COMPUTER SYSTEMS RESEARCH 
Code Writeup of your program, example report form 2009-2010 

1. Your name: Hong Zhou, Period: 2 

Date of this version of your program: 4/8/10 

Project title: Multiple Objective ACO 

2. Describe how your program runs as of this version.  Include

The program doesn't need any extra files, just all the classes it uses. It creates a output.txt file for the results. Currently all the variables are set in the program before compiling. The user start the run, and can reset the pheromones (but the not the ants). 


public class ACOApp extends ACO { 
      public static void main(String[] args) {
         new AppletFrame(new ACO(), 410, 520, 20, 20);
      }
      private static final long serialVersionUID = 1L;
   }
import java.awt.Rectangle;
import java.util.*;

class Network extends Observable implements Runnable {
   public Network(int row, int column) {
      this.row = row; 
      this.column = column;
     nodes = new Vector<Node>();  // In this grid model, we can still save it in a vector 
                                   // and calculate position from node ID.
      edges = new Vector<Edge>();
   }

   public synchronized void addNode(Node nd) {
      if (nd == null) throw new NullPointerException("nd is null");
      nodes.addElement(nd);
      /* We will create edges at the end. 
      if (numNodes() == 1) {
         adj            = new Vector<Vector<Link>>();
         Vector<Link> v = new Vector<Link>();
         v.addElement(null);
         adj.addElement(v);
      } else {
         int nn = numNodes();
        for (int i=0; i<nn-1; i++)
            adj.elementAt(i).addElement(new Link(getNode(i), nd));
         Vector<Link> v = new Vector<Link>();
         for (int j=0; j<nn-1; j++)
            v.addElement(adj.elementAt(j).lastElement());
         v.addElement(null);
         adj.addElement(v);
      }*/
      //nd.setBounds(new Rectangle(nd.getX(),   nd.getY(),  2*Node.RAD, 2*Node.RAD));
   }

   public synchronized void completed() {
      complete = true;

     // Generate edges
      int temp = 0;
      for (int i = 0; i < row - 1; i++)
      {        
         for (int j = 0; j < column - 1; j++)
         {
            edges.addElement(new Edge(getNode(temp + j), getNode(temp + j+1)));
         }
         
         for(int j = 0; j < column; j++)
         {
            edges.addElement(new Edge(getNode(temp + j), getNode(temp + column + j)));
         }
         
         temp += column;
      }

      int tmp = (row - 1) * column;
      for (int j = 0; j < column - 1; j++)
      {
         edges.addElement(new Edge(getNode(tmp + j), getNode(tmp + j+1)));
      }
      
      
      // Calculate minX, maxX, minY & maxY
      /*int nn = numNodes();
      maxX = 420; minX = 0; maxY = 410; minY = 0;
      /*
      maxX = minX = getNode(0).getX();
      maxY = minY = getNode(0).getY();
      for (int nodeId=1; nodeId<nn; nodeId++) {
         double x = getNode(nodeId).getX();
         double y = getNode(nodeId).getY();
         if (x < minX)
            minX = x;
         else if (x > maxX)
            maxX = x;
         if (y < minY)
            minY = y;
         else if (y > maxY)
            maxY = y;
      }*/
   }

   public synchronized final boolean isComplete() {
      return(complete);
   }

   public synchronized int getNextNodeId() {
      return(nextNodeId++);
   }

   public synchronized int getNextAntId() {
      return(nextAntId++);
   }

   public synchronized int numNodes() {
      return(nodes.size());
   }

   public synchronized Node getNode(int id) {
      return((Node)nodes.elementAt(id));
   }

   public synchronized Edge getEdge(int nodeIdS, int nodeIdT) {
      if (nodeIdS > nodeIdT)
         return getEdge(nodeIdT, nodeIdS);
      
      int rowS, columnS, rowT, columnT;
      rowS = nodeIdS / row;
      columnS = nodeIdS % row;
      rowT = nodeIdT / row;
      columnT = nodeIdT % row;
      
