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Abstract

In this paper we propose, implement and test a new approach to Dynamic Optimiza-
tion inspired by microbiological swarms. Our approach makes use of the strengths of
real bacteria, namely self organization, adaptation and natural selection to perform
optimization. Finally, we test and show that our swarm significantly outperforms
a state of the art approach by achieving comparable optimization in environments

moving three times the speed.
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e The severity of change is a defined as the euclidean distance between an
optimum’s previous location and its current location in one update to the en-
vironment. The severity is calculated by (distance moved)/(max movement

possible) in the environment.

e Predictability of change is the characteristic of dynamic environments that
defines how much randomness is in the environment. If the changes are purely
random then it is said to have no predictability. However, if there exists a

pattern to the changes, the environment is said to have a high predictability.

e Cycle length / Cycle Accuracy describes the cyclic nature of some environ-
ments. For problems that have a period to the movement in a specific pattern,
it is possible to describe the cycle length as the number of updates to the en-
vironment for a complete cycle to occur. The Cycle accuracy defines how close

the next of each cycle is from one another.

Each of these characteristics in DO can be used a marker for the difficulty of a given
problem. Because each of these characteristics introduce very difficult dynamics for

optimization algorithms, many different approaches have been attempted.










































Chapter 5

Proposal

Many modern approaches have used the characteristics of insects and animals to cre-
ate efficient optimization algorithms for dynamic environments. However, there has
been no research on the application of microbiological swarming for DO. This pro-
posal centres on important qualities of bacterial swarming namely, self-organization,
adaptation and natural selection. In this chapter, we first the outline characteristics
that a DO algorithm must have if it is based on the swarming of microbiological
organisms. This is then followed by a detailed description of our algorithm based on

the outlined characteristics.

5.1 Algorithm Requirements

With the basis for developing an algorithm using SI in mind, we will use a population
of agents that we call cells, who have specific characteristics like real microbiological
organisms found in nature. Here we outline specific characteristics that should be
implemented in our agents.

The first characteristic our cells should have is the ability to evaluate its current
position and release a chemoattractant if the location contains a good source of food.
Chemorepellents should be released into the environment if the cell density in the
area is above a threshold.

The second characteristic is that cells should have the ability to move through

the search space in response to stimuli presented by its local environment. Cells should
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have no explicit memory of the environment or its previous states. Chemoattractants
should steer the bacteria up the diffusion gradient while chemorepellents should steer
the bacteria down the diffusion gradient. Any movement should be subject to an
exploratory random movement dynamic. Furthermore, cells will need to move at
each time interval in a direction and speed.

The third characteristic is that cells should have the ability to adapt to the envi-
ronment through mutation. In this case, we will need to have a genome which controls
various features including the speed of movement, the sensitivity to chemoattractant,
etc. This genome should be subject to mutations during the process of reproduc-
tion but also environmental stress. Mutation will cause cells to behave differently
depending on the parameters of each feature.

A fourth requirement is that reproduction should occur based on the amount
of nutrients in the environment. This means each location in the problem space will
have a fitness value. Cells who are in unfit locations should have lower reproduction
rates then cells in locations of higher fitness. As a result of reproduction based on the
fitness of the environment, cells whose genomes are well suited to the environment
should reproduce more often as they will more often be in fitter locations.

Finally, our bacteria must be subject to natural selection. The fittest individuals

should survive and be allowed to reproduce.

5.2 Algorithm Description

Our algorithm implements the requirements of specified in the above section. First of
all our algorithm is a population based SI approach with agents that we call cells. Each
cell has a basic life cycle of composed of six processes; birth, movement, signalling,
reproduction, mutation and finally death. In each iteration of the algorithm, the cells

perform decision making and actions based on the status of their local environment.
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and explore the search space for more iterations. This effectively increases the
radius of search for the colony, increasing the probability that new locations of
high fitness may be discovered due exploration farther away from the center of

the colony.

Sensitivity to chemoattractants (cell*e"s4):

is the sensitivity to chemoat-
tractants within the viewing radius. As this variable changes, there will greater
or less sensitivity to attractants in the environment. Mutations of this variable
will allow the cells to ignore chemotactic signals in very high severity environ-
ments as the chemotactic map is continually out of date. The opposite is also
true in that in environments with low severity, the chemotactic signals in the
environment will accurately denote the fitness of the locations. And so, cells

with a high sensitivity will quickly move towards the area of high fitness and

reproduce more frequently then those who do not.

Sensitivity to chemorepellents (cell*¢"T0R ). ig the sensitivity to chemore-
pellents within the viewing radius. This has the opposite effect of chemoattrac-

tants and will serve to push the cells away from high density locations.

Randomness of Movement (I" ): represents how random the movement of the
cell is at it moves in a direction. In certain environments, it may be beneficial
to only move in on direction instead of an exploratory random walk. In this
case, a reduction to the randomness of movement will aid the cells to track the

optima.

Birth Radius (cellPirthRadius). This is the euclidean distance away that a
offspring can be born from its parent. Depending on the environment, this may
also play an important role by affecting the where reproduction will occur. In
environments of high severity, having a larger birth radius will allow for cells to

be born in or slightly ahead of a moving optima.
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scaling and normalizing. The ExtendedRandom class is responsible for all of the
random methods including one for the Cauchy Distribution. The final class that we
discuss in this package is the Function Interface. This class defines an interface so
that any function can quickly be added to the function list by simply implementing
the interface. This is the function that we want to optimize during our optimization
process. Designing at this level of abstraction is very powerful as it can allow users to
define very complicated fitness functions. For example, during the later stages of the
programming, we implemented a fitness function whose goal was to return how well
our optimizer performed over a test with a given set of parameters. In other words,
we were able to run the optimizer on itself to discover a set of good initial parameters.

The data structures supporting the system are the KDTree and the FastArray
that are found in the package ca.log2n.gav.ds. These data structures are used to
maintain the list of cells and chemoattractants in the search space.

Finally, the ca.log2n.gav.asrs.utils package contains the classes required to test
the system. The Statistic class needs to be able to keep track of the information
regarding the status of the cells at each iteration. The statistic groups the infor-
mation into two sections being optimization progress, and genome status. For the
optimization progress, the statistic class keeps track of the maximum, minimum, av-
erage, variance and standard deviation of both position and fitness. The statistic
class also keeps track of the average, variance and standard deviation regarding the
cells genome characteristics.

The log class has the role of writing status information collected by the Statistics

class to file.
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must be capable of tracking optima through the search space that is continually chang-
ing. As microbiological organism live and perform a type of optimization know as
foraging, their characteristics of self-organization, adaptation and the process of nat-
ural selection have shown to be effective in our implementation of a DO algorithm.

We compared the effectiveness of our algorithm against another state of the
art algorithm in a series of tests on the multi-modal function Ackley. Our results
was very impressive outperforming the other algorithm in all tests of difficulty. At
lower speeds, our swarm performed comparably. However, as the speed increased, we
were able to track optima moving at speeds three time greater then what had been
previously achieved.

The main reason for the gain in performance was the mutation of the genome
contained in each cell. Successful mutations allowed cells to better track the optima
by the modification of their step size, viewing radius, maximum age, randomness of
movement as well as their sensitivity to attractants and repellents in the environment.
As the cells ability to locate and track the optima was increased through mutation,
their likelihood of reproducing was also increased. This resulted in the entire swarm
taking on successful characteristics that allowed it to better track moving optima
through the search space. The Microbiological inspired swarm continually showed its
adaptability in finding novel solutions to the dynamic optimization problem.

And so at the time of writing, with no known algorithms having performed
DO using a Microbiological inspired swarm. It would appear that this work is an

important and powerful proof of concept that has advanced the state of the art in

DO.
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Appendix A
Source Code

Within this section is listed some of the core source files used to implement our system.
Many files have been omitted due to their size. The complete source for this project
can be found at http://gav.log2n.ca/research/

A.1 Data Structures Package(ca.log2n.gav.ds)

A.1.1 KDTree Class

package ca.log2n.gav.ds.kdtree;
import java.util.Iterator;
import ca.log2n.gav.ds.FastArray;
import ca.log2n.gav.maths.geometry.Point;
public class KDTree<T> {
KDNode root;
int size;
// private ArrayList list;
private FastArray<T> list;
public KDTree() {
root = null;
size = 0;
// list =new ArrayList();
list = new FastArray<T>(200);

}

public void insert (Point point, T value) {

// insert into array.

list .add(value);

if (root = null) {
root = new KDNode(0, point, value);
size++;
return;

}

put(root , point, value);

size++;

}

private void put(KDNode node, Point point, T value) {




if (node.compareTo(point) > 0) // if the point is greater
then our node
// position

{
// move right

if (node.getRight () != null)
put (node. getRight () , point, value);
else
node.setRight (new KDNode<T>(getNextDiscriminator (node),
point ,
value));
} else if (node.compareTo(point) <= 0) {
// move left
if (node.getLeft () != null)
put (node. getLeft (), point, value);
else
node . setLeft (new KDNode<T>(getNextDiscriminator (node),
point ,
value));
}
}
private int getNextDiscriminator (KDNode node) {
if (node.discriminator + 1 >= node.getPoint () .getDim())
return 0;
return node. discriminator + 1;

}

public Iterator <> getRange(Point point, double radius) {
// List<T> list = new LinkedList();
FastArray<T> alist = new FastArray<T>(this.size);
if (root != null)
rangeSearch (root, point, radius, alist);
return alist.iterator ();
}
public FastArray<T> getRangeAsFastArray (Point point, double
radius) {
// List<T> list = new LinkedList();
FastArray<T> alist = new FastArray<T>(this.size);
if (root != null)
rangeSearch (root, point, radius, list);
return list;
}
private void rangeSearch (KDNode node, Point point, double
radius ,
FastArray list) {
// is node within range?
if (radius > node.getPoint () .distanceFrom (point))
list .add (node.getValue());
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// check left and right trees.
if (node.getLeft () != null)
if (node.compareLeft (point, radius)) // nodes to left are
within
// range
rangeSearch (node. getLeft (), point, radius, list);
if (node.getRight () != null)
if (node.compareRight(point, radius))
rangeSearch (node.getRight (), point, radius, list);
}
public Iterator <> BreadthFirstEnumeration() {
FastArray<I> list = new FastArray<T>(this.size);
if (this.size > 0)
BreadthFirstTraversal (root, list);
return list.iterator ();
}
public Iterator<I> DepthFirstEnumeration () {
FastArray<I> list = new FastArray<T>(this.size);
if (this.size > 0)
DepthFirstTraversal (root, list);
return list.iterator ();

