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Instructions for using this virtual environment system

------------------------------------------------------

----------

Background

----------

First read the implementation part of the thesis in thesis/thesis.doc (MS

Word 97 format) for background info, if you need to. 

You can find HTML versions of the paper and of the slide-show for the

defense at http://www.cs.unc.edu/~brownde/pvt/cb/index.html 

(see the section "Various Descriptions of My Project").

It also helps to understand how OpenGL and the VCOLLIDE packages work (see

the usual manuals for OpenGL; VCOLLIDE docs are on-line at 

http://www.cs.unc.edu/~geom/V_COLLIDE/).

The individual source files are thoroughly commented, and reading them,

along with reading the relavant parts of the thesis, and playing with the

sample application, you should get a good idea how my system works.

-----

Files

-----

This is what's in each directory:

  ve: the virtual environment Java package  

  ve/conman: the Connection Manager class

  ve/vobject: the Virtual Object classes

  ve/types: some classes used in ConMan and VObject

  capflag: the capture-the-flag Java package

  capflag/models: the *.tri models used in capture-the-flag

  capflag/mazes: the maze files used in capture-the-flag

  OpenGL: the OpenGL-for-Java Java package

  OpenGL4Java: all the stuff necessary to build the OpenGL package

  OpenGL4Java/OpenGL: the Java side of the OpenGL4Java package

  OpenGL4Java/CNativeCode: the C side of the OpenGL4Java package

  OpenGL4Java/CClassHeaders: stuff generated during the build process

  OpenGL4Java/CClassStubs: stuff generated during the build process

  VCOLLIDE: the VCOLLIDE-for-Java Java package

  VCJava: all the stuff necessary to build the VCOLLIDE package

  VCJava/VCOLLIDE: the Java side of the VCJava package

  VCJava/CNativeCode: the C side of the VCJava package

  VCJava/CClassHeaders: stuff generated during the build process

  VCJava/CClassStubs: stuff generated during the build process

  models: a few miscellaneous *.tri models

  thesis: stuff related to my thesis paper and defense talk

Within each directory, each source file has internal docs that should

explain what it does and how to use it. Really!

-------------------

Building Everything

-------------------

(1) Paths

First, you need the OpenGL4Java and VCJava paths added to your CLASSPATH

and LD_LIBRARY_PATH environment variables. If you always start the program

from the top-level directory (i.e., the one containing the *.sh scripts)

then this should work for you:

  CLASSPATH=.:OpenGL4Java:VCJava

  LD_LIBRARY_PATH=.:OpenGL4Java:VCJava

Next, you need to make sure you're using Java 1.1. If you're running on

tbone or redbud, the default version is 1.0 which won't work. 1.1 is

installed here: /afs/cs.unc.edu/home/brownde/RAspace/CosmoCode/usr/java/bin

so you should add that to your PATH environment variable.

(2)

From the top project directory, type "make all".

This builds several things:

  - the ve package (ve/conman, ve/vobject, ve/types)  

      * type "make vepackage" to just build this package

      * type "make veclean" to delete all the .class files

  - the capflag package

      * type "make flagpackage" to just build this package

      * type "make flagclean" to delete all the .class files

  - the OpenGL package

  - the VCOLLIDE package

      * type "make nmistuff" to just build these two packages

      * type "make nmiclean" to clean them out for rebuilding

Examining the makefile should give more detail as to how things are put

together.

-------------------------

Starting Capture-the-Flag

-------------------------

(1) Paths

First, you need the OpenGL4Java and VCJava paths added to your CLASSPATH

and LD_LIBRARY_PATH environment variables. If you always start the program

from the top-level directory (i.e., the one containing the *.sh scripts)

then this should work for you:

  CLASSPATH=.:OpenGL4Java:VCJava

  LD_LIBRARY_PATH=.:OpenGL4Java:VCJava

Next, you need to make sure you're using Java 1.1. If you're running on

tbone or redbud, the default version is 1.0 which won't work. 1.1 is

installed here: /afs/cs.unc.edu/home/brownde/RAspace/CosmoCode/usr/java/bin

so you should add that to your PATH environment variable.

(2) RMI Registry

The RMI Registry needs to be started next. Pick a port number the

Connection Manager and virtual objects will use. The default is 1099 if

you don't specify one. For example, if you chose port 8989, you'd type:

  % rmiregistry 8989 &

Since the rmiregistry is a background process, don't forget to kill it

when you're done working on the virtual environment. You only have to run

it once for each work session (i.e., you can restart ConMan many times

but you only have to start rmiregistry before the first time), but make

sure to kill it before you log out or else it will just sit there and tie

up that port.

(3) Connection Manager

The Connection Manager needs to be started on the same machine and from

the same x-terminal (for unknown reasons). It defaults to port 1099, and

you can specify a different port from the command line. Use the

"conman.sh" script to start it.

  % conman.sh 8989 

After it starts, it will say "ConMan bound in registry" and nothing more.

If it gives errors, kill it and the rmiregistry process, pick another

port, and try again. Sometimes it says it can't find a stub class or some

nonsense, and I never figured out why, because just trying it again

usually fixes it.

(4) Maze

Start a maze process. You can use the maze13.sh or maze7.sh scripts (for

size 13 and size 7 mazes, respectively). You should supply the

machine name and port number to the script. If not, it assumes

you're using this machine on port 1099 for the Connection Manager. 

You can't specify just a machine name or just a port--you must always

supply machine:port in that format. Example:

  % maze7.sh redbud:8989

If you look at maze7.sh, you will see that the Maze object has a lot of

options. They are:

  -serverName: machine:port to use (like above)

  -position: three doubles giving the x, y, and z coordinates of this

             object in the virtual world

  -lookat: a point the object is looking at. This determines which

           way it is facing in the virtual world. Give it three doubles

           for the x, y, and z coordinates of this point.

  -VUP: the object's UP vector; usually 0.0 1.0 0.0

  -mazeFile: the maze file to load. The filename should be relative to the

             directory from which you start the program, OR be an absolute

             filename.

(5) Player

Start a player process. You can use player17.sh (player 1 in the 7x7

maze), player217.sh (player 2 in the 7x7 maze), player113.sh (player 1 in

the 13x13 maze), or player213.sh (player 2 in the 13x13 maze).

You should supply the machine name and port number to the script. If not,

it assumes you're using this machine on port 1099 for the Connection

Manager. You can't specify just a machine name or just a port--you must

always supply machine:port in that format. Example:

  % player17.sh redbud:8989

If you look at player17.sh, you will see that the Player object has a lot of

options. They are:

  -serverName: machine:port to use (like above)

  -position: three doubles giving the x, y, and z coordinates of this

             object in the virtual world

  -lookat: a point the object is looking at. This determines which

           way it is facing in the virtual world. Give it three doubles

           for the x, y, and z coordinates of this point.

  -VUP: the object's UP vector; usually 0.0 1.0 0.0

  -focusRadius: the initial radius of the object's focus

  -nimbusRadius: the initial radius of the object's nimbus

  -geomFile: the .tri file giving this object's geometry. The filename

             should be relative to the directory from which you start the

             program, OR be an absolute filename.

  -objName: a string giving the name this object will have in the VE

To have a second player, start player27.sh or player213.sh (depending on

which maze size you're using) on the same machine or a different machine.

You can also start a "stealth" player, who views the maze from above,

using stealth7.sh or stealth13.sh.

(6) Flags

Start some flag processes. Use flags7.sh if using the 7x7 maze or

flags13.sh if using the 13x13 maze. Example:

  % flags7.sh redbud:8989

If you look at flags7.sh, you will see it starts two flags,

one good and one bad. flags13.sh starts four flags, one is

which is good. The Flag object has a lot of options. They are:

  -serverName: machine:port to use (like above)

  -position: three doubles giving the x, y, and z coordinates of this

             object in the virtual world

  -lookat: a point the object is looking at. This determines which

           way it is facing in the virtual world. Give it three doubles

           for the x, y, and z coordinates of this point.

  -VUP: the object's UP vector; usually 0.0 1.0 0.0

  -nimbusRadius: the initial radius of the object's nimbus

  -geomFile: the .tri file giving this object's geometry. The filename

             should be relative to the directory from which you start the

             program, OR be an absolute filename.

  -objName: a string giving the name this object will have in the VE

The focusRadius for the Flag object is fixed at a large negative number to

keep it from seeing anything.

This should start the simulation. You can start processes at any time and

have them join the simulation. You can kill the player processes and

they'll leave the simulation (use File->Quit). If you kill any other

processes, you'll mess up the Connection Manager. I never added graceful

exits to those object but it should be easy; it's just a matter of calling

ConMan.unregister(id); where id is the object's id number.

makefile

#################

#

# Collaborative VE with Enhanced Awareness

#

# Dennis Brown

# 

#################

PROJ_DIR = /afs/cs.unc.edu/home/brownde/RA3

all: vepackage flagpackage nmistuff

allclean: veclean flagclean nmiclean

#################

# VE PACKAGE

#################

PACKAGE_DIR = $(PROJ_DIR)/ve

CONMAN_DIR = $(PACKAGE_DIR)/conman

VOBJECT_DIR = $(PACKAGE_DIR)/vobject

TYPES_DIR = $(PACKAGE_DIR)/types

vepackage: ConMan VObject Types

veclean:


rm -f $(CONMAN_DIR)/*.class \

        rm -f $(VOBJECT_DIR)/*.class \

        rm -f $(TYPES_DIR)/*.class

ConMan: ConMan.class ConManImpl.class ConManStubs

ConMan.class: $(CONMAN_DIR)/ConMan.java 


javac -d $(PROJ_DIR) $(CONMAN_DIR)/ConMan.java

ConManImpl.class: $(CONMAN_DIR)/ConManImpl.java


javac -d $(PROJ_DIR) $(CONMAN_DIR)/ConManImpl.java

ConManStubs: ConMan.class ConManImpl.class 


rmic -d $(PROJ_DIR) ve.conman.ConManImpl

VObject: VObject.class BaseObject.class VObjectStubs AwareObject.class UserObject.class

VObject.class: $(VOBJECT_DIR)/VObject.java


javac -d $(PROJ_DIR) $(VOBJECT_DIR)/VObject.java

BaseObject.class: $(VOBJECT_DIR)/BaseObject.java


javac -d $(PROJ_DIR) $(VOBJECT_DIR)/BaseObject.java

VObjectStubs: VObject.class BaseObject.class 


rmic -d $(PROJ_DIR) ve.vobject.BaseObject

AwareObject.class: $(VOBJECT_DIR)/AwareObject.java


javac -d $(PROJ_DIR) $(VOBJECT_DIR)/AwareObject.java

UserObject.class: $(VOBJECT_DIR)/UserObject.java


javac -d $(PROJ_DIR) $(VOBJECT_DIR)/UserObject.java

Types: ThreeVec.class PolyObject.class Vertex.class Triangle.class

ThreeVec.class: $(TYPES_DIR)/ThreeVec.java


javac -d $(PROJ_DIR) $(TYPES_DIR)/ThreeVec.java

PolyObject.class: $(TYPES_DIR)/PolyObject.java


javac -d $(PROJ_DIR) $(TYPES_DIR)/PolyObject.java

Vertex.class: $(TYPES_DIR)/Vertex.java


javac -d $(PROJ_DIR) $(TYPES_DIR)/Vertex.java

Triangle.class: $(TYPES_DIR)/Triangle.java


javac -d $(PROJ_DIR) $(TYPES_DIR)/Triangle.java

############################

# CAPTURE-THE-FLAG PACKAGE

############################

FLAG_PACKAGE_DIR = $(PROJ_DIR)/capflag

flagpackage: Player Maze Flag

flagclean:


rm -f $(PROJ_DIR)/capflag/*.class

Player: Player.class

Player.class: $(FLAG_PACKAGE_DIR)/Player.java 


javac -d $(PROJ_DIR) $(FLAG_PACKAGE_DIR)/Player.java

Maze: Maze.class

Maze.class: $(FLAG_PACKAGE_DIR)/Maze.java 


javac -d $(PROJ_DIR) $(FLAG_PACKAGE_DIR)/Maze.java

Flag: Flag.class

Flag.class: $(FLAG_PACKAGE_DIR)/Flag.java 


javac -d $(PROJ_DIR) $(FLAG_PACKAGE_DIR)/Flag.java

#################

# NMI LIBRARIES

#################

nmistuff: OpenGL4Java VCJava

nmiclean: 


cd OpenGL4Java; make clean; cd ..; \


cd VCJava; make clean; cd ..

OpenGL4Java: OpenGL4Java/libOpenGL4Java.so

OpenGL4Java/libOpenGL4Java.so:


cd OpenGL4Java; make OpenGL4Java

OpenGL4Javaclean:


cd OpenGL4Java; make clean; cd ..

VCJava: VCJava/libVCJava.so

VCJava/libVCJava.so: 


cd VCJava; make VCJava

VCJavaclean: 


cd VCJava; make clean; cd ..

ConMan.java

// ConMan.java -- Connection Manager remote interface

//

// by Dennis Brown for Colab Bus VE Project

// 

// This is the remote interface for the Connection Manager class.

package ve.conman;

import java.rmi.*;

import ve.vobject.VObject;

import ve.types.*;

public interface ConMan extends Remote

{

  // register receives information about an object, creates a local

  // remoteVObjectInfo object for it, and puts it in the vector.

  // This function is called via RMI by the object and returns that

  // object's world ID.

  public int register(VObject remoteVObject, ThreeVec position,



      double focusRadius, double nimbusRadius)

    throws RemoteException;

  // unregister removes the object with id = "id" from the world.

  // This function is called via RMI by the object to be removed.

  public void unregister(int id) throws RemoteException;

  // updateObjectPosition updates the position of an object in its

  // information object.

  // This function is called via RMI by the object whose position changed.

  public void updateObjectPosition(int id, ThreeVec position)

    throws RemoteException;

  // updateFocusRadius updates the focus radius of an object in its

  // information object.

  // This function is called via RMI by the object whose focus radius changed.

  public void updateFocusRadius(int id, double focusRadius)

    throws RemoteException;

  // updateNimbusRadius updates the nimbus radius of an object in its

  // information object.

  // This function is called via RMI by the object whose nimbus radius changed.

  public void updateNimbusRadius(int id, double nimbusRadius)

    throws RemoteException;

}

ConManImpl.java

// ConManImpl.java -- Connection Manager Implementation class

//

// by Dennis Brown for Colab Bus VE Project

// 

// This class keeps track Virtual Object positions and notifies

// the objects when they need to establish or break communications.

package ve.conman;

import java.rmi.*;

import java.rmi.server.UnicastRemoteObject;

import java.net.InetAddress;

import ve.vobject.*;

import ve.types.*;

import java.util.Vector;

public class ConManImpl extends UnicastRemoteObject implements ConMan

{

  // This is the initial size of a vector.

  private static final int vectorSize = 30;

  // This is the size with which to increment a full vector.

  private static final int vectorSizeIncrement = 30;

  // The remoteVObjects vector contains remoteVObjects which

  // contain basic information about each object in the world.

  private Vector remoteVObjects = new Vector(vectorSize, vectorSizeIncrement);

  // This is the number of objects in the world. We can't just use

  // remoteVObject.size() since some entries in that vector may become null.

  private int numObjs = 0;

  // The constructor just starts a new thread to watch for collisions

  // between the spherical auras of the objects.

  public ConManImpl() throws RemoteException

  {

    super();

    // Start thread to detect aura collisions.

    AuraWatcher AuraWatch = new AuraWatcher(this);

  }

  // register receives information about an object, creates a local

  // remoteVObjectInfo object for it, and puts it in the vector.

  // This function is called via RMI by the object and returns that

  // object's world ID.

  public int register(VObject remoteVObject, ThreeVec position,



      double focusRadius, double nimbusRadius)

    throws RemoteException

  {

    // The number of objects always grows. It includes dead objects.

    numObjs++;

    int id = numObjs - 1;

    // Here we're making an assumption about how addElement works.

    // If it works as expected, then this object will be inserted at

    // position "id."

    remoteVObjects.addElement(new remoteVObjectInfo(remoteVObject,







    id, position,







    focusRadius,







    nimbusRadius));

    System.out.print("New object: id = " + id);

    System.out.print(" pos = " + position.x + " " +



       position.y + " " + position.z);

    System.out.print(" focus = " + focusRadius);

    System.out.println(" nimbus = " + nimbusRadius);

    return(id);

  }

  // unregister removes the object with id = "id" from the world.

  // This function is called via RMI by the object to be removed.

  public void unregister(int id) throws RemoteException

  {

    System.out.println("Object " + id + " is leaving the simulation.");

    // Get a pointer to the object's information.

    remoteVObjectInfo killme = null;

    try {

      killme = (remoteVObjectInfo)remoteVObjects.elementAt(id);

      remoteVObjects.setElementAt(null, id);

    } catch (Exception e) { reportErrorAndDie(e); }

    // Look at each object's information. If this object is copied by

    // any of the others, tell them to destroy the copy. 

    for (int i = 0; i < numObjs; i++)

      {


remoteVObjectInfo currObj = null;


try {


  currObj = (remoteVObjectInfo)remoteVObjects.elementAt(i);


  if (currObj == null) continue;


  // If the dead object is in the focus of the current object...


  if (currObj.objectInFocus(killme) == true)


    {


      System.out.println("Removing copy of dead object " + id +





 " from object " + i);


      // ... remove this object from the focus list,


      currObj.removeObjectFromFocusList(killme);


      // tell the current object to destroy its copy, and


      currObj.remoteVObject.destroyCopy(id);


      // tell the current object to quit sending updates to


      // any copies it might have in the dead object.


      currObj.remoteVObject.forgetRemoteCopiesIn(id);


    }


} catch (Exception e) { reportErrorAndDie(e); }

      }

  }

  // updateObjectPosition updates the position of an object in its

  // information.

