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Background


An increasing number of computer integrated surgical systems today require use of multiple computers, and as network connections get faster this trend will continue to evolve.  Distributed real-time systems seem to be the logical next step for computer-assisted operating rooms, but for this to become a reality there must be a universal protocol for sharing information over a network.  Common Object Request Broker Architecture, or CORBA, is the most likely candidate to fill this need because it is very high level, easy to use, and it is platform independent.  CORBA specifications are maintained and updated by the Object Management Group (OMG), a consortium of about 400 companies and educational institutions world-wide.  There are many CORBA Object Request Brokers, or ORBs, available, both commercially and as freeware, and all are compatible thanks to the OMG standard.


Another problem relating to distributed systems in the operating room is space management.  Often full personal computers including a monitor, keyboard, and mouse are used to perform specific tasks that only require a small fraction of their resources.  They space the take up can hinder a surgeon and his assistants, plus the health care provider has to pay for functionality that will never be used.  It is desirable to replace these PCs with smaller, inexpensive, dedicated computers such as the embedded computers being used in many common devices these days.  The problem is that embedded machines are usually difficult to program, built for very specific purposes, and often only manufactured in bulk to cut costs.


Dallas Semiconductors has built an embedded computer called the Tiny Internet Interface (TINI).  TINI has enormous potential for developers for several reasons.  First of all it runs Java programs, making it much easier to program than your typical embedded machine.  Furthermore they can be purchased one at a time for only about $70, so gaining access to a TINI board should never be a problem, plus TINI boards also have built in RS-232 ports and Ethernet ports.  It has a built in mail, ftp, and http servers, and the proprietary operating system, Slush, is very similar to Unix and thus familiar to most users.  All this adds up to make TINI a compact and user-friendly tool with powerful network potential.


TINI is not without its problems, however.  The board contains only 1 Mb of memory, out of which are roughly 100 kb are already in use.  Also, the Java Virtual Machine that runs on TINI supports a limited API (see the appendix for more information.)  The good news is that TINI is still being developed, and with a growing group of TINI developers giving feedback to Dallas Semiconductors, there is a good chance that most of these shortcomings will be worked out within a few years.


The process of building a TINI application involves first writing a Java program, compiling it against the TINI API, and then running it through another program call TINIConvertor.  The details of this process are elaborated in the appendix.


The goal of this project was to get a CORBA ORB to work on TINI, allowing the small and inexpensive TINI computer to take the place of a $1,000 PC in an operating room.  The ORB we chose to try to move is called JacORB1.2.3.  JacORB’s advantage over its competitors is that it is free, open source, and written in Java.

Problem


There are two major problems with putting JacORB applications on TINI.  The largest obstacle is memory.  All of the files associated with JacORB1.2.3 take up about 19 Mb, out of which about 8 Mb are essential to the operation of the ORB.  There is a smaller version of the OMG CORBA standard called minimumCORBA, but this is not supported by JacORB1.2.3.  The other problem is that JacORB relies on several classes from the JDK API that are not in the TINI API, most notably java.lang.reflect.Constructor.  Also, there are some differences in the methods of classes that are supported by the TINI API.

Approaches


We have tried several different approaches to solving these two problems, none of which were successful, but each did serve to shed some light on the nature of the problem and bring about new ideas for a solution.


First we tried the dumb luck approach: we tried to run all the JacORB class files through the TINIConvertor.  This resulted in an “out of memory” error.


Next we tried to determine what classes were necessary to run a simple JacORB client/server application by capturing the verbose output of the JVM as we ran a JacORB demo program on a PC.  Eventually we wrote several simple programs: one that would parse the log files generated by the verbose output of the JVM, and another that would automatically get the files specified in the verbose output.  Feeding these files through the TINIConvertor always resulted in “can not find class” error, so another program was written that would run the TINIConvertor, read the error message, get the desired class that TINIConvertor could not find, and then run TINIConvertor again.  This program would add classes for several minutes before it could get to an error message “getMethodRef() failed.”


