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Appendix A

Essentials of Multi Agent technology

Al

Introduction

This appendix consists of the features in multi-agent systems and also describes the

difference between complex system and others.

CLASSES/ RANDOM COMPLEX STABLE ALGORITHMIC
Features SYSTEMS SYSTEMS SYSTEMS SYSTEMS
Predictability Total Considerable No uncertainty | No uncertainty

uncertainty

uncertainty

Behavior Random Emergent Planned Deterministic
Norms of | Total freedom | Some external | Governed by | Follows
behavior aws instructions
Degree o d) e Rigidly
organizat o structured
Degree of | None Self-control by | Centralized No need for
control self- control control
organization
Irreversible Random Co-evolves with | Small temporary | None
changes changes environment deviations
possible
Operating point | None Operates far | Operates at an | Operates
from equilibrium according to the
equilibrium specification

Table A.1: A Multi Agent System Features

Source: George Rzevski, a New Direction of Research into Artificial Intelligence




Design of MAS for SCM

B.1 Introduction

Appendix B

As said in design chapter, this appendix consist of various design diagrams to align

with implementation stage.

ProcessOrder

+ProcessOrderlD

Customer Order
+MName =] +OrderlD
+3endOrder() 1 n | +CalculateOrders() 1
+ReceiveOrder()

,,,,,

Transport

+TranslD
+SchedulelD

A
( ‘;] 1 -Rasiin’ ; !

+Warels
I Tl 1%

WL IVishehousa

+ReguestSchedule()

L

+SendSchedule()

+ReceiveScheduls() Schedule
+UpdateSchedule() +SchedulelD
M | +TransID
+WarelD n
+HumanlD
1
Manufact +ProcessSchedule()
antae /+Updat98chedule(}
+ManulD
+5chedulelD 1
+OrderlD

Order

+UpdateSchedule()
+ReceiveOrders()

+RawCrderlD 1
+RawhatlD

_———=1 +UpdateDateStatus()

+AssignOrders()

1

n

K
d Retailor

' +RetailorlD
~FrocessOrderlD

I +ZendOrder()
| ~HeceiveOrder()

Human

+HumanlD

Raw Material

+RawMatlD
+RawOrderlD

4

+ManulD

+ReceiveOrder()
+ProcessOrder()

Figure B.1: Class Diagram for SCM
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Human Transport

Agent [INFORM] Agent
1 . |
[holidays]

[CFP] [holidays]
T
i agree
T
|
request change
[agreed and notification

necessary]

failure

inform timeout

: <
[INFORM] [agreed]

acknowledgentent

EAEATYA 1 1k

[INFORM]

Figure B.2: Sequence Diagram for Human Agent Interaction
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Receive Demand (Raw Material)

Manufacture Products

Finish goods

Holiday

Schedule Transport

Arrange Delivery

Receive Customer Demands

Sell Products

Mo stock in

Stock in hand

qnwersﬂ;y of Moratuwa, Sr1 Ltfl nka.
[ lectranic Thecee & Diccertatiog

@

www.lib.mrt.ac.lk

Figure B.3: State Transition Diagram
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Appendix C

Implementation of the MAS Solution for SCM

C.1  Introduction

During this appendix have included important code segments, figures and data have

used in implementation stage.

! b oo SRS BRSPS o g PO PRSI ¢ R o, VSRRt DR oL DL

@ University of Moratuwa, Sri Lanka.