  // This function is called via RMI by the object whose position changed.

  public void updateObjectPosition(int id, ThreeVec position)

    throws RemoteException

  {

    try {

      remoteVObjectInfo updateMe =


(remoteVObjectInfo)remoteVObjects.elementAt(id);

      updateMe.updatePosition(position);

    } catch (Exception e) { reportErrorAndDie(e); } 

  }

  // updateFocusRadius updates the focus radius of an object in its

  // information object.

  // This function is called via RMI by the object whose focus radius changed.

  public void updateFocusRadius(int id, double focusRadius)

    throws RemoteException

  {

    try {

      remoteVObjectInfo updateMe =


(remoteVObjectInfo)remoteVObjects.elementAt(id);

      updateMe.updateFocusRadius(focusRadius);

    } catch (Exception e) { reportErrorAndDie(e); } 

  }

  // updateNimbusRadius updates the nimbus radius of an object in its

  // information object.

  // This function is called via RMI by the object whose nimbus radius changed.

  public void updateNimbusRadius(int id, double nimbusRadius)

    throws RemoteException

  {

    try {

      remoteVObjectInfo updateMe =


(remoteVObjectInfo)remoteVObjects.elementAt(id);

      updateMe.updateNimbusRadius(nimbusRadius);

    } catch (Exception e) { reportErrorAndDie(e); } 

  }

  // detectAuraCollisions cycles through all objects' information and

  // detects collisions between each object's aura and every other

  // object's aura. If one object's focus intersects another's nimbus,

  // the first object receives a local copy of the second.

  public void detectAuraCollisions()

  {

    int i, j;                         // just some counters

    remoteVObjectInfo obj1 = null;    // pointer to the first object

    remoteVObjectInfo obj2 = null;    // pointer to the second object

    ThreeVec pos1 = null;             // first object's position

    ThreeVec pos2 = null;             // second object's position

    double distance = 0.0;            // distance between objects

    // For each object that isn't null...

    for (i = 0; i < numObjs; i++)

      {


try {


  obj1 = (remoteVObjectInfo)remoteVObjects.elementAt(i);


} catch (Exception e) { reportErrorAndDie(e); }


if (obj1 == null) continue;


// ... look at every other object that isn't the same object or null.


for (j = 0; j < numObjs; j++)


  if (i != j)


    {


      try {



obj2 = (remoteVObjectInfo)remoteVObjects.elementAt(j);


      } catch (Exception e) { reportErrorAndDie(e); }


      if (obj2 == null) continue;


      // Find distance between object centers.


      pos1 = obj1.getPosition();


      pos2 = obj2.getPosition();


      distance = (pos1.subtract(pos2)).length();


      // If obj2 is in obj1's focus range but not copied by


      // obj1, tell obj1 to get obj2.


      if (distance <= (obj1.getFocusRadius() +




       obj2.getNimbusRadius()) &&



  (obj1.objectInFocus(obj2) == false))



{



  System.out.print("Adding copy of " + obj2.id +





     " to " + obj1.id + ": ");



  System.out.println("(" + distance + " apart)");



  // Add obj2 to obj1's local list of copied objects.



  obj1.addObjectToFocusList(obj2);



  // Tell obj2 to ask obj1 to make a copy of obj2.



  try {



    obj2.remoteVObject.requestRemoteCopy(obj1.remoteVObject);



  } catch (Exception e) { reportErrorAndDie(e); }



}


      // If obj2 isn't in obj1's focus range but IS copied by


      // obj1, tell obj1 to get rid of obj2.


      else if (distance > (obj1.getFocusRadius() +





   obj2.getNimbusRadius()) &&



       (obj1.objectInFocus(obj2) == true))



{



  System.out.println("Removing copy of object " + obj2.id +





     " from object " + obj1.id);



  System.out.println("    " + distance + " apart");



  // Remove obj2 from obj1's local list of copied objects.



  obj1.removeObjectFromFocusList(obj2);



  // Tell obj1 to destroy its copy of obj2.



  try {



    obj1.remoteVObject.destroyCopy(obj2.id);



  } catch (Exception e) { reportErrorAndDie(e); }



}


    }

      }

  }

  // main sets a security manager, makes a new instance of this class,

  // and binds a well-known name to that instance so that objects can

  // find it.

  public static void main(String args[])

  {

    System.setSecurityManager(new RMISecurityManager());

    String port = "1099";  // Default rmiregistry port

    if (args.length == 1)

      {


port = args[0];

      }

    else if (args.length > 1)

      {


System.err.println("One argument expected: port number.");


System.exit(0);

      }

    try {

      ConManImpl ins = new ConManImpl();

      InetAddress add = InetAddress.getLocalHost();

      Naming.rebind("//"+add.getHostName()+":"+port+"/ConMan", ins);

    } catch (Exception e) { reportErrorAndDie(e); }

    System.out.println("ConMan bound in registry");

  }

  // reportErrorAndDie is a lazy way of dealing with fatal errors.

  private static void reportErrorAndDie(Exception e)

  {

    System.err.println("ConMan exception: " + e.getMessage());

    e.printStackTrace();

  }

}

// This class holds information about each object in the world which

// is needed by the Connection Manager to do its job.

class remoteVObjectInfo

{

  VObject remoteVObject;      // remote reference to the actual object

  int id;                     // a copy of its id

  ThreeVec position;          // a copy of its position

  double focusRadius;         // a copy of its focus radius

  double nimbusRadius;        // a copy of its nimbus radius

  // This is the initial size of a vector.

  private static final int vectorSize = 30;

  // This is the size with which to increment a full vector.

  private static final int vectorSizeIncrement = 30;

  // This vector holds references to other objects within this

  // object's focus (i.e., of which objects does it have copies).

  Vector objectsInFocus = null;

  // The constructor is straightforward.

  public remoteVObjectInfo(VObject remoteVObject, int id, ThreeVec position,




   double focusRadius, double nimbusRadius)

  {

    this.remoteVObject = remoteVObject;

    this.id = id;

    this.position = position;

    this.focusRadius = focusRadius;

    this.nimbusRadius = nimbusRadius;

    objectsInFocus = new Vector(vectorSize, vectorSizeIncrement);

  }

  // updatePosition changes the position within this object's information.

  public synchronized void updatePosition(ThreeVec position)

  {

    this.position.x = position.x;

    this.position.y = position.y;

    this.position.z = position.z;

  }

  // updateFocusRadius changes the focus radius within this object's

  // information.

  public synchronized void updateFocusRadius(double focusRadius)

  {

    this.focusRadius = focusRadius;

  }

  // updateNimbusRadius changes the nimbus radius within this object's

  // information.

  public synchronized void updateNimbusRadius(double nimbusRadius)

  {

    this.nimbusRadius = nimbusRadius;

  }

  // getPosition() returns this object's position.

  public synchronized ThreeVec getPosition()

  {

    return position;

  }

  // getFocusRadius() returns this object's focus radius.

  public synchronized double getFocusRadius()

  {

    return focusRadius;

  }

  // getNimbusRadius() returns this object's nimbus radius.

  public synchronized double getNimbusRadius()

  {

    return nimbusRadius;

  }

  // objectInFocus returns TRUE if the object referenced by obj is in

  // the focus of this object.

  public boolean objectInFocus(remoteVObjectInfo obj)

  {

    if (objectsInFocus.indexOf(obj) != -1)

      return true;

    else

      return false;

  }

  // addObjectToFocusList adds the reference to obj to this object's

  // focus list.

  public void addObjectToFocusList(remoteVObjectInfo obj)

  {

    objectsInFocus.addElement(obj);

  }

  // removeObjectFromFocusList removes the reference to obj from this

  // object's focus list.

  public void removeObjectFromFocusList(remoteVObjectInfo obj)

  {

    objectsInFocus.removeElement(obj);

  }

}

// The AuraWatcher is a class which runs the "detectAuraCollisions"

// method of the ConManImpl class in a thread.

class AuraWatcher extends Thread

{

  ConManImpl conMan;

  public AuraWatcher(ConManImpl conMan)

  {

    super("AuraWatcher");

    this.conMan  = conMan;

    start();

  }

  public void run()

  {

    while(true)

      {

        yield();

        conMan.detectAuraCollisions();

      }

  }

}

VObject.java

// VObject.java -- Virtual Object remote interface

//

// by Dennis Brown for Colab Bus VE Project

// 

// This is the remote interface for the Virtual Object class.

package ve.vobject;

import java.rmi.*;

import ve.types.*;

public interface VObject extends Remote

{

  // Return the vobject's global ID.

  public int getId() throws RemoteException;

  // Move the object along its direction of view a number of units.

  // If this is the original object, make sure the copies reflect the change.

  public void moveAlongDOV(double numUnits) throws RemoteException;

  // Change yaw (rotation around v (VUP if VUP is perpenidcular to

  // DOV) given angle in degrees.

  // If this is the original object, make sure the copies reflect the change.

  public void changeYaw(double angle) throws RemoteException;

  // Change pitch (rotation around u, the cross of DOV and VUP) given

  // angle in degrees.

  // If this is the original object, make sure the copies reflect the change.

  public void changePitch(double angle) throws RemoteException;

  // Change roll (rotation around w or DOV) given angle in degrees.

  // If this is the original object, make sure the copies reflect the change.

  public void changeRoll(double angle) throws RemoteException;

  // This function is called by ConMan and tells this vobject to ask

  // the target vobject make a local copy of this vobject.

  public void requestRemoteCopy(VObject target) throws RemoteException;

  // Quit sending updates to remote copies of this vobject in the

  // vobject with id =  "id." Called by ConMan when the remote vobject dies.

  public void forgetRemoteCopiesIn(int id) throws RemoteException;

  // Make a local copy of a remote vobject with these parameters. Called by

  // the remote vobject to be copied. Return its reference.

  public VObject makeLocalCopy(int id, ThreeVec position,




       ThreeVec lookat, ThreeVec VUP,




       double focusRadius, double nimbusRadius,




       String type, PolyObject geometry,




       VObject remoteOwner)

    throws RemoteException;

  // Remove a local copy of a remote vobject with id = "id" from the

  // local copies vector. Called by ConMan. Used when the remote

  // vobject leaves this vobject's focus or when the remote vobject dies.

  public void destroyCopy(int id) throws RemoteException;

}

BaseObject.java

// BaseObject.java -- Virtual Object Implementation class

//

// by Dennis Brown for Colab Bus VE Project

// 

// This class provides member functions to access and change aspects

// of a virtual object which is not aware of other objects.

package ve.vobject;

import java.rmi.*;

import java.rmi.server.UnicastRemoteObject;

import ve.conman.*;

import ve.types.*;

import java.util.Vector;

public class BaseObject extends UnicastRemoteObject implements VObject

{

  protected int id = -1;                // global id of the vobject

  protected ThreeVec position = null;   // xyz position in the virtual world

  protected ThreeVec lookat = null;     // xyz location the vobject is facing

  protected ThreeVec VUP = null;        // UP vector of the vobject

  protected PolyObject geometry = null; // geometry of the vobject

  protected double focusRadius = -1.0;  // radius of the vobject's focus sphere

  protected double nimbusRadius = -1.0; // radius of the vobject's nimbus 

  protected String type = "";           // string to describe vobject

  protected boolean copy;            // Is this a local copy of a remote obj?

  VObject remoteOwner = null;      // If a local copy, get pointer to original.

  protected ConMan conMan = null;   // reference to the Connection Manager

  protected ThreeVec DOV = null;    // direction of view

  protected ThreeVec u = null;      // u,v,w coordinate system in x,y,z world

  protected ThreeVec v = null;      //    (xyz is world; uvw is the vobject)

  protected ThreeVec w = null;

  protected ThreeVec x = null;      // x,y,z coordinate system in u,v,w world

  protected ThreeVec y = null;

  protected ThreeVec z = null;

  // This is the initial size of a vector.

  protected static final int vectorSize = 30;

  // This is the size with which to increment a full vector.

  protected static final int vectorSizeIncrement = 30;

  // number of remote copies of this object

  protected int numRemoteCopies = 0;

  // vector of remote copies of this object

  protected Vector remoteCopies = null; 

  // Arbitrarily set the maximum number of objects allowed in the simulation.

  protected int maxNumObjs = 100; 

  // Use this to make sure no moves happen during the making of a copy.

  private boolean canMove = true;

  /////////////////////////////////////////////////////////////////////////

  // CONSTRUCTORS

  /////////////////////////////////////////////////////////////////////////

  // This constructor is for an ORIGINAL virtual object. Its arguments

  // are the name of the server hosting the Connection Manager

  // process, the initial position of the vobject, the point it is

  // facing (lookat), its UP vector, its focus and nimbus sphere

  // radii, and its appearance.

  public BaseObject(String serverName, 



    ThreeVec position, ThreeVec lookat, ThreeVec VUP,



    double focusRadius, double nimbusRadius, String type,



    PolyObject geometry, boolean reportToConMan)

    throws RemoteException

  {

    super();

    // Initialize vobject state.

    this.position = position;

    this.lookat = lookat;

    this.VUP = VUP;

    this.focusRadius = focusRadius;

    this.nimbusRadius = nimbusRadius;

    this.type = type;

    this.geometry = geometry;

    this.copy = false;

    // Set up accessory state (DOV, x, y, z, u, v, w) and geometry.

    resetAxesAndVertices();

    // Set up a new vector to contain references to remote copies

    // of this vobject.

    remoteCopies = new Vector(vectorSize, vectorSizeIncrement);

    // Report myself to the connection manager.

    if (reportToConMan == true) reportToConMan(serverName);

  }

  // Try to connect to the Connection Manager and register.

  public void reportToConMan(String serverName)

  {

    try {

      conMan = (ConMan)Naming.lookup("//"+serverName+"/ConMan");

      id = conMan.register(this, position, focusRadius, nimbusRadius);

      System.out.println("Object " + type + " given id " + id);

    } catch (Exception e) { reportErrorAndDie(e); }

  }

  // This constructor is for a LOCAL COPY OF A REMOTE virtual object.

  // It will never be called by a BaseObject, but it is here to

  // appease the Java constructor-chaining gods.

  public BaseObject(int id, ThreeVec position, ThreeVec lookat, ThreeVec VUP,



    double focusRadius, double nimbusRadius, String type,



    PolyObject geometry, VObject remoteOwner)

    throws RemoteException

  {

    // Initialize vobject state.

    this.id = id;

    this.position = position;

    this.lookat = lookat;

    this.VUP = VUP;

    this.focusRadius = focusRadius;

    this.nimbusRadius = nimbusRadius;

    this.type = type;

    this.geometry = geometry;

    this.copy = true;

    this.remoteOwner = remoteOwner;

    // Set up accessory state (DOV, x, y, z, u, v, w) and geometry.

    resetAxesAndVertices();

  }

  /////////////////////////////////////////////////////////////////////////

  // METHODS FOR GETTING ANS SETTING PROPERTIES OF A VOBJECT

  /////////////////////////////////////////////////////////////////////////

  // Return the vobject's global ID.

  public int getId() throws RemoteException

  {

    return id;

  }

  // Return the vobject's type.

  public String getType()

  {

    return type;

  }

  // Return the vobject's focus radius.

  public double getFocusRadius()

  {

    return focusRadius;

  }

  // Return the vobject's nimbus radius.

  public double getNimbusRadius()

  {

    return nimbusRadius;

  }

  // Set the vobject's focus radius.

  public void setFocusRadius(double focusRadius)

  {

    this.focusRadius = focusRadius;

    try {

      conMan.updateFocusRadius(id, focusRadius);

    } catch (Exception e) { reportErrorAndDie(e); }

  }

  // Set the vobject's focus radius.

  public void setNimbusRadius(double nimbusRadius)

  {

    this.nimbusRadius = nimbusRadius;

    try {

      conMan.updateNimbusRadius(id, nimbusRadius);

    } catch (Exception e) { reportErrorAndDie(e); }

  }

  /////////////////////////////////////////////////////////////////////////

  // METHODS FOR MANIPULATING THIS COPY OF THE OBJECT ONLY (IGNORING

  // ITS REMOTE COPIES)

  /////////////////////////////////////////////////////////////////////////

  // This function updates the object's geometry to reflect how it

  // looks in the virtual world. The world uses the xyz coordinate

  // system and the object uses a uvw system based on its direction of

  // view and its UP vector. This function calculates DOV, u, v, w,

  // x, y, and z, then changes the vobject's geometry to what it

  // should be in the xyz coordinate system.

  protected void resetAxesAndVertices()

  {

    // Normalize VUP just in case.

    VUP.normalize();

    // Create DOV.

