// Java 1.02 applet implementing  a version of Criag Reynold's boid simulation

// Written by Helen Horseman, Sept 2001 for MscIT at Aston University

import java.awt.*;

import java.applet.*;

import java.lang.*;

public class boids extends java.applet.Applet implements Runnable {

   Thread runner;

   int sleepinterval;

   int noboids;

   static final int shiftfactor = 50;

   static final int lowerfactor = 125;

   static final int len = 175;

   static final int width = 500;

   int centerfactor;

   int distanceapart;

   int velocityfactor;

   int boidspeed;

   int visiondistance;

   static final int maxpop = 25;

   final static int radius = 2;

   int[] xcoord = new int[maxpop];

   int[] ycoord = new int[maxpop];

   int[] prevxcoord = new int[maxpop];

   int[] prevycoord = new int[maxpop];

   boolean pause;

   boolean centering;

   boolean separation;

   boolean velocitymatching;

   Color lilac = new Color ( 200, 200, 255);  //used as background colour

   FlowLayout fl = new FlowLayout(FlowLayout.CENTER);

   Button beg = new Button(" Start");

   Button pauses = new Button (" Pause");

   Button resetpop = new Button (" Reset Population");

   Button defaultsetting = new Button (" Default Settings");

   Button faster = new Button (" Faster");

   Button slower = new Button (" Slower");

   Choice popsize = new Choice();

   Choice center = new Choice ();

   Choice separate = new Choice ();

   Choice velocitymatch = new Choice ();

   Choice vision = new Choice();

   Choice centeringfactor = new Choice();

   Choice avoidancefactor = new Choice();

   Choice velocityFactor = new Choice();

   Panel regularButtons = new Panel();

   Panel rulesPanel = new Panel();

   Panel variablePanel = new Panel();

  public void defaultsettings() {

    sleepinterval = 200;

    noboids = 10;

    centerfactor= 75;  //ie 1.5%

    distanceapart = 12;  // in pixels

    velocityfactor = 75; // ie 1.5%

    pause = false;

    centering = true;

    separation = true;

    velocitymatching=true;

    boidspeed = 5;

    visiondistance = 70; //in pixels

  }

  public void update(Graphics g) {

    paint(g);

  }

  public void getnewpop() {

        int pulldistance = 3;

        int[] tempX = new int[noboids];

        int[] tempY = new int[noboids];

        int neighbourscount;

        int groupCenterX;  //x coordinate of center of local boids

        int groupCenterY;

        int groupVelocity;//velocity of localboids

        int directionX;  //direction of local boidsas x coordinate

        int directionY;

        int prevDirectionX;

        int prevDirectionY;

          //setting up like this means that if all three factor were off,

          // the boid would still continue along the same trajectory

        for (int i=0; i<noboids; i++) {

          tempX[i]=(2*xcoord[i])-prevxcoord[i];

          tempY[i]=(2*ycoord[i])-prevycoord[i];

          neighbourscount = 0;

          groupCenterX = 0;

          groupCenterY = 0;

          groupVelocity = 0;

          boidspeed = 5;

          directionX = 0;

          directionY = 0;

          prevDirectionX =0;

          prevDirectionY =0;

             for (int j=0; j<noboids; j++) {

                if (i!=j) {

                  int diffX = xcoord[j]- xcoord[i];

                  if (diffX < 0) { diffX *= -1;}

                  int diffY = ycoord[j] - ycoord[i];

                  if (diffY < 0) { diffY *= -1;}

                  if ((diffX<visiondistance)&&(diffY<visiondistance)) {

                     neighbourscount += 1;

                     if (centering) {

                     groupCenterX += xcoord[j];

                     groupCenterY += ycoord[j]; }

                     if (velocitymatching) {

                       if ((ycoord[j]-prevycoord[j])!=0){

                       groupVelocity +=

                        ((xcoord[j]-prevxcoord[j])/(ycoord[j]-prevycoord[j]));}

                       directionX += xcoord[j];

                       directionY += ycoord[j];

                       prevDirectionX += prevxcoord[j];

                       prevDirectionY += prevycoord[j];

