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Abstract

As computer CPU gets fast, script computing is increasipglyular. Script computing allows
a computer program to be executed interpretively withodibies compilation and linking. It can
be used for rapid prototyping, embedded scripting, molataguting, teaching, and learning.

Ch is an embeddedable C/C++ interpreter. It execute C/Cegrams as scripts interpretively
without compilation. Java is one of the most popular lang@sand Kaffe being an implementation
of Java Virtual Machine and has the capacity to execute Jagaes in it. Java Navtive Interface
(INI) is the native programming interface for Java that it peJDK. Writing programs using the
JNI also ensures that the code is completely portable aaliqaatforms. The JNI allows Java code
that run within a Java Virtual Machine (JVM) to operate wifiplcations and libraries written in
other languages, such as C,C++ and assembly. The JNI iswusadd native methods to handle
those situations when an application cannot be writterredptin Java. As this can be operated
with C, by using Ch SDK, via JVM and JNI, Java code could be seeé from Ch program.

Ch Java and Ch Kaffe package have been developed as parsgirdject. Sun Java and
Kaffe were integrated in the Windows platform and Linux mesvely. Ch Java and Ch Kaffe
packages are developed using Jni and Ch SDK. With Ch Java &a@é, Java programs can be
executed from Ch. Using Embedded Ch, C/Ch/C++ programs eaxécuted interpretively from
a Java program. Java applets are ideal solutions for weddlasll through web browsers. There
is a great potential for wide applications of integratecusoh of Ch and Java. To demonstrate
potential applications of Ch Java, a mechatronic systemmavBarrett Hand has been manipulated
through Ch Java in different ways. Using Java as GUI, a Bdrand is controlled by a Ch script
in a stand alone Java program. The mechatronic system tbedker 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 competitiooughout the world. Globalisation
removed physical boundaries between coutries leadingrtgpaaies venturing all over the world.
This increased level of competition and has forced comganibe lean, adaptable and responsive
while maintaining the quality in order to stay in the markeéhe penetration of information tech-
nology into scienti ¢ eld has led to developement of var@application speci ¢ software. This
has led companies to look for more diversed people which nresdieictors to teach students with
a variety of software and their application, but one of thgamisgsue is choosing the environment
in which students can get quick start in programming.

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

1.1 Compiler Vs Interpreter

The process of execution of a program marks the differenteds® a compiler and interpreter.
Compiler translates a source program to a binary moduleesepting the program in machine
readable format. The compiled program is then linked toialitee executable format. Where as
an interpreter interprets the source program line by lingkes up the input data and the source
program at the same time and do not produce any executalsleliease of interpreter, the source
code is translated only if it is executed and the error messsage tied to the source which make
debugging easier and also working environment more suipporAn interpreter is used when
Iters are implemented in the operating system kernel whaompilation may not be feasible
due to protection and robustness concerns even though latimpiincreases runtime ef ciency.
Interpreters increase the execution over head since tlgggimis continuously re-examined, and
also increase space overhead compared to compiler. Butleoing) the fact that the speed of the
processor and the storage capactiy has been growing at queteahat the execution overhead



and space overhead can be neglected to some extent. Theofisaigepreter by novice software
developers who may have to frequently modify the code is algdmice as they don't have to
compile every time they debug. Techniques like self-maddycode is easy to implement using
interpreter and is also conceptually simpler and could bgredit help to beginners.

1.2 Ch—Portable C/C++ Interperter

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

Unlike other mathematical software packages, Ch confomtisd open C/C++ standard. The
various high-level mathematical features of Ch such as t&xmmumbers, matrix operations are
very useful in engineering applications. The availabibfyvarious other softwares that can be
executed in Ch environment makes it more comfortable foutter to use the best software for a
given application. For example, Ch gives easy solution feclhanism animation, it could be the
ideal environment to develope mechanism related animatibe user speci ¢ development in Ch
can be done by adding small software module by the user, veleictes their personal requirement.
Once it has been inducted it remains in the environment fer aud can be used repetitively. This
makes the task of developing and maintaining the softwasiagle as possible.

1.3 Java

Java is considered as a simple, robust , architecture heptndable , multi threaded, dynamic
and secure programming language. Coding in Java is simptause of its automatic memory
allocation and garbage collection. Java enables congiruof portable software which is plat-
form independent. The same code can be executed on anyiogesgstem with the same result.
The presence of object-oriented programming, securigbéished in executing a program and re-
striction in using them in improper way has always been athgeous in using Java and with the
presence of applets which can be handled with ease in casengfweb has made Java a popular
language. A number of software modules were integrated Jaitla to harness the ability of Java
and also to give Java a greater exibility in handling apations. Java was integrated with Python
[9], and its popularity lies in the combination of Java'sriies and tools with Python's rapid de-
velopement capabilties. JPerl was developed by integy&arl and Java, which provides users
with the functionality of CPAN modules without having to nete them in Java [10]. REDUCE
was integrated with Java to improve its capabilities in Hiaugdalgebric application [11]. For var-
ious reasons, Tcl [12] and OpenGL [13] were also integratidd $ava 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 levelscomputer system was seam-
lessly removed by the usage of JNI [14] [15], which allowsalelass to operate application and



libraries written in other langauges such as C, C++ and dslgemhis research project presents
the integration of Ch and Java through JNI.

1.4 Kaffe

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

1.5 ChPackage

Ch provides a exible environment which can handle softwaredule without compiling. Re-
searchers can use the capabilities of several software lewuiua single program based upon the
need of applications. One of the Ch's salient feature isaggability of importing existing binary,
static and dynamic libraries using Ch SDK. A function in adsnC library cannot directly be
used in a Ch function. But these libraries can be integraidd@h using Ch SDKwithout recom-
pilation. The other technology is the Embedded Ch. A binaliaation with embedded Ch can
invoke Ch scripts. Using these two technologies, Java arifk Kaas integrated with Ch through
JNI functions.

1.6 Scripting

Most software systems are seldom developed starting froatcdg but rather built using the ex-

isting libraries [17] which led to recent sprout in develaggmof scripting languages [18].To have
various advantages over a compiled language a scriptimgiége must provide two capabilities.

First, developers must have a large number of software caeis readily available to be used
in scripts. These components must support many applicdtbomains such as graphical user in-
terfaces, internet communication or text processing [Bjcondly, the scripting language envi-
ronment must integrate seamlessly with software compsreemd applications written in system

programming languages. These advantages can be seen imi@hwhere a Ch script can ac-

cess all the software that has been integrated to the Chdgegenvironment and also integrate
seamlessly with other software component.

In this research project, the rst part presents the usaghéixcel for analyzing various mech-
anisms. Excel spreadsheets were developed for speci cogergvhich utilize Ch Mechanism
Toolkit in back end to analyze the mechanisms. It also expeagous other software integrated to
Ch to be accessed from Excel. The second part of this respeofgtt is focused on integration of
Java with Ch for Windows version and Kaffe for Linux. The ralapter illustrates application of
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ChJava in manipulating a mechatronic system in stand alodeéraweb-based application(client
side and remote).



