[2][3][4] = { 1, 2, 3,
5 6, 7, 8,
9,

arR
B2 oN

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a ch function file */
status = Ch_RunScript(interp,argvv);
if(status == CH_ERROR)
printf("Error: execution of program callchvlaNd.ch faile d\n");

dim = 2; extl = 3; ext2 = 4; /* dimension and extents of aal */

Ch_CallFuncByName(interp, "sumNd", &sum_ret, aal, dim, e xtl, ext2);
printf("sumNd() has been called from C space and returned %f \n\n", sum_ret);
dim = 3; extl = 2; ext2 = 3; ext3 = 4; /[* dimension and extents of a a2 */
Ch_CallFuncByName(interp, "sumNd", &sum_ret, aa2, dim, e xtl, ext2, ext3);
printf("sumNd() has been called from C space and returned %f \n", sum_ret);

Ch_End(interp);

}
Program 6.5: Example of calling Ch function with argumeritaroays of reference (callchvlaNd.c).

ext[0] = 3

ext[l] = 4

sumNd() has been called from C space and returned 78.000000

ext[0] = 2

ext[l] = 3

ext[2] = 4

sumNd() has been called from C space and returned 156.000000

Figure 6.2: Output from executing callchvlaNd.exe
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#include<array.h>
#include<stdio.h>

array int funcl() [2][3K
array int a[2][3];
a = 10;
return a;

}

array int func2(int n, int m) [:J[:}
array int a[n][m];
a = 20;
return a;

}

int main() {
intn=2 m=3;
array int a[2][3];
array int b[2][3];

a = funcl();

b = func2(n, m);

printf("a in Ch = \n%d", a);
printf("b in Ch = \n%d", b);
return O;

Program 6.6: Ch program with functions that return comparal array (returnarray.ch).
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/ kkkkkkkkkkkkkk

* File Name: returnarray.c

****************/

#include<stdio.h>
#include<embedch.h>

int main() {
Chinterp_t interp;
intn =2 m=3;
int a[2][3], b[2][3];
int status, retval;
char *argvv[]={"returnarray.ch", NULL};
ChVvalList_t arglist;

Ch_Initialize(&interp, NULL);
status = Ch_RunScript(interp,argvv);
if(status == CH_ERROR) {
printf("Error: execution of program returnarray.ch faile d\n");

}

Ch_CallFuncByName(interp, "funcl", a);
/* or Ch_CallFuncByNameVar(interp, "funcl”, a, NULL); */
printf("a[1][1] in C = %d\n", a[1][1]);

arglist = Ch_VarArgsCreate(interp);
Ch_VarArgsAddArg(interp, &arglist, CH_INTTYPE, n);
Ch_VarArgsAddArg(interp, &arglist, CH_INTTYPE, m);
Ch_CallFuncByNameVar(interp, "func2", b, arglist);
Ch_VarArgsDelete(interp, arglist);

printf("b[1][1] in C = %d\n", b[1][1]);

Ch_End(interp);

Program 6.7: A C program calling Ch functions that return patational array (returnarray.c).

a in Ch =
10 10 10
10 10 10
b in Ch =
20 20 20
20 20 20
a[1][1] in C
b[1][1] in C

10
20

Figure 6.3: Output from executing returnarray.c

6.2 Calling Ch Functions with Built-in String Type string  _t
String is a built-in data type with type specifiring _t in Ch. In this section we will describe how to call

Ch functions with string typstring _t . The syntax for calling Ch functions with string typ&ing _t
is the same as that for calling regular Ch functions, excapthie following two constraints.
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string_t func(string_t s) {
string_t s2;
printf("s in func() = %s\n", s);
s2 = stradd(s, "ABCD");
return s2;

Program 6.8: Ch program with a function with an argument astdrn type of string typestring _t
(callstring.ch).

1. For a function with argument of string tyg&ring _t , a pointer to char shall be passed to it from C.

2. Ifthe return type of a function is string tyséring _t , the return value can be assigned to a variable
of pointer to char. The allocated memory from the functissigned to the pointer to char, needs to
be freed when it is no longer needed.

Functionsfunc() in Program 6B has an argument and return type of string $ymeg _t. The
function returns a string with a value of the combinationha# string from the input argument and string
"ABCD". After programcallstring.ch is loaded, functionsunc() in the Ch space is called in the
C space by function calls of

Ch_CallFuncByName(interp, "func", &retvalp, strl);
and
Ch_CallFuncByNameVar(interp, "func", &retvalp, arglist );

respectively. Functiofiunc() has one argument of string type. The variablel of pointer to char

is passed to functiofunc() in the first call usingCh_CallFuncByName() from C. The variablestr2

in C is passed to Ch function functidanc() through an argument list in the last argument for the API
Ch_CallFuncByNameVar(). The argument list is built with a value of type of pointer teac in the C space
using the APICh_VarArgsAddArg () in the following statement.

Ch_VarArgsAddArg(interp, &arglist, CH_CHARPTRTYPE, str 2);

The values of the returned string from the Ch function arégassl to the variableetvalp  of pointer to
char in C and printed out. The allocated memory are freedveditels. The output of Program 6.7 is shown
in Figure[&.4.
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#include <stdio.h>
#include <embedch.h>

int main() {
Chinterp_t interp;
char *argvv[]={"callstring.ch", NULL};
int status;
char *retvalp, *strl = "firstString", str2[20] = "secondSt ring";
ChValList_t arglist;

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

/* run a Ch function file */
status = Ch_RunScript(interp, argvv);
if(status == CH_ERROR)
printf("Error: execution of program callchvna.ch failed\ n");

printf("calling func() from C space:\n");
Ch_CallFuncByName(interp, "func”, &retvalp, strl);
printf("retvalp = %s\n", retvalp);

free(retvalp);

[* string_t func(string_t) */

printf("calling func() from C space:\n");

arglist = Ch_VarArgsCreate(interp);

Ch_VarArgsAddArg(interp, &arglist, CH_CHARPTRTYPE, str 2);
Ch_CallFuncByNameVar(interp, "func”, &retvalp, arglist );
Ch_VarArgsDelete(interp, arglist);

printf("retvalp = %s\n", retvalp);

free(retvalp);

Ch_End(interp);

Program 6.9: A C program calling Ch functions that stringetgtring _t (callstring.c).

calling func() from C space:
s in func() = firstString
retvalp = firstStringABCD
calling func() from C space:
s in func() = secondString
retvalp = secondStringABCD

Figure 6.4: Output from executing callstring.c
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Chapter 7

The Debug and Callback Interface to a Ch
Program

Ch has limited built-in debugging facilities. But, Embeddeh offers debug interfaces by means of a set of
interface APls. These interfaces allow the constructiodifférent kinds of debuggers, profilers, IDEs, and
other tools that can access and modify active Ch scriptshisnchapter, the debug and callback interface
to Ch scripts is described with examples. At the end, a sateptebased debugger is presented. The same
code has been used inside Ch IDE distributed in Ch ProfessiBiudent, and Evaluation Editions.

7.1 Obtaining Program and Function Information By a Callback Function

Embedded Ch offers a user-defined callback function thabeacalled during the program execution. A
callback function is added by the function

int Ch_AddCallback(Chinterp_t interp, int event, ChCallb ack t callback,
ChPointer_t clientdata, int count);

Only one callback function can be specified for an interpr&eubsequent function call &h_AddCallback()
will overwrite the previously specified events, callbackdtion, client data, and count value described be-
low. The first argumeninterp s the interpreter. The second argumewentspecifies on which events
the callback will be called. The callback function may bdezhin seven different events, each associated
with an event mask as follows.

1. Ch_.MASKCALL Just after Ch calls and enters a new function.
2. Ch_.MASKRET Just before Ch leaves the function.

3. Ch_.MASKBLOCK Just after Ch enters a new block.

4. Ch_.MASKEND Just before Ch leaves the block.
5

. Ch_.MASKLINE When Ch is about to start the execution of a new line of codeytan it jumps
back in the code (even to the same Ine).

o

Ch_MASKCOUNT After Ch executes evergountinstructions.
7. Ch_LMASKABORT When Ch is aborted bgh_Abort ().
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The above event masks can be used to specify events whigbkrttige callback function.

To avoid the callback function being called twice at the saxecuted line, the open brage follow-
ing the closing parenthesis of a function definition onlgders the function call event. It will not trigger a
block event as shown below for a Ch function.

int func()

{ /I trigger CH_MASKCALL event only
int i
{ /I trigger CH_MASKBLOCK event
} /I trigger CH_MASKEND  event
return O; /I trigger CH_MASKRET event

}

A function return event can be triggered either by a retusateshent or the ending of the function block for
the return type ofoid of a function. Multiple events are specified using the bisedr operator| . For
example, events to trigger the callback function just ait€h program calls and enters a new function, or
just before a Ch program leaves a function, can be specified by

int event = CH_MASKCALL | CHMASKRET;
Ch_AddCallback(interp, event, callback, clientdata, cou nt);

A callback function is disabled by setting the evenCio. MASKNONE . .
The third argument ofch_AddCallback() is the callback function. A callback function has type
ChcCallback_t defined as follows.

typedef void (*ChCallback_t)(Chinterp_t interp, ChBlock _t *calldata,
ChPointer_t clientdata);

The second argumemtlldata  contains the block information for the active function cogram when
the code executed is outside a function for the case of a ireate The typeChBlock_t is a structure
containing the information for a block used by functidbls_AddCallback() andCh_ChangeStacK).

typedef struct ChBlock_ {

int event; /* event for callback */

int count; /* every ’'count’ instructions for CH_MASKCOUNT * /

int level; /* int level2() {levell();} int level(){levelO( )}
int leveO() {current func}. */

int linecurrent; /* the current line num where the program
is executing. */

int linefuncbegin; /* the line number where the definition o f
the function begins. */

int linefuncend; /* the line number where the definition of t he
function ends. */

const char *source; /* the file name if the source is a file, ot herwise,

it is a string. It contains the first 70
characters beginning with "@string: " */
const char *funcname; /* function name if the block is a funct ion,

129



CHAPTER 7. THE DEBUG AND CALLBACK INTERFACE TO A CH PROGRAM
7.1. OBTAINING PROGRAM AND FUNCTION INFORMATION BY A CALLBACK FUNCTION

otherwise NULL */

const char *classname; /* class name if it is a member functio n,
otherwise NULL */

int isconstructor; /* true if it is a constructor of class,
otherwise false */

int isdestructor; [* true if it is a destructor of class,
otherwise false */

}ChBlock_t;

The details for each member of the struct@eBlock_t are described on page212. The events that trigger
the callback can be obtained inside a callback by event masikg the bit-wiseand operator&’ . For
example, the code fragment below can determine if the cHlllbaas triggered by a call event

void callback (Chinterp_t interp, ChBlock t *calldata,
ChPointer_t clientdata)

{
/I callback triggered when Ch Ch calls and enters a new functi on.
if(calldata->event & CH_MASKCALL) {
printf("event MASKCALL is true\n");
}
}

The last argumentlientdata of a callback function is a generic pointer. It points to therd data
in the fourth argument a€h_AddCallback() when the callback was added.

When the event contains the event maSkh_MASKCOUNT, the last argumentcount of
Ch_AddcCallback() specifies that the callback function will be called aftér €&ecutes evergountinstruc-
tions. The memberountof calldata  of structureChBlock_t in the callback gives the number cbunt
instructions after Ch executes to trigger the callback tionc The count argument @h_AddCallback()
and member of structur@hBlock_t is meaningful only when the even mask includds MASKCOUNT .

As an example, Ch ProgramF.1 first calls functimain() which in turn calls functiorfunci()
There is a block for an if-statement inside functiomc1()

PrograniZP will execute the script in ProgrBml 7.1 using Eddbd Ch. A callback function is added
before the script is executed by the functioh_RunScript(). The events that trigger the callback function
are function call event, function return event, enteringal event, and leaving a block event. They are
specified by the statement

mask = CH_MASKCALL | CH_MASKRET | CH_MASKBLOCK | CH_MASKEND

ProgranfZl1 calls two functiomeain() andfuncl() ,and execute a block inside an if-statement. There-
fore, the callback function will be triggered and executedtisnes. In this case, theount argument of
Ch_AddCallback() is is irrelevant. The contents for the variaBlef structuretag is passed as the client
data in the fourth argument of the functi@h_AddCallback(). This client data is passed to the callback
function callback() as the third argument. The members of the structure areedriotit when the
callback function is triggered by a call event for the fuantmain() using the following code.

if(calldata->event & CH_MASKCALL &&
Istrcmp(calldata->funcname, "main"))

{

struct tag *sp;
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int i = 40;
double g = 100;
double a[5]={1,2,3,4,5};

void funcl(int i) {
double g = 200;
int y;

printf("funcl() is called\n");
if(i) {
int i=20, z;
i=30;
printf("argument i in funcl() is true\n");

}
}

int main() {
int i = 10, x;

func(i);
return O;

}

Program 7.1: A Ch program (progl.ch).

sp = (struct tag *)clientdata;
printf("sp->i = %d, sp->d = %f\n", sp->i, sp->d);
}

The memberalldata->funcname of the calldata contains the name of the active function when
callback was triggered.

When the callback function is called, it first prints out théormation for its active function by calling
function printCalldata() . The functionprintCalldata() first prints out the event which trig-
gered the callback function. It then prints out other reiévaembers of the calldata including the count for
the eventCh_MASKCOUNT , the stack level which will be described in the next sectitwe, current line
number where the program is executing. The current line mursbuseful for many applications. For ex-
ample, an IDE may highlight the current executed line; a dgbumay trace the number of the times when
a specified line is executed. If the executed code is withimnatfon, it will print the line numbers for the
beginning and end of the active function and function nariniel active function is a member function of a
class, it wil print the the class name. Whether the active begrfunction is a constructor or destructor can
be determined by the membeasgonstructor andisdestructor , respectively. Membesource
of ChBlock_t contains the file name if the source of the executed code ig.a@therwise, it is a string
such as when the code is loaded from the memory by fun@mppendRunScript(). Either file name or
string of the code is printed out by functignintCalldata() . If the code is from a string, theource
is a string up to 70 characters starting wi@string: " . This prefix for the code of string is skipped in
the output by the statement

printf("The source code of the string is %s\n",
calldata->source+strlen("@string: ");

The output from executing Progrdm17.2 is shown in Fidurk Belcause the callback function is called
six times for the specified events, functiprnintCalldata() prints out the information of the active
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/* File Name: progl.c */
#include <stdio.h>
#include <string.h>
#include <embedch.h>

struct tag {int i; double d;};
void callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata);

int main() {
Chinterp_t interp;
char *argw[]={"progl.ch", NULL};
struct tag s ={10, 20};
int mask, count=0;
ChPointer_t clientdata;

Ch_Initialize(&interp, NULL);

mask = CH_MASKCALL | CH_MASKRET | CH_MASKBLOCK | CH_MASKEND
clientdata = &s;

Ch_AddCallback(interp, mask, callback, clientdata, coun t);
Ch_RunScript(interp, argwv);

Ch_End(interp);

return O;
}
int printCalldata(ChBlock_t *calldata)
{

/* callback at the begining of a function call */

if(calldata->event & CH_MASKCALL) {
printf("event MASKCALL is true\n");

}

if(calldata->event & CH_MASKRET) {
printf("event MASKRET is true\n");

}

if(calldata->event & CH_MASKBLOCK) {
printf("event MASKBLOCK is true\n");

}

if(calldata->event & CH_MASKEND) {
printf("event MASKEND is true\n");

}

if(calldata->event & CH_MASKLINE) {
printf("event MASKLINE is true\n");

}

if(calldata->event & CH_MASKCOUNT) {
printf("event MASKCOUNT is true\n");

}

if(calldata->event & CH_MASKABORT) {
printf("event MASKABORT is true\n");

}

if(calldata->event & CH_MASKCOUNT) {
printf("The count number is %d\n", calldata->count);

}
printf("The stack level is %d\n", calldata->level);
printf("The current line number is %d\n", calldata->linec urrent);

Program 7.2: C program with a callback function (prog1l.c).
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if(calldata->classname) {
printf("Member function %s::%s() starts at line %d \n",

calldata->classname, calldata->funcname, calldata->li nefuncbegin);
printf("Member function %s::%s() ends at line %d \n",

calldata->classname, calldata->funcname, calldata->li nefuncend);
printf("Member function %s::%s() \n", calldata->classna me,

calldata->funcname);
printf("Class name is %s \n", calldata->classname);
if(calldata->isconstructor)
printf("Member function %s::%s() is a constructor \n",
calldata->classname, calldata->funcname);
if(calldata->isdestructor)
printf("Member function %s::%s() is a destructor\n”,
calldata->classname, calldata->funcname);

else if(calldata->funcname) {
printf("Function %s() starts at line %d \n",
calldata->funcname, calldata->linefuncbegin);
printf("Function %s() ends at line %d \n",
calldata->funcname, calldata->linefuncend);
printf("The function name is %s()\n", calldata->funcname );

}

if(calldata->source) {
if(!strncmp(calldata->source, "@string: ", strlen("@st ring: ")) {
printf("The source code of the string is %s\n",
calldata->source+strlen("@string: "));

}
else {
printf("The current file name is %s\n", calldata->source)
}
}
else {
printf("No source information\n");
}
return O;
}
void callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata)
{
int *p;
printCalldata(calldata);
p = (int *)Ch_SymbolAddrByName(interp, "i");
if(0 == NULL)
printf("i is not available\n");
else
printf("i = %d\n", *p);
/* print out client data and callback info once */
if(calldata->event & CH_MASKCALL && !strcmp(calldata->f uncname, "main"))
{
struct tag *sp;
sp = (struct tag *)clientdata;
printf("sp->i = %d, sp->d = %f\n", sp->i, sp->d);
}
printf("\n");
}

Program 7.2: C program with a callback function (progl.artd.).
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event MASKCALL is true

The stack level is 0

The current line number is 17
Function main() starts at line 17
Function main() ends at line 22
The function name is main()

The current file name is progl.ch
i=0

sp->i = 10, sp->d = 20.000000

event MASKCALL is true

The stack level is 0

The current line number is 5
Function funcl() starts at line 5
Function funcl() ends at line 15
The function name is funcl()
The current file name is progl.ch
i =10

funcl() is called

event MASKBLOCK is true

The stack level is 0

The current line number is 10
Function funcl() starts at line 5
Function funcl() ends at line 15
The function name is funcl()
The current file name is progl.ch
i=0

argument i in funcl() is true
event MASKEND is true

The stack level is 0

The current line number is 14
Function funcl() starts at line 5
Function funcl() ends at line 15
The function name is funcl()
The current file name is progl.ch
i =30

event MASKRET is true

The stack level is 0

The current line number is 15
Function funcl() starts at line 5
Function funcl() ends at line 15
The function name is funcl()
The current file name is progl.ch
i =10

event MASKRET is true

The stack level is 0

The current line number is 21
Function main() starts at line 17
Function main() ends at line 22
The function name is main()

The current file name is progl.ch
i =10

Figure 7.1: Output from executingrogl.c
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function for each event. Note that variables used as a global variable, argument for functiomcl()
and local variable inside functiomain() and if-statement block inside functidancl() . The address
of the variabla is obtained by the functio®h_SymbolAddrByName() as follows.

p = (int *)Ch_SymbolAddrByName(interp, "i");

and its value is printed in the functiarallback() . FunctionCh_SymbolAddrByName() searches the
symboli inthe symbol tables within its scope. The call event for fioxcmain() will trigger the callback
function before the local variable is initialized to 10 by the initialization statement. Notet a variable
is by default initialized to 0 when its memory is allocateddh. The local variableé with the value 0 is
processed by the callback function. The output from thébaak function when it is first called due to the
call event for functiormain() appears in the first block in Figufe¥.1. The line

sp->i = 10, sp->d = 20.000000

displays the client data passed from the fourth argumentefunctionCh_AddCallback() when it was
called.

The second time when the functioallback() is triggered by the call event for the functibmc1()
the argument has the value 10 passed from the function main(). Enteriagfthtatement block before
its initialization, the local variables is 0. Before the end of the if-statement block, the value fierlocal
variablei is 30. The value for the argumentbefore leaving the functiofuncl() is 10. Similarly, the
value for the local variable inside functionmain() is 10 as shown in Figuife~1.1.

7.2 Changing Stack

The information for variables within its scope can be ol#diy various APIs inside a callback function.
For example, variablé declared in an if-statement block in ProgrBml 7.1 can be aedessing the API
Ch_SymbolAddrByName() inside functioncallback() when it is triggered by either beginning block
or end block event. The ARTh_SymbolAddrByName() can also access variables inside a function within
its scope. For example, when the callback function is trigd®y the end block event inside the if-statement
in functionfuncl() in PrograniZlL, local variables y and g inside functioncl() are accessible by
the Ch_SymbolAddrByName() in function callback() . The argument of functionfuncl() is also
accessible by th index of variables in its symbol table everugh the identifier is used for both local
variables and argument. The global variahleg, anda in Program_Zll1, however, can be accessed
by the APICh_GlobalSymbolAddrByName() even when the active statement of the executed program is
inside a function. However, it might be necessary to accasahles in the calling function such as for
a debugger. For example, when the program flow is at the engeaf-statement block inside the active
functionfuncl() ,the user callback might want to access the local variabbesdx in the calling function
main() . To access variables in a calling function, the functioclste the Ch program needs to be changed
by the APICh_ChangeStacK) with the following function prototype.

int Ch_ChangeStack(Chinterp_t interp, int level, ChBlock _t *calldata);

Function Ch_ChangeStacK) changes the interpreter runtime function stack. The r@gument
level specifies the level of the function being executed. Levelthéscurrent running function, whereas
level n+1 is the function that has called level n. The stadklva@ changed to the level O internally when
a callback function specified bgh_AddCallback() returns. However, if the stack is changed not inside a
callback function, it needs to be reset to level 0 to resuraeettecution of the original running program
The third argument of the functioGh_ChangeStacK) passes back the information for the specified level
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/* File Name: prog2.c */
#include <stdio.h>
#include <string.h>
#include <embedch.h>

void callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata);

int main(int argc, char *argv[]) {
Chinterp_t interp;
char **argwv;
int mask, count=0;
ChPointer_t clientdata = NULL;

if(argec = 2) {
printf("Usage: %s chscriptname\n”, argv[0]);
exit(EXIT_FAILURE);

}

/* create char *argwv[] = {"chscriptname”, NULL} dynamical ly */
argvww = (char **)malloc(2*sizeof(char *));

argvv[0] = argv[1];

argvv[1] NULL;

Ch_Initialize(&interp, NULL);

mask = CH_MASKCALL | CH_MASKRET | CH_MASKBLOCK | CH_MASKEND
Ch_AddCallback(interp, mask, callback, clientdata, coun t);
Ch_RunScript(interp, argwv);

Ch_End(interp);

return O;

Program 7.3: C program which changes the function stackygocd.
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void callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata)
{

int *p, level=0;

ChBlock_t calldata2;

if(calldata->event & CH_MASKEND && !strcmp(calldata->fu ncname, "funcl"))
{

printCalldata(calldata);

symbols(interp);

while(Ch_ChangeStack(interp, ++level, &calldata2) == CH _OK)

printCalldata(&calldata2);
symbols(interp);

}

int symbols(Chinterp_t interp) {
int index, totalnum, *p;
char *name;

totalnum = Ch_SymbolTotalNum(interp);
printf("The total number of symbols is %d\n", totalnum);
for(index=0; index<totalnum;index++){
printf("symbol index %d, name %s, address %#p\n", index,
Ch_SymbolNameBylIndex(interp, index),
Ch_SymbolAddrByIndex(interp, index));

}
p = (int *)Ch_SymbolAddrByName(interp, "i");

if(0 == NULL)

printf("i is not available\n\n");
else

printf("i = %d\n\n", *p);
return O;

Program 7.3: C program which changes the function staclggcd (Contd.).
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of function to the calling function. The memblevel of the argument of structur€hBlock_t contains
the level of the function or program.

Application of Ch_ChangeStacK) is illustrated by Prograriq.3. Progrdml7.3 will accessaldes
at different levels of function. Unlike Program¥.2, the fil@me of a Ch script program executed by Pro-
gramZ3B is provided in a command line argumangiv[1] . Itis then passed to the functi@h_RunScript().
so that Prografi 7.3 can execute different Ch scripts. Thieacdl does not have client data. But, the events
to trigger the callback function is the same as in ProdrainBhe statement

if(calldata->event & CH_MASKEND && !strcmp(calldata->fu ncname, "funcl"))
{

printCalldata(calldata);

symbols(interp);

while(Ch_ChangeStack(interp, ++level, &calldata2) == CH _0OK)

in the functioncallback() inside Prograni 713 indicates that when it is triggered bydldack event
by the active functiorfuncl() , it will call the function printCalldata() which is the same as in
ProgranTZP to print the information for the active functiokfterwards, it calls functiorsymbols() to
process the variables within its scope inside the functionfunction symbols() , first, the total num-
ber of symbols in the symbol table for the active functionb$ained by the APCh_SymbolTotalNum().
Next, a for-loop is used to walk through each variable in thelsol table by its index. The first vari-
able in the symbol table has index 0. The name and addressadbr\ariable are obtained by functions
Ch_SymbolNameByIndex) andCh_SymbolAddrByIndex(), respectively, and are printed out. Finally, if
the identifieri is a valid variable when the callback is called, its valud bd printed out. After functions
printCalldata() andsymbols() are called once, functionallback() enters a while-loop to
process calling functions recursive by changing the famcstack.

As an example, when Progrdml7.1 is processed by Prdgramidgthe following command

prog progl.ch

the output is shown in Figufe~].2. When the callback is tnigdeéby the end block event of an if-statement
in Prograni_ZIL, it will print out the information for the aatifunctionfuncl() first. Then, all variables in
its symbol table, starting with one closed to the executatksient, are displayed. In this case, the symbol
consists of local variabldas andz inside the block, local variablesfunc __, g,y and argumeni of the
function. The local variable_func __ of char array contains the called function name, which isaéufe
added in C99. The value for the local variablinside the block is printed out.

Afterwards, the condition expression

Ch_ChangeStack(interp, ++level, &calldata2) == CH_OK

of the while-loop in functioncallback() changes the function stack recursively. The stack level for
the active functiofuncl() is 0. The stack level for the calling functionain() is 1, which is avail-
able as a value for the memblewel of the variablecalldata?2  of structureChBlock_t. Functions
printCallData() andsymbols()  will print out the information and symbolsfunc __, i , andx

in functionmain() . The value for the variable in the calling functiormain() is 10.

The next call of functiorCh_ChangeStack) in the while-loop will change the stack out of the function
to the program scope. The stack level will be increased totZzhéprogram scope, the line number is not
available. In this case, the line number becomes 0 by defdtikre are 5 symbols g, a, funcl ,
andmain in the program scope. The value for the global variable 40. The subsequent call of function
Ch_ChangeStacK) with the value 3 for the stack level will return the valGél _INVALIDLEVEL , which
indicates that the specified stack level is invalid.

138



CHAPTER 7. THE DEBUG AND CALLBACK INTERFACE TO A CH PROGRAM

funcl() is called

argument i in funcl() is true
event MASKEND is true

The stack level is 0

The current line number is 14
Function funcl() starts at line 5
Function funcl() ends at line 15
The function name is funcl()

The current file name is progl.ch
The total number of symbols is 6

symbol
symbol
symbol
symbol
symbol
symbol
i =30

index
index
index
index
index
index

0,

Or NP

name i, address 59ad0
name z, address 59b00
name __ func__, address 57968
name g, address 5b218
name vy, address 5b248
name i, address 4c000

The stack level is 1

The current line number is 20

Function main() starts at line 17

Function main() ends at line 22

The function name is main()

The current file name is progl.ch

The total number of symbols is 3

symbol index 0, name __ func__, address 4f900
symbol index 1, name i, address 531b0
symbol index 2, name x, address 4bf50

i =10

The stack level is 2

The current line number is 0
The current file name is progl.ch
The total number of symbols is 5

symbol
symbol
symbol
symbol
symbol
i =40

index
index
index
index
index

0,
1,

2,
3,
4,

name i, address 44f90
name g, address 53750
name a, address 506f8
name funcl, address 50760
name main, address 52140

Figure 7.2: Output from executingog2 progl.ch
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/* File: cplus.cpp */
#include <iostream.h>
using namespace std;

int i = 40;

double g = 100;
double a[5]={1,2,3,4,5};

class tag {
int i;
int y;
public:
tag();
“tag();
int funcl(int j);
h
tag::tag() {
cout <<"tag::itag() is called\n";
i = 50;
}
tag::"tag() {
/I cout <<"tag::’"tag() is called\n";
}

int tag::funcl(int j) {
cout << "tag::funcl() called\n";
if(i) {
int i=20, z;
i=30;
cout << "argument i in funcl() is true\n";

}

return O;

int main() {
int i = 10, x;
class tag c;
class tag c2[2];

c.funcl(i);
return O;

Program 7.4. Ch program with with member functions of clagus.cpp).
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Ch supports classes in C++. Progrfan] 7.3 can also be useddesgra Ch program using classes. Pro-
gramZ% defines a clat®y with constructotag() ,destructoftag() ,and member functiofuncl() ,
and private data andy. The constructor initializes the private variablevith value 50. A variable and
array of clasx2 with two elements are instantiated in functiomin() . When the member function
tag::funcl() is called inside functiomain() , the end block of the if-statement will trigger the call-
back function in Prograf4.3. The output from executing th@mand

prog cplus.cpp

is shown in Figuré_7]3. In this case, functiprintCalldata() will print out both class and member
function names. When a member function is called, in additmlocal variables and function arguments,
the symbol table will also contains members of the class. vEniables_class __ and_class _func _
contains the class name and member function name, resggctivaddition, it has a specitiis pointer to
the instance of the class itself when a member function Ied:alnside the if-statement block, the value for
the local variable is 30. The second block in Figufe¥.3 contains the infornmaaw the calling function
main() with the stack level 1. The third block in Figurel7.3 with thack level 2 is for the program. The
symbol in the symbol table does not include tag name for the class.

Ch supports nested functions. Progfanl 7.3 can also be ugeddess a Ch program using nested func-
tions. Functiomestedfunc() in Progran_Zb contains a local functifuncl() . Functionmain()
calls functionnestedfunc() which in turn calls the local functiofuncl() . When the local func-
tionfuncl() s called inside functiomestedfunc() ,the end block of the if-statement will trigger the
callback function in Prograin—4.3. The output from executimgcommand

prog nestedfunc.ch

is shown in Figurd_7l4. The first block in Figutel7.4 contaihe information for the active function
funcl() . The second block in FiguEeT.4 contains the informatiorifemesting functionestedfunc()
with the stack level 1. The third block with the stack levekZar the calling functiormain() . The last
block with the stack level 3 is for the program.

Often time, a developer may expose binary C functions agsystinctions to Ch programs. These
system functions are declared in the Ch space by theGkPDeclareFund). Prograni_ZJ6 defines a system
functionsysfunc()  inthe Ch space by the statement

Ch_DeclareFunc(interp,"int sysfunc(int i);", (ChFuncdl _t)sysfunc_chdl);

FunctionsprintCalldata() andsymbols() in PrograniZJ are the same as ones in Progfams 7.2
and[ZB. The conditional statement

if(calldata->event&CH_MASKCALL && !strcmp(calldata->f uncname,"sysfunc"))

enales the callback function to just print out the informiatfor the active functiorsysfunc()  and its
calling functions recursively when it is triggered by a calént.

PrograniZJ7 calls system functisysfunc() . The output from executing Progrdm17.6 is shown in
Figure[Z5. The first block in FiguEeT.5 contains the infatiorafor the active system functiaysfunc()
with the stack level 0. Instead of printing out the file namanction printCalldata() prints out
the source code of a string for a system function prototyperifpd in the second argument of func-
tion Ch_DeclareFund). The current line number is 0 when the program is execuirsystem function.
The symbol table contains the internal variabdaretval  and function argumenit. Inside function
sysfunc() , the passed value from Programl7.7 for the argument of thaifumis 10. The second block
in Figure[Z®. contains the information for the calling ftion main() with the stack level 1. The third
block with the stack level 2 is for the program. The symbolddbr a program does not contain system
functions and variables defined by the ARIs_DeclareFund) anCh_DeclareVar(), respectively.
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tag::tag() is called

tag::tag() is called

tag::tag() is called

tag::funcl() called

argument i in funcl() is true

event MASKEND is true

The stack level is 0

The current line number is 33

Member function tag::funcl() starts at line 27
Member function tag::funcl() ends at line 35
Member function tag::funcl()

Class name is tag

The current file name is cplus.cpp

The total number of symbols is 12

symbol index 0, name i, address 595a0

symbol index name z, address 595d0
symbol index name _ func__, address 3ddeO
symbol index name __ class__, address 4f8b0
symbol index name __ class_func__, address 511a8
symbol index name i, address 50b10

symbol index name y, address 50b14
symbol index name tag, address 56fa8
symbol index name “tag, address 50b12
symbol index name funcl, address 50b12
symbol index 10, name this, address 592f0
symbol index 11, name j, address 59320

i =30

©CoOo~NoU,wWNPF

The stack level is 1

The current line number is 43

Function main() starts at line 38

Function main() ends at line 45

The function name is main()

The current file name is cplus.cpp

The total number of symbols is 5

symbol index 0, name __ func__, address 47ff8
symbol index 1, name i, address 55fe0
symbol index 2, name x, address 56010
symbol index 3, name c, address 50b10
symbol index 4, name c2, address 512e0
i =10

The stack level is 2

The current line number is 0

The current file name is cplus.cpp

The total number of symbols is 4

symbol index 0, name i, address 53750
symbol index 1, name g, address 44f90
symbol index 2, name a, address 471e8
symbol index 3, name main, address 4c0c8
i =40

Figure 7.3: Output from executimgrog2 cplus.cpp
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int i = 40;
double g = 100;

void nestedfunc(int i) {
double g = 300;
int r;

void funcl(int i) {
double g = 200;
int y;

printf("funcl() is called\n");
if(i) {
int i=20, z;
i=30;
printf("argument i in funcl() is true\n");
}
}
funcl(i);
}

int main() {
int i = 10, x;

nestedfunc(i);
return O;

}

Program 7.5: Ch program with a nested function (nestedfhinc.
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funcl() is called

argument i in funcl() is true

event MASKEND is true

The stack level is 0

The current line number is 17

Function funcl() starts at line 8
Function funcl() ends at line 18

The function name is funcl()

The current file name is nestedfunc.ch
The total number of symbols is 6
symbol index 0, name i, address 58d78
symbol index name z, address 58da8
symbol index name __ func__, address 553d0
symbol index name g, address 58ce0
symbol index name vy, address 58d10
symbol index name i, address 59c¢50
i =30

OrwWN P

The stack level is 1

The current line number is 19

Function nestedfunc() starts at line 4
Function nestedfunc() ends at line 20

The function name is nestedfunc()

The current file name is nestedfunc.ch

The total number of symbols is 5

symbol index 0, name _ func__, address 3e918
symbol index 1, name g, address 59b40
symbol index 2, name r, address 59b70
symbol index 3, name funcl, address 50730
symbol index 4, name i, address 5b198

i =10

The stack level is 2

The current line number is 25

Function main() starts at line 22
Function main() ends at line 27

The function name is main()

The current file name is nestedfunc.ch
The total number of symbols is 3
symbol index 0, name _ func__, address 4f870
symbol index 1, name i, address 5b0b8
symbol index 2, name x, address 5b0e8
i =10

The stack level is 3

The current line number is 0

The current file name is nestedfunc.ch

The total number of symbols is 4

symbol index 0, name i, address 44f90

symbol index 1, name g, address 53750

symbol index 2, name nestedfunc, address 59828
symbol index 3, name main, address 5c7d0

i =40

Figure 7.4: Output from executimrog2 nestedfunc.ch
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/* File Name: prog3.c */
#include <stdio.h>
#include <string.h>
#include <embedch.h>

void callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata);

int sysfunc(int i) {
printf("i in sysfunc() is %d\n", i);
return O;

}

EXPORTCH int sysfunc_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
int i, retval;

Ch_VasStart(interp, ap, varg);

i = Ch_VaArg(interp, ap, int);
printf("i in sysfunc_chdl() is %d\n", i);
retval = sysfunc(i);

Ch_VaEnd(interp, ap);

return retval;

}
int main() {
Chinterp_t interp;
char *argw[]={"prog3.ch", NULL};
int mask, count=0;
ChPointer_t clientdata = NULL;
Ch_Initialize(&interp, NULL);
Ch_DeclareFunc(interp,"int sysfunc(int i);", (ChFuncdl _t)sysfunc_chdl);
mask = CH_MASKCALL | CH_MASKRET | CH_MASKBLOCK | CH_MASKEND
Ch_AddCallback(interp, mask, callback, clientdata, coun t);
Ch_RunScript(interp, argwv);
Ch_End(interp);
return O;
}
void callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata)
{
int *p, level=0;
ChBlock_t calldata2;
if(calldata->event & CH_MASKCALL && !strcmp(calldata->f uncname, "sysfunc"))
{
printCalldata(calldata);
symbols(interp);
while(Ch_ChangeStack(interp, ++level, &calldata2) == CH _OK)
printCalldata(&calldata2);
symbols(interp);
}
}
}

Program 7.6: C program defines a system function in the Cregqjpaog3.c).
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int i = 40;
double g = 100;
double a[5]={1,2,3,4,5};

int main() {
int i = 10, Xx;

sysfunc(i);
return O;

}

Program 7.7: Ch program uses the system funaimiunc()  (prog3.ch).

event MASKCALL is true

The stack level is 0

The current line number is 0

Function sysfunc() starts at line 0

Function sysfunc() ends at line 0

The function name is sysfunc()

The source code of the string is int sysfunc(int i);
The total number of symbols is 2

symbol index 0, name _chretval, address 53640
symbol index 1, name i, address 590b8

i =10

The stack level is 1

The current line number is 8

Function main() starts at line 5

Function main() ends at line 10

The function name is main()

The current file name is prog3.ch

The total number of symbols is 3
symbol index 0, name _ func__, address 554d0
symbol index 1, name i, address 58fd8
symbol index 2, name x, address 59008
i =10

The stack level is 2

The current line number is 0

The current file name is prog3.ch

The total number of symbols is 4

symbol index 0, name i, address 53880
symbol index 1, name g, address 5c1cO
symbol index 2, name a, address 473f0
symbol index 3, name main, address 57110
i =40

i in sysfunc_chdl() is 10

i in sysfunc() is 10

Figure 7.5: Output from executingog3.c
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7.3 Manipulating Local and Global Variables

Except for APIs starting with the prefi€h_GlobalSymbol for handling global variables, most other
APIs in Embedded Ch can be used to manipulate both local aimiglariables. Given a name, an API
can search the variable in symbol tables within its scopd.irddrmation about a variable or expression
can be obtained by a proper API. The value for a variable camlag¢ changed. Details of using APIs for
manipulating variables and functions in the Ch space haea peesented Chapteis 2 dihd 3.

In this section, two sample application programs are ptegeto illustrate how to use various APIs in a
callback function to manipulate variables in a Ch scripte Titst example prints out values for each variable
in symbol tables in a script. The second example shows howtta salue for a variable and evaluate an
expression using variables. Based on the ideas presentieesien two examples, comprehensive debuggers,
profilers, IDEs, and other tools can be developed.

7.3.1 Obtaining Values of Variables

The callback function in the presented program in this eactian print out the value for each variable
within the scope of the executed program at its active linthefcode. It will print out the values for the
local variables, members of the class for a member functiad, arguments of the function first. Then, it
then recursively prints out values for variables in theioglfunctions. Finally, it prints out the values for
global variables. For a variable of class, structure, uhype, the name and value for each member of the
object will be printed out. For a member of class, structarel union type, it will be processed recursively.
The program can also handle scripts using classes and riestgibns.

Program[ZB lists the names and values of all local variablebe active function and variables in
its upper level stacks. Functiamain() in Program’ZB is the same as one in Progfamh 7.3. Function

callback() in Program[ZB is the same as one in Proglam 7.3, except theallg function
chPrintSymbolValuesinStack() in Program_ZB instead afymbols() to pring symbols and
their corresponding values recursively for all valid stalekels using a while-loop.  Function
chPrintSymbolValuesInStack() calls chPrintSymbolValue() in a for-loop to print each
symbol and its value in a symbol table. Progfan 7.9 is alsd irse sample debugger program presented
in the next section. Likeymbols() , functionchPrintSymbolValuesinStack() obtains the total

number of variables in the symbol table for a given stacklleizach variable in the symbol table is then
processed in a for-loop. Functio@h_SymbolNameBylndexX) and Ch_SymbolAddrBylndex() give the
name and address of a variable according to its index numkkeisymbol table.