                     }

                  }//end if visiondistance

                 } //end if i!=j

                }//end j loop

                if (neighbourscount!=0) {

                   if (centering) {

                      groupCenterX = groupCenterX/neighbourscount;

                      groupCenterY /= neighbourscount;

                      tempX[i] += (groupCenterX-xcoord[i])/centerfactor;

                      tempY[i] += (groupCenterY-ycoord[i])/centerfactor;

                   }

                   if (velocitymatching) {

                      groupVelocity /= neighbourscount;

                    //  if (groupVelocity < 7) {boidspeed = groupVelocity;}

                      directionX /=noboids;

                      directionY /= noboids;

                      tempX[i]+=(((directionX-prevDirectionX)/neighbourscount)/velocityfactor);

                      tempY[i] +=(((directionX-prevDirectionX)/neighbourscount)/velocityfactor);

                   }

               } //end if neighbourscount !=0

             if (tempX[i] > xcoord[i])  {

               if (xcoord[i] + boidspeed < tempX[i] )

                 { tempX[i] = boidspeed + xcoord[i]; }}

             else if (tempX[i] < xcoord[i])  {

                if (xcoord[i] - boidspeed > tempX[i] )

                   {tempX[i] = xcoord[i]-boidspeed; }

             }

             if (tempY[i] > ycoord[i])  {

                if (ycoord[i] + boidspeed < tempY[i] )

                   { tempY[i] = ycoord[i]+boidspeed; }}

             else if (tempY[i] < ycoord[i])  {

                if (ycoord[i] - boidspeed > tempY[i])

                   { tempY[i] = ycoord[i]-boidspeed; }

              } //end this if

          } // end i loop

          if (separation) {

                         //  setBackground(Color.pink);

             for (int l=0; l<noboids; l++) {

               for (int m=0; m<noboids; m++) {

                    if (l>m) {

                       int diffX = xcoord[m]- xcoord[l];

                       if (diffX < 0) { diffX *= -1;}

                       int diffY = ycoord[m] - ycoord[l];

                       if (diffY < 0) { diffY *= -1;}

                       if ((diffX<distanceapart)&&(diffY<distanceapart)) {

                          tempX[l]-=pulldistance-3;

                          tempX[m]+=pulldistance+4;

                          tempY[l]-=pulldistance;

                          tempY[m]+=pulldistance+2;

                       } // end test re distance apart

                   } //end l!=m

              } //end m loop

           } //end l loop

          } //end separation

          //transfer over temp arrays into permanent ones

          for (int k=0; k<noboids; k++) {

               prevxcoord[k] = xcoord[k];

               prevycoord[k]=ycoord[k];

               xcoord[k] = tempX[k];

               ycoord[k] = tempY[k];

          }

    } //end this mehod

  public void init() {

    defaultsettings();

    getfirstpop();

    setBackground(lilac);

    setLayout(fl);

    popsize.addItem(" Population Size");

    popsize.addItem("Population:  1");

    popsize.addItem("Population:  2");

    popsize.addItem("Population:  5");

    popsize.addItem("Population: 10");

    popsize.addItem("Population: 20");

    popsize.addItem("Population: 25");

    center.addItem(" Centering ON");

    center.addItem(" Centering OFF");

    separate.addItem(" Avoidance ON");

    separate.addItem(" Avoidance OFF");

    velocitymatch.addItem(" Match Velocity ON");

    velocitymatch.addItem(" Match Velocity OFF");

    vision.addItem(" Vision Distance: 70");

    vision.addItem(" Vision Distance: 30");

    vision.addItem(" Vision Distance: 50");

    vision.addItem(" Vision Distance: 85");

    vision.addItem(" Vision Distance: 100");

    centeringfactor.addItem("Match Center: 1.5%");

    centeringfactor.addItem("Match Center: 0.5%");

    centeringfactor.addItem("Match Center: 1.0%");

    centeringfactor.addItem("Match Center: 2.0%");

    centeringfactor.addItem("Match Center: 2.5%");

    avoidancefactor.addItem("Distance Apart: 12");

    avoidancefactor.addItem("Distance Apart:  3");