    DOV = new ThreeVec(lookat.x - position.x,

                       lookat.y - position.y,

                       lookat.z - position.z);

    // Create u, v, and w (uvw axes in xyz coordinate system)

    w = new ThreeVec(DOV);

    w.normalize();

    u = new ThreeVec(DOV);

    u = u.cross(VUP);

    u.normalize();

    v = new ThreeVec(u);

    v = v.cross(w);

    v.normalize();

    // Create x, y, and z (xyz axes in uvw coordinate system)

    x = new ThreeVec(u.x, v.x, w.x);

    y = new ThreeVec(u.y, v.y, w.y);

    z = new ThreeVec(u.z, v.z, w.z);

    x.normalize();

    y.normalize();

    z.normalize();

    // Set working copy of vertices.

    for (int i = 0; i < geometry.numVertices; i++)

      {

        geometry.vertices[i].coords.x =

          geometry.origVertices[i].coords.dot(x) + position.x;

        geometry.vertices[i].coords.y =

          geometry.origVertices[i].coords.dot(y) + position.y;

        geometry.vertices[i].coords.z =

          geometry.origVertices[i].coords.dot(z) + position.z;

      }

    // Update normals.

    geometry.updateNormals();

  }

  // Change the vobject's position.

  // If this is the original vobject, tell ConMan about the change.

  protected void updatePosition(double x, double y, double z)

  {

    position.x = x;

    position.y = y;

    position.z = z;

    if (copy == false)

      {


try {


  conMan.updateObjectPosition(id, position);


} catch (Exception e) { reportErrorAndDie(e); }

      }

  }

  /////////////////////////////////////////////////////////////////////////

  // METHODS FOR CHANGING THE ORIGINAL OBJECT'S POSITION AND

  // ORIENTATION AND THAT OF ITS COPIES

  /////////////////////////////////////////////////////////////////////////

  // Move the object along its direction of view a number of units.

  // If this is the original object, make sure the copies reflect the change.

  public void moveAlongDOV(double numUnits) throws RemoteException

  {

    // Don't move while this object is being copied...

    if (canMove == false) return;

    // Create vector to move along (DOV of length numUnits).

    ThreeVec dist = new ThreeVec(DOV);

    dist.normalize();

    dist.x *= numUnits;

    dist.y *= numUnits;

    dist.z *= numUnits;

    // Update new position.

    updatePosition(position.x + dist.x,



   position.y + dist.y,



   position.z + dist.z);

    // Update new lookat.

    lookat.x += dist.x;

    lookat.y += dist.y;

    lookat.z += dist.z;

    resetAxesAndVertices();

    if (copy == false)

      {


for (int c = 0; c < remoteCopies.size(); c++)


  {


    try {


      VObject remoteCopy =



((RemoteCopyAndOwnerId)remoteCopies.elementAt(c)).remoteCopy;


      remoteCopy.moveAlongDOV(numUnits);


    } catch (Exception e) { reportErrorAndDie(e); }


  }

      }

  }

  // Change yaw (rotation around v (VUP if VUP is perpenidcular to

  // DOV) given angle in degrees.

  // If this is the original object, make sure the copies reflect the change.

  public void changeYaw(double angle) throws RemoteException

  {

    // Don't move while this object is being copied...

    if (canMove == false) return;

    double radangle = (angle / 180.0) * java.lang.Math.PI;

    double cost = java.lang.Math.cos(radangle);

    double sint = java.lang.Math.sin(radangle);

    // First change lookat:

    // Translate lookat to origin.

    lookat.x -= position.x;

    lookat.y -= position.y;

    lookat.z -= position.z;

    // Rotate to uvw coord sys.

    ThreeVec lookatuvw = new ThreeVec(u.dot(lookat),

                                      v.dot(lookat),

                                      w.dot(lookat));

    // Rotate around v axis.

    ThreeVec lookatuvwrot = new ThreeVec(lookatuvw.x * cost +

                                         lookatuvw.z * sint,

                                         lookatuvw.y,

                                         lookatuvw.z * cost -

                                         lookatuvw.x * sint);

    // Rotate back to xyz coord sys.

    ThreeVec lookatxyz = new ThreeVec(x.dot(lookatuvwrot),

                                      y.dot(lookatuvwrot),

                                      z.dot(lookatuvwrot));

    // Translate back into place.

    lookat.x = lookatxyz.x + position.x;

    lookat.y = lookatxyz.y + position.y;

    lookat.z = lookatxyz.z + position.z;

    // Next change VUP.

    // Rotate to uvw coord sys.

    ThreeVec VUPuvw = new ThreeVec(u.dot(VUP),

                                   v.dot(VUP),

                                   w.dot(VUP));

    // Rotate around v axis.

    ThreeVec VUPuvwrot = new ThreeVec(VUPuvw.x * cost +

                                      VUPuvw.z * sint,

                                      VUPuvw.y,

                                      VUPuvw.z * cost -

                                      VUPuvw.x * sint);

    // Rotate back to xyz coord sys.

    VUP.x = x.dot(VUPuvwrot);

    VUP.y = y.dot(VUPuvwrot);

    VUP.z = z.dot(VUPuvwrot);

    resetAxesAndVertices();

    if (copy == false)

      {


for (int c = 0; c < remoteCopies.size(); c++)


  {


    try {


      VObject remoteCopy =



((RemoteCopyAndOwnerId)remoteCopies.elementAt(c)).remoteCopy;


      remoteCopy.changeYaw(angle);


    } catch (Exception e) { reportErrorAndDie(e); }


  }

      }

  }

  // Change pitch (rotation around u, the cross of DOV and VUP) given

  // angle in degrees.

  // If this is the original object, make sure the copies reflect the change.

  public void changePitch(double angle) throws RemoteException

  {

    // Don't move while this object is being copied...

    if (canMove == false) return;

    double radangle = (angle / 180.0) * java.lang.Math.PI;

    double cost = java.lang.Math.cos(radangle);

    double sint = java.lang.Math.sin(radangle);

    // First change lookat:

    // Translate lookat to origin.

    lookat.x -= position.x;

    lookat.y -= position.y;

    lookat.z -= position.z;

    // Rotate to uvw coord sys.

    ThreeVec lookatuvw = new ThreeVec(u.dot(lookat),

                                      v.dot(lookat),

                                      w.dot(lookat));

    // Rotate around u axis.

    ThreeVec lookatuvwrot = new ThreeVec(lookatuvw.x,

                                         lookatuvw.y * cost -

                                         lookatuvw.z * sint,

                                         lookatuvw.y * sint +

                                         lookatuvw.z * cost);

    // Rotate back to xyz coord sys.

    ThreeVec lookatxyz = new ThreeVec(x.dot(lookatuvwrot),

                                      y.dot(lookatuvwrot),

                                      z.dot(lookatuvwrot));

    // Translate back into place.

    lookat.x = lookatxyz.x + position.x;

    lookat.y = lookatxyz.y + position.y;

    lookat.z = lookatxyz.z + position.z;

    // Next change VUP.

    // Rotate to uvw coord sys.

    ThreeVec VUPuvw = new ThreeVec(u.dot(VUP),

                                   v.dot(VUP),

                                   w.dot(VUP));

    // Rotate around u axis.

    ThreeVec VUPuvwrot = new ThreeVec(VUPuvw.x,

                                      VUPuvw.y * cost -

                                      VUPuvw.z * sint,

                                      VUPuvw.y * sint +

                                      VUPuvw.z * cost);

    // Rotate back to xyz coord sys.

    VUP.x = x.dot(VUPuvwrot);

    VUP.y = y.dot(VUPuvwrot);

    VUP.z = z.dot(VUPuvwrot);

    resetAxesAndVertices();

    if (copy == false)

      {


for (int c = 0; c < remoteCopies.size(); c++)


  {


    try {


      VObject remoteCopy =



((RemoteCopyAndOwnerId)remoteCopies.elementAt(c)).remoteCopy;


      remoteCopy.changePitch(angle);


    } catch (Exception e) { reportErrorAndDie(e); }


  }

      }

  }

  // Change roll (rotation around w or DOV) given angle in degrees.

  // If this is the original object, make sure the copies reflect the change.

  public void changeRoll(double angle) throws RemoteException

  {

    // Don't move while this object is being copied...

    if (canMove == false) return;

    double radangle = (angle / 180.0) * java.lang.Math.PI;

    double cost = java.lang.Math.cos(radangle);

    double sint = java.lang.Math.sin(radangle);

    // First change lookat:

    // Translate lookat to origin.

    lookat.x -= position.x;

    lookat.y -= position.y;

    lookat.z -= position.z;

    // Rotate to uvw coord sys.

    ThreeVec lookatuvw = new ThreeVec(u.dot(lookat),

                                      v.dot(lookat),

                                      w.dot(lookat));

    // Rotate around w axis.

    ThreeVec lookatuvwrot = new ThreeVec(lookatuvw.x * cost -

                                         lookatuvw.y * sint,

                                         lookatuvw.x * sint +

                                         lookatuvw.y * cost,

                                         lookatuvw.z);

    // Rotate back to xyz coord sys.

    ThreeVec lookatxyz = new ThreeVec(x.dot(lookatuvwrot),

                                      y.dot(lookatuvwrot),

                                      z.dot(lookatuvwrot));

    // Translate back into place.

    lookat.x = lookatxyz.x + position.x;

    lookat.y = lookatxyz.y + position.y;

    lookat.z = lookatxyz.z + position.z;

    // Next change VUP.

    // Rotate to uvw coord sys.

    ThreeVec VUPuvw = new ThreeVec(u.dot(VUP),

                                   v.dot(VUP),

                                   w.dot(VUP));

    // Rotate around w axis.

    ThreeVec VUPuvwrot = new ThreeVec(VUPuvw.x *

                                      cost - VUPuvw.y * sint,

                                      VUPuvw.x * sint +

                                      VUPuvw.y * cost,

                                      VUPuvw.z);

    // Rotate back to xyz coord sys.

    VUP.x = x.dot(VUPuvwrot);

    VUP.y = y.dot(VUPuvwrot);

    VUP.z = z.dot(VUPuvwrot);

    resetAxesAndVertices();

    if (copy == false)

      {


for (int c = 0; c < remoteCopies.size(); c++)


  {


    try {


      VObject remoteCopy =



((RemoteCopyAndOwnerId)remoteCopies.elementAt(c)).remoteCopy;


      remoteCopy.changeRoll(angle);


    } catch (Exception e) { reportErrorAndDie(e); }


  }

      }

  }

  /////////////////////////////////////////////////////////////////////////

  // METHODS FOR MAKING AND DESTROYING LOCAL COPIES OF REMOTE OBJECTS

  /////////////////////////////////////////////////////////////////////////

  // This function is called by ConMan and tells this vobject to ask

  // the target vobject make a local copy of this vobject.

  public void requestRemoteCopy(VObject target) throws RemoteException

  {

    // Make sure no changes happen while the object is being copied.

    canMove = false;

    try {

      System.out.println("Asking target " + target.getId() +




 " to make copy of me.");

      VObject remoteCopy =


target.makeLocalCopy(id, position, lookat, VUP, focusRadius,




     nimbusRadius, type, geometry, this);

      // Now add remoteCopy to the list of remote copies to keep updated.

      remoteCopies.addElement(new RemoteCopyAndOwnerId(remoteCopy,







       target.getId()));

    } catch (Exception e) { reportErrorAndDie(e); }

    canMove = true;

  }

  // Quit sending updates to remote copies of this vobject in the

  // vobject with id =  "id." Called by ConMan when the remote vobject dies.

  public void forgetRemoteCopiesIn(int id) throws RemoteException

  {

    System.out.println("Forgetting remote copy of me in " + id);

    for (int i = 0; i < remoteCopies.size(); i++)

      {


try {


  int remoteCopyOwnerId =


    ((RemoteCopyAndOwnerId)remoteCopies.elementAt(i)).ownerId;


  if (remoteCopyOwnerId == id)


    {


      remoteCopies.removeElementAt(i);


      return;


    }


} catch (Exception e) { reportErrorAndDie(e); }

      }

  }

  // Make a local copy of a remote vobject with these parameters. Called by

  // the remote vobject to be copied. Return its reference.

  public VObject makeLocalCopy(int id, ThreeVec position,




       ThreeVec lookat, ThreeVec VUP,




       double focusRadius, double nimbusRadius,




       String type, PolyObject geometry,




       VObject remoteOwner)

    throws RemoteException

  {

    // The base object doesn't keep copies of other objects, so this

    // just does nothing. This function is just here since it's in

    // the VObject interface.

    System.out.println("Shouldn't be calling this member!");

    return null;

  }

  // Remove a local copy of a remote vobject with id = "id" from the

  // local copies vector. Called by ConMan. Used when the remote

  // vobject leaves this vobject's focus or when the remote vobject dies.

  public void destroyCopy(int id) throws RemoteException

  {

    // The base object doesn't keep copies of other objects, so this

    // just does nothing. This function is just here since it's in

    // the VObject interface.

    System.out.println("Shouldn't be calling this member either!");

  }

  // Remove myself from the Connection Manager, removing myself from the

  // simulation.

  public void removeFromConMan()

  {

    if (copy == false)

      {


System.out.println("Unregistering...");


try {


  conMan.unregister(id);


} catch (Exception e) { reportErrorAndDie(e); }

      }

  }

  /////////////////////////////////////////////////////////////////////////

  // OTHER METHODS 

  /////////////////////////////////////////////////////////////////////////

  // reportErrorAndDie is a lazy way of dealing with fatal errors.

  protected static void reportErrorAndDie(Exception e)

  {

    System.err.println("BaseObject exception: " + e.getMessage());

    e.printStackTrace();

  }

}

// This class exists only to couple a remote copy of the virtual object with

// the id of the virtual object that owns the copy. A vector of these

// are part of the state of the virtual object.

class RemoteCopyAndOwnerId

{

  protected VObject remoteCopy;

  protected int ownerId;

  public RemoteCopyAndOwnerId(VObject remoteCopy, int ownerId)

  {

    this.remoteCopy = remoteCopy;

    this.ownerId = ownerId;

  }

}

AwareObject.java

// AwareObject.java -- for vobjects which are aware of their surroundings

//

// by Dennis Brown for Colab Bus VE Project

// 

// This class adds awareness of other objects and collision detection

// to the BaseObject.

package ve.vobject;

import java.rmi.*;

import java.rmi.server.UnicastRemoteObject;

import ve.conman.*;

import ve.types.*;

import java.util.Vector;

import VCOLLIDE.*;

public class AwareObject extends BaseObject

{

  // If this is a copy, get pointer to local owner (i.e., the object

  // that created the copy, not the remote owner of which this is a copy)

  protected AwareObject localOwner = null;

  // vector of copies of remote objects

  protected AwareObject localCopies[];  

  // This is the VCOLLIDE widget for collision detection.

  protected VCJavaWidget VC = null;

  // This is the object's id in the collider (assigned by the collider).

  // If a local copy of a remote object, this id is valid for the

  // collider in the owner vobject.

  protected int VCid = -1;

  // This array associates collider IDs with vobject pointers.

  // It is not used in local copies of remote objects.

  protected BaseObject colliderIdToVObj[];

  // This array associates object IDs with how long they've been in

  // collision with this object.

  protected int collisionTimes[];

  // This array associates object IDs with whether or not they're

  // colliding with this object.

  protected boolean collisions[];

  /////////////////////////////////////////////////////////////////////////

  // CONSTRUCTORS

  /////////////////////////////////////////////////////////////////////////

  // This constructor is for an ORIGINAL virtual object. It

  // instantiates a BaseObject then adds awareness and collision variables.

  public AwareObject(String serverName, ThreeVec initPosition,



     ThreeVec initLookat, ThreeVec initVUP,



     double initFocusRadius, double initNimbusRadius,



     String initType, PolyObject initGeometry,



     boolean reportToConMan)

    throws RemoteException

  {

    super(serverName, initPosition, initLookat, initVUP, initFocusRadius,


  initNimbusRadius, initType, initGeometry, false);

    // Set up a new array to contain references to local copies of

    // remote vobjects.

    localCopies = new AwareObject[maxNumObjs];

    for (int i = 0; i < maxNumObjs; i++) localCopies[i] = null;

    // Set up collisionTimes array.

    collisionTimes = new int[maxNumObjs];

    for (int i = 0; i < maxNumObjs; i++) collisionTimes[i] = -1;

    // Set up collisions array.

    collisions = new boolean[maxNumObjs];

    for (int i = 0; i < maxNumObjs; i++) collisions[i] = false;

    // Try to instantiate the collision detector.

    try {

      VC = new VCJavaWidget(maxNumObjs);

    } catch (Exception e) { reportErrorAndDie(e); }

    // Set up the collider ID to object ID arrays.

    colliderIdToVObj = new BaseObject[maxNumObjs];

    for (int i = 0; i < maxNumObjs; i++)

      colliderIdToVObj[i] = null;

    // Add this object's geometry to the collision detector.

    VCid = addGeometryToVC(geometry, this);      

    // Set up accessory state (DOV, x, y, z, u, v, w) and geometry.

    resetAxesAndVertices();

    // Update the collider with the changes caused by the above call.

    updateCollider();

    // Report myself to the connection manager.

    if (reportToConMan == true) reportToConMan(serverName);

  }

  // This constructor is for a LOCAL COPY OF A REMOTE virtual object.

  public AwareObject(int id, ThreeVec position, ThreeVec lookat, ThreeVec VUP,



    double focusRadius, double nimbusRadius, String type,



    PolyObject geometry, AwareObject localOwner,



    VObject remoteOwner)

    throws RemoteException

  {

    super(id, position, lookat, VUP, focusRadius, nimbusRadius, type,


  geometry, remoteOwner);

    // Set the local owner of this copy. 

    this.localOwner = localOwner;

    // Add this object's geometry to the collision detector.

