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Abstract

As computer CPU gets fast, script computing is increasinglypopular. Script computing allows
a computer program to be executed interpretively without tedious compilation and linking. It can
be used for rapid prototyping, embedded scripting, mobile computing, teaching, and learning.

Ch is an embeddedable C/C++ interpreter. It execute C/C++ programs as scripts interpretively
without compilation. Java is one of the most popular languages and Kaffe being an implementation
of Java Virtual Machine and has the capacity to execute Java classes in it. Java Navtive Interface
(JNI) is the native programming interface for Java that is part of JDK. Writing programs using the
JNI also ensures that the code is completely portable acrossall platforms. The JNI allows Java code
that run within a Java Virtual Machine (JVM) to operate with applications and libraries written in
other languages, such as C,C++ and assembly. The JNI is used to write native methods to handle
those situations when an application cannot be written entirely in Java. As this can be operated
with C, by using Ch SDK, via JVM and JNI, Java code could be accessed from Ch program.

Ch Java and Ch Kaffe package have been developed as part of this project. Sun Java and
Kaffe were integrated in the Windows platform and Linux respectively. Ch Java and Ch Kaffe
packages are developed using Jni and Ch SDK. With Ch Java or ChKaffe, Java programs can be
executed from Ch. Using Embedded Ch, C/Ch/C++ programs can be executed interpretively from
a Java program. Java applets are ideal solutions for web-based GUI through web browsers. There
is a great potential for wide applications of integrated solution of Ch and Java. To demonstrate
potential applications of Ch Java, a mechatronic system with a Barrett Hand has been manipulated
through Ch Java in different ways. Using Java as GUI, a Barrett Hand is controlled by a Ch script
in a stand alone Java program. The mechatronic system located either in client side or remote side
can also be manipulated through a web GUI using Java applet.
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Chapter 1

Introduction

Today's global economy has raised the level of competition throughout the world. Globalisation
removed physical boundaries between coutries leading to companies venturing all over the world.
This increased level of competition and has forced companies to be lean, adaptable and responsive
while maintaining the quality in order to stay in the market.The penetration of information tech-
nology into scienti�c �eld has led to developement of various application speci�c software. This
has led companies to look for more diversed people which madeinstructors to teach students with
a variety of software and their application, but one of the major issue is choosing the environment
in which students can get quick start in programming.

Ch [1][2] was designed and implemented for novice and inexperienced users to get start with
programming. Ch is a high-level language environment, it allows students to focus on program
structure and algorithm instead of tedious compile link distraction. Due to the availability of vari-
ous softwares specialising in particular �eld, students and researchers may �nd it dif�cult to pro-
cure different software for each application. This could prevent them in using the latest technology
which can improve their ef�ciency. Ch environment could become a useful tool in this scenario,
where the software modules that has been integrated with this environment would prove helpful
for engineers and scientist for learning and research purpose.

1.1 Compiler Vs Interpreter

The process of execution of a program marks the difference between a compiler and interpreter.
Compiler translates a source program to a binary module representing the program in machine
readable format. The compiled program is then linked to obtain the executable format. Where as
an interpreter interprets the source program line by line, it takes up the input data and the source
program at the same time and do not produce any executable �les. In case of interpreter, the source
code is translated only if it is executed and the error messages are tied to the source which make
debugging easier and also working environment more supportive. An interpreter is used when
�lters are implemented in the operating system kernel wherecompilation may not be feasible
due to protection and robustness concerns even though compilation increases runtime ef�ciency.
Interpreters increase the execution over head since the program is continuously re-examined, and
also increase space overhead compared to compiler. But considering the fact that the speed of the
processor and the storage capactiy has been growing at such apace that the execution overhead
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and space overhead can be neglected to some extent. The usageof interpreter by novice software
developers who may have to frequently modify the code is a good choice as they don't have to
compile every time they debug. Techniques like self-modifying code is easy to implement using
interpreter and is also conceptually simpler and could be ofgreat help to beginners.

1.2 Ch – Portable C/C++ Interperter

Ch [1] was originally developed by Cheng. Ch was designed as asuperset of C programming lan-
guage extended for numerical computing, network computing, distance learning and interpretive
programming. Ch language environment has other software modules integrated to its environment
using tools like Embedded Ch [3] and Ch SDK [4]. By using thesetools various software [5] has
been integrated to this environment. For example, OpenGL [6], OpenAL [7], XML [8] were in-
tegrated using ChSDK. The goal is to make Ch Language environment as a single destination for
heavily used softwares.

Unlike other mathematical software packages, Ch conforms to the open C/C++ standard. The
various high-level mathematical features of Ch such as complex numbers, matrix operations are
very useful in engineering applications. The availabilityof various other softwares that can be
executed in Ch environment makes it more comfortable for theuser to use the best software for a
given application. For example, Ch gives easy solution for mechanism animation, it could be the
ideal environment to develope mechanism related animation. The user speci�c development in Ch
can be done by adding small software module by the user, whichserves their personal requirement.
Once it has been inducted it remains in the environment for ever and can be used repetitively. This
makes the task of developing and maintaining the software assimple as possible.

1.3 Java

Java is considered as a simple, robust , architecture neutral, portable , multi threaded, dynamic
and secure programming language. Coding in Java is simpler because of its automatic memory
allocation and garbage collection. Java enables construction of portable software which is plat-
form independent. The same code can be executed on any operating system with the same result.
The presence of object-oriented programming, security established in executing a program and re-
striction in using them in improper way has always been advantageous in using Java and with the
presence of applets which can be handled with ease in case of using web has made Java a popular
language. A number of software modules were integrated withJava to harness the ability of Java
and also to give Java a greater �exibility in handling applications. Java was integrated with Python
[9], and its popularity lies in the combination of Java's libraries and tools with Python's rapid de-
velopement capabilties. JPerl was developed by integrating Perl and Java, which provides users
with the functionality of CPAN modules without having to rewrite them in Java [10]. REDUCE
was integrated with Java to improve its capabilities in handling algebric application [11]. For var-
ious reasons, Tcl [12] and OpenGL [13] were also integrated with Java and the aim was to utilize
the power of Java or for Java to improve on its capabilities.

Java's dif�culty in accessing the hardware and lower levelsof computer system was seam-
lessly removed by the usage of JNI [14] [15], which allows Java class to operate application and
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libraries written in other langauges such as C, C++ and assembly. This research project presents
the integration of Ch and Java through JNI.

1.4 Kaffe

Kaffe [16] is one of the implementations of Java virtual machine. It also provides the associated
class libraries needed to provide a Java runtime environment. It is also distributed by default
by most Linux distributors such as Redhat. As Kaffe is highlighted as a great choice for virtual
machine education and research, it would be helpful for beginners and researchers if Kaffe is
integrated with Ch language environment which also is an ideal choice for education and research
purpose [1]. But, on the other hand, kaffe technically is notJava although it has all the features of
Java except graphics at this point. Kaffe is on under active developement [16] and it contains all
the Java functions. This reasearch project also integratesCh and Kaffe to handle Java programs in
Linux.

1.5 Ch Package

Ch provides a �exible environment which can handle softwaremodule without compiling. Re-
searchers can use the capabilities of several software modules in a single program based upon the
need of applications. One of the Ch's salient feature is its capability of importing existing binary,
static and dynamic libraries using Ch SDK. A function in a binary C library cannot directly be
used in a Ch function. But these libraries can be integrated with Ch using Ch SDKwithout recom-
pilation. The other technology is the Embedded Ch. A binary application with embedded Ch can
invoke Ch scripts. Using these two technologies, Java and Kaffe was integrated with Ch through
JNI functions.

1.6 Scripting

Most software systems are seldom developed starting from scratch, but rather built using the ex-
isting libraries [17] which led to recent sprout in development of scripting languages [18].To have
various advantages over a compiled language a scripting language must provide two capabilities.
First, developers must have a large number of software components readily available to be used
in scripts. These components must support many applicationdomains such as graphical user in-
terfaces, internet communication or text processing [18].Secondly, the scripting language envi-
ronment must integrate seamlessly with software components and applications written in system
programming languages. These advantages can be seen in Ch script, where a Ch script can ac-
cess all the software that has been integrated to the Ch language environment and also integrate
seamlessly with other software component.