The data type of the variable is obtained by the func@mnbDataType(). If the data type is of structure,
class, or union type, the user defined tag information fov#dreable is obtained by the following statement

udtag = Ch_UserDefinedTag(interp, nhame);

Otherwise, the value foudtag is NULL. The tag informationudtag will be used to obtain the infor-
mation for the user defined type and its members later on. Uihetibn Ch_FuncType() gives the func-
tion type of a variable. If the variable is a function type, gdinter to function or function, its value
will be printed out. For function type of constructor, destor, or member function, only its defini-
tion is printed out. Because header files may contain mangtifum prototypes, a variable of function
prototype without function definition will be ignored in faton chPrintSymbolValue() . Function
Ch_VarType() can be used to test whether an identifier is a local or glehahble. It is used to test if a
function is a local nested function in this example. The glolariabledisplayAll in PrograniZP is a
flag. If it is set to 0, symbols for constructor, destructoemier functions, internally declared variables
__func__, class_, class func__ , handles for dynamically loaded standard libraries start-
ing with _Ch such as.Chstdio _handle , functiondiclose , and functions starting withdiclose _
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/* File Name: prog4.c */
#include <stdio.h>
#include <string.h>
#include <stdlib.h>
#include <embedch.h>

void callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata);
int printCalldata(ChBlock_t *calldata);
extern void chPrintSymbolValuesinStack(Chinterp_t inte rp, int level);

int main(int argc, char *argv[]) {
Chinterp_t interp;
char **argwv;
int mask, count=0;
ChPointer_t clientdata = NULL;

if(argec = 2) {
printf("Usage: %s chscriptname\n”, argv[0]);
exit(EXIT_FAILURE);

}

[* create char *argvv[] = {"chscriptname”, NULL} dynamical ly */
argvwv = (char **)malloc(2*sizeof(char *));

argvv[0 argv[1];

] =
argvv[l] = NULL;

Ch_Initialize(&interp, NULL);

mask = CH_MASKCALL | CH_MASKRET | CH_MASKBLOCK | CH_MASKEND
Ch_AddCallback(interp, mask, callback, clientdata, coun t);
Ch_RunScript(interp, argwv);

Ch_End(interp);

return O;
}
void callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata)
{
int level=0;
ChBlock_t calldata2;
if(calldata->event & CH_MASKEND && !strcmp(calldata->fu ncname, “"funcl"))
{
printCalldata(calldata);
chPrintSymbolValuesinStack(interp, calldata->level);
while(Ch_ChangeStack(interp, ++level, &calldata2) == CH _OK)
{
printCalldata(&calldata2);
chPrintSymbolValuesinStack(interp, calldata2.level);
}
}
}

Program 7.8: C program for printing values of all variabléthim its scope (prog4.c).
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/* File Name: stack.c */
#include <stdio.h>
#include <string.h>
#include <embedch.h>
#include "debug.h"

/* stactic functions within the file */

static int printUserDefined(Chinterp_t interp, ChType_t datatype,
void *addr, ChUserDefinedTag_t udtag, int nestlevel);
static int printValue(Chinterp_t interp, ChType_t dataty pe,
void *addr, ChUserDefinedTag_t udtag, int nestlevel);
int displayAll=1; [* if 1, display definition of [member] fu nctions, etc.
if 0, do not display definition of [member] functions, etc. * /
void chPrintSymbolValuesinStack(Chinterp_t interp, int level) {

int index, totalnum, isfunc;
char *stackname, *name, *classname;
void *addr;

stackname = Ch_StackName(interp, level, &isfunc, &classn ame);
totalnum = Ch_SymbolTotalNum(interp);
if(isfunc == 1)
printf("Function %s() at stack level %d has %d symbols:\n", stackname, level,
totalnum);
else if(isfunc == 2)
printf("Member Function %s::%s() at stack level %d has %d sy mbols:\n",
classname, stackname, level, totalnum);
else
printf("Program %s at stack level %d has %d symbols:\n", sta ckname, level, totalnum);
for(index=0; index<totalnum;index++){
name = Ch_SymbolNameByIndex(interp, index);
addr = Ch_SymbolAddrByIndex(interp, index);
chPrintSymbolValue(interp, name, addr);

}

printf("\n");  /* separate the stack level in the output */

void chPrintSymbolValue(Chinterp_t interp, char *name, v oid *addr) {
int i, j, dim, n, m, size, nestlevel=1;
ChType_t datatype;
ChFuncType_t functype;
ChUserDefinedTag_t udtag;

datatype = Ch_DataType(interp, name);
functype = Ch_FuncType(interp, name);

Program 7.9: Functions for printing values of all variables stack (stack.c).
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if(functype)

if(functype == CH_FUNCPTRTYPE) /* pointer to func */
printf("%-16s0X%p\n", name, *(void**)addr);
else if(functype == CH_FUNCTYPE) {
char *funcname;
if(!(('strcmp(name, "diclose") || !strncmp(name, "_dicl ose_", 9) ||
Istrncmp(name, "_Ch_", 4))

&& !displayAll)) /* suppress _dliclose_math, etc */

funcname = (char *)malloc(strlen(name)+strlen("():loca 1")+1);
strcpy(funcname, name);
strcat(funcname, "()");
if(Ch_VarType(interp, name) == CH_LOCALVARTYPE)
strcat(funcname, ":local"); /* local function */
printf("%-16s0X%p\n", funcname, (void*)addr);

free(funcname);
}
}
else {
if(displayAll) {
if(functype !'= CH_FUNCPROTOTYPE) /* do not print func proto type */
printf("%-16s", name);
if(functype == CH_FUNCCONSTYPE)
printf("constructor\n");
else if(functype == CH_FUNCDESTTYPE)
printf("destructor\n");
else if(functype == CH_FUNCMEMBERTYPE)
printf("member function\n");
}
}
else if(Ch_ArrayType(interp, name))
if(!(('strcmp(name, "__func__") || !strcmp(name, "_ cla ss_
Istrcmp(name, "__class_func__") || !strncmp(name, "_Ch_ ", 4)) && !displayAll))
{

printf("%-16s", name);
udtag = Ch_UserDefinedTag(interp, name);
dim = Ch_ArrayDim(interp, name);
n = Ch_ArrayExtent(interp, name, 0);
if(dim == 1) {
for(i=0; i<n; i++) {
if(datatype == CH_CHARTYPE && *(char®)addr == \0’)
break; /* skip the rest characters of s[10]="abc" */
size = printValue(interp, datatype, addr, udtag, nestleve );
addr = (char *)addr + size;
if(datatype !'= CH_CHARTYPE)
printf(" ");
}

else if(dim == 2) {
m = Ch_ArrayExtent(interp, name, 1);
for(i=0; i<n; i++) {
if(i!=0)
printf("%-16s", ");
for(j=0; j<m; j++) {

size = printValue(interp, datatype, addr, udtag, nestleve );
addr = (char *)addr + size;
printf(" ");
}
if(i'=n-1)
printf("\n");
printf("\n");

Program 7.9: Functions for printing valygg of all varialilea stack (stack.c) (Contd.).
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}

else {

if(!(!strncmp(name, "_Ch", 3) && !displayAll)) /* suppres
{

printf("%-16s", name);

if(addr'=NULL) { /* for "extern int i;", addr is NULL */

udtag = Ch_UserDefinedTag(interp, name);
printValue(interp, datatype, addr, udtag, nestlevel);

}
printf("\n");

int printUserDefined(Chinterp_t interp, ChType_t dataty

{

void *addr, ChUserDefinedTag_t udtag, int nestlevel)

int i, j, size =0, indent, index;
ChType_t memtype;

char format[16], expr[8];

void *memaddr;
ChUserDefinedInfo_t udinfo;
ChMeminfo_t meminfo;

[* format is "\n %-14s", or "\n
strepy(format, "\n");

indent = -16;

for(i=0; i<nestlevel; i++) {
strcat(format, " ");
indent += 2;

}

sprintf(expr, "%d", indent);
strcat(format, "%");
strcat(format, expr);
strcat(format, "s");

%-12s" */

Ch_UserDefinedInfo(interp, udtag, &udinfo);
for(index=0; index<udinfo.totnum;index++){
Ch_UserDefinedMeminfoByIndex(interp, udtag, index, &me

if(meminfo.isconstructor) {
if(displayAll) {

printf(format, meminfo.memname);

printf("constructor");

}
}

else if(meminfo.isdestructor) {

if(displayAll) {

printf(format, meminfo.memname);

printf("destructor");

}
}

else if(meminfo.ismemberfunc) {

if(displayAll) {

printf(format, meminfo.memname);
printf("member function");

s _Chstdio_handle, etc */

minfo);

Program 7.9: Functions for printing values of all variakitea stack (stack.c) (Contd.).
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else {
printf(format, meminfo.memname);

memtype = meminfo.dtype;

memaddr = (char *)addr +meminfo.offset;

if(lmeminfo.udtag) /* member is struct, class, or union */
nestlevel++;

if(meminfo.arraytype)

if(meminfo.dim == 1) {
for(i=0; i < meminfo.extent[0]; i++) {

if(lmemtype == CH_CHARTYPE && *(char*)memaddr == "\0)
break; /* skip the rest characters of s[10]="abc" */

size = printValue(interp, memtype, memaddr, meminfo.udta

memaddr = (char *)memaddr + size;

if(datatype '= CH_CHARTYPE)
printf(" ");

g, nestlevel);

}
}
else if(meminfo.dim == 2) {
for(i=0; i < meminfo.extent[0]; i++) {
if(i'=0)
printf("%-16s", "";
for(j=0; j < meminfo.extent[1]; j++) {
size = printValue(interp, meminfo.dtype, memaddr,
meminfo.udtag, nestlevel);
memaddr = (char *)memaddr + size;
printf(" ");
}
if(i'=meminfo.extent[0]-1)
printf("\n");

}
}

else {

printValue(interp, memtype, memaddr, meminfo.udtag, nes tlevel);

}
}
}

return udinfo.size;

Program 7.9: Functions for printing values of all variakitea stack (stack.c) (Contd.).
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int printValue(Chinterp_t interp, ChType_t datatype,
void *addr, ChUserDefinedTag_t udtag, int nestlevel) {
int size = 0;

/* Note: all data types are implemented in the distributed st ack.c */
switch(datatype) {

case CH_CHARTYPE:
printf("%c", *(char*)addr);
size = sizeof(char);
break;

case CH_INTTYPE:
printf("%d", *(int*)addr);
size = sizeof(int);
break;

case CH_FLOATTYPE:
printf("%.2f", *(float*)addr);
size = sizeof(float);
break;

case CH_DOUBLETYPE:
printf("%.4f", *(double*)addr);
size = sizeof(double);
break;

case CH_LCOMPLEXTYPE:
printf("%.4f+i%.4f", *(double*)addr, *((double*)addr+ 1));
size = 2*sizeof(double);
break;

case CH_STRUCTTYPE:

case CH_CLASSTYPE:

case CH_UNIONTYPE:
size = printUserDefined(interp, datatype, addr, udtag, ne stlevel);
break;

case CH_CHARPTRTYPE:
if(*(char**)addr)

printf("%s", *(char**)addr);
else
printf("NULL");

size = sizeof(char *);
break;

case CH_VOIDPTRTYPE:

case CH_INTPTRTYPE:

case CH_FLOATPTRTYPE:

case CH_DOUBLEPTRTYPE:

case CH_STRUCTPTRTYPE:

case CH_CLASSPTRTYPE:

case CH_UNIONPTRTYPE:
printf("0X%p", *(void**)addr);
size = sizeof(void *);
break;

case CH_UNDEFINETYPE: [* invalid expr */
printf("invalid expression");

break;
default:
printf("datatype %d not supported in printValue() in file s tack.c, "
"add it based on %s/extern/include/ch.h",
datatype, Ch_Home(interp));
break;
}
return size;
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such asdiclose _math will not be displayed. This might be desirable to minimize thisplayed symbols
for clarity. In Prograni_Z]9, this flag is set 1 so that all thesgables will be displayed.

FunctionCh_ArrayType () will return a non-zero value if the variable is of array ¢ygf the variable is
not of array type, the value of the variable is printed outhwy functionprintValue() in Prograni_ZP.
If a variable is not user defined type, the argumelatatype for the data type andddr for the address
of the variable will be able to obtain the value of the vamabEach case in thewitch statement in the
function printValue() prints out the value based on its data type. For example tditensent

printf("%d", *(int*)addr);

prints out a variable of type int. Many other data types sushstaort listed in the header file
CHHOME/extern/include/ch.h can be added to cases for the switch statement. Funmtiotvalue()
returns the size of the processed data type. This returzedsihe data type for a variable can be used to
print out values for an entire array. For a variable of uséined type, it calls functioprintUserDefined()
in Progranf_ZB to print out each member of the user defined typieh will be described later.

If a variable is array type, the statements

dim = Ch_ArrayDim(interp, name);
n = Ch_ArrayExtent(interp, name, 0);

obtain the dimension of the array and the extent for its finstethsion. For a two dimensional array, the
extent for the second dimension is obtained by the statement

m = Ch_ArrayExtent(interp, name, 1);

The values for each element of the two dimensional array eveepsed by two nested for-loops. The
returned value of the functigprintValue() for the size of an element of the array is used to obtain the
address of the next element of the array by the statement.

addr = (char *)addr + size;

This updated address is then passed to the fungtionValue() . A one-dimensional array of char is
treated as a string. Characters after a terminating nutbcter’\O’  for a string in an array of char are not
printed out. For example, if the array declared with 10 elments, was filled with the stritadpc” , only
the first 3 elements of the array will be printed out.

If the data type of a variable is structure, class, or uniancfion printUserDefined() is called
to print out the value for each member of the user defined tygide functiorprintValue() . Member
names and their values of a variable of user defined type extegout with a proper indentation. A member
of a user defined type itself might be also a user defined typthid case, its names and values are further
indented. For example, the values for variatkeandc in the code below

int k = 5;
struct tagl {
int i, x;
3
class tag2 {
int i, v;
struct tag s;
} ¢ = {10, 20, 30, 40};

will be displayed by the functioprintUserDefined() as follows.
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k 5
o
i 10
y 10
s
i 30
X 40

The name for variabl& of int type is printed out by the statement
printf("%-16s", name);

near the end of functionhPrintSymbolValue() . Member names of a variable are printed out by the
statement

printf(format,meminfo.memname);

in the functionprintUserDefined() . Not only the data type and address of a variable, but alstathe
and nested level of the user defined type are passed to famriftUserDefined() . The argument
nestlevel is used to format the indentation of the displayed output.th&tbeginning of the function
printUserDefined() . based on the value forestlevel , the format specifieformat for the out-
put of member, y ands of classc is formed as\n  %-14s" |, whereas the format specifier for mem-
bersi andx of variables of structure type, which is also a member of the class "\n %-12s"

The functionCh_UserDefinedInfq)) is called to obtain the information of the user defined typée
variableudinfo  of the structure typ&€hUserDefinedInfat contains the data type, tag name, size, and
number of members of the user defined type. The memberuailfo.totnum is used as the upper
limit of a for-loop to process all members inside the userraefitype. The member fielddinfo.size
contains the size of the user defined type. The return valdenation printUserDefined() as the
size of the variable is used to handle a variable of array.type

A member of a user defined type itself is a variable. The infdrom about each member of of vari-

able of user defined type is obtained by the funct@iniJserDefinedMeminfoBylndex() . A mem-
ber variable in functiorprintUserDefined() is handled similar to a regular variable in function
chPrintSymbolValue() . The variablememinfo of structureChMeminfo_t contains all necessary

information for a member of user defined type. Whether if itamstructor, destructor, or member func-
tion can be determined by the valuesneéminfo.isconstructor, meminfo.isdestructor,

or meminfo.ismemberfunc . The valuememinfo.dtype gives the data type of the member. The
address for the member is obtained by the expression

memaddr = (char *)addr + meminfo.offset;

If the member itself is user defined type, the vatneminfo.udtag contains the tag for the user defined
type. The nestlevel is incremented for printing the names\aiues of its members. For a member of
array type, it is handled similar to a regular array as in fismcchPrintSymbolValue() . The value
meminfo.dim gives the dimension of the array. The arragminfo.extent  contains the extents for
each dimension of the array, up to 7 dimension.

Similar to Prograni 713, three sample scripts will be proegdsy Prograni 718. Functiorisncl()
andmain() in PrograniZ. 10 are the same as ones in Profram 7.1. Prégi&hcantains a header file
stdio.h  and more global variables of different data types. The diftpm executing the command

prog4 prog4.ch
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#include <stdio.h>
#include <stdbool.h>

int i = 40, *ptri;

double g = 100;

double a[5]={1,2,3,4,5};

double b[2][3]={1,2,3,4,5,6}, (*ptrd)[3];
intn=2m=3;

double v1[n];

double v2[n][m];

double complex z = complex(3, 4);

char stri[]="stringl";

char str2[10]="string2";

char *str3="string3";

char *str4[] = {"string41", "string42", NULL};
struct tag {int i; double d;} s = {10, 20};
struct tag *sp = &s;

struct tag sa[2] = {10, 20, 30, 40}
enum tage {red, green, blue} el = blue;
string_t str5 = "abcd";

long long Il = 100;

char ¢ = 'A’;

bool bo = true;

ptri =
ptrd =
vli[0] = 1, vi[1] = 2;
v2[0][0]=1; v2[1][2]=6;

&i;
b;

void funcl(int i) {
double g = 200;
int y;

printf("funcl() is called\n");
if(i) {
int i=20, z;
i=30;
printf("argument i in funcl() is true\n");
}
}

int func2(int i) {
printf("func2() is called\n");
return 2%,

}

int main() {
int i = 10, x;

func(i);
return O;

}

Program 7.10: Ch program with user defined data type (proy4.c
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funcl() is called

argument i in funcl() is true
event MASKEND is true

The stack level is 0

The current line number is 39
Function funcl() starts at line 30
Function funcl() ends at line 40
The function name is funcl()
The current file name is prog4.ch
Function funcl() at stack level 0 has 6 symbols:
i 30

z 0

_ func__ funcl

g 200.0000

y 0

i 10

The stack level is 1

The current line number is 50

Function main() starts at line 47

Function main() ends at line 52

The function name is main()

The current file name is prog4.ch

Function main() at stack level 1 has 3 symbols:
_ func__ main

i 10

X 0

The stack level is 2

The current line number is 0

The current file name is prog4.ch

Program prog4.ch at stack level 2 has 81 symbols:
diclose() 0X5a340

_Chstdio_handle 0Xff1f1470
_diclose_libstdio()0X5ad40

i 40
ptri 0X5da50
g 100.0000
a 1.0000 2.0000 3.0000 4.0000 5.0000
b 1.0000 2.0000 3.0000
4.0000 5.0000 6.0000
ptrd 0X56d88
n 2
m 3
vl 1.0000 2.0000
v2 1.0000 0.0000 0.0000
0.0000 0.0000 6.0000
z 3.0000+i4.0000
strl stringl
str2 string2
str3 string3
str4 string41 string42 NULL
s
i 10
d 20.0000
sp 0X5bcf0
sa
i 10
d 20.0000
i 30
d 40.0000
el 2
str5 abcd
Il 100
c A
bo 1
funcl() 0X5fdf8
func2() 0X610d8
main() 0X616a8
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is shown in Figuré_7]6. When the script in Program17.10 is ggsed, a block end event in the function
funcl()  will trigger the callback. The first two blocks in the outpuat Figure[Z6 are similar to ones
in Figure[Z2. Instead of displaying the address of eactabbgiin a given stack level in Figufe¥.2, the
output in Figuré_7ZJ6 displays the value of a each variablehAtstack level 3, there are 75 global variables.
The output for a large number of function prototypes defimeithé header filstdio.h  are suppressed in
function chPrintSymbolValue() . Functionsdiclose(), exit() ad _diclose _ibstdio()
and global variableChstdio _handle are used to handle dynamically loaded library for functioms
defined in the header filstdio.h . Like the variableptdi of pointer to int, the value for the variable
ptrd of pointer to C array is also the address it points to. All edais of arraysa, b, vl, v2 are
displayed. An array of char is treated as a string. The valtiagraysstrl andstr2 are displayed similar
as strings for variablestr3 andstr4 . For the variables of structure anda of array of structure, the
values for each member are also displayed.

Like Progran_ZB, Program 1.8 can also process a script @irtgclasses. The output from executing
the command

prog4 cplus.cpp

for the script in PrografiZ.4 is shown in Figlirtel 7.7. The ouipEigure[ZY is similar to one in Figute¥.3,
except that, instead of the addresses, the values of edebleaare displayed.

Similarly, when Prograri 718 is used to process Prodrain 7 avhested function, The output from
executing the command

prog4 nestedfunc.ch

is shown in Figurd_718. The functioluncl() in the stack level 1 is displayed as a local function in
Figure[Z.8. For comparison, the output in Figlird 7.8 is sintib one in Figur€~7l4, except that, instead of
the addresses, the values of each variable are displayed.

In functionchPrintSymbolValue() , all variables and their values are printed out, exceptdoc
tion prototypes without function definition. However, taldua GUI debuger, one may suppress the display
of member function definitions, constructor, destructormaflass, function definitions, built-in variables
_func __, _class _,__class _name_, and Ch specific global variable€hlibname _handle for han-
dling functions in libraries.
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tag::tag() is called

tag::tag() is called

tag::tag() is called

tag::funcl() called

argument i in funcl() is true

event MASKEND is true

The stack level is 0

The current line number is 33

Member function tag::funcl() starts at line 27
Member function tag::funcl() ends at line 35
Member function tag::funcl()

Class name is tag

The current file name is cplus.cpp

Member Function tag::funcl() at stack level 0 has 12 symbols

i 30

z 0
__func__ funcl
__class__ tag
__class_func__  tag::funcl

i 50

y 0

tag constructor
“tag destructor
funcl member function
this 0X51a58

j 10

The stack level is 1

The current line number is 43

Function main() starts at line 38

Function main() ends at line 45

The function name is main()

The current file name is cplus.cpp

Function main() at stack level 1 has 5 symbols:

__func__ main
i 10
X 0
c
i 50
y 0
tag constructor
“tag destructor
funcl member function
c2
i 50
y 0
tag constructor
“tag destructor
funcl member function
i 50
y 0
tag constructor
“tag destructor
funcl member function

The stack level is 2

The current line number is 0

The current file name is cplus.cpp

Program cplus.cpp at stack level 2 has 4 symbols:

i 40

g 100.0000

a 1.0000 2.0000 3.0000 4.0000 5.0000
main() 0X4d010

Figure 7.7: Output from executimog4 cplus.cpp
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funcl() is called

argument i in funcl() is true

event MASKEND is true

The stack level is 0

The current line number is 17

Function funcl() starts at line 8

Function funcl() ends at line 18

The function name is funcl()

The current file name is nestedfunc.ch

Function funcl() at stack level 0 has 6 symbols:
i 30

z 0

__func__ funcl

g 200.0000

y 0

i 10

The stack level is 1

The current line number is 19
Function nestedfunc() starts at line 4
Function nestedfunc() ends at line 20
The function name is nestedfunc()

The current file name is nestedfunc.ch
Function nestedfunc() at stack level 1 has 5 symbols:

__func__ nestedfunc
g 300.0000
r 0
funcl():local 0X51678

i 10

The stack level is 2

The current line number is 25

Function main() starts at line 22

Function main() ends at line 27

The function name is main()

The current file name is nestedfunc.ch

Function main() at stack level 2 has 3 symbols:
_ func__ main

i 10

X 0

The stack level is 3

The current line number is 0

The current file name is nestedfunc.ch

Program nestedfunc.ch at stack level 3 has 4 symbols:

i 40

g 100.0000
nestedfunc() 0X5a770
main() 0X5d718

Figure 7.8: Output from executinrog4 nestedfunc.ch
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7.3.2 Changing Values of Variables

Many development tools such as a debugger need to changaltieeof a variable or evaluate an expression
during the execution of a script. In this section, a samptgy@m will be used to illustrate how to change
the value of a variable in a script and evaluate a Ch expmessithe callback function.

ProgranfZ11 is used to process the script in Profgranh 7.bgrénZIP is modified from Progrdm17.1.
Progran_Z 12 contains some printing statements to viewdhes of variables in the Ch space changed in
a callback function. The output from executing Progfaml7sishown in Figur&7]9.

The callback function in Program 7111 is triggered simylas in previous examples. The block end
event in the if-statement in functidancl() in ProgranfZIR2 allows the compound statements within the
if-statement in the functiorallback() executed. It first prints out the stack information for thévec
function using functiomprintCalldata() as presented in Progrdml17.2. It then sets the variabte
ProgranZ2 with the value 50 for the varialplén the C space using functiosetVariable() . In
an application, the name of the variable might be obtainéstactively. Before it is assigned a value, it
needs to be checked if it is a valid Ivalue by functid®s_VarType() and Ch_FuncType(). Afterwards,
expressions*y and2*i+r+g are evaluated by functioexprCalculation() . At this point, the
values for variableg, y, r andg are 30, 50, 200, and 500, respectively. FunceaprCalculation()
first tests if an expression is valid or not by the ABH_ExprParse(), then calculate the expression using
the APICh_ExprCalc(), and finally display the expression and its value.

After calling functionCh_ChangeStacK) with the stack level 1, the program stack goes to the aallin
functionmain() . FunctionprintCalldata() is called again to display the information of the function
main() . The local variablex in the functionmain() and and global variable in the Ch space are
assigned with the values of variablesandd in the C space, respectively. At this point, the values for
variables , x, r andg are 10, 50, 500, and 100, respectively.

After the callback function is finished, printf statememt$irograni_Z112 display the values of local and
global variables as shown in Figurel7.9.

The ideas presented in Progrml 7.8 can also be used to hamdieles of user defined data type. As an
example, after obtaining the address of a member of a ctasslile can be assigned in the C space directly
as shown below.

void *addr; /* address for a member of a class */
int *ptri;

ptri = addr;
*ptri = 10; /* assign the value for a member of a class */
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/* File Name: prog5.c */
#include <stdio.h>
#include <string.h>
#include <embedch.h>

7.3. MANIPULATING LOCAL AND GLOBAL VARIABLES

void callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata);

int main() {

void

Chinterp_t interp;

char *argwv[]={"prog5.ch", NULL};
int mask, count=0;

ChPointer_t clientdata = NULL;

Ch_Initialize(&interp, NULL);

mask = CH_MASKCALL | CH_MASKRET | CH_MASKBLOCK | CH_MASKEND
Ch_AddCallback(interp, mask, callback, clientdata, coun t);

Ch_RunScript(interp, argwv);
Ch_End(interp);
return O;

callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata)

int level=0;

ChBlock_t calldata2;

char name[256], expr[256];
int j;

double d;

if(calldata->event & CH_MASKEND && !strcmp(calldata->fu ncname, “"funcl"))

{
printCalldata(calldata);

/* use scanf() or fgets() to obtain a variable name such as "y" from the user */

strcpy(name, "y");

j = 50; /* use scanf() to obtain the value from the user */
if(Ch_VarType(interp, name) && !Ch_FuncType(interp, nam e))

{
}

setVariable(interp, name, &j);

d = 500.0; /* use scanf() to obtain the value from the user */

setVariable(interp, "g", &d);

/* use scanf() or fgets() to obtain an expression */

strcpy(expr, "i*y");
exprCalculation(interp, expr);
strcpy(expr, "2*%i+r+g");
exprCalculation(interp, expr);
printf("\n");

if(Ch_ChangeStack(interp, ++level, &calldata?) == CH_OK ) {

printCalldata(&calldata?);

setVariable(interp, "Xx", &));

setVariable(interp, "r", &d);
}

/* use scanf() or fgets() to obtain an expression */

strcpy(expr, "i*x");
exprCalculation(interp, expr);
strcpy(expr, "2*i+r+g");
exprCalculation(interp, expr);
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int setVariable(Chlinterp_t interp, const char *name, void
ChType_t datatype;
int retval;

datatype = Ch_DataType(interp, name);
switch(datatype) {
case CH_INTTYPE:
retval = Ch_SetVar(interp, name, datatype, *(int *)data);
break;
case CH_DOUBLETYPE:
retval = Ch_SetVar(interp, name, datatype, *(double*)dat
break;
default:
printf("datatype %d not supported, add it based on %s/exter
datatype, Ch_Home(interp));

break;
}
return retval;
}
int exprCalculation(Chinterp_t interp, const char *expr) {
ChType_t datatype;
int retval;
int i;
double d;
if(Ch_ExprParse(interp, expr) == CH_ERROR)
return -1,
datatype = Ch_DataType(interp, expr);
switch(datatype) {
case CH_INTTYPE:
retval = Ch_ExprCalc(interp, expr, datatype, &i);
printf("%s = %d\n", expr, i);
break;
case CH_DOUBLETYPE:
retval = Ch_ExprCalc(interp, expr, datatype, &d);
printf("%s = %f\n", expr, d);
break;
default:
printf("datatype %d not supported, add it based on %s/exter
datatype, Ch_Home(interp));
break;
}
return retval;
}

*data) {

a);

n/include/ch.h\n",

n/include/ch.h\n",

Program 7.11: C program for obtaining information for vahes of user defined type (prog5.c) (Contd.).
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#include <stdio.h>

int i = 40;
double g = 100;
double r = 200;

void funcl(int i) {
double g = 200;
int y;

printf("funcl() is called\n");
if(i) {
int i=20, z;
i=30;
printf("argument i in funcl() is true\n");

printf("i in funcl() is %d\n", i);

printf("y in funcl() is %d\n", y);

printf("g in funcl() is %f\n", g);
}

int main() {
int i = 10, x;

funcl(i);
printf("x in main() is %d\n", x);
printf("g in main() is %f\n", g);
printf("r in main() is %f\n", r);
return O;

Program 7.12: Ch program with user defined data type (proy5s.c
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funcl() is called

argument i in funcl() is true
event MASKEND is true

The stack level is 0

The current line number is 16
Function funcl() starts at line 7
Function funcl() ends at line 20
The function name is funcl()
The current file name is prog5.ch
i*y = 1500

2*%i+r+g = 760.000000

The stack level is 1

The current line number is 25
Function main() starts at line 22
Function main() ends at line 30
The function name is main()
The current file name is prog5.ch
i*x = 500

2*%i+r+g = 620.000000

i in funcl() is 10

in funcl() is 50

in funcl() is 500.000000

in main() is 50

in main() is 100.000000

in main() is 500.000000

—TQ xXxaex

7.3. MANIPULATING LOCAL AND GLOBAL VARIABLES

Figure 7.9: Output from executingog5.c
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*kkkkkkkkkkkhkkkkkkkkkkkk Debug Menu nnnnnnn *kk *kkkkk
load filename load ‘filename’ for debugging

start [args] start the program with debugging

run [args] run the program without debugging

step step into a function or next line

next step over a function or next line

cont continue till hitting a breakpoint or ends

up change stack to the calling function

down change stack to the called function

stack display stack names in all stacks

locals display variables and values within its scope
variables display variables and values in all stacks
watch expr add an expression into the watch list
remove expr remove an expression from the watch list
remove remove all expressions from the watch list
stopat filename # [cond] set a new breakpoint in a file at line #
stopin funcname [cond] set a new breakpoint in a function

stopvar varname [cond] set a new breakpoint for a controllin g variable
clearline filename # clear a breakpoint in a file at line #

clearfunc funcname clear a breakpoint for a function

clearvar varname clear a breakpoint for a variable

clear clear all breakpoints

help display this debug menu

assign var=expr assign a value to a variable

call func() call a function

print expr print out the value of an expression

expr print out the value of an expression

abort abort the debugger

debug>

Figure 7.10: The menu for the user interface of the debugrprog

7.4 A Sample Debugger

Based on the debug and callback interface described in #gopis sections, a text-based debugger is
presented in this section. Using the concept illustratethig; example, one may develop sophisticated
GUI-based debuggers or remote debuggers.

This debug program has all capabilities available in a sipsebugger for binary C programs. The
interactive user interface for our debugger is shown in E§OI0. The menu on the left before a colon
shows a command and the description on the right explainadtien taken for the command. With this
debugger, the user cdmad a programstart the program with debugging, oun the program without
debugging. The user can execute the program line by linerdithcommandtep ornext . The command
step will step into a function whereas or the commanext will step over the function to the next
line. During the debugging, the commaadnt can be invoked to continue the execution of the program
till it hits a breakpoint or the program ends. The user camghahe function stack during debugging.
It can goup to its calling function or movalown to the called function so that the variables within its
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scope can be accessed in the debugger. The function or progrmes in all stacks are displayed by the
commandstack . Names and their corresponding values of variables in themuscope are displayed by
the commandiocals . Names and their corresponding values of variables inadkstcan be displayed by
the commandariables . The commandvatch adds an expression including a single variable into the
list of watched expressions when the program is stopped raakpoint or stepped into next statement. An
expression can be removed from the list of the watched esijores by theeemove expr command. All
expressions in the watched list can be removed byd¢hsove command. Before the program execution
or during the debugging of an executed program, new breatgaian be added tstop the program
execution ocleared . A breakpoint can be setup based on three specificationsiafilee and line number,
function, and controlling variable. When a breakpoint &ipen a function, the program will stop at its first
executable line of the function. When a breakpoint is setupafvariable, the program will stop when
the value of the variable changes. Each breakpoint can haeptional conditional expression. When a
breakpoint location is reached, the conditional expresg@oevaluated if it exists. The breakpoint is hit
only if the expression is either true or has changed whiclisi¢e be specified when the breakpoint was
added. In this implementation, by default, the breakpdairtii only if the expression is true. If this sample
debugger is modified as a GUI-based debugger, the above glagucapabilities could be implemented
using clickable buttons or type-in commands in an intevacinput/output window in the user interface.
Thehelp command displays the debug menu shown in Figurd 7.10.

The variables, expressions, and functions can be mangulitgt the last three commands in Fighire ¥.10.
The commandssign assigns a value to a variablegll  invokes a function, andrint  prints out the
value of a variable or expression including functions. ibi&lid to print an expresion of void type including
a function with return type void.

One can also just type an expression, the value of the expnesdl be displayed. If the expression
is a function with the returning type of void, only the furmtiis called. The sample debugger can debug
multiple programs, one at a time. The commaiart terminates the program.

The header filedebug.h in ProgramZ1I3 defines macros, structures, and functiototypes for
the debug program. This sample debugger does not use a giafiable. Therefore, it can be conve-
niently extended for debugging multi-thread applicatiwith multiple instances of Embedded Ch. Boolean
valuesTRUEand FALSE are defined for handling variables with only true or falseugal The macro
MAXPROMPISTRIs used to allocate memory for a string containing the ugartiat the prompdebug-> .
The macraMAXNUMARGS s used for handling command line arguments, which will esatibed later.

The enumerate typaction _t contains enumerate numbers for each command in the usdagde
menu. The enumerate typenmode _t contains enumerate numbers for each command that can execut
Ch script. They includstart, run, step, next, andcont .

The structurebreakPoint  _t is for a linked list of breakpoints. It can be used to hold ahyhoee
types of breakpoints of file, function, or variable type. Themberbtype is used to hold the breakpoint
type. A union inside the structure contains the informafimna breakpoint of different types. A break-
point of file type needs both file nanfkename and line numbefinenum . A breakpoint of function
type needs a function nanfiencname and fieldcalled . The program will stop at the first executable
line of the function when the breakpoint is hit. The figdlled is set to 1 when the first executable
line of the function is being executed. It is reset to 0 whes filmction returns so that the program will
stop at the function again next time when it is called. A bpmaft of controlling variable type needs
both variable name&arname and its previous value saved in a memory pointed by an opaqureep
varvalue . When the controlling variable changes, the breakpointheilhit. The membersondexpr
condvalue , andcondtrue are used to hold a conditional expression for a breakpoihe Vialue for
the conditional expressioctondexpr of different data type is saved in the memory pointed by amjopa
pointercondvalue . If condtrue s true, that the conditional value is true triggers the kpeint. Oth-
erwise, the change of the conditional value triggers thakpeint. The structurdebiginfo t contains
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all information relevant to the debug. The mempeygname of the structuralebiginfo  _t contains the
program loaded by the commalwéd . The membeargvv with the program name and optional command
line arguments, up to the maximum number specified by the sMd&XXNUMARGS is passed to the API
Ch_ParseScrip{) or Ch_RunScript(). The membeinterp  saves the interpreter instance. The member
option contains the information including the directory of EmbeddCh used in the ARTh _Initialize ().
Memberscallback, clientdata, calldata , andcount contain the callback information re-
lated toCh_AddCallback(). The membetevel is used to keep track the function stack level for com-
mandsup anddown. The remaining membemsinmode, bkpt, wexpr, previousfuncname ,
andstepovernum are used to handle breakpoints of different commands tasecscript. The member
runmode indicates which command invokes the current statementdanc#iiback function. The mem-
ber bkpt contains the head of the linked list of breakpoints. The mamaexpr contains the head of
the linked list of watched expressions. The memtreviousfuncname  with the function name in the
previous callback is used to implement a breakpoint of fondlype. If the function name in the current call-
back is different from that in the previous callback, thedtion breakpoint will be triggered. The member
stepovernum is used to implement the commandxt to step over a function.

The remaining part of the header fdebug.h contains function prototypes for external functions used
in the sample debugger. A external function name starts thighprefixch such aschinitDebug()

Static functions in the file scope are also listed as commiartkss header file. They are separated into four
filles. Functions in filestack.c  in Progranf_ZB are for printing symbols and their values igralml list.
Functions incallback.c ~ are mainly for callback interface with Embedded Ch. Fumgimmenu.c are

for user interface. Filelebug.c contains functions for initializing and cleaning up a degpeig functions
corresponding to commands in the user interface shown inr&l@I0, and function for processing the
interactive user input menu.

The sample debugger in Progrm1.14 can debug multiple @msyrone at a time, in each iteration in a
while-loop. Prograri 7.4 first calls functi@mHelp() in Prograni_ZJb to display the debug menu shown
in Figure[ZID. It then enters an infinite while-loop for medriven debugging. A debugger is initialized
by the functionchinitDebug() defined in Prograrfi Z.16. The output and error streams areithetui
buffer by the statements

setbuf(stdout, NULL); /* no buffer for debugging purpose */
setbuf(stderr, NULL); /* no buffer for debugging purpose */

so that the proper sequence for input and output can be riredtavhen this sample code is modified
for a GUI-based debugger. In Windows, the input and outpghinneed to be redirected by function
Ch_Reoper(). Each element for command line optionsdgptr->argvv is set to NULL. For an appli-
cation with its customized distribution of Embedded Ch,nremberdgptr->option needs to be setup
properly as shown in Program 7117. For statements in fum@iwnitDebug() ,

dgptr->callback = chCallback;
dgptr->clientdata = (ChPointer_t)dgptr;

the membeircallback is initialized with the callback function. The memberientdata is initial-
ized to the debuggettebug itself so that it will be passed as client data to the callbiagiction. These
members will be used as arguments of the SRLAddCallback() to register the callback function. Like
a GUI program, this sample debug program is also eventiuriddter initialization, the program waits for
the user input from the functiochProcessActionMenu() . After a script is processed, the program
is terminated by functiomhEndDebug() . FunctionchCleanDebug() cleans the allocated memory.
Note that the APCh_End() may invoke some functions registered by the standard Cifumatexit() in the
Ch space in a header file. When these registered functiortsbed, the callback function will be triggered

168



CHAPTER 7. THE DEBUG AND CALLBACK INTERFACE TO A CH PROGRAM
7.4. ASAMPLE DEBUGGER

which will use the linked list of breakpoints in the debugg&herefore, the functio€h_End() must be
called first befor&ehCleanDebug() is called, which in turn callshClearWatchExprs() to clear all
expressions in the watched list acldClearBreakPoints() to clear all breakpoints. One may change
the functionmain() as a regular function so that it can be called to debug diffgseograms.

Before we explain other functions, we will take a look at hohe tuser interface function
chProcessActionMenu() is implemented in Prograli_7116. The while-loop inside fiorct
chProcessActionMenu() processes the user input. Using a while-loop, the user gart @dommands
multiple times. For example, the user can set multiple lemits or print out values of different variables
during the debugging. When the user types a command sustieas to execute the script, the while-loop
will terminate. In the while-loop, it first calls the localagic functiongetACtionMenu()  to obtain the
user input. The user input is then compared with the comméaiys Some commands such step
have no argument whereas others suckbad have an argument. The user input is passed back to the
calling function by the argumetine of function getACtionMenu() . ThegetACtionMenu()  re-
turns an enumerate number corresponding to a command. €flocemnmand, a corresponding function in
ProgranfZT6 is called inside the while-loop of the functitrocessActionMenu()

To debug a program, the user needs to specify a program finsexemple, to load prograprogl.ch
the user may enter the command as follows.

debug> load progl.ch

FunctionchLoadFile() in Progran{_Z.T6 corresponds to the enumerate nuBaHON.LOADIn Pro-
gram[Z.Ib for the commaridad in Figure[ZID. The program name is copied to the membagname
of the debugger.

FunctionchStart()  starts debugging a program. The command optional argurfarttee command
start andrun are processed by the local static function getArgvFromSagr example, the command

debug> load prog6.ch
debug> start optl opt2

will pass the argumenigzrog6.ch ,optl andopt2 toargv[0] ,argv[l] ,andargv[2] ofthe main
function

int main(int argc, char *argv[])

of the Ch scripprog6.ch , respectively. An optional argument with space should wosed within two
double quotation marks as shown below.

debug> start optl "opt2 with space" opt3

If the user types commarstep , next , orcont before the program has started, the functib&tart()

will be called. The argumemunmode of function chStart() therefore can have a different execution
command, which is saved in the membanmode of the debugger. FunctioohStart() starts the
Embedded Ch by calling the ARIh_Initialize (). The instance of the interpreter is saved as a member of
the debugger. Before the program is executed by the ASRlfarseScripi{) and Ch_ExecScript), the
callback function with the new line event mask is added byARéCh_AddCallback(). Typically, the user
needs to load a program and set breakpoints before starfirmgeam.

