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Introduction

The goal of this independent study is t@aian Al approach to simulate the colleetiv
intelli gence of ant colonies in a virtual 3D envonment. Colledive intelligenceis defined as the
abili ty of agroupto solve more problems than its individual rembers[1]. This isalso callel
“Swarm Intelligence” or “emergent behavior” [4]. Theterm “coll edive behavior” refers ©
groups that exhibit this kind d problem-solving intelli gence.

Some examples that occur in neture are schods of fish, flocks of birds, and colonies of
termitesand ants[2]. In eadt case, ead individual member possesses some form of
communicaion that enables them b gather locd datafrom their pees, and then ad according to
asimple set of rules. Thisresults in aglobal organization and adaptation which increases the
group’s collediveintelligenceas it growsin number.

The teanwork of antsis acanonca example of colledive behavior in simple organisms.
Communicationis adieved throughthe relesse and detedion o pheromones. Ants use
pheromones for finding food, attrading mates, finding their way bad to the anthill, and
attacking threds to the colony. They are also able to distinguigtween their own pheromones
and those from ants of other nests[3].

Finding and transporting foodis their most complex problem, but gane for which they
are best suited because it can be broken down into smaller subproblems. If an ant comes acrossa
pieceof foodthat it cannot move by itself, it begins releasing a pheromone to cdl for assstance.
Other ants detect and follow the pheromone trail, ead also releasing pheromone, urtil enough
ants have cometo move the food badk to the anthill. Assoonas the foodis home, they disperse
and search again.

This method of problem solving is becoming raaelevant to the world of computing,
particularly when the problem can be broken dawvn into smaller subproblems. The food
gathering problem is analogous o other Artificid Intelli gence searching problems, such as
finding the shortest path in anetwork [4]. Algorithmslike this have already been successully

applied in telecommunications routing.



Simulation Overview

Our 3D simulation environment currently consists of an open field surrounded by
mourtains, ore anthill, and scatiered food. The “food’ is symbalized by varying sizes of li ght-
gray cubes. The volume of eat cubeisdirectly propationd to its weight, which is measured in
units of ants (seeFigure 1).

Each ant can carry 20times its own badyweight. The smallest pieces of foodare
currently 20 urits, so it only takes one ant to carry them. Thelargest pieceof foodis 100 urits,
so it takesfive ants to carry it. If an ant collides with apieceof food hat is already onits way
home, it will grab onand help lighten the load.

Ants can smell some kinds of food from a short distance ad change @urse to intercept
it, bu they can sense pheromones from amuch greater distarnce To more ckealy ill ustrate which
ants are foll owing the pheromones in this smulation, the ants canna smél the simulated food.
They must come uponthe foodeither randamly or by foll owing pheromones.

Ants also have a ense of duration. If they have keen releasing pheromone by a pieceof
foodfor over acertain amourt of time with noresponse, they give up and move onto seach

elsewhere[2]. Inthissimulation,their stagnation periodis 30 seconds.

Figure 1



The Finite State Machine

Sincethe agents’ adions are governed by asimple set of rules, it is possble to implement
their behavior using a Finite State Machine (FSM). The state transition dagram is ill ustrated
below in Figure 2. This FSM has four states:

1.

2.
3.
4

Seaching for Food
Foll owing Pheromone
Budging Food
Returning FoodHome

The ants are spawned into the searching state, at which pant they spread out randamly

andlookfor food. If they colli de with awall or ancther ant, they turn and continue seaching. If

they find a piece of food, they attadh to it and if it is now movable, they transition to the

returning food hame state. If the foodis still not moving, then they transition to the budging

foodstate and begin releasing their pheromone.

Figure 2



If apheromone is detected, the ant transitions b the following pheromone state. Inthe
foll owing pheromone state, the ants facethediredion d the source of the pheromone, ad
continue until they hit thefood. If thefoodis moving, they transition to the returning food hane
state. If thefoodis not moving, they transition to the budging food state.

Occasionally the food has arealy moved by the time they get to the source of the
pheromone. It isunclear what realants do in such asituation, so currently they just continue on
the same path. If another pieceof foodisfound,they will continue as usual. If awall ishit, they
will transition bad to the sarching for food state.

While in the budging food state, the ants attached to the same pieceof food will wait for
30 semnds for more ants to come and help them. If the time limit isexceedd, they turn away
from the food and transition to the searching for food state. Theants @nstantly check the
movabili ty of the foodand continue releasing pheromone urtil there ae enough arts attached.
When there are, the food starts noving and they transition to the returning food hane state. It
could bethat the foodis stuck behind another piece of food, n which case they transition bad to
the budging food state, but do nd release pheromones.

In the returning food fome state, the ants will continuepushing/pulling the food uriil an
obstadeis encourtered or urtil it reacles their anthill. Assoonas the foodis within range of the
anthill, it disappeas down the hae and the ants transition bad to the searching for foodstate. In
some cases, foodwill jam up at the anthill, but after a while the ants usually clea it and take
turns putting the foodin. When thefield is cleaed of food, heants continuein the searching for
food state indefinitely.

For more information onthe Finite State Madine, seeAppendx B: AntSim.java.