In this research project, the �rst part presents the usage ofChExcel for analyzing various mech-
anisms. Excel spreadsheets were developed for speci�c purpose which utilize Ch Mechanism
Toolkit in back end to analyze the mechanisms. It also exposes various other software integrated to
Ch to be accessed from Excel. The second part of this researchproject is focused on integration of
Java with Ch for Windows version and Kaffe for Linux. The �nalchapter illustrates application of
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ChJava in manipulating a mechatronic system in stand alone and in web-based application(client
side and remote).
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Chapter 2

Integration of Ch and Java

The requirements of application in engineering and scienceare so much varied that it could not
be a easy task in the future to �nd the right software for a given application. It is possible that
a new application may require new software to be developed. Each programming language has
its own adavntages and disadvantages, but with integratingsoftware, we can harness the power
and advantages of each software. The interesting part is that it is easy to integrate softwares
to accomodate the user requirements. Several work has been done in the �eld of integration of
software. For example TclBlend [19], JPerl [20] REDUCE [11]were integrated with Java either to
use Java properties or to improve Java capability. In case ofCh, software like OpenAL, OpenGL,
GTK and several other software were integrated to improve the capability of Ch language. These
integrated softwares can utilize the advantages of both languages. To utilize the capabilities of Java
from Ch and viceversa, ChJava [21] was developed.

2.1 Java Virtual Machine

A Java Virtual Machine sits, metaphorically, between a Javaprogram and the machine it is running
on. It offers the program an ”abstract computer” that executes the Java code and guarantee certain
behaviors regardless of the underlying hardware or software platform. Java compilers thus turn
Java programs not into assembly language for a particular machine but into a platform-neutral
”byte code”, which the machine-speci�c VM interprets on the�y. The Java virtual machine is not
aware of Java programming language but can handle a particular binary format, the class format.
A class �le contains Java virtual machine instructions (or bytecodes) and a symbol table, as well
as other auxillary information. The Java VM also enforces security policies, providing a sandbox
that limits what a Java program can do. For example, it restricts the Java applet from accessing
resources in client machine.

2.2 Portability

One of the most compelling reasons to use Java is its platformindependence as every Java program
is executed in a JVM irrespective of the underlying operating system. Java can be executed on most
of the platforms, including Windows 95 and NT, Macintosh, Solaris and several varieties of UNIX.
The major issue in porting from one platform to another is thedecision of storage and precision
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for basic data type as changes in numeric precision can affect calculations. Java de�nes the size
of basic types for all implementations, for example, aninteger in any platform is the same size
(and can represent the same range of values) as on every otherplatform. It does not permit the
use of arbitrary pointer arithmetic, so assumptions aboutstruct packing and sizes can't lead to
non-portable coding practices.

2.3 Java Native Interface

Java Native Interface (JNI)[14] is a native programming interface, which allows Java code that
executes inside a Java Virtual Machine (VM) to interoperatewith applications and libraries written
in other programming languages, such as C, C++ and assembly.One of the important bene�ts of
JNI is that, it imposes no restrictions on implementation ofthe underlying Java VM. It allows users
to write one version of native application which would work with all Java VMs supporting JNI.
As the popularity of Java increases and its ability to handlea wide range of problems and more
existing applications are made web friendly, it requires that the current projects be accessed from
Java. JNI provides the solution for accessing native methods from Java. JNI functionality is rich
and can be used to access existing native code with small modi�cations.

2.3.1 Features of JNI

Some of the JNI features are listed below.

Invoke Java Methods

JNI allows the developer to call Java methods from any class in accordance with class visibility
rules.

Create Objects

JNI allows to create any Java objects for any class accordance with class visibility rules.

Access Class Variables

JNI allows to access the Java instance variables for which a reference is available.

Throw and Catch Exceptions

JNI also throws exception to be handled by Java code. Also, native code can catch exceptions
thrown by either Java methods or JNI function calls.

Load Classes

JNI allows to write a class loader that uses native code to create a Java class from bytecode.

Create a JVM

JNI de�nes a mechanism for creating an instance of the JVM from with in an arbitrary native
application.
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2.4 ChJava and ChKaffe

The Invocation API of JNI provides function calls by which developer can realize the full power of
JVM from a native function. The Invocation APIs initializesJVM arguments, loads a JVM into an
application and attach/detach subsequently created native threads to the JVM. After completion,
the APIs either unloads or destroys the JVM created and cleans up the memory. Even though JNI
programs are portable across platforms, the native code hasto be compiled to different platforms.
ChJava and Chkaffe are Ch binding with functions of Java Native Interface. ChJava is the integra-
tion of Ch and Sun Java in Windows platform, whereas ChKaffe is for Linux platform. Kaffe is
an implementation of JVM. With ChJava or ChKaffe Ch can invoke a Java class in JVM across
platforms, which was not possible before as the C �le has to becompiled with respect to the under-
lying operating system. This feature of native function portablity along with Java JNI programs,
can be used to take advantage of a much larger resource pool and to utilize highly tuned codes for
performance.

2.5 Modi�cations Made in Kaffe Source Code

Kaffe is an open source software that can be downloaded from internet. The user has legal rights
to modify the source according to their requirement, which is an advantage with open source
software. But there are issues related to these softwares. These issues arises as no single person
can determine rules for an open source software in handling the application unlike the commerical
packages which speci�es what the application is capable of.For example, a menu driven software
does not allow the user to go beyond the options that has been provided. The bugs that are identi�ed
by the users are listed inChangeLog �les that comes with the software.

When Kaffe was �rst integrated with Ch, JNI functions in Kaffe, when called from Ch, failed in
a function namedprocessClass() . ThisProcessClass() was found to be a core funtion
in Kaffe. It prepares all necessary classes and threads before being used by the rest of the VM.
This makes every class interact with this function at some point of time. When JNI fucntions were
executed in Ch, there was some clash of symbols between Ch andKaffe. It was due to presence
of the same symbols in both Ch and Kaffe. The symbolignoreSignal in signal.c in Kaffe
was con�icting with Ch. This symbol when called from Kaffe ended up accessing the default Ch
kernel symbol instead of the Kaffe symbol, which led to the program termination abruptly. This
was identi�ed and �xed with the help of people involved in developing the Kaffe software[22].

2.6 Integration of ChKaffe and ChJava Using ChSDK

This section explains the integration of Kaffe and Java withCh using ChSDK via JNI C functions.

2.6.1 Methodology in Interfacing C libraries from Ch space

Ch's one of the salient feature is its capability of importing existing binary static and dynamic C
libraries using Ch SDK. Ch script space and C binary space have their own name spaces. As a
result, a function in C space cannot communicate with a function in Ch space directly. However by
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binding the DLL, a Ch program can extend its address space from Ch address space to C address
space during the execution, and communicate with functionsin binary C space.

To call a C function from Ch, it is necesary to create a wrapperfunction that can communicate
between Ch and underlying C function as shown in Figure 2.1. Awrapper funtion must have the
following characteristics [4].

Figure 2.1: Ch calls Java Class.

� It can be called from Ch and pass arguments to C functions.

� It can call C functions.

� It can return values from C functions to Ch scripts.

In Ch, wrapper functions includes Ch function �le (chf ) in Ch space andchdl functions in
C space. For example, when Ch functionjnifun() in a program is invoked, it loads the mod-
i�ed header �le with code that makes it compatible to Ch environment, then the corresponding
jnifun.chf �le which includes the de�niton of the Ch function, is loaded. The Ch func-
tion can be completely implemented either in Ch space or by calling a chdl function in a dy-
namic link library �le. The C binary function is called through one of the wrapper functions,
jnifun chdl.c , which is referred as thechdl function in C space.

2.6.2 Program in Ch space

To make the software Ch compatible, certain header �les weremodi�ed in addition to newly
developed Ch oriented wrapper classes. These modi�ed and newly developed �les are described
in the following section.

2.6.2.1 Header File

As the same header �le cannot be used in both C and Ch space, thefollowing code has been added
to the originaljni.h header �le to make it compatible to run in Ch environment and also to set
the path to load allchf anddl �les from the package.
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#if defined (_CH_)
#pragma package<chjava>
#include<chdl.h>
LOAD_CHDL(jni)
#define __int64 long long
#endif
.
.
#pragma importf <chjava.chf>

Program 2.1: Changes done in header �le jni.h in Ch space.

The macroLOADCHDL(jni) de�ned in the header �lejni.h invokes a function named
dlopen() , which locates and loads the DLLlibjni.dl into the address space of the run-
ning process. The function returns a handle,Chjni handle to the process which is used in
subsequent calls to functiondlsym() anddlclose() . If an attempt to load the library fails,
dlopen() returns NULL with an error message. In the same macro, a funtionatexit() is set
to close the DLL when the program terminates.

As declspec(dllexport) , declspec(dllimport) , stdcall has not been
de�ned in Ch language environment the original header �le was modi�ed as shown below. The
modi�cation was the addition of the conditional statement#ifdef WIN32 with an else statement
which de�nesJNIEXPORT, JNIIMPORT andJNICALL with no value.