Chapter 2

Integration of Ch and Java

The requirements of application in engineering and sciemeeso much varied that it could not
be a easy task in the future to nd the right software for a gie@plication. It is possible that
a new application may require new software to be developeath Bprogramming language has
its own adavntages and disadvantages, but with integratiftgvare, we can harness the power
and advantages of each software. The interesting part idttieeasy to integrate softwares
to accomodate the user requirements. Several work has loeeninl the eld of integration of
software. For example TclBlend [19], JPerl [20] REDUCE [®Hre integrated with Java either to
use Java properties or to improve Java capability. In caghpgoftware like OpenAL, OpenGL,
GTK and several other software were integrated to improgectipability of Ch language. These
integrated softwares can utilize the advantages of botiulages. 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 jaegram and the machine it is running
on. It offers the program an "abstract computer” that exestite Java code and guarantee certain
behaviors regardless of the underlying hardware or soétyéatform. Java compilers thus turn
Java programs not into assembly language for a particul@ahime but into a platform-neutral
"byte code”, which the machine-speci ¢ VM interprets on tgeThe Java virtual machine is not
aware of Java programming language but can handle a partisinary format, the class format.
A class le contains Java virtual machine instructions (gtdzodes) and a symbol table, as well
as other auxillary information. The Java VM also enforcesisgy policies, providing a sandbox
that limits what a Java program can do. For example, it stthe Java applet from accessing
resources in client machine.

2.2 Portability

One of the most compelling reasons to use Java is its plaifadependence as every Java program
is executed in a JVM irrespective of the underlying operpsiypstem. Java can be executed on most
of the platforms, including Windows 95 and NT, Macintoshla®is and several varieties of UNIX.
The major issue in porting from one platform to another isdbeision of storage and precision
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for basic data type as changes in numeric precision cantaifculations. Java de nes the size
of basic types for all implementations, for examplej@eger in any platform is the same size
(and can represent the same range of values) as on everyptatferm. It does not permit the

use of arbitrary pointer arithmetic, so assumptions abtuct  packing and sizes can't lead to
non-portable coding practices.

2.3 Java Native Interface

Java Native Interface (IJNI)[14] is a native programminggiféce, which allows Java code that
executes inside a Java Virtual Machine (VM) to interopewvéth applications and libraries written
in other programming languages, such as C, C++ and asse@bé/of the important bene ts of
JNIis that, itimposes no restrictions on implementatiothefunderlying Java VM. It allows users
to write one version of native application which would workwall Java VMs supporting JNI.
As the popularity of Java increases and its ability to hamdieide range of problems and more
existing applications are made web friendly, it requirest the current projects be accessed from
Java. JNI provides the solution for accessing native metffiman Java. JNI functionality is rich
and can be used to access existing native code with small catidns.

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 claggcordance with class visibility
rules.

Create Objects

JNI allows to create any Java objects for any class accoedaith class visibility rules.
Access Class Variables

JNI allows to access the Java instance variables for whieffeaence is available.
Throw and Catch Exceptions

JNI also throws exception to be handled by Java code. Alstiyeneode 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 tatera Java class from bytecode.
Create a JVM

JNI de nes a mechanism for creating an instance of the JVNIhfsith in an arbitrary native
application.



2.4 ChJava and ChKaffe

The Invocation API of JNI provides function calls by whichvééper can realize the full power of
JVM from a native function. The Invocation APIs initializ8¢M arguments, loads a JVM into an
application and attach/detach subsequently createdenidmieads to the JVM. After completion,
the APIs either unloads or destroys the JVM created and leprthe memory. Even though JNI
programs are portable across platforms, the native codt@escompiled to different platforms.
ChJava and Chkaffe are Ch binding with functions of Javawddtiterface. ChJava is the integra-
tion of Ch and Sun Java in Windows platform, whereas ChKaffi Linux platform. Kaffe is
an implementation of JVM. With ChJava or ChKaffe Ch can irvekJava class in JVM across
platforms, which was not possible before as the C le has todrepiled with respect to the under-
lying operating system. This feature of native functiontpblity along with Java JNI programs,
can be used to take advantage of a much larger resource pbta atilize highly tuned codes for
performance.

2.5 Modi cations Made in Kaffe Source Code

Kaffe is an open source software that can be downloaded fntennet. The user has legal rights
to modify the source according to their requirement, whiglam advantage with open source
software. But there are issues related to these softwatesselissues arises as no single person
can determine rules for an open source software in handimgpplication unlike the commerical
packages which speci es what the application is capabl&of.example, a menu driven software
does not allow the user to go beyond the options that has eeidpd. The bugs that are identi ed
by the users are listed idhangelLog les that comes with the software.

When Kaffe was rst integrated with Ch, JNI functions in Kaffwhen called from Ch, failed in
a function namegbrocessClass() . ThisProcessClass() was found to be a core funtion
in Kaffe. It prepares all necessary classes and threadsebbéing used by the rest of the VM.
This makes every class interact with this function at sometpd time. When JNI fucntions were
executed in Ch, there was some clash of symbols between CKaffel It was due to presence
of the same symbols in both Ch and Kaffe. The symgobreSignal insignal.c  in Kaffe
was con icting with Ch. This symbol when called from Kaffedad up accessing the default Ch
kernel symbol instead of the Kaffe symbol, which led to thegram termination abruptly. This
was identi ed and xed with the help of people involved in ddeping the Kaffe software[22].

2.6 Integration of ChKaffe and ChJava Using ChSDK

This section explains the integration of Kaffe and Java Withusing 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 impogtiexisting binary static and dynamic C
libraries using Ch SDK. Ch script space and C binary space ti@ir own name spaces. As a
result, a function in C space cannot communicate with a fanéh Ch space directly. However by



binding the DLL, a Ch program can extend its address space @b address space to C address
space during the execution, and communicate with funciiobgary C space.

To call a C function from Ch, it is necesary to create a wrayection that can communicate
between Ch and underlying C function as shown in Figure 2.ur@pper funtion must have the
following characteristics [4].

Ch Side C Side Java Side

Functions }*—v 4—*{ Functions }*—v Namm

Classes

mr —mm

v . L 4

Libraries *{ Libraries }*—-

_Zr_

T
H I
=

i

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 lek{f ) in Ch space andhdl functions in

C space. For example, when Ch functjaifun() in a program is invoked, it loads the mod-
i ed header le with code that makes it compatible to Ch eviment, then the corresponding
jnifun.chf le which includes the de niton of the Ch function, is loadedThe Ch func-

tion can be completely implemented either in Ch space or Hingaa chdl function in a dy-
namic link library le. The C binary function is called thrgh one of the wrapper functions,
jnifun  _chdl.c , which is referred as thehdl function in C space.