ClassDescriptions

All classes but the State class se WildTangent objeds. WildTangent’s “W eb Driver”

works ontop d Microsoft DiredX, an advanced suite of multimedia application progamming
interfaces (APIs), to provide a set of programming functions, currently implemented in Java, that

alow auser to create, disglaand maintain oijeds in a 3D enwonment.

The Ant Class

Ead instance of the Ant classconsists of abodean indicaing whether or not it is
releasing pheromone, an integer that represents its current state in the FSM, aWTActor that
points o its WildTangent body, a Food olpect that indicates which piece of food heantis
attached to, an Anthill objed that indicates which anthill the ant belongs to, and a constructor
that takes that Anthill. The FSM function takes an Ant objed and determines its behavior based

onthese properties.

The Anthill Class

Ead Anthill objed consists of integersfor its x andy coordinates, aWTActor that points
to its WildTangent body, and a constructor that takes the xandy coordinates.

The Food Class

Eacdh Food oljed consists of abodean indicating whether or not the foodis budging, a
bodean indicaing whether or not the foodis down the hale, an integer that contains the numbe
of ants attached to it, aWTGroupthat points o its WildTangent bady, an Anthill objed that
indicates which anthill the foodis healing towards, an integer indicating the weight and a
constructor that takes that weight.

The State Class

The State Class isused to make it easier to read the code in the FSM. It consist$ tour
integers, each representing astate. Thevauesare: SeachingForFood= 1, Foll owingPheromone

= 2, BudgingFood= 3, ReturningFoodHome =4.



The AntSim Class

The AntSim class mplements the simulation environment and the Finite State Mahin
of theants. It extends the Java Applet, and implements the WTEventCall bad interface
(WildTangent’s event handler). Arrays are creaed that will hold Ant, Anthill and Food obeds.

When the applet is loaded, the first dep is setting up the virtual world, including the ground,
grass mountains, light, the color of the sky, and the camera that will be controlled by the user.
Next, the Anthill s are created and the field is popuated with food. Thewt. start()  function
sets the world in moton.

The function createAn t hill( int x, int y ) takes the xandy coordinates of where
to pacethe anthill. Similarly, the cre ateFood( int weight, int x, int vy, int
hillindex ) function placesfood onthefield. Itsweight will determineitssize, and the
hillIndex variable refers to which anthill the foodis/will be heading towards.

The function spawnAnt (- Anthill hill ) iscdled through wer inpu. Each Ant’s
anthill  property refers o the Anthill hat ispas®dasa parameer. This is © theant knows
which anthill to bring thefood ba& to. The rew Ant leaves its hale in some randam direction.
The name of each ant begins with “Ant” and ends with the number of its positionin the Ant
array. This isused to determine whether an ant is releasing pheromone in the searching éodf
state. Inthissimulation,the‘A’ key creates up to MAXANTSaNts from the only anthill. However
multi ple anthill s could be addel, each with a key assgned to it that would gpawn ants from it.

TheonRenderEvent( WIEvent e ) functionis caled every time the screen refreshes. It
isresporsible for all updating al objedsin the virtua world. First it moves the canera
depending on wser inpu, then moves ead pieceof foodif it is movable and there are no
obstades, then it passes every Ant in the antCol ony array to the FSM function whereits
behavior is determined. Seethe cocein Appendix B for afurther breakdown of the FSM
function. SeeAppendix A for afurther description of user inpu in the simulation.



Modifying the Smulation

To modify the mde you must have a hva integrated development environment (IDE),
Eclipse for example, and you must have install ed the Java 2 software devel oper©s kit (SDKand
the Wild Tangent software developer©s kit (SDK) You nust also addtwo JAR files to the buitl

path of your project. In Eclipse, you goto Projed Properties — Java Build Path — Libraries— Add
JARs... Then add these paths (Note that paths may differ depending on your version):

C:\j2sdk1.4.2_ 01 \jre \lib \ plugin.jar (for netscape.javascript.*)

C:\ Windows\ wt\ webdriver \ wildtangen t.jar (for  wildtangent.webdriver.* )

The code in AntSim.java hascomments indicaing which variables for the ants, foodand
anthill s can be easily changed. These include the maximum number of eadh, the positionsof the
anthill (s) and food, and the weights of the food. There ae dso comments for every dedsionand
adion d the ants in every state of the FSM function.

When the simulation begins, the canerais oriented fadng downward onthe field such
that the coordinate system is standad, i.e., po#tive y isup and paitive x isright. The default
size of thefield is1000X 1000andthe origin is at the center, so the range of x andy is-500to
500. When pladng either anthill s or food onto he field, their coordinates refer to their center
point, so an x andy range of -450to 450 @ so should be used to ensure that they will not be
embedded into awall .



Future Work

Many definiti ons of intelli gence have been propaosed. One of them is that, given a
domain, asystem®©s intelligence can be measdnethe number of problemsthat it can solvein
that domain within afinite amountof time and usng alimitedset of resources. One of my goals
in this Independent Study was to create aframework for further development by others who want
to experiment with Artificia Intelligencein a3D environment. The section contains some
examples of how my ants could be made more intelli gent according to the above definition.