To execute the loaded program without debugging or exegtie program in the mid of the debugging,
the user can type commamdn . The corresponding functiochRun() will be called. It unregisters the
callback function by the event magskh_MASKNONE. If the loaded program is already started, it just
changes the event mask of the callback function by callieg&RI Ch_AddCallback() only. Otherwise, a
new instance of Embedded Ch needs to be used to execute ramproThe execution commanstep,
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next , andcont are similar. If an Embedded Ch has not started yet, the pnogvél start an interpreter
first by calling functionchStart() . The event mask all contains the new line eV rtMASKLINEand
function return evenCHMASKRET he evenCHMASKRE(§ used to handle a breakpoint for function. The
expressiomdgptr->runmode  with different values will be used inside the callback fuoetto handle
different commands. To step over a function, the functidheseent Ch_LMASKCALL and function return
eventCh_MASKRET are added to the event mask.

FunctionschUpStack() andchDownStack() corresponding to commandg anddown change
the function stack of the executed program by calling the BfRIChangeStack). In a GUI-based debugger,
the members adlgptr->calldata and the passed argumenatlidata  of the APICh_ChangeStacK)
containing the information of the functions in the stacklddoe used to update the displayed program in
a GUI editor. The current and highest possible stack levatsbe obtained by the ARTh_StackLevel).
The name in a stack can be obtained by the CRIStackNamd). Commandstack corresponding to
functionchStack() displays function, member function, or program name ancesponding stack level
in each stack by calling functioBh_StackName) in a while-loop. Commantbcals displays names and
values of variables in the current scope by calling functbhocals()  which in turn calls the function
chPrintSymbolValuesinStack() in Prograni_ZB described in the previous section. When the co
trol of the program execution is inside a function, commbwls displays the values of local variables
and arguments of the function. When the control of the progeaiecution is not in a function of a script,
commandlocals displays the values of global variables of the program. EonchVariales()
corresponding to commangariables  displays names and values for all variables within its sdope
each stack recursively by calling functichPrintSymbolValuesinStack() . The commanavatch
calls functionchAddWatchExpr() to add an expression to a list of watched expressions andblesi
The memory allocated for an expression inside the funatibAddWatchExpr() is freed in function
chRemoveWatchExpr() andchRemoveWatchExprs() . The commandemove expr calls func-
tion chRemoveWatchExpr() to remove the expressia@xpr from the watched list. For the command
remove , function chRemoveWatchExprs() is called to remove all expressions in the watched list.
FunctionchRemoveWatchExprs() is also called byhCleanDebug() at the end of the program ex-
ecution. FunctiorchProcessWatchExprs() is called in functionchCallback() in Progran_ZTI7
when the progarm is stopped Biep or next command, or in a breakpoint to display each expressiol
its value in the list of watched expressions and variablasa typical GUI-based debugger, the function
chProcessWatchExprs() needs to be modified to display expressions and their cametipg values
in a separate window.

FunctionchSetBreakPointLine() sets a hew breakpoint specified by a file name and line number.
The program breaks execution when it reaches this locakanctionchSetBreakPointFunc() sets
a new breakpoint for a function. The program breaks execwtiben it reaches the first executable line of
the function. FunctiorthSetBreakPointVar() sets a new breakpoint for a controlling variable. The
variable is evaluated while the program is running. The mogbreaks execution when the value of the
variable changes. When each of these functions is calledeakpoint is appended to the linked list of
breakpoints. The optional conditional expression andyéigng method for each breakpoint are passed as
the last two arguments of these functions. For example, thi&ses for setting a breakpoint in a file and
line number are as follows.

debug> stopat filename #
debug> stopat filename # condexpr
debug> stopat filename # condexpr condtrue

When a breakpoint location is reached, the optional exfmesondexpr is evaluated. If the argument
condtrue is true or missing, the breakpoint will be hit if the value the expression is true; otherwise,
the breakpoint will be hit if the value for the expression baanged. For example, the command
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debug> stopat progl.ch 6
sets a breakpoint in filprogl.ch atline 6. The command
debug> stopat progl.ch 6 i+j 1

sets a breakpoint in filprogl.ch at line 6. When the breakpoint location in file progl.ch atltis
reached, the expressiofy is evaluated and the breakpoint will be hit if the value fag g&xpressiont|
is true. The above command is the same as

debug> stopat progl.ch 6 i+j
The command
debug> stopat progl.ch 6 i+j O

sets a breakpoint in filprogl.ch at line 6. When the breakpoint location in file progl.ch atlthis
reached, the expressiofy is evaluated and the breakpoint will be hit if the value fag &xpressiont|

has changed. On the other hand, function€learBreakPointLine() chClearBreakPointFunc() ,
andchClearBreakPointVar() remove a breakpoint of line, function, and variable typehim linked
list, respectively. FunctionhClearBreakPoints() removes all breakpoints in the debugger.

FunctionschAssign() andchCall()  in ProgramZ16 correspond to commaraisign and
call , respectively. The contents of functionsAssign() andchCall() are the same. Inside these
functions, an assignment expression such=10 or function call expression such asic() is parsed
by the APICh_ExprParse() to check any syntax error. If the expression is valid, #valuated by the API
Ch_ExprEval().

The argument of commangrint is an expression. The expression and its value, obtainedhdoy t
API Ch_ExprValue(), are printed out by functiomhPrintSymbolValue() in ProgramZPB. The
expression of commargrint  is processed inside the functichPrint() . FunctionsCh_ExprValue()
andCh_DeleteExprValug() are used to obtain the value of expression of differerd tgies. The calculated
result of different data type is then displayed. One can jisbtype expression, its value will be printed
out. A valid expression is processed by functavExpr() . FunctionchExpr() is similar to function
functionchPrint()  , except that it will not display an error message when theasgion is of a function
with return type of void. As an example, commands

debug> assign i=2*10
debug> call func()
debug> print i

20

debug> 2%

40

debug>

assign the variable with the value of 10, call functiofunc() , and print out the value of the expression
2*i  when the variablé is valid in its current scope.

The last functionchAbort()  in Programl_Z16 corresponds to the commabadrt . The function
chAbort() is similar to functionchEndDebug() in Program_Z1l7. When the interpreter is execut-
ing the callback function which invokes the functichAbort() , the interpreter is aborted by the API
Ch_Abort () for the commandbort . The allocated memory for the debugger is then freed by thetion
chCleanDebug()

The callback functiorchCallback() in ProgramZ1l7 is the central component for the debugger
program. The registered client data by the API_AddCallback() points to the debugger. Statements
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dgptr = (debuglinfo_t *)clientdata;
dgptr->calldata = calldata;
dgptr->level = calldata->level,

retrieves the debugger first. The calldata and stack leegh®an saved in the debugger. The breakpoints in
the linked list of the debugger is used inside the callbacktion.

If the callback is triggered by the function return eventisifirst checked if the returning function had
just been stopped by a breakpoint for function. If this is¢hee, the field¢alled for this breakpoint is
reset to 0 by the statement

bp->u.func.called = FALSE;

so that the program will stop at this function again when dabed.
If the callback is triggered by theext command to step over a function or a statement, the condltion
expression of the if-statement

if(dgptr->runmode == RUNMODE_STEPOVER) {

will be true. If the callback is triggered by the function loaent, the membaedlgptr->stepovernum
will increment. If the callback is triggered by the functioreturn event, the member
dgptr->stepovernum will decrement. If the value ofigptr->stepovernum is not zero, the call-
back is triggered by a statement inside a function stepped dherefore, the flow of the program control
returns from the callback function.

When the program is executed by the commatatt, step, next, or cont , the conditional
expression of the if-statement

if(calldata->event & CH_MASKLINE)

will be true. If the statement is executed by the commasidp or next , the function
chProcessActionMenu() will be called to obtain the user’s input. The flow of the pramgr control
will return from the callback function.

If the program is executed by the commastart or cont , all breakpoints in the linked list will
be searched by a while-loop against the current executéehstat. If a breakpoint was set for a file at
the specified line number, the file name and line humber in teakpoint and current statement will be
compared. If they are matched, the optional conditionakesgion for the breakpoint is checked by the
function chTestBreakPointCondition() . If this function returns 0, the breakpoint is hit and the
function chProcessActionMenu() will be called to process the user input. For a function bpedit,
it will test if the current function matches with the funatiset in the breakpoint. Only when the function
is entered the first time, the breakpoint will be hit. When fingt executable line of the function with a
breakpoint is executed, the fietdlled for the breakpoint is set to 1 by the statement

bp->u.func.called = TRUE;

so that the function will not be stopped during its executidrhe field called will be set to 0 when
the function returns so that the program will stop at the fimmcagain when it is called next time. For a
breakpoint with a controlling variable, it will first find treeddress of the variable by the statement

varptr = (void*)Ch_SymbolAddrByName(interp, bp->u.var. varname);

If the variable is accessible within the current programpscdhe value of the variable will be saved in
bp->u.var.varvalue when it is encountered the first time. Otherwise, it will becked against the
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previously saved value. If the current value is differepntiirthe saved one, the new value will be saved and
the breakpoint is hit.

FunctionchTestBreakPointCondition() uses the APILh_ExprParse() andCh_ExprCalc()
to evaluate the conditional expression bip->condexpr . The value of the expression is saved in
bp->condvalue . The memory folbp->condvalue s allocated dynamically based on the data type
and its size of the expression when the conditional expradsiprocessed for the first time. If the mem-
berbp->condtrue s true, we only test if the conditional value is true or noth@wise, we test if the
conditional value has changed. If the breakpoint shouldityeéhe function returns 0. Otherwise, it returns
-1. The allocated memory for breakpoints are freed by thetfan chClearBreakPoints() called in
functionchCleanDebug() at the end of program execution.

7.4.1 A Sample Debugger Using C++

The above sample debugger has been ported to C++. The samde is available at
CHHOME/toolkit/demos/embedch/chapters/chapter7/apmxtbry when Embedded Ch is installed.
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/* File: debug.h, For the run time debug */
#ifndef _DEBUG_H
#define _DEBUG_H

#include <embedch.h>

#ifdef __ cplusplus
extern "C" {
#endif

/* define boolean value */
#define TRUE 1
#define FALSE 0

#define MAX_PROMPT_STR 2048 /* maximum prompt string lengt h */
#define MAX_NUM_ARGS 100 /* maximum number of arguments for commands ’start’ and ’run’ */

/* action from the user through a GUI */
typedef enum {
ACTION_UNDEFINED,
/* for debug commands or menus in a GUI */

ACTION_LOAD, /* command "load filename" */
ACTION_START, [* command "'start [args]" with debugging */
ACTION_RUN, /* command "run [args] without debugging */
ACTION_STEPINTO, /* command "step" into */

ACTION_STEPOVER, /* command "next" to step over */
ACTION_CONTINUE, /* command "cont" to continue */
ACTION_UPSTACK, [* command "up" function stack */
ACTION_DOWNSTACK, /* command "down" function stack " */
ACTION_STACK, [* command "stack" function names " */
ACTION_LOCALS, /* command "locals" variables and values */
ACTION_VARIABLES, /* command "variables" variables and va lues in stacks */
ACTION_ADDWATCHEXPR, /* command "watch" to add watch expr * /

ACTION_REMOVEWATCHEXPR, /* command "remove expr' remove a watch expr */
ACTION_REMOVEWATCHEXPRS, /* command "remove" watch expre ssions */

/* one may click a line in an edited code in GUI to set a new break point */

ACTION_SETBREAKPOINTLINE,/* command "stopat filename # [ cond]" in file at line # */

ACTION_SETBREAKPOINTFUNC,/* command "stopin funcname [c  ond]" in function */

ACTION_SETBREAKPOINTVAR, /* command "stopvar varname [co nd]" when the value of
a variable changes */

/* one may use a popup dialog to clear a breakpoint */

ACTION_CLEARBREAKPOINTLINE, /* command "clearline filen ame #" */

ACTION_CLEARBREAKPOINTFUNC, /* command "clearfunc funcn ame" */

ACTION_CLEARBREAKPOINTVAR, /* command “clearvar varname " */

ACTION_CLEARBREAKPOINTS, /* command "clear" */

ACTION_HELP, [* command "help" */

/* Use as commands in an interactive I/O window to

assign a value, call a functoin, and print an expression */
ACTION_ASSIGN, /* command "assign var=expr" */
ACTION_CALL, /* command "call func()" */
ACTION_PRINT, /* command "print expr" */
ACTION_EXPR, /* command "expr" */

ACTION_ABORT /* command "abort" */
} action_t;

Program 7.13: The header file with defined data structureswaration prototypes for the debug program

debug.h).
( o) 174



CHAPTER 7. THE DEBUG AND CALLBACK INTERFACE TO A CH PROGRAM

7.4. ASAMPLE DEBUGGER

/* run mode */

typedef enum {
RUNMODE_UNDEFINED,
/* from commands in a GUI */

RUNMODE_START, /* command "start" with debugging */
RUNMODE_RUN, /* command "run" without debugging */
RUNMODE_STEPINTO, /* command "step" into */
RUNMODE_STEPOVER, /* command "next" to step over */
RUNMODE_CONTINUE /* command "cont" to continue */

} runmode_t;

/* The structure for a breakpoint */
typedef struct BreakPoint {
action_t btype; /* the breakpoint type. One of values of
ACTION_SETBREAKPOINTLINE,
ACTION_SETBREAKPOINTFUNC,
ACTION_SETBREAKPOINTVAR. */

union {
struct {
char *filename; /* file name */
int linenum; [* the line number for the breakpoint */
Hile;
struct {
char *funcname; /* function name */
int called; /* 1 if the func is called, reset to 0 when
function is returned */
Hunc;
struct {

char *varname; /* variable name */
void *varvalue; /* value of variable */
Jvar;
Ju;
/* If the conditional expression for a breakpoint is NULL, or
the conditional value is true or has changed,
the breakpoint will be handled; otherwise, skip it */
char *condexpr; /* condition expression */
void *condvalue; /* condition value */

int condtrue; /* 1 for the conditional value is true to trigge r the breakpoint

0 for the condtional value has changed to trigger the breakpo
struct BreakPoint *next; /* next breakpoint in the linked li st */
} breakPoint_t;

/* The structure for an expression in the watch list */
typedef struct WatchExpression {

ChType_t exprtype; /* expression type, reserved for future use */
char *exprname; /* expression name */

void *exprvalue; /* expression value, reserved for future u se */
struct WatchExpression *next; /* next expression in the lin ked list */

} watchExpression_t;

int */

Program 7.13: The header file with defined data structureduanadion prototypes for the debug program

(debug.h) (Contd.)
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/* The structure for information for debug */
typedef struct {

char *progname; /* a Ch program to be debugged */

char *argw/[MAX_NUM_ARGS]; /* a Ch program with command lin e option to be debugged */
Chinterp_t interp;  /* Ch interpreter */

ChOptions_t *option; /* Ch initialization options for Ch_I nitialize(interp, option) */

void (*callback)(Chinterp_t interp, ChBlock_t *calldata , ChPointer_t clientdata);

ChPointer_t clientdata;

ChBlock_t *calldata; /* callback data */

int count; /* count value for the callback */
int level, [* stack level */

runmode_t runmode;  /* run mode from a menu */
breakPoint_t *bkpt; /* the head of breakpoints */

watchExpression_t *wexpr; /* the head of watch expressions */
char *prevfuncname; /* previous function name for handling "stop in" */
int stepovernum; /* number of functions stepped over by "ste p over" */

} debuginfo_t;

/* functions in stack.c */
/* static functions within the file

static int printValue(Chinterp_t interp, ChType_t dataty pe,
void *addr, ChUserDefinedTag_t udtag, int nestlevel);
static int printUserDefined(Chinterp_t interp, ChType_t datatype,
void *addr, ChUserDefinedTag_t udtag, int nestlevel); */
extern void chPrintSymbolValue(Chinterp_t interp, char * name, void *addr);
extern void chPrintSymbolValuesinStack(Chinterp_t inte rp, int level);

/* functions in callback.c */

extern void chCallback(Chinterp_t interp, ChBlock_ t *cal Idata, ChPointer_t clientdat
a);
extern int chTestBreakPointCondition(Chinterp_t interp , breakPoint_t *bp);

/* functions in menu.c, the console can be replaced by a GUI */
extern int chHelp(void);

/* functions in debug.c */

/* static functions within the file

static action_t getActionMenu(debuginfo_t *dgptr, char * str);
static void printErrorNoFile(void);

static int getArgvFromStr(char **argv, char *args); */

extern int chinitDebug(debuginfo_t *dgptr);

extern int chEndDebug(debuglinfo_t *dgptr);

extern int chCleanDebug(debuginfo_t *dgptr);

extern int chLoadFile(debuginfo_t *dgptr, char *progname );
extern int chStart(debuginfo_t *dgptr, runmode_t runmode , char *args);
extern int chRun(debuginfo_t *dgptr, char *args);

extern int chSteplnto(debuginfo_t *dgptr);

extern int chStepOver(debuginfo_t *dgptr);

extern int chContinue(debuginfo_t *dgptr);

extern int chUpStack(debuginfo_t *dgptr);

extern int chDownStack(debuginfo_t *dgptr);

extern int chStack(debuglinfo_t *dgptr);

extern int chLocals(debuglinfo_t *dgptr);

extern int chVariables(debuglnfo_t *dgptr);

Program 7.13: The header file with defined data structureduanadion prototypes for the debug program
(debug.h) (Contd.)
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extern int chAddWatchExpr(debuginfo_t *dgptr, char *expr name);
extern int chProcessWatchExprs(debuginfo_t *dgptr);
extern int chRemoveWatchExpr(debuginfo_t *dgptr, char *e xprname);
extern int chRemoveWatchExprs(debuginfo_t *dgptr);
extern int chSetBreakPointLine(debuginfo_t *dgptr, char *filename, int linenum,
char *condexpr, int condtrue);
extern int chSetBreakPointFunc(debuginfo_t *dgptr, char *funcname,
char *condexpr, int condtrue);
extern int chSetBreakPointVar(debuginfo_t *dgptr, char * varname,
char *condexpr, int condtrue);
extern int chClearBreakPointLine(debuginfo_t *dgptr, ch ar *filename, int linenum);
extern int chClearBreakPointFunc(debuginfo_t *dgptr, ch ar *funcname);
extern int chClearBreakPointVar(debuginfo_t *dgptr, cha r *varname);

extern int chClearBreakPoints(debuginfo_t *dgptr);
extern int chAssign(debuglinfo_t *dgptr, char *expr);
extern int chCall(debuginfo_t *dgptr, char *expr);
extern int chPrint(debuginfo_t *dgptr, char *expr);
extern int chExpr(debuginfo_t *dgptr, char *expr);
extern int chAbort(debuginfo_t *dgptr);

/* function below for Menu processing */

extern int chProcessActionMenu(debuginfo_t *dgptr);

#ifdef __ cplusplus

}
#endif

#endif /* DEBUG_H*

Program 7.13: The header file with defined data structuresuanadion prototypes for the debug program
(debug.h) (Contd.)

/* File Name: prog6.c */
#include "debug.h"

int main() {
chHelp();
while (1) {
debuginfo_t debug;

chinitDebug(&debug);
chProcessActionMenu(&debug);
chEndDebug(&debug);

}

return O;

Program 7.14: The debug program (prog6.c).
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/* File Name menu.c */
#include <stdio.h>
#include <string.h>
#include "debug.h"

int chHelp() {

printf("xx*=
printf("load filename
printf("start [args]
printf("run [args]
printf("step
printf("next

Debug Menu *kkkkkkkkk
load ‘filename’ for debugging\n™);
start the program with debugging\n")
run the program without debugging\n");
step into a function or next line\n");
step over a function or next line\n");

**'k*******'k***\n") .
1

printf("cont continue till hitting a breakpoint or ends\n" );
printf("up change stack to the calling function\n");

printf("down change stack to the called function\n");

printf("stack display stack names in all stacks\n");

printf("locals display variables and values within its sco pe\n");
printf("variables display variables and values in all stac ks\n");
printf("watch expr add an expression into the watch list \n" );
printf("remove expr remove an expression from the watch lis t \n");
printf("remove remove all expressions from the watch list \ n");

printf("stopat filename # [cond] set a new breakpoint in a fi

le at line #n");

printf("stopin funcname [cond] set a new breakpoint in a fun ction \n");
printf("stopvar varname [cond] set a new breakpoint for a co ntrolling variable\n");
printf("clearline filename # clear a breakpoint in a file at line #\n");
printf("clearfunc funcname clear a breakpoint for a functi on \n");

printf("clearvar varname

printf("clear
printf("help

printf("assign var=expr

printf("call func()
printf("print expr
printf("expr
printf("abort

return O;

Program 7.15: The user interface for the debug program (ragnu

clear a breakpoint for a variable
clear all breakpoints \n");
display this debug menu\n");

assign a value to a variable\n");

call a function \n");

print out the value of an expression\n“)
print out the value of an expression\n");
abort the debugger\n®);
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/* File Name: debug.c */
#include <stdio.h>
#include <string.h>
#include "debug.h"

#if defined( WIN32)

#define R_OK 4 /* Test for Read permission */
#define F_OK 0 /* Test for existence of File */
#else

#include <unistd.h>

#endif

/* static functions within the file */

static void printErrorNoFile(void);

static action_t getActionMenu(debuginfo_t *dgptr, char * str);
static int getArgvFromStr(char **argv, char *args);

int chinitDebug(debuginfo_t *dgptr) {
char *proghome;
ChOptions_t *option;

setbuf(stdout, NULL); /* no buffer for debugging purpose */
setbuf(stderr, NULL); /* no buffer for debugging purpose */
dgptr->progname = NULL;

memset(dgptr->argvv, \0’, MAX_NUM_ARGS*sizeof(char*) );
dgptr->interp = NULL,;
/* To use your distribution of Embedded Ch, modify code here t 0 setup dgptr->interp:

option = (ChOptions_t*)malloc(sizeof(ChOptions_t));
option->shelltype = CH_REGULARCH;

proghome = getenv("PROG_HOME"); // from an environment var iable

/I or obtain the value for proghome from a registry value in Wi ndows,
/I using Windows API RegOpenKeyEx() and RegQueryValueEx() .
option->chhome = (char *)malloc(strlen(proghome)+ strle n("/embedch")+1);

strcpy(option->chhome, proghome);
strcat(option->chhome, "/embedch");
dgptr->option = option;
*/
dgptr->option = NULL;
dgptr->callback = chCallback;
dgptr->clientdata = (ChPointer_t)dgptr;
dgptr->count = 0;
dgptr->level = 0;
dgptr->runmode = RUNMODE_UNDEFINED;
dgptr->bkpt = NULL;
dgptr->wexpr = NULL;
dgptr->stepovernum = 0;
return O;

}

int chEndDebug(debuginfo_t *dgptr) {
if(dgptr->interp)
Ch_End(dgptr->interp);
chCleanDebug(dgptr);
return O;

Program 7.16: Functions corresponding to the debug usaface menu. (debug.c).

179



CHAPTER 7. THE DEBUG AND CALLBACK INTERFACE TO A CH PROGRAM
7.4. ASAMPLE DEBUGGER

int chCleanDebug(debuginfo_t *dgptr) {
int i =1;
watchExpression_t *wexpr, *head;

if(dgptr->progname)
free(dgptr->progname);

while(dgptr->argvv[i] '= NULL) {
free(dgptr->argwvli]);
1++;

}

if(dgptr->option) {
if(dgptr->option->chhome)

free(dgptr->option->chhome);

free(dgptr->option);

}

/* clean the list of watched expressions and breakpoints*/
chRemoveWatchExprs(dgptr);

chClearBreakPoints(dgptr);

return O;

}

int chLoadFile(debuginfo_t *dgptr, char *progname) {
if(access(progname, F_OK) || access(progname, R_OK)) {
printf("Error: file \"%s\" does not exist or not readable\n ", prognhame);
return -1;
}
dgptr->progname = strdup(progname);
return O;

}

int chStart(debuglinfo_t *dgptr, runmode_t runmode, char * args) {
int mask, status;
Chinterp_t interp;

if(dgptr->progname == NULL) {

printErrorNoFile();

return -1;
}
/* create dgptr->argvv from args for Ch_ParseScript() */
dgptr->argvv[0] = dgptr->progname;
getArgvFromStr(dgptr->argvv, args);

dgptr->runmode = runmode;
Ch_Initialize(&interp, dgptr->option);
dgptr->interp = interp;
mask = CH_MASKLINE | CH_MASKRET;
Ch_AddCallback(dgptr->interp, mask, dgptr->callback,
dgptr->clientdata, dgptr->count);

status = Ch_ParseScript(interp, dgptr->argvv);
if(status == CH_OK)

status = Ch_ExecScript(interp, dgptr->argvv[0]);
return status;
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int chRun(debuginfo_t *dgptr, char *args) {

}

int mask, status;
Chinterp_t interp;

if(dgptr->progname == NULL) {

printErrorNoFile();

return -1,
}
[* create dgptr->argvv from args for Ch_ParseScript() */
dgptr->argvv[0] = dgptr->progname;
getArgvFromStr(dgptr->argvv, args);

dgptr->runmode = RUNMODE_RUN;
mask = CH_MASKNONE;
if(dgptr->interp != NULL) {/* already start by chStart() */
status = Ch_AddCallback(dgptr->interp, mask, dgptr->cal
dgptr->clientdata, dgptr->count);
}
else {
Ch_lInitialize(&interp, dgptr->option);
dgptr->interp = interp;
Ch_AddCallback(dgptr->interp, mask, dgptr->callback,
dgptr->clientdata, dgptr->count);
status = Ch_ParseScript(interp, dgptr->argvv);
if(status == CH_OK)
status = Ch_ExecScript(interp, dgptr->argvv[0]);
}

return status;

int chStepinto(debuginfo_t *dgptr) {

int mask;

dgptr->runmode = RUNMODE_STEPINTO;
if(dgptr->interp == NULL) {
return chStart(dgptr, RUNMODE_STEPINTO, NULL);
}
mask = CH_MASKLINE | CH_MASKRET;
return Ch_AddCallback(dgptr->interp, mask, dgptr->call
dgptr->clientdata, dgptr->count);

7.4. ASAMPLE DEBUGGER

Iback,

back,
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int chStepOver(debuginfo_t *dgptr){
int mask;

dgptr->runmode = RUNMODE_STEPOVER,;
if(dgptr->interp == NULL) {
return chStart(dgptr, RUNMODE_STEPOVER, NULL);

}
mask = CH_MASKLINE | CH_MASKCALL | CH_MASKRET;
return Ch_AddCallback(dgptr->interp, mask, dgptr->call back,

dgptr->clientdata, dgptr->count);
}

int chContinue(debuglinfo_t *dgptr) {
int mask;

dgptr->runmode = RUNMODE_CONTINUE;
if(dgptr->interp == NULL) {
return chStart(dgptr, RUNMODE_CONTINUE, NULL);

}
mask = CH_MASKLINE | CH_MASKRET;
return Ch_AddCallback(dgptr->interp, mask, dgptr->call back,

dgptr->clientdata, dgptr->count);
}

int chUpStack(debuglinfo_t *dgptr) {
ChBlock _t calldata;

if(dgptr->progname == NULL) {
printErrorNoFile();

return -1,

}

if(Ch_ChangeStack(dgptr->interp, ++(dgptr->level), &c alldata) == CH_OK) {
[* if for a GUI-based debugger, update the edited source code in a GUI

window using info in members of calldata and dgptr->calldat a here */

printf("The current line number is %d\n", dgptr->calldata ->linecurrent);
printf("The line number in the calling function %d\n", call data.linecurrent);
return O;

}

else
return -1;

}

int chDownStack(debugInfo_t *dgptr) {
ChBlock _t calldata;

if(dgptr->progname == NULL) {
printErrorNoFile();
return -1,

}

if(Ch_ChangeStack(dgptr->interp, --(dgptr->level), &c alldata) == CH_OK) {
return O;

}

else
return -1,
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int chStack(debuginfo_t *dgptr) {
Chinterp_t interp;
int level, isfunc;
char *name, *classname;

if(dgptr->progname == NULL) {
printErrorNoFile();
return -1;

}

interp = dgptr->interp;

level= dgptr->level;

printf("Stack Level Stack Name\n");

while(name = Ch_StackName(interp, level, &isfunc, &class name))
if(isfunc == 1)
printf("%4d %s()%\n", level, name);
else if(isfunc == 2)
printf("%4d %s::%s()%\n", level, classname, name);
else
printf("%4d %s%\n", level, name);
level++;
}
return O;

}

int chLocals(debuginfo_t *dgptr) {
Chinterp_t interp;
int level;

if(dgptr->progname == NULL) {
printErrorNoFile();
return -1;
}
interp = dgptr->interp;
level= dgptr->level;
chPrintSymbolValuesinStack(interp, level);
return O;

}

int chVariables(debuginfo_t *dgptr) {
Chinterp_t interp;
int level,
ChBlock_t calldata2;

if(dgptr->progname == NULL) {
printErrorNoFile();
return -1;
}
interp = dgptr->interp;
level= dgptr->level;
chPrintSymbolValuesinStack(interp, level);

while(Ch_ChangeStack(interp, ++level, &calldata2) == CH _0OK)
{
chPrintSymbolValuesinStack(interp, level);
}
return O;
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/* add an expression or variable to the watched list */
int chAddWatchExpr(debuginfo_t *dgptr, char *exprname) {

}

watchExpression_t *temp = dgptr->wexpr;
watchExpression_t *wexpr = (watchExpression_t *)malloc(

wexpr->exprtype = CH_UNDEFINETYPE; /* not used */
wexpr->exprname = strdup(exprname);
wexpr->exprvalue = NULL; /* not used */
wexpr->next = NULL,
iftemp == NULL) /* no element in the linked list */
dgptr->wexpr = wexpr;
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 = wexpr;
}

return O;

/* pricocess expressions and variables in the watched list *
int chProcessWatchExpr(debuginfo_t *dgptr) {

}

watchExpression_t *wexpr = dgptr->wexpr;

while(wexpr) {
chPrint(dgptr, wexpr->exprname);
wexpr = wexpr->next;

}

return 0;

/* remove an expr from the watched list */
int chRemoveWatchExprs(debuginfo_t *dgptr, char *exprna

watchExpression_t *tmpl, *tmp2;

tmpl = dgptr->wexpr;
if (tmpl == NULL)
return O;
else if (Istrcmp(tmpl->exprname, exprname))
{
dgptr->wexpr = tmpl->next;
free(tmpl->exprname);
if(tmp1->exprvalue)
free(tmpl->exprvalue);
free(tmpl);

7.4. ASAMPLE DEBUGGER

sizeof(struct WatchExpression));

me) {
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}

else {
while (tmpl->next)

if (Istrcmp(tmpl->exprname, exprname))

tmp2 = tmpl->next;
tmpl->next = tmpl->next->next;
free(tmp2->exprname);
if(tmp2->exprvalue)
free(tmp2->exprvalue);

free(tmp2);
return O;
}
tmpl = tmpl->next;
}
}
return O;

/* remove all exprs from the watched list */
int chRemoveWatchExprs(debuginfo_t *dgptr) {

}

watchExpression_t *tmpl, *head,;

head = dgptr->wexpr;
while(head) {
tmpl = head;
head = head->next;
free(tmpl->exprname);
if(tmpl->exprvalue)
free(tmpl->exprvalue);
}
dgptr->wexpr = NULL;
return 0O;

int chSetBreakPointLine(debuginfo_t *dgptr, char *filen

char *condexpr, int condtrue) {
breakPoint_t *temp = dgptr->bkpt;
breakPoint_t *bp = (breakPoint_t *)malloc(sizeof(struct

bp->btype = ACTION_SETBREAKPOINTLINE;
bp->u.file.flename = strdup(filename);
bp->u.file.linenum = linenum;
if(condexpr && strlen(condexpr) != 0)
bp->condexpr = strdup(condexpr);
else
bp->condexpr = NULL;
bp->condvalue = NULL;
bp->condtrue = condtrue;
bp->next = NULL;

iftemp == NULL) /* no element in the linked list */
dgptr->bkpt = bp;
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 = bp;
}

return O;

7.4. ASAMPLE DEBUGGER

ame, int linenum,

BreakPoint));

Program 7.16: Functions corresponding to the debug usaface menu. (debug.c) (Contd.).

185



CHAPTER 7. THE DEBUG AND CALLBACK INTERFACE TO A CH PROGRAM

int chSetBreakPointFunc(debuglinfo_t *dgptr, char *funcn

}

int condtrue) {
breakPoint_t *temp = dgptr->bkpt;
breakPoint_t *bp = (breakPoint_t *)malloc(sizeof(struct

bp->btype = ACTION_SETBREAKPOINTFUNC;
bp->u.func.funcname = strdup(funcname);
bp->u.func.called = FALSE;
if(condexpr && strlen(condexpr) != 0)
bp->condexpr = strdup(condexpr);
else
bp->condexpr = NULL;
bp->condvalue = NULL;
bp->condtrue = condtrue;
bp->next = NULL;

iftemp == NULL) /* no element in the linked list */
dgptr->bkpt = bp;

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 = bp;

}

return O;

int chSetBreakPointVar(debuginfo_t *dgptr, char *varnam

int condtrue) {
breakPoint_t *temp = dgptr->bkpt;
breakPoint_t *bp = (breakPoint_t *)malloc(sizeof(struct

bp->btype = ACTION_SETBREAKPOINTVAR,;
bp->u.var.varname = strdup(varname);
bp->u.var.varvalue = NULL;
if(condexpr && strlen(condexpr) != 0)
bp->condexpr = strdup(condexpr);
else
bp->condexpr = NULL;
bp->condvalue = NULL;
bp->condtrue = condtrue;
bp->next = NULL;

iftemp == NULL) /* no element in the linked list */
dgptr->bkpt = bp;

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 = bp;

}

return O;

7.4. ASAMPLE DEBUGGER

ame, char *condexpr,

BreakPoint));

e, char *condexpr,

BreakPoint));
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int chClearBreakPointLine(debuglinfo_t *dgptr, char *fil ename, int linenum) {
breakPoint_t *tmpl, *tmp2;

tmpl = dgptr->bkpt;
if (tmpl == NULL)
return O;
else if (Istrcmp(tmpl->u.file.flename, filename) &&
tmpl->u.file.linenum == linenum)
{
dgptr->bkpt = tmpl->next;
free(tmpl->u.file.filename);
if(tmp1->condexpr)
free(tmpl->condexpr);
if(tmpl->condvalue)
free(tmpl->condvalue);
free(tmpl);
}
else {
while (tmpl->next) {
if (Istremp(tmpl->next->u.file.flename, filename) &&
tmpl->next->u.file.linenum == linenum)
{
tmp2 = tmpl->next;
tmpl->next = tmpl->next->next;
free(tmp2->u.file.filename);
if(tmp2->condexpr)
free(tmp2->condexpr);
if(tmp2->condvalue)
free(tmp2->condvalue);
free(tmp?2);
return O;
}
tmpl = tmpl->next;
}
}

return O;

}

/* remove a breakpoint from the list for a function */
int chClearBreakPointFunc(debuginfo_t *dgptr, char *fun cname) {
breakPoint_t *tmp1, *tmp2;

tmpl = dgptr->bkpt;
if (tmpl == NULL)
return O;
else if (Istrcmp(tmpl->u.func.funcname, funcname))
{
dgptr->bkpt = tmpl->next;
free(tmp1->u.func.funcname);
if(tmp1->condexpr)
free(tmpl->condexpr);
if(tmp1->condvalue)
free(tmpl->condvalue);
free(tmpl);
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else {
while (tmpl->next)

if (Istremp(tmpl->next->u.func.funcname, funcname))

tmp2 = tmpl->next;
tmpl->next = tmpl->next->next;
free(tmp2->u.func.funcname);
if(tmp2->condexpr)
free(tmp2->condexpr);
if(tmp2->condvalue)
free(tmp2->condvalue);
free(tmp2);
return O;
}
tmpl = tmpl->next;
}
}
return O;

}

/* remove a breakpoint from the list for a monitoring variabl e */
int chClearBreakPointVar(debuginfo_t *dgptr, char *varn ame) {
breakPoint_t *tmp1, *tmp2;

tmpl = dgptr->bkpt;
if (tmpl == NULL)
return O;
else if (Istrcmp(tmpl->u.var.varname, varname)) {
dgptr->bkpt = tmpl->next;
free(tmpl->u.var.varname);
if(tmp1->condexpr)
free(tmpl->condexpr);
if(tmpl->condvalue)
free(tmpl->condvalue);
free(tmpl);
}
else {
while (tmpl->next) {
if (Istrcmp(tmpl->next->u.var.varname, varname)) {
tmp2 = tmpl->next;
tmpl->next = tmpl->next->next;
free(tmp2->u.var.varname);
if(tmp2->condexpr)
free(tmp2->condexpr);
if(tmp2->condvalue)
free(tmp2->condvalue);
free(tmp2);
return O;
}
tmpl = tmpl->next;
}
}

return O;
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int chClearBreakPoints(debuginfo_t *dgptr) {

breakPoint_t *bp, *head,;

head = dgptr->bkpt;
while(head) {
bp = head;
head = head->next;
if(bp->btype == ACTION_SETBREAKPOINTLINE)
free(bp->u.file.filename);
else if(bp->btype == ACTION_SETBREAKPOINTFUNC)
free(bp->u.func.funcname);
else if(bp->btype == ACTION_SETBREAKPOINTVAR) {
free(bp->u.var.varname);
if(bp->u.var.varvalue)
free(bp->u.var.varvalue);
}
if(bp->condexpr)
free(bp->condexpr);
if(bp->condvalue)
free(bp->condvalue);
free(bp);
}
dgptr->bkpt = NULL;
return O;

int chAssign(debuglinfo_t *dgptr, char *expr) {

}

Chinterp_t interp;
int retval;

interp = dgptr->interp;

if(interp == NULL || Ch_ExprParse(interp, expr) == CH_ERRO
return -1;

retval = Ch_ExprEval(interp, expr);

return retval;

int chCall(debuginfo_t *dgptr, char *expr) {

Chinterp_t interp;
int retval;

interp = dgptr->interp;

if(interp == NULL || Ch_ExprParse(interp, expr) == CH_ERRO
return -1,

retval = Ch_ExprEval(interp, expr);

return retval;

7.4. ASAMPLE DEBUGGER

R)
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int chPrint(debuglinfo_t *dgptr, char *expr) {
Chinterp_t interp;
ChValueNode _t valuenode;
void *addr;
int retval =0;

interp = dgptr->interp;

valuenode = Ch_ExprValue(interp, expr, &addr);

if(valuenode '= NULL) {
chPrintSymbolValue(interp, expr, addr);
Ch_DeleteExprValue(interp, valuenode);

}

else
retval = -1;

return retval;

}

int chExpr(debuginfo_t *dgptr, char *expr) {
Chinterp_t interp;
ChValueNode t valuenode;
void *addr;
int retval =0;

interp = dgptr->interp;
valuenode = Ch_ExprValue(interp, expr, &addr);
if(valuenode !'= NULL) {
if(Ch_DataType(interp, expr) '= CH_VOIDTYPE)
chPrintSymbolValue(interp, expr, addr);
Ch_DeleteExprValue(interp, valuenode);
}
else
retval = -1;
return retval;

