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Abstract: Problem statement: It has been proven that Believe, Desire, Intent{&bl) agent
architecture, performs suitably in dynamic and edprtable environments. Although BDI architecture
has been formulated rigorously, implementing BQdhétecture is not as straightforward as it has been
promised. Nevertheless, the preeminent implememtaif BDI architecture is Procedural Reasoning
System (PRS) and Jadex is a Java-based platfotnsubaessfully applies PRS BDI architecture to
implement BDI agents. However, Jadex utilizes XMitniat to represent plans, beliefs and goals
which are the core of the PRS BDI agents. AlthoXdfi_ is a suitable format for exchanging data, it
does not add any semantic to the data that it septe.Approach: In contrast, in our proposed
Ontology driven PRS like model (O-PRS), we usedofgty with OWL format to represent Believes,
Plans and Events. Our Ontology had been designatwarly for implementing BDI agents which
are used in Mobile Workforce Brokering Systems (M8JBa multi-agent system that automated the
process of allocating tasks to Mobile Workford@ssults: This research was an endeavor to equip the
PRS model with Ontology and semantic knowledge esgmtation and reasoning capability. In this
study firstly, our proposed model was formulateldent the model was been examined using a
simulation tool (MWBS-SIM) which simulated MWBS its Initialization phase. We used JADE to
implement the Agents, Protégé OWL to create theology and Jena as a semantic web platform by
means of which MWBS is able to connect to the @pland apply the O-PRS mod€bnclusion: The
result of our simulation showed that O-PRS is aifda approach. Furthermore, Ontology provided
better means for knowledge sharing and navigatienefore, multi-agent systems constructed using
O-PRS, were more generic and more adaptable inaosam with those that use XML.

Key words: Procedural reasoning system, mobile workforce iingesystem, ontology, multi-agent
systems

INTRODUCTION BDI agent architecture: BDI agents exercise a
particular mechanism called practical reasoning to
Implementing intelligent systems that can copeexhibit behaviors in their environments (Rao and
with dynamic and uncertain environments is onehef t Georgeff, 1995; Bratmanet al., 1988). Unlike
fundamental challenges of modern Artificial theoretical reasoning, practical reasoning is neiagp
Intelligence. As a new approach to Al, Agent andto find out the most suitable actions to be perfern
Multi-agent technologies have promised to addreiss t a particular state of the environment. This process
kind of challenges by introducing agent architeesur includes two activities namely; deliberation (makin
which utilize high-level and human-centric reasgnin decision on what state of affairs an agent wants to
mechanisms. BDI agent is one of the aforementionedchieve) and means-end reasoning (to find out lwow t
architecture, which uses Believe, Desire and lident achieve that state of affair) (Wooldridge, 2002).
that are used correspondingly to symbolize and tmode  Similar to any other technologies, there are some
an agent’s information state (what agent knows fibowadvantages and disadvantages that emerge in BDI
itself and its environment), motivational state &wh architecture too. BDI agent architecture is human-
agent tries to achieve) and deliberative statelda o centric, easy to understand and it has been rigbrou
achieve agent’s desired state of affair) (Rao andormulized (Tweedaleat al., 2007). However, there is
Georgeff, 1995; Corchado and Laza, 2003). lack of an efficient implementation mechanism
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(Corchado and Laza, 2003) in this model. The reasoeemantic knowledgebase. In this model, we adapted
according to Rao and Georgeff (1995) is that; tiere PRS and modified Jadex model by replacing its XML
big gap between formalization logic of the BDI atgen based ADF with an Ontology which includes the
and the practical systems in which they have to act Believes, Plans and Events. Furthermore, in O-PRS,
] ) Taxonomy of the domain and the mental states of the
Procedural Reasoning System (PRS): PRS is one of  4qents are integrated in a unified Ontology theegfo
the first and the most robust agent architectua¢ las o process of deliberation can be implemented via
been used to implement BDI agents (Wooldridgegimple SPARQL query statements which make this
2002). PRS architecture has been tested in Severﬁlocess easy to implement and execute. Moreover

different real-world multi-agent applications suels jitferent agents do not have to use different ADEsf
OASIS, SWARMM and SPOC, and proved its power ing; different knowledge formats.

performing the complex tasks in dynamic and unaerta
environments accurately. MATERIALSAND METHODS