Figure 3 shows a sample of how many minutes it may currently take for 5 to 15ants o
clea the present foodscenario. Theremust be at least 5 in ths cag because the largest piece of
foodrequires 5 ants to move. The mininlaamourt of ants take 75 minutes to clear thedod,
however efficiency increases rapidly with orly afew more ants. A more intelli gent ant colony
shoud be able to clear the present food scerario in less tme and/or with fewer ants.

The experiment that is almost ready to implement is multi ple team competitions for food.
AntSim.java contains comments indicaing where the changes neead to be made. In summary,
first the anthills must be created, and the key that will be used for spawning the ants from tha
anthill must be spedfied in the onKeyboardEvent(  WTEvent e ) function. The most important
asped is how the competitionitself will takeplace They couldtry pulling it in dfferent
diredions and the speed and dredion could depend onthe number of ants from each colony

Figure 3



and/or the strength of each ant. Ancther state could be addel, the @mpeting for food state,
where the ants could either have atug-of-war, or actually fight one ancther. A deal state could
also be addel if they are given the dility to kill eat other.

The competing for food state could also hawe sub statesitself. This implementationis
cdled ahierarchicd Finite State Madine. The sub states belong to their own FSM, which could
implement any variety of different behaviors. For instance, they could have apheromonethat is
recognized as apossble thred to theant ®lony. Asead ant senses the pheromones iebves
whatever its doing, starts releasing pheromone, and moves in to help fight. With ever fighting
ant constantly releasing this pheromone, they would cal others en route to the battle. Thiswould
start achain reaction that would na stop urtil it was somehow determined that the threa had
been defeded.

Ancther possble additionis a path-finding algorithm that the antscould use to movefood
around olstades. Path finding is one of the most frequently implemented forms of Al in 3D
games. Invisible mapnodes are placal onthe ground,and the ants follow the aths between
them. A straight-line distance heuristic could be used in an A* search algorithm. Mapnodes
could be used to emulate behavior more likered ants. Inredity, ants leave a pheromonestrail
bad to the anthill. Currently theants just know where their anthill is, but with mapnocks, they
could mark a path that they could follow bad later.

This approach could also be used to enable ants return to their anthill and ggther ateam to
help them move the food. Some spedes of ants return to their anthill while leaving atrail of
pheromone back to the food. They then release a diff erent pheromone urtil they are completely
covered by other ants. The lead ant then brings the team with it onthe path badk to the food.

If agenetic algorithm was wsed in the spawning of ants, the maing pheromonecould also
be implemented. Certain traits that are beneficial to theéfeciency of the wlony could be
favored, for example strength or pheromone detection range, urtil the lessfavorable traits are
bred ou.

Other implementation changes could include dhanging the foodcubes o leaves b
grasshoppers that hop into the field and die, or having a timeout period irsg&rehing state
indicaing how long it has been since more food has been found,after which they could return to

the anthill and dsappea down the hole.
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Conclusionand Lessons Leaned

During this Independent Study, | have demonstrated haw coll edive behavior all ows
simple intelli gent agents to perform complex tasks by simulating the food-gathering behavior of
ant colonies. | have also provided aframework for the implementation o other Al algorithms in
avirtual 3D environmert

When | first began my intent was to create something that would be pradically useful to
Al developers in the gaming industry. Asresearched, | foundthat game Al is applied as afinal
addition to most commercial games becauseit is competely dependeant on their implementation
of the agents and the game environment itself.

| also discovered that deductive reasoning cgpabil ities are not nearly as useful in game Al
as behavioral agorithms. The appearance of teamwork is important because its helps creae
enemies that are more breevable and dfficult to beda. Fnite Sate Machines are the mog
common implementation d game agents, so | dedded to create one that would emulate

coll edive behavior.

Of course, | still needed a 3D environment n which to create my agents. WildTangent’s
3D engine aand web driver was one answer to that problem. | was able to buld an environment in
Javaandimport my 3D Studio Max models of the antsand athills. However, by the time that |
had the environment set up and the agents ready to program, the semester was aimost over.

| already had the FSM planned ou so | was able to implement it rather quickly. Maost of
the time that | spent coding was related to tweaking the sensors and actuators (movement,
collision cetedion, etc.) of the agent in the virtual environment. | have found that most game Al
programmers spend nost of their time deding with similar technical isaues.

Creding this simulation hes given me the oppatunity to seehow Finite State Madines
can be used to produceredlistic collective behaior in intelli gent agents. | hopethat | have also
creded auseful framework for others interestedn Al to quickly start programming their own

agentsin a3D environmert.
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Appendix A: Simulation Controls

A Button

Up Button

Down Button

Left Button

Right Button

Left Click and DragUp
Left Click and Drag Down
L eft Click and Drag L eft
L eft Click and Drag Right

Appendix B: Java Code

Ant.java

import  wildtangent.webdriver.*;

public  class Ant

{
public  boolean pheromone;
public int state;
public ~ WTActor body;
public  Food attached,;
public  Anthill anthill;

public  Ant(Anthill hill)
{
pheromone = false
state = 1,
body = null ;
attached = null ;
anthill = hill;

