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f3% Heatbug (FHEAED) RiG&%

1. SartHeatbugsjava

/I Java Heatbugs application. Copyright ?1999-2000 Swarm Devel opment Group.
/I Thislibrary is distributed without any warranty; without even the

/I implied warranty of merchantability or fitness for a particular

/I purpose.  See file COPY ING for details and terms of copying.

import swarm.Globals;

public class StartHeatbugs {

/** The main() function isthe top-level place where everything
starts.  For atypica Swarm smulation, in main() you create
atoplevel Swarm, let it build and activate, and set it to
running. */

public static void main (String[] args) {
/I Swarm initialization: all Swarm apps must call this first.
Globals.env.initSwvarm ("jheatbugs”, "2.1", "bug-swarm@swarm.org", args);

/I swarmGUIModeis set in initSwarm(). It's set to be “false'
/'if you typed “heatbugs --batchmode' or “heatbugs
I/ -b'". Otherwise, it's set to “true'.

if (Globals.env.guiFlag) {
/I We've got graphics, so make a full ObserverSwarm to get
/I GUI objects
HeatbugObserver Swarm topLevel Swarm =
new HeatbugObserverSwarm (Gl obal s.env.globa Zone);
Globals.env.setWindowGeometryRecordName (topLevel Swarm,
"topLevel Swarm");

topLevel Swarm.buil dObjects ();
topLevel Swarm.buildActions ();
topLevel Swarm.activateln (null);

topLevel Swarm.go ();
topLevel Swarm.drop ();
}
else{

HeatbugBatchSwarm topLevel Swarm =
(HeatbugBatchSwarm) Globals.env.lispAppArchiver.getWithZ one$key
(Globals.env.global Zone, "batchSwarm');

topLevel Swarm.buil dObjects ();

topLevel Swarm.buildActions ();

topLevel Swarm.activateln (null);
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topLevel Swarm.go ();
topLevel Swarm.drop ();

2. HeatSpacejava

/I Bitsto support a specialization of diffusion objects: "heat space”.

/ Most of thereal work is done in Diffuse, which implements a CA.

/I These functions simplify and stereotype access to the space variable,
/I making the Heatbug code higher levd.

import swarm.Globals;
import swarm.defobj.Zone;
import swarm.space.Diffuse2dimpl;

import java.util.List;
import java.util . ArrayList;

/** The HeatSpaceis a simple object to represent the heat in the
* world: aspatial variable. HeatSpace inherits most of its
* behaviour from the "Diffuse2dimpl" space Object. Inherit from
* Diffuse2dimpl, don't add any new variables*/

public class HeatSpace extends Diffuse2dimpl {

[** constant: maximum heat.  This could just be used from the
Diffuse2d object's max states. */
public static final int maxHeat = OX7fff;

/1 used in findExtremeTypeX $Y
gatic fina int cold =0, hot =1,

publicint sizeX, sizeY;

public HeatSpace (Zone aZone, int worldX Size, int worldY Size,
double diffuseConstant, doubl e evaporati onRate)

super (aZone, worldX Size, worldY Size, diffuseConstant,
evaporationRate);
sizeX = worldXSize;
sizeY = worldY Size;

}
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/**
* Add heat to the current spot. This code checks the bounds on
maxHeat, pegs value at the top. */
public Object addHeat$X$Y (int moreHeat, int x, inty) {
int heatHere;

heatHere = getValueAtX$Y (x, y); // read the heat
if (moreHeat <= maxHeat - heatHere)  // would add be too big?
heaHere = heatHere + moreHeat;  // no, just add

else
heaHere = maxHeat; /I yes, use max
putValue$atX$Y (heatHere, x, y); /I set the heat
return this;
}
/**

*  Search the 9 cell neighbourhood for the requested extreme

* (cold or hot) The X and Y arguments are used both as input

* (whereto search from) and as output (pointers are filled with
* the coordinate of the extreme). Note that wraparound edges
* (boundary conditions) are implicitly in the code - look at the

* call to getVaueAtX$Y. */

public int findExtremeType$X$Y (int type, HeatCell hc) {
int bestHest;
intx,y;
List heatList;
HeatCell cell, bestCell;
int offset;
int px = hc.x;
int py = hc.y;

/I prime loop: assume extreme isright where we're standing
bestHeat = getValueAtX$Y (px, py);

/I Now scan through the world, finding the best cel in the 8
[/l cell nbd.  To remove the bias from the choice of location,
/I we keep alist of all best ones and then choose a random
[ location if there are points of equal best heat.
heatList = new ArrayList ();

for (y=py-1 y<=py+1; y++){
for (x=px - 1; x <= px + 1; x++) {
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int heatHere;
boolean herel sBetter, herel sEqual;

heatHere = getValueAtX$Y ((x + sizeX) % sizeX,
(y +sizeY) % sizeY);

herel sBetter = (type == cold) ? (heatHere < bestHegt)
. (heatHere > bestHeat);

herel sEqual = (heatHere == bestHeat);
if (herelsBetter) { /I this spot more extreme
cell = new HeatCell (x, y);

/I this heat must be the best so far, so delete all the
/I other cells we have accumulated

heatList.clear ();

heatList.add (cell);

/I now list only has the one new cell

bestHeat = heatHere;  // update information

/I if we have spots of equal best heat - then we add to the
/I list from which we can choose randomly later
if (herelsEqual) {

cell = new HeatCell (x, y);

heatList.add (cell); // add to the end of the list

}

}

/I choose arandom position from the list
offset = Gl obals.env.uniforml ntRand. getI nteger WithMin$withM ax
(0, (heatList.size() - 1));

/I choose apoint at random from the heat list
bestCell = (HeatCell) heatList.get (offset);

/I Now we've found the requested extreme. Arrange to return the
/I information (normalize coordinates), and return the heat we found.
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he.setX ((bestCell.x + sizeX) % sizeX);
hc.setY ((bestCell.y + sizeY) % sizeY);

