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Appendix A : COMMUNICATION DRIVER SOFTWARE CODE

package metermonitor.meterreadingagent.utilities;

import java.io.DatalnputStream;
import java.io.DataOutputStream;
import java.io.IOException;
import java.net.*;

import java.util. Random;

import java.util.logging.Level;
import java.util.logging. Logger;
/**

%

* @author Dulan Ranawaka

*/
public class ReadingMeterRegister {

Socket smtpSocket = null;
Datd@utputStrea osy= nul;
Dat%htStream isi=anll;

byte b1[] = new byte[]{3.0,8,0,0,0.0,0,0,0,01:
byte b2[] = new byte[]43,0,5,47,63,33,13,10};
byte b3[] = new byte[]{3,0,6,6,48,53,48,13,10};

String responseLine;
public String Read(String hostname) {
try {
smtpSocket = new Socket(hostname, 2010);
os = new DataOutputStream(smtpSocket.getOutputStream());
is = new DatalnputStream(smtpSocket.getInputStream());
} catch (UnknownHostException e) {
System.err.println("Don't know about host: hostname");
} catch (IOException e) {
System.err.println("Couldn't get I/O for the connection to: hostname");
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if (smtpSocket = null && os = null && is != null) {
try {
os.write(bl);
os.write(b2);
responseLine = is.readLine();
os.write(b3);
while ((responseLine = is.readLine()) != null) {
if( responseLine.startsWith("72.7.0")){
break;
H
if (responseLine.indexOf("Ok") = -1) {
break;
H
H

os.close();
is.close();
smtpSocket.close();
} catch (UnknownHostException e) {
System.err.printIn(''Trying to connect to unknown host: " + ¢);

steh (IOEXCeption €)'

SRR

sgem. ert' printi( IO Ekception: O-+€),;

if (responseLine != null){
responseLine=responseLine.split("\\(")[ 1].split(".")[0];
H
else{
responseline= Integer.toString(0);

}

return responseline;
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Appendix B : MONITOR AGENT SOFTWARE CODE

package metermonitor.monitoragent.agent;

import jade.core.AlID;

import jade.core.Agent;

import jade.domain.DFService;

import jade.domain. FIPAAgentManagement. DFAgentDescription;

import jade.domain. FIPAAgentManagement.ServiceDescription;

import jade.domain. FIP AException;

import java.util. ArrayList;

import java.util. Hashtable;

import java.util.List;

import java.util.logging.Level;

import java.util.logging. Logger;

import metermonitor.common.utilities. CommonConstants;

import metermonitor.monitoragent.behaviours.MeterAssigningBehaviour;

import metermonitor.monitoragent.behaviours.MeterPickupBehaviour;

import metermonitor.monitoragent.behaviours.MeterReadingPickupBehaviour;
import metermonitor.monitoragent.behaviours.NotifyMeter AssignmentBehaviour;
import mgiermonifor. monitoragent. behaviouts. Reading AgentPiekupBehaviour,
[ é:}

*

* @author Dulan Ranawaka
*/
public class MonitorAgent extends Agent {

List<AID> readingAgents = new ArrayList<>();

List<String> meters = new ArrayList<>();

Hashtable<String, String> meterNumbers = new Hashtable<>();
Hashtable<String, String> meterlps = new Hashtable<>();
Hashtable<AID, List<String>> meterAssignment = new Hashtable<>();
MonitorAgentForm agentUiForm = null;

@Override

protected void setup() {
_agentUiForm = new MonitorAgentForm(this);
_agentUiForm.setVisible(true);
_agentUiForm.setAgentName(getAID().getName());
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showMessage("Registering as a monitor...");

ServiceDescription serviceDescription = new ServiceDescription();
serviceDescription.setType(CommonConstants.MonitorServiceType);
serviceDescription.setName(CommonConstants.MonitorServiceName);

DFAgentDescription df = new DFAgentDescription();
df.setName(getAID());
df.addServices(serviceDescription);

try {
DFService.register(this, df);

} catch (FIPAException ex) {

Logger.getLogger(MonitorAgent.class.getName()).log(Level. SEVERE, null,
ex);

showMessage("Starting behaviours...");

addBehaviour(new ReadingAgentPickupBehaviour());

addBéhqviour(new NotityM eter AssignmientBehaviqur(thisic 10000,
_metcrA;gfg@ncnt));

addB’__ethéViour(ncw MeterReadingPickupBehaviour());

addB:éhzwiour(ncw MeterPickupBehaviour());

}

public void addReadingAgent(AID readingAgent) {
showMessage("Adding agent: " + readingA gent.getName());

for (AID ra: readingAgents) {
if (ra.getName().equals(readingA gent.getName())) return;

}

_readingAgents.add(readingA gent);
addBehaviour(new MeterAssigningBehaviour(_readingAgents, meters));
List<String> agentNames = new ArrayList<>();

_readingAgents.stream().forEach((ra) -> {
agentNames.add(ra.getName());

I3K
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_agentUiForm.updateReadingA gents(agentNames.toArray(new
String[agentNames.size()]));

}

public void removeReadingA gent(AID readingAgent) {
showMessage("Adding agent: " + readingA gent.getName());

AID agenttoRemove = null;

for (AID ra: readingAgents) {
if(ra.getName().equals(readingA gent.getName())) {
agenttoRemove = ra;
break;

}
}

if (agenttoRemove == null) return;
_readingA gents.remove(agenttoRemove);

addBEhaviout(new MietatAssigningBehavious( itsadibgAigénts, meters));

List{_S_'t’ring> agentNames = new ArrayList<>();

_readingA gents.stream().forEach((ra) -> {
agentNames.add(ra.getName());

s

_agentUiForm.updateReadingA gents(agentNames.toArray(new
String[agentNames.size()]));

}

public boolean addMeter(String meter) {
if (!_meterNumbers.containsKey(meter)) return false;
if (_meters.stream().anyMatch(m -> m.equals(meter))) return false;
_meters.add(_meterNumbers.get(meter));

addBehaviour(new MeterAssigningBehaviour(_readingAgents, meters));

return true;
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public void updateMeter Assignment(Hashtable<AID, List<String>>
meterAssignment) {
_meterAssignment.clear();
_meterAssignment.putAll(meterAssignment);

}

public void addMeterInfo(String meterNumber, String meterlp) {
if (_meterNumbers.containsKey(meterNumber) ||
_meterlps.containsKey(meterlp)) return;
_meterNumbers.put(meterNumber, meterlp);
_meterlps.put(meterlp, meterNumber);

}

public void updateMeterReading(String meter, int reading) {
_agentUiForm.updateMeterReading(_meterIps.get(meter), reading);

}

public void showMessage(String message) {
agentUiForm.addMessage(message);
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package metermonitor.monitoragent.agent;

import jade.core.AlID;

import jade.lang.acl. ACLMessage;

import jade.util. Logger;

import java.awt.BorderLayout;

import java.util. Hashtable;

import java.util.Iterator;

import java.util.List;

import java.util. Map;

import java.util. Random;

import java.util. Timer;

import java.util. TimerTask;

import javax.swing.DefaultListModel;

import javax.swing.ListModel;

import org.jfree.chart. ChartFactory;

import org.jfree.chart.ChartPanel;

import org.jfree.chart.JFreeChart;

import org.jfree.chart.plot.PlotOrientation;

import org.jfree.data.category.DefaultCategoryDataset;

import orég%}cc.d atalgeverak Dafault RicDutadds;
=)

/**

*

* @author Dulan Ranawaka
*/
public class MonitorAgentForm extends javax.swing.JFrame {

private final MonitorAgent _agent;
private final Hashtable<String, Integer> meterReadings = new Hashtable<>();

/**

* Creates new form MonitorAgentForm

* (@param agent

*/

public MonitorAgentForm(MonitorAgent agent) {
_agent = agent;

initComponents();
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Timer chartUpdateTimer = new Timer();
chartUpdateTimer.schedule(new TimerTask() {
@Override
public void run() {
updateChart();

}
1, 3000, 3000);

}

/**

* This method is called from within the constructor to initialize the form.

* WARNING: Do NOT modify this code. The content of this method is always
* regenerated by the Form Editor.