      if (rowS < 0 || columnS < 0 || rowS >= row || columnS >= column || rowT < 0 || columnT < 0 || rowT >= row || columnT >= column)
         return null;
      
      if (rowS == rowT && columnT - columnS == 1 )
         return edges.elementAt(rowS * (row + column - 1) + columnS);
     else if (columnS == columnT && rowT - rowS ==1)
         return edges.elementAt(rowS * (row + column - 1) + column - 1 + columnS);
      else
         return(null);
   }

   public synchronized final double getMinX() {
      return(minX);
   }

   public synchronized final double getMaxX() {
      return(maxX);
   }

   public synchronized final double getMinY() {
      return(minY);
   }

   public synchronized final double getMaxY() {
      return(maxY);
   }

   public synchronized final int getNumSteps() {
      return(numSteps);
  }

   public synchronized final Node[] getBestTour() {
      Node[] bt = null;
      if (bestTour != null) {
         bt = new Node[bestTour.length];
         System.arraycopy(bestTour, 0, bt, 0, bestTour.length);
      }
      return(bt);
   }

   public synchronized final double getBestTourLen() {
      return(bestTourLen);
   }
   
   public synchronized final double getAvgTourLen() {
      return(avgTourLen);
   }

   public synchronized final Node[] getBestEverTour() {
      Node[] bet = null;
     if (bestEverTour != null) {
         bet = new Node[bestEverTour.length];
         System.arraycopy(bestEverTour, 0, bet, 0, bestEverTour.length);
      }
      return(bet);
   }

   public synchronized final double getBestEverTourLen() {
      return(bestEverTourLen);
   }

   private synchronized int numAnts() {
      int na = 0;
      Enumeration e = nodes.elements();
      while (e.hasMoreElements())
         na += ((Node)e.nextElement()).numAnts();
      return(na);
   }

   public synchronized void start() {
      if (netThread == null) {
         timeToDie  = false;
         timeToWait = false;
         netThread  = new Thread(this);
         netThread.start();
      }
   }

   public synchronized void suspend() {
      timeToWait = true;
   }

   public synchronized void resume() {
      timeToWait = false;
      notify();
   }

   public synchronized void stop() {
      timeToDie = true;
      notify();
   }

   public void run() {
      //placeAnts(); We don't place ants at every node, but come out of start point one by one

      Random rnd = new Random(1);
      antsNum = 0;
      while (!timeToDie) {
         try {
            synchronized(this) {
               while (timeToWait && !timeToDie)
                  wait();
            }
         } catch(InterruptedException e) {
            // do nothing!
         }
         if (timeToDie)
            continue;
         
         // add a new ant at the start
         if (antsNum - finishedAntsNum < THRESHOLD)
         {
            Ant ant = new Ant(this, rnd);
            getStartNode().addAnt(ant);
            ant.setNumSteps(numSteps - 1);
            antsNum ++;
         }
         
         // every ant moves
         buildTours();
         
         // deposit(); deposit whenever an ant arrives at the destination
         update();
/*
         synchronized(this) {
            // Best tour
            Ant ba      = bestAnt();
            bestTour    = ba.getTour();
            bestTourLen = ba.getTourLength();

            // Best ever tour
            if ((bestEverTour == null) ||
                  (bestTourLen < bestEverTourLen)) {
               bestEverTour    = bestTour;
               bestEverTourLen = bestTourLen;
            }
         }*/
         // resetTabus(); // No longer reset tabus
         setChanged();
         notifyObservers(null);
         if (timeToDie)
            continue;
         try {
            Thread.sleep(500);
        } catch(InterruptedException e) {
            // do nothing!
         }
         synchronized(this) {
            numSteps++;
         }
      }
   }

   public Node  getStartNode()
   {
      return getNode(startNodeId);
   }
   
   public synchronized void reset() {
      numSteps = 0;
      Iterator it = edges.iterator();
      while(it.hasNext())
      {
         Edge edg = (Edge)it.next();
         edg.resetTau();
      }
      