#ifndef _JAVASOFT_JNI_MD_H_
#define _JAVASOFT_JNI_MD_H_
#ifdef WIN32

#define JNIEXPORT __declspec(dllexport)
#define JNIIMPORT __declspec(dllimport)
#define JNICALL __stdcall
#else
#define JNIEXPORT
#define JNIIMPORT
#define JNICALL
#endif

typedef long jint;
typedef __int64 jlong;
typedef signed char jbyte;

#endif /* !_JAVASOFT_JNI_MD_H_ */

Program 2.2: Modi�ed header �le jnimd.h in Ch space.

2.6.2.2 Function �le

In Ch, when a function, for example,jnifun() is invoked, Ch will search for a funtion �le
jnifun.chf , in the paths speci�ed in the system variablefpath . It is also possible that a
single Ch function �le may have all the function de�nitions to a single package. This may be done
when these functions have to be de�ned in the header �le and the number of �les is large. Writing
every function �le under a single.chf makes it easier to include those functions in the header
�le. The Program 2.3 shows an example of achf �le.

The function callfptr = dlsym( Chjni handle,"jnifun chdl") locates the sym-
bol jnifun chdl with in the DLL pointed to by handlerChjni handle . The application
then calls the function de�ned by the symbol using the functiondlrunfun() . The function call
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dlrunfun(fptr, &retval, jnifun, arg1, arg2)

executes the function found in the dynamically loaded object through the address pointed byfptr ,
which was returned by functiondlsym() . The second argument,retval receives the value
returned from the C space �le. By this a Ch function can communicate with a funtion in binary
module. If the function doesn't have return value,NULLshould be the second argument. The third
argument is the function name itself, in this case, it isjnifun , Ch will check for the type and
number of arguments left according to the function prototype. Starting with the fourth argument,
arguments of functionjnifun() , passed from Ch program, will be passed to thechdl function
jnifun chdl() .

#include <jni.h>
#include <dlfcn.h>

int jnifun(int arg1, double arg2)
{

void *fptr;
int retval;

fptr = dlsym(_Chjni_handle, "jnifun_chdl");
if(fptr == NULL)
{

fprintf(_stderr, "Error: %s(): dlsym(): %s\n",_func_, dl error());
return retval;

}
dlrunfun(fptr, &retval, jnifun, arg1, arg2);
return retval;

}

Program 2.3: Ch function �le.

2.6.3 Program in C space

The �le jnifun chdl.c may consists of variouschdl functions, which corresponds to func-
tions in JNI binary library. Thesechdl functions act as bridge for passing arguments to binary
functions in C space from Ch space and also pass the returned values to Ch space from C space.
Program listed below illustrates how these arguments are passed.

#include <jni.h>
#include <ch.h>

EXPORTCH int jnifun_chdl(void *varg)
{

ChInterp_t interp;
ChVa_list_t ap;
int arg1;
double arg2;
int retval;

Ch_VaStart(interp, ap, varg);
arg1 = Ch_VaArg(interp, ap, int);
arg2 = Ch_VaArg(interp, ap, double);
retval = jnifun(arg1, arg2);
Ch_VaEnd(interp, ap);
return retval;

}

Program 2.4: C space chdl �le.
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Thechdl function takes one argument of typevoid * . When an argument is passed from
thechf �le otherwise it does not take any argument. The argumentvarg is a pointer to actual
argument list. The macroCh VaStart(interp, ap, varg) initializes an object having
typeChVa list t for subsequent use by the macroCh VaArg() and functionCh VaEnd() .
These macros and functions are de�ned in the header �lech.h . TheCh VaArg() macro expands
an expression that has the speci�ed type and value of the argument in the call. The �rst invocation
of the Ch VaArg macro after theCh VaStart macro returns the value of the �rst argument
passed from thechf function. If more than one argument is passed, successive invocations return
the values of the remaining arguments. In this example, we assume functionjnifun() in DLL
accepts two arguments ofint anddouble types.

retval = jnifun(arg1, arg2)

The above expression calls the funtionjnifun() in C space with two arguments and saves the
return value in variableretval . The macroCh VaEnd(interp, ap) releases the memory
associated to the object of typeChVa list t .

2.6.4 Handling of Pointer to Function Declared Inside a Structure Having
Argument Pointer to Structure

The pointer to functions de�ned injni.h are members of a structure and each has a pointer
to that structure as one of their arguments. This kind of pointer to function needs some spe-
cial setups and wrapper function to handle these pointer to functions in C space from Ch space.
The structures that have pointer to function as its element are theJNINativeInterface and
JNIInvokeInterface in Kaffe and
JNINativeInterface andJNIInvokeInterface in Java.

2.6.4.1 Modi�ed JNI CreateJavaVM.chf

Machine generatedJNI CreateJavaVM.chf using c2chf does not have the capability to
handle these special pointer to function. To make it compatible, several changes were made in the
machine generatedchf �le to accommodate the requirements.

jint JNICALL JNI_CreateJavaVM(JavaVM **p_vm, void **p_en v,
void *vm_args)

The functionJNI CreateJavaVM is invoked from the program in Ch space, which has argu-
ments of double pointersp vm andp env and are used in keeping track of members of structure
declared in Ch space.

*p_env = &env_ch1;
*p_vm = &vm_ch1;

The above set of codes makes sure that the pointer to structure in Ch space is returned to Ch
space variables instead of the pointer declared in C space structure whereenv ch1 andvm ch1
are objects of the structures. By this, a seperate copy of thestructure is maintained in both Ch
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space and C space. The pointer to function used in JNI, pointsto the function in the binary library
in C space. These pointer to function when called from Ch is redirected to a Ch function de�ned in
header �lejni.h in Ch space. For this purpose a Ch function was created corresponding to every
pointer to function injni.h , by which a pointer to function called from Ch program, is redirected
to the new Ch function from where the required communicationis done with the C space. The Ch
space objects for the structure are declared inchjava.chf . These objects are used in interacting
with the elements of structure.

env_ch.FindClass = FindClass_fakech;

Similar toFindClass shown above, every pointer to function of the structure has the address
of the Ch function stored in it. On calling these pointer it calls the corresponding Ch functions it
has been de�ned to call.

The function �le JNI CreateJavaVM.chf calls the corresponding C space function lo-
cated in the C space library using thedlrunfun function.

dlrunfun(fptr, &retval, JNI_CreateJavaVM, p_vm, p_env,
vm_args)

Typically, the values that are obtained by executing the C space function are returned back to Ch
space for further processing. But in this case the pointer tostructure that is determined will not
be used in Ch space. The pointer that has been determined in C space would not be moved or
copied to Ch space. It would be used only in C space and accessing of C space pointers from Ch
is prevented and the objects of structures in C space and Ch space are maintained seperately.

2.6.4.2 Specially Created chjava.chf and chkaffe.chf File

As explained in the previous section, a pointer to function when called from Ch space is redirected
to a Ch function. These Ch functions are de�ned in thejni.h header �le. The header �le that
comes along with Java SDK has to be modi�ed to work in Ch space.In this case as number
of functions to be handled is high, all Ch function that represent to every pointer to function is
converged to a single Ch function �lechjava.chf for windows version andchkaffe.chf
for linux version. Seperate �les were written as the name of the structure de�ned in Kaffe and Sun
Java were different. This function �le is then called from the header �le jni.h using# import
pragma <chjava.chf> .

JNIEnv *env_cspace;
JavaVM *vm_cspace;

These two pointers to structures declared are dummy, as it isused only to maintain the integrity
of the syntax. These pointer to structure even though sent toC space is not used. Each variable
contain the address of the structure in Ch space and is sent asone of the argument in every function
of JNI as each function has a pointer to either of the two structure de�ned as its �rst argument. For
example, functionFindClass has the �rst argument pointer to a structure.

jclass (JNICALL *FindClass)(JNIEnv *, const char *)
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The declarations below create a seperate copy of Ch space structure. All pointers to function
that are accessed in Ch is the member of this object. When the pointer to function is called, it
redirects to a Ch function which is de�ned during execution of
JNI CreateJavaVM() function.

struct JNINativeInterface_ env_ch;
JNIEnv env_ch1=&env_ch;
struct JNIInvokeInterface_ vm_ch;
JavaVM vm_ch1 = &vm_ch;

jclass JNICALL FindClass_fakech(JNIEnv *env, const char * name) {
void *fptr;
jclass JNICALL retval;

fptr = dlsym(_Chjni_handle, "FindClass_fakech_chdl");
if(fptr == NULL) {

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

dlrunfun(fptr, &retval, NULL, env_cspace, name);
return retval;

}

Program 2.5: Ch function �le for FindClass.