*/

@SuppressWarnings("unchecked")

// <editor-fold defaultstate="collapsed" desc="Generated Code">

private void initComponents() {

btnAddMeter = new javax.swing.JButton();
txtMeter = new javax.swing.JTextField();
chr(‘)_lVI‘anncZ =/ hew faviaid. swing IS €ro 11 Pans(d);
lstklfz_;%a ges Fhew javaxiswihg HosK);
jPaﬁc;I:i = new;javax. swingsd Pangl()1

jLabc_ll- = new javax.swing.JLabel();
jScrollPane3 = new javax.swing.JScrollPane();
IstReadingAgents = new javax.swing.JList();
jScrollPanel = new javax.swing.JScrollPane();
IstMeters = new javax.swing.JList();

jLabel2 = new javax.swing.JLabel();

jLabel3 = new javax.swing.JLabel();

jLabel4 = new javax.swing.JLabel();

setDefaultCloseOperation(javax.swing. WindowConstants. EXIT ON_CLOSE);

btnAddMeter.setText("Add");
btnAddMeter.add ActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {
btnAddMeterActionPerformed(evt);

}
s
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jScrollPane2.setViewportView(IstMessages);

jPanell.setBorder(javax.swing.BorderFactory.createLineBorder(new
java.awt.Color(0, 0, 0)));

javax.swing.GroupLayout jPanell Layout = new
javax.swing.GroupLayout(jPanell);

jPanell.setLayout(jPanell Layout);

jPanell Layout.setHorizontal Group(

jPanell Layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING

)
.addGap(0, 0, Short. MAX VALUE)

);
jPanell Layout.setVerticalGroup(

jPanell Layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING
: .addGap(0, 376, Short. MAX VALUE)

) :

] Laﬁg;setTCXt("Reading A gentS'Y;

AiSc?éﬁI"ancB .setViewportView(IstReadingA gents);

jScrollPanel .setViewportView(IstMeters);

jLabel2.setText("Meters");

jLabel3.setText("Messages");

jLabel4.setText("Meter Readings");

javax.swing.GroupLayout layout = new
javax.swing.GroupLayout(getContentPane());

getContentPane().setLayout(layout);

layout.setHorizontalGroup(
layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING)
.addGroup(layout.createSequential Group()
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.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG)

.addGroup(layout.createSequential Group()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG)
.addGroup(layout.createSequential Group()
.addContainerGap()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG)
.addComponent(jScrollPane3,
javax.swing.GroupLayout. PREFERRED SIZE, 318,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addComponent(jLabell))
.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG)
- .addGroup(layqut.createSequential Groupy)

émé , .addComponent(jLabel2)

s addGap(226;226,926))

= ‘adddonipoient(SiciollPanel,
javax.swing.GroupLayout. DEFAULT SIZE, 299, Shortt MAX VALUE)))

.addGroup(layout.createSequential Group()
.addGap(342, 342, 342)

.addComponent(txtMeter,
javax.swing.GroupLayout. PREFERRED SIZE, 213,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED)
.addComponent(btnAddMeter,

javax.swing.GroupLayout. DEFAULT SIZE,

javax.swing.GroupLayout. DEFAULT _SIZE, Short MAX VALUE)))

.addGap(12, 12, 12)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG)
.addComponent(jScrollPane2,
javax.swing.GroupLayout. PREFERRED SIZE, 295,
javax.swing.GroupLayout. PREFERRED_SIZE)
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.addComponent(jLabel3)))
.addGroup(layout.createSequential Group()
.addContainerGap()

.addComponent(jPanell,
javax.swing.GroupLayout. DEFAULT SIZE,
javax.swing.GroupLayout. DEFAULT _ SIZE, Short. MAX VALUE)))

.addContainerGap())
.addGroup(layout.createSequential Group()
.addContainerGap()
.addComponent(jLabel4)
.addContainerGap(javax.swing.GroupLayout. DEFAULT SIZE,
Short MAX VALUE))
);
layout.setVerticalGroup(
layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING)
.addGroup(layout.createSequential Group()
.addContainerGap()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)
_ -addComponent(jLabel])
e ddComponent{jLAbel2)
E,-v_’;'uid(‘omponcnt(jLabelS))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG, false)

.addComponent(jScrollPane3,
javax.swing.GroupLayout. DEFAULT SIZE, 229, Short MAX VALUE)

.addGroup(javax.swing.GroupLayout.Alignment. TRAILING,
layout.createSequentialGroup()

.addComponent(jScrollPanel)
.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)
.addComponent(txtMeter,
javax.swing.GroupLayout. PREFERRED_ SIZE,
javax.swing.GroupLayout. DEFAULT SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addComponent(btnAddMeter)))
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.addComponent(jScrollPane2))
.addGap(14, 14, 14)
.addComponent(jLabel4)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. UNRELATED)

.addComponent(jPanell, javax.swing.GroupLayout. PREFERRED SIZE,
javax.swing.GroupLayout. DEFAULT SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE)
.addContainerGap(javax.swing.GroupLayout. DEFAULT SIZE,
Short MAX_VALUE))

)

pack();
}// </editor-fold>

private void btnAddMeterActionPerformed(java.awt.event. ActionEvent evt) {
if (!_agent.addMeter(txtMeter.getText())) return;

ListModel meterListModel = IstMeters.getModel();
if (meterListModel == null || l(meterListModel instanceof DefaultlistModel))

f
1

1 i el istModel = new DefaultListModel<>();
ls_%Méters.sctModcl(mctcrListModcl):

l L
§ i

((DefaultListModel)meterListModel).addElement(txtMeter.getText());
}

// Variables declaration - do not modify
private javax.swing.JButton btnAddMeter;
private javax.swing.JLabel jLabell;

private javax.swing.JLabel jLabel2;

private javax.swing.JLabel jLabel3;

private javax.swing.JLabel jLabel4;

private javax.swing.JPanel jPanell;

private javax.swing.JScrollPane jScrollPanel;
private javax.swing.JScrollPane jScrollPane2;
private javax.swing.JScrollPane jScrollPane3;
private javax.swing.JList IstMessages;

private javax.swing.JList IstMeters;

private javax.swing.JList IstReadingAgents;
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private javax.swing.JTextField txtMeter;
// End of variables declaration

public void setAgentName(String agentName) {
this.setTitle(agentName);

}

public void updateReadingA gents(String[] readingAgents) {

DefaultListModel<String> readingA gentListModel = new
DefaultListModel<>();

for (String readingAgent : readingAgents) {
readingA gentListModel.addElement(readingA gent);

}

IstReadingA gents.setModel(readingA gentListModel);
updateChart();

public void updateMeterReading(String meter, int reading) {
if (_fikterReddings:eamainsidy(iete))
;ﬁglaéchadings.replacc(mcter. readifig)l
! cls,ez{"
7i1-1_£:tchcadings.put(mctcr, reading);
i
}

private void updateChart() {
DefaultCategoryDataset objDataset = new DefaultCategoryDataset();

Iterator<Map.Entry<String, Integer>> it = meterReadings.entrySet().iterator();

while (it.hasNext()) {
Map.Entry<String, Integer> entry = it.next();

if (objDataset.getColumnKeys().contains(entry.getKey())) {
objDataset.setValue(entry.get Value(), "X", entry.getKey());
} else {
objDataset.addValue(entry.getValue(), "X", entry.getKey());

}
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JFreeChart objChart = ChartFactory.createBarChart("Meter Readings", "Meter
Serial Number", "Meter Readings (kVA)", objDataset, PlotOrientation. VERTICAL,

false, true, false);

ChartPanel CP = new ChartPanel(objChart);
jPanell.setLayout(new java.awt.BorderLayout());
jPanell.removeAll();
jPanell.add(CP,BorderLayout. SOUTH);
jPanell.validate();

public void addMessage(String message) {
ListModel meterldListModel = IstMessages.getModel();
if (meterldListModel == null || !(meterldListModel instanceof
DefaultListModel))
{
meterldListModel = new DefaultListModel<>();
IstMessages.setModel(meterIdListModel);

l
S

if(((', _efaultListModcl)mctcrIdListModcl).sizc()>10)

f

L
((DefaultListModel)meterldListModel).clear();
((DefaultListModel)meterIdListModel).removeAllElements();

H
((DefaultListModel)meterldListModel).addElement(message);
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package metermonitor.monitoragent.behaviours;

import jade.core.AlID;

import jade.core.behaviours.OneShotBehaviour;

import java.util. ArrayList;

import java.util. Hashtable;

import java.util.List;

import metermonitor.monitoragent.agent. MonitorAgent;