}

private void DepthFirstTraversal (KDNode node, FastArray<I> list
) A
if (node.getLeft () != null)
DepthFirstTraversal (node.getLeft (), list);
if (node.getRight () != null)
DepthFirstTraversal (node.getRight (), list);
list .add ((T) node.getValue());

private void BreadthFirstTraversal (KDNode node, FastArray<T>
list) {
list .add ((T) node.getValue());
if (node.getLeft () != null)
DepthFirstTraversal (node.getLeft (), list);
if (node.getRight () != null)
DepthFirstTraversal (node.getRight (), list);
}

public Iterator<I> getLastTraveral() {
return list.iterator ();
}
public T[] toArrayBreadthFirstTraversal () {
FastArray<T> list = new FastArray<T>(this.size);
if (this.size > 0)
BreadthFirstTraversal (root, list);
return (T[]) list.toArray();
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public T[] toArrayDepthFirstTraversal() {
FastArray<I> list = new FastArray<I>(this.size);
if (this.size > 0)
DepthFirstTraversal (root, list);
return (T[]) list.toArray();

public int size () {
return size;
}
}

A.1.2 KDNode Class

package ca.log2n.gav.ds.kdtree;
import ca.log2n.gav.maths.geometry.Point;
public class KDNode<T> {
int discriminator; // is the dimension used for comparing
Point point; // is an point describing the location of the node
T value; // is the value of the node.
KDNode left ;
KDNode right ;
final int LEFT;
final int RIGHT;
/*
* KDNODE
*/
Vi
x default constructor
*/
public KDNode(int discriminator , Point point, T value) {

this.discriminator = discriminator;
this.point = point;

this.value = value;

left = null;

right = null;

LEFT = —1;

RIGHT = 1;

}
Vi

* compares one node to another using the discriminant of the
current node.
*/
public int compareTo(Point point) {
if (this.point.getDiscriminant (discriminator) < point
.getDiscriminant (discriminator))
return 1;




if (this.point.getDiscriminant (discriminator) > point
.getDiscriminant (discriminator))
return —1;
// not less then or greater must be equal
return 0;

}
Vi

* compares a node within a range

*

* @param point

* the center of the point
* @param radius

* of the node

*
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@return true if the current node is within the radius of the

point, false
* otherwise

public int compareTo(Point point, double radius) {
if (this.point.getDiscriminant (discriminator) + radius <
point
.getDiscriminant (discriminator))
return 1;
if (this.point.getDiscriminant (discriminator) + radius >
point
.getDiscriminant (discriminator))
return —1;
// not less then or greater must be equal
return 0;

}

Vi

x checks to see if a point is within a give radius from this
point

@param point
@param radius
@return true is the point is within range of the radius to
the right,
* false otherwise
*/
public boolean compareRight (Point point, double radius) {
if (this.point.getDiscriminant (discriminator) + radius <
point
.getDiscriminant (discriminator))
return false;
return true;

}
Vi




x checks to see if a point is within a give radius from this
point

@param point
@param radius
@return true is the point is within range of the radius to
the left,
false otherwise

* ¥ K ¥

*
*/
public boolean compareLeft(Point point, double radius) {
if (this.point.getDiscriminant (discriminator) — radius >
point
.getDiscriminant (discriminator))
return false;
return true;
}
public void setDiscriminator (int discriminator) {
this.discriminator = discriminator;
}
public int getDiscriminator () {
return discriminator;
}
public Point getPoint () {
return point;
}

public T getValue() {
return (T) value;

}

public void setPoint (Point point) {
this.point = point;

}

public void setValue(T value) {
this.value = value;

}

public void setLeft (KDNode left) {
this.left = left;

}

public KDNode getLeft () {
return left ;

}

public void setRight (KDNode right) {
this.right = right;

}

public KDNode getRight () {
return right;

}

public String toString () {
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return ”Discriminator: ” + this.discriminator + ” Point: ”
+ point.toString () + ” Value: ” + value.toString();

A.1.3 FastArray Class

package ca.log2n.gav.ds;
import java.util.Iterator;
public class FastArray<I> {

private T[] array;
Vi
x represents the inder of the last element in the array set to
public
* status so no method call is required.
*/
public int last;
public FastArray(int size) {
array = (T[]) new Object|[size ];
last = —1;
}
public T at(int index) {
return array [index|;

}

Vi

x \ simple add at tail
*

*x @param obj

*/

public void add(T obj) {

last++;

if (last < array.length) {
array [last] = obj;

} else {
doubleArray () ;
array [last] = obj;

}
}
Vi
* nice and quick delete operator assumes ordering of array is
not important
* places elements at position last to position i essentially
deleting 1
from the array.

* ¥

*

@param i




* the cell you want to delete
*/
public void delete(int i) {
if (i > -18&% i < last + 1) {
array[i]| = array|[last];
last ——;
} else {
throw new IndexOutOfBoundsException (”"INDEX: ” + i + ”"LAST:
7 4+ last);
}
}

public void doubleArray () {
T[] temp = (T[]) new Object[array.length x 2];
for (int i = 0; i < array.length; i++)
temp[i] = array[i];
array = temp;

}

public int size() {
return last + 1;

}

public Iterator iterator () {
return new FastArraylterator () ;
}

public T[] toArray() {
return array;
}

Vi
x Iterator for the class.
*

* Q@Qauthor Gav

*
v/
public class FastArraylterator<I> implements Iterator {
int in = —1;
public int size () {
return last + 1;
}
public boolean hasNext () {
return in < last;
}
public void remove() {
delete (in);
}
public T next() {
return (T) at(++in);

}

}
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A.2 Optimizer
Package(ca.log2n.gav.asrs.optimizer)

A.2.1 Optimizer Class
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package ca.log2n.gav.asrs.optimizer;
import java.util.ArrayList;
import java.util.Iterator;
import ca.log2n.gav.asrs.swarm. Cell;
import ca.log2n.gav.asrs.swarm.Genome;
import ca.log2n.gav.asrs.swarm.ChemoAttractants;
import ca.log2n.gav.ds.kdtree.KDTree;
import ca.log2n.gav.maths.geometry.Point;
import ca.log2n.gav.maths.random.ExtendedRandom ;
import ca.log2n.gav.utils.log.Log;
import ca.log2n.gav.utils.log.Statistics;
public class Optimizer {

Log log;

boolean login = true;

Environment env;

ExtendedRandom rand;

int iterationCount;

int maxIterations;

// Data Structures.

KDTree<Cell> cells;

KDTree<ChemoAttractants> ChemoAttractants;

// Opt Settings.

int maxcells;

int mincells;

// function options

boolean maximize;

boolean active;

boolean usingChemoAttractant

boolean usingBirths;

boolean usingCellDensity ;

boolean usingMutations;

boolean usingChemoAttractantAbsorbtion;

boolean usingFixedIterations;

boolean usingHarshness;

boolean usingStats;

Statistics stats;

double dPheremoneScale;

double dDensityScale;

double movementScale;

double harshness;

// enviromnent stats.

double dMaxHeight;
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double dMinHeight ;

double dDeltaHeight ;

Point pAvgPosition;

double dAvg;

double dSum;

public Optimizer (Environment env, boolean maximize, int

mincells ,
int maxcells) {
this.env = env;

// this.mazimize = mazimize; // / mazimize or minimize??
this . maximize = false;

this.maxcells = maxcells;
this. mincells = mincells;
active = false;

cells = new KDTree<Cell >();
this.maxcells = maxcells;

ChemoAttractants = new KDTree<ChemoAttractants >();
// log = new Log();
usingChemoAttractant = true;
usingBirths = true;
usingCellDensity = false;
usingMutations = true;
usingChemoAttractant Absorbtion = false;
usingFixedIterations = false;
usingHarshness = true;
usingStats = false;
// stats = new Statistics(env, this, "trial 07);
maxIterations = 400;
dPheremoneScale = 1;
dDensityScale = 1;
movementScale = 1;
harshness = .7;
dMaxHeight = 0;
dMinHeight = 0;
dDeltaHeight = 0;
pAvgPosition = new Point(env.getEnvironmentSize () .getDim());
dAvg = 0;
dSum = 0;
rand = new ExtendedRandom (System.nanoTime());
initialize ();

}

public void initialize (Genome g) {
Point envSize = env.getEnvironmentSize () ;
for (int i = 0; i < mincells + 1; i++) {

Point randomPoint = new Point(envSize.getDim());
for (int j = 0; j < env.getEnvironmentSize().getDim(); j++)

{
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randomPoint . setDiscriminant (j, envSize.getDiscriminant(j)
x rand.nextFloat ());
}
Cell cell = new Cell (randomPoint, g);
cell .name = 1 + 77;
initPoint = randomPoint;
cells.insert (randomPoint, cell);
}

}
Point initPoint;
public void initialize () {

initialize (new Genome());

}

public void update() {

if (usingFixedIterations && maxIterations < iterationCount) {
return;

}

iterationCount+-+;

env.update () ;

Point tempPosition = new Point(env.getEnvironmentSize ().
getDim () ) ;

double iterationSum = 0.0;

// update each cell position

//

// / looking at ChemoAttractants

// —> cell absorbs pheremone from env.

// /= cell releases(relays) pheronome at area ( effect
lessen

// attraction to an area )

// / looking at cell density.

// —> avoid high areas??

// —> reproduce or not. ( too much density implies no
reproduction )

// (effect rep probabilty)

// having cells unable to move serves no purpose.

// reproduce if conditions adequate.

// —> mutation rate based on env.

// — lower fitness mutate more with greater severity.

// updating ChemoAttractant

// —> radius increases as time passes

// —> strenght diminshes with time(based on radius)?

// history of env.

// if change drastic??

// probability of death based on env? Not just Higher
mutation rates?