2.6.2 Program in Ch space

To make the software Ch compatible, certain header les weogli ed in addition to newly
developed Ch oriented wrapper classes. These modi ed anty eveloped 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 spade]lthweing code has been added
to the originalini.h  header le to make it compatible to run in Ch environment alsb &0 set
the path to load alkkhf 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 lgni.h  invokes a function named
dlopen() , which locates and loads the DUibjni.dl into the address space of the run-
ning process. The function returns a hand@hjni _handle to the process which is used in
subsequent calls to functiaisym() anddiclose() . If an attempt to load the library fails,
dlopen() returns NULL with an error message. In the same macro, aduatexit() 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 leswaodi ed as shown below. The
modi cation was the addition of the conditional statem#&ifidlef WIN32  with an else statement
which de nesINIEXPORT, INIIMPORT andJNICALL with no value.

#ifndef _JAVASOFT_JNI_MD_H_
#define _JAVASOFT_JINI_MD_H_
#ifdef WIN32

#define JNIEXPORT __declspec(dllexport)
#define JNIIMPORT __declspec(dllimport)
#define IJNICALL __stdcall

telse

#define JNIEXPORT

#define JNIIMPORT

#define JNICALL

#endif

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

#endif /* 1|_JAVASOFT JNI_MD_H_ */

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

2.6.2.2 Function le

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

The function calfptr = disym(  _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 fumetirunfun() . The function call
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dirunfun(fptr, &retval, jnifun, argl, arg2)

executes the function found in the dynamically loaded dltfeough the address pointed tpgr
which was returned by functiodlsym() . The second argumentetval receives the value
returned from the C space le. By this a Ch function can comioate with a funtion in binary
module. If the function doesn't have return valii)LLshould be the second argument. The third
argument is the function name itself, in this case, nifun , Ch will check for the type and
number of arguments left according to the function protetytarting with the fourth argument,
arguments of functiomifun() , passed from Ch program, will be passed todhdl function
jnifun  _chdl()

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

int jnifun(int argl, double arg2)

void *fptr;
int retval;

fptr = disym(_Chjni_handle, "jnifun_chdI");
if(fptr == NULL)

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

dirunfun(fptr, &retval, jnifun, argl, arg2);
return retval;

Program 2.3: Ch function le.

2.6.3 Programin C space

The le jnifun _chdl.c may consists of varioushdl functions, which corresponds to func-
tions in JNI binary library. Thesehdl functions act as bridge for passing arguments to binary
functions in C space from Ch space and also pass the retuahaelsio Ch space from C space.
Program listed below illustrates how these arguments &gl

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

EXPORTCH int jnifun_chdl(void *varg)
{

Chinterp_t interp;

ChVa_list_t ap;

int argl;

double arg2;

int retval;

Ch_VasStart(interp, ap, varg);

argl = Ch_VaArg(interp, ap, int);
arg2 = Ch_VaArg(interp, ap, double);
retval = jnifun(argl, arg2);
Ch_VaEnd(interp, ap);

return retval;

Program 2.4: C space chdl le.
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Thechdl function takes one argument of typeid * . When an argument is passed from
thechf le otherwise it does not take any argument. The argumemy is a pointer to actual
argument list. The macr@h_VaStart(interp, ap, varg) initializes an object having
typeChValist _t for subsequent use by the macb_VaArg() and functionCh_-Vagnd() .
These macros and functions are de ned in the headechlé . TheCh_VaArg() macro expands
an expression that has the speci ed type and value of thexaggtiin the call. The rst invocation
of the Ch.-VaArg macro after theCh_VaStart macro returns the value of the rst argument
passed from thehf function. If more than one argument is passed, successiveations return
the values of the remaining arguments. In this example, \weras functiorjnifun() in DLL
accepts two arguments ot anddouble types.

retval = jnifun(argl, arg2)

The above expression calls the funtijoifun() in C space with two arguments and saves the
return value in variableetval . The macroCh_VaEnd(interp, ap) releases the memory
associated to the object of ty@hVa list _t.

2.6.4 Handling of Pointer to Function Declared Inside a Streture Having
Argument Pointer to Structure
The pointer to functions de ned ini.h  are members of a structure and each has a pointer

to that structure as one of their arguments. This kind of f@oito function needs some spe-
cial setups and wrapper function to handle these pointeuriotions in C space from Ch space.

The structures that have pointer to function as its elementreeJNINativelnterface and
JNIInvokelnterface in Kaffe and
JNINativelnterface _andJNIInvokelnterface _in Java.

2.6.4.1 Modi ed INI_CreateJavaVM.chf

Machine generatedNI _CreateJavaVM.chf  usingc2chf does not have the capability to
handle these special pointer to function. To make it corbpgtseveral changes were made in the
machine generatethf le to accommodate the requirements.

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

The functionINI _CreateJavaVM is invoked from the program in Ch space, which has argu-
ments of double pointes_.vmandp_env and are used in keeping track of members of structure
declared in Ch space.

*p_env = &env_chl,
*p_vm = &vm_chl,

The above set of codes makes sure that the pointer to steuct@h space is returned to Ch
space variables instead of the pointer declared in C spageiste whereenv _chl andvm.chl
are objects of the structures. By this, a seperate copy o$ttineture is maintained in both Ch
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space and C space. The pointer to function used in JNI, pintkee function in the binary library
in C space. These pointer to function when called from Chdseeted to a Ch function de ned in
header lejni.h  in Ch space. For this purpose a Ch function was created pame#ng to every
pointer to function ifjni.h , by which a pointer to function called from Ch program, isiredted

to the new Ch function from where the required communicasaione with the C space. The Ch
space objects for the structure are declarezhjava.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 hasatidress
of the Ch function stored in it. On calling these pointer il<éhe 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 ttieunfun  function.

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

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

2.6.4.2 Specially Created chjava.chf and chkaffe.chf File

As explained in the previous section, a pointer to functitremcalled from Ch space is redirected
to a Ch function. These Ch functions are de ned in phieh  header le. The header le that
comes along with Java SDK has to be modi ed to work in Ch spaeethis case as number
of functions to be handled is high, all Ch function that rejerg to every pointer to function is
converged to a single Ch function lehjava.chf  for windows version andhkaffe.chf

for linux version. Seperate les were written as the namehefgtructure de ned in Kaffe and Sun
Java were different. This function le is then called frometheader le jni.h usingt import
pragma <chjava.chf>

JNIEnv *env_cspace,;
JavaVM *vm_cspace;

These two pointers to structures declared are dummy, agse only to maintain the integrity
of the syntax. These pointer to structure even though se@tdpace is not used. Each variable
contain the address of the structure in Ch space and is seneasd the argument in every function
of JNI as each function has a pointer to either of the two sineale ned as its rst argument. For
example, functiorindClass 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 spawtustr. All pointers to function
that are accessed in Ch is the member of this object. Whendiméep to function is called, it
redirects to a Ch function which is de ned during executidn o
JNI _CreateJavaVM() function.

struct JNINativelnterface_ env_ch;
JNIEnv env_chl=&env_ch;

struct JNIInvokelnterface_ vm_ch;
JavaVM vm_chl = &vm_ch;

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

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

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

Program 2.5: Ch function le for FindClass.