Figure C.1: Login Screen of MASSCM

(R reloadnin |Logout

Supply Chain Management Using Multi Agent fhology

W1l pashboard  [# Agents [# pata [ Configurations [# operations [# Reports

Welcome to the Supply Chain Management System (SCM) Dashboard

el

CONFIGURATIONS IIPIIIETII]HS REPORTS

15 Batch 6) . Al Rights Reserved.

Figure C.2: Dashboard of MASSCM
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Raw Material Agents Required Quantity Schedule - Update

Agent Name (AID) R1 EBx: D1,D2

Quantity 3250

Figure C.3: Ontology Update form

schedule id manu_aid tr aid confirm_date confirm_status

] 1 M5 T2 2015-04-01 1
] 2 M5 T2 2015-04-01 1
] 3 M5 T2 2015-04-01 1
L] U %’*.ﬂ'?f%f;l“ifyff"‘r?? Mor ii*sz%m"fa , %55*19 'ﬂiiig'v A !
O] gy ME g2 2015-04-01 1
= S AT L |
] 7 M5 T2 2015-04-01 1
[] M5 T2 2015-04-01 1
] 9 M5 T2 2015-04-01 1
[] 10 M5 T2 2015-04-01 1

Figure C.4: Transport Schedule Data
Source: Link Natural Products (PVT) LTD
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tr_autu_id tr_aid tr_sdate tr_edate  tr_time tr_qty read_status manu_aid tr_date_holiday

O # X 1 T 2015-04-01 2015-04-01 09:00:00 2000 1 M3 1
O & ¥ 2 T2 2015-04-01  2015-04-02 12:00:00 300 1 M5 0
O # X 3 13 2015-04-02  2015-04-02 08:30:00 4000 1 M2 0
O # X 4 M 2015-04-02 2015-04-02 06:30:00 200 1 M3 0
O & X < | = 2015-04-01  2015-04-01  14:30:00 250 1 M2 0
O & X 6 T2 2015-04-02  2015-04-02 23:00:00 500 1 M5 0
O # X | E 2015-04-01 2015-04-01  12:00:00 700 1 M2 0
O & X 8 T1 2015-04-07 2015-04-08 06:30:00 500 1 M3 0
O # X g 13 2015-04-06 2015-04-07 12:00:00 300 1 M2 0
O & = 0 T2 2015-04-02 2015-04-02 06:30:00 2000 1 Ms 0

Figure C.5: Transport Schedule Data (Confirmed by Manufacturers)

tr manu_autoid tr manu_aid tr manu date tr manu_confirm
O # X 1 M 2015-04-01 0
O # X 2 M2 2015-04-06 0
O # X 3 M3 2015-04-02 0
O & X 4 M4 2015-04-02 0
O & X 5 M5 2015-04-01 0

' 'i"'gure Ueclinansport Schedule ofamufacturers Agents

Statement stmt = null;

public ResultSet SelectSql (String gquery) {

ResultSet rs = null;
Statement stmt = null;

try {

DbCon useDbCon = new DbCon():
Connection newCon = useDbCon.conn;

stmt = newCon.createStatement ()
rs = stmt.executeluery(gquery):

catch (SQLException ex){
ex.printStackTrace();

Figure C.7: Code for MYSQL Data Base Connection

86




private ACLMessage msg;

public ACLMe==zage getMessage () {
return msg;

X

super(a) ;
timeCnt = millis;
template = mt;

public void onStart() {
wakeupTime = (timeCut < 0 ? Long.MAX VALUE

public boolean done() {
return finished;

public woid action() f{

-+ ri-.g.n-u.-\.'lgi-.g. — --\.--|'I'I'! r

f
=
L4
[
=
i
pors
N
UL
9]
(M
e
=)

I

e l/adol )

public myReoceiver (Agent a, int millis=s, Mes=zageTemplate mt) {

! System.currentTimeMillis() + timeCut):

Figure C.8: Message Space Agent Code

myhgent.getContainerController () .createNewhgent ("T1", "pkl.
myhgent.getContainerController () .createNewhgent ("T2", "pkl
mykgent.getContainerController () .createNewAgent ("T3", "pkl

m
[a]
[~
I

m

;I'l
b

myhgent..getContainerController () .createNewhgent ("W1", "pkl.W
mykgent.getContainerController () .createNewAgent ("W
myhgent..getContainerController () .createNewRhgent ("Wa"