}

int chAbort(debuginfo_t *dgptr) {
int i =1;
if(dgptr->interp)
Ch_Abort(dgptr->interp);

chCleanDebug(dgptr);
exit(0);
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/* process the user input interactively. This action menu is
best implemented using a GUI */
int chProcessActionMenu(debuginfo_t *dgptr) {
action_t act;
int abort = FALSE, linenum, condtrue=TRUE;
char name[MAX_PROMPT_STR], line[MAX_PROMPT_STR], conde xpr[MAX_PROMPT_STR]={\0}, *ptr;

while(abort==FALSE) {
act = getActionMenu(dgptr, line);
switch(act) {

case ACTION_LOAD:
ptr = line+strlen("load ");
chLoadFile(dgptr, ptr);
break;

case ACTION_START:
ptr = line+strlen("start");
chStart(dgptr, RUNMODE_START, ptr);
abort = TRUE;
break;

case ACTION_RUN:
chRun(dgptr, line+strlen("run"));
abort = TRUE;
break;

case ACTION_STEPINTO:
chSteplinto(dgptr);
abort = TRUE;
break;

case ACTION_STEPOVER:
chStepOver(dgptr);
abort = TRUE;
break;

case ACTION_CONTINUE:
chContinue(dgptr);
abort = TRUE;
break;

case ACTION_UPSTACK:
chUpStack(dgptr);
break;

case ACTION_DOWNSTACK:
chDownStack(dgptr);
break;

case ACTION_STACK:
chStack(dgptr);
break;

case ACTION_LOCALS:
chLocals(dgptr);
break;

case ACTION_VARIABLES:
chVariables(dgptr);
break;

case ACTION_ADDWATCHEXPR:
ptr = line+strlen("watch ");
chAddWatchExpr(dgptr, ptr);
break;

case ACTION_REMOVEWATCHEXPR:
ptr = line+strlen("remove ");
chRemoveWatchExpr(dgptr, ptr);
break;

case ACTION_REMOVEWATCHEXPRS:
chRemoveWatchExprs(dgptr);
break;
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case ACTION_SETBREAKPOINTLINE:
ptr = line+strlen("stopat ");
sscanf(ptr, "%s%d%s%d", name, &linenum, condexpr, condtr ue);
chSetBreakPointLine(dgptr, name, linenum, condexpr, con dtrue);
break;
case ACTION_SETBREAKPOINTFUNC:
ptr = line+strlen("stopin ");
sscanf(ptr, "%s%s%d", name, condexpr, condtrue);
chSetBreakPointFunc(dgptr, name, condexpr, condtrue);
break;
case ACTION_SETBREAKPOINTVAR:
ptr = line+strlen("stopvar ");
sscanf(ptr, "%s%s%d", name, condexpr, condtrue);
chSetBreakPointVar(dgptr, name, condexpr, condtrue);
break;
case ACTION_CLEARBREAKPOINTLINE:
ptr = line+strlen("clearline ");
sscanf(ptr, "%s%d", name, &linenum);
chClearBreakPointLine(dgptr, name, linenum);
break;
case ACTION_CLEARBREAKPOINTFUNC:
ptr = line+strlen(“clearfunc *);
chClearBreakPointFunc(dgptr, ptr);
break;
case ACTION_CLEARBREAKPOINTVAR:
ptr = line+strlen("clearvar ");
chClearBreakPointVar(dgptr, ptr);
break;
case ACTION_CLEARBREAKPOINTS:
chClearBreakPoints(dgptr);
break;
case ACTION_HELP:
chHelp();
break;
case ACTION_ASSIGN:
ptr = line+strlen("assign ");
if(chAssign(dgptr, ptr) == CH_ERROR)
printf("Error: \"%s\" is not valid in this scope\n”, ptr);
break;
case ACTION_CALL:
ptr = line+strlen("call *);
if(chCall(dgptr, ptr) == CH_ERROR)
printf("Error: \"%s\" is not defined in this scope\n”, ptr) ;
break;
case ACTION_PRINT:
ptr = line+strlen("print ");
if(chPrint(dgptr, ptr) == CH_ERROR)
printf("Error: \"%s\" is not defined in this scope\n”, ptr) ;
break;
case ACTION_EXPR:
if(chExpr(dgptr, line) == CH_ERROR)
printf("Error: \"%s\" is not defined in this scope\n’, line );
break;
case ACTION_ABORT:
chAbort(dgptr);
break;
default: /* ACTION_UNDEFINED */
ptr = strchr(line, ' ’);
if(ptr'=NULL)

*ptr = "\0’;
printf("%s: not found (type ’help’)\n", line);
break;
}
}
return 0O;
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/*

* Get the action item from user’ menu

* return a proper enum in enum Action

* return ACTION_UNDEFINED

*

action_t getActionMenu(char *str) {
action_t act;
const char *prompt = "debug> ";

printf("%s", prompt);

fgets(str, MAX_PROMPT_STR,stdin);
str[strlen(str)-1] = "\0’;
if('strncmp(str, "load ", strlen("load "))) {

}

else

}

else

}

else

}

else

}

else

}

else

}

else

}

else

else

else

else

else

else

else

act = ACTION_LOAD;

_________ successful

if('strncmp(str, "start”, strlen("start"))) {

act = ACTION_START,

if('strncmp(str, "run”, strlen("run")) {

act = ACTION_RUN;

if('strcmp(str, "step")) {
act = ACTION_STEPINTO;

if('strcmp(str, "next")) {
act = ACTION_STEPOVER;

if('strcmp(str, "cont")) {
act = ACTION_CONTINUE;

if('stremp(str, "up")) {
act = ACTION_UPSTACK;

if('strcmp(str, "down")) {
act = ACTION_DOWNSTACK;

if('stremp(str, "stack")) {
act = ACTION_STACK;

if('strcmp(str, "locals")) {
act = ACTION_LOCALS;

if('stremp(str, "variables")) {
act = ACTION_VARIABLES;

failed

if('strncmp(str, "watch ", strlen("watch "))) {
act = ACTION_ADDWATCHEXPR;

if('strcmp(str, "remove")) {

act = ACTION_REMOVEWATCHEXPRS,;

if('strncmp(str, "remove ", strlen("remove "))) {
act = ACTION_REMOVEWATCHEXPR;

if('strncmp(str, "stopat ", strlen("stopat ")) {
act = ACTION_SETBREAKPOINTLINE;

7.4. ASAMPLE DEBUGGER

Program 7.16: Functions corresponding to the debug usaface menu. (debug.c) (Contd.).
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else if(!strncmp(str, "stopin ", strlen("stopin "))) {
act = ACTION_SETBREAKPOINTFUNC;

}

else if(!strncmp(str, "stopvar ", strlen("stopvar ")) {
act = ACTION_SETBREAKPOINTVAR;

}

else if(!strncmp(str, "clearline ", strlen("clearline ")
act = ACTION_CLEARBREAKPOINTLINE;

}

else if(!strncmp(str, "clearfunc ", strlen("clearfunc ")
act = ACTION_CLEARBREAKPOINTFUNC,;

}

else if(!strncmp(str, "clearvar ", strlen("clearvar ")))
act = ACTION_CLEARBREAKPOINTVAR;

}

else if(!strcmp(str, "clear")) {
act = ACTION_CLEARBREAKPOINTS;

}

else if(!strcmp(str, "help")) {
act = ACTION_HELP;

}

else if(!strncmp(str, "assign ", strlen("assign ")) {
act = ACTION_ASSIGN;

}

else if(!strncmp(str, "call ", strlen("call "))) {
act = ACTION_CALL;

}

else if(!strncmp(str, "print ", strlen("print "))) {
act = ACTION_PRINT,;

}

else if(interp '= NULL && Ch_ExprParse(interp, str) == CH_O
act = ACTION_EXPR,;

}

else if(Istrcmp(str, "abort")) {
act = ACTION_ABORT;

}

else {
act = ACTION_UNDEFINED;

}

return act;

}

void printErrorNoFile(void) {
/* use MessageBox() for GUI in Windows */
printf("Error: no program to be debugged\n");

}

[* this function creates char *argvv[] = {"prog.ch", "optl"
from command ’start optl opt2 opt3’ dynamically. It also han
double quotation marks ’start optl "opt2 with space" opt3’ *
int getArgvFromStr(char **argv, char *args) {

int i

= 1;

char *str, *token, bufMAX_PROMPT_STR];

str = args;
while(str'=NULL && *str=="") { /* skip the blank space */

}

Str++;

7.4. ASAMPLE DEBUGGER

) {

) {

K) {

, "opt2", "opt3", NULL}
dles argument within
/

Program 7.16: Functions corresponding to the debug usaface menu. (debug.c) (Contd.).
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if(str == NULL || *str == "\0")
return O;
if(*str == ™) {

token =strtok(str, " \t"); /* tab and space as delimiters */
if(*token == "")
{ I* start "strl str2" str3 */
strcpy(buf, token+1); /* kickout ™ and get "strl" */
token = strtok(NULL, "\"");
if(token = NULL) /* not start "str " or start "str" */
{
strcat(buf, " "); /* \t is treated as space */
strcat(buf, token); /* get "strl str2" */
if(token[strlen(token)+1] !'= "0’ && /* not finished */
token[strlen(token)+1] = ' ' && /* not space */
token[strlen(token)+1] '= \t)  /* not tab */
{
token = strtok(NULL, " \t");
strcat(buf, token); /* get "strl str2str3" */

}
token = buf;
}argv[i++] = strdup(token);
do /* process the rest token of the command line */
{

token =strtok(NULL, " \t"); /* tab and space as delimiters */
if(token !'= NULL)

if(*token == ")
{ I* start "strl str2" str3 */
strepy(buf, token+1); /* kickout ™ and get "strl" */
token = strtok(NULL, "\"");
if(token = NULL) /* not start "str " or start "str" */
{
strcat(buf, " "); /* \t is treated as space */
strcat(buf, token); /* get "strl str2" */
if(token[strlen(token)+1] != "0’ && /* not finished */
token[strlen(token)+1] != ' ' && /* not space */
token[strlen(token)+1] != '\t") /* not tab */
{
token = strtok(NULL, " \t");
strcat(buf, token); /* get "strl str2str3" */

}
}
token = buf;
}
argv[i++] = strdup(token);
}
Jwhile(token && i < MAX_NUM_ARGS);
return 0;

Program 7.16: Functions corresponding to the debug usaface menu. (debug.c) (Contd.).
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/* File Name: callback.c */

#include
#include
#include
#include
#include

void chCallback(Chinterp_t interp, ChBlock_t *calldata,

<stdio.h>
<string.h>
<stdlib.h>
<embedch.h>
"debug.h"

debuginfo_t *dgptr;
breakPoint_t *bp;
void *varptr;
size_t size;

dgptr = (debuglnfo_t *)clientdata;
dgptr->calldata = calldata;
dgptr->level = calldata->level;

bp = dgptr->bkpt;

/* reset a called function with a breakpoint */
if(calldata->event & CH_MASKRET) { /* return from a functio
while(bp) {

}
bp = dgptr->bkpt;

}

if(bp->btype == ACTION_SETBREAKPOINTFUNC)

if (calldata->funcname !'= NULL &&

bp->u.func.called == TRUE&& /* return from this function */
Istrcmp(bp->u.func.funcname, calldata->funcname))
{
bp->u.func.called = FALSE; /* reset */
}
}
bp = bp->next;

[* for "step over" functions */
if(dgptr->runmode == RUNMODE_STEPOVER) {

if(calldata->event & CH_MASKCALL) { /* step over a new funct
dgptr->stepovernum += 1;
}
else if(calldata->event & CH_MASKRET) {
if(dgptr->stepovernum > 0) /* returning from a function ste
dgptr->stepovernum -= 1;
}
/* executing statements inside a function stepped over */
if(dgptr->stepovernum != 0)
return;

ChPointer_t clientdata) {

ion */

pped over */

Program 7.17: The callback for the debug program (calllzck.
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/* for “start", “"step into", "step over", and “cont" */
if(calldata->event & CH_MASKLINE)

if(dgptr->runmode == RUNMODE_STEPINTO || dgptr->runmode == RUNMODE_STEPOVER) {
chProcessWatchExprs(dgptr);
chProcessActionMenu(dgptr);
return;

/* process the list of breakpoints */
while(bp) {
if(bp->btype == ACTION_SETBREAKPOINTLINE) {
if (calldata->source !'= NULL &&
Istrcmp(bp->u.file.flename, calldata->source) &&
bp->u.file.linenum == calldata->linecurrent)

/* check the conditional expr for each breakpoint if it exist s */
if(chTestBreakPointCondition(interp, bp) == 0) {
chProcessWatchExprs(dgptr);
chProcessActionMenu(dgptr);
return;
}
}

}
else if(bp->btype == ACTION_SETBREAKPOINTFUNC) {
if (calldata->funcname != NULL &&
bp->u.func.called == FALSE && /* first time into this functi on */
Istrcmp(bp->u.func.funcname, calldata->funcname))

if(chTestBreakPointCondition(interp, bp) == 0) {
bp->u.func.called = TRUE;
chProcessWatchExprs(dgptr);
chProcessActionMenu(dgptr);
return;

}

}
else if(bp->btype == ACTION_SETBREAKPOINTVAR)
{
varptr = (void*)Ch_SymbolAddrByName(interp, bp->u.var. varname);
if(varptr) {
size = Ch_DataSize(interp, bp->u.var.varname);
if(bp->u.var.varvalue == NULL)
{
bp->u.var.varvalue = (void *)malloc(size);
/* save the value for the variable */
memcpy(bp->u.var.varvalue, varptr, size);

else {
if(tmemcmp(bp->u.var.varvalue, varptr, size)) {
if(chTestBreakPointCondition(interp, bp) == 0) {
/* save the value for the variable */
memcpy(bp->u.var.varvalue, varptr, size);
chProcessWatchExprs(dgptr);
chProcessActionMenu(dgptr);
return;

}

}
bp = bp->next;

}
}

Program 7.17: The callback for the debug program (calllzagontd.).
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/* If the conditional expression for a breakpoint is NULL, or
the conditional value is, true or has changed,
this function returns 0. Otherwise, it returns -1 */
int chTestBreakPointCondition(Chinterp_t interp, break Point_t *bp) {
char *expr, *cptr;
void *exprptr;
ChType_t datatype;
size_t size;
int i, retval = -1;

expr = bp->condexpr;
if(expr == NULL)

return O;
if(interp == NULL || Ch_ExprParse(interp, expr) == CH_ERRO R)
return -1,

datatype = Ch_DataType(interp, expr);

size = Ch_DataSize(interp, expr);

exprptr = (void *)malloc(size);

if(Ch_ExprCalc(interp, expr, datatype, exprptr) == CH_ER ROR)
return -1,

if(bp->condvalue == NULL) /* first time */

{
bp->condvalue = exprptr;
}
else {
if(bp->condtrue) {
for(i=0, cptr = exprptr; i < size; i++)
{
if(*cptr = "\0") {/* not equal 0 */
retval = O;
break;
}
}
}
else if(memcmp(bp->condvalue, exprptr, size)) {
memcpy(bp->condvalue, exprptr, size); /* save the value fo r the expression */
retval = 0;
}
free(exprptr);
}

return retval;

Program 7.17: The callback for the debug program (calllgdgkontd.).
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APIs for Embedding Ch —<embedch.h>

A.1 Information in Header File embedch.h

The headeembedch.hdefines macros and APIs for Embedded Ch.

Data Types

The following data type are defined in the headerditgbedch.h

Data Type Description
ChBlock_t A structure containing the information for a function block

used byCh_AddCallback() andCh_ChangeStack).
ChCallback_t The data type for callback function used ®2_AddCallback().
ChFile_t File descriptor I/O redirection i€h_Reoper(), Ch_Flush(), andCh_Closg).
ChFuncType.t The returned function type b@h_FuncType().
ChFuncdI_t A generic pointer to a binary interface function ©©h_DeclareFund).
ChOptions_t Options for setting embedded Ch as an argumeftofnitialize ().
ChPointer_t A generic pointer type fo€h_SetGlobalUserDatd) andCh_GetGlobalUserDatg).
ChUserDefinedTagt A generic pointer type for the tag of a user defined struc&ziaion type.
ChUserDefinedInfat A structure containing the information for a user defineddfclass/union.
ChMeminfo _t A structure containing the information for a member of a wsfimed type.
ChValueNodet A generic pointer for an internal value of an expression

ChVarType_t

for Ch_ExprValue() andCh_DeleteExprValug).
The returned variable type yh_VarType().

Type ChOptions_t is a structure to set the option of Embedded Ch b¢hyinitialize ().

typedef struct ChOptions_ {

int shelltype;
char *chhome;
} ChOptions _t;

/* shell type */
/* Embedded Ch home directory */

TypeChBlock_t is a structure containing the information for a functionddaised byCh_AddCallback()
andCh_ChangeStack).
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typedef struct ChBlock_ {

int event; /* mask of callback event */
int count; /* every ’'count’ instructions for CH_MASKCOUNT * /
int level; /* int level2() {levell();} int level(){levelO( )}

int leveO() {current func}. Level O is
the current running function, whereas level n+1
is the function that has called level n. */

int linecurrent; /* the current line num where the given func tion
is executing. */

int linefuncbegin; /* the line number where the definition o f
the function begins. */

int linefuncend,; /* the line number where the definition of t he
function ends. */

const char *source; /* the file name if the source is a file, ot herwise,

it is a string. It contains the first 70
characters beginning with "@string: " */

const char *funcname; /* function name if the block is a funct ion,
otherwise NULL */
const char *classname; /* class name if it is a member functio n,

otherwise NULL */
int isconstructor; /* true if it is a constructor of class,
otherwise false */
int isdestructor; [* true if it is a destructor of class,
otherwise false */
}ChBlock_t;

Type ChUserDefinedInfat is a structure used to obtain the information for a user défsteucture,
class, or union byh_UserDefinedInfq).

typedef struct ChUserDefinedInfo_ {
ChType_t dtype; /* user defined data type: CH_STRUCTTYPE, C H_CLASSTYPE,
CH_UNIONTYPE, or CH_UNDEFINETYPE */
char *tagname; /* tag name */
int size; [* size of class/struct/union */
int totnum; /* total number of members in class/struct/unio n */
}ChUserDefinedInfo_t;

TypeChMeminfo_t is a structure used to obtain the information for a membeuska defined structure,
class, or union by:h_UserDefinedMeminfoBylndex) andCh_UserDefinedMemInfoByNamg).

typedef struct ChMeminfo_ {

int index; /* index number of the member */

char *memname; /* member name */

int offset; [* offset of the member from the starting memory * /
ChType_t dtype; [* data type of the member */

int ispublic; /* 1. public; 0: private */

int isfunc; /* 1: function type; 0: not function type */

int ismemberfunc; /* 1. member funct; 0: not member funct */

int isconstructor;/* 1: constructor; 0: not constructor */
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int isdestructor; /* 1: destructor;
/* 1. funct with variable num arguments; 0: not */
[* one of array types */

[* array dim */
[* extent for each dimension, up to 7 */
int ishitfield;  /* 1. bit field;
[* struct tag{int i:3, j:10}; fieldsize of j i s 10%/
int fieldoffset; /* struct tag{int i:3, j:10}; fieldoffset
ChUserDefinedTag_t udtag; /* tag for a member of struct/cla

int isvararg;
int arraytype;
int dim;

int extent[7];

int fieldsize;

} ChMeminfo_t;

Functions

0: not destructor */

0: not bit field */

of jis 3*
ss/union */

The following functions are declared in the headerditrebedch.h

Function Description

Ch_Abort Abort the execution of a embedded Ch script.
Ch_AddCallback Add events and callback function.
Ch_AppendParseScript Append and parse a fragment of a Ch code in C space.
Ch_AppendParseScriptFile Append and parse a Ch program file in C space.
Ch_AppendRunScript Append and Run a fragment of a Ch code in C space.
Ch_AppendRunScriptFile Append and Run a Ch program file in C space.
Ch_ArrayDim Obtain the dimension of an array.

Ch_ArrayExtent Obtain the number of elements in the specified dimension afiay.
Ch_ArrayNum Obtain the number of elements of an array.
Ch_ArrayType Determine if the variable is an array.

Ch_ChangeStack Change the stack (function) of an executed Ch program.
Ch_Close Close a file descriptor.

Ch_DataSize Get the size a variable or expression in the Ch space.

Ch_DataType
Ch_DeclareFunc
Ch_DeclareTypedef
Ch_DeclareVar
Ch_DeleteExprValue
Ch_End
Ch_ExecScript
Ch_ExecScriptM
Ch_ExprCalc
Ch_ExprEval
Ch_ExprParse
Ch_ExprValue
Ch_Flush
Ch_FuncArgArrayDim
Ch_FuncArgArrayExtent

Ch_FuncArgArrayNum
Ch_FuncArgArrayType

Get the data type of a variable or expression in the Ch space.
Declare system functions in the Ch space.

Change a system variable as a type specifier in the Ch space.
Declare system variables in the Ch space.

Delete a value node for an expression in the Ch space.

End the embedded Ch.

Run a parsed Ch program in C space.

Run a parsed Ch program in C space.

Calculate an expression in the Ch space.

Evaluate an expression in the Ch space.

Parse an expression in the Ch space.

Obtain the value of an expression in the Ch space.

Flush the contents of the buffer associated with a file dpturi
Obtain the dimension of an array argument of a function.
Obtain the number of elements in the specified dimension of
an array argument of a function.

Obtain the number of elements of array argument of a function
Determine if an argument of function is an array.
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Ch_FuncArgDataType
Ch_FuncArgFuncArgNum
Ch_FuncArglsFunc
Ch_FuncArglsFuncVarArg

Ch_FuncArgNum
Ch_FuncArgUserDefinedName
Ch_FuncArgUserDefinedSize
Ch_FuncType
Ch_GetGlobalUserData
Ch_GlobalSymbolAddrByIndex
Ch_GlobalSymbolAddrByName
Ch_GlobalSymbolNameByIndex
Ch_GlobalSymbolindexByName
Ch_GlobalSymbolTotalNum
Ch_InitGlobalVar

Ch_Initialize

Ch.lsFunc

Ch_IsFuncVarArg

Ch.IsVariable

Ch_ParseScript

Ch_Reopen

Ch_RunScript

Ch_RunScriptM
Ch_SetGlobalUserData
Ch_SetVar

Ch_StackLevel

Ch_StackName
Ch_SymbolAddrBylIndex
Ch_SymbolAddrByName
Ch_SymbolNameByIndex
Ch.Symbolindex
Ch_SymbolindexByName
Ch_SymbolTotalNum
Ch_UserDefinedInfo

Obtain the data type of an argument of a function.

Obtain the number of arguments of a function.

Determine if an argument of function is function type.

Determine if an argument of function is a function

with a variable number of argument.

Obtain the number of the arguments of a function.

Obtain the name of the user defined data type of an argumeunndtién.
Obtain the size of the user defined data of an argument ofitumct
Determine the function type of a variable.

Get the global user data set & _SetGlobalUserDatd).

Get the address of a global variable based on its index inindval table.
Get the address of a global variable based on its name.

Get the name of a global variable based on its index in the eytable.
Obtain the index number of a global variable based on its name
Obtain the total number of symbols of global variables ingimbol table.
enable/disable initialization of global variables at jgatime.

Initialize embedded Ch for executing a Chprogram.

Obsolete, us€h_FuncType()

Determine if the variable is function with a variable numb&arguments.
Obsolete, us€h_VarType()

Parse a Ch program in C space.

Open a new file descriptor and associate an old one with theonew
Run a Ch program in C space.

Run a Ch program in C space.

Set the global user data to be obtaineddiy GetGlobalUserDatd).

Set a value in C space to a variable in Ch space.

Obtain the highest possible level of the stack.

Obtain the name in a stack.

Get the address of a variable based on its index in the syrabig.t

Get the address of a variable based on its name within itsescop

Get the name of a variable based on its index in the symbad.tabl
Obsolete, us€h_SymbolindexByNam«)

Obtain the index num of a variable in the symbol table baseitsarame.
Obtain the total number of symbols for variables in the syhtduale.
Obtain the information for a user defined struct/classiurype.

Ch_UserDefinedMemInfoByName Obtain the information for a member of variable of user defitype.
Ch_UserDefinedMemIinfoBylndex Obtain the information for a member of variable of user defitype.

Ch.UserDefinedName
Ch.UserDefinedSize

Ch_UserDefinedTag
Ch_VarType

Obtain the name of the user defined data type of a variable.
Obsolete, us€h_UserDefinedInfd).

Obtain the size of the user defined data type of a variable.
Obsolete, us€h_UserDefinedInfd).

Obtain the tag for a variable of user defined struct/clagsfutype.
Determine if a symbol is a global or local variable.

Macros

The following macros are defined in the headerditebedch.h
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Macro Description

Macros for member fieldhelltype  of structureChOptions

CH_REGULARCH Use regular shell.
CH_SAFECH Use safe shell.

File descriptor for the fourth argument of functi@h_Reopenr()

STDIN_FILENO Standard input.
STDOUT_FILENO Standard output.
STDERR_FILENO Standard error output.

Event mask for the second argument of funct@m AddCallback().
The mask specifies on which events the callback will be called

Ch_MASKNONE No callback.

Ch_MASKCALL Just after Ch calls and enters a new function.

Ch_MASKRET Just before Ch leaves the function.

Ch_MASKBLOCK Just after Ch enters a new block.

Ch_MASKEND Just before Ch leaves the block.

Ch_MASKLINE When Ch is about to start the execution of a new line of code,
or when it jumps back in the code (even to the same Ine).

Ch_MASKCOUNT After Ch executes evergount instructions.

Ch_MASKABORT When Ch is aborted bg€h_Abort ().

One of return values for functioGh_ChangeStack)

CH_INVALIDLEVEL invalid function level.

The data typ€ChFuncType.t defined inside the header fignbedch.hhas the following values.

Value Description

CH_NOTFUNCTYPE not function

CH_FUNCTYPE regular function

CH_FUNCPROTOTYPE function prototype without function definition
CH_FUNCPTRTYPE pointer to function
CH_FUNCMEMBERTYPE function of a class

CH_FUNCCONSTYPE constructor of a class
CH_FUNCDESTTYPE destructor of a class

The data type&ChVarType_t defined inside the header filgnbedch.hhas the following values.
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Value Description
CH_NOTVARTYPE not a variable.
CH_GLOBALVARTYPE a global variable.
CH_LOCALVARTYPE a local variable.
Portability

This header file has no known portability issues.

A.2 Relevant Information in Header File ch.h

The header fileh.h is included in the header filembedch.h The detailed information about header file
ch.his presented in an appendix @ SDK User’s Guide In this section, some relevant information in
header filech.his highlighted.

Data Types
The following data type are defined in the headerdieh.

Data Type Description

Chinfo _t Information for Embedded Ch obtained 6r_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.
Functions

The following functions, defined inside the header ¢iteh, are often used for embedding Ch into applica-
tions.

Function Description

Ch_CallFuncByAddr Call a Ch function by its address from the C address space.
Ch_CallFuncByAddrv Call a Ch function by its address from the C address space.
Ch_CallFuncByName Call a Ch function by its name from the C address space.
Ch_CallFuncByNamev Call a Ch function by its name from the C address space.
Ch_CallFuncByNameVar Call a Ch function by its name from the C address space

with a variable number of arguments.
Ch_GlobalSymbolAddrByNameGet the address of a global variable based on its name.
Ch_Home Get the home directory in which Embedded Ch is installed
Ch_VaArg Obtain a value of a function argument in Ch passed to a dyrainic
loaded library.
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Ch_VarArgsAddArg Add an argument into a Ch style variable argument list.
Ch_VarArgsAddArgExpr Add an argument in expression into a Ch style variable argaitiss.
Ch_VarArgsDelete Delete a Ch style variable argument list and release its memo
Ch_VaEnd For a normal return from a function.
Ch_VaStart Obtain an instance of Ch interpreter and

initialize ahandlefor reference to arguments of a function in Ch.
Ch_Version Obtain the version information for Ch.
Macros

The return value for most Embedded Ch APIs has the followalges defined inside the header fileh.

Value Description

CH_ABORT 1 whenCh_Abort () is called.
CH_ERROR -1 for failure of a Ch SDK API call.
CH_.OK 0 for success of a Ch SDK API call.
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Ch_Abort

Synopsis
#include <embedch.h>
int Ch _Abort (Chinterp _t interp);

Purpose
Abort the execution of a embedded Ch program.

Return Value
This function return€€H_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

Description

When Ch_End(interp ) is called, the instance of the interpretiaterp is completly deleted and its
related memory is freed. Aftath_End(interp ) is called, no Ch SDK or Embedded Ch SDK API shall
be called for that interperter interp because it does natt exiy more.Ch_End(interp ) can also not be
invoked indirectly through any Ch SDK or Embedded Ch SDK API.

Ch_Abort (interp ) is equivalent to abort() in GCh_Abort (interp ) will abort the execution of the
embedded Ch script upon the completion of the statemergrmtlyiin execution. For example, a Ch function
may call a binary C function which contai@h_Abort (interp ) call to abort the execution of the function.
This Ch function can be invoked by APIs such@s RunScript() andCh_CallFuncByNamg).

The resources for the interpreter shall be deleted by fonatall of Ch_End(interp ) later.

Ch_Abort (interp ) be called in athread to abort execution of an embedded @t stanother thread.
The execution of the script can be aborted by itself eithéinénCh space using abort() @h_Abort () in the
binary C space in the same thread or a different thread.

Example 1 in Unix
Abort the execution of a Ch script iyh_Abort () from a different thread. The interpreter haniieerp
is a global variable. You may need to add the lib for pthreathleyoption -Ipthread.

chabort_threadl.c—- A C program aborting a Ch script from a different thread

#include<pthread.h>
#include<stdio.h>
#include<stdlib.h>
#include<embedch.h>

char * code = "int func() { while(1) {printf(\"hello\\n\"); } return O;};";
Chinterp_t interp;
void *thread_function1(void *arg){

int retval;

printf("thread_function() called before\n");

if(Ch_Initialize(&interp, NULL) == CH_ERROR) {
printf("Error: Ch_Initialize() failed in thread_functio n()\n");
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printf("thread_function() called2 end\n");
if (Ch_AppendRunScript(interp, code) == CH_ERROR) {
printf("Error: Ch_AppendRunScript() failed in thread_fu

printf("thread_function() called3 end\n");
if (Ch_CallFuncByName(interp, "func", &retval) == CH_ERR
printf("Error: Ch_CallFuncByName() failed in thread_fun
}
printf("thread_function() called4 end\n");
Ch_End(interp);
return NULL;
}

void *thread_function2(void *arg){
sleep(1);
Ch_Abort(interp);
return NULL;

}

int main ()
pthread_t id[2];

pthread_create(&id[0], NULL, thread_functionl, NULL);
pthread_create(&id[1], NULL, thread_function2, NULL);
pthread_join(id[0], NULL);

pthread_join(id[1], NULL);

return O;

}
Example 2 in Unix

Ch_Abort

nction()\n");

OR) {
ction()\n");

Abort the execution of a Ch script iyh_Abort () from a different thread. The interpreter handieerp
is a local variable. You may need to add the lib for pthreadheydption -Ipthread.

chabort_thread2.c—- A C program aborting a Ch script from a different thread

#include<pthread.h>
#include<stdio.h>
#include<stdlib.h>
#include<embedch.h>

char * code = "int func() { while(1) {printf(\"hello\\n\");

void *thread_function1(void *arg){
Chinterp_t interp;
int retval;

interp = (Chinterp_t)arg;

printf("thread_function() called2 end\n");

if (Ch_AppendRunScript(interp, code) == CH_ERROR) {
printf("Error: Ch_AppendRunScript() failed in thread_fu

}

printf("thread_function() called3 end\n");

if (Ch_CallFuncByName(interp, "func", &retval) == CH_ERR
printf("Error: Ch_CallFuncByName() failed in thread_fun

printf("thread_function() called4 end\n");
return NULL;
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void *thread_function2(void *arg){

}

Chinterp_t interp;

interp = (Chinterp_t)arg;

sleep(1);

Ch_Abort(interp); /* about func() called by Ch_AppendRunS
sleep(1);

Ch_Abort(interp); /* about func() called by Ch_CallFuncBy
return NULL;

int main ()

}

pthread_t id[2];
Chinterp_t interp;

printf("*main() called\n");

if(Ch_Initialize(&interp, NULL) == CH_ERROR) {
printf("Error: Ch_lnitialize() failed in main()\n");

}

pthread_create(&id[0], NULL, thread_functionl, interp)

pthread_create(&id[1], NULL, thread_function2, interp)

pthread_join(id[0], NULL);

pthread_join(id[1], NULL);

Ch_End(interp);

return O;

Example 3 in Windows
Abort the execution of a Ch script ligh_Abort () from a different thread. The interpreter hanifiterp  is
a local variable. This prograchabortthread2win.cfor Windows is similar tachabortthread2.cfor Unix.
The Windows equivalent version ofiabort thread1.ds available in the distribution ashabort thread1win.c.

Ch_Abort

cript(); */

Name(); */

chabort_thread2_win.c —- A C program aborting a Ch script from a different thread im#ows

#include <windows.h>
#include <stdio.h>
#include <stdlib.h>
#include<embedch.h>

#define N 2
char * code = "int func() { while(1) {printf(\"hello\\n\");

DWORD WINAPI thread_function1(PVOID arg) {

int retval;
Chinterp_t interp;

interp = (Chinterp_t) arg;

printf("thread_function() called2 end\n");

if (Ch_AppendRunScript(interp, code) == CH_ERROR) {
printf("Error: Ch_AppendRunScript() failed in thread_fu

}

printf("thread_function() called3 end\n");

if (Ch_CallFuncByName(interp, "func", &retval) == CH_ERR
printf("Error: Ch_CallFuncByName() failed in thread_fun

}

printf("thread_function() called4 end\n");

return 100;
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}

DWORD WINAPI thread_function2(PVOID arg) {

}

Chinterp_t interp;

interp = (Chinterp_t) arg;

_sleep(1000);

Ch_Abort(interp); // about func() called by Ch_AppendRunS
_sleep(1000);

Ch_Abort(interp); // about func() called by Ch_CallFuncBy
return 200;

int main() {

}

Chinterp_t interp;
HANDLE a_thread[N];
DWORD a_threadId[N];
DWORD thread_result[N];
int i, arg[N];

if(Ch_Initialize(&interp, NULL) == CH_ERROR) {
printf("Error: Ch_lInitialize() failed in main()\n");

}

/I Create three new threads.
for( = 0; i < N; i++) {
arg[i] = i+1;
ifi ==0) {
a_thread[i] = CreateThread(NULL, O, thread_functionl, (P
0, &a_threadld]i]);
}
else if( i == 1) {
a_thread[i] = CreateThread(NULL, O, thread_function2, (P
0, &a_threadldi]);
}
if (a_thread[i] == NULL) {
perror("Thread creation failed");
exit(EXIT_FAILURE);

}

}
printf("Waiting for threads to finish...\n");

fori = 0; i < N; i++) {
if (WaitForSingleObject(a_thread[i], INFINITE) != WAIT_
perror("Thread join failed");
exit(EXIT_FAILURE);

}
}
Ch_End(interp);

/I Retrieve the code returned by the thread.

fori = 0; i < N; i++) {
GetExitCodeThread(a_thread[i], &thread_result[i]);
printf("Thread joined, it returned %d\n", thread_result

}
exit(EXIT_SUCCESS);

See Also
Ch_Initialize (), Ch_End().
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Ch_AddCallback

Synopsis

#include <ch.h>

int Ch_AddCallback(Chinterp _t interp, int evenf ChCallback_t callback ChPointer_t clientdatg int
coun);

Purpose
Add events and callback function.

Return Value
If the function is successful, it returidH_OK . Otherwise, it return€H_ERROR.

Parameters
interp A Ch interpreter.

event The events in which the callback function will be called.
clientdata The data passed to the callback function.
callback The callback function which will be called when an event ascu

count The callback function which will be called after Ch execuggerycount instructions. This argu-
ment is meaningful only when the event contains the evenkiGasMASKCOUNT .

Description

FunctionCh_AddCallback() adds a callback function in the third argument of funci@im AddCallback().
The second argumemrtventspecifies on which events the callback will be called. Thenewgasks below
can be used to specify events when the callback functionllsdcat can also be used to obtain the event
inside a callback function to determine which event triggethe callback function.

Macro Description

Ch_MASKNONE No callback.

Ch_MASKCALL Just after Ch calls and enters a new function.

Ch_MASKRET Just before Ch leaves the function.

Ch_MASKBLOCK Just after Ch enters a new block.

Ch_MASKEND Just before Ch leaves the block.

Ch_MASKLINE When Ch is about to start the execution of a new line of code,
or when it jumps back in the code (even to the same Ine).

Ch_MASKCOUNT After Ch executes evergount instructions.

Ch_MASKABORT When Ch is aborted b€h_Abort ().
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The event maskh_MASKCOUNT along with the fifth argumertdount of functionCh_AddCallback()
specifies that after Ch executes eveount instructions, the callback function will be called. These i
structions are internal to a Ch program. They may containtiptelbinary operations or even binary C
functions.

To avoid the callback function being called twice at the saxecuted line, a function block will not
trigger a block event as shown below for a Ch function.

int func()

{ /ICH_MASKCALL event
int i
{ /ICH_MASKBLOCK event
} //[CH_MASKEND  event
return O; /ICH_MASKRET event

}

Multiple events are specified using the bit-wise operator | . For example, events to trigger the
callback function just after a Ch program calls and entemvafanction, or just before a Ch program leaves
a function, can be specified by

int event = CH_MASKCALL | CH_MASKRET;
Ch_AddCallback(interp, event, callback, clientdata, cou nt);

For the new line evenCh_MASKLINE , the non-executable lines for the openning blogk and
closing block’}  will not trigger the callback function. A line for a declai@ statement, except for
declaration with initialization or declaration of a vari@dength array, will also not trigger the callback
function. A hidden statement

static const char _ func__[] = "function_name";

for a function block also will not trigger the callback furmt when the new line event is specified. When
the new line event iIEh_MASKLINE , how the callback function is triggered is shown as follows.

int main() /I this line will not trigger the callback
{ /I this line will not trigger the callback
int Xx; /I this line will not trigger the callback

int n = 10; // initialization triggers the callback
int a[n]; /I declaration of VLA triggers the callback

{ /I this line will not trigger the callback
x = 10; /I assignment statement triggers the callback
} /I this line will not trigger the callback
return O; /I return statement triggers the callback
} /I this line will not trigger the callback

To trigger lines including non-executable openning blgck and closing block}  statements, set
the mask as follows.

int event = CH_MASKLINE | CH_MASKBLOCK | CH_MASKEND;
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If the Ch script does not contain function main(), the callbavill be invoked when it is triggered by
the first callback event. If the Ch script contains functioaimg), the callback will be enabled only when the
function main() beginning its execution. Therefore, thduded header files by a C program will not invoke
callbacks.

When the function atexit() in Ch is executed, the callbactisabled to avoid execution of the cleanup
functions in Ch.

A callback function can be disabled by setting the evei@ioMASKNONE.

A callback function of typeChCallback_t has the following function prototype.

void callback (Chinterp_t interp, ChBlock t *calldata,
ChPointer_t clientdata);

The first argumentnterp is a Ch interpreter handle. The second arguntaidata  contains the
information of the current block in a running Ch program. Tést argumentlientdata points to the
data passed in the fourth argument of functioch_AddCallback(). Only one callback function can be
specified for an interpreter. A subsequent function callbfAddCallback() will overwrite the previously
specified events, callback function, client data, and ceahte. A callback function is invoked during the
program execution. Functions suchGs_RunScript() andCh_ParseScrip{) that will remove the existing
Ch program shall not be called inside the callback functitime callback function cannot callh_End() to
terminate itself. For the same reason, functions sudBrag&xecScript() that will execute the existing Ch
program at the beginning shall not be called inside the aelibunction.

Type ChBlock_t is a structure containing the information for a block useddhyAddCallback() and
Ch_ChangeStacK).

typedef struct ChBlock_ {

int event; /* event for callback */

int count; /* every ’'count’ instructions for CH_MASKCOUNT * /

int level; /* int level2() {levell();} int level(){levelO( )}
int leveO() {current func}. */

int linecurrent; /* the current line num where the program
is executing. */

int linefuncbegin; /* the line number where the definition o f
the function begins. */

int linefuncend; [* the line number where the definition of t he
function ends. */

const char *source; /* the file name if the source is a file, ot herwise,

it is a string. It contains the first 70
characters beginning with "@string: " */

const char *funcname; /* function name if the block is a funct ion,
otherwise NULL */
const char *classname; /* class name if it is a member functio n,

otherwise NULL */
int isconstructor; /* true if it is a constructor of class,
otherwise false */
int isdestructor; [* true if it is a destructor of class,
otherwise false */
}ChBlock_t;

Fieldevent gives the event which triggers the callback function beied. To obtain the event which
caused the callback function be called can be obtained blyitiveise and operator &. For example, the
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events just after a Ch program calls and enters a new funcéiod just before a Ch program leaves a
function, can be obtained inside a callback function a®¥asl.

void callback (Chinterp_t interp, ChBlock_t *calldata,
ChPointer_t clientdata)

{
[* callback at the beginning of a function call */
if(calldata->event & CH_MASKCALL) {
printf("event MASKCALL is true\n");
}
if(calldata->event & CH_MASKRET) {
printf("event MASKRET is true\n");
}
}

Field couni gives the number ofount instructions after Ch executes to trigger the callback fionc
This field is valid only when the event contains the event nGisSWMASKCOUNT .

Field level gives the level of the function being executed. Level 0 is¢heent running function,
whereas level n+1 is the function that has called level n. éxample, when functiotevelO() is be-
ing called, it has level 0. Functiolevell() which calls functionlevelO() has level 1. Function
level2()  which calls functiorievell() in turn has level 2.

void level2 {

levell();
}
void levell {
levelO();
}

void level0 {
this_function_is_being_executed.

}

The stack for the current function can be changed by the @lirIChangeStacK) based on the function
level.

Field linecurrent contains the current line number where the Ch program isutixer When the
stack is changed to the top level 8y1_ChangeStack), the level is 0.

Field linefuncbegin contains the line number where the definition of the execfutection begins.

Fieldlinefuncend  contains the line number where the definition of the execfutedtion ends.

Fieldsource contains the file name if the source of the executed code is.&0therwise, it is a string
such as when the code is loaded from the memory by fun@lippendRunScript(). If the code is from
a string, thesource is a string up to 70 characters starting wi@string: "

Field funcname contains the function name if the executed line of the codeitkin a function.
Otherwise, it is NULL.

Fieldclassname contains the class tag name if the executed line of code mdt member function
of a class. Otherwise, it is NULL.

Field isconstructor is 1 if the executed line of code is within a constructor ofa@ssl Otherwise,
itis 0.
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Fieldisdestructor is 1 if the executed line of code is within a destructor of aslaOtherwise, it is
0.

Example
See Prograiiz.2.

See Also
Ch_ChangeStacK).

