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Visualization Tool for a Massively Multiagent Simulation
Hiroshi Shimada

Abstract
Recently, multiagent simulation attracts attention as a approach to understand and
analyze complex social system. Multiagent simulation is a bottom-up approach that
define several factors composing the system as a agent which has each internal state
and any function for decision-making and cause whole behavior by the interaction
between some agents. Multiagent simulation is applied to many fields, and one of
them is trétic. Some complex tfic phenomena are occurred by the interaction
between many factors such as vehicles. By modeling each vehicle as a agent, urban
traffic is analyzed and various ffec phenomena are reproduced.

At traffic simulation based on multiagent, it isn’t enough to output numerical
data such as the number of vehicles that arrive the goal or the necessary time to the
goal. To observe some phenomena occurred in the process of simulation easily is
required to understand and analyzdficaphenomena. Especially at the massively
traffic simulation about the whole urbanftia, the function that understand the state
of simulation by visual information is necessary. For example, to visualize the infor-
mation of ever-changing tfidc congestion make to understand the state dficran
the process of the simulation widely ease.

To analyze tréic, to observe the influence that vehicle offiaphenomena such
as a tréic policy or an accident give the fic state is to be desired. So the function
that operate the behavior of the simulation directly is required. That is a function that
human operates behavior of the vehicle and operate tfie ttacumstance.

In this research, | develop a visualization tool for afiasimulation based on
multiagent simulation, which provides the function that understand a state of the sim-
ulation easily and operate the behavior of simulation to analyfictghenomena.

This time especially | use a massively multiagenfficasimulator that is developed at
joint research with IBM Tokyo Research Laboratory. It can move some million-scale
agents. | develop a visualization tool which has followed functions.
e Converting, sending and receiving data betweefficraimulator and client soft-
ware.
e Defining the behavior of the tfidc simulator from outside, and interrupt action.



iv

User check a state of the simulation and operate vehicles and road state through
the client software. To actualize the visualization tool like this, | implement the
communication service that manage log data frorffir@imulator, send it to client
software and reflect user’s operation toffi@simulator. Communication service
have functions that select required data from log data froffidreimulator at client
requests , select vehicle’s route onffia simulator and communicate with client
software as a server. Through these function, | actualize followed functions to the
visualization tool.
e Visualize the state of the simulation
Client software receives log which communication service and displays it on
the user interface. Through this function, we can observe various phenomena
occurred in the process of simulation easily.
e Operate the state of the simulation
| extend the trffic simulator to define a part of selecting vehicle’s route on sim-
ulator from outside. Through this, we can operate vehicle agents. Furthermore
through removing roads which user selects from choices at selecting route, we
can close some roads. Through these functions, we can observe the influence
that is occurred when user operates vehicles or surroundings on the simulation.
| develop a visualization tool like this, and measure the performance that client soft-
ware get data from communication service. As a result, it is noticed that visualization
of massively simulation can actualize with practical execution speed by selecting data

to send at communication service.
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A.1.1 RMiIService.java

import java.rmi.Remote;
import java.rmi.RemoteException;
import java.util.List;

public interface RMIService extends Remote {

List<VehicleInfo> getVehicles(double north, double west, double south, double east)
throws RemoteException;

long[] getClosedRoads(double north, double west, double south, double east)
throws RemoteException;

List<Congestion> getCongestionInfo(double north, double west, double south, double east)
throws RemoteException;

void closeRoad(long roadID) throws RemoteException;

void openRoad(long roadID) throws RemoteException;

void selectVehicle(long crossPointID) throws RemoteException;

void setNextRoad(long vehicleID, long crossPointID, long roadID) throws RemoteException;

AvatarInfo getAvatar() throws RemoteException;