The above function ichjava.chf  does the necessary replacement by which it can access
the C spacé-indClass pointer to function. It ndsFindClass _fakech _chdl function in
libjni.dl and sends in required argumeats/ _cspace andname. The return value from C
space is captured in variabletval . Thisretval is then sent to the Ch space program where
the result is used for further processing. Similarly forgdinter to function declared inside the
structure, corresponding Ch funtion are created to actessiresponding binary le.

2.6.4.3 Modi ed INI_CreateJavaVM.c File

The machine generateliNl _CreateJavaVM.c usingc2chf le was not suf cient to handle
these special pointers to function. The functigidl _CreateJavaVM _chdl is called rst to
create the bridge between C space and JVM. This functiotegeallocates memory and returns
the corresponding address to C space using which commiamdagtween C space and JVM is
maintained.
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Functions of JNI CreateJavaVM()
Ch Space

Initializations inside Ch Function File’

*p_eny = &env_ch } To maintain a Ch copy

*n_owvm = Evm chi of Structure
Invoke.c = - -

ery_ch.pr2func = pir2func_fakech
main() 5 {TD redirect the function call to
| 3

2 hand made function
JNI_CreateJava\{M()

Function Called in Ch Function File
. Ls JNI_CreatelavayM()
dirurfun(y - TTIIIITTIIII -

C Space

Initializations inside C space Function

JMIEDY R Ta Callthe origiha
Javaywh T G function indirectly |o_ |

Function Called From Ch Space

JNI_Createavavh_chdl() 4-------------------1
T rebval = NI Createdavavi() co-ooommmooo e :

el » Tomaintain a C copy of Original Function From C Library |

Structure '
JNI_CreateJavaVVI() «--------------*

Figure 2.2: Describes Working of JNreateJavaVM().

In addition to the double pointers declared by machine geadrfunction, a single pointer
to structure is declared fatavaVM andJNIEnv . This is done to keep a seperate copy of the
structure in C space. This object to structure is used foryemgeration in C space.

JavaVM *jvm_C
JNIEnv *env_C

By this the C space variables have the addresses storedsia tilve temporary variablgsm _C
andenv _C. All the pointer to function called in Ch, pass through thielge between C and Ch and
nally when it is called from the C space, it is called usingtpbointer that was determined by the
JNI _CreateJavaVM in C space.

ThisJNI _CreateJavaVM _chdl function has C spaaghdl functions of all pointer to func-
tion that has been declared in the structurec2shf does not have the capacity to generate func-
tions for a pointer to function having a pointer to structasean argument, every C space function
for each of these pointer to function was hand written insidke function.
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EXPORTCH jclass FindClass_fakech_chdl(void *varg)

{

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

Ch_VasStart(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 listifgndClass _fakech _chdl is the C space function that

was specially written to handle tlendClass

pointer to function. This function is called with
the necessary arguments passed from Ch space except ther poistructure. Once it performs
the necessary action, it returns the output to the variediial
to the corresponding Ch function le as shown in Figure 213s lthen forwarded to the original

program and is manipulated according to the user requiremen

Command Flow of Pointer to Function FindClass

Invoke.c

main ()

env->FindClass()

# include <jni.h> ----

Ch Space

----JNI_CreateJavaVM() ------ '

r-» EindClass fakech() - Definition

L-» Env_cth.FindClass = FindClass_fakech

Initialization

----r--» FindClass_fakech{)

Function Called

diruntun()

Initialization
--meny, Candym, ¢

Original Function

FindClass() <--------------mmommmmmmmmmme oo

. This value is then sent back

Function Called From Ch Space
FindClass_fakech_chol() 4-------------
ey G EindClassiemy,. G, name)

Figure 2.3: Describes Working of FindClass Pointer to Fuomct
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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 bdilgni.dl

INC= -1 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 dicomp 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 fromnifun _chdl.c  with command

dlcomp . The argumentibjni.dl indicates the generated object le will be used to build
dynamically loaded libraryibjni.dl . The option $(INC) provides an additional search path
for header les. The DLUibjni.dl is build from the object lejnifun  _chdl.obj  using

dllink  which also link, JVM librarnyjjvm.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 Wis@md ChKaffe for Linux were de-
veloped. It was then tested with the classic "Hello Worlddgram which also access the variable
declared in Java from C. As it is executed in Ch environméetQ le is not compiled, assuming
ChJava and ChKaffe has been installed in Windows and Linspeetively.
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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(&vm, (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 pait of the code does the dec-
laration and initialization of all the variables that would used in the program. The function
JNI _CreateJavaVM when invoked in Ch, calls the corresponding Ch function Ieigh in turn
calls thechdl le in C space. As explained earlier a seperate copy of poiistenaintained in C
space and Ch spacgenv)->FindClass(env, "Prog") nds the class Prog, which was
generated using the Java tgavac 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 thaasvMoaded in the JVM. The methods
and variables are identi ed using its name and its uniqueagre. The signature of the members
of a Java class can be identi ed using the tgmlap -s . The signature of the method main
([Ljaval/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 baen stored in the variable "jstr”.
The following Java program is compiled to a byte code (.¢glasd is executed from the C program.
public class Prog {
public static int java_int;
public static void main(String[] args) {
System.out.printin("Hello World from java \n" + args[0]);
java_int = 10;
System.out.printin("Value of java_int in java " + java_int );

Program 2.10: Demo program in Java which is executed fromke.

The output of this program is shown in Figure 2.4. The vaggaVva _int declared and
intialized in the Java space is also accessed from Ch. The&s&BStaticFieldlD is used in
identifying the variable in the Java program. This identi eariable is then accessed by,

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

where “javaint” is the variable name in the Java program and "I” is thenatgre of the variable.
Similarly variables in the Java program can also be ingediusing the APSetStaticFieldID

Ch Professional _|O) %

C:r/Documents and Settings~IELApaper-c2javashelloworld? hello.c -
Hello Yorld from java

from C?

Value of java_int in java 18

Value of java_int accessed from C space = 18

C:/Documents and Settings/IELspaper-c2java-helloworld>

-
4] | >

Figure 2.4: Output of hello.c interpretively executed fr@i space.
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Figure 2.5: Ch interpretively invokes Java applicationwWT GUI.

& swing E]@EJ

Quit?

Yes

Figure 2.6: Ch interpretively invokes Java applicationv8iving GUI.

Theinvoke.c  program referred in this section was used in demonstratiegisage of both
text and GUI aspect of Java. On changing the class name thinig invoked, the GUI generating
class is executed in the JVM.
cls = (*env)->FindClass(env, "AwtDemao")
cls = (*env)->FindClass(env, "SwingDemo")

The two classeswtDemo, SwingDemo [23] with output shown in Figures 2.5 and 2.6 demon-
strates the GUI capability of Java which are now accessibla Ch.

