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Direction class
Constants: EAST, NORTH, NORTHEAST, NORTHWEST, SOUTH, SOUTHEAST, SOUTHWEST,

WEST, FULL_CIRCLE (FULL_CIRCLE will not be tested on the AP Exam)

public Direction()

Constructs a default Direction object facing North.
public Direction(int degrees)

Constructs a Direction object — initial compass direction in degrees.

public Direction(java.lang.String str)

Constructs a Direction object — compass direction specified as a string, e.g., “North”.

public int inDegrees()

Returns this direction value in degrees.

public boolean equals(java.lang.Object other)

Indicates whether some other Direction object is “equal to” this one.

public int hashCode()

Generates a hash code for this direction (will not be tested on the AP Exam).

public Direction toRight()

Returns the direction that is a quarter turn to the right of this Direction object.

public Direction toRight(int deg)

Returns the direction that is deg degrees to the right of this Direction object.

public Direction toLeft()

Returns the direction that is a quarter turn to the left of this Direction object.

public Direction toLeft(int deg)

Returns the direction that is deg degrees to the left of this Direction object.

public Direction reverse()

Returns the direction that is the reverse of this Direction object.

public java.lang.String toString()

Returns a string indicating the direction.

public Direction roundedDir(int numDirections, Direction startingDir)

Rounds this direction to the nearest “cardinal” direction (will not be tested on the AP Exam).

public static Direction randomDirection()

Returns a random direction.


Locatable interface

public Location location()

Returns the location of this object.

Location class

public Location(int row, int col)

Constructs a Location object.

public int row()

Returns the row coordinate of this location.

public int col()

Returns the column coordinate of this location.

public boolean equals(java.lang.Object other)

Returns true if other is at the same row and column as the current location; false otherwise.

public int hashCode()

Generates a hash code for this location (will not be tested on the AP Exam).

public int compareTo(java.lang.Object other)

Compares this location to other for ordering. Returns a negative integer, zero, or a positive integer as this location is less than, equal to, or greater than other. Locations are  in row-major order. Precondition: other is a Location object.

public java.lang.String toString()

Returns a string indicating the row and column of the location in (row, col) format.

RandNumGenerator class

public static java.util.Random getInstance()

Returns a random number generator. Always returns the same Random object.

EnvDisplay interface

public void showEnv()

Shows the current state of the environment.


Simulation.java
public class Simulation {

// Instance Variables: Encapsulated data for each simulation object

   private Environment theEnv;

   private EnvDisplay theDisplay;

   public Simulation(Environment env, EnvDisplay display) {

theEnv = env;

theDisplay = display;

   }

   public void step() {

   
Locatable[] theFishes = theEnv.allObjects();

for ( int index = 0; index < theFishes.length; index++ ) {

   ((Fish)theFishes[index]).act();

      }

theDisplay.showEnv();

   }

} //=== Simulation

Fish.java (includes breeding and dying modifications from Chapter 3)

import java.awt.Color;

import java.util.ArrayList;

import java.util.Random;

public class Fish implements Locatable {

   private static int nextAvailableID = 1; // next avail unique identifier

   private Environment theEnv; // environment in which the fish lives

   private int myId; // unique ID for this fish

   private Location myLoc; // fish's location

   private Direction myDir; // fish's direction

   private Color myColor; // fish's color

      // THE FOLLOWING TWO INSTANCE VARIABLES ARE NEW IN CHAPTER 3 !!!

   private double probOfBreeding; // defines likelihood in each timestep

   private double probOfDying; // defines likelihood in each timestep

   // (Precondition: parameters are non-null; loc is valid for env .)

   public Fish(Environment env, Location loc) {

   
initialize(env, loc, env.randomDirection(), randomColor());

   }

   public Fish(Environment env, Location loc, Direction dir) {

initialize(env, loc, dir, randomColor());

   }

   public Fish(Environment env, Location loc, Direction dir, Color col) {

initialize(env, loc, dir, col);

   }

   private void initialize(Environment env, Location loc, Direction dir, Color col) {

theEnv = env;   myId = nextAvailableID;  nextAvailableID++;

myLoc = loc;   myDir = dir;  myColor = col;  theEnv.add(this);

// THE FOLLOWING INITIALIZATIONS ARE NEW IN CHAPTER 3 !!!

probOfBreeding = 1.0/7.0; // 1 in 7 chance in each timestep

probOfDying = 1.0/5.0; // 1 in 5 chance in each timestep

   }

   protected Color randomColor() {

Random randNumGen = RandNumGenerator.getInstance();

return new Color(randNumGen.nextInt(256), // amount of red

randNumGen.nextInt(256), // amount of green

randNumGen.nextInt(256)); // amount of blue

   }

    // accessor methods

   public int id(){ return myId; }
   public Environment environment() { return theEnv; }

   public Color color() { return myColor; }

   public Location location() { return myLoc; }

   public Direction direction() { return myDir; }
   public boolean isInEnv() {

return environment().objectAt(location()) == this;

   }

   public String toString() {

return id() + location().toString() + direction().toString();

   }

      // THE FOLLOWING METHOD IS MODIFIED FOR CHAPTER 3 !!!
   public void act() {

if ( ! isInEnv() ) return;

if ( ! breed() )  move();

Random randNumGen = RandNumGenerator.getInstance();

if ( randNumGen.nextDouble() < probOfDying ) die();

   }

     // THE FOLLOWING METHOD IS NEW FOR CHAPTER 3 !!!

   protected boolean breed() {

Random randNumGen = RandNumGenerator.getInstance();

if ( randNumGen.nextDouble() >= probOfBreeding ) return false;