Spawn an ant

Move Forward
Move Backward
Strafe Left

Strafe Right

Rotate caneraup
Rotate cameradown
Rotate canera left

Rotate caneraright

13



Anthill .java:

import  wildtangent.webdriver.*;

public  class

{ .
public

public
public

public
{

Food.java:

Anthill
int  xPos;
int  yPos;

WTActor body;

Anthill( int  x, int y)

XxPos = x;
yPos =y;
body = null

import  wildtangent.webdriver.*;

i mport wildtangent.webdriver.*;

public  class

{
public
public
public
public
public
public
public

public
{

Statejava

public  class
{
public
public
public
public

Food

boolean budged;
boolean downhole;
int attachedAnts;
WTGroup body;
Anthill anthill;
int  weight;

long timeStamp;

Food( int setWeight)

budged = false ;

downhole = false ;

attachedAnts = 0;

body = null

anthill = null

weight = setWeight;

timeStamp = System.currentTimeMillis();

State

static final int  SearchingForFood

static  fina | int FollowingPheromone
static final int BudgingFood = 3;
static final int  ReturningFoodHome

14



AntSim.java

import  java.applet.*;
import  wildtangent.webdriver.*;
import  netscape.javascript.*;

*  ComsS 490: Simulation of <br >

*  Food- gathering in Ant Colonies <br>

* Steve Tangeman <br>

*  Spring 2004

*/

public class AntSim extends Applet implements WTEventCallback

{
/**  The WT object that is located on the HTML page. */
WT wit;

[**  The camera object that serve s to show the scene. */
WTCamera camera;

/**  The stage object that's used to add/create objects in
WTStage stage;

[**  The light that's used to light the scene. */
WTLight light;

/**  The hosting HTML page that hosts this applet. */
JSObject  webPage;

/I Ant Colony variables

/**  Change this value to increase the <br>
**  number of possible ants */

public  static int  MAXANTS= 40;

int antCount = O;

Ant[]] antColony = new Ant{MAXANTS];

/I Anthill variab les

[**  Change this value to increase the <br>
**  number of possible anthills */

public  static int  MAXANTHILLS = 10;

int  anthillCount = 0;

Anthill[] allHills = new Anthil[MAXANTHILLS];

/I Food Supply variables

/**  Change this valu e to increase the <br>
**  number of possible pieces of food */
public  static int MAXFOOD= 40;

int  foodCount = O;

Food[] foodSupply = new Food[MAXFOOD];

/I WT variables

int  MOUSEDOWSRS 0;
int move = O;

int strafe = 0;

int dt = 0;
WTVector3D v;

the scene.

*/

15



/**

* This function creates the simulation <br>
* environment and sets it in motion

* object

*/

public  void load( Object object )

{
Il Try getting the webpage

try

/I Get the main window
webPage = JSObject.getWindow( this );

catch ( Exception e )

{ System.out.printin( "Error occurred while trying to acquire reference
to HTML web page: " + e )

}

/I Create the virtual world

try

{

Il Get the WT object

wt = wt3dLib.getWT( object );
wt.designedForVersion( "2.0" ),
stage = wt.createStage();

/I Make the sky blue
stage.setBGColor( 98, 227, 255 );

/I Create the groun d plane

WTModel ground = wt.createPlane( 1000, 1000 );
ground.setTextureRect( “front" , 0, 0, 50, 50 );
WTGroup groundContainer = wt.createGroup();
groundContainer.attach( ground );

stage.addObject( groundContainer );

/I Add grass to the ground plane
WTBIitmap groundBitmap = wt.createBitmap( "images/grass.jpg" )
ground.setTexture( groundBitmap  );

/I Create bitmap for mountains
WTBIitmap mtnBitmap = wt.createBitmap( "images/mtn.  png" );
mtnBitmap.setColorKey( 255, 0, 0); /I make red transparent

/I Create mountain model
WTModel mtn = wt.createPlane( 1000, 250 );
mtn.setTexture( mtnBitmap );

/I Create mountain containers and add them to the stage

WTGroup northCont = wt.createGroup();
northCont.setName( "Wall" );
WTGroup southCont = wt.createGroup();
southCont.setName( "Wall" );
WTGroup eastCont = wt.createGroup();
eastCont.setName( "Wall" );

WT@up westCont = wt.createGroup();

16



westCont.setName( "Wall" );

/I Attach mountain models

northCont.attach( mtn );

southCont.attach( mtn );

eastCont.attach( mtn );

westCont.attach( mtn );

/l Position and orient containers

northCont.setAbsolutePosition( 0, 500, 30 );
northCont.setAbsoluteOrientationVector( o, -1, 0, 0, 0, 1)
southCont.setAbsolutePosition( 0, -500, 30 );
southCont.setAbsoluteOrientationVector( o, 1, 0, 0, 0, 1)
eastCont.setAbsolutePosition( -500, 0, 30 );
eastCont.setAbsoluteOrientationVector( 1, 0, 0, 0, O, 1),
westCont.setAbsolutePosition( 500, 0, 30 );
westCont.setAbsoluteOrientationVector( -1, 0, 0, 0, 0, 1)