2.7 Integration Java and Ch Using Embedded Ch

As seen from the previous section Java or Kaffe was integraiitn Ch using Ch SDK. Embedded
Ch is used in executing the Ch scripts from a Java prograns i§tperformed by embedded Ch
programs in binary application in C space which is launchest as shown in Figure 2.7. There
by the program invokes Ch scripts through an Embedded Cptsagiengine. When Ch scripting
engine is embedded, executable program, binary functindsC scripting are part of the same
application. In this case, the addresses of both C/C++ ansjp@be can be shared, therefore it is
much easier and simpler to call a C/C++ function from Ch spaczall Ch Script from C space.
The main advantage of embedded Ch is that softwares modhlesa& be utilized from Java.
For example, the Ch Bhand package which is used in contgallie Barret Robot Hand, can be
executed from a GUI front end which can be developed by usang.JThis 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 fum¢timugh which the Ch scripts are
invoked. The Java program listed below with JNI functionsess the native functidinnc .

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.printin("\n Value sent to C "+java_int);
return_int = new HelloWorld().func(java_int);
System.out.printin(* Hello from Java \n");
System.out.printin(* Value returned from C "+ return_int+ "“\n");

Program 2.11: Java code that calls a native function (biGa8#+ code).

This program is compiled to generate the class le using t® javac that comes along
with th Java SDK. The declaration of the C function includegwordnative to signify the
compiler that this function is implemented externally. Tregive functionfunc that has been
declared in this example has a return type of integer andaalsateger argument. The machine
generated header le using this class le, has the declanatif 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 migalation of the argument in C space
returns the output to the variabteturn _int in Java program which can be used for future
manipulation.

2.7.2 Machine Generated Header File

Thejavah tool is used to generate tiielloWorld.h  header le which has the declaration of
the functionfunc . This header le is included in the C le that de nes the nagifunction.

/* 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
(INIEnv *, jobject, jint);

#ifdef __ cplusplus

}
#endif

#endif

Program 2.12: Header le (HelloWorld.h) that declares théwe C function "func”.

The methodunc is automatically pre xed with the word Java and the class e&telloWorld
and will also have package name if it was developed under kagacname. The method also
includes other arguments like JNIEnv and jobject which aguired by the C function to access
the Java methods and its properties, whose arguments anedlén terms of standard C types.
The name of the method de ned in the C le is same as that has beelared in the machine
generated header le.

2.7.3 Programin C Space

The programjni _func.c has the set of API's by which communication to Ch script isated,
maintained and destroyed. The set of declarations statenttest make the initial part of the
program is to create the link between the exectuables ancc@ht.S
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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 progravolkmg Ch script.

The argvv pointer that has been declared stores the path of the Ch derifhat has to
executed followed by the command line argument. Object ierGhOptions _t is declared
which has four member elds which is used in declaring thdlgkipe, 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");

CHREGULARCIhdicates the usage of the regular shell @idUSERCHRG to invoke Ch
default startup le. The other two declarations containes plath 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 returriseelfHOKon sucess tCHERRORN
failure. On executing this function, the required conr@ctis made to Ch and by which Ch scripts
can be executed which are placed either in the current dimeat 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 thanCh
terpreter and the second argument has both lename and cadhifivee argument for it. The
return value is of either CHDK or CH.ERROR for success and failure which is stored in variable
status . Once this fuctions is sucessfully executed, variablesfanctions inside the script can
be accessed by other APIs using the same interprgap . Ch_.SymbolAddrByName loads
address of functioohfun from the loaded script le into another variable. This véalis used
in calling the corresponding funtion by
Ch_CallFuncByAddr , which has arguments in the order of interpreter, functiame, ad-
dress of the variable which would get the return values fecsp 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 allocateddoiables are freed biyee()
function and the interpreter is stopped by funct@mEnd() .

The above native function is compiled and linked as a dynéinkdibrary. The library le can
be developed using different compilers either in commaradl &in in an Integrated Development
Environment. Thenakefile  given below can be used in building thello.dll le. The li-
brary les chsdk.lib, embedch.lib, advapi32.lib are required to generate ttg .
The variousinclude les that has been used in the programusd inch _.home/extern/include

cl -1 JAVA_HOME\include -1 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 invokingsci@st. But the library le
hello.so s created using the Kaffe libraries.

cc -I KAFFE_HOME/include -1 KAFFE_HOME)/include/linux \
embedchl.c -Ic -0 hello.so \
/usr/ch/extern/lib/libchsdk.a \
/usr/ch/extern/lib/libembedch.a \
-lm -Idl -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 otl@&r program. It includes the
required header le and has access to all functions that éingraCh program would have. The
script le has a functiorchfun()  which is called from the C program. This script le nds the
square of the number that has been passed from the Javamrtigraigh native function. It also
returns the result to the native function which in turn sehtack to the Java program. This script
le can be modi ed while the program is being executed. Theattage of modifying code on y
can be helpful in various applications.

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

}

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 aerstrated in this chapter by control-
ling a mechatronic system through Ch Java. One Java's sédiature is running applets inside
web browsers for web based applications. In this demomnstrainternet Information Server on

Windows is used in hosting Java applets to manipulate Bar&td in the client side and was
connected to Tomcat web server to manipulate the mechatsgatems in a remote location using
JavaServer Page (JSP).

3.1 Web Servers

As this demonstration is done over internet, suitable webese were chosen. Windows 1I1S web
server was chosen due to the popularity of Window comporamdswith ease the server can be
created. IIS provides integrated, reliable, scalablejr@eand manageable Web server capabilities
and also a stable and secure platform for running dynamigarktapplications. IIS takes advan-
tage of latest Web standards for developement, implementahd management of Web sites.

As IIS web server does not support JSP directly, Apache tlaHamcat [24] was choosen
to host JavaServer Pages, which were used in manipulatingchatronic system in a remote
location. Tomcat is a servlet container that is used in th@adfreference implementation for the
Java Servlet and JavaServerPages technology. To utiézathe port and to exploit the advantages
of hosting a web page through a single server, IIS and Tomehtservers were connected using
Tomcat connectors.

3.2 Mechatronic System Used For Demonstration

The term "Mechatronics” is used for intergration of eleaias, control engineering and mechan-
ical engineering [25]. Barret technology provides a sintp#t8-series BarrettHand mechatronic
system[26]. This system was chosen to demonstrate the itigpalb ChJava in controlling a

mechatronic system. BarretHand is a multi- ngered prograahle grasper to secure target ob-
jects of different size, shapes and orientations. BaresttHcommunicates by industry standard
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serial communication. BarrettHand neatly houses a CPUwaaé, communications electronics,
servo-controllers and brushless motors and is connectid t6PU through the serial port.