// REQUIRED

Tterator<Cell> cellArray;
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Tterator <ChemoAttractants> pheArray;
// FOR EACH ChemoAttractant GET THE LIST OF CELLS WITHIN VIEW

// ADD SOME RANDOMNESS TO THE UPDATE SEQUENCE
// helps keep KD-Tree’s balanced.
float ran = rand.nextFloat ();
if (ran > 0.85) {
cellArray = cells.BreadthFirstEnumeration () ;
pheArray = ChemoAttractants. BreadthFirstEnumeration () ;
} else if (ran > 0.65) {
cellArray = cells.DepthFirstEnumeration () ;
pheArray = ChemoAttractants. DepthFirstEnumeration () ;
} else {
cellArray = cells.getLastTraveral();
pheArray = ChemoAttractants. getLastTraveral ();

// CALCULATE FITNESS, and EXAMINE AREA FOR REPRODUCTION DUE
TO DENSITY
int count = 0;
int id = 0;
while (cellArray.hasNext()) {
double fitness;
// get current cell
Cell currCell = cellArray .next () ;
// get its fitness
fitness = env.fitnessAt (currCell.getCurrentLocation ());
currCell.setCurrentFitness (fitness);
iterationSum += fitness; // used for stats.
// ASSUME MIN AND MAX HEIGHT ARE THE VALUE OF THE FIRST
CELL.
if (count = 0) {
this.dMaxHeight = env.fitnessAt (currCell.
getCurrentLocation ());
this.dMinHeight = env.fitnessAt (currCell.
getCurrentLocation ());
count—++;
}
// do enviromnent check
if (fitness > this.dMaxHeight)
this.dMaxHeight = fitness;
if (fitness < this.dMinHeight)
this.dMinHeight = fitness;
}

dSum += iterationSum / (float) cells.size ();

ArrayList<Cell> birthsArray = new ArrayList();

ArrayList <ChemoAttractants> newChemoAttractantDropArray =
new ArrayList () ;
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// / because the iterator in FastArray is implemented simply,
getting
// another iterator is wvery inezpensive
cellArray = cells.getLastTraveral();
pheArray = ChemoAttractants.getLastTraveral ();
// caculate the delta height(delta-maz)
dDeltaHeight = this.dMaxHeight — this.dMinHeight;
while (cellArray.hasNext()) {
// grab object we need during this iteration
Cell currCell = cellArray .next () ;

Genome currGenome = currCell.getGenome() ;
Point movementVector = currCell.getMovementVector () ;
Point currPosition = currCell.getCurrentLocation () ;

// / the three invluences to our movement vector.
Point pChemoAttractantVector = new Point (env.
getEnvironmentSize ()
.getDim () ) ;
Point pDensityVector = new Point(env.getEnvironmentSize () .
getDim () ) ;
double rating;
// IF WE ARE MAXIMIZING THE ENVIRONMENT or min — calculate
the
// rating for the cell.
if (maximize)
rating = (currCell.getCurrentFitness () — this.dMinHeight)
/ this.dDeltaHeight;
else
rating = (this.dMaxHeight — currCell.getCurrentFitness())
/ this.dDeltaHeight;
// evaluate location and drop ChemoAttractant..
if (rand.nextFloat() < rating) // ChemoAttractant

{
ChemoAttractants p = currCell.getChemoAttractantDrop () ;
p.setCurrValue(p. getInitialValue () * rating);
newChemoAttractantDropArray .add(p) ;
}
// construct chemoattractant vector
if (usingChemoAttractant) {
Tterator <ChemoAttractants> phe = ChemoAttractants.
getRange (
currCell . getCurrentLocation (), currCell.getGenome ()
.getViewingRadius () ) ;
pChemoAttractantVector = new Point(env.getEnvironmentSize
0
.getDim () );
while (phe.hasNext()) {
ChemoAttractants p = phe.next();
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// get vector from cell to ChemoAttractant
Point diff = p.getLocation().clone();
diff.sub(currPosition);
diff.normalize(); // bring back to 1
diff.scale(p.getCurrValue()); // adjust scale
// appropriately with
// randomness
pChemoAttractantVector.add (diff);
}// end inner while
pChemoAttractantVector.normalize () ;
pChemoAttractantVector.scale (currCell . getGenome ()
.getChemoAttractantSensitivity ());
currCell .setPChemoAttractantVector (pChemoAttractantVector

);// keeps
// track

// of last
// ChemoAttractant

// movement (

// DOES NOT

// INFLUENCE

// MOVEMENT!!)

}// end if there are more cells.

// construct cell density vector( equivalent of
chemorepellent.

if (usingCellDensity) {

Iterator<Cell> near = cells.getRange(currCell
.getCurrentLocation (), currCell.getGenome ()
.getViewingRadius () ) ;

Point diff;

pDensityVector = new Point(env.getEnvironmentSize ().

getDim () ) ;

while (near.hasNext()) {

diff = currPosition.clone();
diff.sub(near.next().getCurrentLocation ());
pDensityVector.add(diff);

}

}

// update position

pChemoAttractantVector.scale (dPheremoneScale) ;

movementVector .add (pChemoAttractantVector) ;

pDensityVector.scale(dDensityScale);

movementVector .add (pDensityVector) ;

// get gaussian movement

currCell .moveGaussian (currCell . getGenome ()
.getRandomnessOfMovement () ) ;

// scale and move
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movementVector.scale ((currCell.getGenome () . getMovementStep
0));
currCell.setCurrentLocation (env.addPoints (currCell
.getCurrentLocation (), currCell.getMovementVector()));
movementVector. scale (30) ;
if (usingBirths) {
currCell.liveALittle () ;
double probabilityOfLife = (currCell.
getLifeStepsRemaining () / currCell.getGenome () .
getLifeSteps () );
//double probabilityOfLife = rating;
if (usingHarshness) {
probabilityOfLife = harsh(harshness, probabilityOfLife)

)

}
if (rand.nextFloat() > probabilityOfLife) {

// kill off cell.

if (cells.size() > this.mincells) {
if (usingBirths)
currCell.setLifeStepsRemaining (0);
}

¥
double birthsPerCell = 1;

// if (usingHarshness) {
// birthsPerCell = (mazcells — cells.size())

// / (double) cells.size();
//}
for (int i = 0; i < birthsPerCell; i++) {
if (rand.nextFloat() < rating) // reproduce???

{

if (this.maxcells > cells.size() + birthsArray.size ()
) {
Cell offSpring = currCell.clone();
// create new offspring
// mutate offspring as required.
// add to bithing array
offSpring .setCurrentLocation (env.addPoints(
offSpring . getCurrentLocation (), env
.getRandomPoint (currGenome
.getDBirthRadius () )));
// mutate offspring
if (usingMutations)
if (rand.nextFloat () < harsh(10, 1 — rating)) //
mutate

// cell
{

offSpring . getGenome () . mutate () ;
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}
// add into birthArray

birthsArray.add(offSpring);

}
}
}
}

// mutate based on environmental stress
if (usingMutations)
if (rand.nextFloat () < harsh(4, 1 — rating)) // mutate
cell
{

currGenome . mutate () ;

}

// if(login)

// log.log(” Before: "+currCell.getCurrentLocation() + ”
Moving : 7 +

// movementVector);

// currCell.setCurrentLocation (env.addPoints(currCell.
getCurrentLocation (),

// currCell. getMovementVector()));

// if(login)

// log.log(” After: "+currCell. getCurrentLocation());

//

// tempPosition.add(currCell. getCurrentLocation());

if (usingStats)

stats.collectStats () ;

[/ Yog.log (/1111111111111 7770 177D s

// log.log(” Cells: "+ this.cells.size() + 7 Births: ” +

// birthsArray.size());

// log.log("Min: "+ this.dMinHeight+”,” + this.env.
getDMinFound () ) ;

// log.log(”Maz: "+ this.dMazHeight+”,”+this.env.getDMazFound
() );

// log.log(” Delta: 7+ this.dDeltaHeight);

// log.log(” ChemoAttractant: ” + this.ChemoAttractants. size ()

+ 7 new:

// _/_’I +

// newChemoAttractantDropArray. size ());

// GET READY FOR NEXT ITERATION

cellArray = cells.getLastTraveral();

//

// MOVEMENT VECTOR OF EACH CELL MUST BE SET TO ZERO

// DELETE ANY DEAD CELLS

//

KDTree<Cell> tempTree = new KDTree() ;




75

while (cellArray.hasNext()) {
Cell currCell = cellArray .next();
if (currCell. getLifeStepsRemaining() > 0)
tempTree. insert (currCell.getCurrentLocation (), currCell);
}

for (int i = 0; i < birthsArray.size(); i++)
tempTree. insert (birthsArray.get(i).getCurrentLocation (),
birthsArray.get(i));
cells = tempTree;
pheArray = ChemoAttractants.getLastTraveral ();
KDTree<ChemoAttractants> tempChemoAttractants = new KDTree() ;
while (pheArray.hasNext()) {
ChemoAttractants p = pheArray.next () ;
if (p.getCurrValue() > p.getValueLimit()) {
p.update () ;
tempChemoAttractants. insert (p. getLocation (), p);

}

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

{
tempChemoAttractants. insert (newChemoAttractantDropArray . get
(1)
.getLocation () , newChemoAttractantDropArray.get(i));
}
ChemoAttractants = tempChemoAttractants;
// update average positions
pAvgPosition.scale(0); // reset Avg point
tempPosition.scale(l / (float) cells.size()); // get avg
pAvgPosition.add (tempPosition);

}

public void dolteration (int n) {

iterationCount = 0;

this.usingFixedIterations = true;

this. maxIterations = n;

while (this.hasMorelterations())
update () ;

}

public Iterator getCells() {
return cells.getLastTraveral();
}

public Iterator getChemoAttractant() {
return ChemoAttractants.getLastTraveral ();
}

public boolean isActive() {
return active;
}

public void performStep () {
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update () ;
active = false;
}
public void resetOpt () {
cells = new KDTree<Cell >();
ChemoAttractants = new KDTree<ChemoAttractants >();
// log = new Log();
rand = new ExtendedRandom (System.currentTimeMillis());
initialize ();
iterationCount = 0;
dSum = 0;

}

public void resetOpt (Genome g) {
cells = new KDTree<Cell >();
ChemoAttractants = new KDTree<ChemoAttractants >();
// log = new Log();
rand = new ExtendedRandom (System.nanoTime());
initialize (g);
iterationCount = 0;
dSum = 0;
// stats = new Statistics(env, this, "trial 07);

}

public void setActive (boolean active) {
this.active = active;
}

public boolean getActive () {
return this.active;
}

public void updateCells() {
}
public Point createRandomMovement(Cell cell) {
Point point;
if (cell.getGenome () .getRandomnessOfMovement () > rand.
nextDouble()) {
point = env.getRandomPoint (1) ;
point.normalize () ;
return point;
}
Point p = new Point(env.getEnvironmentSize () . getDim () );
return p;

}
public double getAvg() {

return dSum / (float) iterationCount;
}

public double getDeltaHeight () {
return dDeltaHeight;
}




public void setDeltaHeight (double deltaHeight) {
dDeltaHeight = deltaHeight;
}

public double getMaxHeight () {
return dMaxHeight;

}

public void setMaxHeight (double maxHeight) {
dMaxHeight = maxHeight;

}

public double getMinHeight () {
return dMinHeight;

}

public void setMinHeight (double minHeight) {
dMinHeight = minHeight;

}

public int getIterationCount () {
return iterationCount;
}
public void setIterationCount (int iterationCount) {
this.iterationCount = iterationCount;
}
public boolean hasMorelterations () {
if (usingFixedIterations && maxIterations > iterationCount)
return true;
return false;

}

public int getMaxcells() {
return maxcells;

}

public void setMaxcells(int maxcells) {
this . maxcells = maxcells;

}

public boolean isMaximize () {
return maximize;

}

public void setMaximize (boolean maximize) {
this.maximize = maximize;

}

public int getMincells () {
return mincells;

}

public void setMincells(int mincells) {
this.mincells = mincells;

}

public boolean isUsingBirths () {
return usingBirths;

}
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public void setUsingBirths(boolean usingBirths) {
this.usingBirths = usingBirths;

}

public boolean isUsingCellDensity () {
return usingCellDensity ;

}

public void setUsingCellDensity (boolean usingCellDensity) {
this.usingCellDensity = usingCellDensity;