/I Add containers to stage
stage.addObject( northCont );
stage.addObject( southCont );
stage.addObject( eastCont );
stage.addObject( westCont  );

/I Create point light

WTLight light = wt.createLight( 1); /Il point light
stage.addObject( light );

light.setAbsolutePosition( 0, 0, 500 );

/I Create ambient light

WTLight light2 = wt.createLight( 0); /[ ambient light
stage.addObject( light2 );

light 2.setColor( 80, 80, 80 );

/I Create the camera
camera = stage.createCamera();

camera.setAbsolutePosition( 0, 0, 1500 );
camera.setAbsoluteOrientationVector( 0o, 0, -1, 1, 0, 0);
stage.addObject( camera );

/ I Initialize the event handlers

wt.setNotifyMouseEvent( 1);
wt.setNotifyRenderEvent( true );
wt.setNotifyKeyboardEvent( true );

wt.setOnMouseEvent( this );
wt.setOnRenderEvent( this );
wt.setOnKeyboardEvent( this );

/I Create the Ant Hills
/I In this case there is only one anthill
createAnthill( 80, 130 );

/I Populate the field with food

/I The last number must be the index of the

/I Anthill that the food wil | face towards.
/I If you want competing ants to take food

/I from eachother, the orientation of the food

17



/l must be changed to face towards the new ant's
/I hill when it attaches to the food in the FSM.

/I Each food
createFood(
createFood(
createFood(
createFood(
createFood(

createFood (

createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
creat eFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(
createFood(

's anthill property must also be changed.

40,
40,
40,
40,
30,
20,
20,
20,
20,
50,
50,
50,
30,
30,
60,
20,
90,
20,
20,
20,
20,

140, 160, 0 );

-210, 390, 0 );
350, -10, 0 );
2, -100, 0 );
250, 250, 0 );
-200, -200, 0 );
130, -390, 0 )
-280, -450, 0 )
450, -150, 0 );
3, 200, 0 );
300, 10, 0 );
-300, 100, 0 );
-300, -300, 0 )
-250, 250, 0 );
-175, 175, 0 );

275, -375, 0 );
250, -200, O );
300, 120, 0 );
80, -200, 0 );

- 400, -220, 0 );
350, -400, 0 );

100, 400, 400, 0 );

20,
20,
20,
20,
30,
50,
20,
20,
20,
20,

50, 350, O );
200, 350, 0 );

- 400, 400, 0 );
-100, -400, 0 );
-200, -100, 0 );
-10, -250, 0 );
-150, 50, 0 );
150, 40, 0 );
120, -100, 0 )
-50, 80, 0 );

/I Start the wt rendering

wt.start();

/I Give the scene focus

error )

/I Failed to recognize the Web Driver, op

"open( DOWNLOAD_URL );"

e)

wt.focus();
catch ( NullPointerException
{

error.printStackTrace();

try

webPage.eval(

catch ( Exception

{

}
}

):

en the Download URL:
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* This function creates an anthill at the given <br>
* x and y cooridinates from the camera's perspective.
*

X
* y
*/
public  void createAnthill( int x, int y)

{
if  (anthillCount < MAXANTHILLS)

{
Anthill thisHill = new Anthill( Yy, X)),
WTActor hill = wt.createActor( "actors/AntHill.wsad" );
hill.setAbsolutePosition( y, X, 0);
hill.setAbsoluteOrientationVector( o, 1, 0, 0, 0, 1)
hill.setCollisionMask( 0);
thisHill.body = hill;
stage.addObject( hill );
allHills[anthillCount] = thisHill;
anthillCount++;

/**

* This funtion creates a piece of food with the given weight, <br>

* and places it at the give n x and y coordinates. It is oriented <br>
* to face the anthill at the given hillindex in the allHills array.

* int  weight

* int  x

* int y

* int  hillindex

*/

public  void createFood( int  weight, int x, int 'y, int hilllndex )

{
if (foodCount < MAXFOOD)

{
WTGroup group = wt.createGroup();
group.setAbsolutePosition( Yy, X, weight [ 2 );
stage.addObject(group);
WTModel model = wt.createBox(weight, weight,  weight);
float half = (float )(weight / 2 +5),
group.setColl isionBox( -half, half, -half, half, -half, half);
group.setName(String.valueOf(foodCount));
group.attach(model);
group.setAbsoluteOrientationVector( allHills[hillindex].xPos
allHills[hillindex].yPos - x, 0, 0, 0, 1)
model.setColor(180, 180, 180);
Food thisFood = new Food(weight);
thisFood.body group;
thisFood.anthill = allHills[hillindex];
foodSupply[foodCount] = thisFood;
foodCount++;



/**

* This function spawns an ant out of the given anthill

*/
public  void spawnAnt(  Anthill hill )
{
WTActor actor = wt.createActor( "actors/Ant.wsad" );
float x = (float )( -230 + Math.random() * 460); /I between - 230 and 230
float 'y = (float )( -230 + Math.random() * 460); /I between - 230 and 230
actor.setAbsolutePosition( hill.xPos, hill.yPos, 5);
actor.setAbsoluteOrientationVector( X, y, 0,0, 0, 1)
float flt = (float )0.5;
actor.setScale( flt, flt, flt ),
actor.setName(  "Ant" + String.valueOf(antCount));
actor.setCollisionBox( -10, 10, -10, 10, 3, 10);
stage.addObject( actor );
Ant thisAnt = new Ant( hill );
thisAnt.body = actor;
thisAnt.anthill = hill;
antColony[antCount] = thisAnt;
antCount++;
}
/**
* Implements the WTEventCallback interface
*/
public  void onRenderEvent( WIEvent e )
{