    avoidancefactor.addItem("Distance Apart:  5");

    avoidancefactor.addItem("Distance Apart:  7");

    avoidancefactor.addItem("Distance Apart: 10");

    velocityFactor.addItem("Match Velocity: 1.5%");

    velocityFactor.addItem("Match Velocity: 0.5%");

    velocityFactor.addItem("Match Velocity: 1.0%");

    velocityFactor.addItem("Match Velocity: 2.0%");

    velocityFactor.addItem("Match Velocity: 2.5%");

    regularButtons.add(beg);

    regularButtons.add(pauses);

    regularButtons.add(resetpop);

    regularButtons.add(defaultsetting);

    regularButtons.add(faster);

    regularButtons.add(slower);

    rulesPanel.add(popsize);

    rulesPanel.add(center);

    rulesPanel.add(separate);

    rulesPanel.add(velocitymatch);

    variablePanel.add(vision);

    variablePanel.add(centeringfactor);

    variablePanel.add(avoidancefactor);

    variablePanel.add(velocityFactor);

    add(regularButtons);

    add(rulesPanel);

    add(variablePanel);

  }

  //called after the applet is initialised and when browser returns to page

    //no start() to avoid applet from starting immediately

   public void start2() {

    if (runner == null) {

       runner = new Thread(this);

       runner.start(); }

   }

    //called when user leaves page, and stops applet from continuing to run

   public void stop() {

     if (runner != null) {

        runner.stop();

        runner = null;  }

   }

   public void run() {

     Thread thisThread = Thread.currentThread();

     while ((runner == thisThread)&&(pause!=true)) {

       getnewpop();

       checkforwalls();

       repaint();

       try {

           Thread.sleep(sleepinterval);

           }catch (InterruptedException e) {}

     }

   }

   public boolean action(Event evt, Object arg) {

     if (evt.target instanceof Button) {

         buttonHandle((Button)evt.target);

         return true; }

     if (evt.target instanceof Choice){

         String labl = (String)arg;

          if (labl.equals("Population:  1")) {

              noboids=1;

              repaint(); }

         else if (labl.equals("Population:  2")) {

              noboids=2;

              repaint(); }

         else if (labl.equals("Population:  5")) {

               noboids =5;

               repaint();}

         else if (labl.equals ("Population: 10")) {

               noboids=10;

               repaint(); }

         else if (labl.equals ("Population: 20")) {

               noboids =20;

               repaint(); }

         else if (labl.equals ("Population: 25")) {

             noboids = 25;