£
v
'
|

mykgent.getContainerController () .createNewAgent ("HL", "pkl . HumanfAgent

.start{):
.startc ()
.starc():

nt",mall) .startc ()
t",onull) .startc ()
nt",null) .stcarc():

",nuall).startc ()

Figure C.9: Agent Initialization Code
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try {

las=s);

File ontoXmlFile = new File("C://U a
JiXBContext jaxblontext = JAXBContext.newIn

Unmarshaller jaxbUnmarshaller = jaxbContext.createUnmarshaller();
jaxbUnmarshaller.unmarshal (ontoXmlFile)) ;

mySelf = (AgentConfiguration)

Figure C.10: Common Domain Ontology Access (XML Access)

for {(int i = 0; i < agents.length; i++) {

msg.addReceiver ( agents[i] .getName () ) ;
par.addSubBehaviour (new myReceiver (this,
prublic wvoid handle (ACLMessage msg) {

2000, template) {

if (msg '= null) {
int offer = Integer.parselnt(msg.getContentc()):
Syvstem.out.println ("Got guote Rs:" + nffeﬂ

+ " from

" 4+ meg.getSender () .getlocallams()) ;

Figure C.11: Sending Multicast Messages to Manufacturer Agents

seq.addSubBehaviour (new myReceiver (this, 2000,

Mesz=zageTemplate.and|
MesszageTemplate.MatchConversationId(msg.getConversationId()),
HessageTenplate. or|

MessageTemplate . MatchPerformative (ACLHessage. 4
MessageTemplate . MatchPerformative (ACLMessage. REFUSE

private static final long serialVersionUID = 1L;

Figure C.12: Agent Performatives Code
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seq.addSubBehaviour (new DelayBehaviour (thi=s, rnd.nextInt (3000)) {
pukblic void handleElapsedTimeout () {

if (bestlffer == null) {
System.cutb.println ("Got no guotes™);
} else {

+ "{mf best price, mf 1,

aid
)

+ "('" 4+ bestPrice + "','" 4+ bestOffer.getS5ender().getlocallName ()} +

cry {
da.InsertS5ql (quexry)

} catch (SQLException ex) {
ex.printStackTrace():

System. out.println ("\nBest Price E=z:" + bestPrice
+ " from " 4+ bestCffer.getSender () .getLocallName()):
LCLMe=s=age reply = kbestlffer.createReplyl():

w
]
IS
I

]
Ie]
m
w
m
m

if (bestPrice <= 50) {
reply.setPerformative (ACLMe=ssage .. RECUEST) ;
reply.setContent ("" + rnd.nextInt (80))
System.out.print ("ORDER at R=:" + replv.getContent() + " "):
zend (reply) ;

MessageTemplate . and|

MezssageTemplate. MatchPerformative | LCLMessage. INFORM ),
HessageTemplate.MatchSender | new AID( "T1"7,
ATID.ISLOCALNAMEY )Y )

Mes=zageTenplate mt2 =
MessageTemplate.and|
MessageTemplate. MatchPerformative | LACLMessage. INFORM ),
MessageTemplate.MatchSendsr( new AID( "IZ",
AID.ISLOCALNAME)} )}
MessageTenplate mt3 =
MessageTemnplate . and|
MeszageTemplate . MatchPerformative | LACLMessage. INFORM ),
MessageTemplate.MatchSender | new AID| "TIZ",
ATID.ISLOCALNAMEY )Y )

Figure C.14: Message Template for to Receive Messages from Transport Agent
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protected woid onTick() {

ACLMes=sage receiveFromTl = receiwve (mtT1l):

if(receiveFromTl !'= null){
try {
String maidl = "";
String traidl= "";
Date agDatel = null;

try {

String sgll = "3
rz = da.SelectSgl (sqgll);
while(rs.next()){
maidl = rs.getString("manu aid");
traidl = rs.getString("tr_aid");
aghatel = r=.getDate ("confirm date™);
T } catch (SQLException ex) {
ex.printStackTrace ()