}

A.1.2 RMIServiceObj.java

import java.rmi.Naming;

import java.rmi.RMISecurityManager;

import java.rmi.RemoteException;

import java.rmi.server.UnicastRemoteObject;
import java.util.ArrayList;

import java.util.List;

import java.lang.Thread;

public class RMIServiceObj extends UnicastRemoteObject implements RMIService{

static LogServer logServer;
static SelectRoad selectRoad;
static SelectRoadImpl selectRoadImpl;

public static void main(String args[]) {

if (System.getSecurityManager() == null) {
// 000000CCOO0000O0ooooo
System.setSecurityManager (new RMISecurityManager());

}

try {
// 0000000C0000000oooooog
RMIServiceObj obj = new RMIServiceObjQ);
selectRoadImpl = new SelectRoadImpl();
selectRoad = selectRoadImpl;
// 00000000000000D0OO0O0O00ooo
Naming.rebind("MyObject", obj);
Naming.rebind("SelectRoad", selectRoadImpl);

} catch (Exception e) {
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e.printStackTrace();
}
logServer = new LogServerImpl();
Thread thread = new Thread((Runnable) logServer);
thread.start(Q);
}

protected RMIServiceObj() throws RemoteException {
super() ;

// TODO OO OOODOODODOOOO00000000

}

/5’:*
*/

private static final long serialVersionUID = 1L;

public List<VehicleInfo> getVehicles(double north, double west, double south, double east)
throws RemoteException {

ArrayList<VehicleInfo> vehicles = (ArrayList<VehicleInfo>) logServer.getVehicles();

ArrayList<VehicleInfo> vehiclesTemp = new ArrayList<VehicleInfo>(Q);

for(int i=0;i<vehicles.size();i++){

VehicleInfo vehicle = vehicles.get(i);

if(vehicle.getLat(O<north & vehicle.getLat()>south

&& vehicle.getLng()>west && vehicle.getLng()<east)

vehiclesTemp.add(vehicle);

}

return vehiclesTemp;

}

public long[] getClosedRoads(double north, double west, double south, double east)
throws RemoteException {

long[] closedRoads= selectRoadImpl.getClosedRoads();

return closedRoads;

}

public List<Congestion> getCongestionInfo(double north, double west, double south, double east)
throws RemoteException {

ArrayList<Congestion> congestionInfo = (ArrayList<Congestion>) logServer.getCongestionInfo();

ArrayList<Congestion> congestionInfoTemp = new ArraylList<Congestion>();

for(int i=0;i<congestionInfo.size();i++){

Congestion congestion = congestionInfo.get(i);

if((congestion.getSLat()<north && congestion.getSLat()>south

&& congestion.getSLng()>west && congestion.getSLng()<east)

| | (congestion.getELat()<north && congestion.getELat()>south

&& congestion.getELng()>west && congestion.getELng()<east))

congestionInfoTemp.add(congestion);

}

return congestionInfoTemp;

}

public void closeRoad(long roadID) throws RemoteException {
selectRoadImpl.addClosedRoad(roadID);
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public void openRoad(long roadID) throws RemoteException {
selectRoadImpl.removeClosedRoad(roadID);
}

public void selectVehicle(long crossPointID) throws RemoteException {

}

public void setNextRoad(long vehicleID, long crossPointID, long roadID) throws RemoteException {
selectRoadImpl.setNextRoad(vehicleID, crossPointID, roadID);
}

public AvatarInfo getAvatar() throws RemoteException {
return logServer.getAvatar();

}

A2 0O0O0O0O0
A.2.1 LogServerjava

import java.util.List;

public interface LogServer {

public List<VehicleInfo> getVehicles();
public List<Congestion> getCongestionInfo();
public AvatarInfo getAvatar();

}

A.2.2 LogServerimpl.java
import java.io.BufferedReader;

import java.io.File;

import java.io.FileNotFoundException;
import java.io.FileReader;

import java.io.IOException;

import java.io.ObjectInputStream;
import java.net.ServerSocket;

import java.net.Socket;

import java.util.Arraylist;

import java.util.List;

import org.omg.CORBA.portable.InputStream;
public class LogServerImpl implements LogServer{
ArrayList<VehicleInfo> vehicles, vehiclesTemp;