/**
%
* @author Dulan Ranawaka
*/
public class MeterAssigningBehaviour extends OneShotBehaviour {

private final List<AID> readingAgents;
private final List<String> meters;

public MeterAssigningBehaviour(List<AID> readingAgents, List<String> meters)
{
this. Sgeading A gantsct radding A gends;
tllisg‘@éters Fmeters;

@Override
public void action() {
if(myAgent instanceof MonitorAgent) {
((MonitorAgent)myAgent).showMessage("Calculating meter assignment...");

b
if (_readingAgents.size() == 0 | _meters.size() == 0) return;
Hashtable<AID, List<String>> meterAssignment = new Hashtable<>();

_readingAgents.stream().forEach((readingAgent) -> {
meterAssignment.put(readingAgent, new ArrayList<>());

s

for (int i = 0; i < _meters.size(); i++) {
meterAssignment.get(_readingAgents.get(i %
_readingAgents.size())).add(_meters.get(i));
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if(myAgent instanceof MonitorAgent) {
((MonitorAgent)myAgent).updateMeter Assignment(meterAssignment);

}
}
}

package metermonitor.monitoragent.behaviours;

import jade.core.behaviours.CyclicBehaviour;

import jade.lang.acl. ACLMessage;

import jade.lang.acl. MessageTemplate;

import metermonitor.monitoragent.agent. MonitorAgent;

/**

*

* @author Dulan Ranawaka
*/
public class MeterPickupBehaviour extends CyclicBehaviour {

@Override
public ygid actién{)1f
Me a, éTcmplate hessage T ehplates
Messag€eip late, MatchPerformative(AzL. Message. INFORM_REF);
AC Lm'cssalgc msg = myAgent.receive(messageTemplate);

if (msg !=null) {
if(myAgent instanceof MonitorAgent) {

((MonitorAgent)myAgent).showMessage("Meter received from agent: " +
msg.getSender().getName());

String[] messageContent = msg.getContent().split("@");
if(messageContent.length == 0) return;

((MonitorAgent)myAgent).addMeterInfo(messageContent[0],
messageContent[1]);

}
}

else {
block();

}
i
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package metermonitor.monitoragent.behaviours;

import jade.core.behaviours.CyclicBehaviour;

import jade.lang.acl. ACLMessage;

import jade.lang.acl. MessageTemplate;

import metermonitor.monitoragent.agent. MonitorAgent;

/**
*
* @author Dulan Ranawaka
*/
public class MeterReadingPickupBehaviour extends CyclicBehaviour {

@Override
public void action() {

MessageTemplate messageTemplate =
MessageTemplate.MatchPerformative(ACLMessage.CFP);

ACLMessage msg = myAgent.receive(messageTemplate);

if (msg = null) {
ifffiliy A gent instaneeofManitdvAgenr) 1

g@/lomtmAoent)myAgcnt) showMessage(" Meter reading received from
agent: " + msg getSender().getName());

String| | messageContent = msg. getContent( ). split("\$");
if(messageContent.length == 0) return;

((MonitorAgent)myAgent).updateMeterReading(messageContent[0],
Integer.parselnt(messageContent[1]));

}
}

else {
block();
H
H
H
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package metermonitor.monitoragent.behaviours;

import jade.core.AlID;
import jade.core.Agent;
import jade.core.behaviours.TickerBehaviour;
import jade.lang.acl. ACLMessage;
import java.util. Hashtable;
import java.util.List;
import metermonitor.monitoragent.agent. MonitorAgent;
/**
%
* @author Dulan Ranawaka
*/
public class NotifyMeterAssignmentBehaviour extends TickerBehaviour {

private final Hashtable<AID, List<String>> meterAssignment;

public NotifyMeterAssignmentBehaviour(Agent a, long period, Hashtable<AID,

List<String>> meterAssignment) {
super(a, period);
this. Sipeter Assignmentstimeter AsSignmnt;
-
@Overtide
protcct&_i void onTick() {
if(myAgent instanceof MonitorAgent) {

((MonitorAgent)myAgent).showMessage("Notifying meter assignment...");

}

_meterAssignment.forEach((a, m) -> {

AID readingAgent = a;

if (m.size() > 0) {
ACLMessage msg = new ACLMessage(ACLMessage. REQUEST);
msg.addReceiver(readingAgent);

String messageContent = "";
for (String meter : m) {
messageContent = messageContent + meter + "$";

}

messageContent = messageContent.substring(0, messageContent.length() -

1);
msg.setContent(messageContent);
myAgent.send(msg);
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}
1
}
}

package metermonitor.monitoragent.behaviours;

import jade.core.behaviours.CyclicBehaviour;

import jade.lang.acl. ACLMessage;

import jade.lang.acl. MessageTemplate;

import metermonitor.common.utilities. CommonConstants;
import metermonitor.monitoragent.agent. MonitorAgent;

/**
%
* @author Dulan Ranawaka
*/
public class ReadingA gentPickupBehaviour extends CyclicBehaviour {

@Override
public void action() {
Mcss}ei}g,chmplate iessdgg Template &
Messa gé%plzltc. MatehPerformative(ALMessage. INFORNY
AG L;K_{Iéssagc msg = myAgent.receipe(messageTemplate);

if (msg !=null) {
if(myAgent instanceof MonitorAgent) {
((MonitorAgent)myAgent).showMessage("Message received from agent: "
+ msg.getSender().getName());

if(msg. getContent().equals(CommonConstants.StartupMessage))
((MonitorAgent)myAgent).addReadingA gent(msg.getSender());

else if(msg.getContent().equals(CommonConstants.ShutdownMessage))
((MonitorAgent)myAgent).removeReadingA gent(msg.getSender());

else {
block();
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Appendix C : ACCESS AGENT SOFTWARE CODE

package metermonitor.meterreadingagent.agent;

import jade.core.AlID;

import jade.core.Agent;

import jade.lang.acl. ACLMessage;

import java.util. ArrayList;

import java.util. Hashtable;

import java.util.Iterator;

import java.util.List;

import java.util. Map;

import metermonitor.common.utilities. CommonConstants;

import metermonitor.meterreadingagent.behaviours. AssignmentPickupBehaviour;
import metermonitor.meterreadingagent.behaviours.NotifyMeterReadingBehaviour;
import metermonitor.meterreadingagent.behaviours.NotifyStartupBehaviour;

/**
*

* @author Dulan Ranawaka
*/
public class MeterReadingA gent extends Agent {

Hashtable< AID| It Sti#1gy>0 mbletRealingReqhdstsd =gt Hashtable<>();
Hzlsht%String, Lists AID=>1Tmoniterse= mew-Hashtables=();
MetdgR@agingA gentForm _agentUiForm = null;

@Override

protected void setup() {
_agentUiForm = new MeterReadingAgentForm(this);
_agentUiForm.setVisible(true);
_agentUiForm.setAgentName(getAID().getName());

showMessage("Starting behaviours...");

addBehaviour(new NotifyStartupBehaviour(this, 15000));
addBehaviour(new AssignmentPickupBehaviour(_ meterReadingRequests));
addBehaviour(new NotifyMeterReadingBehaviour(this, 5000, monitors));

}

@Override
protected void takeDown() {
showMessage("Notifying shutdown to monitors...");

if (_meterReadingRequests.isEmpty()) return;

ACLMessage msg = new ACLMessage(ACLMessage.INFORM);
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Iterator<Map.Entry<AID, List<String>>> it =
_meterReadingRequests.entrySet().iterator();

while (it.hasNext()) {
Map.Entry<AID, List<String>> entry = it.next();

msg.addReceiver(entry.getKey());
H

msg.setContent(CommonConstants.ShutdownMessage);
send(msg);

}

public void updateMeterReadingRequests(AID monitor, List<String> meters) {
showMessage("Updating meter reading requests...");

Iterator<Map.Entry<AID, List<String>>> it =
_meterReadingRequests.entrySet().iterator();

while (it.hasNext()) {
Map.Entry<AID, List<String>> entry = it.next();

ifggentry. gatKe y().getName():equalstmonitor. getName())) 4
fmginove();

Y E‘j"

i

1 2
s

_meterReadingRequests.put(monitor, meters);

_meterReadingRequests.forEach((m, mt) -> {
_agentUiForm.updateMeters(mt);

s

for (String meter : meters) {
if (_monitors.containsKey(meter)) {
List<AID> existingMonitors = monitors.get(meter);

if (lexistingMonitors.stream().anyMatch(m ->
m.getName().equals(monitor)))
existingMonitors.add(monitor);
b
else {
List<AID> monitors = new ArrayList<>();

monitors.add(monitor);

_monitors.put(meter, monitors);
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}

}
}
}

public void shutdown() {
_agentUiForm.setVisible(false);
doDelete();

}

public void showMessage(String message) {
_agentUiForm.addMessage(message);

}
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package metermonitor.meterreadingagent.agent;

import java.util.List;
import javax.swing.DefaultListModel;
import javax.swing.ListModel;

/**
%
* @author Dulan Ranawaka
*/
public class MeterReadingA gentForm extends javax.swing.JFrame {

private final MeterReadingAgent readingAgent;

/**

* Creates new form MeterReadingA gentForm
* @param readingA gent
*/
public MeterReadingA gentForm(MeterReadingAgent readingAgent) {
this. readingAgent = readingAgent;

initComponents();

}

JEE e
* Thi'sg;;?%eithod ts called fromy within-the donstructor tonitialize the form.