}

public boolean isUsingChemoAttractant () {
return usingChemoAttractant;

}

public void setUsingChemoAttractant (boolean
usingChemoAttractant) {
this.usingChemoAttractant = usingChemoAttractant;

}

public boolean isUsingMutations() {
return usingMutations;

}

public void setUsingMutations (boolean usingMutations) {
this.usingMutations = usingMutations;

}

public Genome getlnitialGenome () {
return new Genome () ;

}

public boolean isUsingChemoAttractantAbsorbtion () {
return usingChemoAttractantAbsorbtion;

}

public void setUsingChemoAttractantAbsorbtion (

boolean usingChemoAttractantAbsorbtion) {
this.usingChemoAttractantAbsorbtion =
usingChemoAttractant Absorbtion;
}

public int getCellCount () {
return cells.size();

}

public int getChemoAttractantCount () {
return ChemoAttractants.size () ;

}

public Point getPAvgPosition () {
return pAvgPosition;

}

public void setPAvgPosition(Point avgPosition) {
pAvgPosition = avgPosition;

}

public int getMaxIterations() {
return maxlterations;
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}

}

public void setMaxIterations(int maxIterations) {

this. maxIterations = maxIterations;

}

public boolean isUsingFixedIterations () {
return usingFixedIterations;

}

public void setUsingFixedIterations (boolean
usingFixedIterations) {
this.usingFixedIterations = usingFixedIterations;

}

public double harsh(double scale, double prob) {
return Math.exp(scale * prob) / Math.exp(scale);

}

public double Invharsh(double scale, double prob) {
return scale * Math.log(prob * 100) / Math.log (100);

}
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A.2.2 Environment Class

package ca.log2n.gav.asrs.optimizer;

import java.util.Iterator;

import java.util.Random;

import java.util.Scanner;

import java.util.regex.Pattern;

import ca.log2n.gav.ds.kdtree.KDNode;

import ca.log2n.gav.ds.kdtree.KDTree;

import ca.log2n.gav.maths. functions.Function;
import ca.log2n.gav.maths.geometry.Point;

public class Environment {

Function fitnessFunction;

double dMaxFound;

double dMinFound;

Point movementVector;

Point translationVector;

Point environmentSize;

Point randomMovementVector;

Point tempPoint;

Random rand;
KDTree<EnvironmentModifier> environmentModifiers;
KDTree cells;

double dSeverity;

double dRandomnessOfEnv;

double dRandomnessOfMovementVector;
int iUpdateFrequency;




int count;

Vi

*

default constructor

@param environmentSize
point with the dimensions of the env from the

* ¥ ¥

origin
@param FitnessFunction
* ¢ function to evalutate any give location within
the env.
@param cells
a tree containing the cells in the environment.
22 NEEDED?
*/
public Environment(Point environmentSize, Function
FitnessFunction /*x

*

*  *

* 2

* KDTree

* cellsx

*/

) {

this.environmentSize = environmentSize;
this.fitnessFunction = FitnessFunction;
movementVector = new Point(environmentSize.getDim());
translationVector = new Point(environmentSize.getDim());
randomMovementVector = new Point (environmentSize.getDim());
dRandomnessOfMovementVector = 0.0;
dRandomnessOfEnv = 0.01;
environmentModifiers = new KDTree<EnvironmentModifier >();
// this.cells = cells;
dSeverity = 1;
iUpdateFrequency = 0;

count = 0;
rand = new Random (System.currentTimeMillis());
dMaxFound = —99999999999d;

dMinFound = 999999999999d;
}
public double fitnessAt (Point point) {
// calc fitness from raw env
tempPoint = this.addPoints(point, translationVector);
// add point to translationVector
double fitness = fitnessFunction.evaluate (tempPoint);
// scale env due to modifiers.
// this is ugly and needs to be changed.
if (environmentModifiers.size () > 0) {
Iterator it = environmentModifiers.BreadthFirstEnumeration

0O;
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double effect = 0.0;
while (it.hasNext()) {
effect += ((EnvironmentModifier) (it.next()))
.calculateEffect (point);
}

// return fitness + fitnessxeffect;
fitness *= effect;

}

if (fitness > this.dMaxFound)
dMaxFound = fitness;

if (fitness < this.dMinFound)
dMinFound = fitness;

return fitness;

}

public void update() {

if (count < iUpdateFrequency) {
count—++;
return;
} else {
count = 0;
}
// update where we are moving the environment
translationVector = addPoints(translationVector,
movementVector ) ;
if (this.dRandomnessOfEnv > rand.nextFloat()) {
if (rand.nextDouble() < this.dRandomnessOfEnv) {
Point center = this.getRandomPoint (1) ;
double radius = rand.nextDouble() / 100;
double scale = 0.5;
double severity = 3.2;
this.environmentModifiers
.insert (center , new EnvironmentModifier (center ,
radius ,
scale, severity));

}
}

translationVector = addPoints(translationVector,
this .randomMovementVector) ;
KDTree tmpTree = new KDTree() ;
Iterator it = this.environmentModifiers.
BreadthFirstEnumeration () ;
while (it.hasNext()) {
// update point
// add into new tree
EnvironmentModifier m = (EnvironmentModifier) it.next();
Point tmpPoint = m. center;
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tmpPoint = addPoints(tmpPoint, this.translationVector); //

update
// point
m. center = tmpPoint;

tmpTree. insert (tmpPoint, m); // insert into tree

}
environmentModifiers = tmpTree;
}
Vi
x Adds points together and ensures the result is within the
range of the
search space

@param pointl
@param point2
@return

* ¥ ¥ X ¥

*/
public Point addPoints(Point pointl, Point point2) {
Point newPoint = pointl.clone();
newPoint .add (point2);
for (int i = 0; i < environmentSize.getDim(); i++) {
if (newPoint.getDiscriminant (i) > environmentSize
.getDiscriminant (i))
newPoint . setDiscriminant (i, newPoint. getDiscriminant (i)
— environmentSize. getDiscriminant (i));
else if (newPoint.getDiscriminant (i) < 0)
newPoint . setDiscriminant (i, newPoint. getDiscriminant (i)
+ environmentSize. getDiscriminant (i));

}

return newPoint;
}
public void addEnvironmentModifier (Point center , double radius,
double scale, double severity) {
this.environmentModifiers. insert (center , new
EnvironmentModifier (
center , radius, scale, severity));

}

Vi

x sets the dimension of the environment.

*

* @param size

*/

public void setEnvironmentSize (Point size) {
this.environmentSize = size;
this.fitnessFunction.setDimensions (size);

}
Vi




x sets the dimension of the environment.
*
* @param size
*/
public void setEnvironmentSize (String text) {
this.environmentSize.setDiscriminants (text);
}

public Point getEnvironmentSize() {
return this.environmentSize;
}

public void setFitnessFunction (Function function) {
this.fitnessFunction = function;
this.environmentSize = function.getDimensions();

}

public Function getFitnessFunction () {
return this.fitnessFunction;
}

Vi

x sets the amont of movement per update in the environment
*

* @param point

* the amount of movement

*/

public void setMovementVector (Point point) {
this . movementVector = point;
}

Vi

x sets the amont of movement per update in the environment
*

* @param point

* the amount of movement

*/

public void setMovementVector (String text) {
this . movementVector.setDiscriminants (text);
}

Vi
x gets the amount of movement per update to the environment.
*
* Q@return
*/
public Point getMovementVector() {
return this.movementVector;
}

public void setTranslationVector (Point point) {
this.translationVector = point;
}

public Point getTranslationVector () {

83




84

return this.translationVector;

}
/*
x double dRandomnessOfEnv; double dSeverity; double
* dRandomessOfMovementVector;
*/
public void setRandomnessOfEnv(double var) {
dRandomnessOfEnv = var;
}
public double getdRandomnessOfEnv () {
return dRandomnessOfEnv ;
}
public void setSeverity (double var) {
dSeverity = var;
}
public double getdSeverity () {
return dSeverity;
}
public void setRandomessofMovementVector (double var) {
dRandomnessOfMovementVector = var;
}
public double getdRandomessofMovementVector () {
return dRandomnessOfMovementVector;
}
public int getUpdateFrequency () {
return iUpdateFrequency;
}
public void setUpdateFrequency (int updateFrequency) {
this.iUpdateFrequency = updateFrequency;
}
public Point getRandomPoint (double scale) {
Point n = new Point(this.environmentSize.getDim());
for (int i = 0; i < n.getDim(); i++) {
n.setDiscriminant (i, environmentSize.getDiscriminant (i)
*x rand .nextDouble () * scale);
if (rand.nextBoolean ())
n.setDiscriminant (i, environmentSize.getDiscriminant (i) x*

-1);

}

return n;

Vi
* resets the environment movement and translation , randomness
to zero.

*/

public void resetEnv () {




}

}
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o
=

is . movementVector = new Point (0, 0);

is.translationVector = new Point (0, 0);

this .dRandomnessOfMovementVector = 0;
this.environmentModifiers = new KDTree<EnvironmentModifier >()

o
=
w

)

public double getDMaxFound () {

}

return dMaxFound;

public void setDMaxFound (double maxFound) {

}

dMaxFound = maxFound;

public double getDMinFound () {

}

return dMinFound;

public void setDMinFound (double minFound) {

}

dMinFound = minFound;




A.3 Swarm Package(ca.log2n.gav.asrs.swarm)

A.3.1 Cell Class
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package ca.log2n.gav.asrs.swarm;
import java.util.ArrayList;
import java.util.Iterator;
import java.util.Random;
import ca.log2n.gav.maths.geometry.Point;
import ca.log2n.gav.maths.random.ExtendedRandom ;
public class Cell {
double dCurrFitness;
Point pCurrLocation;
Point pMovementVector;
Point pOldMovementVector;
Point pChemoAttractantVector;
Point pOldVector;
ExtendedRandom rand;
public String name;
double iLifeStepsRemaining;
Genome genome;
ArrayList ChemoAttractantList;
Vi
x constructs default cell for 2d movement with o default
genome.