The above function inchjava.chf does the necessary replacement by which it can access
the C spaceFindClass pointer to function. It �ndsFindClass fakech chdl function in
libjni.dl and sends in required argumentsenv cspace andname. The return value from C
space is captured in variableretval . This retval is then sent to the Ch space program where
the result is used for further processing. Similarly for allpointer to function declared inside the
structure, corresponding Ch funtion are created to access its corresponding binary �le.

2.6.4.3 Modi�ed JNI CreateJavaVM.c File

The machine generatedJNI CreateJavaVM.c usingc2chf �le was not suf�cient to handle
these special pointers to function. The functionJNI CreateJavaVM chdl is called �rst to
create the bridge between C space and JVM. This function creates, allocates memory and returns
the corresponding address to C space using which communication between C space and JVM is
maintained.
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Figure 2.2: Describes Working of JNICreateJavaVM().

In addition to the double pointers declared by machine generated function, a single pointer
to structure is declared forJavaVM andJNIEnv . This is done to keep a seperate copy of the
structure in C space. This object to structure is used for every operation in C space.

JavaVM *jvm_C
JNIEnv *env_C

By this the C space variables have the addresses stored in these two temporary variablesjvm C
andenv C. All the pointer to function called in Ch, pass through the bridge between C and Ch and
�nally when it is called from the C space, it is called using the pointer that was determined by the
JNI CreateJavaVM in C space.

ThisJNI CreateJavaVM chdl function has C spacechdl functions of all pointer to func-
tion that has been declared in the structure. Asc2chf does not have the capacity to generate func-
tions for a pointer to function having a pointer to structureas an argument, every C space function
for each of these pointer to function was hand written insidethis function.
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EXPORTCH jclass FindClass_fakech_chdl(void *varg)
{

va_list ap;
JNIEnv *env;
const char *name;
jclass retval;

Ch_VaStart(interp, ap, varg);
env = Ch_VaArg(interp, ap, JNIEnv *);
name = Ch_VaArg(interp, ap, char *);
retval=FindClass(env_cspace,name);
Ch_VaEnd(interp, ap);
return retval;

}

Program 2.6: C space function for FindClass.

For example, in the above listingFindClass fakech chdl is the C space function that
was specially written to handle theFindClass pointer to function. This function is called with
the necessary arguments passed from Ch space except the pointer to structure. Once it performs
the necessary action, it returns the output to the variableretval . This value is then sent back
to the corresponding Ch function �le as shown in Figure 2.3. It is then forwarded to the original
program and is manipulated according to the user requirement.

Figure 2.3: Describes Working of FindClass Pointer to Function.
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2.6.5 Building Dynamically loaded library

Considering allchdl function is in �le jnifun chdl.c , which shall be used to build DLL
libjni.dl . The make�le shown below can be used to buildlibjni.dl .

INC= -I JAVA_HOME/include -I JAVA_HOME/include/win32
LFLAG= JAVA_HOME/lib/jvm.lib

target: libjni.dl

libjni.dl:jnifun_chdl.obj
ch dllink libjni.dl jnifun_chdl.obj $(LFLAG)

jnifun_chdl.obj: jnifun_chdl.c
ch dlcomp libjni.dl jnifun_chdl.c $(INC)

clean:
rm *.obj *.dl

Program 2.7: Make�le to create libjni.dl.

The object �le jnifun chdl.obj is generated fromjnifun chdl.c with command
dlcomp . The argumentlibjni.dl indicates the generated object �le will be used to build
dynamically loaded librarylibjni.dl . The option $(INC) provides an additional search path
for header �les. The DLLlibjni.dl is build from the object �lejnifun chdl.obj using
dllink which also link, JVM libraryjvm.lib indicated by $(LFLAG) to use the binary C �les.

2.6.6 Classic ”HelloWorld” Example for ChJava and ChKaffe

Following the above discussed procedures, ChJava for Windows and ChKaffe for Linux were de-
veloped. It was then tested with the classic ”Hello World” program which also access the variable
declared in Java from C. As it is executed in Ch environment, the C �le is not compiled, assuming
ChJava and ChKaffe has been installed in Windows and Linux respectively.
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#include <jni.h>
#include<stdio.h>
#define USER_CLASSPATH "." /* where Prog.class is */

void main() {
JNIEnv *env;
JavaVM *jvm;
jint res;
jclass cls;
jmethodID mid;
jstring jstr;
jclass stringClass;
jobjectArray args;

jfieldID fid;
int c_int;

JavaVMInitArgs vm_args;
JavaVMOption options[1];
options[0].optionString =

"-Djava.class.path=" USER_CLASSPATH;
vm_args.version = 0x00010002;
vm_args.options = options;
vm_args.nOptions = 1;
vm_args.ignoreUnrecognized = JNI_TRUE;
/* Create the Java VM */
res = JNI_CreateJavaVM(&jvm, (void**)&env, &vm_args);

if (res < 0) {
fprintf(stderr, "Can't create Java VM\n");
exit(1);

}
cls = (*env)->FindClass(env, "Prog");
if (cls == NULL) {

goto destroy;
}

Program 2.8: Demo program in C space invoke.c.

mid = (*env)->GetStaticMethodID(env, cls, "main",
"([Ljava/lang/String;)V");

if (mid == NULL) {
goto destroy;

}
jstr = (*env)->NewStringUTF(env, " from C!");
if (jstr == NULL) {

goto destroy;
}
stringClass = (*env)->FindClass(env, "java/lang/String ");
args = (*env)->NewObjectArray(env, 1, stringClass, jstr) ;
if (args == NULL) {
goto destroy;
}
(*env)->CallStaticVoidMethod(env, cls, mid, args);
fid = (*env)->GetStaticFieldID(env, cls, "java_int", "I" );
c_int = (*env)->GetStaticIntField(env, cls, fid);
printf("Value of java_int accessed from C space : %d \n",c_i nt);
destroy:
if ((*env)->ExceptionOccurred(env)) {

(*env)->ExceptionDescribe(env);
}
(*jvm)->DestroyJavaVM(jvm);

}

Program 2.9: Demo program in C space invoke.c (contd.).
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The above program is interpretively executed in Ch. The �rstpart of the code does the dec-
laration and initialization of all the variables that wouldbe used in the program. The function
JNI CreateJavaVM when invoked in Ch, calls the corresponding Ch function �le which in turn
calls thechdl �le in C space. As explained earlier a seperate copy of pointer is maintained in C
space and Ch space.(*env)->FindClass(env, "Prog") �nds the class Prog, which was
generated using the Java tooljavac that comes along with Java SDK.

mid = (*env)->GetStaticMethodID(env, cls, "main",
"([Ljava/lang/String;)V")

This function identi�es the method ”main” in the class that was loaded in the JVM. The methods
and variables are identi�ed using its name and its unique signature. The signature of the members
of a Java class can be identi�ed using the tooljavap -s . The signature of the method main
([Ljava/lang/String;)V is used in identifying the method.

jstr = (*env)->NewStringUTF(env, " from C!")
stringClass = (*env)->FindClass(env, "java/lang/String ")
args = (*env)->NewObjectArray(env, 1, stringClass, jstr)
(*env)->CallStaticVoidMethod(env, cls, mid, args)

These API's calls the method ”main” with the argument that has been stored in the variable ”jstr”.
The following Java program is compiled to a byte code (.class) and is executed from the C program.

public class Prog {
public static int java_int;
public static void main(String[] args) {

System.out.println("Hello World from java \n" + args[0]);
java_int = 10;
System.out.println("Value of java_int in java " + java_int );

}
}

Program 2.10: Demo program in Java which is executed from invoke.c.

The output of this program is shown in Figure 2.4. The variable java int declared and
intialized in the Java space is also accessed from Ch. The APIGetStaticFieldID is used in
identifying the variable in the Java program. This identi�ed variable is then accessed by,

(*env)->GetStaticFieldID(env, cls, "java_int", "I")

where ”javaint” is the variable name in the Java program and ”I” is the signature of the variable.
Similarly variables in the Java program can also be initialized using the APISetStaticFieldID .

Figure 2.4: Output of hello.c interpretively executed fromCh space.
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Figure 2.5: Ch interpretively invokes Java application with AWT GUI.

Figure 2.6: Ch interpretively invokes Java application with Swing GUI.