* WARNING: RaNOT mhodifyithis.chde. The content of this method is always
* regenerated by the Form Editor.

*/

@SuppressWarnings("unchecked")

// <editor-fold defaultstate="collapsed" desc="Generated Code">

private void initComponents() {

jScrollPane3 = new javax.swing.JScrollPane();
jList2 = new javax.swing.JList();

jScrollPanel = new javax.swing.JScrollPane();
IstMeters = new javax.swing.JList();
btnShutdown = new javax.swing.JButton();
jLabell = new javax.swing.JLabel();
jScrollPane2 = new javax.swing.JScrollPane();
IstMessages = new javax.swing.JList();
jLabel2 = new javax.swing.JLabel();

jList2.setModel(new javax.swing.AbstractListModel() {
String[] strings = { "Item 1", "Item 2", "Item 3", "Item 4", "Item 5" };
public int getSize() { return strings.length; }
public Object getElementAt(int i) { return strings[i]; }
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1)
jScrollPane3.setViewportView(jList2);

setDefaultCloseOperation(javax.swing. WindowConstants. EXIT ON_CLOSE);
jScrollPanel .setViewportView(lstMeters);

btnShutdown.setText("Shutdown");
btnShutdown.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event. ActionEvent evt) {
btnShutdownActionPerformed(evt);
b
1);

jLabell.setText("Meters");
jScrollPane2.setViewportView(IstMessages);
jLabel2.setText("Messages");

javax.swing.GroupLayout layout = new
javax.swing.GroupLayout(getContentPane());
getContentPane().setLayout(layout);
layomtzsetHomizontalGropgp(
Il creatcParallelGroup(javax.swing.GroupLayout. Alignment. LEADING)
.:'I%rou pHayouticreateSequentialGroup()
add ContginerGan()

.addGroup(iayout.createParaiielGroup(javax.swing.GroupLayout. Alignment. LEADI
NG)
.addGroup(javax.swing.GroupLayout.Alignment. TRAILING,
layout.createSequentialGroup()
.addGap(0, 0, Short MAX VALUE)
.addComponent(btnShutdown))
.addGroup(javax.swing.GroupLayout.Alignment. TRAILING,
layout.createSequential Group()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG)
.addComponent(jScrollPanel,
javax.swing.GroupLayout. DEFAULT SIZE, 275, Short MAX VALUE)
.addGroup(layout.createSequential Group()
.addComponent(jLabell)
.addGap(0, 0, Short MAX VALUE)))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. UNRELATED)
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.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG)
.addComponent(jLabel2)
.addComponent(jScrollPane2,
javax.swing.GroupLayout. PREFERRED SIZE, 294,
javax.swing.GroupLayout. PREFERRED SIZE))))
.addContainerGap())
);
layout.setVerticalGroup(
layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING)
.addGroup(layout.createSequential Group()
.addContainerGap()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)

.addComponent(jLabell)

.addComponent(jLabel2))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. UNRELATED)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG, false)
= .addCompaonent(jScrolliPane2 )
FamtiaddComponent(jScrollPanel,
javax. syasgroupldyout DEFA UL SIZE X205 | Short!MAX! 'WALUE))

.addPreferredGap(javax.swing. LayoutStyle. ComponentPlacement. RELATED, 66,
Short. MAX VALUE)

.addComponent(btnShutdown)

.addContainerGap())

)

pack();
}// </editor-fold>

private void btnShutdownActionPerformed(java.awt.event. ActionEvent evt) {
_readingA gent.shutdown();

}

// Variables declaration - do not modify
private javax.swing.JButton btnShutdown;
private javax.swing.JLabel jLabell;

private javax.swing.JLabel jLabel2;

private javax.swing.JList jList2;

private javax.swing.JScrollPane jScrollPanel;
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private javax.swing.JScrollPane jScrollPane2;
private javax.swing.JScrollPane jScrollPane3;
private javax.swing.JList IstMessages;

private javax.swing.JList IstMeters;

// End of variables declaration

public void setAgentName(String agentName) {
this.setTitle(agentName);

}

public void updateMeters(List<String> meters) {
DefaultListModel<String> meterListModel = new DefaultListModel<>();

meters.stream(). filter((meter) ->
('meterListModel.contains(meter))).forEach((meter) -> {
meterListModel.addElement(meter);

s

IstMeters.setModel(meterListModel);

}

public void addMessage(String message) {
ListModel meterIdListModel = IstMessages.getModel();
if (meterldListMadel == null||r tmeterldListModel instancgof
DefaultL;ég’oé/l"" Ndaodel))
(\a

me_terld Listiviedel 11 hewPefaultlistModel<>();
IstMessages.setModel(meterldListModel);
¥
if(((DefaultListModel)meterldListModel).size()>10)
{
((DefaultListModel)meterldListModel).clear();
((DefaultListModel)meterldListModel).removeAllElements();

j
((DefaultListModel)meterldListModel).addElement(message);
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package metermonitor.meterreadingagent.behaviours;

import jade.core.AlID;

import jade.core.behaviours.CyclicBehaviour;

import jade.lang.acl. ACLMessage;

import jade.lang.acl. MessageTemplate;

import java.util. Arrays;

import java.util. Hashtable;

import java.util.List;

import metermonitor.meterreadingagent.agent.MeterReading A gent;

/**
*
* @author Dulan Ranawaka
*/
public class AssignmentPickupBehaviour extends CyclicBehaviour {

private final Hashtable<AID, List<String>> meterReadingRequests;

public AssignmentPickupBehaviour(Hashtable<AID, List<String>>
meterReadingRequests) {
this. meterReadingRequests = meterReadingRequests;

}

@ovegﬁe
publigi¥@id action(}

Messass Templateymnestageifemplaté
MessageTemplate. MatchPerformative(ACLMessage. REQUEST);
ACLMessage msg = myAgent.receive(message 1 emplate);

if (msg !=null) {
if(myAgent instanceof MeterReadingAgent) {
((MeterReadingA gent)myA gent).showMessage("Reading request received
from agent: " + msg.getSender().getName());

String[ ] meters = msg.getContent().split("\\$");
if(meters.length == 0) return;

((MeterReadingA gent)myA gent).updateMeterReadingRequests(msg. getSender(),
Arrays.asList(meters));

H

H

else {
block();

}
}
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}

package metermonitor.meterreadingagent.behaviours;

import jade.core.AlID;
import jade.core.Agent;
import jade.core.behaviours.TickerBehaviour;
import jade.lang.acl. ACLMessage;
import java.util. Hashtable;
import java.util.Iterator;
import java.util.List;
import java.util. Map;
import java.util. Random;
import metermonitor.meterreadingagent.agent.MeterReading A gent;
import metermonitor.meterreadingagent.utilities.ReadingMeterRegister;
sk
/*
* @author Dulan Ranawaka
*/
public class NotifyMeterReadingBehaviour extends TickerBehaviour {

private final Hashtable<String, List<AID>> monitors;

public NotifyMeterReadingBehaviour(Agent a, long period, Hashtable<String,
List<AIDg= monifots)
supgakneriod);
thisgi%onitors SRONHOLS}
b S
@Override
protected void onTick() {
if(myAgent instanceof MeterReadingAgent && ! monitors.isEmpty()) {
((MeterReadingA gent)myA gent).showMessage("Informing meter
readings..");