/I put mouse back in center if mouse is down
if ( MOUSEDOWAE 1 )
wt.setMousePosition( wt.getWidth()/2, wt.getHeight()/2 );

/I get time interval, make sure it's a reasonable size
dt = e.getinterval();
if ( d > 100 ) dt = 100;

/Il reposition the camera for strafing
camera.moveBy(( float )(strafe * dt * 0.2, 0, 0);

/I get camera's absolute fwd vector
v = camera.getAbsoluteOrientationVector();

/I get camera's absolute position
WTVector3D pos = camera.getAbsolutePosition();

/I get magnitude of camera's fwd vector
/I projected on the ground plane
float xyzMag = (float )(Math.sqrt( Math.pow( v.getX(), 2) +
Math.pow( v.getY(), 2 ) + Math.pow( v.getZ(), 2

/I normalize the x and y components to this magnitude

float vX = v.getX() | xyzMag;
float vY = v.getY() | xyzMag;
float vZ = v.getZ() | xyzMag;

/I calculate camera's potential new position
float newX = (float )(pos.getX( ) + move * vX * dt * .2);
float newY = (float )(pos.getY() + move * vY * dt * .2);



float newzZ = (float )(pos.getZ() + move * vZ * dt *

/1 if it's outside walls (with some padding), then set it at the walls

if ( newX > 490 ) newX = 490;

if ( newX < -490 ) newX = -490;

if ( newY > 490 ) newY = 490;

if ( newY < -490 ) newY = -490;

if ( newZ < 10 ) newzZ = 10;

/I set the camera’s new position

camera.setAbsolutePosition( newX, newY, newZ );
/I Update position o f food

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

{

if (foodSupply[j].weight <= (foodSupplyl[j].attachedAnts
foodSupply[j].budged = true ;

/I Move the food if it is budging
if (foodSupply[j].budged)
{

2);

* 20))

WTVector3D vec = foodSupply]j]. body.getAbsolutePosition();

float  thisX = Math.abs(vec.getX()
float  thisY = Math.abs(vec.getY()
if (thisX < 40 && thisY < 40)

{
foodSupply[j].budged = false ;
foodSupply[j].downhole = true ;
stage.removeObject(foodSupply[j].body);
}
else
{
WTCollisionInfo far = foodSupplylj].body.checkCollision(
0, 0, (float )4 * dt),
if (far = null )
{
WTObject farObject = f ar.getHitObject();
String  farName = farObject.getName();
if  (isNumber(farName))
foodSupply[j].budged = false
else
foodSupply[j].body.moveBy(
0, 0, (float ).07 * dt);
}
else
foodSupply[j].bod y.moveBy( 0, 0, (float ).07
}
}
}
/I Move the ants according to the Finite State Machine
for (int i =0 ; i < antCount ; i ++ ) {
FSM(antColony]i]);
}

- foodSupply[j].anthill.xPos);
- foodSupplyl[j].anthill.yPos);

true , 1 );

* o dt);
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* FINITE STATE MACHINE: <BR>

* This function takes an ant and dete rmines its behavior <br>
* based on its current state, and the conditions of the <br>
* transitions to other states.

* @param Ant thisAnt

*/

public  void FSM(Ant thisAnt)

/I Get collision information for the ant
WTCollisionInfo coll = thisAnt.bo dy.checkCollision( 0, 0, (float
dt), true , 1 );

switch (thisAnt.state)

{
/I SEARCHING FOR FOOD STATE
case State.SearchingForFood:

/I If the ant will hit something

if ( coll !'= null )

{
/I Find out what was hit
WTObject hitObject = coll.getHitObject();
String  thisName = hitObject.getName();

/I If this ant will hit food
if  (isNumber(thisName))

{

/I THIS IS ONE OF THE TWO PLACES THAT YO U NEED TO CHANGE THE
/I ORIENTATION OF THE FOOD'S "body" AND THE "anthill" PROPERTY
/ OF THE FOOD IF YOU WANT TO HAVE COMPETING ANT COLONIES.

/ THE OTHER PLACE IS IN THE FOLLOWING PHEROMONE STATE.