/I clean up the temporary list of (x,y) points
hestList.clear ();

return getValueAtX$Y (hc.x, hc.y);

3. HeatCedll.java

/**

* Wrapper object for an (x,y) co-ordinate */
public class HeatCell

{
publicint X, y;
public HeatCell (int theX, int theY)
{
x = theX;
y = theyY;
}
public Object setX (int theX)
{
x = theX;
return this;
}
public Object setY (int theY)
{
y = theyY;
return this;
}
publicint getX ()
{
return x;
}
publicint getY ()
{
returny;
}
}

4. HeatbugObserver Swarm.java
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import swarm.Globals;
import swarm.Selector;
import swarm.defobj.Zone;

import swarm.activity.Activity;

import swarm.activity.ActionGroup;
import swarm.activity.ActionGrouplmpl;
import swarm.activity.Schedul ;

import swarm.activity.Schedul elmpl;

import swarm.objectbase Swarm;

import swarm.objectbase.VarProbe;

import swarm.objectbase. MessageProbe;

import swarm.objectbase. EmptyProbeMapl mpl;

import swarm.gui.Col ormap;
import swarm.gui.Col ormaplmpl;
import swarm.gui.ZoomRaster;
import swarm.gui.ZoomRasterImpl;

import swarm.anaysis.EZGraph;
import swarm.analysis.EZGraphlmpl;

import swarm.simtool sgui. GUI Swarm,
import swarm.simtool sgui. GUI Swarmimpl;

import swarm.space.Value2dDispl ay;
import swarm.space.Value2dDisplaylmpl;
import swarm.space.Object2dDispl ay;
import swarm.space.Object2dDisplaylmpl;

import java.util.List;

/**

The HeatbugObserverSwarm is a swarm of objects set up to observe a
Heatbugs model when the graphical interfaceis running. The most
important object is the heatbugM odel Swarm, but we a so have graphical
windows and data analysis */
public class HeatbugObserver Swarm extends GUISwarmimpl {
[** one parameter: update freq */
publicint displayFrequency;

[** ActionGroup for sequence of GUI events*/
public ActionGroup displayActions,
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[** the single Schedul e instance */
public Schedule displaySchedule;

[** the Swarm we're observing */
public HeatbugM odel Swarm heatbugM odel Swarm;

/* Lots of display objects. First, widgets*/

/**  alocate colours*/

public Colormap col ormap;

[**  2d display widget */
public ZoomRaster worldRaster;
[** graphing widget */

public EZGraph unhappyGraph;

/* Now, higher order display and data objects */

[** display the heat */

public Value2dDisplay heatDisplay;

[** display the heatbugs */

public Object2dDisplay heatbugDisplay;

[** Constructor for class */
public HeatbugObserverSwarm (Zone aZone) {
super(aZone);

/I Fill in the relevant parameters (only one, in this case).
displayFrequency = 1;

/I Now, build a customized probe map using a "local' subclass

/I (aspecia kind of Java “inner class) of the

/I EmptyProbeMaplmpl class. Without a probe map, the default
/l'isto show all variabl es and messages. Here we choose to

/I customize the appearance of the probe, give anicer

Il interface.

class HeatbugObserverProbeMap extends EmptyProbeM aplmpl {
private VarPraobe probeVariable (String name) {
return
Globals.env.probelibrary.getProbeForVariabl e$inCl ass
(name, HeatbugObserverSwarm.this.getClass ());
}
private MessageProbe probeM essage (String name) {
return
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Globals.env.probeL.ibrary.getProbeForMessage$inClass
(name, HeatbugObserverSwarm.this.getClass ());
}
private void addVar (String name) {
addProbe (probeVariable (name));
}
private void addM essage (String name) {
addProbe (probeM essage (name));
}
public HeatbugObserverProbeMap (Zone _aZone, Class aClass) {
super (_aZone, aClass);
addVar ("displayFrequency");
addMessage ("graphBug:");
}
}

/I Instdl our custom probeMap class directly into the
/I probeLibrary
Globals.env.probeL ibrary.setProbeM ap$For
(new HeatbugObserverProbeMap (aZone, getClass (), getClass ());

public Object _worldRasterDeath  (Object caller) {
worldRaster.drop ();
worldRaster = null;
return this;

public Object _unhappyGraphDeath  (Object caller) {

unhappyGraph.drop ();
unhappyGraph = null;
return this;

/**
Create the objects used in the display of the model. This code
is fairly complicated because we build a fair number of
widgets. It's also agood example of how to use the display
code. */
public Object buildObjects () {
/inti;

super.buildObjects ();
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/I First, we create the model that we're actually observing. The
/ model is a subswarm of the observer.

heatbugM odel Swarm = new HeatbugM odel Swarm (getZone ());

/I Now create probe objects on the model and ourselves. This gives a
/I ssimple user interfaceto let the user change parameters.

Globals.env.createArchivedProbeDisplay (heatbugM odel Swarm,
"heatbugM odel Swarm"");
Globals.env.createArchivedProbeDisplay (this, "heatbugObserver Swarm™);

/' Instruct the control panel to wait for a button event: we
/I halt here until someone hits a control panel button so the
/I user can get a chance to fill in parameters before the

/I simulation runs

getControlPand ().setStateStopped ();

/I OK - the user has specified all the parameters for the
/l smulation. Now we're ready to start.

[ Firgt, let the modd swarm build its objects.
heatbugM odel Swarm.buildObjects ();

/I Now get down to building our own display objects.