    VCid = localOwner.addGeometryToVC(geometry, this); 

    // Update the collider with the changes caused by resetAxesAndVertices.

    updateCollider();

  }

  /////////////////////////////////////////////////////////////////////////

  // METHODS FOR CHANGING THE ORIGINAL OBJECT'S POSITION AND

  // ORIENTATION AND THAT OF ITS COPIES

  /////////////////////////////////////////////////////////////////////////

  // Augment moveAlongDOV to update the collider.

  public void moveAlongDOV(double numUnits) throws RemoteException

  {

    super.moveAlongDOV(numUnits);

    updateCollider();

  }

  // Augment changeYaw to update the collider.

  public void changeYaw(double angle) throws RemoteException

  {

    super.changeYaw(angle);

    updateCollider();

  }

  // Augment changePitch to update the collider.

  public void changePitch(double angle) throws RemoteException

  {

    super.changePitch(angle);

    updateCollider();

  }

  // Augment changeRoll to update the collider.

  public void changeRoll(double angle) throws RemoteException

  {

    super.changeRoll(angle);

    updateCollider();

  }

  /////////////////////////////////////////////////////////////////////////

  // METHODS FOR MANIPULATING THIS COPY OF THE OBJECT ONLY (IGNORING

  // ITS REMOTE COPIES)

  /////////////////////////////////////////////////////////////////////////

  // Update a vobject's transformation in the collider.

  public void updateCollider()

  {

    if (copy == false)

      {


VC.UpdateTrans(VCid,



       x.x, x.y, x.z, position.x,



       y.x, y.y, y.z, position.y,



       z.x, z.y, z.z, position.z,



       0.0, 0.0, 0.0, 1.0);


collide();

      }

    else

      {


localOwner.VC.UpdateTrans(VCid,





  x.x, x.y, x.z, position.x,





  y.x, y.y, y.z, position.y,





  z.x, z.y, z.z, position.z,





  0.0, 0.0, 0.0, 1.0);


localOwner.collide();

      }

  }

  /////////////////////////////////////////////////////////////////////////

  // METHODS FOR MAKING AND DESTROYING LOCAL COPIES OF REMOTE OBJECTS

  /////////////////////////////////////////////////////////////////////////

  // Make a local copy of a remote vobject with these parameters. Called by

  // the remote vobject to be copied. Return its reference.

  public VObject makeLocalCopy(int id, ThreeVec position,




       ThreeVec lookat, ThreeVec VUP,




       double focusRadius, double nimbusRadius,




       String type, PolyObject geometry,




       VObject remoteOwner)

    throws RemoteException

  {

    AwareObject localCopy = null;

    System.out.println("Making a local copy of " + id);

    // Create the new vobject instance.

    try {

      localCopy = new AwareObject(id, position, lookat, VUP,





  focusRadius, nimbusRadius, type, geometry,





  this, remoteOwner);

    } catch (Exception e) { reportErrorAndDie(e); }

    // Add it to the localCopies array.

    localCopies[id] = localCopy;

    // Update the collider.

    updateCollider();

    return localCopy;

  }

  // Remove a local copy of a remote vobject with id = "id" from the

  // local copies vector. Called by ConMan. Used when the remote

  // vobject leaves this vobject's focus or when the remote vobject dies.

  public void destroyCopy(int id) throws RemoteException

  {

    System.out.println("Removing local copy of " + id);

    // Take vobject out of the collider.

    VC.DeleteObject(localCopies[id].VCid);

    colliderIdToVObj[localCopies[id].VCid] = null;

    // Take it out of the localCopies array.

    localCopies[id] = null;

    // Update the collider.

    updateCollider();

  }

  // Add an object's geometry to the collision detector and

  // collision-detector-id-to-object array. Return that id.

  public synchronized int addGeometryToVC(PolyObject geo, BaseObject obj)

  {

    // Start a new object in the collider.

    int VCid = VC.NewObject();

    // Define the new object with the unaltered geometry of the object.

    for (int t = 0; t < geo.numTriangles; t++)

      VC.AddTri(geo.origVertices[geo.triangles[t].vertices[0]].coords.x,



geo.origVertices[geo.triangles[t].vertices[0]].coords.y,



geo.origVertices[geo.triangles[t].vertices[0]].coords.z,



geo.origVertices[geo.triangles[t].vertices[1]].coords.x,



geo.origVertices[geo.triangles[t].vertices[1]].coords.y,



geo.origVertices[geo.triangles[t].vertices[1]].coords.z,



geo.origVertices[geo.triangles[t].vertices[2]].coords.x,



geo.origVertices[geo.triangles[t].vertices[2]].coords.y,



geo.origVertices[geo.triangles[t].vertices[2]].coords.z); 

    VC.EndObject();

    // Add this object to the collider id array.

    colliderIdToVObj[VCid] = obj;

    return VCid;

  }

  /////////////////////////////////////////////////////////////////////////

  // METHODS RUNNING IN ANOTHER THREAD

  /////////////////////////////////////////////////////////////////////////

  // This member is run constantly in another thread. It checks for

  // collisions between objects.

  protected synchronized void collide()

  {

    if (VC == null) return;

    // First, make VC find collisions and put the info into the

    // collisions array.

    VC.Collide();

    VC.Report(VC.collisions);

    // generic counter

    int i = 0;

    // Set collisions with all other objects to false for now.

    for (i = 0; i < maxNumObjs; i++) collisions[i] = false;

    // For each object colliding with this one, set its collisions[]

    // value to true and increment its collisionTimes entry (capping

    // off at 10000).

    i = 0;

    while (VC.collisions[i] != -1)

      {


try {


  // Remember VC.collisions's format is pairwise listing of


  // colliding object ids (i.e., [i] and [i+1] are colliding),


  // terminated by -1. So we must check which pair of the


  // collision is this object and which is the other, if the


  // pair involves this object at all.


  if (VC.collisions[i] == VCid)


    {


      int objId = colliderIdToVObj[VC.collisions[i+1]].getId();


      if (collisionTimes[objId] < 10000) collisionTimes[objId]++;


      collisions[objId] = true;


    }


  else if (VC.collisions[i+1] == VCid)


    {


      int objId = colliderIdToVObj[VC.collisions[i]].getId();


      if (collisionTimes[objId] < 10000) collisionTimes[objId]++;


      collisions[objId] = true;


    }


} catch (Exception e) { reportErrorAndDie(e); }

        i += 2;

      }

    // For each object we're no longer hitting, reset its time.

    for (i = 0; i < maxNumObjs; i++)

      if (collisions[i] == false)


collisionTimes[i] = -1;

  }

}

UserObject.java

// UserObject.java -- Keyboard-controlled vobject 

//

// by Dennis Brown for Colab Bus VE Project

// 

// This class provides a way to change aspects of a virtual object

// using keyboard commands. It also opens a window using OpenGL and

// renders the simulation in it.

package ve.vobject;

import java.applet.*;

import java.awt.*;

import java.rmi.*;

import java.util.Vector;

import java.lang.String;

import java.lang.Double;

import OpenGL.*;

import VCOLLIDE.*;

import ve.types.*;

public class UserObject extends AwareObject

{

  // Use native methods from OpenGL for graphics.

  private OpenGLwidget GL = null;

  // Keep the light position here.

  private float lightPosition[] = new float[4];

  // pointer to user interface

  private UserInterfaceFrame UI = null;

  // This boolean determines if collisions should be checked.

  protected boolean checkCollisions = true;

  // This is a list of copies of object seen by this object, which is

  // used in the user interface. It must be instantiated and kept

  // updated in this class (the UI has its own class).

  private List copyList = new List(4, false);

  // This is an array of copyEnhancement objects, which tell which

  // enhancements to use on each local copy of a remote object.

  // It is indexed by ID.

  protected CopyEnhancement[] copyEnhancements;

  /////////////////////////////////////////////////////////////////////////

  // CONSTRUCTORS

  /////////////////////////////////////////////////////////////////////////

  // This constructor is for an ORIGINAL virtual object. It

  // instantiates an AwareObject then adds a user interface.

  public UserObject(String serverName, ThreeVec initPosition,



    ThreeVec initLookat, ThreeVec initVUP,



    double initFocusRadius, double initNimbusRadius,



    String initType, PolyObject initGeometry,



    int windowXpos, int windowYpos, int windowXsize,



    int windowYsize, boolean reportToConMan)

    throws RemoteException

  {

    super(serverName, initPosition, initLookat, initVUP, initFocusRadius,


  initNimbusRadius, initType, initGeometry, false);

    // Initialize the array of enhancements to copies.

    copyEnhancements = new CopyEnhancement[maxNumObjs];

    for (int i = 0; i < maxNumObjs; i++)

      copyEnhancements[i] = new CopyEnhancement();

    // Initialize the AWT list of copies.

    for (int i = 0; i < maxNumObjs; i++) copyList.add(i + " <empty>", i);

    // Set up user interface.

    UI = new UserInterfaceFrame("Controls for " + initType, this,





windowXpos, windowYpos,





windowXsize, windowYsize,





copyList, copyEnhancements);

    // Try to instantiate an OpenGL widget.

    try {

      GL = new OpenGLwidget("View of " + initType, windowXpos,




    windowYpos, windowXsize, windowYsize);

    } catch (Exception e) { reportErrorAndDie(e); }

    if (GL != null)

      {


// Set some basic properties of the OpenGL state.


GL.matrixMode(GL.PROJECTION);


GL.loadIdentity();


GL.frustum(-1.0, 1.0, -1.0, 1.0, 1.5, 1000.0);


GL.matrixMode(GL.MODELVIEW);


GL.viewport(0, 0, GL.getWidth(), GL.getHeight());


GL.enable(GL.DEPTH_TEST);


GL.depthFunc(GL.LESS);


GL.clearColor(0.0f, 0.0f, 0.0f, 0.0f);


// Set up lighting.

 
lightPosition[0] = (float)initPosition.x;

        lightPosition[1] = (float)initPosition.y;

        lightPosition[2] = (float)initPosition.z;

        lightPosition[3] = 1.0f;


GL.light(GL.LIGHT0, GL.POSITION, lightPosition); 


GL.enable(GL.COLOR_MATERIAL);


GL.enable(GL.LIGHTING);


GL.enable(GL.LIGHT0);  


// Tell OpenGL to do all of this stuff now...


GL.utProcessEvents_UNC();

      }

    else

      {


System.out.println("ERROR: GL is null");


System.exit(0);

      }

    // Update the graphics display to clear the screen. Do it twice

    // due to double buffering.

    updateGraphics();

    updateGraphics();

    // Report myself to the connection manager.

    if (reportToConMan == true) reportToConMan(serverName);

    // After id is known, add myself to the copy list.

    copyList.replaceItem(id + " <this obj>", id);

  }

  // This constructor is for a LOCAL COPY OF A REMOTE virtual object.

  public UserObject(int id, ThreeVec position, ThreeVec lookat, ThreeVec VUP,



    double focusRadius, double nimbusRadius, String type,



    PolyObject geometry, UserObject localOwner,



    VObject remoteOwner)

    throws RemoteException

  {

    super(id, position, lookat, VUP, focusRadius, nimbusRadius, type,


  geometry, localOwner, remoteOwner);

  }

  /////////////////////////////////////////////////////////////////////////

  // METHODS TO UPDATE DISPLAY AND COLLIDER

  /////////////////////////////////////////////////////////////////////////

  // updateGraphics draws at each local copy of a remote object.

  // It is executed constantly in another thread.

  protected synchronized void updateGraphics()

  {

    if (GL == null) return;

    // Clear the screen buffer and transformation matrix.

    GL.myClear();

    GL.loadIdentity();

    // Set the lookat coordinates to set the transformation matrix correctly.

    GL.uLookAt(position.x, position.y, position.z,


       lookat.x, lookat.y, lookat.z,


       VUP.x, VUP.y, VUP.z);

    // Set the light position to be the user's position.

    lightPosition[0] = (float)position.x;

    lightPosition[1] = (float)position.y;

    lightPosition[2] = (float)position.z;

    lightPosition[3] = 1.0f;

    GL.light(GL.LIGHT0, GL.POSITION, lightPosition); 

    // Draw each local copy of a remote object.

    for (int c = 0; c < maxNumObjs; c++)

      {


try {


  // If there is no copy at this array position, do nothing (duh!).


  if (localCopies[c] == null) continue;


  // Grab the id of the local copy for use below.


  int id = localCopies[c].id;


  // If the "draw" enhancement is turned off for this


  // object, don't draw it.


  if (copyEnhancements[id].draw == false) continue;


  // Grab the geometry of the object to draw.


  PolyObject geo = localCopies[c].geometry;


  // Draw its geometry.


  for (int t = 0; t < geo.numTriangles; t++)


    {


      GL.begin(GL.POLYGON);


      // If the "colorShift" enhancement is turned off, don't


      // shift colors; otherwise, do.


      if (copyEnhancements[id].colorShift == false)



GL.color(

 (double)(geo.vertices[geo.triangles[t].vertices[0]].vColor.getRed())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[0]].vColor.getGreen())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[0]].vColor.getBlue())/255.0);


      else



GL.color(

 (double)(geo.vertices[geo.triangles[t].vertices[0]].vColor.getBlue())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[0]].vColor.getRed())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[0]].vColor.getGreen())/255.0);


      GL.normal(geo.triangles[t].normal.x,




geo.triangles[t].normal.y,




geo.triangles[t].normal.z);


      GL.vertex(geo.vertices[geo.triangles[t].vertices[0]].coords.x,




geo.vertices[geo.triangles[t].vertices[0]].coords.y,




geo.vertices[geo.triangles[t].vertices[0]].coords.z);


      // If the "colorShift" enhancement is turned off, don't


      // shift colors; otherwise, do.


      if (copyEnhancements[id].colorShift == false)



GL.color(

 (double)(geo.vertices[geo.triangles[t].vertices[1]].vColor.getRed())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[1]].vColor.getGreen())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[1]].vColor.getBlue())/255.0);


      else



GL.color(

 (double)(geo.vertices[geo.triangles[t].vertices[1]].vColor.getBlue())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[1]].vColor.getRed())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[1]].vColor.getGreen())/255.0);


      GL.vertex(geo.vertices[geo.triangles[t].vertices[1]].coords.x,




geo.vertices[geo.triangles[t].vertices[1]].coords.y,




geo.vertices[geo.triangles[t].vertices[1]].coords.z);


      // If the "colorShift" enhancement is turned off, don't


      // shift colors; otherwise, do.


      if (copyEnhancements[id].colorShift == false)



GL.color(

 (double)(geo.vertices[geo.triangles[t].vertices[2]].vColor.getRed())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[2]].vColor.getGreen())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[2]].vColor.getBlue())/255.0);


      else



GL.color(

 (double)(geo.vertices[geo.triangles[t].vertices[2]].vColor.getBlue())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[2]].vColor.getRed())/255.0,

 (double)(geo.vertices[geo.triangles[t].vertices[2]].vColor.getGreen())/255.0);


      GL.vertex(geo.vertices[geo.triangles[t].vertices[2]].coords.x,




geo.vertices[geo.triangles[t].vertices[2]].coords.y,




geo.vertices[geo.triangles[t].vertices[2]].coords.z);


      GL.end();


    }


} catch (Exception e) { reportErrorAndDie(e); }

      }

    // The objects were drawn into an off-screen buffer, so put it on screen.

    GL.flush();

    GL.utSwapBuffers();

    // Tell OpenGL to do all of this stuff now...

    GL.utProcessEvents_UNC();

  }

  // Augment updateCollider so that it updates the display every time

  // the collider gets updated. This is somewhat of a hack but oh well.

  public void updateCollider()

  {

    super.updateCollider();

    if (copy == false)

      updateGraphics();

    else

      ((UserObject)localOwner).updateGraphics();

  }

  // Augment collide of AwareObject by making sure collision detection

  // is enabled for checking for collisions.

  protected synchronized void collide()

  {

    if (checkCollisions == true) super.collide();

  }

  /////////////////////////////////////////////////////////////////////////

  // METHODS FOR HANDLING USER INTERFACE-RELATED EVENTS

  /////////////////////////////////////////////////////////////////////////

  // Determine if collision detection is on.

  public boolean collisionDetectionOn()

  {

    return checkCollisions;

  }

  // Turn on collision detection...

  public void turnOnCollisionDetection()

  {

    checkCollisions = true;

    System.out.println("Collisions turned on");

    // Now that collisions are on, update the current set of collisions.

    collide();

  }

  // Turn off collision detection...

  public void turnOffCollisionDetection()

  {

    checkCollisions = false;

    System.out.println("Collisions turned off");

  }

  // Activate collisions with object of that id.

  public void activateCollisionsWithObject(int id)

  {

    // Activate.

    VC.ActivateObject(localCopies[id].VCid);

    // Now update the collider.

    collide();

  }

  // Deactivate collisions with object of that id.

  public void deactivateCollisionsWithObject(int id)

  {

    // Deactivate.