}

Iterator<Map.Entry<String, List<AID>>> it = _monitors.entrySet().iterator();
while (it.hasNext()) {
Map.Entry<String, List<AID>> entry = it.next();
ACLMessage msg = new ACLMessage(ACLMessage.CFP);

for (AID monitor : entry.getValue()) {
msg.addReceiver(monitor);

}

ReadingMeterRegister Meter reder =new ReadingMeterRegister();

msg.setContent(entry.getKey() + "$" + Meter_reder.Read(entry.getKey()));
myAgent.send(msg);
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}
}

package metermonitor.meterreadingagent.behaviours;

import jade.core.AlID;

import jade.core.behaviours.OneShotBehaviour;

import jade.domain.DFService;

import jade.domain. FIPA AgentManagement.DFAgentDescription;
import jade.domain. FIPAAgentManagement.ServiceDescription;
import jade.domain. FIP AException;

import jade.lang.acl. ACLMessage;

import java.util.logging.Level;

import java.util.logging. Logger;

import metermonitor.common.utilities. CommonConstants;

import metermonitor.meterreadingagent.agent.MeterReading A gent;
import metermonitor.meterreadingagent.utilities.ReadingAgentConstants;

/**

*

* @author Dulan Ranawaka

*/

public class NotifyShutdownBehaviour extends OneShotBehaviour {
private AID[] monitorAgents;

@ovegﬁe
publigi¥@id action(}

SeamePescriptiomserpicgBescriptida = new ServiceDescription();
serviceDescription.setType(CommonConstants.MonitorServiceType);

DFAgentDescription df = new DFAgentDescription();
df.addServices(serviceDescription);

try {
DFAgentDescription[] monitors = DFService.search(myAgent, df);

_monitorAgents = new AID[monitors.length];
for (int i = 0; i < monitors.length; i++) {
_monitorAgents[i] = monitors[i].getName();
}
} catch (FIPAException ex) {
Logger.getLogger(MeterReadingA gent.class.getName()).log(Level. SEVERE,
null, ex);
}
ACLMessage msg = new ACLMessage(ACLMessage.INFORM);
for (AID monitorAgent : monitorAgents) {
msg.addReceiver(monitorAgent);

}

msg.setContent(CommonConstants.ShutdownMessage);

65



myAgent.send(msg);

}
}

package metermonitor.meterreadingagent.behaviours;

import jade.core.AlID;

import jade.core.Agent;

import jade.core.behaviours.TickerBehaviour;

import jade.domain.DFService;

import jade.domain. FIPAAgentManagement. DFAgentDescription;
import jade.domain. FIPA AgentManagement.ServiceDescription;
import jade.domain.FIP AException;

import jade.lang.acl. ACLMessage;

import java.util.logging.Level;

import java.util.logging. Logger;

import metermonitor.common.utilities. CommonConstants;

import metermonitor.meterreadingagent.agent.MeterReading A gent;
import metermonitor.monitoragent.agent. MonitorAgent;

/**

*

* @author Dulan Ranawaka

*/

public clgss NotifyStactupBehayiour exfends TickerBehaviour

private¥b| | monitor Algetits;
public>I\_Io‘tifyStartuchhaviour(Agcnt a, long period) {
super(a, period);

}

@Override
protected void onTick() {
if(myAgent instanceof MeterReadingAgent) {
((MeterReadingA gent)myA gent).showMessage("Searching for monitors..");
b

ServiceDescription serviceDescription = new ServiceDescription();
serviceDescription.setType(CommonConstants.MonitorServiceType);

DFAgentDescription df = new DFAgentDescription();
df.addServices(serviceDescription);

try {
DFAgentDescription[] monitors = DFService.search(myAgent, df);

_monitorAgents = new AID[monitors.length];
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for (int 1= 0; i < monitors.length; i++) {
_monitorAgents[i] = monitors[i].getName();
H
} catch (FIPAException ex) {
Logger.getLogger(MeterReadingA gent.class.getName()).log(Level. SEVERE,

null, ex);

}

if(myAgent instanceof MeterReadingAgent) {
((MeterReadingA gent)myA gent).showMessage("Informing startup to
monitors..");

}

ACLMessage msg = new ACLMessage(ACLMessage.INFORM);

for (AID monitorAgent : monitorAgents) {
msg.addReceiver(monitorAgent);

}

msg.setContent(CommonConstants.StartupMessage);
myAgent.send(msg);

-l

s
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Appendix D : DATABASE AGENT SOFTWARE CODE

package metermonitor.dataentryagent.agent;

import jade.core.AlID;

import jade.core.Agent;

import java.util. AbstractList;

import java.util. ArrayList;

import java.util. Hashtable;

import java.util.List;

import metermonitor.dataentryagent.behaviours.MonitorDiscoveryBehaviour;
import metermonitor.dataentryagent.behaviours.NotifyMetersBehaviour;

/**
*

* @author Dulan Ranawaka
*/
public class DataEntryAgent extends Agent {

private List<AID> monitorAgents = new ArrayList<AID>();
private Hashtable<String, String> meters = new Hashtable<>();
private DataEntryAgentForm agentUiForm = null;
@Overgzide
protegt@davoid setup() |
_agéaithF orm=0iew DatabntryAgentKermilis);
_ agBbBliF orm.setVisible(trye);
_agentUiForm.setAgentName(getAID().getName());

showMessage("Starting behaviours...");

addBehaviour(new MonitorDiscoveryBehaviour(this, 15000, monitorAgents));

}

public boolean addMeter(String meterNumber, String meterlp) {
if (_meters.containsKey(meterNumber) | meters.containsValue(meterlp))
return false;

_meters.put(meterNumber, meterlp);

addBehaviour(new NotifyMetersBehaviour(_monitorAgents, meterNumber,
meterlp));

return true;

}

public void showMessage(String message) {
_agentUiForm.addMessage(message);

}
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}

package metermonitor.dataentryagent.agent;

import javax.swing.DefaultListModel;
import javax.swing.ListModel;

/**
%
* @author Dulan Ranawaka
*/
public class DataEntryAgentForm extends javax.swing.JFrame {

private final DataEntryAgent dataEntryAgent;

/**

* Creates new form DataEntryAgentForm

* @param dataEntryAgent

*/

public DataEntryAgentForm(DataEntryAgent dataEntryAgent) {
this. dataEntryAgent = dataEntryAgent;

initComponents();

}

JEE e
* Thi'sg;;?%eithod ts called fromy within-the donstructor tonitialize the form.

* WARNING: RaNOT mhodifyithis.chde. The content of this method is always
* regenerated by the Form Editor.

*/

@SuppressWarnings("unchecked")

// <editor-fold defaultstate="collapsed" desc="Generated Code">

private void initComponents() {

jLabell = new javax.swing.JLabel();
txtMeterNumber = new javax.swing.JTextField();
jLabel2 = new javax.swing.JLabel();
txtMeterlp = new javax.swing.J TextField();
btnAdd = new javax.swing.JButton();
jScrollPanel = new javax.swing.JScrollPane();
IstMessages = new javax.swing.JList();
jLabel3 = new javax.swing.JLabel();

jLabel4 = new javax.swing.JLabel();
jScrollPane2 = new javax.swing.JScrollPane();
IstMeters = new javax.swing.JList();

setDefaultCloseOperation(javax.swing. WindowConstants. EXIT ON_CLOSE);
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jLabell .setText("Meter Number");
jLabel2.setText("Meter IP");

btnAdd.setText("Add");
btnAdd.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {
btnAddActionPerformed(evt);
}
1)

jScrollPanel .setViewportView(IstMessages);
jLabel3.setText("Meters");
jLabel4.setText("Messages");

jScrollPane2 .setViewportView(lstMeters);

javax.swing.GroupLayout layout = new
javax.swing.GroupLayout(getContentPane());
getContentPane().setLayout(layout);
layout.setHorizontalGroup(
layeut.createParallelGrqup(javax swing Grouplayqut, Alignment. LEADING)
.aé@gjroup(layout.CrcatcScqucntial(}roup()
.add(iro@pﬂ_ayout.createParallchroup(javax.swing.GroupLayout.Ali gnment. LEADI
NG) -
.addGroup(layout.createSequentiaiGroup()
.addContainerGap()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADI
NG)
.addComponent(jScrollPane2,
javax.swing.GroupLayout.Alignment. TRAILING)
.addGroup(layout.createSequential Group()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. TRAILI
NG, false)
.addGroup(layout.createSequential Group()
.addComponent(jLabel2,
javax.swing.GroupLayout. PREFERRED SIZE, 103,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED,
javax.swing.GroupLayout. DEFAULT _ SIZE, Short. MAX VALUE)
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.addComponent(txtMeterIp,
javax.swing.GroupLayout. PREFERRED SIZE, 218,
javax.swing.GroupLayout. PREFERRED SIZE))