/I Firgt, create a colormap: thisis a global resource, the information
/I hereis used by lots of different objects.
colormap = new Colormaplmpl (getZone ());

/l Colours[0,64) are assigned to therange Red [0, 1), for
/I heat display.
for (inti =0;i <64; i++)
col ormap.setCol or$ToRed$Green$Blue
((byte) i, (double) i / 63.0, 0, 0);

// Colour 64 is set to green, to display heatbugs
colormap.setColor$ToName ((byte) 64, "green”);

/I Colour 65 is set to white, used in this case below on
/I probed heatbug.
colormap.setCol or$ToName ((byte) 65, "white");

/I Now go in to the heatbugs in the model and set their
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/I coloursto green (64)
List heatbugList = heatbugM odel Swarm.getHeatbugL.ist ();

for (inti =0;i < heatbugList.size (); i++) {
Heatbug bug = (Heatbug) heatbugL ist.get (i);
bug.setBugColor ((byte) 64);

}

/I Next, create a2d window for display, set its size, zoom
Il factor, title.
worldRaster = new ZoomRasterImpl (getZone (), "worldRaster");
try {

worldRaster.enableDestroyN atification$notificationMethod

(this,
new Selector (getClass (), "_worldRasterDeath_", false));

} catch (Exception €) {

System.err.println ("Exception _worldRasterDeath : "

+e.getMessage ());

worl dRaster.setCol ormap (colormap);
worl dRaster.setZoomFactor (4);
worl dRaster.setWidth$Hei ght
((heatbugM odel Swarm.getWorld ()).getSizeX (),
(heatbugM odel Swarm.getWorld ()).getSizeY ());
worl dRaster.setWindowTitle ("Heat World");
worl dRaster.pack(); /I draw the window.

/I Now create a Value2dDisplay: thisis a special object that
/I'will display arbitrary 2d value arrays on a given Raster
[l widget.
heatDisplay = new Value2dDisplayl mpl
(getZone (), worldRaster, col ormap, heatbugM odel Swarm.getHeat ());

heatDi splay.satDisplayMappingM$C (512, 0); // turn [0,32768) -> [0,64)

/l And also create an Object2dDisplay: this object draws
/I heatbugs on the worldRaster widget for us, and aso
/I receives probes.
try {
heatbugDisplay = new Object2dDisplaylmpl
(getZone (), worldRaster, heatbugModel Swarm.getWorld (),
new Selector (Class.forName ("Heatbug"), "drawSe fOn", false));
} catch (Exception e) {
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System.err.println ("Exception drawSd fOn: " + e.getMessage ());
}

heatbugDi splay.setObjectCollection
(heatbugM odel Swarm.getHeatbugList ());

/I Also, tell the world raster to send mouse clicks to the
/I heatbugDisplay this allows the user to right-click on the
/I display to probe the bugs.
try {

worldRaster.setButton$Client$M essage

(3, heatbugDisplay, new Selector (heatbugDisplay.getClass (),
"makeProbeAtX$Y", true));

} catch (Exception €) {

System.err.println ("Exception makeProbeAtX$Y: "

+e.getMessage ());

/I Create the graph widget to display unhappiness.
unhappyGraph = new EZGraphl mpl
(getZone (),
"Unhappiness of bugs vs. time",
"time", "unhappiness’,
"unhappyGraph");

/IGlobals.env.setWindowGeometryRecordName (unhappyGraph, "unhappyGraph");

[l instruct this _unhappyGraphDeath method to be called when
/I the widget is destroyed
try {
unhappyGraph.enableDestroyNatifi cation$notificationMethod
(this, new Selector (getClass (),
"_unhappyGraphDeath ",
false));
} catch (Exception e) {
System.err.println ("Exception _unhappyGraphDeath_: "
+e.getMessage ());

/I create the data for the average heatbug unhappiness

try {
unhappyGraph. creasteAverageSequence$wi thFeedFrom$andSel ector

("unhappiness', heatbugM odel Swarm.getHeatbugL ist (),
new Selector (Class.forName ("Heatbug"), "getUnhappiness’,
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felse));
} catch (Exception €) {
System.err.println ("Exception getUnhappiness: "
+ e.getMessage ());
}

return this;

public Object _update () {
if (worldRaster !'=null) {
heatDisplay.display ();
heatbugDisplay.display ();
worldRaster.drawSelf ();
}

if (unhappyGraph != null)
unhappyGraph.step ();
return this;

/**

Create the actions necessary for the simulation. Thisiswhere
the schedule is built (but not run!)  Here we create a display
schedule - thisis used to display the state of the world and
check for user input. This schedul e should be thought of as
independent from the model - in particular, you will also want
to run the model without any display. */

public Object buildActions () {

super.buildActions();

/I First, let our model swarm build its own schedule.
heatbugM odel Swarm.buildActions();

/I Create an ActionGroup for display: abunch of things that
/I occur in a specific order, but at one step of simulation

/l time. Some of these actions could be executed in paralld,
// but we don't explicitly notate that here.

displayActions = new ActionGroupl mpl (getZone());

/I Add the methods to the ActionGroup to draw the display of
// the world

try {
displayA ctions.createActionTo$message

(this, new Selector (getClass (), "_update ", fase));
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/I Schedul e the update of the probe displays
displayA ctions.createActionTo$message
(Globals.env.probeDispl ayM anager,
new Selector (Globals.env.probeDisplayManager.getClass (),
"update", true));

/I Finally, schedule an update for the whole user
/l'interface code.  Thisiscrucia: without this, no
/I graphics update and the control panel will be
/I dead. It's best to put it at the end of the display
/I schedule
displayA ctions.createActionTo$message
(getActionCache (), new Selector
(getActionCache ().getClass (), "doTkEvents', true));
} catch (Exception €) {
System.err.println ("Exception in setting up displayActions: "
+e.getMessage ());

/I And the display schedule. Note the repeat interval is set

[l from our own Swarm data structure. Display is frequently
/I the slowest part of a simulation, so redrawing less

/I frequently can be a help.