Theinvoke.c program referred in this section was used in demonstrating the usage of both
text and GUI aspect of Java. On changing the class name that isbeing invoked, the GUI generating
class is executed in the JVM.
cls = (*env)->FindClass(env, "AwtDemo")
cls = (*env)->FindClass(env, "SwingDemo")
The two classesAwtDemo, SwingDemo [23] with output shown in Figures 2.5 and 2.6 demon-
strates the GUI capability of Java which are now accessible from Ch.

2.7 Integration Java and Ch Using Embedded Ch

As seen from the previous section Java or Kaffe was integrated with Ch using Ch SDK. Embedded
Ch is used in executing the Ch scripts from a Java program. This is performed by embedded Ch
programs in binary application in C space which is launched �rst as shown in Figure 2.7. There
by the program invokes Ch scripts through an Embedded Ch scripting engine. When Ch scripting
engine is embedded, executable program, binary functions and Ch scripting are part of the same
application. In this case, the addresses of both C/C++ and Chspace can be shared, therefore it is
much easier and simpler to call a C/C++ function from Ch spaceor call Ch Script from C space.
The main advantage of embedded Ch is that softwares modules Ch can be utilized from Java.
For example, the Ch Bhand package which is used in controlling the Barret Robot Hand, can be
executed from a GUI front end which can be developed by using Java. This section would explain
the execution of Ch script from Java.
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Figure 2.7: Java Calls Ch Script.

2.7.1 Java Program Invoking a Native Function

Java Program with JNI is used in accessing the native function through which the Ch scripts are
invoked. The Java program listed below with JNI functions access the native functionfunc .

class HelloWorld {
public native int func(int java_int);
public static int return_int;

static {
System.loadLibrary("hello");

}

public static void main(String[] args) {
int java_int = 5;
System.out.println("\n Value sent to C "+java_int);
return_int = new HelloWorld().func(java_int);
System.out.println(" Hello from Java \n");
System.out.println(" Value returned from C "+ return_int+ "\n");

}
}

Program 2.11: Java code that calls a native function (binaryC/C++ code).

This program is compiled to generate the class �le using the tool javac that comes along
with th Java SDK. The declaration of the C function includes keywordnative to signify the
compiler that this function is implemented externally. Thenative functionfunc that has been
declared in this example has a return type of integer and alsoan integer argument. The machine
generated header �le using this class �le, has the declaration of the native method as viewed by the
C compiler. On executing,

System.loadLibrary("hello")

it loads the library �le ”hello.dll ” from the current directory.

return_int = new HelloWorld().func(5)
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calls the native function in the library �le, which after manipulation of the argument in C space
returns the output to the variablereturn int in Java program which can be used for future
manipulation.

2.7.2 Machine Generated Header File

Thejavah tool is used to generate theHelloWorld.h header �le which has the declaration of
the functionfunc . This header �le is included in the C �le that de�nes the native function.

/* DO NOT EDIT THIS FILE - it is machine generated */
#include <jni.h>
/* Header for class HelloWorld */

#ifndef _Included_HelloWorld
#define _Included_HelloWorld
#ifdef __cplusplus
extern "C" {
#endif
/* Inaccessible static: return_int */
/*

* Class: HelloWorld
* Method: func
* Signature: (I)I
*/

JNIEXPORT jint JNICALL Java_HelloWorld_func
(JNIEnv *, jobject, jint);

#ifdef __cplusplus
}
#endif
#endif

Program 2.12: Header �le (HelloWorld.h) that declares the native C function ”func”.

The methodfunc is automatically pre�xed with the word Java and the class name HelloWorld
and will also have package name if it was developed under a package name. The method also
includes other arguments like JNIEnv and jobject which are required by the C function to access
the Java methods and its properties, whose arguments are de�ned in terms of standard C types.
The name of the method de�ned in the C �le is same as that has been declared in the machine
generated header �le.

2.7.3 Program in C Space

The programjni func.c has the set of API's by which communication to Ch script is created,
maintained and destroyed. The set of declarations statements that make the initial part of the
program is to create the link between the exectuables and Ch Script.
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#include <jni.h>
#include "HelloWorld.h"
#include <stdio.h>
#include <embedch.h>

JNIEXPORT int JNICALL
Java_HelloWorld_displayHelloWorld(JNIEnv *env, jobjec t obj, jint c_int)
{

ChInterp_t interp;
int status;
char *argvv[]={"embedch.ch", NULL};
ChOptions_t option;
int *pii, funret;
double *pdd;
void *chfunhandle;
int i;

/* initialize embedded Ch */
option.shelltype = CH_REGULARCH;
option.chrc = CH_USERCHRC;
option.chrcname = strdup("./chrc");
option.chhome = strdup("c:/ch/toolkit/embedch");
Ch_Initialize(&interp, &option);

printf("Hello world! from c\n");
/* run a Ch function file */
status = Ch_RunScript(interp,argvv);
if(status == CH_ERROR)

printf("Error: execution of program embedch.ch failed\n" );

/* Ch function is called */
chfunhandle = Ch_SymbolAddrByName(interp, "chfun");
Ch_CallFuncByAddr(interp, chfunhandle, &funret, c_int) ;

printf("Hello world! from c\n");
printf("Value received from Java %d \n",c_int);
printf("Value returned to Java %d \n",funret);

return funret;
}

Program 2.13: Native C function invoked from Java program invoking Ch script.

The argvv pointer that has been declared stores the path of the Ch script �le that has to
executed followed by the command line argument. Object for the ChOptions t is declared
which has four member �elds which is used in declaring the shell type, startup �le �ag, startup �le
name and embedded Ch home directory.

option.shelltype = CH_REGULARCH;
option.chrc = CH_USERCHRC;
option.chrcname = strdup("C:/Ch/config/chrc");
option.chhome = strdup("C:/Ch");

CHREGULARCHindicates the usage of the regular shell andCHUSERCHRCis to invoke Ch
default startup �le. The other two declarations contains the path of the startup �le and Embedded
Ch home directory.Ch Initialize (&interp, &option) initialize embedded Ch for
executing Ch scripts from C space. This function returns eitherCHOKon sucess orCHERRORon
failure. On executing this function, the required connection is made to Ch and by which Ch scripts
can be executed which are placed either in the current directory or in the directory that has been
included in path .
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status = Ch_RunScript(interp,argvv);

Ch RunScript executes a Ch program from C space. The �rst argument is the Chin-
terpreter and the second argument has both �lename and command line argument for it. The
return value is of either CHOK or CH ERROR for success and failure which is stored in variable
status . Once this fuctions is sucessfully executed, variables andfunctions inside the script can
be accessed by other APIs using the same interpreterinterp . Ch SymbolAddrByName loads
address of functionchfun from the loaded script �le into another variable. This variable is used
in calling the corresponding funtion by
Ch CallFuncByAddr , which has arguments in the order of interpreter, function name, ad-
dress of the variable which would get the return values for speci�c function and continued by the
arguments to the function called.

chfunhandle = Ch_SymbolAddrByName(interp, "chfun");
Ch_CallFuncByAddr(interp, chfunhandle, &funret, c_int) ;
free(option.chrcname);
free(option.chhome);
Ch_End(interp);

On completing the required process all memory allocated forvariables are freed byfree()
function and the interpreter is stopped by functionCh End() .

The above native function is compiled and linked as a dynamiclink library. The library �le can
be developed using different compilers either in command shell or in an Integrated Development
Environment. Themakefile given below can be used in building thehello.dll �le. The li-
brary �les chsdk.lib, embedch.lib, advapi32.lib are required to generate thedll .
The various include �les that has been used in the program is found inch home/extern/include .

cl -I JAVA_HOME\include -I JAVA_HOME\include\win32 \
-I CH_HOME/extern/include \
CH_HOME/extern/lib/chsdk.lib \
CH_HOME/extern/lib/embedch.lib advapi32.lib \

-LD HelloWorldImp.c /MD -Fehello.dll

The same Java class can also be executed in Linux invoking a Chscript. But the library �le
hello.so is created using the Kaffe libraries.

cc -I KAFFE_HOME/include -I KAFFE_HOME)/include/linux \
embedch1.c -lc -o hello.so \
/usr/ch/extern/lib/libchsdk.a \
/usr/ch/extern/lib/libembedch.a \
-lm -ldl -lcrypt -lcurses \
-shared
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2.7.4 Script File in Ch Space

The Ch Script �le in Ch space is not different from an any otherCh program. It includes the
required header �le and has access to all functions that any other Ch program would have. The
script �le has a functionchfun() which is called from the C program. This script �le �nds the
square of the number that has been passed from the Java program through native function. It also
returns the result to the native function which in turn sendsit back to the Java program. This script
�le can be modi�ed while the program is being executed. The advantage of modifying code on �y
can be helpful in various applications.

int chfun(int arg1) {
printf("Inside the Ch script,\n\t Value received from Java = %d\n", arg1);
return arg1 * arg1;

}

Program 2.14: Script �le in Ch space.
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Chapter 3

Manipulation of Mechatronic System
Through Internet Using Ch Java

The ability of a Ch program to utilize various software is demonstrated in this chapter by control-
ling a mechatronic system through Ch Java. One Java's salient feature is running applets inside
web browsers for web based applications. In this demonstration, Internet Information Server on
Windows is used in hosting Java applets to manipulate Barrett Hand in the client side and was
connected to Tomcat web server to manipulate the mechatronic systems in a remote location using
JavaServer Page (JSP).