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG)
.addComponent(jLabel3)
.addGroup(layout.createSequential Group()
.addComponent(jLabell)
.addGap(18, 18, 18)
.addComponent(txtMeterNumber,
javax.swing.GroupLayout. PREFERRED SIZE, 218,
javax.swing.GroupLayout. PREFERRED SIZE))))
.addGap(0, 0, Short MAX VALUE)))

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED))
.addGroup(layout.createSequential Group()
.addGap(260, 260, 260)
.addComponent(btnAdd,
javax.swing.GroupLayout. PREFERRED SIZE, 91,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED,
javax.swipg.Grouplhayqut REFAUICT SIZE: Short MAX VALLIE)))

.add(iroﬂ%étyout.createParallelGrou pjavax.swing.Groupllayout Alignment. LEADI
NG) e
~ .addComponent(jScrollPanel,
javax.swing.GroupLayout. PREFERRED SIZE, 302,
javax.swing.GroupLayout. PREFERRED_SIZE)
.addComponent(jLabel4))
.addContainerGap())
);
layout.setVertical Group(
layout.createParallelGroup(javax.swing.GroupLayout.Alignment. LEADING)
.addGroup(javax.swing.GroupLayout. Alignment. TRAILING,
layout.createSequentialGroup()
.addContainerGap()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)

.addComponent(jLabel3)

.addComponent(jLabel4))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. UNRELATED)
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.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. LEADI
NG, false)
.addGroup(layout.createSequential Group()
.addComponent(jScrollPane2,
javax.swing.GroupLayout. PREFERRED SIZE, 201,
javax.swing.GroupLayout. PREFERRED_SIZE)
.addGap(18, 18, 18)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)
.addComponent(jLabell)
.addComponent(txtMeterNumber,
javax.swing.GroupLayout. PREFERRED SIZE,
javax.swing.GroupLayout. DEFAULT SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout. Alignment. BASEL
INE)
.addComponent(txtMeterlp,
javax.swing.GroupLayout. PREFERRED_SIZE,
javax.swipg.GrouplLayqut. REFAULET SIZE,
javax.swgf%(iroupLayout.PRE FERRED SIZE)
s addComponent(jLabel2y)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. UNRELATED)
.addComponent(btnAdd))
.addComponent(jScrollPanel))
.addContainerGap(javax.swing.GroupLayout. DEFAULT SIZE,
Short. MAX VALUE))

)

pack();
}// </editor-fold>

private void btnAddActionPerformed(java.awt.event. ActionEvent evt) {
if (!_dataEntryAgent.addMeter(txtMeterNumber.getText(),
txtMeterlp.getText())) return;

ListModel meterListModel = IstMeters.getModel();
if (meterListModel == null || !(meterListModel instanceof DefaultListModel))

{

meterListModel = new DefaultListModel<>();
IstMeters.setModel(meterListModel);

}
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((DefaultListModel)meterListModel).addElement(String.join("@",
txtMeterNumber.getText(), txtMeterIp.getText()));

}

// Variables declaration - do not modify
private javax.swing.JButton btnAdd;

private javax.swing.JLabel jLabell;

private javax.swing.JLabel jLabel2;

private javax.swing.JLabel jLabel3;

private javax.swing.JLabel jLabel4;

private javax.swing.JScrollPane jScrollPanel;
private javax.swing.JScrollPane jScrollPane2;
private javax.swing.JList IstMessages;

private javax.swing.JList IstMeters;

private javax.swing.JTextField txtMeterlp;
private javax.swing.JTextField txtMeterNumber;
// End of variables declaration

public void setAgentName(String agentName) {
this.setTitle(agentName);

}

publigimid addMessage(String message) §
ListMed¢] metertdllistModel' = IstMessages’ getModel():
if (1f1€1¢1’1dListModcl Fp okt MimetkrldListModel instanceof
DefaultListModel))
t
meterldListModel = new DefaultListModel<>();
IstMessages.setModel(meterldListModel);

h
if(((DefaultListModel)meterldListModel).size()>10)

{
((DefaultListModel)meterIdListModel).clear();
((DefaultListModel)meterldListModel).removeAllElements();
}
((DefaultListModel)meterldListModel).addElement(message);
b
b
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package metermonitor.dataentryagent.behaviours;

import jade.core.AlID;

import jade.core.Agent;

import jade.core.behaviours.TickerBehaviour;

import jade.domain.DFService;

import jade.domain. FIPAAgentManagement. DFAgentDescription;
import jade.domain. FIPAAgentManagement.ServiceDescription;
import jade.domain.FIP AException;

import jade.lang.acl. ACLMessage;

import java.util.List;

import java.util.logging.Level;

import java.util.logging. Logger;

import metermonitor.common.utilities. CommonConstants;

import metermonitor.dataentryagent.agent. DataEntryAgent;
import metermonitor.meterreadingagent.agent.MeterReading A gent;

/**
*

* @author Dulan Ranawaka

*/

public class MonitorDiscoveryBehaviour extends TickerBehaviour {
private List<AID> monitorAgents;

publi¢ MgnitorDiscc)\'CI'yBcha\"iour(Agcnt a, long period, List<AID>
monitor&ge_’nts) {
supgeés period)y

_monitorAgents = monitorAgents;

}

@Override
protected void onTick() {
if(myAgent instanceof DataEntryAgent) {
((DataEntryAgent)myAgent).showMessage("Searching for monitors..");

}

ServiceDescription serviceDescription = new ServiceDescription();
serviceDescription.setType(CommonConstants.MonitorServiceType);

DFAgentDescription df = new DFAgentDescription();
df.addServices(serviceDescription);

try {
DFAgentDescription[] monitors = DFService.search(myAgent, df);

_monitorAgents.clear();
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for (int 1= 0; i < monitors.length; i++) {
_monitorAgents.add(monitors[i].getName());
}
} catch (FIPAException ex) {
Logger.getLogger(MeterReadingA gent.class.getName()).log(Level. SEVERE,
null, ex);
}
}
}

O

-l
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package metermonitor.dataentryagent.behaviours;

import jade.core.AlID;

import jade.core.behaviours.OneShotBehaviour;

import jade.lang.acl. ACLMessage;

import java.util.List;

import metermonitor.dataentryagent.agent. DataEntryAgent;

/ sk
*
* @author Dulan Ranawaka
*/
public class NotifyMetersBehaviour extends OneShotBehaviour {

private List<AID> monitorAgents;
private String meterNumber;
private String _meterlp;

public NotifyMetersBehaviour(List<AID> monitorAgents, String meterNumber,
String meterlp) {
_monitorAgents = monitorAgents;
_meterNumber = meterNumber;
_meterlp = meterlp;

}

@ ()Veg“;}e
publigi¥etd actionf){

if(myAgent instanceof DataEntryAgent) {
((DatabEntryAgent)myAgent).showMessage("Notifying meters...");
b

for (AID monitorAgent : monitorAgents) {
ACLMessage msg = new ACLMessage(ACLMessage.INFORM REF);
msg.addReceiver(monitorAgent);