*
*/
public Cell() {
this.dCurrFitness = 0;
this.pCurrLocation = new Point (0, 0);
this .pMovementVector = new Point (0, 0);
this.genome = new Genome() ;
this.iLifeStepsRemaining = genome. getLifeSteps () ;
this.rand = new ExtendedRandom (System .nanoTime());
pOldMovementVector = new Point (0, 0);
pChemoAttractantVector = new Point (0, 0);

}
Vi

x Constructor for a given point with a given Genome.
*

* @param currLocation

*x @param genome

*/

public Cell(Point currLocation, Genome genome) {
this.dCurrFitness = 0;
this.pMovementVector = new Point (0, 0);
pCurrLocation = currLocation;




o
=
e
w

.genome = genome;
.iLifeStepsRemaining = genome. getLifeSteps () ;
.rand = new ExtendedRandom (System .nanoTime());
is.rand.setB(0.2);
pChemoAttractantVector = new Point (0, 0);
}
public Cell(Point currLocation, Genome genome, ExtendedRandom
rand) {
this.dCurrFitness = 0;
this .pMovementVector = new Point (0, 0);
pCurrLocation = currLocation;
this.genome = genome;
this.iLifeStepsRemaining = genome. getLifeSteps () ;
this.rand = rand;
pChemoAttractantVector = new Point (0, 0);

}
Vi
* STORES A FITNESS VALUE... DOES NOT RE-EVALUTAT THE FITNESS
FROM THE

o
=
e
w

o
=
e
w

o
=
w

*
* @param wval

*
*/
public void setCurrentFitness (double val) {
this.dCurrFitness = val;
}

public double getCurrentFitness() {
return this.dCurrFitness;
}

public void setCurrentLocation (Point val) {
this.pCurrLocation = val;
}

public Point getCurrentLocation () {
return this.pCurrLocation;
}

public void setMovementVector (Point val) {
this.pMovementVector = val;
}

public Point getMovementVector () {
return this.pMovementVector;
}

public void resetMovementVector () {
this .pMovementVector. reset () ;
}

Vi
*

the currnet fitness
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x @return the cells genome.
*/

public Genome getGenome () {
return genome;

}

public void setGenome(Genome genome) {
this.genome = genome;

}

public ArrayList getChemoAttractantList () {
return ChemoAttractantList;

}

public void setChemoAttractantList (ArrayList

ChemoAttractantList) {

this.ChemoAttractantList = ChemoAttractantList;

}

public void addChemoAttractant (ChemoAttractants p) {
this . ChemoAttractantList.add (p);

}

public Iterator getChemoAttractantlterator () {
return this.ChemoAttractantList.iterator ();

}

public ChemoAttractants getChemoAttractantDrop () {
return new ChemoAttractants(this.pCurrLocation.clone (),
genome
.getChemoAttractantRadius (), genome
.getChemoAttractantDropRate () , genome
.getChemoAttractantRemovalLimit () , genome
.getChemoAttractantExpansionRate () );

}

public double getLifeStepsRemaining () {
return iLifeStepsRemaining;

}

public void setLifeStepsRemaining (double lifeStepsRemaining) {
iLifeStepsRemaining = lifeStepsRemaining;

}

public void liveALittle () {
this.iLifeStepsRemaining ——;

}

public Point getOldMovementVector () {
return pOldMovementVector;

}

public void setOldMovementVector (Point oldMovementVector) {
pOldMovementVector = oldMovementVector
}

public Cell clone () {
return new Cell (this.pCurrLocation.clone (), genome.clone());

}
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}

Vi

* performs a movement according to a gaussian normal
distrbution for each

* dimension.

*
*/
public void moveGaussian() {
moveGaussian (1.0) ;

Vi

* performs a movement according to a gaussian normal
distrbution for each

* dimension.

*

*/

public void moveGaussian(double scale) {
for (int i = 0; i < this.pMovementVector.getDim(); i++)

pMovementVector . setDiscriminant (i, pMovementVector
.getDiscriminant (i)
+ rand.nextGaussian () * scale);

pMovementVector. normalize () ;

}

public Point getPOldMovementVector () {
return pOldMovementVector;

}

public void setPOldMovementVector (Point oldMovementVector) {
pOldMovementVector = oldMovementVector

}

public Point getPOldVector() {
return pOldVector;

}

public void setPOldVector (Point oldVector) {
pOldVector = oldVector;

}

public Point getPChemoAttractantVector () {

return pChemoAttractantVector;

}

public void setPChemoAttractantVector (Point
ChemoAttractantVector) {
pChemoAttractantVector = ChemoAttractantVector;

}
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A.3.2 Genome Class

’package ca.log2n.gav.asrs.swarm;
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import java.util.Random;
import ca.log2n.gav.maths. functions.ProbabilityFunction;
import ca.log2n.gav.maths.geometry.Point;
import ca.log2n.gav.maths.random.ExtendedRandom ;
public class Genome {
// TO THE GENOME
// ChemoAttractant SETTINGS
Vi
x controls how much ChemoAtiractant is to be dropped for in an
optimal
* condition
*/
double dChemoAttractantDropRate;
double dMutationRate_ChemoAttractantDropRate;
Vi
* controls how fast our ChemoAtiractant is ezpand.
*
/
double dChemoAttractantExpansionRate;
double dMutationRate_ChemoAttractantExpansionRate;
Vi
x controls the level when a ChemoAttractant should be removed
*
/
double dChemoAttractantRemovalLimit;
double dMutationRate_ChemoAttractantRemovalLimit ;
Vi
x controls how much a cell will absob from its environment;
*
/
double dChemoAttractantAbsortionRate;
double dMutationRate_ChemoAttractantAbsortionRate;
Vi
x controls how much a cell will absob from its environment;
*/
double dChemoAttractantRadius;
double dMutationRate_ChemoAttractantRadius;
Vi
x controls how sensitive the cell is to ChemoAtiractants
around it.
*/
double dChemoAttractantSensitivity;
double dMutationRate_ChemoAttractantSensitivity ;
// REPRODUCTION
Vi
* controls how likely a cell is to reproduce given the cell
density in its
* viewing radius.
*/

double dCellDensity _ReproductionRate;
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double dMutationRate CellDensity _ReproductionRate;

Vi

x controls how far a offspring can be born from its parent.
*/

double dBirthRadius;

double dMutationRate_BirthRadius;

// LIFE SPAN

Vi

* controls how long a cell is likely to live.. how many steps.
*/

double iLifeSteps;

double dMutationRate_iLifeSteps;

// MOVEMENT

Vi

* The Randomness of a Cells Movement

*/

double dRandomnessOfMovement ;

double dMutationRate_RandomnessOfMovement ;

ProbabilityFunction functionRandomMovement;

Vi

x The basic amount of a movement for any direction

*/

Point pMovementStep;

double dMutationRate_MovementStep;

Vi

x* How far a cell can sece.

*/

double dViewingRadius;

double dMutationRate_ViewingRadius;

public Genome() {
dChemoAttractantDropRate = 10; // 0
dMutationRate_ChemoAttractantDropRate = 0.00000000; // 1
dChemoAttractantExpansionRate = 0.5; // 2
dMutationRate_ChemoAttractantExpansionRate = 0.0;// &
dChemoAttractantRemovalLimit = 2.01; // 4
dMutationRate_ChemoAttractantRemovalLimit = 0.00; // §
dChemoAttractantAbsortionRate = 0.00; // 6
dChemoAttractantRadius = 1; // 7
dMutationRate_ChemoAttractantRadius = 0.000000; // 8
dMutationRate_ChemoAttractantAbsortionRate = 0.001;// 9
dChemoAttractantSensitivity = 0.001; // 10
dMutationRate_ChemoAttractantSensitivity = 0.0001; // 11
dCellDensity_ReproductionRate = 8; // 12
dMutationRate_CellDensity ReproductionRate = 0.0;// 18
dBirthRadius = 0.01; // 14
dMutationRate_BirthRadius = 0.001; // 15
iLifeSteps = 5; // 16
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dMutationRate_iLifeSteps = 0.001; // 17
dRandomnessOfMovement = 0.01; // 18
dMutationRate_RandomnessOfMovement = 0.001; // 19

this . functionRandomMovement = new ProbabilityFunction () ;
pMovementStep = new Point (0.020, 0.020); // 21
dMutationRate_MovementStep = 0.01; // 22

dViewingRadius = 0.10; // 23
dMutationRate_ViewingRadius = 0.001; // 24

*

~

L A B S B I R A P R B R S R I

@param ChemoAttractantDropRate

@param mutationRate_ChemoAttractantDropRate
@param ChemoAttractantEzpansionRate

@param mutationRate_ChemoAtiractantEzpansionRate
@param ChemoAttractantRemovalLimit

@param mutationRate_ChemoAttractantRemovalLimit
@param ChemoAtiractantAbsortionRate

@param mutationRate_ChemoAtiractantAbsortionRate
@param ChemoAttractantRadius

@param mutationRate_ChemoAtiractantRadius
@param ChemoAttractantSensitivity

@param mutationRate_ChemoAtiractantSensitivity
@param cellDensity_ReproductionRate

@param mutationRate_ CellDensity_ReproductionRate
@param birthRadius

@param mutationRate_BirthRadius

@param lifeSteps

@param mutationRate_iLifeSteps

@param randomnessOfMovement

@param mutationRate_ RandomnessOfMovement

@param functionRandomMovement

@param movementStep

@param mutationRate_MovementStep

@param viewingRadius

@param mutationRate_ ViewingRadius

*/

public Genome(double ChemoAttractantDropRate,
double mutationRate_ChemoAttractantDropRate,
double ChemoAttractantExpansionRate,

double mutationRate_ChemoAttractantExpansionRate,
double ChemoAttractantRemovalLimit ,

double mutationRate_ChemoAttractantRemovalLimit ,
double ChemoAttractantAbsortionRate,

double mutationRate_ChemoAttractantAbsortionRate,
double ChemoAttractantRadius,

double mutationRate_ChemoAttractantRadius,
double ChemoAttractantSensitivity,




}
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double mutationRate ChemoAttractantSensitivity,
double cellDensity_ReproductionRate ,
double mutationRate CellDensity_ReproductionRate ,
double birthRadius, double mutationRate_BirthRadius,
double lifeSteps , double mutationRate_iLifeSteps,
double randomnessOfMovement ,
double mutationRate RandomnessOfMovement ,
ProbabilityFunction functionRandomMovement, Point
movementStep ,
double mutationRate MovementStep , double viewingRadius,
double mutationRate ViewingRadius) {
super () ;
dChemoAttractantDropRate = ChemoAttractantDropRate;
dMutationRate_ChemoAttractantDropRate =
mutationRate_ChemoAttractantDropRate;
dChemoAttractantExpansionRate = ChemoAttractantExpansionRate;
dMutationRate_ChemoAttractantExpansionRate =
mutationRate_ChemoAttractantExpansionRate;
dChemoAttractantRemovalLimit = ChemoAttractantRemovalLimit ;
dMutationRate_ChemoAttractantRemovalLimit =
mutationRate_ChemoAttractantRemovalLimit ;
dChemoAttractantAbsortionRate = ChemoAttractantAbsortionRate;
dMutationRate ChemoAttractantAbsortionRate =
mutationRate_ChemoAttractantAbsortionRate;
dChemoAttractantRadius = ChemoAttractantRadius;
dMutationRate ChemoAttractantRadius =
mutationRate_ChemoAttractantRadius;
dChemoAttractantSensitivity = ChemoAttractantSensitivity;
dMutationRate_ ChemoAttractantSensitivity =
mutationRate_ChemoAttractantSensitivity;
dCellDensity _ReproductionRate = cellDensity_ReproductionRate;
dMutationRate _CellDensity ReproductionRate =
mutationRate_CellDensity_ReproductionRate;
dBirthRadius = birthRadius;
dMutationRate_BirthRadius = mutationRate_BirthRadius;
iLifeSteps = lifeSteps;
dMutationRate_iLifeSteps = mutationRate_iLifeSteps;
dRandomnessOfMovement = randomnessOfMovement ;
dMutationRate_ RandomnessOfMovement =
mutationRate_RandomnessOfMovement ;
this .functionRandomMovement = functionRandomMovement ;
pMovementStep = movementStep;
dMutationRate_MovementStep = mutationRate_MovementStep;
dViewingRadius = viewingRadius;
dMutationRate_ViewingRadius = mutationRate_ViewingRadius;