             repaint(); }

         else if (labl.equals ("Centering ON")) {

             centering=true;}

         else if (labl.equals (" Centering OFF")) {

             centering=false;}

         else if (labl.equals (" Avoidance ON")) {

             separation=true;}

         else if (labl.equals ("Avoidance OFF")) {

             separation=false;}

         else if (labl.equals (" Match Velocity ON")) {

             velocitymatching=true;}

         else if (labl.equals(" Vision Distance: 30")) {

             visiondistance = 30;}

         else if (labl.equals(" Vision Distance: 50")) {

             visiondistance = 50; }

         else if (labl.equals(" Vision Distance: 70")) {

             visiondistance = 70;}

         else if (labl.equals (" Vision Distance: 85")) {

             visiondistance = 85; }

         else if (labl.equals (" Vision Distance: 100")) {

             visiondistance = 100; }

         else if ( labl.equals (" Match Velocity OFF")){

             velocitymatching=false;}

         else if (labl.equals("Match Centering: 0.5%")) {

              centerfactor = 200;}

         else if (labl.equals("Match Centering: 1.0%")) {

              centerfactor = 100; }

         else if (labl.equals("Match Centering: 1.5%")) {

               centerfactor = 150;}

         else if (labl.equals ("Match Centering: 2.0%")) {

               centerfactor = 50; }

         else if (labl.equals ("Match Centering: 2.5%")) {

               centerfactor = 40; }

         else if (labl.equals("Match Velocity: 0.5%")) {

              velocityfactor = 200;}

         else if (labl.equals("Match Velocity: 1.0%")) {

               velocityfactor = 100; }

         else if (labl.equals("Match Velocity: 1.5%")) {

               velocityfactor = 150;}

         else if (labl.equals ("Match Velocity: 2.0%")) {

               velocityfactor = 50; }

         else if (labl.equals ("Match Velocity: 2.5%")) {

               velocityfactor = 40; }

         else if (labl.equals("Distance Apart:  3")) {

              distanceapart = 3;}

         else if (labl.equals("Distance Apart:  5")) {

               distanceapart = 5; }

         else if (labl.equals("Distance Apart:  7")) {

               distanceapart = 7;}

         else if (labl.equals ("Distance Apart: 10")) {

               distanceapart = 10; }

         return true;

     }else return false;

   }

      //NEED TO FILL IN THIS PART.

     // handles one of the buttons (but not choice buttons ) being pressed

    public void buttonHandle(Button b) {

      if (b==beg) {

         pause = false;

         start2();}

      else if (b==pauses) {

         if (pause) { pause = false;

                      start2();}

         else if (pause!=true){pause = true;

                          stop();}

         }

      else if (b==resetpop) {

          stop();

          getfirstpop();

          repaint(); }

      else if (b==defaultsetting) {

          defaultsettings(); }

      else if (b == faster) {

          if (sleepinterval > 50) {

                  sleepinterval = sleepinterval - 40; }}

      else if ( b==slower) {

                  sleepinterval = sleepinterval + 40; }

     }

        //get an initial, pseudorandomly generation population

      public void getfirstpop() {

           xcoord[0]=333; xcoord[1]=476; xcoord[2]=483; xcoord[3]=112; xcoord[4]=259;

           ycoord[0]=4; ycoord[1]=69; ycoord[2]=112; ycoord[3]=155; ycoord[4]=31;

           xcoord[5]=134; xcoord[6]=201; xcoord[7]=339; xcoord[8]=231; xcoord[9]=10;

           ycoord[5]=29; ycoord[6]=87; ycoord[7]=167; ycoord[8]=53; ycoord[9]=99;

           xcoord[10]=84; xcoord[11]=418; xcoord[12]=453; xcoord[13]=211; xcoord[14]=379;

           ycoord[10]=141; ycoord[11]=65; ycoord[12]=159; ycoord[13]=162; ycoord[14]=72;

           xcoord[15]=160; xcoord[16]=308; xcoord[17]=64; xcoord[18]=380; xcoord[19]=458;

           ycoord[15]=41; ycoord[16]=100; ycoord[17]=45; ycoord[18]=116; ycoord[19]=151;

           xcoord[20]=434; xcoord[21]=329; xcoord[22]=140; xcoord[23]=100; xcoord[24]=313;

           ycoord[20]=70; ycoord[21]=128; ycoord[22]=81; ycoord[23]=131; ycoord[24]=59;

       }

        //checks for each cordinate that the boid hasn't hit a wall

        // and if it has, sends it off at the angle of incidence

       public void checkforwalls() {

         for (int i=0; i<noboids; i++) {

            if (xcoord[i]+radius>width) {

               int temp = prevxcoord[i];

               prevxcoord[i] = xcoord[i];

               xcoord[i]=temp;}

            else if (xcoord[i] < 0) {

               int temp = prevxcoord[i];

               prevxcoord[i] = xcoord[i];

               xcoord[i]=temp;}

            if (ycoord[i]+radius+1>len) {

               int temp = prevycoord[i];

               prevycoord[i]=ycoord[i];

               ycoord[i]=temp;}

            else if (ycoord[i]-radius < 0) {

               int temp = prevycoord[i];

               prevycoord[i]=ycoord[i];

               ycoord[i]=temp;}

         }

      }

       public void paint (Graphics g) {

         g.setColor(Color.black); //set background

         g.fillRect(shiftfactor,lowerfactor,width,len);

         for (int i=0; i<noboids; i++) {

           if ((xcoord[i]+(2*radius))>width){

                xcoord[i] -= (radius*2); }

              g.setColor (Color.pink);

              g.fillOval((shiftfactor+xcoord[i]), lowerfactor+ycoord[i]-radius,2*radius,2*radius);}

       }

}