3.1 Web Servers

As this demonstration is done over internet, suitable web servers were chosen. Windows IIS web
server was chosen due to the popularity of Window componentsand with ease the server can be
created. IIS provides integrated, reliable, scalable, secure and manageable Web server capabilities
and also a stable and secure platform for running dynamic network applications. IIS takes advan-
tage of latest Web standards for developement, implementation and management of Web sites.

As IIS web server does not support JSP directly, Apache Jakarta Tomcat [24] was choosen
to host JavaServer Pages, which were used in manipulating a mechatronic system in a remote
location. Tomcat is a servlet container that is used in the of�cial reference implementation for the
Java Servlet and JavaServerPages technology. To utilize the same port and to exploit the advantages
of hosting a web page through a single server, IIS and Tomcat web servers were connected using
Tomcat connectors.

3.2 Mechatronic System Used For Demonstration

The term ”Mechatronics” is used for intergration of electronics, control engineering and mechan-
ical engineering [25]. Barret technology provides a simpleBH8-series BarrettHand mechatronic
system[26]. This system was chosen to demonstrate the capability of ChJava in controlling a
mechatronic system. BarretHand is a multi-�ngered programmable grasper to secure target ob-
jects of different size, shapes and orientations. BarrettHand communicates by industry standard
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serial communication. BarrettHand neatly houses a CPU, software, communications electronics,
servo-controllers and brushless motors and is connected tothe CPU through the serial port.

3.3 ChBhand

An interface between C library provided by Barrett technologies and Ch was developed to manip-
ulate BarrettHand from Ch [27]. The interface can be downloaded from internet and can be inte-
grated with Ch. The integration allows various other software to access the BarretHand through
Ch. This research project demonstrates the control of BarrettHand from Java through Ch, using
ChBhand [27].

3.4 Mechatronic System Manipulation Through GUI

With Ch Java package, Ch can access high quality GUI developed using Java components. For
example, BarretHand can be controlled using a GUI front end designed using Java and back end
control sequence from Ch. The availablity of Java's wide variety of classes, can be used in de-
veloping a GUI according to the user speci�cations. Java GUIcan have variety of interface like
sliders, buttons which makes the front end more user friendly.
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Figure 3.1: GUI used as Front End.

To demonstrate this, a GUI shown in Figure 3.1 was designed tomanipulate the mechatronic
system. This GUI consists of three buttons namely ”Start”, ”Stop” and ”Reset”. The serial port
is opened for communication and BarrettHand is being initialized on invoking theStart button.
Reset brings the �ngers to their home position andStop button closes the serial port communi-
cation. The GUI also has four slider components to manipulate each �nger individually. The �rst
slider in GUI manipulates the radial position of the �nger 1 and 2 whereas, the other three sliders
represent the three individual �ngers, which can be moved tothe required location that varies from
0 to 180 degrees.

Accessing the GUI developed to manipulate the mechatronic system is done in two different
ways. This can be done either by invoking a JVM from a Ch program and executing a Java class
�le as shown in Figure 3.2 or using Embedded Ch where a Java class invokes a native function that
intialize and access embedded Ch script as shown in Figure 3.3.
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Figure 3.2: Usage of same GUI in accessing the mechatronic system through Ch using JVM.

Figure 3.3: Usage of same GUI in accessing the mechatronic system through Ch using Embedded
Ch.

3.4.1 Manipulation of Mechatronic System using ChJava

A C program is executed interpretively without compiling inCh to access the Java class. The
program uses various functions available in JNI to communicate with the variables declared in Java
class. The GUI components are continuously scanned by Java program using dedicated variables,
whose value changes on using the components. These changed values are accessed by Ch to
perfrom the required actions.

fid = (*env)->GetStaticFieldID(env, cls, "fps", "I")
fps = (*env)->GetStaticIntField(env, cls, fid)

This code in Ch keeps track of the variablefps in a Java program, which listens to the actions
performed on GUI components. In case of the slider component, it reads the changed state of the
slider, which is monitored from Ch using the same function that was used in listening the button
components. According to the action performed on the GUI, a corresponding control sequence
is passed to the mechatronic system from the Ch program. Thisis an example of how a Java
application can run in Ch.

3.4.2 Manipulation of Mechatronic System Using ChJava

The same GUI was used in testing ChJava ability to manipulatethe mechatronic system. The same
Java program was modi�ed by adding JNI functions to communicate with the native function. In
this case, Java class is executed �rst, which during runtimecalls the native C �le. The keyword
native in public native void movefinger(int fingerno, int moveto) in-
dicates the presence of the native functionmovefinger . When theslider is moved, Java
program reads the changed state and calls the correspondingnative function with arguments.

SliderDemo().movefinger(finger\_number, new\_locatio n)
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The arguments inmovefinger represents, the �nger number that is to be moved and and its
new position. On executing this statement, native functionmovefinger initialize embedded Ch
and invokes the required Ch script with arguments to manipulate the BarretHand system using the
ChBhand package.

3.5 Web-Based Interface of Java with Portable C/C++ Code

The Web application capabilities of Java were utilized in increasing the ability of Ch. The current
available feature allows a Ch script to be invoked through CGI in the server. Using Java applet,
a Ch script can be invoked either in the client side or in the server side. In case of client side
invocation, the dynamic link library �le and the Ch scripts are installed �rst on the client machine.
In case of accessing the Ch script in a remote location, the loaded applet calls a JSP which in turns
calls native function to invoke the Ch script through Java class. These methods are explained in
the following sections through an application.

3.5.1 Mechatronic System Manipulation Using Web Browser inClient Side

A Java applet hosted in an IIS webserver was used in manipulating the BarrettHand in the client
side. In this demonstration, BarrettHand is connected to the client machine and the program to
manipulate is on the web server. By this the master program isalways under the control of de-
veloper and is prevented from unauthorised personnel accessing it. This method of distributing
the program from a server to various clients can reduce cost and time, in developing programs for
similar jobs with same machines across the world. As the script �les are downloaded to the client
machine, it can also be changed to meet the users speci�c requirements. As Java was embedded to
Ch, Ch scripts can be executed from Java in the client machine. The ChBhand package is used in
interacting with the BarrettHand system. The control of manipulation of BarrettHand can be seen
in Figure 3.4. Signed applets [28] were created to access theclient machine hardware and software
resources.
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Figure 3.4: Barrett Hand manipulation in client location.

Figure 3.4 illustrates the control �ow involved in a handling a mechatronic system in client
side. The IIS webserver is placed in the laboratory, where the program are developed and main-
tained. The user on accessing this web site, can download therequired �les to local machine and
manipulate the Barret Hand using the web interface locally.

3.5.1.1 IIS Web Browser and HTML File

IIS webserver 5.1 which comes along with WindowsXP professional edition is used in this demon-
stration. Opening of default webpagehttp://localhost/localstart- .asp indicates
the presence of webserver. On failure IIS webserver can be installed in Windows XP operating
system by following the procedure given below.

� Click Control Panel.

� Click Add/Remove Program.

� Click Add/Remove Windows Component.

� Check Internet Information Service Box.

� Follow the instruction and �nish the installation.

Thehtml �les to be hosted are placed atC:/Inetpub/wwwroot/ in the web server. These
web pages can now be accessed from any part of the world through internet by accessing the web
server. The client machine has to be made compatible to run this demonstration which is done by
installing the.dll �le, and the required Ch script �les. The.dll , is created by compiling the C
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�le which create and maintain a bridge between JVM, C space and Ch space. All these required
�les are stored infiles.tar �le and is made available for downloading as shown in Figure 3.5.
The user shoulduntar the downloaded �les to the using home directory.

Figure 3.5: The Web page from which �les are to be downloaded.