3.3 ChBhand

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

3.4 Mechatronic System Manipulation Through GUI

With Ch Java package, Ch can access high quality GUI develapmg Java components. For
example, BarretHand can be controlled using a GUI front eegigshed using Java and back end
control sequence from Ch. The availablity of Java's widdetgrof classes, can be used in de-
veloping a GUI according to the user speci cations. Java @ah have variety of interface like
sliders, buttons which makes the front end more user friendl
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Manipulation of Mechatronic System :
Start | Reset | | stop |

Rotate Fingers 1&2

L ﬁ 1

1] 60 120 180(
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Manipulate Finger 2
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Manipulate Finger 3
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1] G0 120 180

Figure 3.1: GUI used as Front End.

To demonstrate this, a GUI shown in Figure 3.1 was designedataipulate the mechatronic
system. This GUI consists of three buttons namely "Stai$top” and "Reset”. The serial port
is opened for communication and BarrettHand is being iiega on invoking theStart  button.
Reset brings the ngers to their home position agdop button closes the serial port communi-
cation. The GUI also has four slider components to manipwdath nger individually. The rst
slider in GUI manipulates the radial position of the ngerrdds2 whereas, the other three sliders
represent the three individual ngers, which can be movetiéaequired location that varies from
0 to 180 degrees.

Accessing the GUI developed to manipulate the mechatroysites is done in two different
ways. This can be done either by invoking a JVM from a Ch pnogaad executing a Java class
le as shown in Figure 3.2 or using Embedded Ch where a Jags ahl@okes a native function that
intialize and access embedded Ch script as shown in Fig8re 3.
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=) Java GUI

Java GUI Embedded Ch

Figure 3.3: Usage of same GUI in accessing the mechatrosiersythrough Ch using Embedded
Ch.

3.4.1 Manipulation of Mechatronic System using ChJava

A C program is executed interpretively without compiling@h to access the Java class. The
program uses various functions available in JNI to commateiwith the variables declared in Java
class. The GUI components are continuously scanned by Jdagegm using dedicated variables,

whose value changes on using the components. These chaalyed are accessed by Ch to

perfrom the required actions.

fid
fps

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

= (*env)->GetStaticIntField(env, cls, fid)

This code in Ch keeps track of the varialfss in a Java program, which listens to the actions
performed on GUI components. In case of the slider compoiteretads the changed state of the
slider, which is monitored from Ch using the same functicat thas used in listening the button

components. According to the action performed on the GUlpraesponding control sequence

is passed to the mechatronic system from the Ch program. i§tas 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 manipthatenechatronic system. The same
Java program was modi ed by adding JNI functions to commatgavith the native function. In
this case, Java class is executed rst, which during runitalés the native C le. The keyword
native in public native void movefinger(int fingerno, int moveto) in-
dicates the presence of the native functroovefinger . When theslider is moved, Java
program reads the changed state and calls the correspamatimg function with arguments.

SliderDemo().movefinger(finger\_number, new\ locatio n)
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The arguments imovefinger represents, the nger number that is to be moved and and its
new position. On executing this statement, native funatnmvefinger initialize embedded Ch
and invokes the required Ch script with arguments to maatpuithe 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 er@asing the ability of Ch. The current
available feature allows a Ch script to be invoked througH {@Ghe server. Using Java applet,
a Ch script can be invoked either in the client side or in theeseside. In case of client side
invocation, the dynamic link library le and the Ch scriptseanstalled rst on the client machine.
In case of accessing the Ch script in a remote location, #eld applet calls a JSP which in turns
calls native function to invoke the Ch script through Jawassl These methods are explained in
the following sections through an application.

3.5.1 Mechatronic System Manipulation Using Web Browser irClient Side

A Java applet hosted in an IIS webserver was used in manipgltite BarrettHand in the client
side. In this demonstration, BarrettHand is connected ¢octlent machine and the program to
manipulate is on the web server. By this the master prograawiays under the control of de-
veloper and is prevented from unauthorised personnel sioceg. This method of distributing
the program from a server to various clients can reduce caktime, in developing programs for
similar jobs with same machines across the world. As th@sdes are downloaded to the client
machine, it can also be changed to meet the users speci creagents. As Java was embedded to
Ch, Ch scripts can be executed from Java in the client machine ChBhand package is used in
interacting with the BarrettHand system. The control of ipatation of BarrettHand can be seen
in Figure 3.4. Signed applets [28] were created to accesditre machine hardware and software
resources.
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Java

Download Applet
Reqd Files

.

1S Web server User (Client)

Ch Script

Barrett Hand

Barrett Hand in client location
controller

Figure 3.4: Barrett Hand manipulation in client location.

Figure 3.4 illustrates the control ow involved in a handiim mechatronic system in client
side. The IIS webserver is placed in the laboratory, wheeeptiogram are developed and main-
tained. The user on accessing this web site, can downloa@djuéred les to local machine and
manipulate the Barret Hand using the web interface locally.
3.5.1.1 IS Web Browser and HTML File

IIS webserver 5.1 which comes along with WindowsXP profasai edition is used in this demon-
stration. Opening of default webpabé#p://localhost/localstart- .asp indicates
the presence of webserver. On failure IIS webserver candialied 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 @t/Inetpub/wwwroot/ in the web server. These
web pages can now be accessed from any part of the world thiiatgrnet by accessing the web
server. The client machine has to be made compatible to ismiédmonstration which is done by
installing the.dll  le, and the required Ch script les. Thalll , is created by compiling the C
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le which create and maintain a bridge between JVM, C spaak@in space. All these required
les are stored irfiles.tar le and is made available for downloading as shown in Figufe 3
The user shouldntar the downloaded les to the using home directory.

3 hitp:fiphoenix.engr.ucdavis.edufapplet/paperfindex.hitml - Hicrosoft Internet Explorer E]@@

File Edit “iew Favorites  Tools  Help ;'f'
= L ] 5 — ¥ »
@ Back = [ il g _'\J -/ Search ) Favarites -@:‘{ 6~ Links

Address \.'E;‘-E http:/iphoenix.engr.ucdavis. edujappletfpaper finde:x. htrl b G0

Please Download the folllowing file and store it in vou home directory.
The home directory can be found out by following command m Ch command shell:

getenv("home")

chiclk here to download the required files

To untar the files:

tar v files tar

chick here to worle on robot hand

-Ej Dane & Internst

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 accessdberces of a client machine. To over-
come this problem the applets that was developed to accdexanute thedll  le in the client
were signed. By signing, these applets would carry a catedssued by the applet developer.
The clients who trust these certi cate can allow the appiletaccess their hard disk by granting
permission. The applets in this demonstration were setf edr The basic steps to be followed
to create the signed applet are explained in this sectioa.cblhmand

keytool -genkey -alias testkey -validity 365

generates a self certi cate and posts several questiorfeetdéveloper. The tergenkey indi-
cates the generating a certi cate with natestkey , which is indicated with the optioalias

and is valid for 365 days referred by the optialidity . The information given by the devel-
oper is passed on to the user when they use the applet sigrtedstoerti cate. On reading this
information, the user decides on trusting the applet. [Eigué shows the set of questions that the
developer has to answer to create the certi cate, whichadlgtgets the details of the person and
organization involved in developing the applet.
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Ch Professional =]
Fy

C:/Documents and Settings~IEL> keytool —genkey —alias testkeny
Enter keystore password: password
hat is your first and last name?
[Unknownl: Kabileshkumar Cheetancheri
hat is the name of your organizational unit?