String messageContent = String.join("@", meterNumber, meterlp);

msg.setContent(messageContent);
myAgent.send(msg);
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Appendix E : DELAY TIME MEASUREMENTS

| 4| Monitor@10.217.5.252:1099/JADE

from Meter IP:10.217.5.35 Delay Time: ©307Tms Mag byce:4417
from Meter IP:10.217.5.53 Delay Time: ©330ms Msg byte:4087
from Meter IP:10.217.5.13 Delay Time: ©319ms Mag byte:40385
from Meter IP:10.217_.5.52 Delay Time: ©328ms Msg byte:4198
from Meter IP:10.217.5.61 Delay Time: ©303ms Mag byte:4130
from Meter IP:10.217.5.87 Delay Time: ©306ms Msag byce:4415
from Meter IP:10.217_.5_57 Delay Time: ©353ms Msg byte:-444e
from Meter IP:10.217.5.Z3 Delay Time: ©330ms Msag byce:3583
from Meter IP:10.217_.5.5% Delay Time: ©326ms Msg byte:3891
from Meter IP:10.217.5.Z Delay Time: £335ms Msg oyte:-4415

from Meter IP:10.217_.5.62 Delay Time: ©33Zms Msg byte:35Z1
from Meter IP:10.217.5.73 Delay Time: €327Tms Mag byte:4Z212
from Meter IP:10.217.5.34 Delay Time: ©31lms Msag byce:3542
from Meter IP:10.217.5.13 Delay Time: ©331ms Msg byte:-4135
from Meter IP:10.217.5.41 Delay Time: ©340ms Msag byce: 3831
from Meter IP:10.217_.5_.2%9 Delay Time: ©315ms Msg byte:4235

from Meter IP:10.217.5.36 Delay Time: ©324ms Mag byte:4371
from Meter IP:10.217.5.4 Delay Time: £345ms Msg oyte:-4053
from Meter IP:10.217.5.54 Delay Time: €334ms Mag byce:33503
from Meter IP:10.217_.5.61 Delay Time: ©333ms Msg byte:4401
from Meter IP:10.217.5.5 Delay Time: £348ms Msg oyte:4Z&3
from Meter IP:10.217.5.3¢6 Delay Time: ©309ms Msg byte:4183
from Meter IP:10.217_.5.58 Delay Time: €357Tms Mag byte:4251
from Meter IP:10.217.5.33 Delay Time: €304ms Mag byte:4008

om Meter IF:10.217.5.3

Delay Time: &32&ms Mag i

rte:4003

(T3]

by Time, Measurements, when One Meter Access Agent Running

32175 pevesybib.mirt.ac 1k =1 |

Meter IP-10.Z17.5.40 D

Beply from Meter IP:10.217.5.55 Delay Time: 471lms Msg byte:-4051
Reply from Meter IP:-10.217.5.53 Delay Time: 4705ms Msg byte:44Z27
Beply from Meter IP:10.217.5.1% Delay Time: 471Zms Msg byte:4364
Reply from Meter IP:-10.217.5.35 Delay Time: 470lms Msg byte:4301
Beply from Meter IP:10.217.5.96 Delay Time: 4709ms Msg byte:-444Z2
Reply from Meter IP:10.217.5.84 Delay Time: 4713ms Msg byte:424s
Beply from Meter IP:10.217.5.85 Delay Time: 472Zms Mag byte:4Z035
Beply from Meter IP:-10_217_.5_24 Delay Time: 4723ms Msg byte:33ZZ2
Beply from Meter IP:10.217.5.75 Delay Time: 473Zms Mag byte:40&2
Beply from Meter IP:-10_217_5_85 Delay Time: 4738ms Msg byte:4245
Beply from Meter IP:10.217.5.15 Delay Time: 4701lms Mag byte:4357
Beply from Meter IP:-10_217_5_83 Delay Time: 471Zms Msg byte:4117
Beply from Meter IP:10.217.5.84 Delay Time: 4734ms Msg byte:4Z83
Beply from Meter IP:10.217.5.74 Delay Time: 47Z23ms Msg byte:-4406
Reply from Meter IPF:10.217.5.36 Delay Time: 4703ms Msg byte:4001
Beply from Meter IP:10.217.5.1 Delzay Time: 4704ms Mag byte:-4184

Reply from Meter IPF:10.217.5.25 Delay Time: 4720ms Msg byte:4243
Beply from Meter IP:-10_217.5_20 Delay Time: 470lms Msg byte-4284
Reply from Meter IF:10.217.5.44 Delay Time: 4700ms Msg byte:4Z56
Beply from Meter IP:-10_217.5_37 Delay Time: 4718ms Msg byte:-3944
Reply from Meter IPF:10.217.5.53 Delay Time: 4708ms Msg byte:dZel

el

v Time: 473Zms

g byte:-3315

Delay Time Measurements when Two Meter Access Agent Running



Beply
Reply
Reply
Beply
Reply
Beply
Reply
Beply

Reply

Reply

Beply
Reply

Beply

Reply

Beply

Reply

Reply

Beply

Beply

Reply

Reply

Reply

Reply
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from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter
from Meter

from Meter

IP:10.217.5.85 Delay Time: 341ims
IP:10.217.5.31 Delay Time: 3445ms
IP:10.217.5.5 Delay Time: 343Zms
IP:-10.217.5.18 Time: 345cms
IP:-10.217.5_72 i 34ldms
IP:10.217.5.51 3462ms
IP:10.217.5.82 3458ms
IP:10.217.5.81 354Bms
IP:10.217.5.80 3475ms
IP:10.217.5.54 3525ms
IP:-10.217.5.51 3528ms
IP:10.217.5.17 3533ms
IP:10.217.5.2¢ 3450ms
IP:10.217.5.18 341ims
IP:10.217.5.86 3435%ms
IP:10.217.5.73 3508ms
IP:10.217.5.52 3b5ems
IP:10.217.5.28 Delay 354ims
IP:10.217.5.1 Delay Time: 3427ms
IP:10.217.5.17 Delay Time: 3533ms
IP:10.217.5.81 Delay Time: 3463ms
IP:10.217.5.21 Delay Time: 34&5%ms
IP:10.217.5.47 Delay Time: 3400ms

Delay
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:

Time:

Mag byte:3304
Mag byte:4107
Mag byte:3887

byte:3335
byte:4274
byte:3328
byte:4021
byte:4375
byte:3323
byte:4337
byte:4237
byte:4248
byte:4366
byte:4404
byte:4225
byte:3884
byte:4070
Mag byte:41835
Mag byte:3387

Mag byte:4420
Msg byte:4182
Mag byte:4275
Mag byte:3315

Mag
Msg
Mag
Mag
Msg
Mag
Mag
Msag
Mzg
Mag
Mag
Mag
Mag
Mag
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from Meter
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Delay Time Measurements when Four Meter Access Agent Running

IP-10_21

wwwairlib
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elay ITime: £33lms
IP:10_.217.5.7 Delay Time: Z551ms
IP:10.217.5.3% Z2451ms
IP-10.217_ 5H_12 2580ms
IP-10.217.5.3% Z43ems
IP:-10.217.5.20 Z2435ms
IP:10.217.5.14 2590ms
IPS1B- 237 555 Z44Tms
IP:-10.217.5.94 2552ms
IP:z10.217.5.78
IP:10.217.5.40
IP:10.217.5.80
IPSY0_ 237 5.X5 Z248Tms
IP:10.217.5.70 Deley Z50ems
IP:10.217.5.% Delay Time: 2544ms
IP:z10.217.5.75 Z4BEms
IP-10_217.5.45 Z553ms
IP-10_217.5.87 Z464ms
IP:10.217.5.41 Z460ms
IP:10.217.5.92 Z2439ms
IP:10.217.5.85 Z501ms

IF:10.217.5.28
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:

Delay Time: Z5Z4ms
Z50Zms

Z2501ms

Delay Time:

Delay Time:
Delay Time:

Time:

Delay Time:
Delay Time:
Delay Time:
Delay Time:
Delay Time:

Delay Time:
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lisg byte:2030
Mag byte: 3371

byte:4047
byte:4351
byte:4255
byte:4380
byte:443c
byte:4302
byte:414%
byte: 4405
byte:4335%
byte: 4000
byte: 4237
Mag byte:4104
Mag byte:4080

HMsg byte:43Z1
Mag byte:4057
Msag byte:41le3
Msg byte: 4005
Hsg byte:4341
HMsg byte:43&3

Hag
Hsg
Mag
Mag
Mag
Mag
Mag
Mag
Hag
Hag
Msg




4| Monitor@10.217.5.252:1099/JADE

Reply from

Beply from
Reply from
Beply from
Reply from
Beply from
Reply from
Beply from

Heply

from

from

Reply

from

Heply

from

Reply

from

Beply

Reply from

from

Reply
Beply

from

from

Reply

from

Beply

from

Reply

from

Reply

from

Reply

from

Reply

from

Beply

Heter
Heter
Heter
Heter
Heter
Heter
Heter
HMeter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Heter
Meter
Heter
Heter