ArrayList<Congestion> congestionInfo, congestionInfoTemp;

LogServerImpl(){
vehicles = new ArrayList<VehicleInfo>(Q);
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vehiclesTemp = new ArrayList<VehicleInfo>();
congestionInfo = new ArraylList<Congestion>();
congestionInfoTemp = new ArrayList<Congestion>();

}

private void set(){
vehicles = (ArrayList<VehicleInfo>)vehiclesTemp.clone(Q);
congestionInfo = (ArraylList<Congestion>)congestionInfoTemp.clone();

}

private void setVehicle(double lat, double lng, double direction){
VehicleInfo vehicle = new VehicleInfo(lat, lng, direction);
vehiclesTemp.add(vehicle);

}

private void setCongestion(long roadID, int congestion,

double sLon, double sLat, double eLon, double eLat){

Congestion ¢ = new Congestion(roadID, congestion, sLon, sLat, eLon, elat);
congestionInfoTemp.add(c);

}

public List<VehicleInfo> getVehicles() {
return vehicles;

3

public List<Congestion> getCongestionInfo() {
return congestionInfo;

}

public AvatarInfo getAvatar() {
return null;

}

static class SockListener implements Runnable {
Socket sock;

SockListener(Socket s) {
sock = s;

}

public void run() {

try {

InputStream in = (InputStream) sock.getInputStream();
ObjectInputStream oin = new ObjectInputStream(in);
while(true) {

StringBuffer sb = new StringBuffer();

String serverName = oin.readUTF();

int id = oin.readInt();

int len = oin.readInt();

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

int t = oin.readInt();

ColumnType type = ColumnType.getFromInt(t);

if (type == ColumnType.BOOLEAN) {
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boolean v = oin.readBoolean();
sb.append(v) ;sb.append(" ");

} else if (type == ColumnType.BYTE) {
byte v = oin.readByte();

sb.append(v) ;sb.append(" ");

} else if (type == ColumnType.DOUBLE) {
double v = oin.readDouble();
sb.append(v) ;sb.append(" ");

} else if (type == ColumnType.FLOAT) {
float v = oin.readFloat();

sb.append(v) ;sb.append(" ");

} else if (type == ColumnType.INT) {
int v = oin.readInt();

sb.append(v) ;sb.append(" ");

} else if (type == ColumnType.LONG) {
long v = oin.readLong();

sb.append(v) ;sb.append(" ");

} else if (type == ColumnType.SHORT) {
short v = oin.readShort();

sb.append(v) ;sb.append(" ");

} else if (type == ColumnType.STRING) {
String v = oin.readUTFQ);

sb.append(v) ;sb.append(" ");

} else if (type == ColumnType.OBJECT) {
Object v = oin.readObject();
sb.append(v) ;sb.append(" ");

}

}

System.out.println("[" + serverName + ":" + id + "] " + sb);
}

} catch(Exception e) {
e.printStackTrace();

}

}

/'«“:'}:
* @param args
*/
public static void main(String[] args) {
try {
ServerSocket sock = new ServerSocket(Integer.parselInt(args[0]));
while(true) {
Socket s = sock.accept();
Thread th = new Thread(new SockListener(s));
th.start();
}
} catch(Exception e) {
e.printStackTrace(Q);
}
}



A3 00000
A.3.1 SelectRoad.java

import java.rmi.Remote;
import java.rmi.RemoteException;

public interface SelectRoad extends Remote {
public long selectNextRoad(long vehicleID, CrossPointInfo crossPoint) throws RemoteException;

}

A.3.2 SelectRoadlmpl.java
import java.rmi.RemoteException;

import java.rmi.server.UnicastRemoteObject;
import java.util.ArrayList;

import java.util.Random;

public class SelectRoadImpl extends UnicastRemoteObject implements SelectRoad {
SelectRoadImpl() throws RemoteException {
super();