214



Chapter A: APIs for Embedding Ch <embedch.i Ch_AppendParseScript

Ch_AppendParseScript

Synopsis
#include <embedch.h>
int Ch __AppendParseScrip{Chinterp _t interp, const char*cods;

Purpose
Append a fragment of the Ch code to an existing Ch prograndentie interpreter executed by functions
Ch_RunScript() or Ch_ParseScrip{) andCh_ExecScript). The Ch code will be parsed without execution.

Return Value
This function return€CH_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

code A fragment of the Ch code to be appended to the existing Chranognside the interpreter.

Description
When a program is run in Ch, it first will be parsed, then exedufThe process is similar to compile and
execution using a C compiler. Likeh_RunScript(),

But, Ch_AppendParseScrip{) parses the code only. The code is not executed. Fund@ibrisxprEval (),
Ch_CallFuncByAddr (), Ch_CallFuncByNamg(), or Ch_CallFuncByNameVar() shall be called to exe-
cute the code. This implies that only appended functions loanexecuted. The parsed code by
Ch_AppendParseScrip(). can not be invoked by again later by function®g_AppendRunScript().
Restrictions

1. The code passed can process the preprocessing dirgriclade in the code. Some preprocessing
directives such agdefinehave to be handled separately from other code. For example,

Ch_AppendParseScript(interp, "#define A 2");

All preprocessing directives can exist in the code passed fumction Ch_RunScript(),
Ch_ParseScrip{), Ch_AppendRunScriptFile(), or Ch_AppendParseScriptFilg).

2. The code passed cannot contain comments delimitered lsu¢h as
/[ this is comment

If the code passed is larger than 5120 byteh, AppendParseScrip() saves it in a temporary file
internally first, then calls the ARTh_AppendParseScriptFilg) to execute the file, and finally removes the
tempoary file is removed. Alternatively, if the code is lartfean 5120 bytes, it can be broken into multiple
segments. The user can then call the function multiple timésad these segments of code as shown below.

Ch_AppendParseScript(interp, codel);
Ch_AppendParseScript(interp, code?2);
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This allows the code to run from the memory and is more efftcien
Example
Refer to Prograri 117.

See Also
Ch_AppendRunScript(), Ch_RunScript(), Ch_ParseScrip{), Ch_ExecScript).
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Ch_AppendParseScriptFile

Synopsis
#include <embedch.h>
int Ch __AppendParseScriptFildChinterp _t interp, const char*filenamé;

Purpose

Append a fragment of the Ch code in a file to an existing Ch pnoginside the interpreter executed by
functionsCh_RunScript() or Ch_ParseScrip{) andCh_ExecScript(). The Ch code will be parsed without
execution.

Return Value
This function return€CH_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

filename File name that contains the Ch code to be appended to théngx{3h program inside the inter-
preter.

Description
When a program is run in Ch, it first will be parsed, then exed¢uflThe process is similar to compile and
execution using a C compiler. Likeh_RunScript(),

But, Ch_AppendParseScriptFil) parses the code only. The code is not executed. Functions
Ch_ExprEval (), Ch_CallFuncByAddr (), or Ch_CallFuncByNameg() shall be called to execute the code.
This implies that only appended functions can be executed.

The restrictions oCh_AppendParseScrip() do not apply taCh_AppendParseScriptFilg).

See Also

Ch_AppendParseScrip(), Ch_AppendRunScript(), Ch_AppendRunScriptFile(), Ch_RunScript(),
Ch_ParseScrip{), Ch_ExecScript)).
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Ch_AppendRunScript

Synopsis
#include <embedch.h>
int Ch _AppendRunScript(Chlinterp _t interp, const char*cods;

Purpose
Append a fragment of the Ch code to an existing Ch prograndentie interpreter executed by functions
Ch_RunScript() or Ch_ParseScrip{) andCh_ExecScript)). The Ch code will be parsed and executed.

Return Value
This function return€£CH_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

code A fragment of the Ch code to be appended to the existing Chranognside the interpreter.

Description

When a program is run in Ch, it first will be parsed, then exedufThe process is similar to compile and
execution using a C compiler. Likeh_RunScript(), Ch_AppendRunScript() performs these two steps
together for a program or functions passed through its aggimThe functionCh_AppendRunScript()
executes a fragment of Ch program from C space. The variallecontains the fragment of the Ch code.

Restrictions

1. The code passed can process the preprocessing dirgctalade in the code. Some preprocessing
directives such a#definehave to be handled separately from other code. For example,

Ch_AppendRunScript(interp, "#define A 2");

All preprocessing directives can exist in the code passed function Ch_RunScript(),
Ch_ParseScrip{), Ch_AppendRunScriptFile(), or Ch_AppendParseScriptFild).

2. The code passed cannot contain comments delimitered su¢h as
/[ this is comment

If the code passed is larger than 5120 byteks, AppendRunScript() saves it in a temporary file in-
ternally first, then calls the ARCh_AppendRunScriptFile() to execute the file, and finally removes the
tempoary file is removed. Alternatively, if the code is larfean 5120 bytes, it can be broken into multiple
segments. The user can then call the function multiple ttmésad these segments of code as shown below.

Ch_AppendRunScript(interp, codel);
Ch_AppendRunScript(interp, code2);
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This allows the code to run from the memory and is more efftcien
Example
Refer to Prograri 117.

See Also
Ch_AppendParseScrip(), Ch_RunScript(), Ch_ParseScrip{), Ch_ExecScript).
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Ch_AppendRunScriptFile

Synopsis
#include <embedch.h>
int Ch _AppendRunScriptFile(Chinterp _t interp, const char*filename;

Purpose

Append a fragment of the Ch code in a file to an existing Ch @noginside the interpreter executed by
functions Ch_RunScript() or Ch_ParseScrip{) and Ch_ExecScript(). The Ch code will be parsed and
executed.

Return Value
This function return€CH_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

filename File name that contains the Ch code to be appended to théngx{3h program inside the inter-
preter.

Description
When a program is run in Ch, it first will be parsed, then exed¢uflThe process is similar to compile and
execution using a C compiler. Likeh_RunScript(), Ch_AppendRunScriptFile() performs these two steps
together for a program or functions passed through its aegnT he functiorCh_AppendRunScriptFile()
executes a fragment of Ch program from C space. The varfidsh@mecontains the file name of the Ch
code.

The restrictions oCh_AppendRunScript() do not apply taCh_AppendRunScriptFile().

See Also

Ch_AppendParseScrip(), Ch_AppendParseScriptFilg), Ch_AppendRunScript(), Ch_RunScript(),
Ch_ParseScrip{), Ch_ExecScript)).
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Ch_ArrayDim

Synopsis
#include <ch.h>
int Ch_ArrayDim (Chlnterp _t interp, const char*namg;

Purpose
Obtain the dimension of a local or global variable of arrgyetyn the Ch space if it is array type.

Return Value
If the local or global variable is of array type, This functiceturns the dimension of the array. Otherwise,
it returns 0.

Parameters
interp A Ch interpreter.

name Name of the variable or expression in the Ch space.

Description
This function returns the dimension of a local or global &aké in the Ch space. The extent of each dimen-
sion of the array can be obtained by functi©h_ArrayExtent ().

Example
SeeCh_DataType&().

See Also

Ch_DataType(), Ch_ArrayExtent(), Ch_ArrayNum (), Ch_ArrayType(), Ch_FuncType(),
Ch_FuncArgNum(), Ch_IsFuncVarArg (), Ch_UserDefinedTad), Ch_UserDefinedInfq).
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Ch_ArrayExtent

Synopsis
#include <ch.h>
int Ch _ArrayExtent (Chinterp _t interp, const char*name int dim);

Purpose
Obtain the number of elements in the specified dimension otal lor global variable of array type in the
Ch space.

Return Value
If the local or global variable is of array type, This funcaticeturns the number of elements in a specified
dimension of the array. Otherwise, it returns 0.

Parameters
interp A Ch interpreter.

name Name of the variable or expression in the Ch space.

dim An integer specifying for which dimension the number of ebmts will be obtained, 0 for the first
dimension.

Description

This function returns the number of elements in the specifisdnsion of a local or global variable of array
type in the Ch space. For arrajn][m] , If O is passed to this function as the third argument, the exfent o
the first dimension, i.en, will be returned. Otherwise, [ is passed tonwill be returned.

Example
SeeCh_DataType().

See Also

Ch_DataType(), Ch(), Ch_ArrayDim (), Ch_ArrayNum (), Ch_ArrayType(), Ch_FuncType(),
Ch_FuncArgNum(), Ch_IsFuncVarArg (), Ch_UserDefinedTad), Ch_UserDefinedInfq).
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Ch_ArrayNum

Synopsis
#include <ch.h>
int Ch_ArrayNum (Chlnterp _t interp, const char*namg;

Purpose
Obtain the number of elements of a local or global variablarcdy type in the Ch space if it is array type.

Return Value
If the local or global variable is of array type, This functioeturns the number of elements of the array.
Otherwise, it returns 0.

Parameters
interp A Ch interpreter.

name Name of the variable or expression in the Ch space.

Description
This function returns the number of elements of a local obglwariable in the Ch space. The dimension
of the array can be obtained by functi@m_ArrayDim ().

Example
SeeCh_DataType&().

See Also

Ch_DataType(), Ch_ArrayDim (), Ch_ArrayExtent (), Ch_ArrayType (), Ch_FuncType(),
Ch_FuncArgNum(), Ch_IsFuncVarArg (), Ch_UserDefinedTad), Ch_UserDefinedInfq).
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Ch_ArrayType

Synopsis
#include <ch.h>
ChType_t Ch_ArrayType (Chinterp _t interp, const char*name;

Purpose
Determine if a local or global variable in the Ch space is aayaand its array type.

Return Value
Based on its argument, this function returns one of the nsaoetow, defined in header fitd.h.

Macro Description Example
CH_UNDEFINETYPE not an array. int i
CH_CARRAYTYPE C array int a[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[&])

The macrocCH_UNDEFINETYPE has the value 0. All others are non-zero values.

Parameters
interp A Ch interpreter.

name Name of the variable or expression in the Ch space.

Description

The functionCh_ArrayType () determines if the argument is array type. Unlike func@mnFuncArgArrayType (),
a poiner to C array is not considered as an array by fun@tirrayType () for the convenience of runtime
manipulation of variables. For example, for the script code

int (*p)[21[3];
The array type op using functionCh_DataType() is CH_.UNDEFINETYPE . The data type of an array
shall be determined by functicd@bh_DataType().

Example
SeeCh_DataType().

See Also

Ch_DataType(), Ch_ArrayDim (), Ch_ArrayExtent (), Ch_ArrayNum (), Ch_FuncType(),
Ch_FuncArgNum(), Ch_IsFuncVarArg (), Ch_UserDefinedTaq), Ch_UserDefinedInfq).

224



Chapter A: APIs for Embedding Ch <embedch.i Ch_ChangeStack

Ch_ChangeStack

Synopsis
#include <ch.h>
int Ch_ChangeStacKChinterp _t interp, int level ChBlock_t *blocK);

Purpose
Change the stack for the current function of an executed Ggram.

Return Value
If the function is successful, it return€H_OK. If the specified stackevel is invalid, it returns
CH_INVALIDLEVEL . Otherwise, it return€H_ERROR.

Parameters
interp A Ch interpreter.

level The level of the function being executed.
block The block information for the specified level of function.

Description

FunctionCh_ChangeStacK) changes the interpreter runtime function stack. Thers@ngumentevel
specifies the level of the function being executed. Levelthascurrently executed function, whereas level
n+1 is the function that has called level n. For example, wineation level0() is being called, it has
level 0. Functionlevell() which calls functionlevelO() has level 1. Functiofevel2() which
calls functionlevell() in turn has level 2.

void level2 {

int i2 = 20;
levell();
}
void levell {
int i1 =10;
level0();
}
void level0 {
i0 = 1;
this_part_of _the_function_level0_is_being_executed.
}

As an example, if a callback function is invoked when the ciod&de functionlevelQ() in the above
code is executed. Other API functions can be used to accdsshange the value of the variab® inside
functionlevel0() . To access the value for the varialile inside the calling functiomevell() . The
stack of the current function needs to be changed as follows.

ChBlock_t block;
level = 1;
ChChangeStack(interp, level, &block);
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The information for the current functiolevell() after changing the stack is passed back to the third
argumentblock of ChBlock_t type which is a structure containing the information for adil It is
described in detail in the reference for the AFH_AddCallback(). In the above example, after the function
call, the value oblock.level for the membetevel of block is 1. The membelinecurrent
of block is 0 at the top level.

The stack will be changed to the level 0 internally when eoealk function specified bgh_AddCallback()
returns. However, if the stack is changed not inside a azlllfanction, it needs to be reset to level 0 to
resume the execution of the original running program as sHwslow.

ChBlock_t block;
ChChangeStack(interp, 0, &block);

Example
See Programiiq.3.

See Also
Ch_AddCallback(), Ch_StackLevel), Ch_StackNamg).
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Ch_Close

Synopsis
#include <embedch.h>
int Ch _ClosgChlinterp _t interp, ChFile_t filede3;

Purpose
Close a file descriptor.

Return Value
Upon successful completio@h_Closd) returns 0. Otherwise, it returns EOF.

Parameters
interp A Ch interpreter.

fildes The file descriptor for the stream to be closed.

Description
The Ch_Closd) function callsfclose()to flush the stream and close the file associated with the fierije
torfiledes  returned from functiolCh_Reopen).

Example
Refer to Prograrh 1.1 2.

See Also
Ch_Reoper(), Ch_Flush().
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Ch_DataSize

Synopsis
#include <ch.h>
sizet Ch_DataSiz€Chinterp _t interp, const char*name;

Purpose
Get the size of a local or global variable, or an expressian@h program.

Return Value
Similar to thesizeof operator in C, this function returns the size of of a local lmbgl variable, or an
expression in a Ch program in the number of bytes.

Parameters
interp A Ch interpreter.

name Name of a variable or expression whose data type is to benalatai

Description

The functionCh_DataSiz€) gets the size of a variable or expression in the Ch spadeénntite executed
program scope. If a passed argument is of array type, theidanwill return the number of bytes for the
array.

Example
SeeCh_DataType().

See Also

Ch_DataType(), Ch_ArrayDim (), Ch_ArrayExtent (), Ch_ArrayType (), Ch_FuncType(),
Ch_FuncArgNum(), Ch_IsFuncVarArg (), Ch_UserDefinedTaq), Ch_UserDefinedInfq).
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Ch_DataType

Synopsis
#include <ch.h>
ChType_t Ch_DataType(Chinterp _t interp, const char*name;

Purpose
Get the data type of a local or global variable namathein a Ch program.

Return Value
This function returns a macro for data typaType_t defined in header fileh.h described irCh SDK User’s
Guide.If a passed argument is of array type, the function will netitve type of the element of the array. For
example CH_INTTYPE andCH_DOUBLETYPE are two macros defined for data type of int and double
in Ch.

For a variable of C array or Ch computational array, it givesdata type of its element.
Parameters

interp A Ch interpreter.
name Name of the variable or expression whose data type is to lzensiot

Description

The functionCh_DataType() gets the data type of a variable in Ch space within the drecprogram
scope. If a variable of array type including pointer to comagional array, it gives the data type of its
element. Unlike functiorCh_FuncArgDataType(), For a pointer to C array, it gives the pointer type of its
element for the convenience of runtime manipulation ofalalds. For example, for the script code

int a[3], (*p)[2I[3];
array int b[3], (*c)[2][3];

The data type ofa, b, ¢ using functionCh_DataType() is CH_INTTYPE . The data type fop is
CH_INTPTRTYPE .
For a variable of boolean type, it is treated as a char in Chekample, for the script code

#include <stdbool.h>
bool bo = true;

The data type obo using functionCh_DataTypeg() is CH_CHARTYPE.
The argument ohameis a variable name in Ch space.

Example
In this example, information about global variables in thebedded Ch programarinfo.ch are ob-
tained in the hosting C prograwarinfo.c

varinfo.c —- A C program to get information for variables ih.C

/ * * *kkkkkkkkkkkkk

* File Name: varinfo.c

****************/

#include <stdio.h>
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#include <limits.h>
#include <embedch.h>

struct tag {
int i;
double f;

h

int main() {
Chinterp_t interp;
int status;
char *argvv[]={"varinfo.ch", NULL};
int *ap, *bp;
struct tag *sp, **sp2;
ChUserDefinedTag_t udtag;
ChUserDefinedInfo_t udinfo;
ChMeminfo_t meminfo;

Ch_Initialize(&interp, NULL);
status = Ch_RunScript(interp,argvv);
if(status == CH_ERROR) {
printf("Error: execution of program varinfo.ch failed\n" );

}
if(Ch_DataType(interp, "n") == CH_INTTYPE) {
printf("n is an int type\n");
}
printf("Ch_DataSize(interp, \"n\") = %d\n", Ch_DataSize (interp, "n"));
if(Ch_DataType(interp, "d") == CH_DOUBLETYPE) {
printf("d is double type\n");
}

if(Ch_DataType(interp, "a") == CH_INTTYPE) {
printf("a is a value of int \n");
}
if(Ch_ArrayType(interp, "a") == CH_CARRAYTYPE) {
printf("a is a C array\n");
printf("Array dim of a is %d\n", Ch_ArrayDim(interp, "a")) ;
printf("Array elements of a is %d\n", Ch_ArrayNum(interp, "a");
printf("Extent of the 1st dim of a = %d\n", Ch_ArrayExtent(i nterp, "a", 0));
ap = (int *)Ch_SymbolAddrByName(interp, "a");
printf("*ap = %d\n", *ap);

printf("Ch_DataSize(interp, \"a\") = %d\n", Ch_DataSize (interp, "a"));
if(Ch_DataType(interp, "a2") == CH_INTTYPE) {
printf("a2 is a value of int \n");
}
if(Ch_ArrayType(interp, "a2") == CH_CARRAYVLATYPE) {
printf("a2 is a C VLA array\n");

printf("Array dim of a2 is %d\n", Ch_ArrayDim(interp, "a2" );
printf("Array elements of a2 is %d\n", Ch_ArrayNum(interp , "a2"));
printf("Extent of the 1st dim of a2 = %d\n", Ch_ArrayExtent( interp, "a2", 0));
}
printf("Ch_DataSize(interp, \"a2\") = %d\n", Ch_DataSiz e(interp, "a2"));

if(Ch_DataType(interp, "pa") == CH_INTPTRTYPE) {
if(Ch_ArrayType(interp, "pa") == CH_UNDEFINETYPE)
printf("pa is not an array\n");
printf("pa is a pointer to int\n");
ap = *(int **)Ch_SymbolAddrByName(interp, "pa");
printf("ap = %p\n", ap);
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}

if(Ch_DataType(interp, "func") == CH_FLOATTYPE) {

printf("func() return type is float\n");

}

if(Ch_DataType(interp, "func()+3.0") == CH_DOUBLETYPE)
printf("func()+3.0 is double type\n");

}

/* or if(Ch_FuncType(interp, "func") == CH_FUNCTYPE)X */

if(Ch_FuncType(interp, "func")) {

printf("func() is a function\n");
printf("Number of arguments of function func() is %d\n",
Ch_FuncArgNum(interp, "func"));

}
if(Ch_FuncType(interp, "funcv") == CH_FUNCPROTOTYPE)

}

printf("funcv() is a function prototype\n™);
printf("Number of arguments of function funcv() is %d\n",
Ch_FuncArgNum(interp, "funcv"));

if(Ch_lsFuncVarArg(interp, "funcv")){

}

printf("funcv() is a function of variable argument number\

if(Ch_FuncType(interp, "funcvptr") == CH_FUNCPTRTYPE){

}

printf("funcvptr() is a pointer to function\n");
printf("Number of arguments of function funcvptr() is %d\n
Ch_FuncArgNum(interp, "funcvptr"));

if(Ch_IsFuncVarArg(interp, "funcvptr")){

}

printf("funcvptr() is a function of variable argument numb

if(Ch_DataType(interp, "s") == CH_STRUCTTYPE) {

udtag = Ch_UserDefinedTag(interp, "s");

Ch_UserDefinedInfo(interp, udtag, &udinfo);

printf("udinfo.dtype == CH_STRUCTTYPE = %d\n",
udinfo.dtype == CH_STRUCTTYPE);

printf("struct size of s is %d\n", udinfo.size);

printf("struct name of s is %s\n", udinfo.tagname);

printf("the number of members of s is %d\n", udinfo.totnum)

Ch_UserDefinedMemInfoByName(interp, udtag, "f', &memin

printf("meminfo.index = %d\n", meminfo.index);

printf("meminfo.memname = %s\n", meminfo.memname);

printf("meminfo.offset = %d\n", meminfo.offset);

printf("meminfo.dtype == CH_DOUBLETYPE = %d\n",
meminfo.dtype == CH_DOUBLETYPE);

printf("meminfo.ispublic = %d\n", meminfo.ispublic);

printf("meminfo.isfunc = %d\n", meminfo.isfunc);

sp = Ch_SymbolAddrByName(interp, "s");

printf("sp->i = %d\n", sp->i);

printf("sp->f = %f\n", sp->f);

printf("Ch_DataSize(interp, \"s\") = %d\n", Ch_DataSize
if(Ch_DataType(interp, "sp") == CH_STRUCTPTRTYPE) {

udtag = Ch_UserDefinedTag(interp, "sp");
Ch_UserDefinedInfo(interp, udtag, &udinfo);
printf("struct size of sp is %d\n", udinfo.size);
printf("struct name of sp is %s\n", udinfo.tagname);
sp2 = Ch_SymbolAddrByName(interp, "sp");
printf("*sp2->i = %d\n", (*sp2)->i);
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printf("*sp2->f = %f\n", (*sp2)->f);

}

if(Ch_DataType(interp, "c") == CH_CLASSTYPE) {
udtag = Ch_UserDefinedTag(interp, "c");
Ch_UserDefinedInfo(interp, udtag, &udinfo);
printf("udinfo.dtype == CH_CLASSTYPE = %d\n",

udinfo.dtype == CH_CLASSTYPE);

printf("class size of c¢ is %d\n", udinfo.size);
printf("class name of c is %s\n", udinfo.tagname);

}

if(Ch_DataType(interp, "u") == CH_UNIONTYPE) {
udtag = Ch_UserDefinedTag(interp, "u");
Ch_UserDefinedInfo(interp, udtag, &udinfo);
printf("union size of u is %d\n", udinfo.size);
printf("union name of u is %s\n", udinfo.tagname);

}

if(Ch_DataType(interp, "sa") == CH_STRUCTTYPE) {
printf("sa is struct type\n");
udtag = Ch_UserDefinedTag(interp, "sa");
Ch_UserDefinedInfo(interp, udtag, &udinfo);
printf("struct size of sa is %d\n", udinfo.size);
printf("struct name of sa is %s\n", udinfo.tagname);
if(Ch_ArrayType(interp, "sa"))

printf("sa is an array\n");

sp = (struct tag*)Ch_SymbolAddrByName(interp, "sa");
printf("sp->i = %d\n", sp->i);

printf("sp->f = %fin", sp->f);
Sp++;
printf("sp->i = %d\n", sp->i);

printf("sp->f = %fn", sp->f);

}

if(Ch_DataType(interp, "b") == CH_INTTYPE) {
printf("b is a value of int \n");
}
if(Ch_ArrayType(interp, "b") == CH_CHARRAYTYPE) {
printf("b is a Ch computational array\n");
printf("Array dim of b is %d\n", Ch_ArrayDim(interp, "b")) ;
printf("Array elements of b is %d\n", Ch_ArrayNum(interp, "b");

printf("Extent of the 1st dim of b = %d\n", Ch_ArrayExtent(i nterp, "b", 0));
printf("Extent of the 2nd dim of b = %d\n", Ch_ArrayExtent(i nterp, "b", 1));

bp = (int *)Ch_SymbolAddrByName(interp, "b");
printf("*bp = %d\n", *bp);

}

if(Ch_DataType(interp, "b2") == CH_INTTYPE) {
printf("bp is a value of int \n");

}

if(Ch_ArrayType(interp, "b2") == CH_CHARRAYVLATYPE) {
printf("b2 is a Ch VLA array\n");

printf("Array dim of b2 is %d\n", Ch_ArrayDim(interp, "b2" ));

printf("Array elements of b2 is %d\n", Ch_ArrayNum(interp , "b2"));
printf("Extent of the 1st dim of b2 = %d\n", Ch_ArrayExtent( interp, "b2", 0));
printf("Extent of the 2nd dim of b2 = %d\n", Ch_ArrayExtent( interp, "b2", 1));

}
if(Ch_DataType(interp, "arrayfunc") == CH_DOUBLETYPE) {

printf("arrayfunc() return type is double\n™);

}
if(Ch_ArrayType(interp, "arrayfunc") == CH_CHARRAYTYPE )i
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printf("arrayfunc() is Ch array\n");
printf("Array dim of arrayfunc is %d\n", Ch_ArrayDim(inte

printf("Array elements of arrayfunc is %d\n", Ch_ArrayNum

printf("Extent of the 1st dim of arrayfunc = %d\n",
Ch_ArrayExtent(interp, "arrayfunc”, 0));
}
if(Ch_FuncType(interp, "arrayfunc")){
printf("arrayfunc() is a function\n");

printf("Number of arguments of function arrayfunc() is %d\

Ch_FuncArgNum(interp, "arrayfunc"));
}
if(Ch_DataType(interp, "arrayfunc2") == CH_DOUBLETYPE)
printf("arrayfunc2() return type is double\n");

}

if(Ch_ArrayType(interp, "arrayfunc2") == CH_CHARRAYVLA
printf("arrayfunc2() is Ch VLA array\n");
printf("Array dim of arrayfunc2 is %d\n", Ch_ArrayDim(int
if(Ch_ArrayExtent(interp, "arrayfunc2", 0) == INT_MAX);

printf("Extent of the 1st dim of arrayfunc2 is determined at

if(Ch_ArrayExtent(interp, "arrayfunc2", 1) == INT_MAX);

printf("Extent of the 2nd dim of arrayfunc2 is determined at

}
if(Ch_FuncType(interp, "arrayfunc2")){

printf("arrayfunc2() is a function\n");

printf("Number of arguments of function arrayfunc2() is %d

Ch_FuncArgNum(interp, "arrayfunc2"));
}

Ch_End(interp);
}

varinfo.ch —- A Ch program.

#include <array.h>

int n =10;
double d = 1.1;
int a[2]={10,20}, a2[n], (*pa)[3];
struct tag {
int i;
double f;
|3
class tagc {
public:
int i;
double f;
3
union tagu {
int i;
double f;
3
struct tag s ={100, 200}, *sp,
sa[2]={10, 20, 30, 40};
class tagc c;
union tagu u;

float func() {
return 0.0;

}

float funcv(int i, ...);
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float (*funcvptr)(int i, ...);
array int b[2][3]={1,2,3,4,5,6}, b2[n][2*n];
array double arrayfunc(void)[3] {

array double a[3];

return a;

array double arrayfunc2(int i, int j)[:][:];

int main () {
sp = &s;
}

Output

n is an int type

Ch_DataSize(interp, "n") = 4

d is double type

a is a value of int

ais a C array

Array dim of a is 1

Array elements of a is 2

Extent of the 1st dim of a = 2

*ap = 10

Ch_DataSize(interp, "a") = 8

a2 is a value of int

a2 is a C VLA array

Array dim of a2 is 1

Array elements of a2 is 10

Extent of the 1st dim of a2 = 10
Ch_DataSize(interp, "a2") = 40

pa is not an array

pa is a pointer to int

ap =0

func() return type is float

func()+3.0 is double type

func() is a function

Number of arguments of function func() is 0
funcv() is a function prototype

Number of arguments of function funcv() is 1
funcv() is a function of variable argument number
funcvptr() is a pointer to function

Number of arguments of function funcvptr() is 1
funcvptr() is a function of variable argument number
udinfo.dtype == CH_STRUCTTYPE = 1
struct size of s is 16

struct name of s is tag

the number of members of s is 2
meminfo.index = 1

meminfo.memname = f

meminfo.offset = 8

meminfo.dtype == CH_DOUBLETYPE = 1
meminfo.ispublic = 1

meminfo.isfunc = 0

sp->i = 100

sp->f = 200.000000

Ch_DataSize(interp, "s") = 16

struct size of sp is 16

struct name of sp is tag

*sp2->i = 100

*sp2->f = 200.000000
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udinfo.dtype == CH_CLASSTYPE = 1
class size of c is 16

class name of c is tagc

union size of u is 8

union name of u is tagu

sa is struct type

struct size of sa is 16

struct name of sa is tag

sa is an array

sp->i = 10
sp->f = 20.000000
sp->i = 30
sp->f = 40.000000

b is a value of int

b is a Ch computational array
Array dim of b is 2

Array elements of b is 6
Extent of the 1st dim of b = 2
Extent of the 2nd dim of b = 3
*bp = 1

bp is a value of int

b2 is a Ch VLA array

Array dim of b2 is 2

Array elements of b2 is 200
Extent of the 1st dim of b2 = 10

Extent of the 2nd dim of b2 = 20

arrayfunc() return type is double

arrayfunc() is Ch array

Array dim of arrayfunc is 1

Array elements of arrayfunc is 3

Extent of the 1st dim of arrayfunc = 3
arrayfunc() is a function

Number of arguments of function arrayfunc() is 0
arrayfunc2() return type is double

arrayfunc2() is Ch VLA array

Array dim of arrayfunc2 is 2

Extent of the 1st dim of arrayfunc2 is determined at runtime
Extent of the 2nd dim of arrayfunc2 is determined at runtime

arrayfunc2() is a function
Number of arguments of function arrayfunc2() is 2

See Also

Ch_DataSizd), Ch_ArrayDim (), Ch_ArrayExtent (),
Ch_FuncArgNum(), Ch_IsFuncVarArg (), Ch_UserDefinedTad), Ch_UserDefinedInfq().
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Ch_DeclareFunc

Synopsis
#include <embedch.h>
int Ch _DeclareFundChlinterp _t interp, const char*funcprototype ChFuncdl_t funcpt;

Purpose
Declare and define a system function in the Ch space corrdsgpto a binary function in the C/C+ space.

Return Value
This function return€CH_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

funcprototypeA function prototype for the defined function.
funcptr A pointer to a wrapper function to interface the binary fumict

Description

FunctionCh_DeclareFund) can be used to call a binary function in the C space from the@ace in an
Embedded Ch engine. Unlike using Ch SDK, no extra functi@s fi¥ith file extension .chf and dynamically
loaded libraries with file extension .dl are needed. In aodito global variables, a Ch environment contains
system variables, such asath and.fpath. The system variables are persistent. When a newgrog
loaded, these system variables remain in the system. S$imil@h_DeclareVar(), functions defined by
Ch_DeclareFund) are system functions in the Ch space. as if the functiotoprpefuncptototype is
pre-appended with the type qualifierdeclspec(global) . For example, the declaration

Ch_DeclareFunc(interp, "double func(int i);", funcptr);
is treated as if the the function protpotype was declared as
__declspec(global) double func(int i);

A new data type for return value and arguments of a systemtibmecan be created using the API
Ch_DeclareTypedef).
Both global functions and system functions can be removed fmagma statement as shown below

#pragma remvar(func)
in the Ch space, which can accomplished using Embedded Ch by
Ch_AppendParseScript(interp, "#pragma remvar(func)");

The same identifier cannot be declared as a variable for Hotalgfunction and system function with
function definitions for both.

A struct type used as a function argument or return type ofséesy function defined by function
Ch_DeclareFund) can be declared by functioBh_DeclareVar(). To call binary functions from an ap-
plication with Embedded Ch. The application typically derbinary functions as system functions in
the Ch space using functiorGh_DeclareVar(). and Ch_DeclareFund). Then, run Ch programs by
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functionsCh_ParseScript), Ch_RunScript(), Ch_RunScriptM (), as well asCh_AppendParseScrip{),
Ch_AppendParseScriptFilg), Ch_AppendRunScript(), Ch_AppendRunScriptFile(). When multiple Ch
programs are executed by functi@m_RunScriptM () in a single instance of Embedded Ch, the same sys-
tem functions defined b@gh_DeclareFund) will be used.

Like a global function, a system function prototype can bdated multiple times. An identifier can be
declared as both global and system variable. In this casedémtifier will be treated as a global variable
inside a program. For a variable of function type, only ormecfion definition can be defined if the identifier
is used for both global and system variable.

The argumentuncptr  is a wrapper function to interface the binary function. Thaper function
is the same as that describeddh SDK User's Guide. Wrapper functions can be generatedratically
from a header file using the utility prograc2chfin Ch SDK.

Two Special Cases

Functions returning a struct type and functions with a \@eiaaumber of arguments are two special cases.
One have to pay attention to the two special cases whengdilivary function from a Ch program in the
Embedded Ch.

As shown in functiorfunc4() in the example below, for a function returning a struct tyipe, return
type for the wrapper function ioid . The returned structure is passed as an extra first argurhpainber
to struct.

For a function with a variable number of arguments, the lisirguments in the Ch space is changed
to the list of arguments in the C space by the functieim VVaVarArgsCreate() and the used temporary
memory is cleaned by the functidbh_VaVarArgsDelete() as shown in functioriunc5() the example
below.

Example 1
Use binary functions in the C space as system functions i€thspace.

/* File Name: declarefunc.c */

#include <stdio.h>
#include <embedch.h>

struct tag {int i, *p;};

/* function of void type */
void funcl(double x) {

printf("x in funcl() is %f\n", x);
}

/* function with a return value */

double func2(double x, double y) {
printf("x in func2() is %f\n", x);
printf("y in func2() is %f\n", y);
return x+y;

}

/* function with arguments of struct and pointer to struct,
returning a pointer to struct */

struct tag *func3(struct tag *sp, struct tag s) {
printf("sp->i in func3() is %d\n", sp->i);
printf("s.i in func3() is %d\n", s.i);
sp->i *= s.i;
return sp;
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/* SPECIAL CASE for function returning a struct */
/* similar to the method described in Ch SDK */
struct tag func4(int i, struct tag s) {

struct tag s2;

S2 = s;

printf("s.i in func4() is %d\n", s.i);

s2.i *= i

return s2;

}

/* SPECIAL CASE for function with variable number of argumen ts */
int vfunc5(int n, va_list ap) {

int i;

double d;

i = va_arg(ap, int);

d = va_arg(ap, double);

printf("i in vfunc5() = %d\n", i);
printf("d in vfunc5() = %f\n", d);
return  2*n;

}

int func5(int n, ...) {
va_list ap;
int retval;

va_start(ap, n);

retval = vfunc5(n, ap);
va_end(ap);

return retval;

}

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

Ch_VaStart(interp, ap, varg);
x = Ch_VaArg(interp, ap, double);
funcl(x);
Ch_VaEnd(interp, ap);
}

EXPORTCH double func2_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
double X, y;
double retval;

Ch_VaStart(interp, ap, varg);

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

return retval;

}

EXPORTCH struct tag *func3_chdl(void *varg) {
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Chinterp_t interp;
ChvalList_t ap;
struct tag *sp, S;

Ch_VasStart(interp, ap, varg);

sp = Ch_VaArg(interp, ap, struct tag®);
s = Ch_VaArg(interp, ap, struct tag);
sp = func3(sp, S);

Ch_VaEnd(interp, ap);

return sp;

}

/* SPECIAL CASE for function returning a struct */
EXPORTCH void func4_chdl(void *varg) { /* return type void *

Chinterp_t interp;

ChVvalList_t ap;

struct tag *retval; /* return value */
int i

struct tag s;

Ch_VasStart(interp, ap, varg);
retval = Ch_VaArg(interp, ap, struct tag®);
i = Ch_VaArg(interp, ap, int);
s = Ch_VaArg(interp, ap, struct tag);
*retval = func4(i, s); /* return value */
Ch_VaEnd(interp, ap);

}

/* SPECIAL CASE for function with variable number of argumen

EXPORTCH int func5_chdl(void *varg) {
Chinterp_t interp;
ChvalList_t ap;
void *ap_c; /* equivalent to va_list ap_c */
ChVvalList_t ap_ch;
int n;
void *memhandle;
int retval;

Ch_VasStart(interp, ap, varg);

n = Ch_VaArg(interp, ap, int);

ap_ch = Ch_VaArg(interp, ap, ChValList_t);
/* get variable argument list in C */

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

retval = vfunc5(n, ap_c);

/* delete the temp memory */
Ch_VaVarArgsDelete(interp, memhandle);
Ch_VaEnd(interp, ap);

return retval;

}

int main() {
Chinterp_t interp;
int status;

char str[1024];

/* initialize embedded Ch */
Ch_Initialize(&interp, NULL);

Ch_DeclareVar(interp,"int ch_i = 10, *ch_p;");
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}

Ch_DeclareVar(interp,"struct tag {int i, *p;} s = {10, NULL
/* create new data type tagptr_t in the Ch space */
Ch_DeclareVar(interp,"struct tag *tagptr_t;");
Ch_DeclareTypedef(interp,"tagptr_t");

Ch_DeclareFunc(interp,"void funcl(double x);", (ChFunc
Ch_ExprEval(interp, "funcl(ch_i)");

Ch_DeclareFunc(interp,"double func2(double x, double y)
Ch_ExprEval(interp, "printf(\"func2(2,3) = %f\n\",func

/* or Ch_DeclareFunc(interp,"struct tag *func3(struct ta
Ch_DeclareFunc(interp,"tagptr_t func3(tagptr_t sp, str
(ChFuncdl_t)func3_chdl);
Ch_ExprEval(interp, "sp =func3(&s, s)");
Ch_ExprEval(interp, "printf(\"sp->i = %d\n\",sp->i)");

/* SPECIAL CASE for function returning a struct */
Ch_DeclareFunc(interp,"struct tag func4(int n, struct ta
(ChFuncdl_t)func4_chdl);
Ch_ExprEval(interp, "s2 =func4(10, s)");
Ch_ExprEval(interp, "printf(\"s2.i = %d\n\",s2.i)");

/* SPECIAL CASE for function with variable number of argumen
Ch_DeclareFunc(interp,"int func5(int n, ...);", (ChFunc
Ch_ExprEval(interp, "func5(3, 10, 12.34)");

Ch_End(interp);

return O;

Output

X in
X in
y in

funcl() is 10.000000
func2() is 2.000000
func2() is 3.000000

func2(2,3) = 5.000000

sp->i in func3() is 10

s.i in func3() is 10

sp->i = 100

s.i in func4() is 100

s2.i = 1000

i in vfunc5() = 10

d in vfunc5() = 12.340000
Example 2

See Progran 51 2.

See Also

Ch_DeclareTypedef), Ch_DeclareVar().
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Ch_DeclareTypedef

Synopsis
#include <embedch.h>
int Ch _DeclareTypede{Chlinterp _t interp, const char*namé;

Purpose
Change a system variable to a typedefed data type in the Cb.spa

Return Value
This function return€CH_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

name A system variable in the Ch space.

Description

FunctionCh_DeclareVar() can be used to declare system variables of valid data ty@d ] including sim-
ple type, pointer typer, struct and class type, functioefygtc. The type qualifier_declspec(global)

is added at the beginning of the declaration statement atifumCh_DeclareVar(). The statement

Ch_DeclareVar(interp, "int a, b;");
is equivalent to declare system variabdeandb in the Ch space as follows.
__declspec(global) int a, b;

Because type specifiers declspec(global) and typedef cannot be used together to declare a
variable.Ch_DeclareVar() cannot be used to define a new data type wigfedef as shown below.

Ch_DeclareVar(interp, "typedef int newtype_t;");

The new data type for a system variable can be created by tiotidn Ch_DeclareTypedef) as shown
below.

Ch_DeclareVar(interp, "int newtype_t;");
Ch_DeclareTypdef(interp, "newtype_t");
Ch_DeclareVar(interp, "newtype_t sysvarl;";

In this case,

Ch_DeclareVar(interp, "newtype_t sysvarl;";
is equivalent to

__declspec(global) int sysvarl;

in the Ch space.

Example

SeeCh_DeclareFund).

See Also

Ch_DeclareVar(), Ch_DeclareFund), Ch_AppendParseScrip(), Ch_AppendRunScript(),
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Ch_DeclareVar

Synopsis
#include <embedch.h>
int Ch _DeclareVar(Chlinterp _t interp, const char*declaratior);

Purpose
Declare system variables in the Ch space.

Return Value
This function return€CH_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

declaration A declaration statement including the initialization iretGh space.

Description

A C program has global variables. Global variables in a Cipslmaded byCh_ParseScrip{), Ch_RunScript(),
Ch_RunScriptM (), as well as Ch_AppendParseScrip(), Ch_AppendParseScriptFilg),
Ch_AppendRunScript(), Ch_AppendRunScriptFile() in an instance of Ch engine will be removed when
a new Ch program is loaded. In addition to global variableShaenvironment contains system variables,
such aspath and fpath. The system variables are persistent. When a newanoiyloaded, these system
variables remain in the system. Functidbs_AppendParseScrip() andCh_AppendRunScript() can be
used to declare variables of global scope like.

Ch_AppendParseScript(interp, "int a, b;");

FunctionCh_DeclareVar() can be used to declare system variables of valid data ty@#h] including
simple type, pointer typer, struct and class type, fundtjpe, etc. The type qualifier_declspec(global)
is added at the beginning of the declaration statement atifumCh_DeclareVar(). The statement

Ch_DeclareVar(interp, "int a, b;");
is equivalent to declare system variabdeandb in the Ch space as follows.
__declspec(global) int a, b;

Because type specifiers declspec(global) and typedef cannot be used together to declare a
variable, a new data type can be created by using @btbeclareVar() andCh_Declare Typedef) together
as shown below.