/I Find out which piece of food and attach ant to it

int  thisNum = Integer.valueOf(thisName, 10).intValue();
thisAnt.attached = foodSupply[thisNum];
thisAnt.attached.attachedAnts++;

thisAnt.attached.timeStamp = System.c urrentTimeMillis();

// Position the ant next to the food
WTVector3BD v3D =
thisAnt.attached.body.getAbsoluteOrientationVector();

thisAnt.body.moveBy( 0, 0, (float ).3 * dt);
this Ant.body.setAbsoluteOrientationVector(v3D.getX(),
0, 0, 0, 1)
Il Check the weight to ant ratio for movability
if (thisAnt.attached.weight <= (thisAnt.attached.attachedAnts
thisAnt.a  ttached.budged = true ;

/I State Transitions depending on movability
if (thisAnt.attached.budged)

thisAnt.state = State.ReturningFoodHome;
else

thisAnt.state = State.BudgingFood;

)(.5

*

v3D.getY(),

*20))
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}

/I If this ant will hit another ant
else if (thisName.substring(O, 3).equalslignoreCase( "Ant" 1))

{

}

/I Find out which ant was hit
int  thisNum = Integer.valueOf(thisName.substring(3)).intValue();
Ant hitAnt = antColony[thisNum];

/I IF YOU HAVE COMPETING ANT COLONIES YOU WILL NEED TO
/I DISTINGUISH WHICH COLONY THE PHEROMONE IS COMING FROM

/' If the ant is releasing pheromone

if  (hitAnt.pheromone)

{
/I Turn towards the position of the food and continue
WTVector3D foodVec = hitAnt.attached.body.getAbsolutePosition();
WTVector3D antVec = thisAnt.body.getAbsolutePosition();
thisAnt.body.setAbsoluteOrientationVector(foodVec.getX()

antVec.getX(),

foodVec.getY() - antVec.getY(), 0, 0, 0, 1)
thisAnt.body.moveBy( 0, 0, (float ).07 * dt);

/I State Transition
thisAnt.state = State.FollowingPheromone;

}

else
{
/I Turn between 30 and 90 degrees left or right randomly
float flt = (float )(Math.random());
float ang = (float )(30 + flt * 60);
if (flt > 0.5)
thisAnt.body.setRotation( 0, 0, 1, ang, 1)
else
thisAnt.body.setRota ton( O, O, 1, ang * -1, 1 );

/I If the ant will hit a wall
else

{

}

else

3

/I Turn between 30 and 90 degrees left or right randomly
float flt = (float )(Math.random());
float ang = (float )(30 + fit * 60);
if (flt > 0.5)
thisAnt.body.setRotation( 0, 0, 1, ang, 1)
else
thisAnt.body.setRotation( 0, 0, 1, ang * -1, 1)

/I Move forward and keep searching
thisAnt.body.moveBy( 0, 0, (float ).07 * db);

break ;
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// FOLLOWING PHEROMONE STATE
case State.FollowingPheromone:

/1 If this ant will hit something

if ( coll !'= null )

{
/[ Find out what was hit
WTObject hitObject = coll.getHitObject();
String  thisName = hitObjec t.getName();

/I If this ant will hit food

if  (isNumber(thisName))

{
/I THIS IS ONE OF THE TWO PLACES THAT YOU NEED TO CHANGE THE
/l ORIENTATION OF THE FOOD'S "body" AND THE "anthill* PROPERTY
/[l OF THE FOOD IF YOU WANT TO HAVE COMPETING ANT COLONIES.
/l THE OTHER PLACE IS IN THE SEARCHING STATE.

/l Find out which piece of food and attach ant to it

int  thisNum = Integer.valueOf(thisName, 10).intValue();
thisAnt.attached = foodSupply[thisNum];
thisAnt.attached.attachedAnts++;

thisAnt.attached.timeStamp = System.currentTimeMillis();

/I Position the ant next to the food
WTVector3aD v3D =
thisAnt.attached.body.getAbsoluteOrientationVector();
thisAnt.body.moveBy( 0, 0, (float ).3 * dt);
thisAnt.body.setAbsoluteOrientationVector(v3D.getX(), v3D.getY(),
0, 0, 0, 1)

/I Check the weight to ant ratio for movability
if (thisAnt.attached.weight <= (thisAnt.attached.attachedAnts*20))
thisAnt.attached.budged = true ;

/I State Transitions depending on movability of food
if (thisAnt.attached.budged)

th isAnt.state = State.ReturningFoodHome;
else

thisAnt.state = State.BudgingFood;

}

/I 1f the food that the ant is following is not hit for

/I some reason, stop at the wall and start searching again
else if (thisName.equalsignoreCase( "Wall" )

/] State Transition

thisAnt.state = State.SearchingForFood;
}
else
/I Continue forward
thisAnt.body.moveBy( 0, 0, (float ).07 * db);
}
}
else



/I Continue forward
thisAnt.body.moveBy( 0, 0, (float ).07 * dt);

}

break ;

// BUDGING FOOD STATE
case State.BudgingFood:

/I If this ant's food is movable
if (thisAnt.attached.b udged)

{

else

/I Stop releasing Pheromone
thisAnt.pheromone = false ;

/I Retract detection range of ant

thisAnt.body.setCollisionBox( -10, 10, -10, 10, 3, 10 );
thisAnt.body.moveBy( 0, 0, (float ).07 * dt);

/I State Transition

thisAnt.state = State.ReturningFoodHome;

/I Check to see how long this ant has been

// waiting for its food to start moving

long wait = System.currentT  imeMillis() -
thisAnt.attached.timeStamp;

/I If this ant has been waiting for over 30 seconds
if (wait > 30000)