String conSgll = "SELECT ware aid FROM agentsz delivery ware WHERE ware aid='"+myl

r=z = da.SelectSgl (conS5gll);
boolean vall = rs.next():
if(vall == false){

System.out.println ("No confirmation among manufacturer, transport and w

igure” C.157 Warehouse Agent Ontology Management

String genCID()

if (cidBase == null) {
cidBase = getLocalWame ()} + hashCode ()
+ System.currentTimseMillis() % 10000 + " ";
}

return cidBase + (cidCnt++):

LCIMez=zage newM=sg(int perf, String content, AID dest) {
ACIMe=z=age masg = newMsag(perf):
if [(dest '= mull) {
mag.addReceiver (dest) ;
H
m=2g.setContent (content) ;

return msdg;

Figure C.16: Warehouse Agent Utility Methods
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EQverride
protected void =etop () {

super.setup() To ck

addBehavicur (new TickerBehavior(this, 20000)):

addBehaviour (new delayBehaviorOnIrans (this, 30000)):

SequentialBehaviour seq = new SequentialBehaviour():
addBehaviour (sed) :

ParallelBehaviour par = new ParallelBehaviour (ParallelBehaviour.FHEN ALL):
seq.addSubBehaviour (par) ;

seq.addSubBehaviour (new DelayBehaviour (this, 90000) {
Figure C.17: Transport Agent Different Behaviors
query = te_holiday='1"'";
e = tes) VALUES "
da.InsertSql (datelUpdate) ;
sdata = sdatatholiday+", ";
H ¥ catch (SQLException ex) {
ex.printStackTrace ()’
H
msg.setContent ("Hi I am human agent\n, please reschedule the delivery confirmed on "+sdata+" due
for(int i = 1; i<=3; i++){
m=g.addReceiver (new AID("T"+i, AID.ISLOCALNAME));
zend (m2g) ;
removeBehaviour (this) ;
H

Figure C.18: Human Agent Interference
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LCLMe=s=sage toWl = new ACLMessage (ACLMessage. INFORM) ;

toWl.setContent ("Need product X with gquantity 10007} ;
toWl.addReceiver (new AID("W1", AID.ISLOCALNAME)) ;

zend (toWl) ;

System.ocut.println(toWl+” --- "+toWl.getSender () .getLocallame ()]}’

LCLMe=s=sage toW2 = new ACLMessage (ACLMessage. INFORM) ;
toW2.setContent ("Heed i Y with guantity 20007} ;

toW2 . addReceiver (new AID("W2", AID.ISLOCALNAME))

zend (toW2) ;

System.cut.println(toW2+" --- "+toWZ.getSender () .getLocallame())

LCLMe=s=sage toW3 = new ACLMessage (ACLMessage. INFORM) ;

zend (toW3) ;
Bvstem.cut.println(toW3+" ——— "+toW3.getSender|() .getlLocallame () )’

_Figure C.19: Retailor and Warehouse Agents Negotiation

riour IN_ALL) :
geq.addSubBehaviour (new DelayBehavicur (thi=s, 100050){
pukblic void handleElapsedTimeout () {
ACIMe=s=zage toRel = new ACIMessage (ACLMessage. INFORM) ;
toRel.secContent {("Heed products......!"};
toRel.addReceiver (new AID("EEL", AID.ISLOCALINAME)):
send (toRel) ;
System.out.println (toRel+"” --- "+toRel.getSender().getLocalName()):
ACLMes=sage toRe2 = new ACLMessage (ACLMessage. INFORM) ;
toRe?.setContent ("leed products......!"):
toRe?.addReceiver (new ATD("EEZ", AID.ISLOCALNAME)):
zend (toRe2) ;
System.ocvut.println (toRe2+" —-- "+toRel.getSender () .getlLocallName () ) ;
¥
i

Figure C.20: Customer and Retailer Negotiation
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