public void mutate () {
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ExtendedRandom rand = new ExtendedRandom (System .nanoTime());
if (rand.nextDouble() < this.dChemoAttractantDropRate)
setChemoAttractantDropRate (dChemoAttractantDropRate + .01
*x rand .nextCauchyZeroOne () );
if (rand.nextDouble() < this.
dMutationRate_ChemoAttractantSensitivity)
setChemoAttractantSensitivity (this.
dChemoAttractantSensitivity
+ 0.001 * rand.nextCauchyZeroOne());
if (rand.nextDouble() < this.
dMutationRate CellDensity ReproductionRate)
setCellDensity _ReproductionRate (this.
dCellDensity ReproductionRate
+ this.dCellDensity ReproductionRate
*x rand .nextCauchyZeroOne () );
if (rand.nextDouble() < this.dMutationRate_BirthRadius)
setDBirthRadius (this.dBirthRadius + 0.01 * rand.
nextCauchyZeroOne () );
if (rand.nextDouble() < this.dMutationRate_iLifeSteps)
setLifeSteps (this.iLifeSteps + this.iLifeSteps
*x rand .nextCauchyZeroOne () );
if (rand.nextDouble() < this.
dMutationRate_RandomnessOfMovement )
setRandomnessOfMovement (Math . abs (this . dRandomnessOfMovement
+ .01
*x rand .nextCauchyZeroOne()));
if (rand.nextDouble() < this.dMutationRate_ViewingRadius)
setViewingRadius (this.dViewingRadius + this.dViewingRadius
*x rand .nextCauchyZeroOne () );
for (int i = 0; i < pMovementStep.getDim(); i++)
if (rand.nextDouble() < dMutationRate MovementStep) {
double r = pMovementStep. getDiscriminant (i) + .1
*x rand.nextCauchyZeroOne () ;
if (r < 0.005)

r = 0.005;
else if (r > .05)
r = .05;

getMovementStep () . setDiscriminant (i, r);
}
}

public double getCellDensity_ReproductionRate () {

return dCellDensity_ReproductionRate;
}

public void setCellDensity ReproductionRate (

double cellDensity_ReproductionRate) {
dCellDensity ReproductionRate = cellDensity ReproductionRate;

}
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public double getMutationRate_CellDensity_ReproductionRate () {

return dMutationRate CellDensity ReproductionRate;

}

public void setMutationRate_CellDensity_ReproductionRate (

double mutationRate_CellDensity _ReproductionRate) {
dMutationRate _CellDensity ReproductionRate =
mutationRate _CellDensity ReproductionRate;
}

public double getMutationRate _iLifeSteps () {

return dMutationRate_iLifeSteps;

}

public void setMutationRate_iLifeSteps (double

mutationRate_iLifeSteps) {
dMutationRate_iLifeSteps = mutationRate_iLifeSteps;

}

public double getMutationRate_MovementStep () {
return dMutationRate_MovementStep;

}

public void setMutationRate_MovementStep (double

mutationRate_MovementStep) {
dMutationRate_MovementStep = mutationRate_MovementStep;

}

public double getMutationRate_ChemoAttractantAbsortionRate () {

return dMutationRate_ChemoAttractantAbsortionRate;

}

public void setMutationRate_ChemoAttractantAbsortionRate (

double mutationRate_ChemoAttractantAbsortionRate) {
dMutationRate ChemoAttractantAbsortionRate =
mutationRate_ChemoAttractantAbsortionRate;
}

public double getMutationRate_ChemoAttractantDropRate() {

return dMutationRate_ChemoAttractantDropRate;

}

public void setMutationRate_ChemoAttractantDropRate (

double mutationRate_ChemoAttractantDropRate) {
dMutationRate_ChemoAttractantDropRate =
mutationRate_ChemoAttractantDropRate;
}

public double getMutationRate_ChemoAttractantExpansionRate () {

return dMutationRate_ChemoAttractantExpansionRate;

}

public void setMutationRate ChemoAttractantExpansionRate (

double mutationRate_ChemoAttractantExpansionRate) {
dMutationRate_ChemoAttractantExpansionRate =
mutationRate_ChemoAttractantExpansionRate;
}

public double getMutationRate_ChemoAttractantRemovalLimit () {
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return dMutationRate_ChemoAttractantRemovalLimit ;

}

public void setMutationRate_ChemoAttractantRemovalLimit (

double mutationRate_ChemoAttractantRemovalLimit) {
dMutationRate_ChemoAttractantRemovalLimit =
mutationRate_ChemoAttractantRemovalLimit ;
}

public double getMutationRate_RandomnessOfMovement () {

return dMutationRate_RandomnessOfMovement ;
}
public void setMutationRate RandomnessOfMovement (
double mutationRate_RandomnessOfMovement) {
dMutationRate_ RandomnessOfMovement =
mutationRate_RandomnessOfMovement ;
}

public double getMutationRate_ViewingRadius () {
return dMutationRate_ViewingRadius;
}
public void setMutationRate_ViewingRadius (double
mutationRate_ViewingRadius) {
dMutationRate_ViewingRadius = mutationRate_ViewingRadius;
}
public double getChemoAttractantAbsortionRate () {
return dChemoAttractantAbsortionRate;
}
public void setChemoAttractantAbsortionRate (
double ChemoAttractantAbsortionRate) {
dChemoAttractantAbsortionRate = ChemoAttractantAbsortionRate;
}
public double getChemoAttractantDropRate () {
return dChemoAttractantDropRate;
}
public void setChemoAttractantDropRate (double
ChemoAttractantDropRate) {
dChemoAttractantDropRate = ChemoAttractantDropRate;
}
public double getChemoAttractantExpansionRate () {
return dChemoAttractantExpansionRate;
}
public void setChemoAttractantExpansionRate (
double ChemoAttractantExpansionRate) {
dChemoAttractantExpansionRate = ChemoAttractantExpansionRate;
}
public double getChemoAttractantRemovalLimit () {
return dChemoAttractantRemovalLimit ;

}

public void setChemoAttractantRemovalLimit (
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double ChemoAttractantRemovalLimit) {
dChemoAttractantRemovalLimit = ChemoAttractantRemovalLimit ;
}
public double getRandomnessOfMovement () {
return dRandomnessOfMovement ;

}

public void setRandomnessOfMovement (double randomnessOfMovement

) {

dRandomnessOfMovement = randomnessOfMovement ;

}
public double getViewingRadius() {

return dViewingRadius;
}

public void setViewingRadius (double viewingRadius) {
dViewingRadius = viewingRadius;
}

public ProbabilityFunction getFunctionRandomMovement () {
return functionRandomMovement ;
}

public void setFunctionRandomMovement (
ProbabilityFunction functionRandomMovement) {
this . functionRandomMovement = functionRandomMovement ;

}
public double getDBirthRadius() {

return dBirthRadius;
}

public void setDBirthRadius(double birthRadius) {
dBirthRadius = birthRadius;
}

public double getDMutationRate_BirthRadius() {
return dMutationRate_BirthRadius;
}

public void setDMutationRate BirthRadius(double
mutationRate_BirthRadius) {
dMutationRate_BirthRadius = mutationRate_BirthRadius;

}
public double getLifeSteps () {

return iLifeSteps;
}

public void setLifeSteps(double lifeSteps) {
iLifeSteps = lifeSteps;
}

public Point getMovementStep () {
return pMovementStep;
}

public void setMovementStep (Point movementStep) {
pMovementStep = movementStep;
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}

public double getChemoAttractantRadius() {
return dChemoAttractantRadius;
}

public void setChemoAttractantRadius(double
ChemoAttractantRadius) {
dChemoAttractantRadius = ChemoAttractantRadius;

}

public double getMutationRate ChemoAttractantRadius() {
return dMutationRate_ChemoAttractantRadius;
}

public void setMutationRate_ChemoAttractantRadius (
double mutationRate_ChemoAttractantRadius) {
dMutationRate_ChemoAttractantRadius =
mutationRate_ChemoAttractantRadius;

}

public double getMutationRate_ChemoAttractantSensitivity () {
return dMutationRate_ChemoAttractantSensitivity;
}

public void setMutationRate_ChemoAttractantSensitivity (
double mutationRate_ChemoAttractantSensitivity) {
dMutationRate_ChemoAttractantSensitivity =
mutationRate_ChemoAttractantSensitivity;

}

public double getChemoAttractantSensitivity () {
return dChemoAttractantSensitivity;
}

public void setChemoAttractantSensitivity (double
ChemoAttractantSensitivity) {
dChemoAttractantSensitivity = ChemoAttractantSensitivity;

}

public Genome clone () {

Point movement = pMovementStep.clone () ;

return new Genome(dChemoAttractantDropRate,
dMutationRate_ChemoAttractantDropRate ,
dChemoAttractantExpansionRate
dMutationRate_ChemoAttractantExpansionRate ,
dChemoAttractantRemovalLimit ,
dMutationRate_ChemoAttractantRemovalLimit ,
dChemoAttractantAbsortionRate
dMutationRate_ChemoAttractantAbsortionRate ,
dChemoAttractantRadius,

dMutationRate_ChemoAttractantRadius ,

dChemoAttractantSensitivity ,
dMutationRate _ChemoAttractantSensitivity ,
dCellDensity _ReproductionRate,
dMutationRate _CellDensity ReproductionRate , dBirthRadius,
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dMutationRate_BirthRadius, iLifeSteps,
dMutationRate_iLifeSteps , dRandomnessOfMovement ,
dMutationRate RandomnessOfMovement ,
functionRandomMovement ,
movement , dMutationRate MovementStep, dViewingRadius,
dMutationRate_ViewingRadius) ;
}
public Genome PointToGenome(Point p, ProbabilityFunction
function) {
Genome a = new Genome(p.getDiscriminant (0), p.getDiscriminant
(1), p
.getDiscriminant (2), p.getDiscriminant (3),
p.getDiscriminant (4), p.getDiscriminant (5), p
.getDiscriminant (6), p.getDiscriminant (7), p
.getDiscriminant (8), p.getDiscriminant (9), p
.getDiscriminant (10), p.getDiscriminant (11), p
.getDiscriminant (12), p.getDiscriminant (13), p
.getDiscriminant (14), p.getDiscriminant (15), (int) p
.getDiscriminant (16), p.getDiscriminant (17), p
.getDiscriminant (18), p.getDiscriminant (19), function

new Point(p.getDiscriminant (21), p.getDiscriminant (21)),
p
.getDiscriminant (22), p.getDiscriminant(23), p
.getDiscriminant (24));
return a;
}
public double createMutatedAllele (Random rand, double var) {
double variation = rand.nextDouble() — rand.nextGaussian();
return var;