    VC.DeactivateObject(localCopies[id].VCid);

    // Now update the collider.

    collide();

  }

  /////////////////////////////////////////////////////////////////////////

  // METHODS FOR MAKING AND DESTROYING LOCAL COPIES OF REMOTE OBJECTS

  /////////////////////////////////////////////////////////////////////////

  // Augment makeLocalCopy of AwareObject by adding the new object's

  // name (type) to the copyList.

  public VObject makeLocalCopy(int id, ThreeVec position,




       ThreeVec lookat, ThreeVec VUP,




       double focusRadius, double nimbusRadius,




       String type, PolyObject geometry,




       VObject remoteOwner)

    throws RemoteException

  {

    UserObject localCopy = null;

    System.out.println("Making a local copy of " + id);

    // Create the new vobject instance.

    try {

      localCopy = new UserObject(id, position, lookat, VUP,





 focusRadius, nimbusRadius, type, geometry,





 this, remoteOwner);

    } catch (Exception e) { reportErrorAndDie(e); }

    // Add it to the localCopies array.

    localCopies[id] = localCopy;

    // Add it to the copy list for the user interface.

    copyList.replaceItem(id + " " + type, id);

    // Update the collider.

    updateCollider();

    return localCopy;

  }

  // Augment destroyCopy of AwareObject by removing the dead object's

  // name (type) from the copyList.

  public void destroyCopy(int id) throws RemoteException

  {

    super.destroyCopy(id);

    copyList.replaceItem(id + " <empty>", id);

    copyEnhancements[id].resetValues();

  }

}

// CopyEnhancement is a simple class that holds information about the

// enhancements made to each local copy of a remote object.

class CopyEnhancement

{

  // Detect collisions with this object?

  public boolean collisionDetect = true;

  // Should this object have shifted colors?

  public boolean colorShift = false;

  // Should we draw the object?

  public boolean draw = true;

  // Reset the values to the defaults.

  public void resetValues()

  {

    collisionDetect = true;

    colorShift = false;

    draw = true;

  }

}

// This is a frame for the user interface to the virtual object.

class UserInterfaceFrame extends Frame

{

  // This is a pointer to the user object which instantiates this frame.

  UserObject userObj = null;

  // This is the id of the object selected for enhancing.

  int objectSelected = -1;

  // This is the array of enhancements to copies of objects. It's

  // initialized by the UserObject constructor.

  CopyEnhancement[] copyEnhancements;

  // label and button for collisions

  Label allObjCollisionsLabel;

  Button allObjCollisionsButton;

  // labels, buttons, and text fields for changing focus and nimbus

  Label focusLabel;

  TextField focusTextField;

  Button focusButton;

  Label nimbusLabel;

  TextField nimbusTextField;

  Button nimbusButton;

  // list of object copies

  List copyList;

  Label objectSelectedLabel;

  // label and button for single object collisions

  Label singleObjCollisionsLabel;

  Button singleObjCollisionsButton;

  // label and button for single object colorShifting

  Label singleObjColorShiftLabel;

  Button singleObjColorShiftButton;

  // label and button for single object drawing

  Label singleObjDrawLabel;

  Button singleObjDrawButton;

  // Set up applet frame...

  public UserInterfaceFrame(String title, UserObject userObj,




    int rendererXpos, int rendererYpos,




    int rendererXsize, int rendererYsize,




    List copyList, CopyEnhancement[] copyEnhancements)

  {

    super(title);

    // Set some values for use below...

    this.userObj = userObj;

    this.copyList = copyList;

    this.copyEnhancements = copyEnhancements;

    // Set a new layout for this component.

    GridBagLayout gridbag = new GridBagLayout();

    // Set up the menu bar.

    MenuBar menubar = new MenuBar();

    Menu file = new Menu("File");

    menubar.add(file);

    file.add("Quit");

    this.setMenuBar(menubar);

    // Create a panel to hold components.

    Panel panel1 = new Panel();

    panel1.setLayout(gridbag);

    // Create button for collisions with all other vobjects.

    allObjCollisionsLabel = new Label("Collisions with all objects: ON");

    allObjCollisionsButton = new Button("Click to turn OFF");

    constrain(panel1, allObjCollisionsLabel,  0, 0, 1, 1);

    constrain(panel1, allObjCollisionsButton, 1, 0, 1, 1);

    // Create a text field for entering a new focus (press "Set" when OK).

    focusLabel = new Label("Focus radius: ");

    focusTextField = new

      TextField(String.valueOf(userObj.getFocusRadius()), 12);

    focusButton = new Button("Set");

    constrain(panel1, focusLabel, 0, 1, 1, 1);

    constrain(panel1, focusTextField, 1, 1, 1, 1);

    constrain(panel1, focusButton, 2, 1, 1, 1);

    // Create a text field for entering a new nimbus (press "Set" when OK).

    nimbusLabel = new Label("Nimbus radius: ");

    nimbusTextField = new

      TextField(String.valueOf(userObj.getNimbusRadius()), 12);

    nimbusButton = new Button("Set");

    constrain(panel1, nimbusLabel, 0, 2, 1, 1);

    constrain(panel1, nimbusTextField, 1, 2, 1, 1);

    constrain(panel1, nimbusButton, 2, 2, 1, 1);

    // Put list of copies and associated buttons into panel.

    constrain(panel1, new Label("Remote Objects:"), 0, 3, 1, 1, 10, 0, 0, 0);

    constrain(panel1, copyList, 0, 4, 1, 4, GridBagConstraints.VERTICAL,


      GridBagConstraints.NORTHWEST, 0.0, 1.0, 0, 0, 0, 0);

    // Use a label to say which object has been selected.

    objectSelectedLabel = new Label("Object selected: none");

    constrain(panel1, objectSelectedLabel, 1, 3, 1, 1, 10, 0, 0, 0);

    // Use a label and button to show and change whether or not

    // collisions with this object are enabled.

    singleObjCollisionsLabel = new Label("Collisions: ON");

    constrain(panel1, singleObjCollisionsLabel, 1, 4, 1, 1);

    singleObjCollisionsButton = new Button("Click to turn OFF");

    constrain(panel1, singleObjCollisionsButton, 2, 4, 1, 1);

    // Use a label and button to show and change whether or not

    // this object colorShifts.

    singleObjColorShiftLabel = new Label("Color shifting: ON");

    constrain(panel1, singleObjColorShiftLabel, 1, 5, 1, 1);

    singleObjColorShiftButton = new Button("Click to turn ON");

    constrain(panel1, singleObjColorShiftButton, 2, 5, 1, 1);

    // Use a label and button to show and change whether or not

    // this object is drawn.

    singleObjDrawLabel = new Label("Drawing: ON");

    constrain(panel1, singleObjDrawLabel, 1, 6, 1, 1);

    singleObjDrawButton = new Button("Click to turn OFF");

    constrain(panel1, singleObjDrawButton, 2, 6, 1, 1);

    // Put panel1 into the frame.

    this.setLayout(gridbag);

    constrain(this, panel1, 0, 0, 1, 1, GridBagConstraints.VERTICAL,


      GridBagConstraints.NORTHWEST, 0.0, 1.0, 10, 10, 5, 5);

    // Set location and size of frame.

    this.setLocation(rendererXpos, rendererYpos + rendererYsize + 25);

    this.pack();

    this.show();

  }

  // This function was taken from "Java in a Nutshell" example 5-4.

  // It places components within a container.

  public void constrain(Container container, Component component,




int grid_x, int grid_y,




int grid_width, int grid_height,




int fill, int anchor,




double weight_x, double weight_y,




int top, int left, int bottom, int right)

  {

    GridBagConstraints c = new GridBagConstraints();

    c.gridx = grid_x; c.gridy = grid_y;

    c.gridwidth = grid_width; c.gridheight = grid_height;

    c.fill = fill; c.anchor = anchor;

    c.weightx = weight_x; c.weighty = weight_y;

    if (top+bottom+left+right > 0)

      c.insets = new Insets(top, left, bottom, right);

    ((GridBagLayout)container.getLayout()).setConstraints(component, c);

    container.add(component);

  }

  // This function was taken from "Java in a Nutshell" example 5-4.

  // It calls constrain with some default values.

  public void constrain(Container container, Component component,




int grid_x, int grid_y,




int grid_width, int grid_height)

  {

    constrain(container, component,


      grid_x, grid_y, grid_width, grid_height,


      GridBagConstraints.NONE, GridBagConstraints.NORTHWEST,


      0.0, 0.0,


      0, 0, 0, 0);

  }

  // This function was taken from "Java in a Nutshell" example 5-4.

  // It calls constrain with some default values.

  public void constrain(Container container, Component component,




int grid_x, int grid_y,




int grid_width, int grid_height,




int top, int left, int bottom, int right)

  {

    constrain(container, component,


      grid_x, grid_y, grid_width, grid_height,


      GridBagConstraints.NONE, GridBagConstraints.NORTHWEST,


      0.0, 0.0,


      top, left, bottom, right);

  }

  // Handle the GUI events.

  public boolean handleEvent(Event e)

  {

    try {

      switch(e.id)


{


case Event.ACTION_EVENT:


  {


    // Handle pull-down menu events.


    if (e.target instanceof MenuItem)


      {



// Quit shuts everything down.



if (((String)e.arg).equals("Quit"))



  {



    userObj.removeFromConMan();



    System.exit(0);



  }


      }


    // Handle the all-object collisions button.


    else if (e.target == allObjCollisionsButton)


      {



if (userObj.collisionDetectionOn() == true)



  {



    userObj.turnOffCollisionDetection();



    allObjCollisionsLabel.



      setText("Collisions with all objects: OFF");



    allObjCollisionsButton.setLabel("Click to turn ON");



  }



else if (userObj.collisionDetectionOn() == false)



  {



    userObj.turnOnCollisionDetection();



    allObjCollisionsLabel.



      setText("Collisions with all objects: ON");



    allObjCollisionsButton.setLabel("Click to turn OFF");



  }



return true;


      }


    // Handle single object collisions button.


    else if (e.target == singleObjCollisionsButton)


      {



if (objectSelected == -1) return true;



if (copyEnhancements[objectSelected].collisionDetect == true)



  {



    singleObjCollisionsLabel.setText("Collisions: OFF");



      singleObjCollisionsButton.setLabel("Click to turn ON");



    copyEnhancements[objectSelected].collisionDetect = false;



    userObj.deactivateCollisionsWithObject(objectSelected);



  }



else if (copyEnhancements[objectSelected].collisionDetect




 == false)



  {



    singleObjCollisionsLabel.setText("Collisions: ON");



      singleObjCollisionsButton.setLabel("Click to turn OFF");



    copyEnhancements[objectSelected].collisionDetect = true;



    userObj.activateCollisionsWithObject(objectSelected);



  }



return true;


      }


    // Handle single object colorShift button.


    else if (e.target == singleObjColorShiftButton)


      {



if (objectSelected == -1) return true;



if (copyEnhancements[objectSelected].colorShift == true)



  {



    singleObjColorShiftLabel.setText("Color shifting: OFF");



      singleObjColorShiftButton.setLabel("Click to turn ON");



    copyEnhancements[objectSelected].colorShift = false;



    userObj.updateGraphics();



  }



else if (copyEnhancements[objectSelected].colorShift == false)



  {



    singleObjColorShiftLabel.setText("Color shifting: ON");



      singleObjColorShiftButton.setLabel("Click to turn OFF");



    copyEnhancements[objectSelected].colorShift = true;



    userObj.updateGraphics();



  }



return true;


      }


    // Handle single object draw button.


    else if (e.target == singleObjDrawButton)


      {



if (objectSelected == -1) return true;



if (copyEnhancements[objectSelected].draw == true)



  {



    singleObjDrawLabel.setText("Drawing: OFF");



      singleObjDrawButton.setLabel("Click to turn ON");



    copyEnhancements[objectSelected].draw = false;



    userObj.updateGraphics();



  }



else if (copyEnhancements[objectSelected].draw == false)



  {



    singleObjDrawLabel.setText("Drawing: ON");



      singleObjDrawButton.setLabel("Click to turn OFF");



    copyEnhancements[objectSelected].draw = true;



    userObj.updateGraphics();



  }



return true;


      }


    // Handle the focus button.


    else if (e.target == focusButton)


      {



try {



  double newFocusRadius =



    (Double.valueOf(focusTextField.getText())).doubleValue();



  userObj.setFocusRadius(newFocusRadius);



} catch (Exception ex) { reportErrorAndDie(ex); }



return true;


      }


    // Handle the nimbus button.


    else if (e.target == nimbusButton)


      {



try {



  double newNimbusRadius =



    (Double.valueOf(nimbusTextField.getText())).doubleValue();



  userObj.setNimbusRadius(newNimbusRadius);



} catch (Exception ex) { reportErrorAndDie(ex); }



return true;


      }


  }


// Handle selections on the vobject copy list.


case Event.LIST_SELECT:


  {


    objectSelected = copyList.getSelectedIndex();


    // Can't select self for these enhancements.


    if (objectSelected == userObj.getId())


      {



objectSelected = -1;



objectSelectedLabel.setText("Object selected: none");



return true;


      }


    // Once a new object is selected, reflect its enhancement


    // parameters in the widgets.


    objectSelectedLabel.setText("Object selected: " + objectSelected);


    if (copyEnhancements[objectSelected].collisionDetect == true)


      {



singleObjCollisionsLabel.setText("Collisions: ON");



singleObjCollisionsButton.setLabel("Click to turn OFF");


      }


    else if (copyEnhancements[objectSelected].collisionDetect == false)


      {



singleObjCollisionsLabel.setText("Collisions: OFF");



singleObjCollisionsButton.setLabel("Click to turn ON");


      }


    if (copyEnhancements[objectSelected].colorShift == true)


      {



singleObjColorShiftLabel.setText("Color shifting: ON");



singleObjColorShiftButton.setLabel("Click to turn OFF");


      }


    else if (copyEnhancements[objectSelected].colorShift == false)


      {



singleObjColorShiftLabel.setText("Color shifting: OFF");



singleObjColorShiftButton.setLabel("Click to turn ON");


      }


    if (copyEnhancements[objectSelected].draw == true)


      {



singleObjDrawLabel.setText("Drawing: ON");



singleObjDrawButton.setLabel("Click to turn OFF");


      }


    else if (copyEnhancements[objectSelected].draw == false)


      {



singleObjDrawLabel.setText("Drawing: OFF");



singleObjDrawButton.setLabel("Click to turn ON");


      }


    return true;


  }


// Handle key presses.


case Event.KEY_PRESS:


  {


    // Pressing 'E' increases pitch (rotate around x axis).


    if (((char)e.key == 'e') || ((char)e.key == 'E'))


      {



userObj.changePitch(-10.0);



return true;


      }


    // Pressing 'C' decreases pitch (rotate around x axis).


    if (((char)e.key == 'c') || ((char)e.key == 'C'))


      {



userObj.changePitch(10.0);



return true;


      }


    // Pressing 'S' rolls ccw (rotate around z axis).


    if (((char)e.key == 's') || ((char)e.key == 'S'))


      {



userObj.changeRoll(10.0);



return true;


      }


    // Pressing 'F' rolls cw (rotate around z axis).


    if (((char)e.key == 'f') || ((char)e.key == 'F'))


      {



userObj.changeRoll(-10.0);



return true;


      }


    // Return false so other key presses are passed to the applet.


    return false;


  }


// Handle more key presses.


case Event.KEY_ACTION:


  {


    // Pressing UP moves forward along DOV.


    if (e.key == Event.UP)


      {



userObj.moveAlongDOV(1.0);



return true;


      }


    // Pressing DOWN moves backward along DOV.


    if (e.key == Event.DOWN)


      {



userObj.moveAlongDOV(-1.0);



return true;


      }


    // Pressing RIGHT rotates cw around y axis.


    if (e.key == Event.RIGHT)


      {



userObj.changeYaw(10.0);



return true;


      }


    // Pressing LEFT rotates ccw around y axis.


    if (e.key == Event.LEFT)


      {



userObj.changeYaw(-10.0);



return true;


      }


    // Return false so other key presses are passed to the applet.


    return false;


  }


}

    } catch (Exception ex) { reportErrorAndDie(ex); }

    return false;

  }

  // reportErrorAndDie is a lazy way of dealing with fatal errors.

  protected static void reportErrorAndDie(Exception e)

  {

    System.err.println("UserInterface exception: " + e.getMessage());

    e.printStackTrace();

  }

}

Vertex.java

// Vertex.java -- Vertex class

//

// by Dennis Brown for Colab Bus VE Project

// 

// This class implements a vertex with four coordinates and a color.

package ve.types;

import java.awt.Color;

import java.io.Serializable;

import ve.types.ThreeVec;

public class Vertex implements Serializable

{

  public ThreeVec coords;               // x, y, z coordinate of vertex

  public Color vColor;                  // color of the vertex

  // Make a new vertex given three points and three color values.

  public Vertex(double x, double y, double z, 



float r, float g, float b)

  {

    coords = new ThreeVec(x, y, z);

    vColor = new Color(r, g, b);

  }

  // Make a new vertex given three points and a color object.

  public Vertex(double x, double y, double z, Color rgb)

  {

    coords = new ThreeVec(x, y, z);

    vColor = rgb;

  }

  // Update x, y, and z.

  public synchronized void updatexyz(double x, double y, double z)

  {

    coords.updatexyz(x, y, z);

  }

  // Make a copy of a vertex.

  public Vertex(Vertex copyMe)

  {

    coords = new ThreeVec(copyMe.coords);

    vColor = new Color(copyMe.vColor.getRGB());