/I note frequency!
displaySchedule = new Schedulelmpl (getZone (), displayFrequency);

/I insert ActionGroup instance on the repeating Schedule
/l instance
displaySchedul e.at$createAction (0, displayActions);

return this;

/**

activateln: - activate the schedul es so they're ready to run.
The swarmContext argument has to do with what we were activated
*in*. Typicaly the ObserverSwarm isthe top-level Swarm, so
it's ectivated in "null". But other Swarms and Schedules and
such will be activated inside of us.  */
public Activity activatel n (Swarm swarmContext) {
/I Firgt, activate ourselves (just pass a ong the context).
super.activatel n (swarmContext);
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/I Activate the model swarm in ourselves. The model swarmisa
/I subswarm of the observer swarm.
heatbugM odel Swarm.activateln (this);

/I Now activate our schedule in ourselves. This arranges for
/I the execution of the schedule we built.
displaySchedule.activateln (this);

/I Activate returns the swarm activity - the thing that's ready to run.
return getActivity();

public Object graphBug (Heatbug aBug) {
if (unhappyGraph != null)
try {
unhappyGraph.createSequence$withFeedFrom$andSel ector
("Bug", aBug, new Selector (aBug.getClass (),
"getUnhappiness’, false));
} catch (Exception €) {
System.err.println ("Exception graphBug: " + e.getM essage());
}

return this;

}
public void drop () {
if (unhappyGraph != null)
unhappyGraph.disableDestroyNotification ();
if (worldRaster !=null)
worldRaster.disableDestroyNotification ();
super.drop ();

}

5. HeatbugM odel Swar m.java

import swarm.Globals;

import swarm.Selector;

import swarm.defobj.Zone;

import swarm.defobj.Symbol Impl;

import swarm.defobj.FArguments;
import swarm.defobj.FArgumentsimpl;

import swarm.defobj.FCall;
import swarm.defobj.FCalllmpl;
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import swarm.activity.Activity;

import swarm.activity.ActionGroup;
import swarm.activity.ActionGrouplmpl;
import swarm.activity.Schedul ;

import swarm.activity.Schedul elmpl;
import swarm.activity.FActionForEach;

import swarm.objectbase Swarm;

import swarm.objectbase. Swarmimpl;

import swarm.objectbase.VarProbe;

import swarm.objectbase. MessageProbe;

import swarm.objectbase. EmptyProbeMapl mpl;

import java.util.LinkedList;
import java.util.List;

import swarm.space.Grid2d;
import swarm.space.Grid2dImpl;

/**

* The HeatbugM odel Swarm encapsul ates all the objects used in the
* simulated heatbug world itsel f (but not the user interface objects)
* */
public class HeatbugM odel Swarm extends Swarmlmpl
{
/I simulation parameters
public int numBugs;
public double evaporationRate;
public double diffuseConstant;
public int worldX Size, worldY Size;
public int minl deal Temp, maxl deal Temp;
public int minOutputHeat, maxOutputHeat;
public double randomM oveProbability;

public boolean randomizeHeatbugUpdateOrder;

/** ActionGroup for holding an ordered sequence of action */
public ActionGroup modelActions;

/** the single Schedule */

public Schedule model Schedulg;

[** list of all the heatbugs */
public List heatbugList;
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f** the2dworld */
public Grid2d world;

/** the 2d heat space */
public HeatSpace heat;

FA ctionForEach actionForEach;

/I These methods provide access to the objects inside the

/I ModelSwarm.  These objects are the ones visible to other
/I classes viamessage call.  Intheory we could just |et other
/I objects use Probes to read our state, but message accessis

/I frequently more convenient.

public List getHeatbugList () {
return heatbuglList;
}

public Grid2d getWorld () {
return world;

public HeatSpace getHeat () {
return heat;

public boolean toggl eRandomizedOrder () {
randomi zeHeatbugUpdateOrder = !randomizeHeatbugU pdateOrder;
syncUpdateOrder ();
return randomizeHeatbugUpdateOrder;

}

public void syncUpdateOrder () {
if (actionForEach !=null)
actionForEach.setDefaultOrder
(randomi zeHeatbugU pdateOrder
? Gl obals.env.Randomized
: Globals.env.Sequential);

/**
* This method isn't normally used, but is convenient when running
* probes: it lets you easily clone a heatbug and drag it into the
* model. */

public Object addHesatbug (Heatbug bug) {
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heatbugList.add (bug);
return this;

public HeatbugM odel Swarm (Zone aZone) {
super (aZone);

/I Now fill in various simulation parameters with default val ues.
numBugs = 100;

evaporationRate = 0.99;
diffuseConstant = 1.0;

worl dX Size = 80;

worldY Size = 80;

minl deal Temp = 17000;

max| deal Temp = 31000;
minOutputHeat = 3000;
maxOutputHeat = 10000;
randomizeHeatbugUpdateOrder = false;
randomM oveProbability = 0.0;

/I Now, build a customized probe map using a "local' subclass (a
/I special kind of Java “inner class') of the EmptyProbeM apl mpl
/I class. Without a probe map, the default isto show all

/I variables and messages. Here we choose to customize the

/I appearance of the probe, to display a nicer interface.

class HeatbugM odel ProbeMap extends EmptyProbeMapl mpl {
private VarPraobe probeVariable (String name) {
return
Globals.env.probelibrary.getProbeForVariabl e$inCl ass
(name, HeatbugM odel Swarm.this.getClass ());
}
private MessageProbe probeM essage (String name) {
return
Globals.env.probeL.ibrary.getProbeForM essage$inClass
(name, HeatbugM odel Swarm.this.getClass ());
}
private void addVar (String name) {
addProbe (probeVariable (name));
}
private void addMessage (String name) {
addProbe (probeM essage (name));

}
public HeatbugM odel ProbeMap (Zone _aZone, Class aClass) {
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super (_aZone, aClass);

addVaer ("numBugs";

addVar ("diffuseConstant");

addVaer ("worldXSize");

addVaer ("worldY Size");

addVar ("minldea Temp");

addVar ("maxIdeal Temp");

addVar ("minOutputHeat");

addVar ("maxOutputHesat");

addVar ("evaporationRate");

addVar (“"randomM oveProbability");
addMessage ("toggleRandomi zedOrder");
addMessage ("addHeatbug:");