}

public String toString() {
return dChemoAttractantDropRate + 7 ,”

dMutationRate_ ChemoAttractantDropRate + 7 ,”
dChemoAttractantExpansionRate + ”,”
dMutationRate ChemoAttractantExpansionRate + 7 ,”
dChemoAttractantRemovalLimit + 7 ,”
dMutationRate_ChemoAttractantRemovalLimit + 7 ,”
dChemoAttractantAbsortionRate + 7 ,”
dMutationRate_ChemoAttractantAbsortionRate + 7 ,”
dChemoAttractantRadius + 7 ,”
dMutationRate_ChemoAttractantRadius + ”,”
dChemoAttractantSensitivity + 7 ,”
dMutationRate_ChemoAttractantSensitivity + 7 ,”
dCellDensity_ReproductionRate + ”,”
dMutationRate_CellDensity_ReproductionRate + 7 ,”
dBirthRadius + ”,” + dMutationRate_BirthRadius + ”7,”

+++++++++++++ +
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iLifeSteps + ”,” + dMutationRate_iLifeSteps + ”,”
dRandomnessOfMovement + 7 ,”
dMutationRate_RandomnessOfMovement + ”,”
functionRandomMovement + ” ,” + pMovementStep + 7 ,”
dMutationRate_MovementStep 4+ ”,” + dViewingRadius + ”,”
dMutationRate_ViewingRadius;

++ 4+ ++

A.3.3 ChemoAttractants Class

package ca.log2n.gav.asrs.swarm;
import ca.log2n.gav.maths.geometry.Point;
public class ChemoAttractants {
Point pLocation;
double dRadius;
double dValue;
double dMinStrength ;
double dRadiusStep;
boolean bAlive;
double dCurrValue;
Vi
x Creates a Pheromone that mimics an expanding ring of cAMP
whose value at
x o point is given by the area of the cAMP. NOTFExx ASSUMES
DIMENSION OF
PHEROMONE IS EQUAL IN ALL DIRECTIONS.

@param location
where the pheromone is released from
@param radius
the initial radius
@param value
the Value/Strengh of the pheromone. Note that
this is not
* effected by updates.
*x @param minStrength
* @param radiusStep
*/
public ChemoAttractants(Point location , double radius, double
initialValue ,
double minStrength , double radiusStep) {
pLocation = location;
dRadius = radius;
dValue = initialValue;
dMinStrength = minStrength;

B B A
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dRadiusStep = radiusStep;

bAlive = true;

dCurrValue = dValue / (dRadius * dRadius);
}
Vi

x updates the walue of the pheromone

*
*/
public void update() {
if (isAlive()) {
dRadius += dRadiusStep;
dCurrValue = dValue / (dRadius * dRadius);

}
}

public boolean isAlive () {
return dCurrValue > this.dMinStrength;

}

public double getRadius() {
return dRadius;

}

public void setRadius(double radius) {
dRadius = radius;

}

public double getValueLimit () {
return dMinStrength;

}

public void setMinStrength (double radiusLimit) {
dMinStrength = radiusLimit;

}

public double getRadiusStep() {
return dRadiusStep;

}

public void setRadiusStep (double radiusStep) {
dRadiusStep = radiusStep;

}

public double getInitialValue () {
return dValue;

}

public void setInitialValue (double value) {
dValue = value;

}

public Point getLocation () {
return pLocation;

}

public void setLocation(Point location) {
pLocation = location;

}




}

public double getCurrValue() {

return dCurrValue;

}

public void setCurrValue(double currValue) {

dCurrValue = currValue;

}
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A.4 Maths Package(ca.log2n.gav.maths)

A.4.1 Function Interface Class
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package ca.log2n.gav.maths. functions;
import ca.log2n.gav.maths.geometry.Point;
public interface Function {
public double evaluate (Point point);
public void setDimensions(Point point);
public Point getDimensions () ;

}

A.4.2 Ackley Function Class

package ca.log2n.gav.maths. functions;
import ca.log2n.gav.maths.geometry.Point;
public class Ackley extends FitnessFunction {

double a = 0;

double b = 1;

double xfactor = 0.50;

double yfactor = 0.50;

int n;

double max;

double min;

double base;

Vi

x default constructor.

*
*/
public Ackley () {
super () ;
dimensions = new Point (1, 1);
double x = 1;
double y = 1;
min = 0;

—_

}

public Ackley (Point dimensions) {
super (dimensions) ;
this.dimensions = dimensions;

}
Vi
* @param pointN
* o point value between zero and 1.
x @return a value for the function between zero and 1.
*
/

public double evaluate (Point point) {
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if (point.getDim() > 2) {
// throw ezception
}
double x = point.getDiscriminant (0);
x = ScaleDouble(x, 0, 1, =2, 2);
double y = point.getDiscriminant (1);
y = ScaleDouble(y, 0, 1, =2, 2);
double z;
z = —20
*x Math.exp(—0.2
x Math.sqrt (0.5 * (Math.pow(x, 2) + Math.pow(y, 2))))
— Math.exp (0.5 * (Math.cos((x) * 2 % Math.PI) + Math. cos
((y)
* 2 % Math.PI))) + 20 + 2.71828;
return (z);
}
private double ScaleDouble(double val, double fromMin, double
fromMax ,
double toMin, double toMax) {
double distanceFrom = fromMax — fromMin;
double distanceTo = toMax — toMin;
double ratio = distanceTo / distanceFrom;
return toMin + ratio * val;

}
public void setA (double a) {

this.a = a;
}

public void setB(double b) {
this.b = b;
}

}

A.4.3 Point Class

package ca.log2n.gav.maths. geometry;
import java.text.NumberFormat;
import java.util.Scanner;
import java.util.regex.Pattern;
public class Point implements Comparable {
private double|]| n;
public Point(int dimension) {
n = new double|[dimension |;
}
public Point (Point aVect) {
n = new double[aVect.getDim() |;
for (int i = 0; i < aVect.getDim(); i++)
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n[i] = aVect.getDiscriminant (i);
}
public Point (double x, double y) {
n = new double [2];

public Point (double x, double y, double z) {
n = new double [3];

n[0] = x;
n[l] =vy;
n(2] = z;

}

public Point(double[] n) {
this.n = n;
}

Vi
*
x @returns the dimension of the Vector.
*/

public int getDim () {
return n.length;
}

public double getDiscriminant (int dimension) {
if (dimension > —1 && dimension < getDim()) {
return n|[dimension|;
} else {
// throw IndezOutOfBoundsException;
return —1;
}
}
public void setDiscriminant (int dimension, double value) {
if (dimension > —1 && dimension < getDim()) {

n[dimension| = value;

} else {
// throw IndezOutOfBoundsException;
return;

}
}
Vi
x sets the dimension of the environment through a space or
coma delimited
* string
*
* @param size
*/

public boolean setDiscriminants(String text) {
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Scanner scan = new Scanner (text);
scan.useDelimiter (Pattern.compile(” ,* |” + scan.delimiter ()))
int dimcount = 0;
while (scan.hasNextDouble()) {
if (dimcount < this.getDim()) {
this.setDiscriminant (dimcount, scan.nextDouble());
} else
return false;
dimcount++;

}

return true;

}

public String getDiscriminantsString () {
String s = "”;
for (int i = 0; i < n.length — 1; i++4) {

S+:n[i] +”’ ”;
}
if

(n.length > 0)

s += n[n.length — 1];
return s;

}

Vi

* adds this vector to vector passed through and returns new
Vector.

*

* @param aVect

x @return

*/

public void add(Point aVect) {

for (int i = 0; i < n.length; i++4)
n[i] 4+= aVect.getDiscriminant (i);

}

public void sub(Point aVect) {
for (int i = 0; i < n.length; i++)
n[i] —= aVect.getDiscriminant (i);

}

public double distanceFrom (Point aVect) {
double sum = 0.0;

double dif;
for (int i = 0; i < aVect.getDim(); i++) {
dif = n[i] — aVect.getDiscriminant (i);

sum += dif * dif;

}

return Math. sqrt (sum) ;

}

public void normalize () {
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double sizeSq = 0;
for (int i = 0; i < getDim(); i++)
sizeSq +=n[i] * n[i];
// if zero wector, set alignment to 0
if (sizeSq = 0) {
for (int i = 0; i < getDim(); i++)
n[i] += 0;
return;
}
// scale wvector to be a unit vector
double scaleFactor = 1.0f / Math.sqrt (sizeSq);
for (int i = 0; i < getDim(); i++)
n[i] *= scaleFactor;
}
public double magnitude () {
double sum = 0;
for (int i = 0; i < getDim(); i++)
sum += n[i] * n[i];
return Math. sqrt (sum) ;

}

public void scale(double ratio) {
for (int i = 0; i < getDim(); i++)
n[i] *= ratio;

}

public void scale(Point ratio) {
for (int i = 0; i < getDim(); i++)
n[i] *= ratio.getDiscriminant (i);

}

public void setMagnitude (double size) {
this.normalize () ;
this.scale (size);

}
Vi

* sets the point to the origin

*
*/
public void reset () {
for (int i = 0; i < n.length; i++4) {
nfi] = 0;
}
}
public int compareTo(Object vectorn) {
Point a = (Point) vectorn;
if (getDim() != a.getDim())
{

// throw ezception;
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}

boolean equal = false;
for (int i = 0; i < getDim(); i++) {
if (n[i] > a.getDiscriminant(i)) {

if (n[i] = a.getDiscriminant(i))
equal = true;
else

return —1;

}
}
if (equal)
return 0;
else
return 1;
}
public boolean equals(Object aVect) {
Point a = (Point) aVect;
for (int i = 0; i < a.getDim(); i++)
if (n[i] != a.getDiscriminant(i))
return false;
return true;

}
public String toString() {
NumberFormat form = NumberFormat. getInstance () ;

form .setMaximumFractionDigits (3);
form .setMinimumFractionDigits (3);
String string = "”;

for (int i = 0; i < n.length; i++) {

string += ("x” + i + ”: ” + form.format(n[i]) + ” 7);
}
return ”"Point” + n.length + ”: ” + this.hashCode() + 7 (7 +
string
+ ”)”.