{
/I Stop releasing Pheromone
thisAnt.ph  eromone = false ;
/I Retract detection range of ant
thisAnt.body.setCollisionBox( -10, 10, -10, 10, 3, 10 );
/I Release and turn away from the food and start searching
WTVector3D foodVec =
thisAnt.attached.body.getAbsolutePosition();
WTVector3D antVec = thisAnt.body.getAbsolutePosition();
thisAnt.body.setAbsoluteOrientationVector(antVec.getX()
foodVec.getX(), antVec.g etY() - foodVec.getY(),
0, 0, 0, 1)
thisAnt.attached.attachedAnts -
/I State Transition
thisAnt.state = State.SearchingForFood;
}
/'If the ant has enough help but can't move because of obstacle
else if (thisAnt.attached.weight <= thisAnt.attached.attachedAnts
* 20)
{

/I Stop releasing Pheromone

25



thisAnt.body.setCollisionBox( -10, 10, -10, 10,
}
/I Otherwise the ant still needs help moving the food
else
{
/I Release Pheromone to call for help
thisAnt.pheromone = true ;
Il Extend detection range of ant
thisAnt.body.setCollisionBox( -60, 60, -60, 60,
}
¥
break ;
Il RETURNING FOOD HOME STATE
case State.R eturningFoodHome:
I If the food has been returned home
if (thisAnt.attached.downhole)
{
/I Turn between 30 and 90 degrees left or right randomly
float flt = (float )(Math.random());
float ang = (flo at)(30 + fit * 60);
it (flt > 0.5)
thisAnt.body.setRotation( 0, 0, 1, ang, 1)
else
thisAnt.body.setRotation( 0, 0, 1, ang * -1, 1)
/I State Transition
thisAnt.state = State. SearchingForFood,;
}

thisAnt.pheromone = false

/Il Retra  ct detection range of ant

/I If there is an obstacle in the way of the food

else

}

else

3

if  (IthisAnt.attached.budged)

/I State Transition
thisAnt.state = State.BudgingFood;

/I Cont inue forward
thisAnt.body.moveBy( 0, 0, (float ).07 * db);

break ;

default

break ;

}

/**

* This function returns true if the <br>

3, 10 );

-70, 70 );
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*
*

*

*/

String  contains  only numbers.
@param String s
@return  boolean

public  static boolean isNu mber(String s) {

}

/**

*

*/

try {
if (s == null ) return false ;

Double.valueOf(s).doubleValue();
return  true ;

}

catch (NumberFormatException e) {
return false ;

}

Implements the WTEventCallback interface

public  void onMouseEvent( WTEvent e )

{

}

/**

/I If left button down

if ( e.getType() == 6 )
{
wt.setMouseCursorState( 0); /I cursor invisible
MOUSEDOWH 1; /I set state
}
/I If left button down AND mouse moved
if ( MOUSEDOWsE 1 && e.getType() = 2 )
{
/I get the mouse movement in X
float turn = (float )(0.05 * (e.getX() - wt.getWidth()/2));
/I get the mouse movement in z
float  pitch = (float )(0.05 * (e.getY() - wt.getHeight()/2));
/I rotate the camera
if ( Math.abs( turn ) >= 1 ) camera.setRotation( 0, 0, 1, turn,
if ( pitch >=1)
camera.setRotation( 1, 0, 0, pitch, 0);
if ( pitch <= -1 && v.getZ() < .7)
camera.setRotation( 1, 0, 0, pitch, 0);
}
/1 If left button up
if ( e.getType() = 7)
{
wt.setMouseCursorState( 1); /I cursor visible
MOUSEDOWH 0; /I set state
}

* Implements the WTEventCallback interface
*/

public  void onKeyboardEvent( WTEvent e )

{

int  key = e.getKey();

1)
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int keyState = e.getKeyState();

if (keyState == 1)
{
switch  (key)
{
case 38: /I up key
move = 1; /I move forward
brea k;
case 40: I/l down key
move = -1, /l move backward
break ;
case 37: /I left key
strafe = -1; Il strafe left
break ;
case 39: /I right key
strafe = 1; /I strafe right
break ;
/I This is where you must distinguish which
/I keys produce ants from which ant colonies
/I keynumbers can be fou nd at
http://www .wildtangent.com/developer/help/function.asp?fid=72&versionmask= -1
case 65: II'A' key
if (antCount < MAXANTS)
spawnAnt(  allHills[0] );
break ;
default
break ;
}
}
/'l no keys pressed
if (keyState == 0)
{
move = 0; //don't move
strafe = 0; // don'tstrafe
}
}
/**
* Implements the WTEventCallback interface
*/
public  void onExceptionEvent( WTEvent e )
{
}
/**
* Unloads all WTasset s and performs any necessary destroying and unloading
* executions. This <B>must</B> be called from the HTML page's

<i> onunload </i>

* event or else the WTobject does not get released properly from memory.
*/

public  void unload()

/I Release referenc es to WTObjects from memory.
/I This is necessary to successfully release the WT object from memory:



camera = null ;
stage = null ;
light = null ;

/I Tell the WT object that this object is done with it:
wt.shutdown();

wt = null ;

System.out.printin( "AntSim.unload() called successfully."
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