/I Now, install our custom probeMap class directly into the
/I probeLibrary
Globals.env.probeL ibrary.setProbeM ap$For
(new HeatbugM odel ProbeMap (aZone, getClass (), getClass ());

/**

* Now it'stime to build the model objects. We use various
* parametersinside ourselves to choose how to create things.
*/

public Object buildObjects ()

{

inti;

/l dlow our parent classto build anything.
super.buildObjects();

/I First, set up objects used to represent the
/I environment. The heatspace agent represents the
[l spatia property of heat. Itisinitialized via

[l various model parameters.

heat = new HeatSpace (getZone (), worldX Size, worldY Size,
diffuseConstant, evaporationRate);

/I Now set up the grid used to represent agent position

world = new Grid2dImpl (getZone (), worldX Size, worldY Size);
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/I Create alist to keep track of the heatbugs in the model.
heatbugList = new LinkedList ();

/I Create heatbugs themselves. This isafarly complex
/I step, asis appropriate: the heatbugs are essential
/I aspects of the simulation.

[l First, aquick hack. During creation we might put

/I several heatbugs in the same square. Thisis adesign
/l flaw, but it's one that's not fetal, so we ask the

// world object not to warn us about it. Thisis not an

/I example to be emul ated :-)

world.setOverwriteWarnings (false);
/I Now aloop to create a bunch of heatbugs.

for (i =0; i < numBugs; i++) {
Heatbug hbug;
int ideal Temp, outputHest;

/I Choose a random ideal temperature, output heat
/I from the specified range (model parameters).
ideal Temp =
Globals.env.uniformintRand.
getl ntegerWithMin$withMax (minl deal Temp, max| deal Temp);
outputHeat =
Globals.env.uniformintRand.
getl ntegerWithMin$withM ax (minOutputHest, maxOutputHest);

/I Create the heatbug, with a standard Java constructor
hbug= new Heatbug (world, heat);

// Add the bug to the end of the list.
heatbugL.ist.add (hbug);

/I Now initialize the rest of the heatbug's state.
hbug.setl deal Temperature (ideal Temp);

hbug.setOutputHeat (outputHeat);
hbug.setRandomM oveProbability (randomM oveProbability);
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// random position
hbug.setX$Y ((Global s.env.uniformintRand.
getlntegerWithMin$withMax (0, (worldX Size-1))),
Globa s.env.uniformintRand.
getinteger WithMin$withMax (0, (worldY Size-1)));

}
world.setOverwriteWarnings (true); /I ok, done cheating.

return this;

/**
* Here iswhere the modd scheduleis built, the data structures
* that define the simulation of timeinthe mode. The coreisan
* actionGroup that has alist of actions. That'sthen putina
* Schedule. */
public Object buildActions () {
super.buildActions();

/I Create thelist of simulation actions. We put these in

/I an action group, because we want these actionsto be

/Il executed in a specific order, but these steps should

// take no (simulated) time. The M(foo) means "The message
/I called <foo>". You can send a message To a particular

/I object, or ForEach object in a collection.

/I Note we update the heatspace in two phases: first run
/I diffusion, then run "updateWorld" to actually enact the
/I changes the heatbugs have made. The ordering hereis
/I significant!

/I Note also, that with the additional

/I “randomizeHeatbugUpdateOrder' Bool ean flag we can
/I randomize the order in which the bugs actually run

/l their steprule.  This hasthe effect of removing any
/I systematic bias in the iteration throught the heatbug

[l list from timestep to timestep

/I By default, all “createA ctionForEach' model Actions have
/I adefault order of “Sequentia’, which means that the

/I order of iteration through the “heatbugL ist' will be
/l'identical (assuming thelist order isnot changed

[/l indirectly by some other process).
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model Actions = new ActionGrouplmpl (getZone ());

try {
model A ctions.createActionTo$message

(heat, new Selector (heat.getClass (), "stepRule”, false));
} catch (Exception €) {
System.err.println ("Exception stepRule: " + e.getMessage ());
}

try {
Heatbug proto = (Heatbug) heatbugList.get (0);
Selector sel =
new Selector (proto.getClass (), "heatbugStep", false);
actionForEach =
model Actions.createFA ctionForEachHomogeneous$cal |
(heatbugList,
new FCalllmpl (this, proto, s,
new FArgumentsimpl (this, sel, true)));
} catch (Exception €) {
e.printStackTrace (System.err);
}

syncUpdateOrder ();

try {
model A ctions.createActionTo$message

(heat, new Selector (heat.getClass (), "updateL attice", false));
} catch (Exception e) {
System.err.println("Exception updatel attice: " + e.getM essage ());
}

/I Then we create a schedule that executes the

/I model Actions. model Actions is an ActionGroup, by itself it
/I has no notion of time. In order to have it executed in

[/ time, we creste a Schedul e that saysto use the

/I model Actions ActionGroup at particular times.  This

/I schedule has arepeat interval of 1, it will loop every

/I timestep. Theaction is executed at time O relative to

/I the beginning of the loap.