Ch_DeclareVar(interp, "int newtype_t;");
Ch_DeclareTypedef(interp, "newtype_t");

Both global variables and system variables can be removeddoggma statement as shown below

#pragma remvar(a)
#pragma remvar(b)
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in the Ch space, which can accomplished using Embedded Ch by

Ch_AppendParseScript(interp, "#pragma remvar(a)");
Ch_AppendParseScript(interp, "#pragma remvar(b)");

An identifier can be declared as both global and system \aridb this case, the identifier will be treated
as a global variable inside a program. For a variable of fandlype, only one function definition can be
defined if the identifier is used for both global and systenmatée.

A struct type used as a function argument or return type ofséeay function defined by function
Ch_DeclareFund) can be defined by .

Example
Declare and use system variables of different data typdiCh space.

/* File Name: declarevar.c */
#include <stdio.h>
#include <embedch.h>

int main() {
Chinterp_t interp;
int status;
int c_i;

/* initialize embedded Ch */

Ch_Initialize(&interp, NULL);

/* declare variable ch_i in Ch space */

Ch_DeclareVar(interp,"int ch_i;");

/* declare and initialize variables ch_i, ch_j, ch_k, ch_p * /
Ch_DeclareVar(interp,"int ch_j = 10, ch_k = 20;");

Ch_DeclareVar(interp,"int *ch_p = &ch_i;");

/* declare struct */

Ch_DeclareVar(interp,"struct tagl {int ch_i, *ch_p;} s;" );

/* declare function */

Ch_DeclareVar(interp,"int func(int i) {int i2; i2 = 5%; re turn i2;}";
c i = 10;

/* assign c_i in C space to ch_i in Ch space */

Ch_SetVar(interp, "ch_i", CH_INTTYPE, c_i);

Ch_ExprEval(interp, "printf(\"ch_i = %d\n\",ch_i)");

Ch_ExprEval(interp, "printf(\"*ch_p = %d\n\",*ch_p)");

/* assign &c_i in C space to ch_p in Ch space */

Ch_SetVar(interp, "ch_p", CH_INTPTRTYPE, &c_i);

/* call function func() */

Ch_ExprEval(interp, "printf(\"func(ch_i) = %d\n\",func (ch_i)");
Ch_End(interp);

return O;

}

Output

ch i =10
*ch_p = 10
func(ch_i) = 50

See Also
Ch_DeclareFund), Ch_DeclareTypedef), Ch_AppendParseScript), Ch_AppendRunScript(),
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Ch_DeleteExprValue

Synopsis
#include <ch.h>
int Ch _DeleteExprValug(Chinterp _t interp, ChValueNodet vn);

Purpose
Delete a value node for an expression in the Ch space.

Return Value
This function return€€H_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

vn The value node of an expression to be deleted.

Description

When an expression in the Ch space is evaluated by the fanCtioExprValue(), a value node for the
result of the evaluated expression is returned to keep thttke temporary memory. This memory should
be deleted later by this functic@h_DeleteExprValug)). When the value node corresponding to the result
of an expression is deleted, the result cannot be accesgadan.

Example
See functiorchPrint() in Progran_ZT6.

See Also

Ch_SymbolAddrByName(), Ch_DataType(), Ch_CallFuncByAddr(), Ch_CallFuncByNamg),
Ch_ExprCalc(), Ch_ExprParse(), Ch_ExprEval (), Ch_ExprValue().
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Ch_End

Synopsis
#include <embedch.h>
int Ch_End(Chlnterp _t interp);

Purpose
End embedded Ch.

Return Value
This function return€€H_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

Description

The functionCh_End() ends embedded Ch which is initialized by the AR _Initialize (). It is mandatory
if the API Ch_Initialize () is called.

Normally, functions registered mtexit() for Embedded Ch programs are execute@mEnd(). When a Ch
script is executed b€h_ExecScriptM() or Ch_RunScriptM (), registered functions iatexit() will be exe-
cuted when the script is executed. Therefore, a singlerinstaf Ch interpreter initialized b@h_Initialize ()
can be used to process multiple Ch scripts usihgexecScriptM() or Ch_RunScriptM ().

Example

Refer to Prograri1l11.

See Also

Ch_Abort (), Ch_Initialize (), Ch_.Home(), Ch_SymbolAddrByName(), Ch_DataType(), Ch_ExprEval(),
Ch_RunScript().
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Ch_ExecScript

Synopsis
#include <embedch.h>
int Ch _ExecScript(Chinterp _t interp, const char*prognamé;

Purpose

Execute a Ch program parsed by functioh_ParseScrip{).

Return Value

This function return&CH _OK on success andH_ERROR on failure.

Parameters
interp A Ch interpreter.

programe The program name, the first element of the second argumeniagfaf pointer to char in function
Ch_ParseScrip{).

Description

When a program is run in Ch, it first will be parsed, then exed¢uT he functiorCh_ExecScript() executes a
Ch program parsed by functidbh_ParseScrip{) in C space. The variablgognamecontains the file name
of the Ch program parsed by functi@h_ParseScrip{). The APICh_Initialize () and Ch_ParseScrip{)
should be called before this function is called. After fumetCh_ExecScripX) is called, variables and
functions inside the script can be accessed by other APlsisdame interpreténterp . However, after
function Ch_ExecScriptM() is called, variables and functions inside the script cafre accessed by other
APls in the same interpretanterp

Example

Refer to Prograri1l4.

See Also

Ch_AppendParseScrip(), Ch_AppendRunScript(), Ch_ExecScriptM(), Ch_ParseScrip{),
Ch_RunScript(). Ch_Initialize (), Ch_Home(), Ch_SymbolAddrByName(),

Ch_DataType(), Ch_ExprEval(), Ch_End().
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Ch_ExecScriptM

Synopsis
#include <embedch.h>
int Ch _ExecScriptM(Chlnterp _t interp, const char*prognamé;

Purpose

Execute a Ch program parsed by functioh_ParseScrip{).

Return Value

This function return&CH _OK on success andH_ERROR on failure.

Parameters
interp A Ch interpreter.

programe The program name, the first element of the second argumeniagfaf pointer to char in function
Ch_ParseScrip{).

Description

When a program is run in Ch, it first will be parsed, then exedutThe functionCh_ExecScriptM()
executes a Ch program parsed by functi©h_ParseScrip{) in C space. The variablprognamecon-
tains the file name of the Ch program parsed by funcitnParseScrip{). The APICh_Initialize () and
Ch_ParseScrip{) should be called before this function is called. Afterdtion Ch_ExecScrip(() is called,
variables and functions inside the script can be accessedhagy APIs in the same interpretiterp
However, after functiol€h_ExecScriptM() is called, variables and functions inside the script cére ac-
cessed by other APIs in the same interpratezrp . But, a single instance of Ch interpreter initialized by
Ch_Initialize () can be used to process multiple Ch scripts u§ihgParseScrip{) andCh_ExecScriptM(),

or Ch_RunScriptM ().

Example
Refer to Prograri118.

See Also

Ch_AppendParseScrip(), Ch_AppendRunScript(), Ch_ExecScript), Ch_ParseScripy),
Ch_RunScript(). Ch_RunScriptM ().  Ch_lnitialize (), Ch_Home(), Ch_SymbolAddrByName(),
Ch_DataType(), Ch_ExprEval(), Ch_End().
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Ch_ExprCalc

Synopsis
#include <ch.h>
int Ch _ExprCalc(Chinterp _t interp, const char*expr, ChType_t datatype void *resul};

Purpose
Calculate an expression in Ch space.

Return Value
This function return€CH_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

expr Expression to be executed in Ch space.
datatype The data type of the result.
result Pointer to the memory for holding the result of the exprassio

Description

The functionCh_ExprCalc() executes an expression in Ch space. It can be used to evaluaxpression or
call a function in Ch space. The expressexpr may invoke functions located in function files specified by
the function file pathfpath . For a generic function, its regular function version witfuaction prototype
will be used. For example, for functiosin(), the regular function

double sin(double);

will be used ifsin () is an operand of an expression. If the actual argumentdmmeteresult of data
type datatype , is not a NULL pointer, the result will be assigned to the mgmuointed byresult
based on the data tyfgghType_t of the argumentlatatype listed in the header file ch.h describedGh
SDK User’s GuideThe user has to make sure a memory of the proper size is atbéatresult . If the
passed argument ofsult  is NULL, no value will be assigned. In this case, ttedatypeis ignored. The
data type of theesult  shall be compatible with the data type of the expression.

Example

In this example, there are two global variables in progeaprcalc.ch . ii is an integer anddis a value
of double type. We can calculate the expressidn= dd + ii from C space by functio@h_ExprCalc()
and get the new value afd by function Ch_SymbolAddrByName(). The result can also be obtained by
passing the address for the result in the third argumentraftion. Ch_ExprCalc(). We can call the Ch
functionfun () through evaluating expression "fun()” @xprcalc.c

chexprcalc.c —- A C program to calculate expressions in Chiess space

/ * * *kkkkkkkkkkkkk

* Calculate an expression and function in Ch address space

****************/

248



Chapter A: APIs for Embedding Ch <embedch.i

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

EXPORTCH void chexprcalc_chdl(void *varg) {

}

chexprcalc.ch —- A Ch function file with global variables dndctions

Chinterp_t interp;
ChVvalList_t ap;
int *pii;

double *pdd;
double result;

Ch_VasStart(interp, ap, varg);
pii = Ch_SymbolAddrByName(interp,"ii");
pdd = Ch_SymbolAddrByName(interp,"dd");
printf("ii = %d\n",*pii);
printf("dd = %f\n",*pdd);
if(lCh_ExprParse(interp,"fun()")) {
Ch_ExprCalc(interp,"fun()", CH_INTTYPE, NULL);
}
else
printf("Error: fun() is invalid Ch expression\n");

Ch_ExprCalc(interp,"dd = dd + ii", CH_DOUBLETYPE, &result
printf("\nAfter dd = dd + ii\n");

printf("ii = %d\n",*pii);

printf("dd = %f\n",*pdd);

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

Ch_ExprCalc(interp,"ii*2", CH_DOUBLETYPE, &result);
printf("ii*2= %f\n",result);

Ch_ExprCalc(interp,"fun()", CH_VOIDTYPE, NULL);
Ch_ExprCalc(interp,"hypot(3, 4.0)", CH_DOUBLETYPE, &re
printf("hypot(3, 4) = %f\n"result);

Ch_VaEnd(interp, ap);
return;

/

*

Test the function Ch_ExprCalc() in C space

/

#include<dlfcn.h>

void chexprcalc() {

void *dlhandle, *fptr;

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

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

}

fptr = disym(dlhandle, "chexprcalc_chdl");

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

}

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

}

return;

}

/******'k******** ap pl Icatl on *****************/

int ii = 10;
double dd = 1.1;
void fun() {
printf("in fun() in exprcalc.ch, ii = %d, dd = %f\n", ii, dd);

chexprcalc();
Output
i = 10

dd = 1.100000
in fun() in exprcalc.ch, ii

10, dd = 1.100000
After dd = dd + ii

i = 10

dd = 11.100000

result = 11.100000

ii*2= 20.000000

in fun() in exprcalc.ch, ii = 10, dd
hypot(3, 4) = 5.000000

11.100000

See Also
Ch_SymbolAddrByName(), Ch_DataType(), Ch_CallFuncByAddr (),
Ch_ExprParse(), Ch_ExprValue(), Ch_DeleteExprValug).
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Ch_ExprEval

Synopsis
#include <ch.h>
int Ch _ExprEval (Chlinterp _t interp, const char*expp);

Purpose
Execute an expression in Ch space.

Return Value
This function return€CH_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

expr Expression to be executed in Ch space.

Description

The functionCh_ExprEval () executes an expression in Ch space. It can be used to evaluaxpression or
call a function in Ch space. The expressexpr may invoke functions located in function files specified by
the function file pathfpath . For a generic function, its regular function version witfuaction prototype
will be used. For example, for functiosin(), the regular function

double sin(double);

will be used ifsin () is an operand of an expression.

Example

In this example, there are two global variables in progeapreval.ch . i is an integer andd is a value
of double type. We can evaluate the expressidn= dd + ii from C space by functio@h_ExprEval()

and get the new value afd by functionCh_SymbolAddrByName(). We can call the Ch functiofun ()

through evaluating expression "fun()” @xpreval.c

chexpreval.c —- A C program to evaluate expressions in Chesddspace

/ *kkkkkkkkkkkkk

* Execute expression and function in Ch address space

****************/

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

EXPORTCH void chexpreval_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
int *pii;
double *pdd;
Ch_VasStart(interp, ap, varg);
pii = Ch_SymbolAddrByName(interp,"ii");

pdd = Ch_SymbolAddrByName(interp,"dd");
printf("ii = %d\n",*pii);
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printf("dd = %f\n",*pdd);

if(lCh_ExprParse(interp,"fun()")) {
Ch_ExprEval(interp,"fun()");

}

else

printf("Error: fun() is invalid Ch expression\n");

Ch_ExprEval(interp,"dd = dd + ii");
printf("\nAfter dd = dd + ii\n");
printf("ii = %d\n",*pii);

printf("dd = %f\n",*pdd);
Ch_ExprEval(interp,"fun()");

Ch_VaEnd(interp, ap);
return;

}

chexpreval.c —- A Ch function file with global variables aneh€tions

I‘ * *kkk *

* Test the function Ch_ExprEval() in C space
* * wekkkk |

#include<dlfcn.h>
void chexpreval() {
void *dlhandle, *fptr;

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

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

return;

}
fptr = disym(dlhandle, "chexpreval_chdl");

if(fptr == NULL) {

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

return;

}

dirunfun(fptr, NULL, chexpreval);

if(diclose(dlhandle)!=0) {

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

return;

}

return;

}

/*************** ap pl Icatl on *****************/

int ii = 10;
double dd = 1.1;

void fun() {

printf("in fun() in expreval.ch, ii = %d, dd = %f\n", ii, dd);

}
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chexpreval();
Output

i = 10
dd = 1.100000
in fun() in expreval.ch, ii

10, dd 1.100000

After dd = dd + ii

i = 10

dd = 11.100000

in fun() in expreval.ch, ii

10, dd 11.100000

See Also
Ch_SymbolAddrByName(), Ch_DataTypeg(), Ch_CallFuncByAddr(), Ch_CallFuncByNamg),
Ch_ExprCalc(), Ch_ExprParse(), Ch_ExprValue(), Ch_DeleteExprValug().

253



Chapter A: APIs for Embedding Ch <embedch.i Ch_ExprParse

Ch_ExprParse

Synopsis
#include <ch.h>
int Ch _ExprParse(Chlnterp _t interp, const char*exp);

Purpose
Parse an expression in Ch space.

Return Value
This function return€€H_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

expr Expression in Ch space to be parsed.

Description

The functionCh_ExprParse() parses an expression in Ch space. If the expression iadigaly correct,

it can be evaluated by functioBh_ExprEval(). The expressiomxpr may invoke functions located in
function files specified by the function file patipath

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 an operand of an expression.
Example
SeeCh_ExprParseg().

See Also

Ch_SymbolAddrByName(), Ch_DataType(), Ch_CallFuncByAddr(), Ch_CallFuncByNam«),
Ch_ExprEval(), Ch_ExprValue(), Ch_DeleteExprValug).
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Ch_ExprValue

Synopsis
#include <ch.h>
ChValueNodet Ch_ExprValue(Chinterp _t interp, const char*expr, void *result );

Purpose
Obtain the value of an expression in the Ch space.

Return Value
This function returns the value node of an expression in tmegace on success and NULL on failure.

Parameters
interp A Ch interpreter.

expr The expression to be evaluated in the Ch space.
result the result of the evaluated expression.

Description

The functionCh_ExprValue() executes an expression in the Ch space. It can be usedltmtevan ex-
pression or call a function in Ch space. The expressigqor may invoke functions located in function
files specified by the function file patfpath . For a generic function, its regular function version with a
function prototype will be used. For example, for function(), the regular function

double sin(double);

will be used ifsin () is an operand of an expression.

The address for the result of the evaluated expression segabrough a generic pointer in the third
argument of the function. The function returns a value nadetfe result of the evaluated expression. This
value node is used to keep track of the temporary memory ofebgt of the evaluated expression. This
value node should deleted by the functioh_DeleteExprValug)) later to free the allocated memory. See
APl Ch_SymbolAddrByName() how the returned address of an expression is handled foe Special
cases.

Unlike function Ch_ExprCalc(), the user does not need to declare a variable of a propartgae to
obtain the value of an expression.

Example
See functiorchPrint() in Progran_ZT6.

See Also

Ch_SymbolAddrByName(), Ch_DataType(), Ch_CallFuncByAddr(), Ch_CallFuncByNamg),
Ch_ExprCalc(), Ch_ExprParse(), Ch_ExprEval (), Ch_DeleteExprValug).
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Ch_Flush

Synopsis
#include <embedch.h>
int Ch _Flush(Chlinterp _t interp, ChFile_t filedes;

Purpose
Flush the contents of the buffer associated with a file dpturi

Return Value
Upon successful completio@h_Flush() returns 0. Otherwise, it returns EOF.

Parameters
interp A Ch interpreter.

fildes The file descriptor for the stream to be flushed.

Description
The Ch_Flush() function callsfflush() to flush the stream associated with the file descrifitedes  re-
turned from functiorCh_Reopen().

See Also
Ch_Reoper(), Ch_Closd).
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Ch_FuncArgArrayDim

Synopsis
#include <ch.h>
int Ch _FuncArgArrayDim (Chinterp _t interp, const char*funcnameint argnumnj;

Purpose

Obtain the dimension for an argument of array type for a fionodf global variable in the Ch space.
Return Value

If the argument of the function for a global variable in the §jface is of array type, This function returns
the dimension of the array. Otherwise, it returns 0.

Parameters
interp A Ch interpreter.

funcnameName of the function in a global variable.
argnum The argument number in the argument list of the function r@He first argument.

Description
This function returns the dimension of array type for a fiortof global variable in the Ch space. The
extent of each dimension of the array can be obtained byiam€h_FuncArgArrayExtent ().

Example
SeeCh_FuncArgDataType().

See Also

Ch_FuncArgDataType(), Ch_FuncArgArrayExtent (), Ch_FuncArgArrayType (), Ch_FuncArglsFunc(),
Ch_FuncArglsFuncVarArg (), Ch_FuncArgFuncArgNum (), Ch_FuncArgUserDefinedNamg),
Ch_FuncArgUserDefinedSizé).
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Ch_FuncArgArrayExtent

Synopsis
#include <ch.h>
int Ch _FuncArgArrayExtent (Chinterp _t interp, const char*funcnameint argnum int dim);

Purpose
Obtain the number of elements in the specified dimensionraricargument of array type for a function of
global variable in the Ch space.

Return Value
If the argument for a function of global variable is of arrgpe, This function returns the number of ele-
ments in a specified dimension of the array. Otherwise, uirnst0.

Parameters
interp A Ch interpreter.

funcnameName of the function in a global variable.
argnum The argument number in the argument list of the function r@He first argument.

dim An integer specifying for which dimension the number of ebeits will be obtained, O for the first

dimension.
Description
This function returns the number of elements in the specdiatension of an argument of array type of a
function in the Ch space. For arrayin int func(int a[n][m]) , If 0 is passed to this function as

the fourth argument, the extent of the first dimension, n.ewill be returned. Otherwise, i is passed to,
mwill be returned.

Example
SeeCh_FuncArgDataType().

See Also

Ch_FuncArgDataType(), Ch_FuncArgArrayDim (), Ch_FuncArgArrayType (), Ch_FuncArglsFunc(),
Ch_FuncArglsFuncVarArg (), Ch_FuncArgFuncArgNum (), Ch_FuncArgUserDefinedNamg),
Ch_FuncArgUserDefinedSizé).

258



Chapter A: APIs for Embedding Ch <embedch.i Ch_FuncArgArrayNum

Ch_FuncArgArrayNum

Synopsis
#include <ch.h>
int Ch _FuncArgArrayNum (Chinterp _t interp, const char*funcnameint argnum;

Purpose

Obtain the number of elements for an argument of array type fiunction of global variable in the Ch
space.

Return Value

If the argument of the function for a global variable in the §giace is of array type, This function returns
the number of elements of the array. Otherwise, it returns 0.

Parameters
interp A Ch interpreter.

funcnameName of the function in a global variable.
argnum The argument number in the argument list of the function,r@He first argument.

Description
This function returns the number of elements of array typafiunction of global variable in the Ch space.
The dimension of the array can be obtained by func@nFuncArgArrayDim ().

Example
SeeCh_FuncArgDataType().

See Also

Ch_FuncArgDataType(), Ch_FuncArgArrayDim (), Ch_FuncArgArrayExtent (), Ch_FuncArgArrayType (),
Ch_FuncArglsFunc(),

Ch_FuncArglsFuncVarArg (), Ch_FuncArgFuncArgNum(), Ch_FuncArgUserDefinedNamg),
Ch_FuncArgUserDefinedSizé).
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Ch_FuncArgArrayType

Synopsis
#include <ch.h>
ChType_t Ch_FuncArgArrayType (Chinterp _t interp, const char*funcnameint argnunj;

Purpose
Determine if an argument of a function in the Ch space is aarayits array type.

Return Value
Based on its argument, this function returns one of the nsaoetow, defined in header fitd.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.

funcnameName of the function in a global variable.
argnum The argument number in the argument list of the function,r@He first argument.

Description

The functionCh_FuncArgArrayType () determines if the argument of a function is array type. dég type
of the array for an argument of a function shall be determimefiinctionCh_FuncArgDataType(). Unlike
functionCh_ArrayType (), a poiner to C array is treated as an array by func@bnFuncArgArrayType ()
so that the complete information for an argument can be oddai

Example
SeeCh_FuncArgDataType().

See Also

Ch_FuncArgDataType(), Ch_FuncArgArrayDim (), Ch_FuncArgArrayExtent (), Ch_FuncArglsFunc(),
Ch_FuncArglsFuncVarArg (), Ch_FuncArgFuncArgNum(), Ch_FuncArgUserDefinedNamg),
Ch_FuncArgUserDefinedSizé).
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Ch_FuncArgDataType

Synopsis
#include <ch.h>
ChType_t Ch_FuncArgDataType(Chinterp _t interp, const char*funcnameint argnunj;

Purpose
Get the data type for an argument of a function in a Ch program.

Return Value

This function returns a macro for data typaType_t defined in header fileh.h described irCh SDK User’s
Guide.If a passed argument is of array type, the function will netitve type of the element of the array. For
example CH_INTTYPE andCH_DOUBLETYPE are two macros defined for data type of int and double
in Ch.

Parameters
interp A Ch interpreter.

funcnameName of the function in a global variable.
argnum The argument number in the argument list of the function,r@He first argument.

Description

The functionCh_FuncArgDataType() gets the data type for an argument of a function in the Cleespa
If a variable of pointer to computational array, it gives tiiata type of its element. Unlike function
Ch_FuncArgDataType(), For a pointer to C array, it also gives data type of its @ertiso that the complete
information for an argument can be obtained.

Example
In this example, information about arguments of functionthe embedded Ch programmcarg.ch  are
obtained in the hosting C prograimncarg.c

funcarg.c — A C program to get information for global vatiegin Ch.

/ kkkkkkkkkkkkkk

* File Name: funcarg.c

****************/

#include <stdio.h>
#include <embedch.h>

struct tag {
int i;
double f;

J3

int main() {
Chinterp_t interp;
int status;
char *argvv[]={"funcarg.ch", NULL};
struct tag *sp, **sp2;
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Ch_Initialize(&interp, NULL);
status = Ch_RunScript(interp,argvv);
if(status == CH_ERROR) {
printf("Error: execution of program funcarg.ch failed\n" );

}

if(Ch_FuncArgDataType(interp,"f1", 0) == CH_INTTYPE)
printf("arg 1 of f1 is int \n");

if(Ch_FuncArgDataType(interp,"f1", 1) == CH_UNDEFINETY PE)
printf("arg 2 of f1 is undefined \n");

if(Ch_FuncArgDataType(interp,"f2", 0) == CH_UNDEFINETY PE)
printf("arg 1 of f2 is undefined \n");

if(Ch_FuncArgDataType(interp,"f3", 1) == CH_DOUBLEPTRT YPE)
printf("arg 2 of f3 is double *\n");

if(Ch_FuncArgDataType(interp,"f3", 2) == CH_CHARPTRTYP E)

printf("arg 3 of f3 is char*\n");
if(Ch_FuncArgDataType(interp,"f4", 1) == CH_INTTYPE)
printf("arg 2 of f4 is int \n");
if(Ch_FuncArgDataType(interp,"f4", 2) == CH_INTTYPE)
printf("arg 3 of f4 is int \n");
if(Ch_FuncArgDataType(interp,"f4", 3) == CH_INTTYPE)
printf("arg 4 of f4 is int \n");
if(Ch_FuncArgDataType(interp,"f4", 4) == CH_INTTYPE)
printf("arg 5 of f4 is int \n");
if(Ch_FuncArgDataType(interp,"f5", 1) == CH_INTTYPE)
printf("arg 2 of 5 is int \n");
if(Ch_FuncArgDataType(interp,"f5", 2) == CH_INTTYPE)
printf("arg 3 of f5 is int \n");
if(Ch_FuncArgDataType(interp,"f5", 3) == CH_INTTYPE)
printf("arg 4 of 5 is int \n");
if(Ch_FuncArgDataType(interp,"f5", 4) == CH_INTTYPE)
printf("arg 5 of 5 is int \n");
if(Ch_FuncArgDataType(interp,"f5", 5) == CH_INTTYPE)
printf("arg 6 of f5 is int \n");

if(Ch_FuncArgDataType(interp,"f6", 0) == CH_STRUCTTYPE )
printf("arg 1 of f6 is struct\n");
if(Ch_FuncArgDataType(interp,"f6", 1) == CH_STRUCTPTRT YPE)

printf("arg 2 of f6 is struct* \n");
if(Ch_FuncArgDataType(interp,"f6", 2) == CH_CLASSTYPE)
printf("arg 3 of f6 is class* \n");
if(Ch_FuncArgDataType(interp,"f6", 3) == CH_CLASSPTRTY PE)
printf("arg 4 of f6 is class* \n");
if(Ch_FuncArgDataType(interp,"f6", 4) == CH_UNIONTYPE)
printf("arg 5 of f6 is union \n");

if(Ch_FuncArgDataType(interp,"f6", 5) == CH_UNIONPTRTY PE)
printf("arg 6 of f6 is union* \n");
if(Ch_FuncArgDataType(interp,"f6", 6) == CH_STRUCTTYPE )

printf("arg 7 of f6 is struct\n");
if(Ch_FuncArgDataType(interp,"f7", 0) == CH_INTTYPE)
printf("arg 1 of 7 is int \n");
if(Ch_FuncArgDataType(interp,"f7", 1) == CH_INTTYPE)
printf("arg 2 of 7 is int \n");
if(Ch_FuncArgDataType(interp,"f7", 2) == CH_INTTYPE)
printf(*arg 3 of 7 is int\n");
if(Ch_FuncArgDataType(interp,"f8", 0) == CH_INTTYPE)
printf("arg 1 of f8 is int\n");
if(Ch_FuncArgDataType(interp,"f8", 1) == CH_INTTYPE)
printf("arg 2 of f8 is int \n");
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if(Ch_FuncArgDataType(interp,"f8", 2) == CH_INTTYPE)
printf(*arg 3 of 8 is int\n");

if(lCh_FuncArgArrayType(interp,"f1", 0))
printf("arg 1 of f1 is not array\n");
if(lCh_FuncArgArrayType(interp,"f1", 4))
printf("arg 4 of f1 is not array\n");
if(lCh_FuncArgArrayType(interp,"f2", 0))
printf("arg 1 of f2 is not array\n");

if(Ch_FuncArgArrayType(interp,"f4", 1) == CH_CARRAYPTR TYPE)

printf("arg 2 of f4 is pointer to C array\n");
if(Ch_FuncArgArrayType(interp,"f4", 2) == CH_CARRAYVLA TYPE)

printf("arg 3 of f4 is C VLA array\n");
if(Ch_FuncArgArrayType(interp,"f4", 3) == CH_CARRAYVLA TYPE)

printf("arg 4 of f4 is C VLA array\n");
if(Ch_FuncArgArrayType(interp,"f4", 4) == CH_CARRAYVLA TYPE)

printf(arg 5 of f4 is C VLA array\n");
if(Ch_FuncArgArrayType(interp,"f5", 1) == CH_CHARRAYPT RTYPE)

printf("arg 2 of f5 is pointer to C array\n");
if(Ch_FuncArgArrayType(interp,"f5", 2) == CH_CHARRAYVL ATYPE)

printf("arg 3 of f5 is Ch VLA array\n");
if(Ch_FuncArgArrayType(interp,"f5", 3) == CH_CHARRAYVL ATYPE)

printf(*arg 4 of f5 is Ch VLA array\n");
if(Ch_FuncArgArrayType(interp,"f5", 4) == CH_CHARRAYVL ATYPE)

printf("arg 5 of f5 is Ch VLA array\n");
if(Ch_FuncArgArrayType(interp,"f5", 5) == CH_CHARRAYVL ATYPE)

printf("arg 6 of f5 is Ch VLA array\n");
if(Ch_FuncArgArrayType(interp,"f6", 6) == CH_CARRAYPTR TYPE)

printf("arg 7 of f6 is pointer to C array\n");
if(Ch_FuncArgArrayType(interp,"f8", 0) == CH_CHARRAYTY PE)

printf("arg 1 of f8 is Ch array\n");
if(Ch_FuncArgArrayType(interp,"f8", 1) == CH_CHARRAYVL ATYPE)

printf("arg 2 of f8 is Ch VLA array\n");
if(Ch_FuncArgArrayType(interp,"f8", 2) == CH_CHARRAYVL ATYPE)

printf(*arg 3 of f8 is Ch VLA array\n");
printf("number of elements of arg 1 of f1 is %d\n", Ch_FuncAr gArrayNum(interp,"f1", 0));
printf("number of elements of arg 4 of f1 is %d\n", Ch_FuncAr gArrayNum(interp,"f1", 3));
printf("number of elements of arg 1 of f2 is %d\n", Ch_FuncAr gArrayNum(interp,"f2", 0));
printf("number of elements of arg 2 of f4 is %d\n", Ch_FuncAr gArrayNum(interp,"f4", 1));
printf("number of elements of arg 3 of f4 is %d\n", Ch_FuncAr gArrayNum(interp,"f4", 2));
printf("number of elements of arg 4 of f4 is %d\n", Ch_FuncAr gArrayNum(interp,"f4", 3));
printf("number of elements of arg 5 of f4 is %d\n", Ch_FuncAr gArrayNum(interp,"f4", 4));
printf("number of elements of arg 2 of f5 is %d\n", Ch_FuncAr gArrayNum(interp,"f5", 1));
printf("number of elements of arg 3 of f5 is %d\n", Ch_FuncAr gArrayNum(interp,"f5", 2));
printf("number of elements of arg 4 of f5 is %d\n", Ch_FuncAr gArrayNum(interp,"f5", 3));
printf("number of elements of arg 5 of f5 is %d\n", Ch_FuncAr gArrayNum(interp,"f5", 4));
printf("number of elements of arg 6 of f5 is %d\n", Ch_FuncAr gArrayNum(interp,"f5", 5));
printf("number of elements of arg 7 of f6 is %d\n", Ch_FuncAr gArrayNum(interp,"f6", 6));
printf("number of elements of arg 1 of f8 is %d\n", Ch_FuncAr gArrayNum(interp,"f8", 0));
printf("number of elements of arg 2 of f8 is %d\n", Ch_FuncAr gArrayNum(interp,"f8", 1));
printf("number of elements of arg 3 of f8 is %d\n", Ch_FuncAr gArrayNum(interp,"f8", 2));
printf("dim of arg 1 of fl1 is %d\n", Ch_FuncArgArrayDim(int erp,"f1", 0));
printf("dim of arg 4 of f1 is %d\n", Ch_FuncArgArrayDim(int erp,"f1", 3));
printf("dim of arg 1 of f2 is %d\n", Ch_FuncArgArrayDim(int erp,"f2", 0));
printf("dim of arg 2 of f4 is %d\n", Ch_FuncArgArrayDim(int erp,"f4", 1));
printf("dim of arg 3 of f4 is %d\n", Ch_FuncArgArrayDim(int erp,"f4", 2));
printf("dim of arg 4 of f4 is %d\n", Ch_FuncArgArrayDim(int erp,"f4", 3));

263



Chapter A: APIs for Embedding Ch <embedch.i Ch_FuncArgDataType

printf("dim of arg 5 of f4 is %d\n", Ch_FuncArgArrayDim(int erp,"f4", 4));
printf("dim of arg 2 of f5 is %d\n", Ch_FuncArgArrayDim(int erp,"f5", 1));
printf("dim of arg 3 of f5 is %d\n", Ch_FuncArgArrayDim(int erp,"f5", 2));
printf("dim of arg 4 of f5 is %d\n", Ch_FuncArgArrayDim(int erp,"f5", 3));
printf("dim of arg 5 of f5 is %d\n", Ch_FuncArgArrayDim(int erp,"f5", 4));
printf("dim of arg 6 of f5 is %d\n", Ch_FuncArgArrayDim(int erp,"f5", 5));
printf("dim of arg 7 of f6 is %d\n", Ch_FuncArgArrayDim(int erp,"f6", 6));
printf("dim of arg 1 of f8 is %d\n", Ch_FuncArgArrayDim(int erp,"f8", 0));
printf("dim of arg 2 of f8 is %d\n", Ch_FuncArgArrayDim(int erp,"f8", 1));
printf("dim of arg 3 of f8 is %d\n", Ch_FuncArgArrayDim(int erp,"f8", 2));
printf("Extent 1 of arg 1 of f1 is %d\n", Ch_FuncArgArrayExt ent(interp,"f1", 0, 0));
printf("Extent 1 of arg 4 of f1 is %d\n", Ch_FuncArgArrayExt ent(interp,"f1", 3, 0));
printf("Extent 1 of arg 1 of f2 is %d\n", Ch_FuncArgArrayExt ent(interp,"f2", 0, 0));
printf("Extent 1 of arg 2 of f4 is %d\n", Ch_FuncArgArrayExt ent(interp,"f4", 1, 0));
printf("Extent 2 of arg 2 of f4 is %d\n", Ch_FuncArgArrayExt ent(interp,"f4", 1, 1));
printf("Extent 1 of arg 3 of f4 is %d\n", Ch_FuncArgArrayExt ent(interp,"f4", 2, 0));
printf("Extent 1 of arg 4 of f4 is %d\n", Ch_FuncArgArrayExt ent(interp,"f4", 3, 0));
printf("Extent 1 of arg 5 of f4 is %d\n", Ch_FuncArgArrayExt ent(interp,"f4", 4, 0));
printf("Extent 1 of arg 2 of f5 is %d\n", Ch_FuncArgArrayExt ent(interp,"f5", 1, 0));
printf("Extent 2 of arg 2 of f5 is %d\n", Ch_FuncArgArrayExt ent(interp,"f5", 1, 1));
printf("Extent 1 of arg 3 of f5 is %d\n", Ch_FuncArgArrayExt ent(interp,"f5", 2, 0));
printf("Extent 1 of arg 4 of f5 is %d\n", Ch_FuncArgArrayExt ent(interp,"f5", 3, 0));
printf("Extent 1 of arg 5 of f5 is %d\n", Ch_FuncArgArrayExt ent(interp,"f5", 4, 0));
printf("Extent 1 of arg 6 of f5 is %d\n", Ch_FuncArgArrayExt ent(interp,"f5", 5, 0));
printf("Extent 1 of arg 7 of f6 is %d\n", Ch_FuncArgArrayExt ent(interp,"f6", 6, 0));
printf("Extent 1 of arg 1 of f8 is %d\n", Ch_FuncArgArrayExt ent(interp,"f8", 0, 0));
printf("Extent 2 of arg 1 of f8 is %d\n", Ch_FuncArgArrayExt ent(interp,"f8", 0, 1));
printf("Extent 1 of arg 2 of f8 is %d\n", Ch_FuncArgArrayExt ent(interp,"f8", 1, 0));
printf("Extent 2 of arg 2 of f8 is %d\n", Ch_FuncArgArrayExt ent(interp,"f8", 1, 1));
printf("Extent 1 of arg 3 of f8 is %d\n", Ch_FuncArgArrayExt ent(interp,"f8", 2, 0));
printf("Extent 2 of arg 3 of f8 is %d\n", Ch_FuncArgArrayExt ent(interp,"f8", 2, 1));
printf("arg 1 of f1 is function %d\n", Ch_FuncArglsFunc(in terp,"f1", 0));

printf("arg 4 of f1 is function %d\n", Ch_FuncArglsFunc(in terp,"f1", 3));

printf("arg 1 of f7 is function %d\n", Ch_FuncArglsFunc(in terp,"f7", 0));

printf("arg 2 of f7 is function %d\n", Ch_FuncArglsFunc(in terp,"f7", 1));

printf("arg 3 of f7 is function %d\n", Ch_FuncArgisFunc(in terp,"f7", 2));

printf("arg 4 of f7 is function %d\n", Ch_FuncArgisFunc(in terp,"f7", 3));

printf("arg 1 of f8 is function %d\n", Ch_FuncArglsFunc(in terp,"f8", 0));

printf("arg 2 of f8 is function %d\n", Ch_FuncArgisFunc(in terp,"f8", 1));

printf("arg 3 of f8 is function %d\n", Ch_FuncArglsFunc(in terp,"f8", 2));

printf("arg 1 of f1 is variable arg %d\n", Ch_FuncArglsFunc VarArg(interp,"f1", 0));
printf("arg 4 of f1 is variable arg %d\n", Ch_FuncArglsFunc VarArg(interp,"f1", 3));
printf("arg 1 of f7 is variable arg %d\n", Ch_FuncArglsFunc VarArg(interp,"f7", 0));
printf("arg 2 of f7 is variable arg %d\n", Ch_FuncArglsFunc VarArg(interp,"f7", 1));
printf("arg 3 of f7 is variable arg %d\n", Ch_FuncArglsFunc VarArg(interp,"f7", 2));
printf("arg 4 of f7 is variable arg %d\n", Ch_FuncArglsFunc VarArg(interp,"f7", 3));
printf("arg 1 of f8 is variable arg %d\n", Ch_FuncArglsFunc VarArg(interp,"f8", 0));
printf("arg 2 of f8 is variable arg %d\n", Ch_FuncArglsFunc VarArg(interp,"f8", 1));
printf("arg 3 of f8 is variable arg %d\n", Ch_FuncArglsFunc VarArg(interp,"f8", 2));
printf("func arg num for arg 1 of f1 is %d\n", Ch_FuncArgFunc ArgNum(interp,"f1", 0));
printf("func arg num for arg 4 of f1 is %d\n", Ch_FuncArgFunc ArgNum(interp,"f1", 3));
printf("func arg num for arg 1 of f7 is %d\n", Ch_FuncArgFunc ArgNum(interp,"f7", 0));
printf("func arg num for arg 2 of f7 is %d\n", Ch_FuncArgFunc ArgNum(interp,"f7", 1));
printf("func arg num for arg 3 of f7 is %d\n", Ch_FuncArgFunc ArgNum(interp,"f7", 2));
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printf("func arg num for arg 4 of f7 is %d\n", Ch_FuncArgFunc
printf("func arg num for arg 1 of f8 is %d\n", Ch_FuncArgFunc
printf("func arg num for arg 2 of f8 is %d\n", Ch_FuncArgFunc
printf("func arg num for arg 3 of f8 is %d\n", Ch_FuncArgFunc

printf("data size for arg
printf("data size for arg
printf("data size for arg
printf("data size for arg
printf("data size for arg
printf("data size for arg
printf("data size for arg
printf("data size for arg
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printf("data size for arg
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of f1 is %d\n", Ch_FuncArgUserDe
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of 6 is %d\n", Ch_FuncArgUserDe
of 6 is %d\n", Ch_FuncArgUserDe
of 6 is %d\n", Ch_FuncArgUserDe
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of 6 is %d\n", Ch_FuncArgUserDe
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of 6 is %d\n", Ch_FuncArgUserDe
of 6 is %d\n", Ch_FuncArgUserDe
of 6 is %d\n", Ch_FuncArgUserDe
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printf("data name for arg
printf("data name for arg
printf("data name for arg
printf("data name for arg
printf("data name for arg
printf("data name for arg
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Ch_End(interp);
}

funcarg.ch — A Ch program with global variables.