}

public Point clone () {

double array[] = new double[n.length |;
for (int i = 0; i < n.length; i++)
array[i] = n[i];

return new Point (array);

A.4.4 Extended Random Class

package ca.log2n.gav.maths.random;
import java.util.Random;
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public class ExtendedRandom extends Random {
/*x use serialVersionUID from JDK 1.1 for interoperability */
static final long serialVersionUID = 7905348978240129619L;
private boolean haveNextNextCauchy = false;
private double b;
public ExtendedRandom () {

super () ;
b =1;

}

public ExtendedRandom (long seed) {
super (seed ) ;
b =1;
}
Vi
x returns a Cauchy Random Var as implemented through the
geometric
x description described of the Cauchy function at
x http://mathworld. wolfram.com/CauchyDistribution . html.
*
x @return double cauchy based on the current b value.
*
/
synchronized public double nextCauchy () {
long 1 = ((long) (next(26)) << 27) + next(27);
double ranDouble = 1 / (double) (1L << 53);
double rad = ScaleDouble(ranDouble, 0, 1, —1.57, 1.56); //
get random

// double
// between —PI/2
// and PI/2
return Math.tan(rad) * b; // returns it cauchy Val.
}
Vi
*
* @param theta
* a radian angle.
* Qreturn
*/
synchronized public double nextCauchy(double theta) {
return Math.tan(theta) *x b; // returns it cauchy Val.
}

synchronized public double nextCauchyZeroOne () {
return nextCauchy() / nextCauchy (1.56);
}

synchronized private double ScaleDouble(double val, double
fromMin ,
double fromMax, double toMin, double toMax) {
double distanceFrom = fromMax — fromMin;




}

}

double distanceTo = toMax — toMin;
double ratio = distanceTo / distanceFrom;
return toMin + ratio * val;

public double getB() {

}

return b;

public void setB(double b) {

}

this.b = b;
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A.5 Utils Package(ca.log2n.gav.maths)

A.5.1 Statistics Class

111

package ca.log2n.gav.utils.log;
import java.io.File;
import java.util.ArrayList;
import java.util.Iterator;
import java.util.Scanner;
import java.util.regex.Pattern;
import ca.log2n.gav.asrs.optimizer.Environment;
import ca.log2n.gav.asrs.optimizer.QOptimizer;
import ca.log2n.gav.asrs.swarm. Cell;
import ca.log2n.gav.asrs.swarm.Genome;
import ca.log2n.gav.maths.geometry.Point;
import ca.log2n.gav.maths. utils . MathUtils;
public class Statistics {

Tterator<Cell> cells;

Log 1;

Environment env;

Optimizer opt;

public Statistics (Environment env, Optimizer opt, String output

) {

this.env

this.opt = opt;

File out = new File (output);

while (true) {

if (out.exists()) {

Scanner s = new Scanner (out.getName());
String name = s.next();
int id = s.nextInt();

Il
)
=
<

output = name + 7 ” 4+ (id + 1);
out = new File (output);

} else {
break ;

}

}

1 = new Log(new File(output), 1.APPEND);

String header = ” Function: ” + env.getFitnessFunction ().
getClass ()
4+ 7, Objective: ”
+ (opt.isMaximize() ? ”maximize” : ”"minimize”) + 7,

Severity: ”

+ env.getdSeverity () + ”, Randomness:
+ env.getdRandomnessOfEnv () + ”, Update Frequency”
+ env.getUpdateFrequency () + ”, Max Iteration”

”
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+ opt.getMaxIterations() + ”, Max Cells: ” + opt.
getMaxcells ()

”, Min Cells: ” + opt.getMincells() + 7, Reproduction:
”

opt.isUsingBirths () + 7, ChemoAttractants: ”

opt .isUsingChemoAttractant () + ”, ChemoRepellents: ”

opt.isUsingCellDensity () + 7, Mutation: ”

opt .isUsingMutations () ;

1.log (header);

1.log(” Stats”);

String columns = ”iteration ,”;

// avg position , var

for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
columns = addToString (columns, "avg_pos x” + i);

for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
columns = addToString (columns, ” var_pos x” + i);

columns = addToString (columns, "avg height”);

columns = addToString (columns, ”var height”);

columns = addToString (columns, ”std dev height”);

columns = addToString (columns, "max height”);

columns = addToString (columns, ”"min height”);

columns = addToString (columns, "% Optimized”);

// avg position , var

for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
columns = addToString (columns, ” avg_step x” + i);

for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
columns = addToString (columns, ” var_step x” + i);

for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)

+

++ 4+ +

columns = addToString (columns, ” stddev_step x” + i);
columns = addToString (columns, ”avg random movement” ) ;
columns = addToString (columns, ”var random movement”);
columns = addToString(columns, ”std dev random movement”);
columns = addToString (columns, ”"avg sensitiviy”);
columns = addToString (columns, ”var sensitiviy”);
columns = addToString (columns, ”std dev sensitiviy”);

”

columns = addToString (columns, "avg distance from the genome”

)

1.log (columns);
}
// optimized
double [| avg_position;
double [| var_position;
double avg_height;
double var_height;
// genome
double avg ranmovement;
double var_ranmovement;
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double [| avg_stepsize;
double [| var_stepsize;
double avg_senstivity;
double var_senstivity;
double avg life;
double var_life;
public void collectStats () {
if (!opt.hasMorelterations()) {
1.close ();
return;
}
Iterator<Cell> cells = opt.getCells();
ArrayList<double[]> positions = new ArrayList<double[]>();
for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
positions.add (new double[opt.getCellCount ()]);
double[] height = new double|opt.getCellCount () |;
double [] movementran = new double[opt.getCellCount () |;
double[] sensitivity = new double[opt.getCellCount () ];
double max = —999999999999d;
double min = 9999999999999d;
ArrayList<double[]> stepsize = new ArrayList<double[]>();
for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
stepsize .add (new double[opt.getCellCount ()]);

% ///l{////é/////////////////////
collect data

s
int count = 0;
while (cells.hasNext()) {
Cell currCell = cells.next();
Point position = currCell.getCurrentLocation ();
for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
{
// add positions into array
positions.get(i)[count| = position.getDiscriminant(i);
}

// get height
height [count] = currCell.getCurrentFitness ();

if (height [count]| > max)
max = height [count |;
if (height [count| < min)
min = height [count |;
// collect genome stats
Genome g = currCell.getGenome () ;
movementran [count | = g.getRandomnessOfMovement () ;
sensitivity [count] = g.getChemoAttractantSensitivity () ;
Point step = g.getMovementStep () ;
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int i = 0; i < env.getEnvironmentSize().getDim(); i++)

for (
{
// add positions into array
stepsize.get (i) [count] = step.getDiscriminant(i);
}
count—++;
}// end collecting data about cells.
// info collected now calculated avg, var and std dev
// optimized
// get avg position
double sum|[] = new double|env.getEnvironmentSize () .getDim () |;
for (int i = 0; i < env.getEnvironmentSize().getDim(); i++) {
for (int j = 0; j < count; j++) {
// add positions into array
double array|[|] = (double[]) positions.get(i);
sum|[i] += positions.get(i)[j];
}
}

avg_position = new double[env.getEnvironmentSize () .getDim () |;

for (int i = 0; i < env.getEnvironmentSize().getDim(); i++) {
avg_position[i] = sum|[i] / (double) (count + 1.0d);

}

var_position = new double[env.getEnvironmentSize ().getDim () |;
for (int i = 0; i < env.getEnvironmentSize().getDim(); i++) {
double array|[|] = (double[]) positions.get(i);
var_position [i] = MathUtils. variance (array);
}

// contruct string

String out = 77

for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
out += avg_position[i] + 7,”;

for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
out += var_position[i] + 7,”;

// HEIGHT

this.avg_height = MathUtils.avg(height);

out = addToString (out, avg_height);

out = addToString(out, MathUtils. variance (height));

out = addToString (out, MathUtils.standard_deviation (height));

out = addToString (out, max);

out = addToString (out, min);

double percent = opt.isMaximize() ? max / env.getDMaxFound ()

: min
/ env.getDMinFound () ;

out = addToString (out, percent);

// / GENOME FEATURES

// get average step

sum = new double[env.getEnvironmentSize () .getDim () |;
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0; i < env.getEnvironmentSize ().getDim(); i++) {
( = 0; j < count; j++) {
sum|[i] += stepsize.get(i)[]j];

—

avg_stepsize = var_position = new double[env.
getEnvironmentSize ()
.getDim () |;
for (int i = 0; i < env.getEnvironmentSize().getDim(); i++) {
avg_stepsize[i] = sum[i] / (count + 1.0d);

—

var_stepsize = new double[env.getEnvironmentSize () .getDim () |;
for (int i = 0; i < env.getEnvironmentSize().getDim(); i++) {
double array|[|] = (double[]) positions.get(i);
var_stepsize [i] = MathUtils. variance (array);

}

double[] dev_stepsize = new double|[env.getEnvironmentSize ().

getDim () |;
for (int i = 0; i < env.getEnvironmentSize().getDim(); i++) {
dev_stepsize[i] = Math.sqrt (var_stepsize[i]);

}

// contruct string

for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
out += avg_stepsize[i] + 7,”;

for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
out += var_stepsize[i] + 7,”;

for (int i = 0; i < env.getEnvironmentSize().getDim(); i++)
out += dev_stepsize[i] + 7,”;

// random movement, sens and life

avg_ranmovement = MathUtils.avg(movementran);

out = addToString (out, avg ranmovement);
var_ranmovement = MathUtils. variance (movementran) ;
out = addToString (out, var ranmovement);

out = addToString (out, MathUtils.standard_deviation (
movementran) ) ;

avg_senstivity = MathUtils.avg(sensitivity);

out = addToString (out, avg_senstivity);

var_senstivity = MathUtils.variance(sensitivity);

out = addToString (out, var_senstivity);

out = addToString (out, MathUtils.standard_deviation (
sensitivity));

Genome g = opt.getInitialGenome () ;

double ran_dif = avg_ranmovement — g.getRandomnessOfMovement
0

double sens_dif = avg_senstivity — g.
getChemoAttractantSensitivity () ;
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double x_dif = avg_stepsize [0] — g.getMovementStep () .
getDiscriminant (0) ;

double y_dif = avg_stepsize[l] — g.getMovementStep () .
getDiscriminant (1) ;

// double distance_from_genome = DistanceGenome.magnitude();

out = addToString (out, Math.sqrt (ran_dif *x ran_dif + sens_dif
x sens_dif + x_dif x x_dif + y_dif * y_dif));

1.1log (opt.getlterationCount () + ”,” + out);

for (int i = 0; i < movementran.length; i++) {

// System.out.printin(stepsize.get(0)[i]+”,”+ stepsize.get

(1)[i]);

// double wvar_avgposition;
// double avg_height;
// double var_height;

// // genome

// double avg_ranmovement;
// double var_ranmovement;
// double avg_stepsize;
// double var_stepsize;
// double avg_senstivity;
// double wvar_senstivity;
// double avg_life;

// double wvar_life;

public String addToString(String string, String addition) {

}

string += addition + 7, ”;
return string;

public String addToString(String string , double addition) {

}

string 4= addition 4+ ”,”;
return string;
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