In a PRS-like system, an agent is equipped with a
library of precompiled Plans (Wooldridge, 2002).eTh Mobile Workforce Brokering System (MWBS): The
main task of a PRS like system then, is to seladt a rapid advancement in mobile communication caused a
execute plans which are essential to achieve aggagal huge increment in mobile workforce population o th
respond to an event. Furthermore, PRS reduces thorld, which consequently created a high demand for
abstract notions of desires and intentions to tlleem automated Mobile Workforce Management (MWM)

concrete concepts of goals and plans (Poleihal.,  Systems (Chiwt al., 2005). An important part of every
2003). MWM is Resource Allocation which consists of two
sub tasks namely, Matchmaking and Brokering. The
Jadex BDI model: A successful implementation former refers to finding the type of resources tteat
example of PRS-like system is Jadex, an add-oava J handle a particular task and the latter refersssigming
Agent Development Platform (JADE) which utilizes a task to the most suitable and available rescofrtieat
PRS architecture (Pokalet al., 2003). Jadex and its type, which happened to be more challenging too.
BDI reasoning engine can be used to develop BDI'  |n mobile environments, Resource Brokering
agents capable of practical reasoning. The BDI tagerprocess has to address two types of risks; Human
model used in Jadex is a hybrid model, includingRecourse risks (unpredictable unavailability of the
structural and behavioral parts. The structuratspaf  workforces) and  Environmental risks (e.g.,
Jadex BDI agent consisting of beliefs, goals arahpl disconnection). That is because mobile workforaes a
types are represented as an XML file called Agentombination of human and mobile devices (like PDA)
Definition File (ADF). For behavioral part however, and they are not passive and also disconnection may
agent designers have to write codes within a clasBappen at any time in a mobile network (Mousavi and
structure which is called Plan. Jadex reasoningneng Nordin, 2007). . .
would be triggered upon occurrence of an eventithat We believe that using a multi-agent approach and
turn stimulates the reasoning engine into findimgl a @n Ontology which represents Domain Knowledge,

executing the appropriate plan(s) (Bratmah al., History of the system and organizational Policye th
1988). g pprop plan(s) ( above mentioned risks can be addressed. Therafere,

implemented a Multi-agent based MWBS, which
An ontology driven approach to PRS: Although automates the process of task allocation to Mobile
XML is a suitable format for exchanging data, ifyon Workforces and addresses the aforementioned risks.

semantic of it. In contrast, the Web Ontology Leaqgg !
. ; . . The components of MWBS. MWBS, as the
(OWL) is capable of adding semantic to data (Bajirin architecture illustrates, is composed of severantg

and Aqer, 2005). Furthermore, using an appropriatg,, coordinate in order to automate the task afiona
semantic web framework, knowledgebase with OWLyceqs for mobile workforces, who are connected to
format can be queried and reasoned over. Thesge system via mobile network and their PDAs. MWBS,
capabilities are convincing reasons to nominate OWLly jts'life time undergoes two phases; Initializatiand
to propose a PRS-like architecture for agentsfth&®  Ryntime. At initialization phase, the main goaltis
to deal _W|th semantic knowledgebase and ontologyigure out the realistic monthly capacity of thestgm,
(semantic agents). which isthe sum of monthly capacities antire

In our attempt to develop an efficient MWBS, we individual workforces, which means number of days
proposed O-PRS agent model, capable of manipulatingnat a mobile workforce is able to work pesnth.
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are able to develop intelligent agents capable of

- _- lm Task;ll fon System (TAS) Mt agont acquiring  knowledge from different sources,
(SimA) (TAA) Platform i i i

Layer manipulating them and sharing the results amongst

— them. Utilizing the power underpinning semantic

Resource technology, agents are able to perform the entire

Agents D ji aforementioned activities automatically.

In addition, according to (Gruber, 1993), an
Ontology is an explicit specification of a
conceptualization. This definition implies that aloigy
is an abstract model of the world which includes

(RPA) (DA)

NI
s

Planning and
Scheduling Subsystem

12)SN|D 2010PHOM IO

Mobile Workforce Brokering System (MWBS)

i (RA) (i concepts, their properties and relationships whithte
w them, described in an unambiguous language.