#include <array.h>

struct tag {
int i;
double f;
I3
class tagc {
public:
int i;
double f;
2
union tagu {
int i;
double f;
I3

int fi(int a);
int f2();
void f3(int a, double *dp, char *cp);
void f4(int n, int al[2][3], int a2[n][n], int a3[:], int a4
void f5(int n, array int al[2][3], array int a2[n][n],
array int a3[], array int a4[&], array int &a);
void f6(struct tag s, struct tag *sp,
class tagc c, class tagc *cp,
union tagu u, union tagu *up,
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ArgNum(interp,"f7", 3));
ArgNum(interp,"f8", 0));
ArgNum(interp,"f8", 1));
ArgNum(interp,"f8", 2));

finedSize(interp,"f1", 0));
finedSize(interp,"f1", 0));
finedSize(interp,"f6", 0));
finedSize(interp,"f6", 1));
finedSize(interp,"f6", 2));
finedSize(interp,"f6", 3));
finedSize(interp,"f6", 4));
finedSize(interp,"f6", 5));
finedSize(interp,"f6", 6));
finedSize(interp,"f6", 7));
finedSize(interp,"f6", 8));

finedName(interp,"f1", 0));
finedName(interp,"f1", 0));
finedName(interp,"f6", 0));
finedName(interp,"f6", 1));
finedName(interp,"f6", 2));
finedName(interp,"f6", 3));
finedName(interp,"f6", 4));
finedName(interp,"f6", 5));
finedName(interp,"f6", 6));
finedName(interp,"f6", 7));
finedName(interp,"f6", 8));
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struct tag sa[4],
struct tag (*f1)(int i),
struct tag *(*f2)(int i));

void f7(int (*f1)(int), int (*f2)(),
int (*f3)(int, double *, char *),
int (*f4)(int, ...));

void f8(array double (*f1)(int)[2][3],
array double (*f2)(int)[:][],
array double (*f3)(int)[&][&]);

Output

arg 1 of f1 is int

arg 2 of f1 is undefined

arg 1 of f2 is undefined

arg 2 of f3 is double *

arg 3 of f3 is char*

arg 2 of f4 is int

arg 3 of f4 is int

arg 4 of f4 is int

arg 5 of f4 is int

arg 2 of f5 is int

arg 3 of f5 is int

arg 4 of f5 is int

arg 5 of f5 is int

arg 6 of f5 is int

arg 1 of f6 is struct

arg 2 of f6 is struct*

arg 3 of f6 is class*

arg 4 of f6 is class*

arg 5 of f6 is union

arg 6 of f6 is union*

arg 7 of f6 is struct

arg 1 of 7 is int

arg 2 of f7 is int

arg 3 of 7 is int

arg 1 of f1 is not array

arg 4 of f1 is not array

arg 1 of f2 is not array

arg 2 of f4 is pointer to C array
arg 3 of f4 is C VLA array
arg 4 of f4 is C VLA array
arg 5 of f4 is C VLA array
arg 2 of f5 is pointer to C array
arg 3 of f5 is Ch VLA array
arg 4 of f5 is Ch VLA array
arg 5 of f5 is Ch VLA array
arg 6 of f5 is Ch VLA array
arg 7 of f6 is pointer to C array
arg 1 of f8 is Ch array

arg 2 of f8 is Ch VLA array

arg 3 of f8 is Ch VLA array

number of elements of arg 1 of f1 is 0
number of elements of arg 4 of f1 is 0
number of elements of arg 1 of f2 is 0
number of elements of arg 2 of f4 is 6
number of elements of arg 3 of f4 is 1
number of elements of arg 4 of f4 is 2147483647
number of elements of arg 5 of f4 is 2147483647
number of elements of arg 2 of f5 is 6
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of f5is 1
of f5 is 2147483647
of f5 is 2147483647
f5 is 2147483647
of 16 is 4
of f8 is 6
of f8 is 1
of 8 is 1

number of elements of arg
number of elements of arg
number of elements of arg
number of elements of arg
number of elements of arg
number of elements of arg
number of elements of arg
number of elements of arg
dim of arg 1 of fl is
dim of arg 4 of fl is
dim of arg 1 of f2 is
dim of arg 2 of f4 is
dim of arg 3 of f4 is
dim of arg 4 of f4 is
dim of arg 5 of f4 is
dim of arg 2 of f5 is
dim of arg 3 of f5 is
dim of arg 4 of 5 is
dim of arg 5 of f5 is 2147483647
dim of arg 6 of f5 is 2147483647
dim of arg 7 of f6 is 1
dim of arg 1 of f8 is 2
dim of arg 2 of f8 is 2
dim of arg 3 of f8 is 2
Extent 1 of arg fl is
Extent 1 of arg 4 of fl is
Extent 1 of arg 1 of f2 is
Extent 1 of arg 2 of f4 is
Extent 2 of arg 2 of f4 is
Extent 1 of arg 3 of f4 is 2147483647
Extent 1 of arg 4 of f4 is 2147483647
Extent 1 of arg 5 of f4 is 2147483647
Extent 1 of arg 2 of f5 is 2

Extent 2 of arg 2 of f5 is 3

Extent 1 of arg f5 is 2147483647
Extent 1 of arg 4 of f5 is 2147483647
Extent 1 of arg 5 of f5 is 2147483647
Extent 1 of arg 6 of f5 is 2147483647
Extent 1 of arg 7 of f6 is 4

Extent 1 of arg 1 of f8 is 2

Extent 2 of arg 1 of f8 is 3

Extent 1 of arg 2 of f8 is 2147483647
Extent 2 of arg 2 of f8 is 2147483647
Extent 1 of arg 3 of f8 is 2147483647
Extent 2 of arg 3 of f8 is 2147483647
arg 1 f1 is function
arg 4 of f1 is function
arg 1 of f7 is function
arg 2 of f7 is function
arg 3 of f7 is function
arg 4 of f7 is function
arg 1 of f8 is function
arg f8 is function
arg 3 of f8 is function
arg 1 of f1 is variable arg
arg 4 of f1 is variable arg
arg 1 of f7 is variable arg
arg 2 of 7 is variable arg
arg 3 of 7 is variable arg
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arg 4 of 7 is variable arg 1
arg 1 of f8 is variable arg 0
arg 2 of f8 is variable arg 0
arg 3 of f8 is variable arg 0
func arg num for arg
func arg num for arg
func arg num for arg
func arg num for arg
func arg num for arg
func arg num for arg

of f1 is -1

WNRMWNREDMPRE
o o
— —h
—_— —h
3
» ®
PRRPRRPWOR

func arg num for arg 1 of f8 is
func arg num for arg 2 of f8 is
func arg num for arg 3 of f8 is
data size for arg 1 of f1 is -1
data size for arg 4 of fl is -1
data size for arg 1 of f6 is 16
data size for arg 2 of f6 is 16
data size for arg 3 of f6 is 16
data size for arg 4 of f6 is 16
data size for arg 5 of f6 is 8

data size for arg 6 of 6 is 8

data size for arg 7 of f6 is 16
data size for arg 8 of f6 is 16
data size for arg 9 of f6 is 16

data name for arg
data name for arg
data name for arg
data name for arg

of f6 is tag
of f6 is tag

1

4

1

2
data name for arg 3 of f6 is tagc
data name for arg 4 of f6 is tagc
data name for arg 5 of f6 is tagu
data name for arg 6 of f6 is tagu
data name for arg 7 of f6 is tag
data name for arg 8 of f6 is tag
data name for arg 9 of f6 is tag

See Also

Ch_FuncArgArrayDim (), Ch_FuncArgArrayExtent (), Ch_FuncArgArrayType (), Ch_FuncArglsFunc(),
Ch_FuncArglsFuncVarArg (), Ch_FuncArgFuncArgNum(), Ch_FuncArgUserDefinedNamg),
Ch_FuncArgUserDefinedSizé).
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Ch_FuncArgFuncArgNum

Synopsis
#include <ch.h>
int Ch _FuncArgFuncArgNum (Chlinterp _t interp, const char*funcnameint argnun);

Purpose
Obtain the number of the arguments of the function type fatrgmnment of a function in the Ch space.

Return Value
This function returns the number of the arguments of thetfandype for an argument of a function in the
Ch space. If the argument is not function type, it returns -1.

Parameters
interp A Ch interpreter.

funcnameName of the function in a global variable.
argnum The argument number in the argument list of the function,r@He first argument.

Description

This function gets the number of the arguments of a functigmointer to function type for an argument of
a function in the Ch space. If the function takes a variablalber of arguments, it only returns the fixed
number of arguments. In this case, funct©h_FuncArglsFuncVarArg () returns 1.

Example
SeeCh_FuncArgDataType().

See Also
Ch_FuncArgDataType(), Ch_FuncArgArrayDim (), Ch_FuncArgArrayExtent (),
Ch_FuncArgArrayType (), Ch_FuncArglsFunc(), Ch_FuncArglsFuncVarArg (),

Ch_FuncArgUserDefinedNamg), Ch_FuncArgUserDefinedSizg).
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Ch_FuncArglsFunc

Synopsis
#include <ch.h>
int Ch _FuncArglsFunc(Chinterp _t interp, const char*funchameint argnunj;

Purpose
Determine if an argument of a function in the Ch space is atfonor pointer to function.

Return Value
If the argument is a function or pointer to function, thisdtian returns 1. Otherwise, it returns O.

Parameters
interp A Ch interpreter.

funcnameName of the function in a global variable.
argnum The argument number in the argument list of the function r@He first argument.

Description
The functionCh_FuncArglsFunc() determines if the argument is a function or pointer to fiorc

Example
SeeCh_FuncArgDataType().

See Also
Ch_FuncArgDataType(), Ch_FuncArgArrayType (), Ch_FuncArgArrayDim (),
Ch_FuncArgArrayExtent (), Ch_FuncArglsFuncVarArg (), Ch_FuncArgFuncArgNum (),

Ch_FuncArgUserDefinedNamg), Ch_FuncArgUserDefinedSizg).
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Ch_FuncArglsFuncVarArg

Synopsis
#include <ch.h>
int Ch _FuncArglsFuncVarArg (Chinterp _t interp, const char*funcnameint argnumnj;

Purpose
Determine if an argument of a function in the Ch space is atfoinor pointer to function with a variable
number of arguments.

Return Value
If the argument is a function or pointer to function with aighte number of arguments, this function returns
1. Otherwise, it returns 0.

Parameters
interp A Ch interpreter.

funcnameName of the function in a global variable.
argnum The argument number in the argument list of the function r@He first argument.

Description
The functionCh_FuncArglsFuncVarArg () determines if the argument is a function or pointer to fiorc
with a variable number of argument.

Example
SeeCh_FuncArgDataType().

See Also
Ch_FuncArgDataType(), Ch_FuncArgArrayDim (), Ch_FuncArgArrayExtent (),
Ch_FuncArgArrayType (), Ch_FuncArglsFunc(), Ch_FuncArgFuncArgNum (),

Ch_FuncArgUserDefinedNamg), Ch_FuncArgUserDefinedSizg).
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Ch_FuncArgNum

Synopsis
#include <ch.h>
int Ch _FuncArgNum(Chlinterp _t interp, const char*namé;

Purpose
Obtain the number of the arguments of the function, poirtéuanction, or member function of class.

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.

name Name of the variable in the Ch space.

Description

This function gets the number of the arguments of a funcfamter to function, or member function of a
class. If the function takes a variable number of argumentsly returns the fixed number of arguments.
In this case, functiol€h_IsFuncVarArg () returns 1.

Example
SeeCh_DataType().

See Also

Ch_DataType(), Ch_ArrayDim (), Ch_ArrayExtent (), Ch_ArrayType (), Ch_FuncType(),
Ch_FuncArgNum(), Ch_UserDefinedNam¢), Ch_UserDefinedSizé).
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Ch_FuncArgUserDefinedName

Synopsis
#include <ch.h>
char Ch_FuncArgUserDefinedNamé€Chlnterp _t interp, const char*funcnameint argnun);

Purpose
Obtain the tag name of a user defined data type in terms ot stfass, or union and its pointer type for an
argument of function in the Ch space.

Return Value
If the argument of the function in the Ch space is a user defilagal type, this function returns the address
of the tag name of the user defined data type. OtherwisepitmetNULL.

Parameters
interp A Ch interpreter.

funcnameName of the function in a global variable.
argnum The argument number in the argument list of the function r@He first argument.

Description

This function returns the address for the tag name of stlasg/union or its pointer type for an argument
of function in the Ch space. Functi@h_FuncArgUserDefinedSiz€) can be used to obtain the size of the
user defined type.

Example
SeeCh_FuncArgDataType().

See Also
Ch_FuncArgDataType(), Ch_FuncArgArrayDim (), Ch_FuncArgArrayExtent (),
Ch_FuncArgArrayType (), Ch_FuncArglsFunc(), Ch_FuncArglsFuncVarArg (),

Ch_FuncArgFuncArgNum (), Ch_FuncArgUserDefinedSizé).
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Ch_FuncArgUserDefinedSize

Synopsis
#include <ch.h>
int Ch _FuncArgUserDefinedSizéChinterp _t interp, const char*funcnameint argnum;

Purpose
Obtain the size of a user defined data type in terms of striegscor union and its pointer type for an
argument of function in the Ch space.

Return Value
If the argument of the function in the Ch space is a user defila¢a type, this function returns the size of
the user defined data type. Otherwise, it returns -1.

Parameters
interp A Ch interpreter.

funcnameName of the function in a global variable.
argnum The argument number in the argument list of the function r@He first argument.

Description

This function returns the size of struct/class/union opiiter type for an argument of function in the Ch
space. Functio@h_FuncArgUserDefinedNamé) can be used to obtain the address of the tag name for the
user defined type.

Example
SeeCh_FuncArgDataType().

See Also
Ch_FuncArgDataType(), Ch_FuncArgArrayDim (), Ch_FuncArgArrayExtent (), Ch_FuncArgArrayType (),
ChFuncArglsFunc(), Ch_FuncArglsFuncVarArg (), Ch_FuncArgFuncArgNum (),

Ch_FuncArgUserDefinedNamg).
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Ch_FuncType

Synopsis
#include <ch.h>
ChFuncType.t Ch_FuncType(Chlnterp _t interp, const char*namé;

Purpose
Determine if a variable in the Ch space is a function type.

Return Value

If the argument is not a variable of function type, this fumctreturnsCH_NOTFUNCTYPE with the value
of 0. If the argument is a variable of function type, this ftioe returns a non-zero value GhFuncType.t.
The data type&ChFuncType.t defined inside the header figenbedch.hhas the following values.

Value Description

CH_NOTFUNCTYPE not function

CH_FUNCTYPE regular function

CH_FUNCPROTOTYPE function prototype without function definition
CH_FUNCPTRTYPE pointer to function
CH_FUNCMEMBERTYPE function of a class

CH_FUNCCONSTYPE constructor of a class
CH_FUNCDESTTYPE destructor of a class

Parameters

interp A Ch interpreter.
name Name of the variable in the Ch space.

Description

The functionCh_FuncType() determines if the argument is a variable of function typhe function type
includes function with definition, function prototype watht function definition, pointer to function, mem-
ber function of a class, contructor or destructor of a class

Example
SeeCh_DataType(), PrograniZB.

See Also

Ch_DataType(), Ch_ArrayDim (), Ch_ArrayExtent(), Ch_ArrayType(), Ch_IsFuncVarArg (),
Ch_FuncArgNum(), Ch_UserDefinedTag), Ch_UserDefinedInfq(), Ch_VarType().
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Ch_GetGlobalUserData

Synopsis
#include <embedch.h>
ChPointer_t Ch_GetGlobalUserDatgChinterp _t interp);

Purpose
Get the global user data for an instance of the Embedded Ghesng

Return Value
This function returns the global user data of generic dada thit was set by functio€h_SetGlobalUserDatd)
previously. Otherwise, it returns NULL.

Parameters
interp A Ch interpreter.

Description

When the Embedded Ch is embedded in a multi-engine envinotyrtigs function allows the user to handle
different instances. The global user data for an Embeddezh@ine set by functio€h_SetGlobalUserDatd)
is obained by this function.

Example
SeeCh_SetGlobalUserDatd).

See Also
Ch_SetGlobalUserDatd).
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Ch_GlobalSymbolAddrByIndex

Synopsis
#include <ch.h>
void *Ch_GlobalSymbolAddrBylndex(Chlinterp _t interp, int num;

Purpose
Get the address of a global variable in a Ch program.

Return Value

The address of a global variable in a Ch program. If the indewlyer is out of the valid range for its symbol

table, the function returns NULL. If the symbol is a tag narmae dlass, structure, or union, the function

returns NULL. For a variable of function prototype withoutttion definition or an extern variable without

definition, the function returns NULL. For a variable of Cayr Ch computational array, or pointer to Ch

computational array, the returned value is the addresseofitst element. For a variable of pointer to C

array, the returned value is the address of the pointer ta&y,are, the address of the first element. For
example, for variables of a and p declared in Ch

int (*pa)[3], *p, a[2][3];

the returned values for bota andp are the same of pointer to pointer to int. The return valueafis
the address of the first elemeai0][0] . The data type for variabla returned fromCh_DataType() is
CH_INTTYPE. whereas the data type for variabjes andp returned fromCh_DataType() is the same as
CH_INTPTRTYPE. Note that in C, the address of function is the sa® the function. For example, the
output from the two printing statements below are the same.

int func() { /* ... */}
printf("address of func
printf("address of func

%p\n", func);
%p\n", &func);

Parameters
interp A Ch interpreter.

num The index number of global variable in the symbol table in go@igram.

Description

Based on its index number of a global variable in the symbobleta the function
Ch_GlobalSymbolAddrBylindex() obtains the address of the global variable inside a dycaliyiloaded
library or embedded Ch program. The index number for the sytable starts with O.

Example 1
See Prograini 2 4.

Example 2

In this example, functiofunc() in Ch will be called. Just before the functidunc() returns, the
callback functioncallback() in the C space will be executed. APlIs starting with. GlobalSymbol
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are used to access variables in the symbol table for glollblas.

globalsymbol.c — A C program to run globalsymbol.ch

/ kkkkkkkkkkkkkk

* File Name: symbol.c

* * * * ****************/
#include<stdio.h>
#include<embedch.h>

void callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata);

int main() {
Chinterp_t interp;
char *argvv[]={"globalsymbol.ch", NULL};
int mask, count=0;
ChPointer_t clientdata = NULL;

Ch_Initialize(&interp, NULL);

mask = CH_MASKRET;

Ch_AddCallback(interp, mask, callback, clientdata, coun t);
Ch_RunScript(interp, argwv);

Ch_End(interp);

return O;

void callback(Chinterp_t interp, ChBlock_t *calldata, Ch Pointer_t clientdata)

int index, totalnum, clevel, hlevel, *p;
char *name;
void *addr;
if(Istrcmp(calldata->funcname, "func"))

Ch_StackLevel(interp, &clevel, &hlevel);
printf("the current stack level is %d\n", clevel);
printf("the highest stack level is %d\n", hlevel);
totalnum = Ch_GlobalSymbolTotalNum(interp);
printf("The total number of symbols is %d\n", totalnum);
for(index=0; index<totalnum;index++){
name = Ch_GlobalSymbolNameByIndex(interp, index);
addr = Ch_GlobalSymbolAddrByIndex(interp, index);
printf("symbol index %d, name %s, address %p\n",
index, name, addr);
}
p = (int *)Ch_GlobalSymbolAddrByName(interp, "i");
if(p == NULL)
printf("i is not available\n");
else
printf("i = %d\n", *p);

if(Ch_VarType(interp, ":localvariable") '= CH_GLOBALV ARTYPE)
printf("localvariable is not CH_GLOBALVARTYPE\n");
if(Ch_VarType(interp, ":func") == CH_GLOBALVARTYPE)
printf("func is CH_GLOBALVARTYPE\n");

}
globalsymbol.ch — A Ch program with global variables anddiions

int i = 10;
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double d = 1.1;
int prototype();
extern int e;
struct tag {

int j;

}s
int func() {
int localvariable =20;
printf("printed from globalsymbol.ch, i = %d, d = %f\n", i, d );
return O;
}
int main() {
func();
return O;
}
Output
printed from globalsymbol.ch, i = 10, d = 1.100000

the current stack level is 0

the highest stack level is 2

The total number of symbols is 7

symbol index 0, name i, address 5a000
symbol index name d, address 58380
symbol index name prototype, address 0
symbol index name e, address 0
symbol index name s, address 54028
symbol index name func, address 45e90
symbol index name main, address 51938
i =10

localvariable is not CH_GLOBALVARTYPE
func is CH_GLOBALVARTYPE

OCUAWNPO

See Also
Ch_GlobalSymbolTotalNum(), Ch_GlobalSymbolindexByNams),
Ch_GlobalSymbolAddrByName(), Ch_GlobalSymbolNameByIndeX),

Ch_SymbolAddrByindex(), Ch_VarType().
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Ch_GlobalSymbolindexByName

Synopsis
#include <ch.h>
int Ch _GlobalSymbolindexByNam&Chinterp _t interp, const char*name);

Purpose
Get the index number of a global variable in the symbol tabke ©h program.

Return Value
The index number of a global variable in the symbol table ohgp@gram. If thename s not in
the list of the symbol table the function returns -1.

Parameters
interp A Ch interpreter.

name The symbol name of a global variable in a Ch program.

Description

The functionCh_GlobalSymbolindexByNamg) obtains the index number of a global variable in
the symbol table in a Ch program inside a dynamically loadaddy or embedded Ch program.
The index number for the symbol table starts with O.

Example
SeeCh_GlobalSymbolAddrByIndex().
See Programn2.4.

See Also
Ch_GlobalSymbolTotalNum(), Ch_GlobalSymbolAddrByName(),
Ch_GlobalSymbolAddrByIndex(), Ch_GlobalSymbolNameByIndeX),

Ch_SymbolindexByNamg).
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Ch_GlobalSymbolNameBylIndex

Synopsis
#include <ch.h>
char *Ch_GlobalSymbolNameByIndeXChinterp _t interp, int num;

Purpose
Get the symbol name of a global variable in a Ch program.

Return Value
The address for the symbol name of a global variable in a Crpro. If the index number is out
of the valid range for its symbol table, the function retuligLL.

Parameters
interp A Ch interpreter.

num The index number of global variable in the symbol table in go@gram.

Description

Based on its index number of a global variable in the symbdileta the function
Ch_GlobalSymbolNameBylIndeX) obtains the address for the symbol name of a global variabl
inside a dynamically loaded library or embedded Ch progréhe index number for the symbol
table starts with 0.

Example
SeeCh_GlobalSymbolAddrBylIndex().
See Progran2.4.

See Also
Ch_GlobalSymbolTotalNum(), Ch_GlobalSymbolindexByNams),
Ch_GlobalSymbolAddrByName(), Ch_GlobalSymbolAddrByIndex(),

Ch_SymbolNameByIndex).
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Ch_GlobalSymbolTotalNum

Synopsis
#include <ch.h>
int Ch _GlobalSymbolTotalNum(Chlinterp _t interp);

Purpose
Get the total number of global variables in the symbol tabla Ch program.

Return Value
The total number of global variables in the symbol table irhgp@gram.

Parameters
interp A Ch interpreter.

Description
The functionCh_GlobalSymbolTotalNum() obtains the total number of global variables in the
symbol table inside a dynamically loaded library or embed@& program. The symbol table
contains user defined functions, but no generic functionalsb contains tag names for classes,
structures, and unions as well as names defingggsdef. The index number for the symbol table
starts with O.

GlobalSymbols in header files including system header filesraated the same as in a user’s
program. Global variables qualified bydeclspec(globalare not included in the symbol table.

Example
SeeCh_GlobalSymbolAddrBylndex().
See Progran2.4.

See Also
Ch_GlobalSymbolindexByNams), Ch_GlobalSymbolAddrByName(),
Ch_GlobalSymbolAddrByIndex(), Ch_GlobalSymbolNameByIndeX),

Ch_SymbolTotalNum(), Ch_VarType().

282



Chapter A: APIs for Embedding Ch <embedch.i Ch_InitGlobalVar

Ch_InitGlobalVar

Synopsis
#include <embedch.h>
int Ch _InitGlobalVar (Chinterp _t interp, int flag);

Purpose
Enable or disable initialization of global variables at gase time.

Return Value
This function return€€H_OK on success andH_ERROR on failure.

Parameters
interp A Ch interpreter.

flag The flag to enable or disable initialization of global vatesbat the parse time. If flag is true
with the value of 1, it enables initialization of global vadies at the parse time. Otherwise,
if the flag is O, it disables initialization of global varias at the parse time, which is the
default.

Description

By default, for a global variable declared with initialiiat, the initialization is performed at the

runtime after the entire program is parsed. For a class witisttuctor, the constructor of a global
variable of class type is executed at runtime. In some agidics, it may be desirable to change
this default behavior by calling this function using

Ch_InitGlobalVar(interp, 1);

before a program is parsed by function€h ParseScripf{), Ch_RunScript(),
Ch_AppendParseScrip(), and Ch_AppendRunScript(). The initialization of a global variable
or execution of the constructor of a variable of class typbaes performed at the parse time. If the
same interpreter is used to handle different scripts, thistion can be called to change the default
behavior before a script is parsed.

Example

In this example, the script initializes the global variagland declares variabte of class with
a constructor. Functio@h_InitGlobalVar () is called in case 3 to enable the execution of the con-
structor at the parse time. Therefore, the proper execaqnence is maintained. The constructor
is executed first. Then, the member function is executedlllyjrihe destructor is executed.

initglobalvar.c —- A C program to run initglobalvar.ch

#include <embedch.h>
#include <stdio.h>

int main() {
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}

initglobalvar.ch —- A Ch program with initialization of gbal variables

Chinterp_t interp;
char *argvv[]={"initglobalvar.ch", NULL};

printf("case 1: Ch_InitGlobalVar(interp, 0)\n");
Ch_Initialize(&interp, NULL);
Ch_ParseScript(interp, argwv);
Ch_CallFuncByName(interp,"func”, NULL);
Ch_ExprEval(interp,"printf(\"g=%d\\n\", g)");
Ch_ExecScript(interp, argvv[Q]);
Ch_End(interp);

printf("\ncase 2: Ch_lInitGlobalVar(interp, 0)\n");
Ch_Initialize(&interp, NULL);
Ch_ParseScript(interp, argwv);
Ch_ExecScript(interp, argvv[Q]);
Ch_CallFuncByName(interp,"func”, NULL);
Ch_ExprEval(interp,"printf(\"g=%d\\n\", g)");
Ch_End(interp);

printf("\ncase 3: Ch_lInitGlobalVar(interp, 1)\n");
Ch_Initialize(&interp, NULL);
Ch_lInitGlobalVar(interp, 1);
Ch_ParseScript(interp, argwv);
Ch_CallFuncByName(interp,"func”, NULL);
Ch_ExprEval(interp,"printf(\"g=%d\\n\", g)");
Ch_ExecScript(interp, argvv[0]);
Ch_End(interp);

return O;

#include <stdio.h>

class tag {

h

public:
tag();
“tag();
void memberl();
void member2();

tag::tag() {

}

printf("tag::tag() called\n");

tag::"tag() {

}

printf("tag::"tag() called\n");

void tag::memberl() {

}

printf("tag::memberl() called\n");

void tag::member2() {

printf("tag::member2() called\n");

}
class tag c;
int g = 10;

c.member2();
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void func() {
c.memberl();

}

Output

case 1: Ch_lInitGlobalVar(interp, 0)
tag::memberl() called

g=0

tag::tag() called

tag::member2() called

tag::"tag() called

case 2: Ch_lInitGlobalVar(interp, 0)
tag::tag() called

tag::member2() called

tag::"tag() called

tag::memberl() called

g=10

case 3: Ch_lInitGlobalVar(interp, 1)
tag::tag() called

tag::memberl() called

g=10

tag::member2() called

tag::"tag() called

See Also

Ch_InitGlobalVvar

Ch_ParseScrip{), Ch_RunScript(), Ch_AppendParseScrip(), Ch_AppendRunScript().
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Ch_Initialize

Synopsis
#include <embedch.h>
int Ch _Initialize (Chinterp _t *interpp, ChOptions_t * option);

Purpose
Initialize embedded Ch for executing Ch programs from C spac

Return Value
This function return€€H_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

option Options for setting embedded GBhOptions _t is defined as a struct as the following:

typedef struct ChOptions{

int shelltype; // shell type

char *chhome; /I Embedded Ch home directory
} ChOptions_t;

Fieldshelltype indicates the type of the Ch shell. It could 6&l_REGULARCH for a
regular Ch shell o€H_SAFECH for a safe Ch shell. By default, its value@hOptions_t.

The fieldchhome contains the home directory for the Embedded Ch. In mosicgifuns,
the Embedded Ch home directory is different from that foaadalone Ch.

In Windows, the dynamically linked librargh.dll ~ for for standalone Ch is installed in
Windows system directory. To avoid conflict, in general, thymamically linked library

ch.dll  for Embedded Ch shall be located at the same directory winntams the hosting
application.

Description

The functionCh_Initialize () initializes embedded Ch for executing Ch programs froenGtspace.
The Ch shell type and the startup file to be used are indicatéetiargumenbdption This function
should be called before any Ch program is invoked. The endze@Gd initialized will be ended by
the APICh_End().

If the argumenbption is NULL, the default value for ChOptions is used. It is assdrie
value for the fielsehlltype  isCH_REGULARCH , the field value fochhome is the home di-
rectory CHHOME of the standalone Ch installed in the systenilhe startup file in
CHHOME/config/chrc will be executed. The Embedded Ch in thgliaation searches for the
dynamically loaded libraries such aemtl.dl andchmt2.dl in the Windows system direc-
tory such aLC:/Windows/System32  for Windows and in the directorfusr/lib for other
platforms.
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If the argumenbption is not NULL, the startup file option.chhome/config/chrc viaé exe-
cuted. The Embedded Ch in the application searches for thandigally loaded libraries such as

chmtl.dl andchmt2.dl in the directoryC:/myApplication/embedch/bin for Win-
dows and in the directoridir/for/myApplication/embedch/extern/lib for other
platforms.

Normally, registered functions mtexit() for Embedded Ch programs are execute@mEnd().
When a Ch script is executed Bh_ExecScriptM() or Ch_RunScriptM (), functions registered in
atexit() will be executed when the script is executed. Therefostgle instance of Ch interpreter
initialized by Ch_Initialize () can be used to process multiple Ch scripts usthgexecScriptM()
or Ch_RunScriptM ().

Example
Refer to Progranisl.1 and 1114.

See Also

Ch_Home(), Ch_SymbolAddrByName(), Ch_DataType(), Ch_ExprEval(), Ch_ExecScript(),
Ch_ExecScriptM(), Ch_RunScript(), Ch_RunScriptM (), Ch_End().
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Ch_IsFuncVarArg

Synopsis
#include <ch.h>
int Ch _IsFuncVarArg (Chinterp _t interp, const char*name;

Purpose
Determine if a variable in the Ch space is a function or poitdéunction.

Return Value
If the argument is a function type with a variable number gfuanents, this function returns 1.
Otherwise, it returns O.

Parameters
interp A Ch interpreter.

name Name of the variable in the Ch space.

Description

The functionCh_IsFuncVarArg () determines if the argument is a function, pointer to fiorgtor
member function of a class with a variable number of argumentThe function
Ch_SymbolAddrByName() can be used to test if a function has a definition or not. R@reable
of function prototype without function definition, the furan Ch_SymbolAddrByName() returns
NULL.

Example
SeeCh_DataType().

See Also

Ch_DataType(), Ch_ArrayDim (), Ch_ArrayExtent(), Ch_ArrayType (), Ch_FuncType(),
Ch_FuncArgNum(), Ch_UserDefinedTad), Ch_UserDefinedInfq)), Ch_VarType().
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Ch_ParseScript

Synopsis
#include <embedch.h>
int Ch _ParseScrip{Chinterp _t interp, const char** argv);

Purpose

Parse a Ch program.

Return Value

This function return€€H_OK on success andH_ERROR on failure.

Parameters
interp A Ch interpreter.

argv File name and arguments of the Ch program. The last field neulstii_L.

Description

When a program is run in Ch, it first will be parsed, then exedutnlike functiorCh_RunScript(),
which performs these two steps together. The func@bnParseScripf{) parses a Ch program
only. Later, the parsed program will be executed throughction Ch_ExecScript() or
Ch_ExecScriptM(). The variableargv contains the file name and arguments of the Ch program to
be executed. It must end with NULL in the last element of thealde. The APICh_Initialize ()
should be called before this function is called.

Example
Refer to Prograri 114.

See Also

Ch_AppendParseScrip(), Ch_AppendRunScript(), Ch_ExecScript(), Ch_ExecScriptM(),
Ch_RunScript(). Ch_RunScriptM (). Ch_Initialize (), Ch_.Home(), Ch_SymbolAddrByName(),
Ch_DataType(), Ch_ExprEval (), Ch_End().
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Ch_Reopen

Synopsis
#include <embedch.h>
ChFile_t Ch_Reoper{Chinterp _t interp, const char*filename const char*mode int filedeg;

Purpose
Open a new file descriptor and associate an old one with theonew

Return Value
This function returns a file descriptor if successful andnXalure.

Parameters
interp A Ch interpreter.

filenameFile name associated with the stream.
mode The mode of the opened file.

fildes The file descriptor o6 TDIN_FILENO , STDOUT _FILENO , andSTDERR_FILENO for
the stream to be associated with thename

Description

The file descriptorSTDIN_FILENO , STDOUT _FILENO , andSTDERR_FILENO correspond
to stdin, stdout, andstderr streams, respectively. Similar to functitreopen(), theCh_Reopen()
function first attempts to flush the stream associated witfita descriptofiledes  and then
close it. Failure to flush or close the file successfully isoiggd. The error and end-of-file indi-

cators for the stream are cleared. The ChReopen() funcpenthe file whose pathname is the

string pointed to byilename and associates the stream pointed to by the file descriptbritwi
Themode argument is used just as in functitopen().

Example
Refer to Prograri 1.12.

See Also
Ch_Flush(), Ch_ClosH).
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Ch_RunScript

Synopsis
#include <embedch.h>
int Ch _RunScript(Chinterp _t interp, const char** argv);

Purpose
Execute a Ch program from C space.

Return Value
This function return€€H_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

argv File name and arguments of the Ch program. The last field neulstii_L.

Description
When a program is run in Ch, it first will be parsed, then exeduCh_RunScript() performs
these two steps together.

The functionCh_RunScript() executes a Ch program from C space. The variaigecontains
the file name and arguments of the Ch program to be executeulisitend with NULL in the last
element of the variable. The ARZh_Initialize () should be called before this function is called.
After functionCh_RunScript() is called, variables and functions inside the script caatcessed
by other APIs in the same interpreteterp . However, after functiorCh_RunScriptM () is
called, variables and functions inside the script cannoadmessed by other APIs in the same
interpreterinterp

Example
Refer to Prograri111.

See Also

Ch_AppendParseScrip(), Ch_AppendRunScript(), Ch_ParseScrip{), Ch_ExecScript).
Ch_ExecScriptM(). Ch_RunScriptM (). Ch_Initialize (), Ch_Home(), Ch_SymbolAddrByName(),
Ch_DataType(), Ch_ExprEval (), Ch_End().
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Ch_RunScriptM

Synopsis
#include <embedch.h>
int Ch __RunScriptM (Chinterp _t interp, const char** argv);

Purpose
Execute a Ch program from C space.

Return Value
This function return€€H_OK on success an@H_ERROR on failure.

Parameters
interp A Ch interpreter.

argv File name and arguments of the Ch program. The last field neulstii_L.

Description
When a program is run in Ch, it first will be parsed, then exedu€Ch_RunScriptM () performs
these two steps together.

The functionCh_RunScriptM () executes a Ch program from C space. The varialge con-
tains the file name and arguments of the Ch program to be eeccdimust end with NULL in the
last element of the variable. The A€h_Initialize () should be called before this function is called.
After functionCh_RunScript() is called, variables and functions inside the script caatcessed
by other APIs in the same interpreteterp . However, after functiorCh_RunScriptM () is
called, variables and functions inside the script cannatdoessed by other APIs in the same inter-
preterinterp . But, a single instance of Ch interpreter initialized®ly_Initialize () can be used to
process multiple Ch scripts usi@in_ParseScripi) andCh_ExecScriptM(), or Ch_RunScriptM ().

Example
Refer to Prograri118.

See Also

Ch_AppendParseScrip(), Ch_AppendRunScript(), Ch_ParseScripf), Ch_ExecScript().
Ch_ExecScriptM(). Ch_RunScript(). Ch_Initialize (), Ch_Home(), Ch_SymbolAddrByName(),
Ch_DataType(), Ch_ExprEval (), Ch_End().
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Ch_SetGlobalUserData

Synopsis
#include <embedch.h>
int Ch _SetGlobalUserDatdChinterp _t interp, ChPointer_t userdata;

Purpose
Set the global user data for an instance of the Embedded Ghe=ng

Return Value
This function return€€H_OK on success andH_ERROR on failure.

Parameters
interp A Ch interpreter.

user the user data in a generic data type for an instance of the &sheldeCh.

Description

When the Embedded Ch is embedded in a multi-engine envirofnmés function allows the user
to handle different instances. The global user data can &ieedltand accessed by Embedded Ch
API functions within the same instance of the Ch engine uiingtionCh_GetGlobalUserDatg).
Using a structure, different data can be accessed by diffédels.

Example 1
The program has two instances of Embedded Ch engine. Eadts loas) global user datsl and
s2. These data are passed to the funcfiorc() in the C space.

/* File Name: userdata.c */
#include <stdio.h>
#include <embedch.h>

struct tag {int i; double d;};

int func(struct tag *sp, double x) {
printf("sp->i = %d, sp->d = %f\n", sp->i, sp->d);
printf("x in func() = %fn", x);
return O;

}

EXPORTCH int func_chdl(void *varg) {
Chinterp_t interp;
ChVvalList_t ap;
ChPointer_t userdata;
struct tag *sp;
double x;
int retval;

Ch_VasStart(interp, ap, varg);

/* get the user data set by Ch_SetGlobalUserData() */
userdata = Ch_GetGlobalUserData(interp);
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sp = (struct tag*)userdata;

x = Ch_VaArg(interp, ap, double);
retval = func(sp, Xx);
Ch_VaEnd(interp, ap);

return retval;

}

int main() {
Chinterp_t interpl, interp2;
struct tag s1 = {10, 20.0};
struct tag s2 = {100, 200.0};

Ch_Initialize(&interpl, NULL);

/* set the global user data for the 1st Embedded Ch engine inte rpl */
Ch_SetGlobalUserData(interpl, (ChPointer_t)&s1);

Ch_DeclareFunc(interpl,"int func(double x);", (ChFuncd |_t)func_chdl);
Ch_ExprEval(interpl, "func(50)");

Ch_Initialize(&interp2, NULL);

/* set the global user data for the 2ns Embedded Ch engine inte rp2 */
Ch_SetGlobalUserData(interp2, (ChPointer_t)&s2);

Ch_DeclareFunc(interp2,"int func(double x);", (ChFuncd |_t)func_chdl);
Ch_ExprEval(interp2, "func(500)");

/* close interpl and interp2 */
Ch_End(interpl);
Ch_End(interp2);

return O;

}
Output

sp->i = 10, sp->d = 20.000000
x in func() = 50.000000

sp->i = 100, sp->d = 200.000000
x in func() = 500.000000

Example 2

CHHOME/toolkit/demos/embedch/chapters/appendixétisvindata.c is an example that il-
lustrates how to share the global data in different Ch seniphning in a multi-thread binary C
program in Windows.

Example 3

CHHOME/toolkit/demos/embedch/chapters/chapterl#tisgnc.c program starts 4 threads. Each
thread has its own Ch interpreter. Functions and variablesach interpreter can be accessed by
other threads or the main thread. This multi-thread binagr&@ram can be compiled to run
portably across different platforms in Windows and Unix.

See Also
Ch_GetGlobalUserDatg).
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Ch_SetVar

Synopsis

#include <embedch.h>

int Ch_SetVar(Chinterp _t interp, const char*name ChType_t atype ...);

int Ch_SetVar(Chinterp _t interp, const char*name ChType_t atype type value);

int Ch_SetVar(Chinterp _t interp, const char*name ChType_t atype const char *tagname, type
value);

int Ch_SetVar(Chinterp _t interp, const char *name ChType_t atype ChType_t etype type
value,

int dim, int extentl, ...);

Syntax

Ch_SetVar(interp, nameatype valué;

Ch_SetVar(interp, nameCH_INTTYPE value);

Ch_SetVar(interp, nameCH_PROCPTRTYPHENULL);

Ch_SetVar(interp, nameCH_PROCPTRTYPECh_.SymbolAddrByName(interp, "fp}))
Ch_SetVar(interp, nameCH_STRUCTTYPRagnamestructvalug;
Ch_SetVar(interp, nameCH_CLASSTYPHRagnameclasstvalug

Ch_SetVar(interp, nameCH_UNIONTYPE tagnameunionvalug;

Ch_SetVar(interp, nameCH_CARRAYTYPEetype dim, extentl ...);
Ch_SetVar(interp, nameCH_CHARRAYTYPEetype dim, extent] ...);

Purpose
Assign a value in the C space to a variable in the Ch space.

Return Value
This function return€€H_OK on success andH_ERROR on failure.

Parameters
interp A Ch interpreter.

name The variable name in the Ch space.

atype The type of the argument to be added. The values for data gp&gpe_t are defined in
header filech.h. They are listed irCh SDK User’s Guide.

... The argument to be added.