      bestEverTour    = null;
      bestEverTourLen = 0.0;
      setChanged();
      notifyObservers(null);
   }

   public synchronized void resetBestEverTour() {
      bestEverTour    = null;
      bestEverTourLen = 0.0;
      setChanged();
      notifyObservers(null);
   }

   private synchronized void placeAnts() {
      // place one Ant on each Node
      int    nn  = numNodes();
      Random rnd = new Random(1);
      for (int nodeId=0; nodeId<nn; nodeId++)
         getNode(nodeId).addAnt(new Ant(this, rnd));
   }

   private synchronized void buildTours() {
      int nn = numNodes();
      // back to their first Nodes
      for (int nodeIdS=0; nodeIdS < nn - 1; nodeIdS++) 
      {
         Node nodeS = getNode(nodeIdS);
         // move one Ant at a time
         int na = nodeS.numAnts();
         for (int i=0; i<na; i++) {
            Ant a = nodeS.firstAnt();     
            if (a.getNumSteps() == numSteps)
               break;
            
            a = nodeS.removeAnt();           
            Node nd = a.chooseNode();
            /*if (!a.allowed()) {
               // Ant a isn't allowed to move
               a.getFirstNode().addAnt(a);
            } else {
               // Move Ant a to chosen destination
               a.chooseNode().addAnt(a);
            }*/
            if (nd == null)
            {
               antsNum--;
               continue;
            }
            
            if (isEndNode(nd.getId()))
            {
               // End reached, deposit and update
               a.addToTabu(nd);
               a.deposit();
               finishedAntsNum ++;  
               if (a.getTourLength() < bestTourLen || bestTourLen == 0.0 )
               {
                  bestTourLen = a.getTourLength();
               }
               avgTourLen = (avgTourLen*(double)numTours + a.getTourLength())/(double)numTours;
               numTours++;
               setChanged();
            }
            else
            {
               nd.addAnt(a);
               a.setNumSteps(numSteps);
               //nd.repaint();
            }
         }
         
         //nodeS.repaint();
      }
      /*
      for (int nodeIdS=0; nodeIdS < nn - 1; nodeIdS++) {
         Node nodeS = getNode(nodeIdS);
         nodeS.repaint();
      }*/
         
   }

   public boolean isEndNode(int nodeId)
   {
      return (nodeId == row * column -1);
   }

   private synchronized void deposit() {
      // require Ants to have completed their tours
      int nn = numNodes();
      for (int nodeId=0; nodeId < nn; nodeId++) {
         Node nd = getNode(nodeId);
         nd.deposit();
      }
   }

   private synchronized void update() {
      // require Ants to have completed their tours
      // require deposit to have been run
      Iterator it = edges.iterator();
      while(it.hasNext())
      {
            Edge edg = (Edge)it.next();
            edg.update();
      }
   }

   private synchronized void resetTabus() {
      // require Ants to have completed their tours
      // require deposit to have been run
      // require update to have been run
      int nn = numNodes();
      for (int nodeId=0; nodeId < nn; nodeId++)
         getNode(nodeId).resetTabus();
   }

   public synchronized double dist(int nodeIdS, int nodeIdT) {
      Node nodeS = getNode(nodeIdS);
      Node nodeT = getNode(nodeIdT);
      double x1  = nodeS.getX();
      double y1  = nodeS.getY();
      double x2  = nodeT.getX();
      double y2  = nodeT.getY();
      double len = Math.sqrt((x2-x1)*(x2-x1) + (y2-y1)*(y2-y1));
      return(len);
   }
   