The third phase of our project evolved from trying to decipher the getMethodRef() error.  To do this we had to develop a deeper understanding of what the TINIConvertor was doing.  First it would always explore the file hierarchy.  Then it starts adding classes alphabetically from the root folder.  When it adds a class it also looks to see if all the other necessary classes are present.  After it adds the class with a main() method it starts adding methods.  The ultimate result is a single file with a .tini extension.  The getMethodRef() error occurs when a class includes an API class that exists in both the TINI and the JDK APIs, but is missing a method in the TINI API.  After realizing the cause of our error, the importance of compiling source files against the TINI API became apparent.


The final phase of this project was spent trying to compile the source files from JacORB1.2.3 with the TINI API.  This is a more difficult task than it seems.  Virtually all classes depend on other classes within the same package, many have dependencies in other packages.  To compile many files at once requires you to destroy the file hierarchy, but you can not completely destroy it because there are some classes from different packages with the same name.  There are several instances where the incompatible APIs require you to go into the code and comment some lines out.


The major problem with this approach is that it does not address the size issue.  In order to do this, we referred to the OMG minimumCORBA standard (which can be found at the OMG website.)  While working to compile the JacORB source with the TINI API we also started to comment out sections of code based on the minimumCORBA standard.  Doing this with the OMG CORBA classes proved to be simple enough, but attempting the same feat with the JacORB classes was an overwhelming task for two full-time students with only three weeks left.

Conclusions 


Ultimately, I think it may yet be possible to adapt JacORB1.2.3 to minimumCORBA and incorporate it into TINI applications.  The main stumbling block for us has been a lack of knowledge about CORBA, and things like IOP, IIOP, GIOP, and SSL.  If someone in the future attempts to convert JacORB1.2.3 to TINI, I suggest they start by learning what the role of these packages are in the execution of an ORB.  But ultimately, using JacORB1.2.3 may not be the best option.


We have found several other CORBA ORBs that are in Java and support minimumCORBA already, such as E*ORB.  Unfortunately, none of these ORBs are both open source and free.  There is a new version of JacORB, but we’re not sure if it supports minimumCORBA.  


The final product of a TINI/CORBA ORB project will should be a set of OMG/vendor specific class files that have already been compiled against the TINI API.  The process of creating an ORB application for the TINI board will be first to write the client and server classes, and the idl.  Then compile the idl with the idl compiler that the comes with most ORBs (no need to modify this.  OMG’s minimumCORBA specifies that it must be compatible with all idl compilers.)  Then compile the client, server, and all idl-generated classes with the TINI API (make sure that the already-compiled ORB classes are in a folder where the java compiler will find them.)  Lastly, run the client and server through the TINIConvertor separately.  The result will be two .tini files that have all the ORB functionality built into them, and will run after being sent to the TINI by ftp.  

management summary

Embedded Systems background research (Mike) CORBA background research (Walter)
Becoming Familiar with the TINI Development Environment (all)
· Installing and configuring proprietary TINIConvertor (all)
· Test Program (Walter)
Working with JacORB (all)
· JacORB core built (all)

· Running HelloWorld Distributed CORBA Test Program (Walter)
· Running Jcounter CORBA Performance Test Program (Walter)
Converting to TINI (all)

- Writing log file parsing program (Mike)

· Writing a Perl script to get classes from log output (Walter, Kevin Weihe)

· Writing the C++ ClassMover program (Walter)

· Commenting source code to comply to minimumCORBA (Mike)

Originally we planned to deliver a CORBA ORB that would run on the TINI board.  At the time, though, we didn’t really understand what that meant, so it is not surprising that our plans change several times over the course of the semester.  We did not accomplish what we set out to do, but we have created a good starting point for the next group to take up this project.

Advice for the next group:


The first thing that should be done is LEARN CORBA!  Learn everything you can about it, and what the functions of the different packages are.  That was our biggest shortcoming, and everything would have gone much smoother if we had better understanding of ORB anatomy.


The next step is to look for an ORB on the internet to use.  JacORB1.2.3 is not the best to use.  Since we adopted this project, there has been a new version of JacORB, and also and updated CORBA standard, both of which have minimumCORBA in mind.  There are other venders out there as well, but whatever ORB you choose should be a free and open source.  (After all, it wouldn’t be much of a project if we just bought a commercial ORB and changed the properties file.)