3.5.1.2 Signed Applet

Java's security mechanism prevents applets to access the resources of a client machine. To over-
come this problem the applets that was developed to access and execute the.dll �le in the client
were signed. By signing, these applets would carry a certi�cate issued by the applet developer.
The clients who trust these certi�cate can allow the appletsto access their hard disk by granting
permission. The applets in this demonstration were self certi�ed. The basic steps to be followed
to create the signed applet are explained in this section. The command

keytool -genkey -alias testkey -validity 365

generates a self certi�cate and posts several questions to the developer. The termgenkey indi-
cates the generating a certi�cate with nametestkey , which is indicated with the optionalias
and is valid for 365 days referred by the optionvalidity . The information given by the devel-
oper is passed on to the user when they use the applet signed bythis certi�cate. On reading this
information, the user decides on trusting the applet. Figure 3.6 shows the set of questions that the
developer has to answer to create the certi�cate, which actually gets the details of the person and
organization involved in developing the applet.
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Figure 3.6: Snapshot of Certi�cate Details.

javac test.java converts the Java �letest.java to byte codetest.class which
is portable across platform. All the classes that are required to execute the applet are put in a single
jar �le using the following command.

jar cvf test.jar test.class test1.class

keytool -delete -alias testkey deletes a certi�cate with the name
testkey that has been already created. This could be done if a certi�cate with the same name
has been issued for other purpose and is no longer in use.

The issued certi�cate is then related to the applet by signing thejar �le which contains all the
class �les that is required for the applet to function.

jarsigner test.jar testkey

signstest.jar with a certi�cate namedtestkey . When the applet in thisjar �le is accessed
it �rst shows the certi�cate to get permission from the user.Only when the user accepts the
certi�cate, shown in Figure 3.7, the applet would perform its role, if the user does not accept the
certi�cate, the applet cannot access the hard disk of the client machine.
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Figure 3.7: Certi�cate for a signed applet.

3.5.2 Java Applet Used as GUI

Applets are Java programs that can be embedded in a HTML document and can run using a browser
that views the document. Applets are being used in a wide varietys of �eld like teaching [29], teler-
obotic system [30], in assembly plant [31], etc. The client side manipulation is performed by �rst
downloading the required �les (.dll and Ch script) to the client machine and are then executed from
an applet. The applet shown in Figure 3.8 hosted from a web server is used in manipulating the
BarretHand connected to the client machine. This applet hasthe same features of the stand alone
GUI explained in the previous section. On perfroming any action on the applet, the JNI functions
in the Java program executes the corresponding native function from the downloaded.dll �le.
This native function makes the necessary communication to aCh script The Ch script sends the
control sequence to the BarretHand in the client machine to perform the desired manipulation.
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Figure 3.8: Snapshot of an applet.
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Figure 3.9: Communication between Java applet and Ch scriptin the client side.

Figure 3.10: Communication between Java applet and Ch script in a remote host.

3.6 Manipulation of Mechatronic System in Remote Host using
Web Browser

This section describes the manipulation of a mechatronic system in a remote host using Ch script.
This is done by invoking Ch script either using CGI or JSP as shown in Figure 3.10.

3.6.1 Invoking Ch Script in Remote Host using CGI

An applet can invoke a Ch script in a remote location using theCh CGI toolkit [32]. One of the
most important applications of CGI is handling �ll-out forms and generates web pages dynamically
[32]. Ch CGI scripts can now be invoked from Java applets. An applet typically consists of several
GUI components which are read from the program. The values from a GUI are sent to the Ch
script using the URL object from Java as shown below.

URL testurl;
testurl = new URL("http://phoenix.engr.ucdavis.edu/
cgi-bin/paper/start.ch" + "?" + "id=" + fps + "&" +
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"moving="+ move);
getAppletContext().showDocument(testurl, "_blank");

The URL contains parameters that are required for the Ch script, to control the mechatronic system.
For example, in the URL shown above, the value generated in the Java class,fps andmove are
sent to Ch script. These values are sent in the names ofid andmoving respectively. This URL
opens a blank web page having the variablesid andmoving as its arguments with its values.

#!/bin/ch

#include <cgi.h>
#include <stdlib.h>
#include <unistd.h>
#include <bhand.h>
#include <stdio.h>

void start() {
InitSerial("COM1");
InitHand();

}

void stop()
{

CloseSerial();
}

int reset()
{

InitHand();
}

void movefinger(int fingerno, int moveto)
{

switch(fingerno)
{

Program 3.1: Ch script �le for server side manipulation of mechatronic system using CGI.
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case 14:
GoToDifferentPositions(50,50,50,moveto* 15);
break;

case 11:
GoToPosition('1', moveto*100);
break;

case 12:
GoToPosition('2', moveto*100);
break;

case 13:
GoToPosition('3', moveto*100);
break;

}
}

int main() {
class CRequest Request;
int num;
int id, move;
chchar *x, *y, *expr;

x = Request.getForm("id");
y = Request.getForm("moving");
id = strtod(x, NULL);
move = strtod(y, NULL);
switch(id)
{

case 1:
start();
break;

case 2:
reset();
break;

case 3:
stop();
break;

default:
movefinger(id,move);

}
}

Program 3.2: Ch script �le for server side manipulation of mechatronic system using CGI.(contd.)

The Ch script listed in Program 3.2 called from the applet is used in handling the input. The in-
put arguments that were sent in URL invoking the Ch script is parsed.x = Request.getForm("id")
parses the value that is represented by the stringid and stores in a Ch variablex. The parsed value
is in the form of string and is converted to double precision data type usingstrtod function. The
parsed data is used according to the application requirement from Ch. In this example,id speci�es
the �nger number andmove speci�es the new location of the �nger.
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Figure 3.11: Manipulation of Mechatronic System in Remote Location Using CGI.

3.6.2 Using JSP to Invoke a Ch Script

In case of CGI, for every request that comes in, the web serverhas to create a new operating
system process, load an interpreter and a script, execute the script and then close the process. This
prevents the client and server to have a continuous communication, that is, all initializations have
to be performed everytime a Ch script is invoked. For example, in accessing a hardware, it has to be
initialized everytime it is being accessed. This allows one-time one-way communication between
the mechatronic system and the applet as shown in Figure 3.11. To overcome this shortcoming,
the communication with server was done through JavaServer Page(JSP). As IIS web server does
not support JSP application, Apache Tomcat webserver [24] was used in hosting a JSP. An IIS
webserver was connected to Tomcat webserver using Tomcat connectors [33] for several reasons
[34] which are listed in the following section. The procedure involved in communicating with
Ch script from the applet through JSP is shown in Figure 3.12 and is explained in the following
sections.

40



Figure 3.12: Barrett Hand manipulation in server side.

3.6.3 JavaServer Page

JavaServer Page is a technology for developing web pages that include dynamic content. JSP has
the ability to change its contents based on any number of variable items, including identity of user
and also the selection made by the user. Using CGI is computationally expensive for the server,
to prevent that several alternatives have come in but still there exist a common problem where
they generate web pages by embedding HTML directly in programming language code [35]. JSP
instead, allows the developer to embed special elements into HTML page. They look similar to
HTML pages but behind the scene they are actually componentized Java programs that the server
executes.

Manipulation of Barrett Hand in remote location has been demonstrated using JSP in backend
and Java applet as a GUI front end. From the applet, a JSP is invoked by using theURL class
de�ned in Java. While invoking a particular JSP using a URL, it also contains several arguments
that are sent to JSP for evaluation. In this demonstration, the inputs given to the JSP are the �nger
number and the slider value manipulated by the user or details about the button that has been
invoked. For example, to send the values of the �nger number and its new position read from the
slider, a new object to URL class is de�ned.

testurl = new URL("http://phoenix.engr.ucdavis.edu/che cking/
paper/hello.jsp" + "?" + "id=" + fps + "&"
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+ "moving=" + move);
getAppletContext().showDocument(testurl, "_blank");

In the above de�nition, a JSP is invoked with the arguments ”fps” and ”move”. These two values
are determined in the Java applet which invokes the JSP. The names ”id” and ”moving” referred in
the JSP, have the values offps andmove, respectively. These two values are parsed by the JSP
�le to be used for the given application. The JSP �le that is being called is listed in Program 3.3.

<html>
<head>
<title>
Trying out JNI
</title>
</head>
<body>
<%@page language="java" import="paper.*"%>
<jsp:useBean id="hello_id" scope="page" class="paper.b handjava" />

<jsp:setProperty name="hello_id" property= 'num'
param="id"/>

<jsp:setProperty name="hello_id" property= 'move'
param="moving"/>

</body>
</html>

Program 3.3: JSP �le parsing the arguments

This JSP calls thebhandjava.class �le from the paper package which has two function
namelysetNum andsetMove that would be accessed from JSP.