   public int getRow()
   {
      return row;
   }
   
   public int getColumn()
   {
      return column;
   }
   
   public Iterator getLinksIterator()
   {
      return edges.iterator();
   }

   public synchronized String toString() {
      StringBuffer buf = new StringBuffer();
      buf.append("Network(");
      if (numNodes() > 0) {
         buf.append("nodes:");
         Enumeration e = nodes.elements();
         buf.append(e.nextElement());
         while (e.hasMoreElements())
            buf.append(",\n").append(e.nextElement());
      }/*
      if (numNodes() > 1) {
         buf.append("\nadj:");
         int nn = numNodes();
         buf.append(adj.elementAt(0).elementAt(1));
         for (int j=2; j<nn; j++) {
            buf.append(",");
            buf.append(adj.elementAt(0).elementAt(j));
         }
         for (int i=1; i<nn-1; i++) {
            buf.append("\n");
            buf.append(adj.elementAt(i).elementAt(i+1));
            for (int j=i+2; j<nn; j++) {
               buf.append(",");
               buf.append(adj.elementAt(i).elementAt(j));
            }
         }
      }*/
      buf.append(")");
      return(buf.toString());
   }

   private static int         THRESHOLD = 100;
   private int                  nextNodeId;
   private int                  nextAntId;
   private Vector<Node>         nodes;
   private Vector<Edge>         edges;             
   private boolean              complete;
   private int                  numSteps;
   private double               minX;
   private double               maxX;
   private double               minY;
   private double               maxY;
   private Node[]               bestTour;
   private double               bestTourLen;
   private double               avgTourLen;
   private int                  numTours;
  private Node[]               bestEverTour;
   private double               bestEverTourLen;
   private Thread               netThread;
   private volatile boolean     timeToDie;
   private volatile boolean     timeToWait;
   private int             row; 
   private int             column;
   private int             startNodeId = 0;
   private int                 endNodeId = row*column - 1;
   private int             antsNum;
   private int             finishedAntsNum;
}

import java.util.*;

class Ant {
   public Ant(Network net, Random rnd) {
      if (net == null) throw new NullPointerException("net is null");
      if (rnd == null) throw new NullPointerException("rnd is null");
     this.net = net;
      id       = net.getNextAntId();
      tabu     = new Vector<Node>();
      tourLen  = 0.0;
      this.rnd = rnd;
   }

   public final Network getNet() {
      return(net);
   }

   public final double getId() {
      return(id);
   }

   public synchronized boolean allowed(Node nd) {
      // Is this Ant allowed to move to Node nd?
      if (nd == null) throw new NullPointerException("nd is null");
      return((tabu.contains(nd)) ? false : true);
   }

   public synchronized boolean allowed() {
      // Is this Ant allowed to move?
      return((tabu.size() == net.numNodes()) ? false : true);
   }

   public synchronized Node getFirstNode() {
      return((Node)tabu.firstElement());
   }

   public synchronized Node getLastNode() {
      return((Node)tabu.lastElement());
   }

   public synchronized void addToTabu(Node nd) {
      if (nd == null) throw new NullPointerException("nd is null");
      int size   = tabu.size();
      int currId = nd.getId();
      if (size > 0) {
         // add Edge length
         int lastId  = getLastNode().getId();
         tourLen    += net.getEdge(lastId, currId).length();
      }
/*    if (net.isEndNode(currId)) {
         // this addition will complete tour; add length of final Edge
         int firstId = getFirstNode().getId();
         tourLen    += net.getLink(currId, firstId).length();        
      }*/
      tabu.addElement(nd);
   }

   public synchronized void resetTabu() {
      tabu.removeAllElements();
      tourLen = 0.0;
   }

   public synchronized Node chooseNode() { //this is annoying...
      int nodeIdS = getLastNode().getId();
      int nodeIdT;

      int row = net.getRow();
      int column = net.getColumn();
      