  }

}

ThreeVec.java

// ThreeVec.java -- Vector class

//

// by Dennis Brown for Colab Bus VE Project

// 

// This class implements a 3-vector and supporting methods.

package ve.types;

import java.lang.Math;

import java.io.Serializable;

public class ThreeVec implements Serializable

{

  public double x;

  public double y;

  public double z;

  // Make a new vector given x, y, z.

  public ThreeVec(double x, double y, double z)

  {

    this.x = x;

    this.y = y;

    this.z = z;

  }

  // Change a vector given x, y, z.

  public synchronized void updatexyz(double x, double y, double z)

  {

    this.x = y;

    this.y = y;

    this.z = z;

  }

  // Make a new vector from an old vector.

  public ThreeVec(ThreeVec copyMe)

  {

    x = copyMe.x;

    y = copyMe.y;

    z = copyMe.z;

  }

  // Return the length of the vector.

  public synchronized double length()

  {

    return java.lang.Math.sqrt((x*x) + (y*y) + (z*z));

  }

  // Normalize the vector.

  public synchronized void normalize()

  {

    double length = java.lang.Math.sqrt((x*x) + (y*y) + (z*z));

    x /= length;

    y /= length;

    z /= length;

  }

  // Return the difference between this vector and another.

  public synchronized ThreeVec subtract(ThreeVec B)

  {

    return new ThreeVec(x-B.x, y-B.y, z-B.z);

  }

  // Return the sum of this vector and another.

  public synchronized ThreeVec add(ThreeVec B)

  {

    return new ThreeVec(x+B.x, y+B.y, z+B.z);

  }

  // Return the cross product of this vector and another.

  public synchronized ThreeVec cross(ThreeVec B)

  {

    return new ThreeVec(y*B.z-z*B.y, z*B.x-x*B.z, x*B.y-y*B.x);

  }

  // Return the dot product of this vector and another.

  public synchronized double dot(ThreeVec B)

  {

    return (x*B.x + y*B.y + z*B.z);

  }

  public synchronized void printThreeVec()

  {

    System.out.println("<"+x+" "+y+" "+z+">");

  }

}

Triangle.java

// Triangle.java -- Triangle class

//

// by Dennis Brown for Colab Bus VE Project

// 

// This class implements a triangle object.

package ve.types;

import ve.types.ThreeVec;

import java.io.Serializable;

public class Triangle implements Serializable

{

  public int vertices[];    // This is an array of indices into the




    // vertex array of the PolyObject with




    // which this triangle is associated

  public ThreeVec normal;   // normal vector

  // Create a new triangle given the indices of three vertices and normal.

  public Triangle(int zero, int one, int two, ThreeVec normal)

  {

    vertices = new int[3];

    vertices[0] = zero;

    vertices[1] = one;

    vertices[2] = two;

    this.normal = normal;

  }

  // Create a copy of a triangle.

  public Triangle(Triangle copyMe)

  {

    for(int i = 0; i < 3; i++)

      vertices[i] = copyMe.vertices[i];

    normal = new ThreeVec(copyMe.normal);

  }

}

PolyObject.java

// PolyObject.java -- PolyObject class

//

// by Dennis Brown for Colab Bus VE Project

// 

// This class implements a polygonal object as a bunch of triangles.

package ve.types;

import java.awt.*;

import java.io.*;

import java.lang.*;

import java.util.*;

import ve.types.Vertex;

import ve.types.Triangle;

import ve.types.ThreeVec;

public class PolyObject implements Serializable

{

  public int numVertices;       // number of vertices             

  public int numTriangles;      // number of triangles

  public Vertex vertices[];     // set of vertices used in object

  public Triangle triangles[];  // Triangles as triples of the above vertices

  public Vertex origVertices[]; // vertices asusming object is at origin

  // Make a new, empty PolyObject.

  public PolyObject()

  {

    numVertices = 0;

    numTriangles = 0;

  }

  // Read in object geometry from an AC3D triangle file.

  public PolyObject(String AC3DFile)

  {

    Vector inputVertices = new Vector();

    File inputFile = null;

    InputStream fileInStream = null;

    Reader fileReader = null;

    StreamTokenizer dataStream = null;

    // Try to open input file.

    try

      {


inputFile = new File(AC3DFile);


fileInStream = new FileInputStream(inputFile);


fileReader = new BufferedReader(new InputStreamReader(fileInStream));

        dataStream = new StreamTokenizer(fileReader);

      }

    catch(NullPointerException e)

      {


System.out.println("Error opening file " + AC3DFile + ".");


return;

      }

    catch(java.io.IOException e)

      {


System.out.println("IO Exception.");


return;

      }

    // Try to read in tokens from stream.

    int typeRead;

    try 

      {

        typeRead = dataStream.nextToken();

      }

    catch(java.io.IOException e)

      {

        System.out.println("IO Exception.");

        return;

      }

    // Read in the triangles--very straightforward stuff.

    while(typeRead != dataStream.TT_EOF)

      {


double vertices[][] = new double[3][3];


int colorInt;


numTriangles++;


for (int i = 0; i < 3; i++)


  {


    for (int j = 0; j < 3; j++)


      {



try



  {



    vertices[i][j] = dataStream.nval;



    typeRead = dataStream.nextToken();



  }



catch(java.io.IOException e)



  {



    System.out.println("IO Exception.");



    return;



  }


      }


  }


try 

          {

            typeRead = dataStream.nextToken();


    colorInt = java.lang.Integer.parseInt(dataStream.sval.substring(1),


    




  16);

            typeRead = dataStream.nextToken();

          }

        catch(java.io.IOException e)

          {

            System.out.println("IO Exception.");

            return;

          }


catch(NumberFormatException e2)


  {


    System.out.println("Can't parse number.");


    colorInt = 453422;


  }


for (int i = 0; i < 3; i++)


  inputVertices.addElement(new Vertex(vertices[i][0], vertices[i][1],






      vertices[i][2],






      new Color(colorInt)));

      }

    try

      {

        fileInStream.close();

      }

    catch(java.io.IOException e)

      {

        System.out.println("IO Exception.");

        return;

      }

    // Put data into correct format.

    numVertices = numTriangles * 3;

    origVertices = new Vertex[numVertices];

    inputVertices.copyInto(origVertices);

    vertices = new Vertex[numVertices];

    for (int j = 0; j < numVertices; j++)

      vertices[j] = new Vertex(origVertices[j]);

    triangles = new Triangle[numTriangles];

    for (int i = 0; i < numTriangles; i++)

      {


ThreeVec normal =


  (vertices[i*3+2].coords.subtract(vertices[i*3].coords)).cross


  (vertices[i*3+1].coords.subtract(vertices[i*3].coords));


normal.normalize();


triangles[i] = new Triangle(i*3, i*3+1, i*3+2, normal);

      }

  }

  // Copy a PolyObject.

  public PolyObject(PolyObject copyMe)

  {

    numVertices = copyMe.numVertices;

    numTriangles = copyMe.numTriangles;

    vertices = new Vertex[numVertices];

    origVertices = new Vertex[numVertices];

    triangles = new Triangle[numTriangles];

    for (int i = 0; i < numVertices; i++)

      vertices[i] = new Vertex(copyMe.vertices[i]);

    for (int i = 0; i < numVertices; i++)

      origVertices[i] = new Vertex(copyMe.origVertices[i]);

    for (int i = 0; i < numTriangles; i++)

      triangles[i] = new Triangle(copyMe.triangles[i]);

  }

  // Update the normal for each triangle.

  public void updateNormals()

  {

    for (int i = 0; i < numTriangles; i++)

      {


triangles[i].normal = 


  (vertices[i*3+2].coords.subtract(vertices[i*3].coords)).cross(


   vertices[i*3+1].coords.subtract(vertices[i*3].coords));


triangles[i].normal.normalize();

      }

  }

  // Print out the vertices for debugging.

  public void printVertices()

  {

    System.out.println("polyobject");

    for (int i = 0; i < numVertices; i++)

      System.out.println(vertices[i].coords.x + " " +




 vertices[i].coords.y + " " +




 vertices[i].coords.z);

  }

}

Player.java

// Player.java -- Capture-the-flag player object

//

// by Dennis Brown for Colab Bus VE Project

// 

// This class provides the necessary values to instantiate a

// UserObject which can let a user join a Capture-the-flag session.

package capflag;

import java.net.InetAddress;

import java.rmi.*;

import java.lang.Double;

import ve.vobject.UserObject;

import ve.types.*;

public class Player extends UserObject

{

  // Keep the following values around so we can bounce back off of

  // solid object we hit.

  double undoMoveAlongDOV = 0.0;

  double undoChangeYaw = 0.0;

  double undoChangePitch = 0.0;

  double undoChangeRoll = 0.0;

  int lastOp = -1;

  // The constructor just calls the super constructor with the right arguments.

  public Player(String serverName, ThreeVec initPosition,



ThreeVec initLookat, ThreeVec initVUP,



double initFocusRadius, double initNimbusRadius,



String initType, PolyObject initGeometry)

    throws RemoteException

  {

    super(serverName, initPosition, initLookat, initVUP, initFocusRadius,


  initNimbusRadius, initType, initGeometry, 0, 0, 500, 500, true);

  }

  // Main sets up the values for this vobject and finds out the name

  // of the Connection Manager server. Then it creates a new

  // Player instance.

  public static void main(String args[])

  {

    // position of the vobject

    double positionx = 2.5;

    double positiony = 2.0;

    double positionz = 12.5;

    // lookat values for the vobject

    double lookatx = 5.0;

    double lookaty = 2.0;

    double lookatz = 12.5;

    // VUP values for the vobject

    double VUPx = 0.0;

    double VUPy = 1.0;

    double VUPz = 0.0;

    // focus and nimbus radii

    double focusRadius = 10.0;

    double nimbusRadius = 10.0;

    // default geometry file name

    String geomFile = "capflag/models/playerred.tri";

    // default object name (as seen by other vobjects)

    String objName = "Player";

    // name of conman server to use

    String serverName = "";

    // Parse the arguments.

    try {

      int argnum = 0;

      while (argnum < args.length)


{


  if (args[argnum].equals("-serverName"))


    {


      serverName = args[argnum+1];


      argnum += 2;


      continue;


    }


  if (args[argnum].equals("-position"))


    {


      positionx = (Double.valueOf(args[argnum+1])).doubleValue();


      positiony = (Double.valueOf(args[argnum+2])).doubleValue();


      positionz = (Double.valueOf(args[argnum+3])).doubleValue();


      argnum += 4;


      continue;


    }


  if (args[argnum].equals("-lookat"))


    {


      lookatx = (Double.valueOf(args[argnum+1])).doubleValue();


      lookaty = (Double.valueOf(args[argnum+2])).doubleValue();


      lookatz = (Double.valueOf(args[argnum+3])).doubleValue();


      argnum += 4;


      continue;


    }


  if (args[argnum].equals("-VUP"))


    {


      VUPx = (Double.valueOf(args[argnum+1])).doubleValue();


      VUPy = (Double.valueOf(args[argnum+2])).doubleValue();


      VUPz = (Double.valueOf(args[argnum+3])).doubleValue();


      argnum += 4;


      continue;


    }


  if (args[argnum].equals("-focusRadius"))


    {


      focusRadius = (Double.valueOf(args[argnum+1])).doubleValue();


      argnum += 2;


      continue;


    }


  if (args[argnum].equals("-nimbusRadius"))


    {


      nimbusRadius = (Double.valueOf(args[argnum+1])).doubleValue();


      argnum += 2;


      continue;


    }


  if (args[argnum].equals("-geomFile"))


    {


      geomFile = args[argnum+1];


      argnum += 2;


      continue;


    }


  if (args[argnum].equals("-objName"))


    {


      objName = args[argnum+1];


      argnum += 2;


      continue;


    }


  System.out.println("Can't handle this argument: " + args[argnum]);


  argnum++;


}

      // If no server name given, assume local host on port 1099.

      if (serverName.equals(""))


{


  System.err.println("No host:port given, using local host on 1099.");


  try {


    InetAddress add = InetAddress.getLocalHost();


    serverName = add.getHostName() + ":1099";


  } catch (Exception e) { reportErrorAndDie(e); }


}

      // Set up values using given info and create a new Player object.

      ThreeVec position = new ThreeVec(positionx, positiony, positionz);

      ThreeVec lookat = new ThreeVec(lookatx, lookaty, lookatz);

      ThreeVec VUP = new ThreeVec(VUPx, VUPy, VUPz);

      PolyObject geometry = new PolyObject(geomFile);

      Player instanceOfMe = new Player(serverName, position, lookat,





       VUP, focusRadius,





       nimbusRadius,





       objName, geometry);

    } catch (Exception e) { reportErrorAndDie(e); }

  }

  // Augment collide of UserObject by making sure we can't walk

  // through walls.

  protected synchronized void collide()

  {

    if (checkCollisions == false) return;

    super.collide();

    for (int i = 0; i < maxNumObjs; i++)

      if ((collisions[i] == true) && (collisionTimes[i] == 0))


{


  String objName = localCopies[i].getType();


  System.out.println("You just hit " + objName);


  // If we just hit something solid, bounce back the same way


  // we ran into it (not physically accurate).


  if ((objName.equals("Maze")) || (objName.equals("Good Path")) ||


      (objName.equals("Bad Path")) || (objName.equals("Ceiling")))


    {


      System.out.println("Just hit a solid object; bouncing back.");


      try {



switch(lastOp)



  {



  case 0:



    {



      moveAlongDOV(undoMoveAlongDOV);



      break;



    }



  case 1:



    {



      changeYaw(undoChangeYaw);



      break;



    }



  case 2:



    {



      changePitch(undoChangePitch);



      break;



    }



  case 3:



    {



      changeRoll(undoChangeRoll);



      break;



    }



  }


      } catch (Exception e) { reportErrorAndDie(e); }


    }


  // If we hit the wrong flag, die.


  if (objName.equals("Wrong Flag"))


    {


      System.out.println("\n\n\n\n\n###############################");


      System.out.println("BOOM! You're dead! You choose the evil ");


      System.out.println("exploding flag! Bye bye! ");


      System.out.println("###############################\n\n\n\n\n");


      removeFromConMan();


      System.exit(0);


    }


  // If we hit the right flag, still die.


  if (objName.equals("Right Flag"))


    {


      System.out.println("\n\n\n\n\n###############################");


      System.out.println("YAY! You picked the right flag. You won.");


      System.out.println("Game over!");


      System.out.println("###############################\n\n\n\n\n");


      removeFromConMan();


      System.exit(0);


    }


}

  }

  // Augment moveAlongDOV to remember how to backtrack.

  public void moveAlongDOV(double numUnits) throws RemoteException

  {

    super.moveAlongDOV(numUnits);

    undoMoveAlongDOV = -numUnits;

    lastOp = 0;

  }

  // Augment changeYaw to remember how to backtrack.

  public void changeYaw(double angle) throws RemoteException

  {

    super.changeYaw(angle);

    undoChangeYaw = -angle;

    lastOp = 1;

  }

  // Augment changePitch to remember how to backtrack.

  public void changePitch(double angle) throws RemoteException

  {

    super.changePitch(angle);

    undoChangePitch = -angle;

    lastOp = 2;

  }

  // Augment changeRoll to remember how to backtrack.

  public void changeRoll(double angle) throws RemoteException

  {

    super.changeRoll(angle);

    undoChangeRoll = -angle;

    lastOp = 3;

  }

}

Maze.java

// Maze.java -- Capture-the-flag maze object

//

// by Dennis Brown for Colab Bus VE Project

// 

// This class reads in a maze file and makes a Maze object, a GoodPath

// object, and a BadPath object from the info in the file.

package capflag;

import java.net.InetAddress;

import java.rmi.*;

import java.lang.Double;

import java.io.*;

import ve.vobject.BaseObject;

import ve.types.*;

public class Maze extends BaseObject

{

  // The constructor just calls the super constructor with the right arguments.

  public Maze(String serverName, ThreeVec initPosition,


      ThreeVec initLookat, ThreeVec initVUP,


      String initType, PolyObject initGeometry)

    throws RemoteException

  {

    super(serverName, initPosition, initLookat, initVUP, -1000000,


  100000, initType, initGeometry, true);

  }

  // Main sets up the values for this vobject and finds out the name

  // of the Connection Manager server. Then it creates new

  // Maze, goodPath, and badPath objects.

  public static void main(String args[])

  {

    // position of the vobject

    double positionx = 5.0;

    double positiony = 0.0;

    double positionz = 20.0;

    // lookat values for the vobject

    double lookatx = 5.0;

    double lookaty = 0.0;

    double lookatz = -10.0;

    // VUP values for the vobject

    double VUPx = 0.0;

    double VUPy = 1.0;

    double VUPz = 0.0;

    // default maze file name

    String mazeFile = "capflag/mazes/7x7.mz";

    // name of conman server to use

    String serverName = "";

    // Parse the arguments.

    try {

      int argnum = 0;

      while (argnum < args.length)


{


  if (args[argnum].equals("-serverName"))


    {


      serverName = args[argnum+1];


      argnum += 2;


      continue;


    }


  if (args[argnum].equals("-mazeFile"))


    {


      mazeFile = args[argnum+1];


      argnum += 2;


      continue;


    }


  if (args[argnum].equals("-position"))


    {


      positionx = (Double.valueOf(args[argnum+1])).doubleValue();


      positiony = (Double.valueOf(args[argnum+2])).doubleValue();


      positionz = (Double.valueOf(args[argnum+3])).doubleValue();


      argnum += 4;


      continue;


    }


  if (args[argnum].equals("-lookat"))


    {


      lookatx = (Double.valueOf(args[argnum+1])).doubleValue();


      lookaty = (Double.valueOf(args[argnum+2])).doubleValue();


      lookatz = (Double.valueOf(args[argnum+3])).doubleValue();


      argnum += 4;


      continue;


    }


  if (args[argnum].equals("-VUP"))


    {


      VUPx = (Double.valueOf(args[argnum+1])).doubleValue();


      VUPy = (Double.valueOf(args[argnum+2])).doubleValue();


      VUPz = (Double.valueOf(args[argnum+3])).doubleValue();


      argnum += 4;


      continue;


    }


  System.out.println("Can't handle this argument: " + args[argnum]);


  argnum++;


}

      // If no server name given, assume local host on port 1099.

      if (serverName.equals(""))


{


  System.err.println("No host:port given, using local host on 1099.");


  try {


    InetAddress add = InetAddress.getLocalHost();


    serverName = add.getHostName() + ":1099";


  } catch (Exception e) { reportErrorAndDie(e); }


}

      // Set up values using given info and create a new Player object.