/I Thisis asimple schedule, with only one action that is
Il just repeated every time. See jmousetrap for more
/I complicated schedules.
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model Schedule = new Schedulelmpl (getZone (), 1);
model Schedul e.at$createAction (0, model Actions);

return this;

/**

* Now set up the model's activation. swarmContext indicates where
* we're being started in - typically, this model isrun asa
* subswarm of an observer swarm. */
public Activity activatel n (Swarm swarmContext) {

/I Firgt, activate ourselves viathe superclass

[l activateln: method.  Just pass along the context: the

/I activity library does theright thing.

super.activatel n (swarmContext);

/I Now activate our own schedule.
model Schedule.activatel n (this);

/I Finally, return our activity.
return getActivity ();

6. HeatbugBatchSwarm.java

import swarm.Globals;
import swarm.Selector;

import swarm.defobj.Zone;

import swarm.activity.Activity;

import swarm.activity.ActionGroup;
import swarm.activity.ActionGrouplmpl;
import swarm.activity.Schedul ;

import swarm.activity.Schedul elmpl;

import swarm.objectbase Swarm;
import swarm.objectbase. Swarmimpl;

import swarm.anaysis.EZGraph;
import swarm.analysis.EZGraphlmpl;
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public class HeatbugBatchSwarm extends Swarmimpl {

/** Freguency of filel/O*/
public int loggingFrequency;

/** When to Stop the Sim */
public int experimentDuration;

public ActionGroup displayActions,
public Schedule displaySchedul e
public Schedule stopSchedule;

[** the Swarm we're observing */
public HeatbugM odel Swarm heatbugM odel Swarm;

[** The EZGraph will be used in Filel/O mode rather than the usual
Graphics mode... */
public EZGraph unhappyGraph;

public HeatbugB atchSwarm (Zone aZone) {
super (aZone);

public Object buil dObjects () {
super.buildObjects();

/I But since we don't have any graphics, weload the

/I object from the global “lispAppArchiver' instance which
/l'is created automatically from the file called

/I " heatbugs.scm'’

/I "model Swarm' is the key in “heatbugs.scm' which
/I contains the instance variables for the
/I HeatbugM odel Swarm class, such as numBugs etc.
heatbugM odel Swarm =
(HeatbugM odel Swarm)
Globals.env.lispAppArchiver.getWithZone$key (getZone (),
"model Swarm");

/I Now, let the model swarm build its objects.
heatbugM odel Swarm.buildObjects ();

/I Finally, build some data anal ysis objects. In this case

a4
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/I werejust going to create an EZGraph (with graphics turned
/I off and filel/O turned on) collect some statistics (the

/I average) over the collection of heatbugs (which we get from
/I the heatbugM odel Swarm).

/I'f the user sets|oggingFreguency to 0 s'he does not
/I require the logging of results at all. Consequently, some
/I objects will not be created -> the schedule will al'so be
/I simplified. This sort of switchis useful when the Sim
/Il could potentially log many different aspects of the
/[l modd!...
if(loggingFreguency > 0) {
unhappyGraph = new EZGraphlmpl (getZone (), true);

try {
unhappyGraph.createAverageSequencedwi thFeedFrom$andSel ector

("unhappiness.output”,
heatbugM odel Swarm.getHeatbugL.i st (), new Sel ector
(Class.forName("Heatbug"), "getUnhappiness’,
felse));
} catch (Exception €) {
System.err.println ("Exception batch getUnhappines: "

+ e.getMessage ());
}
}
/I All done - we're ready to build a schedule and go.
return this;

[** Create the actions necessary for the smulation. This
iswhere the schedule is built (but not run!) */
public Object buildActions () {
super.buildActions();

/] First, let our model swarm build its own schedule.
heatbugM odel Swarm.buildActions();

if (loggingFrequency > 0) {
/I Create an ActionGroup for display. Thisis pretty
/I minimal in this case. Note, there's no doTkEvents

/I message - no control panel!
displayActions = new ActionGrouplmpl (getZone ());
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/I Now schedul e the update of the unhappyGraph, which will
/l'in turn cause the file 1/O to occur...
try {

displayActions.createA ctionTo$message

(unhappyGraph,
new Selector (unhappyGraph.getClass (), "step", true));

} catch (Exception €) {

System.err.println ("Exception batch unhappyGraph step: "

+ e.getMessage ());

/I the displaySchedul e controls how often we write data out.
displaySchedule =
new Schedulelmpl (getZone (), loggingFrequency);

displaySchedule.at$createAction (0, displayActions);

/I We also add in a"stopSchedule”, another schedule
/I with an absol ute time event - stop the system at

/[ time.

stopSchedule = new Schedulelmpl (getZone (), true);

try {
stopSchedul e.at$createActionTo$message

(experimentDuration, this, new Selector
(getClass (), "stopRunning”, false));
} catch (Exception €) {
System.err.println ("Exception stopRunning: "
+ e.getMessage ());
}

return this;
[** activateln: - get the Swarm ready to run. */
public Activity activateln (Swarm swarmContext) {

/I First, activate ourselves (just pass a ong the context).
super.activateln (swarmContext);

/I We need to activate the model swarm.
heatbugM odel Swarm.activateln (this);

/I Now activate our schedules in ourselves. Note that we just
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/I activate both schedules: the activity library will merge
[l them properly.
stopSchedul e.activatel n (this);

if (loggingFrequency > 0)
displaySchedule.activateln (this);

/I Activate returns the swarm activity - the thing that's
/l ready to run.
return getActivity ();

/** the HeatbugObserverSwarm had a go method inherited from
GUISwarm, but we have to define our own here. It's pretty
simple. There's also a friendly message printed out here just
in case someone is confused when they run heatbugs and see no
graphics. */

public Object go () {
System.out.printin ("You typed “heatbugs-b' or “heatbugs --batch"

+ " so we're running without graphics.");

System.out.printIn ("Heatbugs is running for "
+ experimentDuration + " timesteps");

if (loggingFrequency > 0)
System.out.printin ("It islogging data every "
+ loggingFrequency +
" timesteps to: unhappi ness.output");

(getActivity ().getSwarmActivity ()).run ();

if (loggingFrequency > 0)
/I Close the output file.

unhappyGraph.drop() ;

return getActivity ().getStatus ();

[** The termination method. When this fires we just terminate
everything that's running and close our output file(s) by
dropping the EZGraph which "owns" the sequence(s) we are
logging. */

public Object stopRunning () {

/l Terminate the simulation.
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System.out.printin("quitting at " + Globals.env.getCurrentTime ());
Globals.env.getCurrentSwarmAdctivity ().terminate ();
return this;

7. Heatbug.java

import swarm.Globals;

import swarm.space.Grid2d;
import swarm.space.Grid2dImpl;
import swarm.gui.Raster;