      Vector lnks = new Vector();
      int r = nodeIdS / column;
      int c = nodeIdS % column;
      double sumPij = 0.0;
      Edge edg;
      
      nodeIdT = (r-1)*column+c;
      edg = net.getEdge(nodeIdT, nodeIdS);
      if (edg != null)
      {
         if (allowed(net.getNode(nodeIdT))) // No-circle in the path. Excluded(should I?) before heustic. 
         {
            lnks.addElement(edg);
            sumPij += edg.weight();
         }
      }
      
      edg = net.getEdge(nodeIdS - 1, nodeIdS);
      if (edg != null)
      {
         if (allowed(net.getNode(nodeIdS - 1)))
         {
            lnks.addElement(edg);
            sumPij += edg.weight();
         }
      }

      nodeIdT = (r+1)*column + c;
      if (net.isEndNode(nodeIdT))
      {
         return net.getNode(nodeIdT);
      }
      edg = net.getEdge(nodeIdS, nodeIdT);
      if (edg != null)
     {
         if (allowed(net.getNode(nodeIdT)))
         {
            lnks.addElement(edg);
            sumPij += edg.weight();
         }
      }
      
      nodeIdT = nodeIdS + 1;
      if (net.isEndNode(nodeIdT))
      {
         return net.getNode(nodeIdT);
      }
      edg = net.getEdge(nodeIdS, nodeIdT);
      if (edg != null)
      {
         if (allowed(net.getNode(nodeIdS+1)))
         {
            lnks.addElement(edg);
            sumPij += edg.weight();
         }
      }

      int nan = lnks.size();  
      if (nan == 0) 
         return null;
      
      // Establish probability weights to each new Node
      double pij[]  = new double[nan];
      int i;
      for (i=0; i < nan; i++) {  
         edg = (Edge)lnks.elementAt(i);
         pij[i] = edg.weight();
      }

      // Normalize
      for (i=0; i < nan; i++)
         pij[i] /= sumPij;

      // Select destination
      double rn    = rnd.nextDouble();
      sumPij       = 0.0;
      int chosen = 0;
      for (i=0; i < nan; i++) {
         sumPij += pij[i];
         chosen = i; // insurance against rounding error!
         if (rn <= sumPij)
            break;
      }
      
      edg = (Edge)lnks.elementAt(chosen);    
      return(edg.getNodeS().getId() == nodeIdS ? edg.getNodeT() : edg.getNodeS());
   }

   public synchronized Node[] getTour() {
      Node[] na = new Node[net.numNodes()];
      tabu.copyInto(na);
      return(na);
   }

   public synchronized double getTourLength() {
      return(tourLen);
   }

   public synchronized void deposit() {      
      Enumeration<Node> e       = tabu.elements();
      int  nodeIdS = e.nextElement().getId();
      System.out.print(tourLen); System.out.print(':');
      while (e.hasMoreElements()) {
         int  nodeIdT = e.nextElement().getId();
         Edge edg     = net.getEdge(nodeIdS, nodeIdT);
         if (edg == null)
            continue;
         edg.deposit(QCONST/getTourLength());
         nodeIdS      = nodeIdT;
         System.out.print(nodeIdT);System.out.print(' ');
      }
      System.out.print('\n');
   }

   public synchronized String toString() {
      StringBuffer buf = new StringBuffer();
      buf.append("Ant(").append(id);
      if (tabu.size() > 0) {
         buf.append(",[");
         Enumeration<Node> e = tabu.elements();
         buf.append(e.nextElement().getId());
         while (e.hasMoreElements())
            buf.append(",").append(e.nextElement().getId());
         buf.append("]");
         if (tabu.size() == net.numNodes())
            buf.append(",").append(getTourLength());
      }
      buf.append(")");
     return(buf.toString());
   }

   public synchronized int getNumSteps()
   {
      return numSteps;
   }
   
   public synchronized void setNumSteps(int steps)
   {
      numSteps = steps;
   }
   
   private final double  QCONST = 10.0;

   private final Network net;
   private final int     id;
   private Vector<Node>  tabu;
   private double        tourLen;
   private final Random  rnd;
   private int          numSteps;
}


3. What do you expect to work on next quarter, in relation to the goal of your project for the year? 

Next quarter I will be finishing up the output and start analyzing the results. I will be tweaking the variables and making graphs.