}
/7“:'.‘:
*/
private static final long serialVersionUID = 1L;

private ArrayList<Long> closedRoads = new ArrayList<Long>();
private Arraylist<long[]> nextRoads = new ArraylList<long[]>Q);

public void addClosedRoad(long roadID) {
closedRoads.add(roadID);
}

public void removeClosedRoad(long roadID) {
closedRoads.remove (roadID);

}

public void setNextRoad(long vehicleID, long crossPointID, long roadID) {
long[] nextRoadSet = new long[3];

nextRoadSet[0] = vehiclelD;

nextRoadSet[1] = crossPointID;

nextRoadSet[2] = roadID;
nextRoads.add(nextRoadSet);
}

public void resetNextRoad(long vehicleID, long crossPointID) {
for(int i=0;i<nextRoads.size();i++){
if(nextRoads.get(i) [0]==vehicleID && nextRoads.get(i)[1]==crossPointID){
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nextRoads.remove(i);
break;

}

}

}

public long selectNextRoad(long vehicleID, CrossPointInfo crossPoint) throws RemoteException{
for(int i=0;i<nextRoads.size();i++){

long[] nextRoadSet = nextRoads.get(i);

if(nextRoadSet[@]==vehicleID && nextRoadSet[l]==crossPoint.getID()){
nextRoads.remove(i);

return nextRoadSet[2];

}

}

long[] road = crossPoint.getOutRoadIDs();

for(int i=0;i<closedRoads.size();i++){

long roadID = closedRoads.get(i);

for(int j=0;j<road.length;j++){

if(road[j]==roadID){

Random r = new Random();

return road[r.nextInt()%road.length];

}

}

}

return -1;

}

public long[] getClosedRoads() {

long[] closedRoad = new long[closedRoads.size()];
for(int i=0;i<closedRoads.size();i++){
closedRoad[i] = closedRoads.get(i);

}

return closedRoad;

3

A4 OO0
A.4.1 \Vehiclelnfo.java

import java.io.Serializable;

public class VehicleInfo implements Serializablef{
/~,".-~.‘:

a't/
private static final long serialVersionUID = 1L;
private double lat, lng, direction;

public VehicleInfo(double lat, double lng, double direction){
this.lat = lat;



this.lng = 1Ing;
this.direction = direction;

}

public double getLat(){
return lat;
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public double getLng(){
return lng;

}

public double getDirection(){
return direction;

}

}

A.4.2 Avatarinfo.java
import java.io.Serializable;
import java.util.List;

public class AvatarInfo implements Serializable{
/'«“::':

*/
private static final long serialVersionUID = 1L;

private double lat, lng, direction, speed;
private List trip;

public AvatarInfo(double lat, double lng, double direction, double speed, List trip){
this.lat = lat;

this.1lng = 1ng;

this.direction = direction;

this.speed = speed;

this.trip = trip;

}

public double getLat(){
return lat;

}

public double getLng(){
return lng;

}

public double getDirection(){
return direction;

}

public double getSpeed(){
return speed;
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public List getTrip(Q{
return trip;

}

}

A.4.3 Congestion.java

import java.io.Serializable;

public class Congestion implements Serializable{
/-,'::“:

*/
private static final long serialVersionUID = 1L;
private long roadID;
private int congestion;
private double sLng, slLat, elLng, elat;

public Congestion(long roadID, int congestion, double sLng, double sLat,
double elLng, double elLat){

this.roadID = roadID;

this.congestion = congestion;

this.sLng = sLng;

this.sLat = sLat;

this.elLng = elLng;

this.elLat = elat;

}

public long getRoadID(){
return roadID;

}

public int getCongestion(){
return congestion;

3

public double getSLng(){
return slLng;

}

public double getSLat(){
return slat;

}

public double getELng(){
return elng;

}

public double getELat(){
return elat;

}

}
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