/**

* Heatbugs are agents in a 2d world with simple behaviour: if too
* cold, move to warmer spot if too warm, move to cooler spot.  and
* some occasional exceptions if the spot is occupied, try to move to
* an unoccupied spot.  randomMoveProbability chance of moving to a
* random spot */
public class Heatbug {

[** my current unhappiness */

public double unhappi ness;

[** my spatial coordinates*/

publicint x, y;

/**  my ideal temperature */

public int ideal Temperature;

/** how much heat | put out */

public int outputHest;

/** chance of moving randomly */

public double randomM oveProbability;

[** theworld | livein*/

public Grid2d world;

/** how big that worldis*/

public int worldX Size, worldY Size;

/** the heat for the world */

public HeatSpace heat;

/** my colour (display) */

public byte bugColor;

[* Scratch cell for extracting return values */
public HeatCell scratchHeatCell;

/**

* these methods are used to initiaize the object's state. First,
* methods that have to be sent to create an object. */
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/* *
* Constructor for Heatbug
*/
public Heatbug (Grid2d w, HeatSpace h) {
/I Strictly speaking, this check isn't necessary. But we intend these
/I parameters to beimmutable once set, so to be extrasafe we check:
/l'it could catch an error later.

if (world !'=null || heat !'= null)
System.err.println ("You can only set the world/heat " +
"of aheatbug at creation time");

world =w;
heat = h;

/I make sure the user set up world and heat.

if (world == null || heat == null)
System.err.println ("Heatbug was created without aworld or heat");

/I Cache the worldSize for speed of later access. Note how we
// do thisin createEnd - it could also have been done when

/I setWorld:Hest: was called, but thisis a good place to do
/l'it, too. If an object needed to alocate extra memory, this
/l'istheright placeto doit.

worldX Size = world.getSizeX ();
worldY Size = world.getSizeY ();

/I Someday, it'd be good if the space library to be powerful
/I enough that the heatbugs never need to be aware how big
/ their world is.

scratchHeatCell = new HeatCell (0, 0);

/**

Methods for reading/writing a Heatbug's state during runtime.
The probe mechanism is the lowlevel way of getting at an
object's state - you're also alowed (but not required) to

write methods to access the state as you find it is hecessary

or convenient. Note the naming convention: for avariable
named "fooBar" methods are -(sometype) getFooBar; -setFooBar;
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this naming convention will beimportant for alater version
of probe. (probe will preferentially use these methods
instead of direct access). */
public double getUnhappiness () {
return unhappiness,

}

/**

Simple set methods for Heatbug state. Some of these are
probably not going to normally change in a heatbugs lifetime,
but there's no reason they couldn't change.  */
public Object setldeal Temperature (int i) {
ideal Temperature = i;
return this;

public Object setOutputHeat (int o) {
outputHesat = o;
return this;

public Object setRandomMoveProbability (double p) {
randomMoveProbability =  p;
return this;

/**

Thismethod is abit dangerous: we blindly put ourselves on top
of the grid no matter what's underneath us: because Grid2d only
allows one object per square, we could be destroying data. This
is poor design, but fortunately doesn't kill usin this
particular app. If some other object really needed to find al
objects based on looking in the grid, it would cause
problems. (But note, in heatbug creation, how wetell Grid2d to
turn off its warnings about overwrites) */
public Object setX$Y (intinX,intinY){

X=inX;

y =inY;

world.putObject$atX$Y (this, X, y); 1 yikes!

return this;

Jrx
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All of the previous code is basic Swarm object programming. The
real simulation code follows. Heatbug behaviour is actually
implemented here. The notion of a"step" method is anice
simplification for basic simulations.
*/
public void heatbugStep () {
int heatHere;
int newX, newyY;
inttries;

/I find out the heat where we are sitting.
heatHere = heat.getVal UAtX$Y (X, V);
// update my current unhappiness value: abs(idea - here);

if (heatHere < idea Temperature)

unhappiness = (double) (idea Temperature - heatHere) / HeatSpace.maxHezt;
ese

unhappiness = (double) (heatHere - ideal Temperature) / HeatSpace.maxHezt;

/I now ask the heatspace to tell us where the warmest or
/I coldest spot is The method cdl returns values back into
/I newX and newyY.

scratchHeatCell.x = x;
scratchHeatCell.y =

heat.findExtremeType$X$Y (((hestHere < ideal Temperature)
? HeatSpace.hot
: HeatSpace.cold),
scratchHeatCell);
newX = scratchHeatCell .x;
newY = scratchHeatCell.y;,

/I After choice of ideal spot is made, there's a chance of
/I random move. (Note the normalization of coordinatesto [O,
/l worldSize). The current space library does not enforce
// boundary conditions.)
if ((Globals.env.uniformDblRand.getDoubleWithMin$withMax (0.0, 1.0))
< randomM oveProbability)
{
/I pick arandom spot
newX =
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x + Globals.env.uniforml ntRand.getl ntegerWithMin$withMax (-1, 1);

newy =
y + Globals.env.uniformlntRand.getl nteger WithMin$withMax (-1, 1);

/I normalize coords
newX = (newX + worldXSize) % worldX Size;
newY = (newY + worldY Size) % worldY Size;

/I Part of the heatbug simulation is that two bugs cannot be
/I in the same spot. The code to enforce that is done here: if
/I the site we want is occupied by another heatbug, move

/l randomly. Note that this code does not parallelize

/I properly, it requires that each bug be set a"step" method
/l'in sequence. Thisisadesign flaw in heatbugs: proper

/I conflict resolution is difficult.  Also note we only look
/I for 10 random spots - if we don't find an unoccupied spot
/I by then, assumeit's too crowded and just don't move.

if (unhappiness == 0)
{
/I only update heat - don't move at all if no unhappiness
heat.addHeat$X$Y (outputHeat, X, y);
}
ese{
tries=0;