      ThreeVec position = new ThreeVec(positionx, positiony, positionz);

      ThreeVec lookat = new ThreeVec(lookatx, lookaty, lookatz);

      ThreeVec VUP = new ThreeVec(VUPx, VUPy, VUPz);

      // Set up a mazeFileReader to read in the maze file.

      mazeFileReader fileReader = new mazeFileReader(mazeFile);

      // Create a geometry from the maze file info.

      PolyObject mazeGeom = fileReader.makeMazeWalls();

      // Create a new Maze instance.

      Maze instanceOfMe = new Maze(serverName, position, lookat, VUP,





   "Maze", mazeGeom);

      // Create a new GoodPath instance.

      PolyObject goodPathGeom = fileReader.makeGoodPath();

      Maze goodPath = new Maze(serverName, position, lookat, VUP,




       "Good Path", goodPathGeom);

      // Create a new BadPath instance.

      PolyObject badPathGeom = fileReader.makeBadPath();

      Maze badPath = new Maze(serverName, position, lookat, VUP,




      "Bad Path", badPathGeom);

      // Create a new Ceiling instance.

      PolyObject ceilingGeom = fileReader.makeCeiling();

      Maze ceiling = new Maze(serverName, position, lookat, VUP,




      "Ceiling", ceilingGeom);

    } catch (Exception e) { reportErrorAndDie(e); }

  }

}

class mazeFileReader

{

  int sizeX = 0;                // X size in pieces/bricks/units/whatever

  int sizeY = 0;                // Y size

  char mazeData[][] = null;     // type of each piece

  int walls = 0;                // number of wall blocks

  int goodPaths = 0;            // number of good path tiles

  int badPaths = 0;             // number of bad path tiles

  char wallChar = 'B';          // character which represents a wall

  char goodPathChar = 'p';      // character which represents the good path

  char badPathChar = 'x';       // character which represents the bad path

  double xScale = 5.0;          // how big each wall is in each direction

  double yScale = 5.0;

  double zScale = 5.0;

  PolyObject mazeWalls = null;  // maze geometry

  PolyObject goodPath = null;   // good path geometry

  PolyObject badPath = null;    // bad path geometry

  PolyObject ceiling = null;    // ceiling geometry

  // Read in the mazefile data into an array. This function isn't pretty.

  public mazeFileReader(String mazeFile)

  {

    File dataFile;

    FileInputStream fileInStream;

    StreamTokenizer dataStream;

    try {

      dataFile = new File(mazeFile);

      fileInStream = new FileInputStream(dataFile);

      dataStream = new StreamTokenizer(fileInStream);

      int typeRead;

      // Try to read in tokens from stream.

      typeRead = dataStream.nextToken();

      // Read in the maze data from the file.

      while(typeRead != dataStream.TT_EOF)


{


  if ((dataStream.sval != null) && (dataStream.sval.equals("sizeX")))


    {


      typeRead = dataStream.nextToken();


      sizeX = (int)dataStream.nval;


    }


  if ((dataStream.sval != null) && (dataStream.sval.equals("sizeY")))


    {


      typeRead = dataStream.nextToken();


      sizeY = (int)dataStream.nval;


      mazeData = new char[sizeY][];


    }


  if ((dataStream.sval != null) && (dataStream.sval.equals("begin")))


    {


      for (int i = 0; i < sizeY; i++)



{



  typeRead = dataStream.nextToken();



  mazeData[i] = new char[sizeX];



  for (int j = 0; j < sizeX; j++)



    {



      mazeData[i][j] = dataStream.sval.charAt(j);



      if (mazeData[i][j] == wallChar) walls++;



      if (mazeData[i][j] == goodPathChar) goodPaths++;



      if (mazeData[i][j] == badPathChar) badPaths++;



    }



}


    }


  typeRead = dataStream.nextToken();


}

    } catch (Exception e) { reportErrorAndDie(e); }

  }

  // Use the maze file data to make a PolyObject representing the maze walls.

  PolyObject makeMazeWalls()

  {

    if (mazeWalls != null) return mazeWalls;

    // Make a new, empty PolyObject.

    mazeWalls = new PolyObject();

    // Set up the numbers of vertices and triangles, then the arrays.

    mazeWalls.numVertices = walls * 12 * 3;

    mazeWalls.numTriangles = walls * 12;

    mazeWalls.vertices = new Vertex[mazeWalls.numVertices];

    mazeWalls.triangles = new Triangle[mazeWalls.numTriangles];

    // Create cubes for each wall piece.

    int vertNum = 0;

    int triNum = 0;

    ThreeVec normal;

    for (int i = 0; i < sizeY; i++)

      for (int j = 0; j < sizeX; j++)


if (mazeData[i][j] == wallChar)


  {


    // Create each vertex for the cube.


    Vertex a = new Vertex((double)j * xScale, 0.0,





  (double)i * zScale,





  0.0f, 1.0f, 1.0f);


    Vertex b = new Vertex((double)(j+1) * xScale, 0.0,





  (double)i * zScale,





  0.0f, 1.0f, 1.0f);


    Vertex c = new Vertex((double)j * xScale, 0.0,





  (double)(i+1) * zScale,





  0.0f, 1.0f, 1.0f);


    Vertex d = new Vertex((double)(j+1) * xScale, 0.0,





  (double)(i+1) * zScale,





  0.0f, 1.0f, 1.0f);


    Vertex e = new Vertex((double)j * xScale, yScale,





  (double)i * zScale,





  0.0f, 1.0f, 1.0f);


    Vertex f = new Vertex((double)(j+1) * xScale, yScale,





  (double)i * zScale,





  0.0f, 1.0f, 1.0f);


    Vertex g = new Vertex((double)j * xScale, yScale,





  (double)(i+1) * zScale,





  0.0f, 1.0f, 1.0f);


    Vertex h = new Vertex((double)(j+1) * xScale, yScale,





  (double)(i+1) * zScale,





  0.0f, 1.0f, 1.0f);


    // Make 12 triangles for the 6 faces of the cube.


    mazeWalls.vertices[vertNum] = g;


    mazeWalls.vertices[vertNum+1] = c;


    mazeWalls.vertices[vertNum+2] = d;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    mazeWalls.vertices[vertNum] = h;


    mazeWalls.vertices[vertNum+1] = g;


    mazeWalls.vertices[vertNum+2] = d;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    mazeWalls.vertices[vertNum] = h;


    mazeWalls.vertices[vertNum+1] = d;


    mazeWalls.vertices[vertNum+2] = b;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    mazeWalls.vertices[vertNum] = f;


    mazeWalls.vertices[vertNum+1] = h;


    mazeWalls.vertices[vertNum+2] = b;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    mazeWalls.vertices[vertNum] = e;


    mazeWalls.vertices[vertNum+1] = g;


    mazeWalls.vertices[vertNum+2] = h;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    mazeWalls.vertices[vertNum] = f;


    mazeWalls.vertices[vertNum+1] = e;


    mazeWalls.vertices[vertNum+2] = h;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    mazeWalls.vertices[vertNum] = e;


    mazeWalls.vertices[vertNum+1] = f;


    mazeWalls.vertices[vertNum+2] = b;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    mazeWalls.vertices[vertNum] = a;


    mazeWalls.vertices[vertNum+1] = e;


    mazeWalls.vertices[vertNum+2] = b;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    mazeWalls.vertices[vertNum] = e;


    mazeWalls.vertices[vertNum+1] = a;


    mazeWalls.vertices[vertNum+2] = g;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    mazeWalls.vertices[vertNum] = a;


    mazeWalls.vertices[vertNum+1] = c;


    mazeWalls.vertices[vertNum+2] = g;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    mazeWalls.vertices[vertNum] = c;


    mazeWalls.vertices[vertNum+1] = d;


    mazeWalls.vertices[vertNum+2] = a;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    mazeWalls.vertices[vertNum] = d;


    mazeWalls.vertices[vertNum+1] = b;


    mazeWalls.vertices[vertNum+2] = a;


    normal =


      (mazeWalls.vertices[vertNum+2].coords.


       subtract(mazeWalls.vertices[vertNum].coords)).


      cross(mazeWalls.vertices[vertNum+1].coords.



    subtract(mazeWalls.vertices[vertNum].coords));


    normal.normalize();


    mazeWalls.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


  }

    // Make backup copy of vertices within the PolyObject.

    mazeWalls.origVertices = new Vertex[mazeWalls.numVertices];

    for (int i = 0; i < mazeWalls.numVertices; i++)

      mazeWalls.origVertices[i] = new Vertex(mazeWalls.vertices[i]);

    return mazeWalls;

  }

  // Use the maze file data to make a PolyObject representing a path.

  PolyObject makePath(char pathChar1, char pathChar2, int numTiles,



      double height, float red, float green, float blue)

  {

    // Make a new, empty PolyObject.

    PolyObject path = new PolyObject();

    // Set up the numbers of vertices and triangles.

    path.numVertices = numTiles * 2 * 3;

    path.numTriangles = numTiles * 2;

    path.vertices = new Vertex[path.numVertices];

    path.triangles = new Triangle[path.numTriangles];

    // Create rectangles for each path tile.

    int vertNum = 0;

    int triNum = 0;

    ThreeVec normal;

    for (int i = 0; i < sizeY; i++)

      for (int j = 0; j < sizeX; j++)


if ((mazeData[i][j] == pathChar1) ||


    (mazeData[i][j] == pathChar2))


  {


    // Make a vertex for each corner.


    Vertex a = new Vertex((double)j * xScale, height,





  (double)i * zScale, red, green, blue);


    Vertex b = new Vertex((double)(j+1) * xScale, height,





  (double)i * zScale, red, green, blue);


    Vertex c = new Vertex((double)j * xScale, height,





  (double)(i+1) * zScale, red, green, blue);


    Vertex d = new Vertex((double)(j+1) * xScale, height,





  (double)(i+1) * zScale, red, green, blue);


    // Make two triangles with those four vertices.


    path.vertices[vertNum] = a;


    path.vertices[vertNum+1] = d;


    path.vertices[vertNum+2] = b;


    normal =


      (path.vertices[vertNum+2].coords.


       subtract(path.vertices[vertNum].coords)).


      cross(path.vertices[vertNum+1].coords.



    subtract(path.vertices[vertNum].coords));


    normal.normalize();


    path.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


    path.vertices[vertNum] = a;


    path.vertices[vertNum+1] = c;


    path.vertices[vertNum+2] = d;


    normal =


      (path.vertices[vertNum+2].coords.


       subtract(path.vertices[vertNum].coords)).


      cross(path.vertices[vertNum+1].coords.



    subtract(path.vertices[vertNum].coords));


    normal.normalize();


    path.triangles[triNum] =


      new Triangle(vertNum,vertNum+1,vertNum+2,normal);


    vertNum += 3;


    triNum++;


  }

    // Make backup copy of vertices within the PolyObject.

    path.origVertices = new Vertex[path.numVertices];

    for (int i = 0; i < path.numVertices; i++)

      path.origVertices[i] = new Vertex(path.vertices[i]);

    return path;

  } 

  // Use the maze file data to make a PolyObject representing the good path.

  PolyObject makeGoodPath()

  {

    if (goodPath != null) return goodPath;

    return makePath(goodPathChar, goodPathChar, goodPaths, 0.0,



    1.0f, 0.0f, 0.0f);

  }

  // Use the maze file data to make a PolyObject representing the bad path.

  PolyObject makeBadPath()

  {

    if (badPath != null) return badPath;

    return makePath(badPathChar, badPathChar, badPaths, 0.0,



    1.0f, 0.0f, 0.0f);

  }

  // Use the maze file data to make a PolyObject representing the ceiling.

  PolyObject makeCeiling()

  {

    if (ceiling != null) return ceiling;

    return makePath(goodPathChar, badPathChar, goodPaths + badPaths,



    yScale, 0.0f, 1.0f, 1.0f);

  }

  // reportErrorAndDie is a lazy way of dealing with fatal errors.

  protected static void reportErrorAndDie(Exception e)

  {

    System.err.println("MazeFileReader exception: " + e.getMessage());

    e.printStackTrace();

  }

}

Flag.java

// Flag.java -- Capture-the-flag flag object

//

// by Dennis Brown for Colab Bus VE Project

// 

// This class makes a flag object.

package capflag;

import java.net.InetAddress;

import java.rmi.*;

import java.lang.Double;

import ve.vobject.BaseObject;

import ve.types.*;

public class Flag extends BaseObject

{

  // The constructor just calls the super constructor with the right arguments.

  public Flag(String serverName, ThreeVec initPosition,


      ThreeVec initLookat, ThreeVec initVUP, double initNimbusRadius,


      String initType, PolyObject initGeometry)

    throws RemoteException

  {

    super(serverName, initPosition, initLookat, initVUP, -1000000.0,


  initNimbusRadius, initType, initGeometry, true);

  }

  // Main sets up the values for this vobject and finds out the name

  // of the Connection Manager server. Then it creates a new Flag object.

  public static void main(String args[])

  {

    // position of the vobject

    double positionx = 2.5;

    double positiony = 2.0;

    double positionz = 12.5;

    // lookat values for the vobject

    double lookatx = 5.0;

    double lookaty = 2.0;

    double lookatz = 12.5;

    // VUP values for the vobject

    double VUPx = 0.0;

    double VUPy = 1.0;

    double VUPz = 0.0;

    // default nimbus radius (remain hidden until player really close)

    double nimbusRadius = 5.0;

    // default geometry file name

    String geomFile = "capflag/models/flag.tri";

    // default object name (as seen by other vobjects)

    String objName = "fake flag";

    // name of conman server to use

    String serverName = "";

    // Parse the arguments.

    try {

      int argnum = 0;

      while (argnum < args.length)


{


  if (args[argnum].equals("-serverName"))


    {


      serverName = args[argnum+1];


      argnum += 2;


      continue;


    }


  if (args[argnum].equals("-position"))


    {


      positionx = (Double.valueOf(args[argnum+1])).doubleValue();


      positiony = (Double.valueOf(args[argnum+2])).doubleValue();


      positionz = (Double.valueOf(args[argnum+3])).doubleValue();


      argnum += 4;


      continue;


    }


  if (args[argnum].equals("-lookat"))


    {


      lookatx = (Double.valueOf(args[argnum+1])).doubleValue();


      lookaty = (Double.valueOf(args[argnum+2])).doubleValue();


      lookatz = (Double.valueOf(args[argnum+3])).doubleValue();


      argnum += 4;


      continue;


    }


  if (args[argnum].equals("-VUP"))


    {


      VUPx = (Double.valueOf(args[argnum+1])).doubleValue();


      VUPy = (Double.valueOf(args[argnum+2])).doubleValue();


      VUPz = (Double.valueOf(args[argnum+3])).doubleValue();


      argnum += 4;


      continue;


    }


  if (args[argnum].equals("-geomFile"))


    {


      geomFile = args[argnum+1];


      argnum += 2;


      continue;


    }


  if (args[argnum].equals("-objName"))


    {


      objName = args[argnum+1];


      argnum += 2;


      continue;


    }


  if (args[argnum].equals("-nimbusRadius"))


    {


      nimbusRadius = (Double.valueOf(args[argnum+1])).doubleValue();


      argnum += 2;


      continue;


    }


  System.out.println("Can't handle this argument: " + args[argnum]);


  argnum++;


}

      // If no server name given, assume local host on port 1099.

      if (serverName.equals(""))


{


  System.err.println("No host:port given, using local host on 1099.");


  try {


    InetAddress add = InetAddress.getLocalHost();


    serverName = add.getHostName() + ":1099";


  } catch (Exception e) { reportErrorAndDie(e); }


}

      // Set up values using given info and create a new Player object.

      ThreeVec position = new ThreeVec(positionx, positiony, positionz);

      ThreeVec lookat = new ThreeVec(lookatx, lookaty, lookatz);

      ThreeVec VUP = new ThreeVec(VUPx, VUPy, VUPz);

      PolyObject flagGeom = new PolyObject(geomFile);

      // Create a new Flag instance.