IP:10.217.5.935 Delay Time: Z108ms
IP:-10.217.5.50 Delay Time: Z14Zms
IP:10.217.5.%8 Delay Time: 212%ms
IP:-10.217.5.30 Delay Time: Z2103ms
IP:10.217.5.42 Delay Time: Zlld4ms
IP:10.217.5.58 Delay Time: 2153ms
IP:-10.217.5.21 Delay Time: 21Z4ms
IP:-10.217.5.77 Delay Time: Z1Zlms
IP:10.217.5.83 Delay Time: Z14Zms
IP:10.217_.5.88 Delay Time: 2145ms
IP:10.217.5.57 Delay Time: 21ZZms
IP:10.217.5.73 Delay Time: 2155ms
IP:10.217.5.%4 Delay Time: 2143ms
TP:-10_217_.5_84 Delay Time: Z110ms
IP:10.217.5.0 Delay Time: Zlléms
IP:10.217.5.2%8 Delay Time: 2115ms
IP:10.217.5.73 Delay Time: 2130ms
IP:10.217.5.5 Delay Time: Z2151ms
IP:-10.217.5.93 Delay Time: 2140ms
IP:10.217.5.34 Delay Time: 2153ms
IP:10.217.5.88 Delay Time: 215lms
IP:10.217.5.%8 Delay Time: 2113ms
IP:10.217.5.83 Delay Time: Z213€ms

Mag

byte:4241
byte:40%2
byte:41el
byte:4121
byte:42Z55
byte:4120
byte:-4180
byce:4204
byte:4245
byte-4143
byte:4225
byte-4251
byte:4254
Mag byte-35343
Mag byte:4Z51

Mag byte:42%0
Mag byte:-4Z16
Mag byce:3910

Mag byte-428Z
Mag byte:41Z0
Mag byte:-4005
Mag byte:4led
Msg byte:4leZ

Mag
Mag
Mag
Mag
Mag
Mag
Mag
Mag
Mag
Mag
Mag
Mag

Delay Time Measurements when Five Meter Access Agent Running

LIV IITUILNNW 1 IiwWows Uw L7 igoWi Wauiviis T ST
| b+, ?1hAmr‘r aclk i -
1.217_5.38 Delay e: 10 s Msg byte: 7
ply IE 217 14 Delay =1 5 13
Beply from Meter IP:-10.217.5.75 Delay Time: 953ms
Beply from Meter IP:10_217_5_35 Delay Time: 55Zmas Mag byte:4258
Beply from Meter IP:-:10.217.5_32 Delay Time: 1015ms Msg byte:-4008
Beply from Meter IP:10_217_5_33 Delay Time: 1035ms Msg byte:3353Z
Beply from Meter IP:10.217.5.85 Delay Time: 35Zms Mag byte:410&
Beply from Meter IP:10_217_5_8& Delay Time: 551mas Mag byte:3351
Reply from Meter IP:10.217.5.86 Delay Time: 36lms Mag byte:4303
Beply from Meter IP:10.217.5_.20 Delay Time: 1030ms Msg byte:4373
Beply from Meter IP:-10_.217_.5.50 Delay Time: 1040ms Mag byte:4131
Beply from Meter IP:10.217.5.7 Delay Time: 377ms Msg byte:-4Z4c
Beply from Meter IP:-10_217_5_23 Delay Time: 3e8ma Mag byte:3370
Beply from Meter IP:10.217.5.532 Delay Time: 1041ms Msg byte:421Z
Beply from Meter IP:10.Z217.5.53 Delay Time: 1030ms Msag byte:4180
Beply from Meter IP:10.217.5.87 Delay Time: 974ma Msg byte:3308
Beply from Meter IP:10.217.5.Z21 Delay Time: 35Tms Msg byte:437¢
Beply from Meter IP:10.217.5.70 Delay Time: 1037ma Mag byte:-4204
Beply from Meter IP:10.217.5.5 Delay Time: 1018ms Msg byte:4357
Beply from Meter IP:10.217.5.47 Delay Time: 10Z24ma Mag byte:-3935
Beply from Meter IP:10.217.5.33 Delay Time: 1004ms Mag byte:434c
Beply from Meter IP:10.217.5.1% Delay Time: 9559ma Msg byte:4259

Delay Time Measurements when Ten Meter Access Agent Running



| £| Monitor@10.217.5.252:1099/JADE

i Beply from Meter TP:10.217_5_8% Delay Time: 763ms Msg byte:-4178
Beply from Meter IP:10.217.5.83 Delay Time: 795ms Msg byte:4132
RBeply from Meter IP:10.217.5.37 Delay Time: 794ms Msg byte-4339
Reply from Meter IP:10.217.5.89 Delay Time: 755ms Msg byte:4300
Reply from Meter IP:10.217.5.79 Delay Time: 78lms Msg byte:-402Z6
RBeply from Meter IP:10.217.5.17 Delay Time: 792Z2ms Msg byte:-4140
Beply from Meter IP:10.217.5.33 Delay Time: 81Zms Msg byte:397&
Beply from Meter TP:10.217.5_2 Delay Time: 784ms Msg byte-4008

Reply from Meter IP:10.217.5.15 Delay Time: 823ms Msg byte: 4253
Beply from Meter IP:10_.217.5.85 Delay Time: 820mas Mag byte:4392
RBeply from Meter TP:10_.217_.5_47 Delay Time: 784ms Msag byte-4402
Beply from Meter IP:10.217.5.75 Delay Time: 75lmas Mag byte:4370
Reply from Meter IP:-10_217.5_69 Delay Time: 771lms Msag byte-4078
Beply from Meter IP:10.217.5.14 Delay Time: 770ms Ma3g byte:4253
Beply from Meter IP:10.217.5.39Z Delay Time: 757ma Mag byte:4133
Beply from Meter TP:-10.217_5_38 Delay Time: 7689ms Msg byte:-3376
Beply from Meter IP:10.217.5.5Z Delay Time: 825ms Mag byte:4055
Beply from Meter IP:10.217.5.22 Delay Time: 79Zms Mag byte:359&0
Reply from Meter IP:10.217.5.53 Delay Time: 758ms Msg byte:3588
Beply from Meter IP:10.217.5.91 Delay Time: 759%ma Mag byte:42Z1
Beply from Meter TP:10.217_5_21 Delay Time: 80lms Msg byte:415&
Beply from Meter IP:10.Z17.5.30 Delay Time: 825m3 Msg byte:4278

Delay Time Measurements when Fifteen Meter Access Agent Running
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Beply from Meter 5.44 Delay Time: ©3Zms Mag byte:40ce
Beply from Meter IP:10.217.5.28 Delay Time: &64Zma Mag byte:4008
Beply from Meter TIP:10_217_5_74 Delay Time: &7lms Msag byte:33533
Beply from Meter IP:10.217.5.18 Delay Time: c3oms Mag byte:4318
Beply from Meter IP:10.217.5.16 Delay Time: €71lms Mag byte:4100
RBeply from Meter IP:10_217_5_58 Delay Time: €2Tms Msg byte-4253
Beply from Meter IP:10.217.5.684 Delay Time: &Zlms Mag byte:4270
Beply from Meter IP:10_217_5_54 Delay Time: &00ms Msg byte-4025
Reply from Meter IP:10.217.5.87 Delay Time: &@5ms Mag byte:44Z1
Beply from Meter IP:10.217.5.50 Delay Time: &78m3 Mag byte:3527
Beply from Meter IE:10_217_5_55 Delay Time: &04ms Mag byte:431ée
Reply from Meter IP:10.217.5.97 Delay Time: &8lms Msg byte:43E85
Beply from Meter IP:10.217.5.43 Delay Time: &74ma Mag byte:4204
Reply from Meter IP:-10_217_5_10 Delay Time: &33ms Msg byte:3377
Reply from Meter IP:10.217.5.7Z Delay Time: ©GZma Mag byte:3514
Beply from Meter IP:10.217.5.9% Delay Time: &78ma Mag byte:4350
RBeply from Meter IP:10_217_5_71 Delay Time: &4Zms Msag byte:-4435
Reply from Meter IP:10.217.5.97 Delay Time: €32ma Mag byte:415%
Beply from Meter IP:10.217_.5.70 Delay Time: &45ms Msg byte-4Z87

Delay Time Measurements when Twenty Meter Access Agent Running