The Java class that is accessed from JSP contains the required JNI functions through which the
native C functions are accessed. These native C functions initialize Embedded Ch to access Ch
scripts. The Java program with JNI is listed in Program 3.4.
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package paper;
import java.lang.String;
public class bhandjava {

private native void runbhand(int num1, int num2);
public static int i;
public static int mov;
public void setNum(String id) {

i = Integer.parseInt(id);
System.out.println("i="+ i);

}
public void setMove(String moving)
{

try{
System.load("c:/Program Files/jakarta/tomcat/webapps /checking/WEB-INF/classes/

paper/bhand.dll");
}
catch(Exception e)
{

System.out.println("error"+ i);

}
mov = Integer.parseInt(moving);
runbhand(i,mov);

}
}

Program 3.4: Java �le with JNI functions

The two functionssetNum andsetMove get the values of variablesid andmoving respec-
tively from the JSP to process. They also communicate with native function in the dynamic link
library that has been loaded, to access the Ch script to manipulate the mechatronic system.

3.6.4 The Apache Jakarta Tomcat Web Server

Tomcat is a servlet container that is used to interface JavaServer Page in Windows. In this demon-
stration, Apache Tomcat 5.0 was used which can be downloadedfrom web [36]. On installing this
web server, there are certain changes that have to be done in the system to make it compatible.
On Windows platform, check for the presence of environment variable JAVAHOME. This can be
done by,echo %JAVA HOME%, if this has not been set, it has to be set to the directory where Java
has been installed. For example, if Java has been installed in C:/java then JAVA HOME vari-
able is set to this directory. Added to this, thebin directory should also be added to environment
variable,PATH.

C:\>set JAVA_HOME=C:\java
C:\>set PATH=%JAVA_HOME%\bin;%PATH%

The above commands sets the required environment variables. In addition CATALINA HOME
environment variable has to be set pointing the Tomcat installation directory wherecatalina is
the name of the servlet container. For example,

C:\> set CATALINA_HOME=C:\Program Files\jakarta\tomcat

sets the path ofCATALINA HOMEto the Tomcat home directory.

43



Tomcat contains Windows batch �lestartup.bat andshutdown.bat to start and stop
the server, respectively, inside thebin directories. The web server is started by executing the
startup.bat , which shows all the directories that are being used as shownin Figure 3.13.

C:/Program Files/jakarta/tomcat/bin>startup

Figure 3.13: Snapshot of directories used by Tomcat showed when command starup.bat is exe-
cuted.

On executing thestartup batch �le, the server starts, which can be seen in a seperate win-
dow. The window shown in Figure 3.13 shows several initialization that it performes regarding the
web server. This window can also be used to display statements in the server side console. This
window should be left open, as closing of this window will shutdown the webserver which is done
using theshutdown.bat �le.
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Figure 3.14: Snapshot of Tomcat Server Running.

3.6.4.1 IIS Tomcat Connector

We used the same system to install both the IIS and Tomcat web server and integrated all web pages
under one web site. In case of Tomcat, it uses the port 8080 to access the webpage and the user
have to specify the port number in the URL while invoking a JSP. This leads to hard coding which
is not recommended in software desiging. To over come this, we integrated the IIS web server and
the Tomcat using Tomcat connector [33]. The advantages on connecting IIS and Tomcat is listed
below [34].

� The developer need not to specify 8080 in the addresses; it helps in improved software
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design.

� IIS delivers static contents faster then Tomcat, thus saving the processor usage for other Web
sites and processes.

� The developer can control bandwidth and process of Web siteshaving JSP/servlets.

� This IIS ISAPI DLL makes Tomcat transparent to the user.

� Execution of HTTPS sessions of JSP is faster through IIS rather than on Tomcat.

� IIS, by default, offers HTTP Keep Alives, improving the performance.

� IIS also offers HTTP compression and various modes of caching and content expiration.

The exectuable �le that was available from web[37] was used in creating the connection be-
tween IIS and Tomcat web server. During installation, the user would have to select their required
directory that has to be mapped to IIS web server. This directory can be found at,

C:/Program Files/jakarta/tomcat/webapps/

The user can create their own directories which will be displayed during installation as shown
in Figure 3.15 and can be selected to access through IIS. These directories should follow the pro-
cedures in developing the directory tree which allows the JSP to access the class �le. This could
be done manually by changing various �les and the windows registry.

Figure 3.15: Directories selected to call from IIS.
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3.6.4.2 Mechatronic System Manipulation in a Remote Host

On setting up the required browsers and connecting the two browsers, manipulation of Barrett
Hand in remote location can be performed. This is done through internet by accessing a HTML
page embedded with a applet. The same applet that was used forclient side manipulation is used
here. But the Java program has been modi�ed to make it compatible to access the JSP in remote
location by removing the JNI functions and add the URL class objects. The three buttons in the
applet performs the function of initilization, reset and stopping the mechatronic system whereas
the sliders manipulates the �ngers individually. With respect to actions performed on the applet,
which is listened from the Java program, the corresponding JSP is called with the input given by
the user for the slider movement or pressing of a button. The JSP in turn calls a Java program with
JNI function with the parsed values that it received from theapplet. The Java program calls the
native function which invokes Ch scripts. These Ch scripts which receive values from the native
function manipulate the mechatronic system as shown in Figure 3.12

3.7 Advantages in Using ChJava for Manipulation of Mecha-
tronic System through Web Browser

Even though there are several ways to implement the manipulation of a robot hand through web
browser, some of the advantage of using ChJava has been highlighted here. The major advantage is
that Ch [38] is interpretive for rapid prototyping and scripting, easy to interface with hardware and
is available for free. The other software that are being usedare Java and Barret Hand application.
Java[39] and ChBhand is also availabe for free on net [40], with manual [27] to use it.

The other advantage in terms of coding is that, it can be used for multiple purposes. To check
the feasability of the code that has been developed, the developer can use it in a stand alone system
and check the output. Once it is fully tested, with little change this code can be converted to
an applet and can be loaded on to a web site. The user can run thecode in the client side by
installing the required �les that come along with the applet. To do the manipulation in the server
side, an additional JavaServer Page has to be created to callthe Java class. The applet calls the
corresponding JSP or Ch script instead of native functions.

3.8 Drawback with Tomcat and Solution Using Ch Java

When an applet was hosted through a Tomcat web server and usedin communicating with some
binary functions, we found that everytime we make changes inthe binary functions the server has
to be restarted. Though this can be prevented by explicitly setting certain parameters, doing so
may compromise on servers performance[41]. Using the Ch Java package, the Ch script invoked
from Java can be changed without disturbing the server. Thiscan be very useful when there is a
need to modify a system without shutting it down. For example, in handling a mechatronic system
remotely, it can be safely switched off rather than abrubtlyshutdown. Howeve, even though Ch
scripts can be changed, Java classes or the .dll �le cannot beupdated without shutting down the
server.
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Chapter 4

Conclusions

This research work is mainly focused on applying Ch to solve engineering problems. The design,
implementation and application of Ch Java package have beendescribed.

Java is one of the most popular languages and Kaffe being an implementation of Java Virtual
Machine and has the capacity to execute Java classes in it. ChJava and Ch Kaffe package have been
developed as part of this project. Sun Java and Kaffe were integrated in the Windows platform and
Linux respectively. Ch Java and Ch Kaffe packages are developed using JNI and Ch SDK. With
Ch Java or Ch Kaffe, Java programs can be executed from Ch. Using Embedded Ch, C/Ch/C++
programs can be executed interpretively from a Java program. Java applets are ideal solutions for
web-based GUI through web browsers. There is a great potential for wide applications of integrated
solution of Ch and Java. To demonstrate potential applications of Ch Java, a mechatronic system
with a Barrett Hand has been manipulated through Ch Java in different ways. Using Java as GUI,
a Barrett Hand is controlled by a Ch script in a stand alone Java program. The mechatronic system
located either in client side or remote side can also be manipulated through a web GUI using Java
applet.

4.1 Future Work

As described in the earlier chapters, this project has completed the development of Ch Java for
Windows and Ch Kaffe for Linux. As an extension of this work, integration of Sun Java with
Ch using Ch SDK in Unix can be done to realise the power of Sun Java in Unix. The present
potential problem might be the presence of the same symbols in both Ch and Java. Therefore,
instead of functions in Java kernel, functions in Ch kernel might be called incorrectly inside Java
Virtual Machine. This could be recti�ed by understanding the JVM source code and identifying
the common symbols. The method presented in [42] might be a possible solution to solve the
con�icting use of OS resources by native code in JVM and Ch kernel.
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