ArrayList emptyNbrs = emptyNeighbors();

if ( emptyNbrs.size() == 0 ) return false;

for ( int index = 0; index < emptyNbrs.size(); index++ ) {

   Location loc = (Location) emptyNbrs.get(index);

   generateChild(loc);

}

return true;

   }
     // THE FOLLOWING METHOD IS NEW FOR CHAPTER 3 !!!

   protected void generateChild(Location loc) {

 
Fish child = new Fish(environment(), loc, environment().randomDirection(), color());
   }

   protected void move() {

Location nextLoc = nextLocation();

if ( ! nextLoc.equals(location()) ) {

   Location oldLoc = location(); changeLocation(nextLoc);

   Direction newDir = environment().getDirection(oldLoc, nextLoc);

   changeDirection(newDir);

}

   }

   protected Location nextLocation() {

ArrayList emptyNbrs = emptyNeighbors();

Direction oppositeDir = direction().reverse();

Location locationBehind = environment().getNeighbor(location(), oppositeDir);

emptyNbrs.remove(locationBehind);

if ( emptyNbrs.size() == 0 ) return location();

Random randNumGen = RandNumGenerator.getInstance();

int randNum = randNumGen.nextInt(emptyNbrs.size());

return (Location) emptyNbrs.get(randNum);

   }

   protected ArrayList emptyNeighbors() {

ArrayList nbrs = environment().neighborsOf(location());

ArrayList emptyNbrs = new ArrayList();

for ( int index = 0; index < nbrs.size(); index++ ) {

   Location loc = (Location) nbrs.get(index);

   if ( environment().isEmpty(loc) ) emptyNbrs.add(loc);

}

return emptyNbrs;

   }

   protected void changeLocation(Location newLoc) {

Location oldLoc = location();  myLoc = newLoc;

environment().recordMove(this, oldLoc);

   }

   protected void changeDirection(Direction newDir) {

myDir = newDir;

   }

       // THE FOLLOWING METHOD IS NEW FOR CHAPTER 3 !!!

   protected void die() {

environment().remove(this);

   }

}//===== end of Fish.java

Debug class

public static boolean isOn()

Checks whether debugging is on (not necessary when using Debug.print and Debug.println).

public static boolean isOff()

Checks whether debugging is off (not necessary when using Debug.print and Debug.println).

public static void turnOn()

Turns debugging on.

public static void turnOff()

Turns debugging off.

public static void restoreState()

Restores the previous debugging state. If there is no previous state to restore, restoreState turns debugging off.

public static void print(java.lang.String message)

Prints debugging message without appending a newline character at the end. If debugging is turned on, message is printed to System.out without a newline.

public static void println(java.lang.String message)

Like print but with a newline.

BoundedEnv.java

public class BoundedEnv extends SquareEnvironment {

   private Locatable[][] theGrid; // grid representing the environment

   private int objectCount; // # of objects in current environment

      // constructors

   public BoundedEnv(int rows, int cols) {

super();

theGrid = new Locatable[rows][cols]; objectCount = 0;

   }

       // accessor methods

   public int numRows() { return theGrid.length; }
   public int numCols() { return theGrid[0].length; }

   public int numObjects() { return objectCount; }

   public boolean isValid(Location loc) {

if ( loc == null ) return false;

return (0 <= loc.row() && loc.row() < numRows()) &&

       (0 <= loc.col() && loc.col() < numCols());

   }

   public Locatable[] allObjects() {

Locatable[] theObjects = new Locatable[numObjects()];

int tempObjectCount = 0;

for ( int r = 0; r < numRows(); r++ ) {

   for ( int c = 0; c < numCols(); c++ ) {

Locatable obj = theGrid[r][c];

if ( obj != null ) {

   theObjects[tempObjectCount] = obj; tempObjectCount++;

}

   } //=== for c

} //=== for r

return theObjects;

   }

   public boolean isEmpty(Location loc) {

return isValid(loc) && objectAt(loc) == null;

   }

   public Locatable objectAt(Location loc) {

if ( ! isValid(loc) ) return null;

return theGrid[loc.row()][loc.col()];

   }

   public String toString() {

Locatable[] theObjects = allObjects();

String s = "Environment contains " + numObjects() + " objects: ";

for ( int index = 0; index < theObjects.length; index++ )

   s += theObjects[index].toString() + " ";

return s;

   }

      //modifier methods

   public void add(Locatable obj) {

Location loc = obj.location();

if ( ! isEmpty(loc) )

   throw new IllegalArgumentException("Location " + loc +

" is not a valid empty location");

theGrid[loc.row()][loc.col()] = obj;  objectCount++;

   }

   public void remove(Locatable obj) {

Location loc = obj.location();

if ( objectAt(loc) != obj )

   throw new IllegalArgumentException("Cannot remove " + obj + "; not there");

theGrid[loc.row()][loc.col()] = null; objectCount—;

   }

   public void recordMove(Locatable obj, Location oldLoc) {

Location newLoc = obj.location();

if ( newLoc.equals(oldLoc) ) return;

Locatable foundObject = objectAt(oldLoc);

if ( ! (foundObject == obj && isEmpty(newLoc)) )

throw new IllegalArgumentException("Precondition violation moving "

       + obj + " from " + oldLoc);

theGrid[newLoc.row()][newLoc.col()] = obj;

theGrid[oldLoc.row()][oldLoc.col()] = null;

   }

} //=== end of BoundedEnv.java

* From Appendices B, C and D in 2002_mbs.pdf file contained in Narrative subdirectory of 
 JavaMBS directory formed after downloading and unzipping JavaMBS.zip file at the   College Board web site.
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