[Unknownl: Integration Engineering Laboratory
hat is the name of your organization?
[Unknownl: Integration Engineering Laboratory

hat is the name of your City or Locality?
[Unknownl: Davis
hat is the name of your 5tate or Province?
[Unknownl: California
hat is the two—letter country code for this unit?
[Unknownl1: US
Is CN=Kabhileshkumar Cheetancheri,. OU=Integration Engineering Labhoratory. O=Integ
ration Engineering Laboratory, L=Davis, 8T=California, C=US correct?
[nol: vyes

Enter key password for <testkey>
C(HRETURN if same as keystore password):
C:/Documents and Settings-/IEL>

Figure 3.6: Snapshot of Certi cate Details.

javac test.java converts the Java ldest.java to byte coddest.class which
is portable across platform. All the classes that are redu execute the applet are putin a single
jar le using the following command.

jar cvf testjar test.class testl.class

keytool -delete -alias testkey deletes a certi cate with the name
testkey that has been already created. This could be done if a catél 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 sigtivejar  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 namedestkey . When the appletin thigr leis accessed

it rst shows the certi cate to get permission from the use@nly when the user accepts the
certi cate, shown in Figure 3.7, the applet would perforsrible, if the user does not accept the
certi cate, the applet cannot access the hard disk of trethnachine.
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Warning - Security @

Do you want to trust the signed applet distributed by "Kabileshkurmar
o Cheetancheri"?

Publisher authenticity verified by: “Integration Engineering Laboratory"

.*ffﬂ The security cedtificate was issued by a company that is not trusted.
Fo

pﬁj The security cedificate has not expired and is still valid.

Caution: "Kabhileshkumar Cheetancheri® asserts that this content is safe. You
should only accept this content ifyou trust "Kabileshkumar Cheetancheri” to
make that asserion.

More Details

Yes No Always

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 dadiand can run using a browser
that views the document. Applets are being used in a widetyardf eld like teaching [29], teler-
obotic system [30], in assembly plant [31], etc. The cliadesnanipulation is performed by rst
downloading the required les (.dll and Ch script) to theecli machine and are then executed from
an applet. The applet shown in Figure 3.8 hosted from a welesér used in manipulating the
BarretHand connected to the client machine. This applethe@same features of the stand alone
GUI explained in the previous section. On perfroming anyoacon the applet, the JNI functions
in the Java program executes the corresponding nativeidumitbom the downloadedlll  le.
This native function makes the necessary communication@b acript The Ch script sends the
control sequence to the BarretHand in the client machinetfmpm the desired manipulation.
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a http:fiphoenix.engr.ucdavis.edufapplet/paperfslider.html - Hicrosoft I... IZ] IEJIEJ

s
y

File Edit Miew Faworikes Tools  Help

J A _.l _FI. 3
@Back = ,_," |ﬂ @ __l'] 7 ! Search '“:17{ Favorites

X

Lirks

leu:u

g

Address i@j http: /iphioenix.engr. ucdavis.edu)applet/papershder, html
.
C ‘Rotate Fingers 1&2
0 60 120 180
Manipulate Finger 1
1] 60 120 180
Manipulate Finger 2
0 Eﬁ 1éﬂ 1II3l]
@ Manipulate Finger 3
0 60 120 180
Start Reset Stop
¥
-’El applet BhandManip started & Internst

Figure 3.8: Snapshot of an applet.
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Web Browser
Dynamically
Java Applet |« Downloaded
H Web Server
Ch Script |
Pre-Installed

Figure 3.9: Communication between Java applet and Ch soripé client side.

Server
Web Browser [* Response Web Server
. Java | ] | seript
Applet oy CGI >

Dynamically
Downloaded

_________________

Figure 3.10: Communication between Java applet and Chtscr@oremote host.

3.6 Manipulation of Mechatronic System in Remote Host using
Web Browser

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

3.6.1 Invoking Ch Script in Remote Host using CGl

An applet can invoke a Ch script in a remote location using@heCGl toolkit [32]. One of the
mostimportant applications of CGl is handling Il-out fosxand generates web pages dynamically
[32]. Ch CGil scripts can now be invoked from Java applets. pyiet typically consists of several
GUI components which are read from the program. The values ft 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 Chptstwicontrol the mechatronic system.
For example, in the URL shown above, the value generateceiddha clasdps andmove are
sent to Ch script. These values are sent in the namiels oandmoving respectively. This URL
opens a blank web page having the varialdesandmoving 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 ofahatronic system using CGl.
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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 ofahatronic system using CGl.(contd.)

The Ch script listed in Program 3.2 called from the applesimdin handling the input. The in-
put arguments that were sentin URL invoking the Ch scripaispdx = Request.getForm("id")
parses the value that is represented by the sttingnd stores in a Ch variabke The parsed value
is in the form of string and is converted to double precisiatadype usingtrtod function. The
parsed data is used according to the application requireinoen Ch. In this examplagd speci es
the nger number andnove speci es the new location of the nger.
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Figure 3.11: Manipulation of Mechatronic System in Remabeation Using CGl.

3.6.2 Using JSP to Invoke a Ch Script

In case of CGI, for every request that comes in, the web sdrasrto create a new operating
system process, load an interpreter and a script, exeaisetipt and then close the process. This
prevents the client and server to have a continuous commting that is, all initializations have
to be performed everytime a Ch script is invoked. For examipleccessing a hardware, it has to be
initialized everytime it is being accessed. This allows-tinee one-way communication between
the mechatronic system and the applet as shown in Figure 3d bvercome this shortcoming,
the communication with server was done through JavaSeage(BSP). As IIS web server does
not support JSP application, Apache Tomcat webserver [24] wsed in hosting a JSP. An IS
webserver was connected to Tomcat webserver using Tomoaectors [33] for several reasons
[34] which are listed in the following section. The proceglunvolved in communicating with
Ch script from the applet through JSP is shown in Figure 3riRia explained in the following
sections.
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Figure 3.12: Barrett Hand manipulation in server side.