The last step is to methodically recompile all the ORB source files with the TINI API.  THIS IS AN IMPORTANT STEP THAT CANNOT BE SKIPPED!  The hardest part is getting started.  I recommend beefing up on readings about the java compiler and the JVM, because it is important to understand how javac looks for files.  After you get started, the next hardest step is keeping going.  It takes a while, and it is easy to get discouraged when you still have 100 errors after 4 hours.   This will probably be a simpler process if you know more about CORBA than I did, because you’ll know what you need and what you don’t need (and what can be commented out.)


Good luck.  The appendix contains the most useful documents that I’ve found, plus the url’s to other useful documents.

appendix 1: Useful and important websites

A. On the OMG CORBA standards: www.omg.org
i. CORBA 3 release info (recommended for continuation of project): http://www.omg.org/technology/corba/corba3releaseinfo.htm
B. On JacORB: www.jacorb.org
i. JacORB1.3 Programming Guide: http://jacorb.inf.fu-berlin.de/ftp/doc/ProgrammingGuide.pdf
C. On TINI: http://www.ibutton.com/TINI/index.html
i. TINI interest group (good for answering questions): http://www.ibutton.com/TINI/developers/interest.html
appendix 2: From the tini1.01 documentation

Building_Applications.txt (DC, 07.21.00)

-=-----------------------------------------------=-

Building a TINI Executable to run on the TINI Board

-=-----------------------------------------------=-

1. Compile your application.

    You must build your application against the TINI API instead of the normal

    JDK API. The TINI API classes are located in tiniclasses.jar.

    There are several different ways to do this depending on your development

    tools:

    a). IDE

         For Visual Cafe: Under the Project-Options menu, select the Directory

         tab and uncheck the two options at the bottom. Then in the "Show

         directories for" drop down box, select "Input class files" and add

         tiniclasses.jar and the directory you're building from.

         Then rebuild all.

       Other tools have similar options.

    b). JDK

         Specify the bootstrap classes:

           In JDK 1.2, you can specify the bootclasspath option to point to

           the TINI API.  For example: 

             javac -bootclasspath <TINI Install Dir>\tiniclasses.jar Hello.java

           In JDK 1.1, you put the TINI API classes in place of classes.zip:

             javac -classpath <TINI Install Dir>\tiniclasses.jar Hello.java

2. Build a TINI executable file.

    First, be sure your classpath includes tini.jar. This file contains the

    tools TINIConvertor and JavaKit.  It must show up before JiB.jar, which 

    was distributed with older alpha kit releases and also comes with iB-IDE, 

    our Java iButton development kit.

    If you are using JDK 1.2, you can choose to put tini.jar in the

    <jdk 1.2>\jre\lib\ext directory.  Any jar files in this directory will

    automatically be prepended to your classpath.  This means that you do

    not have to specifically list that jar file in your classpath to be

    able to use the classes it contains.

    For a single class file, type:

        java TINIConvertor -f Filename.class -o Filename.tini -d <TINI Install Dir>\firmware\tini.db

    If you have a collection of class files, put all the class files alone into

    one directory (we'll call it mydir) and type:


java TINIConvertor -f mydir -o Filename.tini -d <TINI Install Dir>\firmware\tini.db

    If you want to run the executable through slush, FTP this file to TINI and

    execute it through a Telnet or serial connection.

    If you want to set your executable as the default exec image (replacing the

    slush shell), add the switch "-l" to the above TINIConvertor and change

    "-o Filename.tini" to "-o Filename.tbin".  See README.txt for information

    on loading this file into Bank 7 of flash ROM.

Tips for your programs:

=---------------------=

1. a) There are some issues related to threading that you should take into

      consideration. 

      - All threads run at the same priority.

      - There is a limit of 16 threads per process (including the primordial

        thread).

   b) Threads can block on I/O thus increasing CPU cycle availablity to other

      threads and processes.  Network threads will block on accept() until a

      connection is established.  Reads will block until data is received.

2. See API_Diffs.txt for differences between Sun's 1.1 API and the current

   TINI API.