Description

This function is typically used to access values and dataenG space from the Ch space. The
memory in the C space can be shared by variables in the Ch gpacgh this function. The vari-
ables in the Ch space can be either in a Ch script file or crebteamically at runtime by one of
functionsCh_AppendParseScriptFilg), Ch_AppendParseScrip(), Ch_AppendRunScriptFile(),
Ch_AppendRunScript(). The data type and argument for functi@h_SetVar() are similar to
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those for functiorCh_VarArgsAddArg () described in detail ii€h SDK User’s Guide

Example

In this example, the values and their addresses of varialflelfferent data type in program
setvar.cpp  inthe C++ space are shared by variables in Ch ssaptar.ch  inthe Ch space.
UsingCh_SetVar() in the space, the address of functfanc() is assigned to variabfg bothin
the Ch space. Ch functiaallback() is called by functiorCh_CallFuncByName(interp,
"callback", &retval) in the C++ space.

setvar.cpp—- A C++ program to share the data in C++ space with varialol€3h space.

/ kkkkkkkkkkkkkk

* File Name: setvar.cpp

****************/
#include <stdio.h>
#include <embedch.h>
struct tag {
int i;
double f;
}s ={10, 20}, s2 ={100, 200},
sa[4]={10, 20, 1,2,3,4,5,6};
class tagc {
public:
int i;
double f;
}c ={10, 20}
union tagu {
int i;
double f;
Hu;
int main() {
Chinterp_t interp;
int status;
char *argvv[]={"setvar.ch", NULL};
int retval=0;
int i = 5;
double d = 10;
const char *cp = "string in main()";
int n=2, m=3;
int a[2][3] = {1,2,3,
4,5,6};
int b[3] = {1,2,3};
u.i=10;
Ch_Initialize(&interp, NULL);
status = Ch_RunScript(interp,argvv);
if(status == CH_ERROR) {
printf("Error: execution of program setvar.ch failed\n")
}
Ch_SetVar(interp, "i*, CH_INTTYPE, 10);
Ch_ExprEval(interp, "printf(\"i printed from setvar.c = % d\n\’, 1)");
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Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,
Ch_SetVar(interp,

Ch_SetVar

"dp", CH_DOUBLEPTRTYPE, &d);
"chp", CH_CHARPTRTYPE, cp);

"a", CH_CARRAYTYPE, CH_INTTYPE, a, 2, n , m);
"b", CH_INTPTRTYPE, b);

"a2", CH_CHARRAYTYPE, CH_INTTYPE, a, 2 , N, m);
"b2", CH_CHARRAYTYPE, CH_INTTYPE, b, 1 , m);

"sp", CH_STRUCTPTRTYPE, &s);

"s", CH_STRUCTTYPE, "tag", &s);

"c", CH_CLASSTYPE, "tagc", &c);

"cp", CH_CLASSPTRTYPE, &c);

"u", CH_UNIONTYPE, "tagu", &u);

"up”, CH_UNIONPTRTYPE, &u);

"sa", CH_STRUCTPTRTYPE, sa);

"fp", CH_PROCPTRTYPE, NULL);

"fp2", CH_PROCPTRTYPE, Ch_SymbolAddr
"stream”, CH_FILEPTRTYPE,
*(FILE**)Ch_SymbolAddrByName(interp,

ByName(interp, “func"));

"_stdout"));

Ch_CallFuncByName(interp, "callback”, &retval);

Ch_End(interp);
}

setvar.ch—- A Ch program with variables sharing data in C++ space.

#include<array.h>
#include<stdio.h>

struct tag {
int i
double f;
I3
class tagc {
public:
int i;
double f;
I3
union tagu {
int i
double f;
I3

int i;

double *dp;

char *chp;

int (*a)[3], *b;
array int a2[2][3], b2[3];
struct tag s, *sp;
class tagc c, *cp;
union tagu u, *up;
struct tag *sa;

int (*fp)();

int (*fp2)();

FILE *stream;

int func() {

printf("func() called\n");

return O;

int callback() {
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printf("*dp = %f\n", *dp);
printf("chp = %s\n", chp);
printf("a[1][1] = %d\n", a[1][1]);
printf("b[1] = %d\n", b[1]);
printf("a2 = \n%d", a2);
printf("b2 = \n%d", b2);
printf("s.i = %d\n", s.i);
printf("sp->i = %d\n", sp->i);
printf("c.i = %d\n", c.i);
printf("cp->i = %d\n", cp->i);
printf("u.i = %d\n", u.i);
printf("up->i = %d\n", up->i);
printf("sa->i = %d\n", sa->i);
sat++;

printf("sa->i = %d\n", sa->i);
printf("fp = %p\n", fp);
printf("fp2 = %p\n", fp2);

fp2();
fprintf(stream, "callback() called\n™);
return O;

}

Output

i printed from setvar.c = 10
*dp = 10.000000

chp = string in main()
a[1Ji1] = 5

b[l] = 2

a2 =

123

456

b2 =

123

s.i =10

sp->i = 10

ci =10

cp->i = 10

ui =
up->i
sa->i
sa->i
fp=0

fp2 = 49a40
func() called
callback() called

=
o

I n
[EnY
o

Example 2

Program$§ 219, 216, 7111.

See Also

Ch_AppendParseScriptFild), Ch_AppendParseScrip(),
Ch_AppendRunScript(); andCh_VarArgsAddArg () in Ch SDK User’s Guide
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Ch_StackLevel

Synopsis
#include <ch.h>
int Ch _StackLevelChlinterp _t interp, int *clevel, int *hlevel);

Purpose
Obtain the current and highest possible stack levels.

Return Value
This function return€€H_OK on success an@H_ERROR on failure.

The function returns the highest possible level of the statle stack levels range from 0 to a
positive integer number.
Parameters

interp A Ch interpreter.
cleve The current stack level.
hleve The highest possible stack level at the point of execution.

Description

FunctionCh_StackLevel) obtains the current stack level and highest possibl&kdexel. Level

0 is the currently executed function, whereas level n+1asftimction that has called level n. The
program scope outside any function is the top level. For g@@nwhen functiorievelQ()

is being called in prograrproc.c , it has level 0. Functiotevell() which calls function
levelO() has level 1. Functiokevel2()  which calls functiorevell() in turn has level
2. Progranprog.c has the stack level 3, which is the highest possible level.

[* File name: prog.c */
void level2 {

int i2 = 20;
levell();

}

void levell {
int i1 =10;
levelO();

}

void levelO {
i0 = 1;
this_part_of the_function_levelO_is_being_executed.

}

int main() {
level2();
return O;

}
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As an example, a callback function is invoked when the cod&@functionlevelQ() in the
above code is executed. The current stack level 0 and highssible stack level 3 can be obtained
by the code below.

int clevel, hlevel;
ChStackLevel(interp, &clevel, &hlevel);
/l clevel becomes 0, hlevel becomes 3

Example
SeeCh_GlobalSymbolAddrBylndex().
See Also
Ch_ChangeStack), Ch_StackNamd).
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Ch_StackName

Synopsis
#include <ch.h>
char * Ch_StackNameChinterp _t interp, int level ,int *isfunc , char *classname );

Purpose
Obtain the name in a stack.

Return Value
If the function is successful, it returns the name in thelstd¢he specified staclevel s invalid
(beyond its range) or the program is executed at the top, leveturns NULL.

Parameters
interp A Ch interpreter.

level The level of the stack.

isfunc It is 1 if the stack is a function; it is 2 if the stack is a memffnction, contructor, or
destructor; else it is 0.

classnamdt is NULL if the stack is not a member function.

Description

FunctionCh_StackName) obtains the name in the stack. The second arguiegat specifies
the level of the stack. Level O is the currently executed fimn¢ whereas level n+1 is the function
that has called level n. The third argument determines ifstiaek is a program, function, or
member function (including constructor and destructohe program scope outside any function
is the top level. For example, when functiewelO()  is being called in programroc.c , it has
level 0. Functiorevell()  which calls functionevelO() has level 1. Functiotevel2()

which calls functiodevell()  inturn has level 2. Prograprog.c has the stack level 3.

[* File name: prog.c */
void level2 {
int i2 = 20;
levell();

void levell {

int i1 =10;

levelQ();
}
void levelO {

i0 = 1;

this_part_of the_function_levelO_is_being_executed.
int main() {
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level2();
return O;

}

As an example, a callback function is invoked when the cod&@functionlevelQ() in the
above code is executed. The function nalenell  of the calling functionlevell() and
program nam@rog.c can be obtained as follows.

char *funcname, *progname;
int level = 1, isfunc;

funcname = ChStackName(interp, level, &isfunc); // isfunc becomes 1

level = 3;

progname = ChStackName(interp, level, &isfunc); // isfunc becomes 0
Example

See functiorchStack()  in PrograniZ.16.

See Also
Ch_ChangeStacK), Ch_StackLevel).
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Ch_SymbolAddrByIndex

Synopsis
#include <ch.h>
void *Ch_SymbolAddrByIndex(Chinterp _t interp, int nun);

Purpose
Get the address of a variable in the symbol table for varsadel arguments of a function or in the
symbol table for global variables in a Ch program.

Return Value

If the control flow of the Ch program is inside a function, thmdtion returns the address of a
variable in a function; if the index number is out of the valhge for its symbol table, the function
returns NULL. If the control flow of the Ch program is outsid&uaction, the function returns the
address of a global variable; if the index number is out ofuhlkd range for its symbol table,
the function returns NULL. If the symbol is a tag nhame for slagtructure, or union, the function
returns NULL. For a variable of function prototype withoubttion definition or an extern variable
without definition, the function returns NULL. For a varialdf C array, Ch computational array,
or pointer to Ch computational array, the returned valu@esaddress of the first element. For a
variable of pointer to C array, the returned value is the aslslof the pointer to C array, i.e, the
address of the first element. For example, for variables obigpedeclared in Ch

int (*pa)[3], *p, a[2][3];

the returned values for bota andp are the same of pointer to pointer to int. The return value
for a is the address of the first elemeafD][0] . The data type for variabla returned from
Ch_DataType() is CHIINTTYPE. whereas the data type for variables andp returned from
Ch_DataTypeg() is the same as CENTPTRTYPE. Note that in C, the address of function is the
same as the function. For example, the output from the twidipg statements below are the same.

int func() { /* ... *}
printf("address of func
printf("address of func

%p\n", func);
%p\n", &func);

Parameters
interp A Ch interpreter.

num The index number of global variable in the symbol table in go@gram.

Description

Based onits index number of a variable in the symbol tabéfuhctionCh_SymbolAddrByindex()
obtains the address of the variable inside a dynamicallgdddibrary or embedded Ch program.
If the control flow of the Ch program is inside a function, tlyenbol table contains local variables
including function arguments within its scope inside thediion. If the control flow of the Ch
program is inside a member function of a class, the symbte intains local variables including
members of the class and function arguments within its saogde the function. If the control
flow of the Ch program is outside a function, the symbol tabletains global variables. The index
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number for the symbol table starts with O.

Example
See Progranis 3.4 ahdl7.3.

See Also

Ch_SymbolTotalNum(), Ch_SymbolindexByNamg),
Ch_SymbolNameByIndeXx).
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Ch_SymbolAddrByName

Synopsis
#include <ch.h>
void *Ch_SymbolAddrByName(Chlinterp _t interp, const char*name);

Purpose
Get the address of a variable in the symbol table for varsadel arguments of a function or in the
symbol table for global variables in a Ch program.

Return Value

The address of a variable in a Ch program.n#fime is not in the list of the symbol table the
function returns NULL. Ifname is a tag name for class, structure, or union, the functiomrnst
NULL. For a variable of function prototype without functiokefinition or an extern variable with-
out definition, the function returns NULL. variable of C arfy&h computational array, or pointer
to Ch computational array, the returned value is the addrete first element. For a variable of
pointer to C array, the returned value is the address of tiregydo C array, i.e, the address of the
first element. For example, for variables of a and p declaréghi

int (*pa)[3], *p, a[2][3];

the returned values for bota andp are the same of pointer to pointer to int. The return value
for a is the address of the first elemeafD][0] . The data type for variabla returned from
Ch_DataType() is CHINTTYPE. whereas the data type for variables andp returned from
Ch_DataTypeg() is the same as CEINTPTRTYPE. Note that in C, the address of function is the
same as the function. For example, the output from the twiipg statements below are 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 a variable in a Ch program.

Description

The functionCh_SymbolAddrByName() obtains the address of a variable within its most inner
scope of a Ch program. For example, it will first search forwaeable in the block scopes then
in the function scope, and finally in the program scope. Thi@lte can be valid data type in Ch.
The value of a variable in Ch can be changed in a dynamicadigdd object.

Example
See an example i@h_DataType().

See Also
Ch_GlobalSymbolAddrByName(), Ch_CallFuncByAddr (), Ch_CallFuncByNamg).

305



Chapter A: APIs for Embedding Ch <embedch.i Ch_SymbolindexByName

Ch_SymbolindexByName

Synopsis
#include <ch.h>
int Ch _SymbolindexByNamégChlnterp _t interp, const char*namg;

Purpose
Get the index number of a variable in the symbol table foraladdés and arguments of a function
or in the symbol table for global variables in a Ch program.

Return Value
The index number of a variable in the symbol table of a Ch @mogrlf thename is not in the list
of the symbol table the function returns -1.

Parameters
interp A Ch interpreter.

name The symbol name of a global variable in a Ch program.

Description

The functionCh_SymbolindexByName) obtains the index number of a variable in the symbol
table in a Ch program inside a dynamically loaded librarymabedded Ch program. If the control
flow of the Ch program is inside a function, the symbol tablatams local variables including
function arguments within its scope inside the functionth# control flow of the Ch program is
inside a member function of a class, the symbol table costaital variables including members
of the class and function arguments within its scope indiggunction. If the control flow of the
Ch program is outside a function, the symbol table contaiobaj variables. The index number
for the symbol table starts with O.

Example
See Progranis 3.4 ahd17.2.

See Also

Ch_SymbolTotalNum(), Ch_SymbolAddrByName(), Ch_SymbolAddrByIndex(),
Ch_SymbolNameByIndeX).
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Ch_SymbolNameByIndex

Synopsis
#include <ch.h>
char *Ch_SymbolNameByIndexXChinterp _t interp, int nun);

Purpose
Get the symbol name of a variable in the symbol table for egand arguments of a function or
in the symbol table for global variables in a Ch program.

Return Value
The address for the symbol name of a variable in a Ch progrithe index number is out of the
valid range for its symbol table, the function returns NULL.

Parameters
interp A Ch interpreter.

num The index number of a variable in the symbol table in a Ch @ogr

Description

Based onits index number of a variable in the symbol tabéfuhctionCh_SymbolNameBylIndeX)

obtains the address for the symbol name of aglobal variablde a dynamically loaded library or
embedded Ch program. If the control flow of the Ch programs&i@a function, the symbol table
contains local variables including function argumentshwitits scope inside the function. If the
control flow of the Ch program is inside a member function ofass, the symbol table contains
local variables including members of the class and funaiguments within its scope inside the
function. If the control flow of the Ch program is outside adtian, the symbol table contains
global variables. The index number for the symbol tablestaith O.

Example
See Progranis 3.4 ahd17.3.

See Also

Ch_SymbolTotalNum(), Ch_SymbolindexByNam«), Ch_SymbolAddrByName(),
Ch_SymbolAddrBylIndex(),
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Ch_SymbolTotalNum

Synopsis
#include <ch.h>
int Ch _SymbolTotalNum(Chinterp _t interp);

Purpose
Get the total number of variables in the symbol table foralslgs and arguments of a function or
in the symbol table for global variables in a Ch program.

Return Value
The total number of variables in the symbol table in a Ch paogr

Parameters
interp A Ch interpreter.

Description
The functionCh_SymbolTotalNum() obtains the total number of variables in the symbol table
inside a dynamically loaded library or embedded Ch progiéthe control flow of the Ch program
is inside a function, the symbol table contains local vdealincluding function arguments within
its scope inside the function. If the control flow of the Chgmamm is inside a member function
of a class, the symbol table contains local variables inndembers of the class and function
arguments within its scope inside the function. If the cohfiow of the Ch program is outside
a function, the symbol table contains global variables. $ymbol table contains user defined
functions, but no generic functions. It also contains tag@s for classes, structures, and unions
as well as names defined bypedef. The index number for the symbol table starts with O.
Symbols in header files including system header files aréctledhe same as in a user’s pro-
gram. Global variables qualified hydeclspec(globalare not included in the symbol table.

Example
See Progranis 3.4 ahdl.3.

See Also
Ch_SymbolindexByNamg), Ch_SymbolAddrByName(), Ch_SymbolAddrBylIndex(),
Ch_SymbolNameByIndeX), Ch_VarType().
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Ch_UserDefinedInfo

Synopsis

#include <ch.h>

int Ch _UserDefinedInfo(Chinterp _t interp, ChUserDefinedTagt udtag ChUserDefinedInfo.t
*udinfo);

Purpose
Obtain the information for a user defined structure, clasan@n type in the Ch space.

Return Value
If the function is successul, it retu@H _OK; otherwise, it return€ H_ERROR.

Parameters
interp A Ch interpreter.

udtag The tag for a user defined type, a return value from the funcio_UserDefinedTad).
udinfo A pointer to structure containing the information for a udefined type.

Description
This functionCh_UserDefinedInfd) can be used to obtain the user defined data type, tag name,
size, number of members of a user defined structure, classjam or its pointer type based on its

tag obtained from the functioBh_UserDefinedTad).
Type ChUserDefinedInfat is a structure containing the information for a user defirteacs
class, or union type.

typedef struct ChUserDefinedInfo_ {
ChType_t dtype; /* user defined data type: CH_STRUCTTYPE,
CH_CLASSTYPE, CH_UNIONTYPE, or CH_UNDEFINETYPE */
char *tagname; /* tag name */
int size; [* size of class/struct/union */
int tothum; /* total number of members in class/struct/unio n *
}ChUserDefinedInfo_t;

Field dtype gives the name of the user defined data type. If it is a stracttine value for
dtype is ChSTRUCTTYPE. If it is a class, the value fdtype is ChCLASSTYPE. Ifitis a
union, the value fodtype is ChUNIONTYPE. It will be CH_UNDEFINETYPE f the input
argumenudtag is NULL.

Field tagname gives the tag name of the user defined type. It will be NULL # thput
argumenudtag is NULL.

Fieldsize gives the size of the user defined type. It will be 0 if the inprgumenudtag is
NULL.

Fieldtothum gives the number of members of the user defined type.

It will be O if the input argumentidtag is NULL.
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Example
SeeCh_DataType(), Program§2]9 arid 7.8.

See Also

Ch_DataType(), Ch_UserDefinedMeminfoBylndeX), Ch_UserDefinedMeminfoByNamg),
Ch_UserDefinedTad).
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Ch_UserDefinedMemInfoBylndex

Synopsis

#include <ch.h>

int Ch _UserDefinedMemInfoBylndex Chinterp _t interp, ChUserDefinedTagt udtag int in-
dex ChMeminfo _t *meminf9;

Purpose
Obtain the information for a member of variable of the usdmael structure, class, or union type
based on its index number in the symbol table for its type.

Return Value
If the function is successul, it retu@H _OK; otherwise, it return€H_ERROR.

Parameters
interp A Ch interpreter.

udtag The tag for a user defined type, a return value from the fun&io_UserDefinedTad).
index The index number of the member in the symbol table for the deined type.
meminfoA pointer to structure containing the information for a memnbf a user defined type.

Description

This functionCh_UserDefinedMeminfoBylndex) can be used to obtain the information for a
member of variable of the user defined structure, class,ionuype based on its index number in
the symbol table for its type. The functi@h_UserDefinedMeminfoByName) can be used to

obtain the information for a member based on the member name.
Type ChMemiInfo _t is a structure containing the information for a member of er ukefined
structure, class, or union type.

typedef struct ChMeminfo_ {

int index; /* index number of the member */

char *memname; /* member name */

int offset; [* offset of the member from the starting memory * /
ChType_t dtype; /* data type of the member */

int ispublic; /¥ 1: public; 0: private */

int isfunc; /* 1: function type; 0: not function type */

int ismemberfunc; /* 1: member funct; 0: not member funct */

int isconstructor;/* 1: constructor; 0: not constructor */

int isdestructor; /* 1: destructor; 0: not destructor */

int isvararg; /* 1. funct with variable num arguments; 0: not */
int arraytype; [* one of array types */

int dim; [* array dim */

int extent[7]; /* extent for each dimension, up to 7 */

int isbitfield;  /* 1: bit field; 0: not bit field */

int fieldsize; [* struct tag{int i:3, j:10}; fieldsize of j i s 10%/
int fieldoffset; /* struct tag{int i:3, j:10}; fieldoffset of j is 3*/
ChUserDefinedTag_t udtag; /* tag for a member of struct/cla ss/union */

} ChMeminfo_t;
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Field index gives the index number of the member in the symbol table feruser defined
type. The index number for the first member is 0.

Field memnamagives the name of the member.

Fieldoffset  gives the offset of the address for the member in the memony the beginning
of the variable of the user defined type.

Fielddtype gives the data type of the member.

Fieldispublic  is 1 if the member is public. If the member of class is privitis, O.

Fieldisfunc is 1 if the member is function type including function, p@nto function, and
member function. Othewise, itis O.

Fieldismemberfunct is 1if the memberis a member function, constructor, or desr of
a class. Otherwise, itis 0. If the member if a pointer to fiorctit is O.

Fieldisconstructor is 1 if the member is the constructor of a class. Otherwiss (t

Fieldisdestructor is 1 if the member is the destructor of a class. Otherwiss,0t i

Field isvararg is 1 if the member is a function type and its argument containariable
number of arguments. For example, for memifensl andfunc2 , the value folisvararg is
1.

class tag {
int funcl(int i, ...);
int (*func2)(int j, ...);
3
Field arraytype is not O if the member is an array type. Similar to the retulneaf func-
tions Ch_ArrayType () and Ch_FuncArgArrayType (). It contains one of the following macros
defined in header fileh.h.

Macro Description Example
CH_UNDEFINETYPE not an array. int i
CH_CARRAYTYPE C array int a[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[&])

A poiner to C array is not considered as an array for this mematraytype.

Fielddim gives the dimension of array if the member is a C array or Chprdational array.

Fieldextent contains the extent for each dimension of array if the mens@C array or Ch
computational array. Only arrays of dimension up to 7 candvedled. For example, for member
a in the structurdag

struct tag {
int a[3][4];
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the value fordim is 2. extent[0] is 3 andextent[1] is 4.

Fieldsisbitfield, fieldsize, andfieldoffset are for handling members of bit
fields. If the member is a bit field, isbitfield is 1. Otherwisteis 0. Fieldsfieldsize and
fieldoffset give the field size and offset of the field, respectively. Baraple, for membegr

struct tag {
int i:3;
int k:3;
int j:10;
8
fieldsize is 10 andfieldoffset is 6.

Fieldudtag gives the tag of a user defined structure, class, or unionftygee member if the
member is a user defined type@f _STRUCTTYPE, CH_CLASSTYPE , orCH_UNIONTYPE.
For example, for membessandsp in the structurdagl

struct tagl {
struct tag2 s;
struct tag3 *sp;
%

the values foudtag gives the tag for structurdag2 and structuresag3 , respectively. This
field can be used to obtain the information about the userettype and its members.

If the input argumentidtag is NULL or memnamas not a member name of the user defined
type, the function return€H_ERROR, the membedtype of the input argumenieminfo
is assigned with the value @H_UNDEFINETYPE. This value can alos be used to test if the
memnamas a valid member name or the function call is successful.

Example
SeeCh_DataType(), Program§2]9 arld 7.8.

See Also

Ch_UserDefinedInfd), Ch_UserDefinedMemInfoByNam¢), Ch_UserDefinedTad),
Ch_DataType(), Ch_ArrayType (), Ch_FuncArgArrayType ().
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Ch_UserDefinedMemInfoByName

Synopsis

#include <ch.h>

int Ch _UserDefinedMemlInfoByNaméd&Chinterp _t interp, ChUserDefinedTagt udtag const
char *memnamegChMeminfo _t *meminfQ;

Purpose
Obtain the information for a member of variable of the usdmael structure, class, or union type
based on the name of the member.

Return Value
If the function is successul, it retu@H _OK; otherwise, it return€H_ERROR.

Parameters
interp A Ch interpreter.

udtag The tag for a user defined type, a return value from the funcio_UserDefinedTad).
memnameThe name of the member.
meminfoA pointer to structure containing the information for a mesnbf a user defined type.

Description

This functionCh_UserDefinedMemInfoByName€) can be used to obtain the information for a
member of variable of the user defined structure, class, mmulype based on its name of the
member. The functio€h_UserDefinedMeminfoBylndex) can be used to obtain the informa-
tion for a member based on the index number of the member isyiiddol table for its type.

If the input argumentidtag is NULL or index is not a valid index of the user defined
type, the function return€H_ERRORand the membedtype of the input argumenteminfo
is assigned with the value @H_UNDEFINETYPE. This value can alos be used to test if the
index is avalid index or the function call is successful.

Example
SeeCh_DataType().
See Prograrii 2.9.

See Also

Ch_DataType(), Ch_UserDefinedInfd), Ch_UserDefinedMemIinfoBylndex),
Ch_UserDefinedTad).
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Ch_UserDefinedTag

Synopsis
#include <ch.h>
ChUserDefinedTagt Ch_UserDefinedTagChinterp _t interp, const char*name;

Purpose
Obtain the tag for a variable of user defined structure, ctassnion type in the Ch space.

Return Value

If the argument of the variable in the Ch space is a user defitradture, class, or union type, this
function returns the tag for the user defined data type. @fker it it returns NULL.

For a variable for a tag name, array or pointer type in the Gltespthe function also returns its
tag.

Parameters

interp A Ch interpreter.

name Name or tag name for a variable or expression of user defineditythe Ch space.

Description

This functionCh_UserDefinedTad) returns the tag of a user defined structure, class, or wrion
its pointer type for a variable in the Ch space. Func@nUserDefinedInfa)) can be used to
obtain the tag name, size, number of members of the user ddfipe.

Example
SeeCh_DataType(), Program§2]9 arid 7.8.

See Also

Ch_DataType(), Ch_UserDefinedInfd), Ch_UserDefinedMemIinfoByIndex),
Ch_UserDefinedMemInfoByNam¢).

315



Chapter A: APIs for Embedding Ch <embedch.i Ch_VarType

Ch_VarType

Synopsis
#include <ch.h>
ChVarType_t Ch_VarType(Chinterp _t interp, const char* namg;

Purpose
Determine if a symbol is a variable in the Ch space.

Return Value

If the argument is not a variable, this function retu@ts_ NOTVARTYPE with the value of O. If
the argument is a variable, this function returns a non-zahee of ChVarType_t. The data type
ChVarType_t defined inside the header figgnbedch.hhas the following values.

Value Description
CH_NOTVARTYPE not a variable.
CH_GLOBALVARTYPE a global variable.
CH_LOCALVARTYPE a local variable.
Parameters

interp A Ch interpreter.
name Name of the variable in the Ch space.

Description
FunctionCh_SymbolTotalNum() count all symbols including variables, tag names for s#as
structures, and unions as well as names definetyjpgdef. The functionCh_VarType() deter-
mines if a symbol is a variable, global or local variable. Bpmbolstag , tage , red , type _t
in

struct tag{int i};

enum tag2{red, blue, green}

typedef int type t;

functionCh_VarType() returnsCH _NOTVARTYPE which is defined as O.

If the functionCh_VarType() is called when a Ch program runs in a function or block s¢cope
the argumenhame s a local variable, it return€H_LOCALVARTYPE . If the argumenhame
is a global variable, it return6H_GLOBALVARTYPE . To check a variable of the global scope
when a Ch program is running in a function or block, the scqselution operatar can be used
to indicate a variable of global scope By1_VarType(interp, "::name")

FunctionCh_VarType() can be used to test if a function is a nested local functlon
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Example
See Prografi 2.3, ProgrdmlI7Gh_GlobalSymbolAddrByIndex().

See Also

Ch_DataType(), Ch_ArrayDim (), Ch_ArrayExtent(), Ch_ArrayType(), Ch_FuncType(),
Ch_FuncArgNum(), Ch_IsFuncVarArg (), Ch_UserDefinedTad), Ch_UserDefinedInfq).
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Appendix B

Porting Code with Embedded Ch APIs to
the Latest Version

B.1 Porting Code with Embedded Ch APIs to Ch Version 6.0

1.

The default home directory of Embedded Ch has been chafRgethe function call,
Ch_lInitialize(&interp, NULL);

the default home directory for Embedded Ch is CHHOME/tdédknbedch, instead of CHHOME.
The dynamically loaded Ilibrary for an instance of the intetpr s
CHHOME/toolkit/embedch/extern/lib/chmtl.dl, etc, ieatl of using /usr/lib/chmtl.dl, etc

in Unix and C:/Windows/System32/chmtl.dl, etc in Windows.

. To load a dynamically loaded libralijpsample.dl when the program is parsed, change
void * Chsample_handle = dlopen("libsample.dl", RTLD_LA ZY);
to
extern void *_Chsample_handle = dlopen(“libsample.dl”, R TLD_LAZY);

in your Ch script code.

. Changed the handling @h_SymbolAddrByName(interp,"a" ) for array’int a[2][3];’

in Ch space to be consistent with handling of C array. Change

int *pa;
pa = *(int **)Ch_SymbolAddrByName(interp,"a");

to

int *pa;
pa = (int *)Ch_SymbolAddrByName(interp,"a");

. Functions Ch_UserDefinedNam¢) and Ch_UserDefinedSiz€) are deprecated. Use

Ch_UserDefinedInfq)). Change
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int size;
char *name;

size = Ch_UserDefinedSize(interp, "s");
name = Ch_UserDefinedName(interp, "s");

to

int size;

char *name;
ChUserDefinedTag_t udtag;
ChUserDefinedInfo_t udinfo;

udtag = Ch_UserDefinedTag(interp, "s");
Ch_UserDefinedInfo(interp, udtag, &udinfo);
size = udinfo.size;

name = udinfo.tagname;

5. FunctionCh_Symbolindex() is deprecated. Useh_SymbolindexByName). Change

index = Ch_Symbolindex(interp, name);
to

Ch_SymbolindexByName(interp, name);

index
6. FunctionCh_IsFunc() is deprecated. Useh_FuncType(). Change
if(Ch_IsFunc(interp, name)) {
}
to
if(Ch_FuncType(interp, name)) {
}
7. FunctionCh_IsVariable() is deprecated. Useh_VarType(). Change
if(Ch_lIsVariable(interp, name)) {
}
to

if(Ch_VarType(interp, name)) {
}
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8. The deprecated membechrc, chrcname, chmtdir of struct ChOptoin _t have
been removed. See sectlonl1.7 on how to distribute appitatvith Embedded Ch.

9. The location for the distribution of dynamically loadeld thmt#.dl in Windows has been
changed from EMBEDCHHOME/bin/chmt#.dl to EMBEDCHHOME/extern/lib/chmt#.dl
so that they are located in the same location for all platforRor multiple instances of Em-
bedded Ch engine, copy EMBEDCHOME/extern/lib/chmt1.dl to
EMBEDCH _HOME/extern/lib/chmt2.dl, etc.

B.2 Porting Code with Embedded Ch APIs to Ch Version 5.5

To simplify the distribution of Embedded Ch, the member Beldrc, chrcname, chmtdir
of structChOptoin _t are deprecated.

if the user specifies the home directory of the Embedded Chnenapplication, The file
option.chhome/config/chrc is used as the system startup Tikee directory option.chhome/bin
in Windows and option.chhome/extern/lib in other platfsrshall contain dynamically loaded libs
chmtl.dl, chmt2.dl, etc.

If the user does not specify the home directory of Embedded e startup file
CHHOME/config/chrc is used. the dynamically loaded libs thatl, chmt2.dl, etc. are located in
in C:/Windows/System32 for Windows and /ust/lib for Unix.

/* we assume that you distribute CHHOME/toolkit/embedch al ong with
your application. It is distributed in your application hom e sub
directory such as c:\my_applications\embedch or
/usr/my_applications/embedch */

#include <embedch.h>

#include <stdio.h>

#include <string.h>

#include <stdlib.h>

int main() {
int status, len;
Chinterp_t interp;
ChOptions_t option;
char *proghome;

[* get the home dir for your application program from
an environment variable or registry value (PROG_HOME)
It can be directory either c:\my_applications\ or
/usr/my_applications
*/

proghome = getenv("PROG_HOME");

[* initialize embedded Ch */
option.shelltype = CH_REGULARCH,;

len = strlen(proghome)+ strlen("/embedch™)+1;
option.chhome = (char *)malloc(len);
strcpy(option.chhome, proghome);
strcat(option.chhome, "/embedch");
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Ch_Initialize(&interp, &option);
* .
}
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Ch_ExecScriptM() 1520123241
Ch_ExprCalc()[4B[ 201243
Ch_ExprEval() [43[116, 20257
Ch_ExprParse(}- 4% _20P52
Ch_ExprValue() 171201253
Ch Flush() 22201256
Ch_FuncArgArrayDim[&D
Ch_FuncArgArrayDim() 201251
Ch_FuncArgArrayExtenf 80
Ch_FuncArgArrayExtent()_201258
Ch_FuncArgArrayNum()[Z201259
Ch_FuncArgArray Typel 60
Ch_FuncArgArrayType()[ 2201260
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Ch_FuncArgDataTypd, 80
Ch_FuncArgDataType(L 20261
Ch_FuncArgFuncArgNuni_g80
Ch_FuncArgFuncArgNum (20269
Ch_FuncArglsFund, 80
Ch_FuncArgIsFunc()-202270
Ch_FuncArglsFuncVarArd, 80
Ch_FuncArglsFuncVarArg(L 20271
Ch_FuncArgNum() (3B 20272
Ch_FuncArgUserDefinedNamg, 160
Ch_FuncArgUserDefinedName[),_2@/73
Ch_FuncArgUserDefinedSizE, 160
Ch_FuncArgUserDefinedSize (), 2274
CH_FUNCCONSTYPE[ 204,275
CH_FUNCDESTTYPE[Z04, 275
CH_FUNCMEMBERTYPE[20B 275
CH_FUNCPROTOTYPHE_203.2Y5
CH_FUNCPTRTYPE[204, 215
CH_FUNCTYPE [20B[Z75
Ch.FuncType()[38. 20273
Ch_GetGlobalUserData(],_ZD2./6
Ch_GlobalSymbolAddrByIndex(L 20271

Ch_GlobalSymbolAddrByName (.28, 202,204

Ch_GlobalSymbolindexByName(,_2DZ80
Ch_GlobalSymbolNameByIndex(}, 20281
Ch_GlobalSymbolTotalNum(L20282
CH_GLOBALVARTYPE, 204 [316
Ch.Home() [ 201

Ch_InitGlobalVar() (202283
ChInitialize(),[,[202[286
CH_INTTYPE, seemacros seemacros
CH_INVALIDLEVEL, 203]
Ch.IsFunc()[Z0p
Ch.lsFuncVarArg()[(3B202288
Ch_IsVariable() [Z0R
CH_LOCALVARTYPE,[204 [316
CH_MASKABORT, [128 [20B[ZT0
CH_MASKBLOCK, [128,[20B[Z10
CH_MASKCALL, [Z8, 203 21D
CH_MASKCOUNT, 128 [20B[ 210
CH_MASKEND, [128 [20B[Z10
CH_MASKLINE, [28,[203[Z1D
CH_MASKNONE, 129208210
CH_MASKRET,[128[20B[ 270
CH_NOTFUNCTYPE[Z0BZ15
CH_NOTVARTYPE,[204[31b
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CH_OK, [2,20%
Ch_ParseScript([]19.15,2D289
CH_REGULARCH,[11[2083,286
Ch.Reopen()l-24, 20290
Ch_.RunScript()[L20893,
Ch_RunScriptM() [20P[ 291292
CH_SAFECH[T1[203, 286
Ch_SetGlobalUserData(}, ]9, 20293
Ch_SetVar()[3B[ 204299
Ch_StackLevel()[I7d20299
Ch_StackName (), 170, 20801
Ch_SymbolAddrByIndex()-31,Z02303
Ch_SymbolAddrByName ([ 29 3L 116,121,
(202,305
Ch_Symbolindex() 2202
Ch_SymbolindexByName (), 3L, 2DZ208
Ch_SymbolNameByIndex (3L 2D201
Ch_SymbolTotalNum()-31LZ0 2308
CH_UNDEFINETYPE 224760312
Ch_UserDefinedInfo()-33. 20809
Ch_UserDefinedMemInfoByIndex(L,-BB, 202,
311
Ch_UserDefinedMemInfoByName(), 133,202,
314
Ch_UserDefinedName(), 202,318
Ch_UserDefinedSize (L. 202318
Ch_UserDefined Tag(L20&15
Ch.VaArg(),[202
Ch.VakEnd() [B2[ 205
Ch.VarArgsAddArg() [60[6NI[ T1T, 205
Ch.VarArgsAddArgExpr()[6D[ 205
Ch_VarArgsAddArgVar() [G1L
Ch_VarArgsCreate( 80, 61
Ch.VarArgsDelete() 6@, 8L 205
Ch.VarType() [3B[199, 20818
Ch_VaStart() 80,
Ch_VaVarArgsCreatd, 237
Ch_VaVarArgsDelete 237
Ch_Version()[20b
ChBlockt, 129 [T3D[ 199, 200, 21P, 226
classnamd, 130, 200,12
count[20D
event[13D[ 200, 212
funcname[ 130,200, 2112
isconstructof, T3¢, 200,212
isdestructof, T3¢, 200, 212
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level,[130[200[ 212
linecurrent[ 130,200, 212
linefuncbegin[ 130,200, 2112
linefuncend 130200, 2112
source[ 134,200, 2112
ChCallbackt,
ChFilet,[22,[199
ChFuncdlt, [199,[236
ChFuncTypet, 199 [20B[ 275
Chinfo.t,
Chinterpt, [2,[82 [20#
ChMemlInfat,
ChOptionst, [I1,[199[28A,320

chhome[TM["199, 286
chmtdir,[320
chrc,[320

chrcname 2320

shelltype[Tl[ T99, 286
ChPiontert,
ChPointert, [276,[298
ChRunScriptM(),[15
chsdk.lib[6EB
chsdkbc.lib,[@
chsdkmdd.lib,[6 [T
chsdkmt.lib, 8,7
chsdkmtd.lib,[8,[T
ChTypet,
ChUserDefinedInfd, 199 [200[3009
dtype[200["309
size [200[309
tagname_ 200,309
totnum [Z0D[-309
ChUserDefinedMeminfa, 201 [31P
arraytype[ 201,312
dim,[201[3TP
dtype [201L[3T2
extent[ 201372
fieldoffset 2013712
fieldsize [201[-312
index,[201[31P
isbitfield,[201 [31P
isconstructof, 201,312
isdestructo 201,312
isfunc,[2Z01
ismemberfund 201312
ispublic,[2Z01[3TP
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isvararg[ 201312

memnamd, 201,312

offset [201 3T

udtag [201[~372
ChUserDefinedTagy,
ChValistt, 82,[20%
ChValueNode,
ChVarTypet, 199 [20B[316
copyright[il

data type[ ZIQ, 22 [=2P5, 278, PP9, 573261,
[269-£275 288299, 301,308,311,
BI14£376

DLL, @

dlopen()[

dirunfun(),[1

disym(),01

double[22P 261

Dynamically loaded library,]1

embedch.lib[ 1638

embedchbc.lib,[@
embedcbmdd.lib,[@ [T
embedchmt.lib,B,[7
embedchmtd.lib,[@,7
EXPORTCH[7B[35
EXPORTCHCLASS[TI0

expression calculatioh, 248
expression evaluation, 244, 25T, 55
expression parsg, 254

fixed length array, 116
function files[2¥

generic function, 31,282, 3D8
getenv[b[ B
global variable[-49, 282, 308

INCLUDE, 8,8
int, 229 [261
Intel C++ compiler B

LIB,
macros
CH_ABORT,[2Z0%

CH_DOUBLETYPE [Z29[ 761
CH_ERROR[Z0b
CH.INTTYPE, 229761
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CH_INVALIDLEVEL, 03] P10
CH_MASKABORT, 203 [ZT0
CH_MASKBLOCK, 203,[Z10
CH_MASKCALL, P03, 210
CH_MASKCOUNT,[203[21D
CH_MASKEND, 203,210
CH_MASKLINE, P03,[2T0
CH_MASKNONE,[Z03[ 71D
CH_MASKRET,[Z03[Z1D
CH_OK, 208
CH_.REGULARCH [T1[Z03 286
CH_SAFECH[T1[20d, 286
STDERRFILENO,[22[20B[290
STDIN_FILENO,[22 [20B[ 290
STDOUT.FILENO, 22 [Z0B[290

makefile[1[ 4

multi-threads[_15

nmake[b

pragmal23d, 242
putenv[6[B

remove variable§, 242

remvar[24P
return array[ 121

scope[ 316

scope resolution operator[Z, 316
STDERRFILENO,[22 [20B[Z90
STDIN_FILENO,[22 [20B[Z90
STDOUT_FILENO,[22 [20B[290
stradd()[B[B

string.t,d,[8,[125

system variablé, 45

thread[[Ib
typographical conventions liii

va_.count()[61
va_elementtype(J, 81

va_end()[61

vastart()[61

variable[30b

variable length argumenif, 1116
variable length arraj, 116
variable number of argumenfs,]60
Visual .NET[T
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Visual C++[®
VLA, seevariable length argument

Windows [6
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