3.6.3 JavaServer Page

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

Manipulation of Barrett Hand in remote location has beenalestrated using JSP in backend
and Java applet as a GUI front end. From the applet, a JSPakdadwy using thaJRL class
de ned in Java. While invoking a particular JSP using a URIlalso contains several arguments
that are sent to JSP for evaluation. In this demonstrati@ninputs given to the JSP are the nger
number and the slider value manipulated by the user or degdibut the button that has been
invoked. For example, to send the values of the nger numberits 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 argumengs™fand "move”. These two values
are determined in the Java applet which invokes the JSP. e ”id” and "moving” referred in

the JSP, have the valuesfpk andmove, respectively. These two values are parsed by the JSP
le to be used for the given application. The JSP le that isrgecalled is listed in Program 3.3.

<html>

<head>

<title>

Trying out JNI

<ftitle>

</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 thbhandjava.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 egbiré&unctions through which the
native C functions are accessed. These native C functidtialize 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 numl, int num2);
public static int i;
public static int mov;
public void setNum(String id) {
i = Integer.parselnt(id);
System.out.printin("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.printin("error"+ i);

}

mov = Integer.parselnt(moving);
runbhand(i,mov);

Program 3.4: Java le with JNI functions

The two functionsetNum andsetMove get the values of variabléed andmoving respec-
tively from the JSP to process. They also communicate witlvedunction in the dynamic link
library that has been loaded, to access the Ch script to miatgthe mechatronic system.

3.6.4 The Apache Jakarta Tomcat Web Server

Tomcat is a servlet container that is used to interface JavaBPage in Windows. In this demon-
stration, Apache Tomcat 5.0 was used which can be downldaoledwveb [36]. On installing this
web server, there are certain changes that have to be dohe system to make it compatible.
On Windows platform, check for the presence of environmantble JAVAHOME. This can be
done byecho %JAVA HOMEY this has not been set, it has to be set to the directory evbava
has been installed. For example, if Java has been installédjava then JAVAHOME vari-
able is set to this directory. Added to this, thie@ 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 varialheaddition CATALINA HOME
environment variable has to be set pointing the Tomcatliastan directory wherecatalina  is
the name of the servlet container. For example,

C:\> set CATALINA HOME=C:\Program Files\jakarta\tomcat
sets the path cEATALINA_HOMEo the Tomcat home directory.
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Tomcat contains Windows batch Istartup.bat andshutdown.bat  to start and stop
the server, respectively, inside then directories. The web server is started by executing the
startup.bat , which shows all the directories that are being used as slhowigure 3.13.

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

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

On executing thetartup  batch le, the server starts, which can be seen in a sepelate w
dow. The window shown in Figure 3.13 shows several init&lan that it performes regarding the
web server. This window can also be used to display statemerihe server side console. This
window should be left open, as closing of this window will sthawn 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 IS Tomcat Connector

We used the same system to install both the IS and Tomcatevebrsand integrated all web pages
under one web site. In case of Tomcat, it uses the port 8080cksa the webpage and the user
have to specify the port number in the URL while invoking a.J8#s leads to hard coding which
is not recommended in software desiging. To over come theanvegrated the 1IS web server and
the Tomcat using Tomcat connector [33]. The advantages onemting 11IS and Tomcat is listed
below [34].

The developer need not to specify 8080 in the addresses]ps lre improved software
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design.

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

The developer can control bandwidth and process of Weblsié@ag JSP/servlets.
This IIS ISAPI DLL makes Tomcat transparent to the user.

Execution of HTTPS sessions of JSP is faster through lISrdttan on Tomcat.
IIS, by default, offers HTTP Keep Alives, improving the parhance.

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

The exectuable le that was available from web[37] was usedreating the connection be-
tween 1IS and Tomcat web server. During installation, ther wgould have to select their required
directory that has to be mapped to 1IS web server. This dirgatan be found at,

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

The user can create their own directories which will be @igpt during installation as shown
in Figure 3.15 and can be selected to access through lISeThexctories should follow the pro-
cedures in developing the directory tree which allows the tiSaccess the class le. This could
be done manually by changing various les and the windowssteg

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 twwdars, manipulation of Barrett
Hand in remote location can be performed. This is done throntgrnet by accessing a HTML
page embedded with a applet. The same applet that was usedfarside manipulation is used
here. But the Java program has been modi ed to make it cotvlpat) access the JSP in remote
location by removing the JNI functions and add the URL clageas. The three buttons in the
applet performs the function of initilization, reset andpting the mechatronic system whereas
the sliders manipulates the ngers individually. With respto actions performed on the applet,
which is listened from the Java program, the corresponds®)id called with the input given by
the user for the slider movement or pressing of a button. Bieid turn calls a Java program with
JNI function with the parsed values that it received fromdpelet. The Java program calls the
native function which invokes Ch scripts. These Ch scrigtéctv receive values from the native
function manipulate the mechatronic system as shown inréigu 2

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

Even though there are several ways to implement the manigpulaf a robot hand through web
browser, some of the advantage of using ChJava has beerghigll here. The major advantage is
that Ch [38] is interpretive for rapid prototyping and stinmg, easy to interface with hardware and
is available for free. The other software that are being @sedlava and Barret Hand application.
Java[39] and ChBhand is also availabe for free on net [4Qh mianual [27] to use it.

The other advantage in terms of coding is that, it can be useah@ltiple purposes. To check
the feasability of the code that has been developed, thdajmrecan use it in a stand alone system
and check the output. Once it is fully tested, with little oga this code can be converted to
an applet and can be loaded on to a web site. The user can ruodeein the client side by
installing the required les that come along with the appl& do the manipulation in the server
side, an additional JavaServer Page has to be created thealava 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 andrusethmunicating with some
binary functions, we found that everytime we make changésarbinary functions the server has
to be restarted. Though this can be prevented by explicétiing certain parameters, doing so
may compromise on servers performance[41]. Using the Ca gagkage, the Ch script invoked
from Java can be changed without disturbing the server. ddmnsbe very useful when there is a
need to modify a system without shutting it down. For examipl@andling a mechatronic system
remotely, it can be safely switched off rather than abrubtlytdown. Howeve, even though Ch
scripts can be changed, Java classes or the .dll le cannaptated without shutting down the
server.
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Chapter 4

Conclusions

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

Java is one of the most popular languages and Kaffe being plemnentation of Java Virtual
Machine and has the capacity to execute Java classes inJav@land Ch Kaffe package have been
developed as part of this project. Sun Java and Kaffe weegiated in the Windows platform and
Linux respectively. Ch Java and Ch Kaffe packages are degdlasing JNI and Ch SDK. With
Ch Java or Ch Kaffe, Java programs can be executed from CimgEsnbedded Ch, C/Ch/C++
programs can be executed interpretively from a Java progdana applets are ideal solutions for
web-based GUI through web browsers. There is a great patémtiwvide applications of integrated
solution of Ch and Java. To demonstrate potential apptinatof Ch Java, a mechatronic system
with a Barrett Hand has been manipulated through Ch Javdfareht ways. Using Java as GUI,
a Barrett Hand is controlled by a Ch script in a stand alona pavgram. The mechatronic system
located either in client side or remote side can also be nu¢atgd through a web GUI using Java
applet.

4.1 Future Work

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