      Flag instanceOfMe = new Flag(serverName, position, lookat, VUP,





   nimbusRadius, objName, flagGeom);

    } catch (Exception e) { reportErrorAndDie(e); }

  }

}

conman.sh

java ve.conman.ConManImpl $1

player17.sh

java capflag.Player -serverName $1 -position 112.5 102.0 112.5 -lookat 115.0 102.0 112.5 -VUP 0.0 1.0 0.0 -focusRadius 10.0 -nimbusRadius 10.0 -geomFile capflag/models/playerred.tri -objName "Player 1"

player113.sh

java capflag.Player -serverName $1 -position 112.5 102.0 112.5 -lookat 117.5 102.0 112.5 -VUP 0.0 1.0 0.0 -focusRadius 10.0 -nimbusRadius 10.0 -geomFile capflag/models/playerred.tri -objName "Player 1"

player27.sh

java capflag.Player -serverName $1 -position 132.5 102.0 92.5 -lookat 122.5 102.0 92.5 -VUP 0.0 1.0 0.0 -focusRadius 10.0 -nimbusRadius 10.0 -geomFile capflag/models/playerblue.tri -objName "Player 2"

player213.sh

java capflag.Player -serverName $1 -position 162.5 102.0 62.5 -lookat 152.0 102.0 62.5 -VUP 0.0 1.0 0.0 -focusRadius 10.0 -nimbusRadius 10.0 -geomFile capflag/models/playerblue.tri -objName "Player 2"

stealth7.sh

java capflag.Player -serverName $1 -position 122.5 135.0 102.5 -lookat 122.5 102.0 102.5 -VUP 0.0 0.0 1.0 -focusRadius 100000.0 -nimbusRadius -100000.0 -geomFile capflag/models/glider.tri -objName "Stealth Observer"

stealth13.sh

java capflag.Player -serverName $1 -position 137.5 185.0 87.5 -lookat 137.5 102.0 87.5 -VUP 0.0 0.0 1.0 -focusRadius 100000.0 -nimbusRadius -100000.0 -geomFile capflag/models/glider.tri -objName "Stealth Observer"

maze7.sh

java capflag.Maze -serverName $1 -position 105.0 100.0 120.0 -lookat 105.0 100.0 90.0 -VUP 0.0 1.0 0.0 -mazeFile capflag/mazes/7x7.mz

maze13.sh

java capflag.Maze -serverName $1 -position 105.0 100.0 120.0 -lookat 105.0 100.0 90.0 -VUP 0.0 1.0 0.0 -mazeFile capflag/mazes/13x13.mz

flags7.sh

java capflag.Flag -serverName $1 -geomFile capflag/models/flag.tri -position 121.5 101.0 103.5 -lookat 105.0 100.0 90.0 -VUP 0.0 1.0 0.0 -nimbusRadius 5.0 -objName "Right Flag" &

java capflag.Flag -serverName $1 -geomFile capflag/models/flag.tri -position 123.5 101.0 101.5 -lookat 105.0 100.0 90.0 -VUP 0.0 1.0 0.0 -nimbusRadius 5.0 -objName "Wrong Flag" &

flags13.sh

java capflag.Flag -serverName $1 -geomFile capflag/models/flag.tri -position 136.5 101.0 86.5 -lookat 105.0 100.0 90.0 -VUP 0.0 1.0 0.0 -nimbusRadius 5.0 -objName "Right Flag" &

java capflag.Flag -serverName $1 -geomFile capflag/models/flag.tri -position 136.5 101.0 88.5 -lookat 105.0 100.0 90.0 -VUP 0.0 1.0 0.0 -nimbusRadius 5.0 -objName "Wrong Flag" &

java capflag.Flag -serverName $1 -geomFile capflag/models/flag.tri -position 138.5 101.0 86.5 -lookat 105.0 100.0 90.0 -VUP 0.0 1.0 0.0 -nimbusRadius 5.0 -objName "Wrong Flag" &

java capflag.Flag -serverName $1 -geomFile capflag/models/flag.tri -position 138.5 101.0 88.5 -lookat 105.0 100.0 90.0 -VUP 0.0 1.0 0.0 -nimbusRadius 5.0 -objName "Wrong Flag" &

makefile for VCJava

# Makefile for VCJavaWidget--dynamically loaded native C library for java

###############

# DEFINITIONS

###############

JAVAC = javac

JAVAH = javah

# locations necessary for JAVA build

JAVAHOME=/tmp_mnt/net/buzzard/dewan/brownde/CosmoCode/usr/java

JAVASHAREINC = $(JAVAHOME)/include

# subdirectory to put the c stubs generated by JAVAH

CLASSSTUBDIR = CClassStubs

# subdirectory to put the C header files produced by JAVAH

CHEADERDIR  = CClassHeaders

# subdirectory where the C Native code files live

CNATIVEDIR  = CNativeCode

# the name of the package has to match the name of the subdirectory that

# the java source and java class files sit in

PACKAGEDIR = VCOLLIDE

# name of the shared library we will create (under Solaris)

LIBRARY = libVCJava.so

# classes which rely on native methods

EXPORTEDCLASS = $(PACKAGEDIR).VCJavaWidget

###########

# TARGETS

###########

# make library to make the damn library already

VCJava: $(LIBRARY)

# Java classes

$(PACKAGEDIR)/VCJavaWidget.class: $(PACKAGEDIR)/VCJavaWidget.java


$(JAVAC) $(PACKAGEDIR)/VCJavaWidget.java 

$(PACKAGEDIR)/VCJavaWidgetOpenFailedException.class: \

               $(PACKAGEDIR)/VCJavaWidgetOpenFailedException.java


$(JAVAC) $(PACKAGEDIR)/VCJavaWidgetOpenFailedException.java 

classheaders : $(PACKAGEDIR)/VCJavaWidget.class \

               $(PACKAGEDIR)/VCJavaWidgetOpenFailedException.class


$(JAVAH) -d $(CHEADERDIR)/ $(EXPORTEDCLASS)

stubs : classheaders 


$(JAVAH) -d $(CLASSSTUBDIR) -stubs $(EXPORTEDCLASS)

nativeMake : 


cd CNativeCode; make library

# the libstubs.c file is generated to keep all the JAVAH machine generated 

# in one file to link into the shared library

$(CNATIVEDIR)/libstubs.c : classheaders


$(JAVAH) -d $(CLASSSTUBDIR)/ -stubs $(EXPORTEDCLASS)


@ cat $(CLASSSTUBDIR)/*.c > $@

# making the library will create the .so shared library to be loaded in at

# runtime

$(LIBRARY): classheaders $(CNATIVEDIR)/libstubs.c nativeMake

# clean out the *.o files and machine generated files from javah

clean:


rm -f *.o CNativeCode/libstubs.c CNativeCode/*.o \


CClassStubs/* CClassHeaders/* $(LIBRARY)

VCJavawidget.java

/*

 * VCJavaWidget class

 *

 * July 1997--Dennis Brown--Colab Bus VE Project

 *

 * creates a VCOLLIDE "widget" to implement collision detection

 */

/*

 * want this file to be part of the VCOLLIDE package

 */

package VCOLLIDE;

/**

 * VCJavaWidget

 *

 * Define a class VCJavaWidget which depends on native methods to implement

 * collision detection through VCOLLIDE

 */

public class VCJavaWidget

{

  // Pointer to VCOLLIDE instance on C side.

  private long vcPtr = 0;

  // Pointer to VCOLLIDE collisions array on C side.

  private long vcColPtr = 0;

  // Java-side collisions array; created from above array on C side.

  public int collisions[];

  // maximum number of objects (passed into constructor)

  private int maxNumObjs = -1;

  // Link with the native VCJava library.  If we cannot link, an exception

  // is thrown.  The name of the library is named "VCJava" at the 

  // Java level, or libVCJava.so at the solaris level.

  // since this is a static intitializer, it is loaded when the class\

  // is loaded.

  static {

    try {

      System.loadLibrary( "VCJava" );

    } catch ( UnsatisfiedLinkError e) {

      System.out.println( "Sorry, can't find the VCJava library");

      System.exit(-1);

    }

  }

  // The constructor creates a VCOLLIDE instance through Open() and

  // creates the Java-side collisions array.

  public VCJavaWidget(int maxNumObjs) throws VCJavaWidgetOpenFailedException

  {

    this.maxNumObjs = maxNumObjs;

    collisions = new int[maxNumObjs * maxNumObjs];

    Open();

  }

  // The following functions are defined in VCJava_funcs.c.

  private native void Open();

  public native void Close();

  public native int NewObject();

  public native void AddTri(double v11, double v12, double v13,




    double v21, double v22, double v23,




    double v31, double v32, double v33);

  public native void EndObject();

  public native void DeleteObject(int id); 

  public native void ActivateObject(int id);

  public native void DeactivateObject(int id);

  public native void ActivatePair(int id1, int id2);

  public native void DeactivatePair(int id1, int id2);

  public native void UpdateTrans(int id,





 double a11,double a12,double a13,double a14,





 double a21,double a22,double a23,double a24,





 double a31,double a32,double a33,double a34,





 double a41,double a42,double a43,double a44);

  public native void Collide(); 

  public native void Report(int collisions[]);

}

VCJavawidgetOpenFailedException.java

/*

 * want this file to be part of the VCOLLIDE package

 */

package VCOLLIDE;

public class VCJavaWidgetOpenFailedException extends Exception{

}

VCJava_funcs.c

/*

 * This mammoth C file takes care of all the native implementation for the

 * bulk of VCOLLIDE commands [it is based on the OpenGL C file which

 * is not my original work -- Dennis Brown]

 */

/* 

 * need to include the JAVA internal header files for macros and function

 * prototypes required to maipulated JAVA data structures and functions

 *

 * StubPreamble.h includes the structure and macro definitions neede to

 * convert JAVA data structures into C data structures.

 *

 */

#include "StubPreamble.h"

/*

 * the next thing to include are special headers that were created by

 * JAVAH.  They include the C structure definitions for the JAVA classes

 */

#include "VCOLLIDE_VCJavaWidget.h"

/*

 * next put any C UNIX specific header files that are necessary to implement

 * this native code

 */




#include <VCol.h>

/* These are the C functions which correspond to the "native" members

   of VCJavaWidget. They basically call the VCOLLIDE functions from

   the saved VCOLLIDE instance "vc." The more complicated functions

   are commented. */

void VCOLLIDE_VCJavaWidget_Open(struct HVCOLLIDE_VCJavaWidget *javaObj)

{

  /* This is a pointer to the VCOLLIDE instance on the C side. */

  void *vc;

  /* This is a pointer to the VC Report (of collisions) on the C side. */

  void *vcCollisions;

  /* Maximum number of objects, stored on Java side. */

  int maxNumObjs = unhand(javaObj)->maxNumObjs;;

  /* Initialize vc and save it on the Java side. */

  vc = vcOpen(); 

  unhand(javaObj)->vcPtr = (long)vc;

  /* Initialize vcCollisions and save it on the Java side. */

  vcCollisions = (void *) malloc(maxNumObjs * maxNumObjs *





 sizeof(VCReportType) );

  unhand(javaObj)->vcColPtr = (long)vcCollisions;

}

void VCOLLIDE_VCJavaWidget_Close(struct HVCOLLIDE_VCJavaWidget *javaObj)

{

  void *vc = (void *) unhand(javaObj)->vcPtr; 

  vcClose(vc);

}

long VCOLLIDE_VCJavaWidget_NewObject(struct HVCOLLIDE_VCJavaWidget *javaObj)

{

  void *vc = (void *) unhand(javaObj)->vcPtr;

  int id;

  vcNewObject(vc, &id);

  return id;

}

void VCOLLIDE_VCJavaWidget_AddTri(struct HVCOLLIDE_VCJavaWidget *javaObj,





  double v11, double v12, double v13,





  double v21, double v22, double v23,





  double v31, double v32, double v33)

{

  /* The triangle is passed in as 3 3D points (as 9 doubles) instead of

     three arrays. It's easier this way since there are no array-based

     vertices on the Java side. */

  void *vc = (void *) unhand(javaObj)->vcPtr;

  double v1[3], v2[3], v3[3];

  v1[0] = v11;

  v1[1] = v12;

  v1[2] = v13;

  v2[0] = v21;

  v2[1] = v22;

  v2[2] = v23;

  v3[0] = v31;

  v3[1] = v32;

  v3[2] = v33;

  vcAddTri(vc, v1, v2, v3);

}

void VCOLLIDE_VCJavaWidget_EndObject(struct HVCOLLIDE_VCJavaWidget *javaObj)

{

  void *vc = (void *) unhand(javaObj)->vcPtr;

  vcEndObject(vc);

}

void VCOLLIDE_VCJavaWidget_DeleteObject(struct HVCOLLIDE_VCJavaWidget *javaObj,






long id)

{

  void *vc = (void *) unhand(javaObj)->vcPtr;

  vcDeleteObject(vc, (int)id);

}

void VCOLLIDE_VCJavaWidget_ActivateObject(struct HVCOLLIDE_VCJavaWidget






  *javaObj, long id)

{

  void *vc = (void *) unhand(javaObj)->vcPtr;

  vcActivateObject(vc, (int)id);

}

void VCOLLIDE_VCJavaWidget_DeactivateObject(struct HVCOLLIDE_VCJavaWidget






    *javaObj, long id)

{

  void *vc = (void *) unhand(javaObj)->vcPtr;

  vcDeactivateObject(vc, (int)id);

}

void VCOLLIDE_VCJavaWidget_ActivatePair(struct HVCOLLIDE_VCJavaWidget






*javaObj, long id1, long id2)

{

  void *vc = (void *) unhand(javaObj)->vcPtr;

  vcActivatePair(vc, (int)id1, (int)id2);

}

void VCOLLIDE_VCJavaWidget_DeactivatePair(struct HVCOLLIDE_VCJavaWidget






  *javaObj, long id1, long id2)

{

  void *vc = (void *) unhand(javaObj)->vcPtr;

  vcDeactivatePair(vc, (int)id1, (int)id2);

}

void VCOLLIDE_VCJavaWidget_UpdateTrans(struct HVCOLLIDE_VCJavaWidget *javaObj,





       long id, 





       double a11, double a12,





         double a13, double a14,





       double a21, double a22,





         double a23, double a24,





       double a31, double a32,





         double a33, double a34,





       double a41, double a42,





         double a43, double a44)

{

  /* The transformation is passed in as 16 doubles rather than a 4x4

     array. It's easier this way since the information is not array-based

     on the Java side. */

  void *vc = (void *) unhand(javaObj)->vcPtr;

  double A[4][4];

  A[0][0] = a11;

  A[0][1] = a12;

  A[0][2] = a13;

  A[0][3] = a14;

  A[1][0] = a21;

  A[1][1] = a22;

  A[1][2] = a23;

  A[1][3] = a24;

  A[2][0] = a31;

  A[2][1] = a32;

  A[2][2] = a33;

  A[2][3] = a34;

  A[3][0] = a41;

  A[3][1] = a42;

  A[3][2] = a43;

  A[3][3] = a44;

  vcUpdateTrans(vc, id, A);

}

void VCOLLIDE_VCJavaWidget_Collide(struct HVCOLLIDE_VCJavaWidget *javaObj)

{

  void *vc = (void *) unhand(javaObj)->vcPtr;

  vcCollide(vc);

}

/* Report does a lot of work since it is converting the VCOLLIDE

   report data (an array of special structures) into a simple array

   of integers to give back to the Java program. */

void VCOLLIDE_VCJavaWidget_Report(struct HVCOLLIDE_VCJavaWidget *javaObj,





  HArrayOfInt *JAVAcollisions)

{

  /* vc (the pointer to the VCOLLIDE instance) is stored on the Java

     side and will be retrieved. */

  void *vc = (void *)unhand(javaObj)->vcPtr;

  /* maxNumObjs is stored on the Java side and will be retrieved. */

  int maxNumObjs = unhand(javaObj)->maxNumObjs;

  /* vcCollisions is stored on the Java side and will be retrieved. 

     It is an array of structures defined by VCOLLIDE. */

  VCReportType *vcCollisions = (VCReportType *)unhand(javaObj)->vcColPtr;

  /* javaCollisions is stored on the Java side and will be retrieved. 

     It is an array of integers; the ids of colliding objects are

     listed pairwise in the array. It is needed since I don't want to

     attempt to parse the structured vcCollisions array on the Java

     side. */

  int *javaCollisions = (int *)unhand(JAVAcollisions)->body;

  /* number of colliding pairs will be determined by VCOLLIDE. */

  int no_of_colliding_pairs;

  /* i and j are generic counters. */

  int i, j;

  /* Report collisions into vcCollisions array. */

  no_of_colliding_pairs = vcReport(vc, maxNumObjs*maxNumObjs, vcCollisions);

  /* Clear out javaCollisions array. */

  for (i = 0; i < maxNumObjs * maxNumObjs; i++)

    javaCollisions[i] = -1;

  /* Copy collisions from vcCollisions array into javaCollisions array. */

  j = 0;

  for (i = 0; i < no_of_colliding_pairs; i++)

    {

      javaCollisions[j] = vcCollisions[i].id1;

      javaCollisions[j+1] = vcCollisions[i].id2;

      j += 2;

    }

}

remaining code for OpenGL4Java excluded -- too much to print, mostly not my work (only minor changes made to make it work)