3. A quick and non memory consuming way to print the amount of free RAM is:

   com.dalsemi.system.Debug.intDump(Control.getFreeRAM());

4. System.out.println()'s consume lots of memory.

5. If you consume large amounts of memory, esp. in iteration-based loops, it

   is a good idea to call the garbage collector periodically yourself with

   'System.gc();'.  The garbage collector will kick off automatically when

   memory dips below a certain threshhold, but major garbage collection during

   program run will cause the collector to run for long periods of time in the

   background.  Do NOT call the GC in a tight loop for performance reasons.

6. Print a banner - make one of the first lines of your program a println of

   some kind so you know right off if your program is running.  If you do not

   see this line, it is possible your heap is in an unknown state.  You may

   want to clear out the heap.

7. Check com.dalsemi.system.ArrayUtils for various fast array comparison/fill

   methods.

8. See Limitations.txt for a partial list of TINI limitations.

appendix 3: from the tini1.01 documentation

API_Diffs.txt (DC, 07.21.00)

This file documents the differences between the TINI API and Sun's 1.1 JDK.

If a method or class is listed under the packages below, that means it exists

in Sun's JDK 1.1 but not in the current TINI API.

Packages supported

-================-

    o java.io

    o java.lang

    o java.lang.reflect

    o java.net

    o java.util

    o javax.comm

Package: java.io

-==============-

     interface Externalizable

     public class InvalidClassException

     public class InvalidObjectException

     public class NotActiveException

     public class NotSerializableException

     interface ObjectInput

     public class ObjectInputStream

     interface ObjectInputValidation

     interface ObjectOutput

     public class ObjectOutputStream

     public class ObjectStreamClass

     interface ObjectStreamConstants

     public abstract class ObjectStreamException

     public class OptionalDataException

     public class StreamCorruptedException

     public class WriteAbortedException

Package: java.lang

-================-

     In Object:

          - finalize code can be invoked directly, but is not

            automatically invoked before reclaimation of object.

     From java.lang.reflect:

          public final class Array

          public final class Constructor

          public final class Field

          public class InvocationTargetException

          interface Member

          public final class Method

     public class AbstractMethodError

     From Class:

          public java.lang.ClassLoader getClassLoader() 

          public java.lang.reflect.Constructor getConstructor(java.lang.

          public java.lang.reflect.Constructor[] getConstructors() throw

          public java.lang.reflect.Constructor getDeclaredConstructor(ja

          public java.lang.reflect.Constructor[] getDeclaredConstructors

          public java.lang.reflect.Field getDeclaredField(java.lang.Stri

          public java.lang.reflect.Field[] getDeclaredFields() throws ja

          public java.lang.reflect.Method getDeclaredMethod(java.lang.St

          public java.lang.reflect.Method[] getDeclaredMethods() throws 

          public java.lang.reflect.Field getField(java.lang.String) thro

          public java.lang.reflect.Field[] getFields() throws java.lang.

          public java.lang.reflect.Method getMethod(java.lang.String, ja

          public java.lang.reflect.Method[] getMethods() throws java.lan

          public java.net.URL getResource(java.lang.String) 

          public java.io.InputStream getResourceAsStream(java.lang.Strin

          public java.lang.Object[] getSigners() 

     public abstract class ClassLoader

     public final class Compiler

     From Math:

          public static double acos(double) 

          public static double asin(double) 

          public static double atan(double) 

          public static double atan2(double, double) 

          public static double cos(double) 

          public static double exp(double) 

          public static double IEEEremainder(double, double) 

          public static double pow(double, double) 

          public static double sin(double) 

          public static double tan(double) 

     public class NoSuchFieldError

     public class NoSuchFieldException

     public class NoSuchMethodException

     From String:

          String.intern() will return incorrect results.

     From System:

          public static void runFinalization() 

          public static void runFinalizersOnExit(boolean) 

     From Thread:

          public final synchronized void join() does not work.

          public final synchronized void join(long) does not work.

          public final synchronized void join(long, int) does not work.

     public class VerifyError

Package: java.net

-===============-

     N/A

Package: java.util

-================-

     From GregorianCalendar:

          public static void roll(int, boolean) 

          public static void add(int, int) 

Package: javax.comm

-================-

     N/A