ER) (BSA)  (BPA) Therefore, Ontology is a sufficient way for repretaeg
Brokering Subsystem (RA i domain knowledge, which can be shared by the agents
) who are situated in the domain environment. Thus,

ic KB M & Reasoning Engine semantic web provides more flexibility for agentg b

o w enab_ling them to s_hare Ontologies, which in turn

l provide the agents with the vocabulary that thesdne

! communicate (Hadziet al., 2009; Berners-Leet al.,
Jena Semantic Web Platform API 2001). Furthermore, agents can extend domain
MWBSOnto.OWL knowledge and navigate through it using automated

S G G reasoning and logical approach.

In MWBS, since the entire domain knowledge is
represented semantically using OWL ontology,
applying the same approach to represent the kngeled
that BDI agents need for their practical reasoning

Fig. 1: The architecture of MWBS process, provides consistency for the system asodew

Moreover, MWBS can exhibit more generality by

On the other hand, the main goal of the Runtimespha means of Ontology as if the domain knowledge, polic

is to assign tasks to appropriate workforces inay w and the plan are changed, it will affect only tiyetem

that, the monthly capacity, which has been claimedn its knowledge level not in process level. Theref

during the initialization phase, will be accomptish by updating or totally replacing the ontology with

accurately and fairly new one, system will demonstrate new set of behsyio
which makes the MWBS a generic system capable of

Justification of using ontology driven approach: As  adapting to different environments. Therefore,

it has been described in (Hadzét al., 2009) the consistency, adaptability and generality are thmeén

volume of the available information is increasing characteristics that using ontological approactPiRS
rapidly, which in turn makes it difficult for humato like BDI model will provide specifically to agents
browse through or manipulate them. Apparently, theemployed in MWBS. Gaining these benefits thus,
reason is that information is currently represerited  justifies conducting this research.

semantically poor format, which means it is easily

understood by people but not by machines. In centra Jadex model: According to (Bellifemineet al., 2007)

semantic technology empowers the computer systent§e main components of Jadx model are Believe, Goal

by enabling them to represent the information inPlan and an practical reasoning interpreter that it
semantically rich format, which means easily responsibility is to select a proper set of goajea(
understood by computers. Utilizing semantic deliberation phase), upon receiving a message or
technology, machines will be able to extract megnin occurrence of an event. Next, the interpreter shoul
from the Information and to process them in anfind a proper plan that its execution achieves tigen
automatic fashion, with less human involvement. goals that have been identified during goal detiben
Likewise, Intelligent Software Agents benefit from phase (Means-end reasoning) (Bratnehral., 1988;
semantically represented knowledge too. According t Pokahret al., 2005). In addition, in this model, a set of

Berners-Leeet al. (2001), the actual influence of plans are assigned to each agent. Each plan isaf se

semantic technology will be uncovered when the feeop actions that an agent can perform and are seléeiset
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on the capabilities of the agent as well as theaihje

of each plan. The entire list of goals, believed plans

of an agent is represented in a file called ADFjlavh
the actual plans (the code) are represented inaa PI
class file which is written in Java. By finding an
appropriate plan for an agent in a specific sitrati
Jadex reasoning engine will be able to executedle
assigned to the plan and the result will be the
fulfillment of the goal.

Thefirst difference between Jadex and O-PRS: The
first major difference between Jadex and O'PR%ig. 2: Representing agent, believe and event in O-
however, is that we do not directly represent the PRS ontological model
concept of goal in O-PRS. Instead, each agent may
have one or more Believe (s) which may be
corresponded to certain events and plans. Theredore Definition 2: The Basic (Atomic) Functions of the
Event might be assigned to a Believe and if so, N odel are défined as follow:
appropriate Plan is assigned to the same Believe as '
well, which means if that Event occurs for the agen
the corresponding Plan for the same Believe will b ot.
f|red_. Th|s_ concept is dep|c_teql in Fig. 2 Wh'(_:h _WBO hasPlan(b,p): Evaluates if a Plan p is assigned to
that if, for instance, Eventl is fired for Ageritimplies elieve b or not.
that current desire of the Agent is Believe_1 trjmoﬁlatchBelieve(b e): Upon occurrence of an Event e
therefore, Plan 1 should be selected and executed L, . ates if e is,assigned to Believe b or not. '
order to fulfill this desire.