/I only search if the current cell is neither the optimum
/I or randomly chosen | ocation - € se don't bother
if ((newX !=x || newY !=vy))
{
while ( (world.getObjectAtX$Y (newX, newY) !=null)
&& (tries<10))

int location, xm1, xpl, ym1, yp1;
/I choose randomly from the nine possible
// random | ocations to move to
location =
Globa s.env.uniformintRand.getl nteger WithMin$withMax (1,8);

xml = (x + worldX Size - 1) % worldX Size;
xpl=(x + 1) % worldXSize;
yml = (y + worldY Size - 1) % worldY Size;

49

PDF CH#H] "pdfFactory Pro" ik A A6 ww. fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

ypl = (y + 1) % worldY Size;

switch (location)

{

case 1
newX =xml; newY =yml; //NW
break;

case 2:
newX =X ; newY =ymil; /I'N
break;

case 3:
newX =xpl; newY =yml; //NE
break;

case 4:
newX =xml; newY =vy; W
break;

case 5:
newX =xpl; newY =y, II'E
break;

case 6:
newX =xml; newY =ypl, // SW
break;

case 7:
newX =X ; newY =ypl,; I's
break;

case 8:
newX =xpl; newY =ypl;, //SE

default:
break;

tries++; // don't try too hard.

}
if (tries==10)

{

/I no nearby clear spot, so just don't move.
newX =x;
newY =vy;

}

/I Phew - we've finally found a spot to move ourselves, in
/I (newX, newY). Update heat where we were sitting.

heat.addHeat$X$Y (outputHeat, X, y);
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/I Now move ourselves in the grid and update our coordinates.

world.putObject$atX$Y (null, X, y);

X = newX;

Y = newy;

world.putObject$aX$Y (this, newX, newY);

// dl done moving! Return this.
}

/**

Extra bits of display code: setting our colour, drawing on a
window. This code works, but it'd be better if there were a
generic object that knew how to draw agents on grids.  */
public Object setBugColor(byte c) {
bugColor = c;
return this;

public Object drawSe fOn (Raster r) {
r.drawPointX $Y $Color (X, y, bugColor);
return this;
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3. Wi L RZEMEAUS, WE L ZAGLHKLMETE, wiE 11
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4, TR L RGN RGN 2 i
5. MEHITEASIZ S L REEE

ORI B SR
RPN BRI — &, JF2R A BRI ST, 224 VISUAL BASIC6.0
FEIFISAT T .
DU, SRS Bk
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EBH: IFS R4 (ERAREE 7)

—. SEEHIN
AR ONFS FEARF LB, T IFS KRG AIE S B KL K 5,
JEHREW H IFS ARG E R TEEE.
R W4T
1. T# IFS RGE AR S =4 5
2. HIRIFS ARG FAG L AR
3. WM IFS RS HINIZEAREIE, Lo AN F 1S B0 B 4
TETEAHIEm . ] 12

Kl 12 HIFS i iy 2

A, ZHEHFS IR AL S FEASE, ADUH AU, K
W AL A ORGSR o TE R 25 o
M FERFSEE: Procedure AFF(ab,c,d,ef,ST:red);
Var linsireal;
Begin
lins:=a* St+b*T+e;
y:=C* St+d* y+f;
x:=lins;
End,;
P2 AW H e R AFF, BIRT 58 kAR
5. 47 IFSHITHENIRE Y, JFXEBASHME, SHUARKEIEES.
{IFS LAY & PASCAL F2/¥ )
Program Fractal Plant28;
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Uses Graph,Crt;
var
X,y,E,ured;
Gd,Gm:integer;
Begin
Gd:=VGA; {H VGA Jj 3 640x480}
Gm:=VGAHi;
Initgraph(Gd,Gm,”D:\PASCAL’); { ¥ 1b K}
if GraphResult <> grOK then Halt(1); {7 H 4 4L}
x:=0;y:=0; {IRHIMH )
Randomize; { ¥4 LBENLECR L35 )
Repeat
E:=Random(100); {/*/E—~/r1 0 % 100 Z [a] (EEHLE )
if E<1then
Begin
x:=0;y:=0.16* y; { § R_11E4%}
End;
if (E>=1) and (E < 86) then
Begin
u:=0.85*x+0.04*y;y:=-0.04*x+0.85* y+1.6; { f] R 2 %4}
X:=U;
End;
if (E>=86) and (E < 97) then
Begin
u:=0.2*x-0.26* y;y:=0.23*x+0.22* y+1.6; { J R_31%Ef%)
X:=u;
End;
if E >=97 then
Begin
u:=-0.15*x+0.28* y;y:=0.26* x+0.24* y+0.44; {}{] R_4i%:4%}
X:=U;
End;
PutPixel (Round(50* x)+300,500-Round(50* y),2); { #i s, %4}
Until KeyPressed; { f&{TRHHE H )
CloseGraph; { ¢ E T}
End.

=L OSERANES . WA AR
FEAN PR ENLIN &, TRk SRR TE R, 223k PASCAL FEFPisT
W8,
VU, S s 2k
1. B IFS RGUHEARE G R 1 5t
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R .
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R AERCAS EHLHI— &, ISR B RN S AE, 223% PASCAL F2)7
AT,
PO, S50 4 75 2 oK
1. B 7 B A i (1 B A 2
2. ¢y H R IEAR R BUR 48 FE R B DL K AE BB R 4 b ]
IR
3. 4 H 13 2 Moy B B % 4 BRI 3t AR B vk
4. g5 1R TR B IR AE B AR B LR

KIS AEEFS CERAH 9

—. LR HMW
TRy IEAN IR E, TR MBS RERER, Jf
H BE % 18 1 55 PL A il — BE 2y TE 3% 4R

TSI

TR T S 1 N ] Y

. TRENTE SR =AM 5 UL RO A S

- M ILFN T SR 1 E B

o TR B SR AR ) S AR R
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