Upon occurrence of an Event for a particular agent
a Plan Selection Function will be fired that seasch
within the agent’s Believe set to find out a paréc
Believe to which that Event is assigned and ifind$
any, it will return the corresponding Plan which is )
assigned to that Believe. Having the Plan signatise 5¢!(®): B - B _
name), then the agent can run the appropriate codd®!(® = {b | bl B UhasBelieve(a,b)}
which is written to fulfill the Plan. With this

explanation, we modeled the O-PRS in the fonowingDefinition 4: The Believe_OfPIan_ is a function that
lines. generates a set of all believes like b of agent A,

which has the plan g P assigned to it:

hasBeleive(a,b): Evaluates if agent a, has Belews

Definition 3: The Believe function of agent @ A,
Bel(a) produces the Believes set of agent a. The
Signature of the Bel(a) of agentlA is:

Formal model of O-PRS. This part of this study
illustrates the formal model of O-PRS. We
preliminarily use the notation which is used in L i _
(Wooldridge, 2002) and then extend the model byDeﬂnmon 5: The Intention function Int(a) of agenta

adding more functions which are required, spedifica A 9€nerates a set of all plans that satisfies atlene
for O-PRS. believe bl Bel(a). The Signature of Int(a) ofla is:

BelieveofPlan(a,p) = {b | bl Bel(a) O hasplan(b,p)}

Definition 1: Let B, P, A, E and AC be the sets of IN(@): P~ P _

entities which exist in the model. We define eaghas  Int(a) = {p | p0 P [ (BelieveOfPlan(a,py 1)}

follow:

Definition 6: The Options function Option(a) is a
function which generates possible Desire set fentg

B = {b|bis avalid Believe in the system} i . :

P = {p|pisavalid Plan in the system} O A. The signature of Options(a) of 8A is:

A = {a|ais avalid Agent in the system}

E = {e]eisavalid Eventin the system} Options (a): Bel(a¥ Int(a) -» Des(a)

AC = {o|ais avalid Action in the system} Des(a) = {(b,p)| i1 Bel(a)O p O Int(a) O hasPlan(b,p)}
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Definition 7: The Plan Selection is a function which
after the occurrence of an everilds, will select a plan
for Agent all A to which event has occurred. The
signature of planSelection(a,e) oflaA and e[l E is:

planSelection(a,e): Des(a) Int(a)
planSelection(a,e) = {p | A Int(a) O
(O(b,p) O Des(a)—» matchBelieve(b,e))}

In present model either no plan or, only and onlydata type

hasBeleive Object Property relates the individuals
class Agent and the individuals of class Believiac&
each individual of Believe may have some event,
haseEvent objectProperty relates Believe and Event
classes. While an individual of class Believe mayéh

a plan too, therefore class Believe and Plan are
connected via hasPlan ObjectProperty. Moreoverethe
are three DataProperties being used in this onjolog
hasSignature which assigns a unique name of timy str
to each plan, hasPerformative and

one plan will be assigned to each believe, theeeforhasContents both of string data type which add some

planSelection(a,e) either select only one plan, o
nothing. Following lines describe, how this modahc
be implemented using an ontology driven approach.

Representing practical reasoning in ontology:
The second difference between Jadex and O-PRS:

The second major difference between O-PRS and Jadex

is that the latter represents plans and goals iXMh
format, while the former utilizes ontology to redat
these entities.

The vocabulary of OWL ontology: Figure 3 (adapted
from (Ding et al., 2007) illustrates the Semantic Web
layer cake. In Fig. 3, it is depicted that, the aafit is
enabled by a pile of evolving languages such asirRes
Description Framework (RDF), RDF Schema (RDFS)
and Web Ontology Language (OWL) (Diegal., 2007)
amongst

gommunicational attributes to the individuals ok th
Message class. The OWL Ontology used to represent
knowledge for MWBS is called MWBSOnto.owl.

[,

Trust

Proof
Logic

Result/query I = _§
E
OWL Ontology I o E
“a
RDF model and syntax |
XML quety | XML schema |
XML | Namespace |

them OWL provides mechanisms andFig. 3: Semantic web layered cake (Daigl., 2007)

constructs to create actual semantic knowledgesbase

In an ontology that has been represented in OW&, th
concepts of a domain are represented as Classebeand
Individuals represent the instances of a particclass.
Classes and their relationships, shape the Taxoraimy
the domain (Hebelest al., 2009) which is known as T-
Box. On the other hand, individuals which are edatio
one another via relationships called ObjectProgsti
create assertions which are called A-Box or asserti
box. The attributes of an individual is represenigd
DataProperties that can be of any valid types sagh
Integer and String, and relates the individual takue

in the valid range of its type. Using vocabulary of

OWL, we can represent the domain knowledge of any

domain.

Components of MWBS domain ontology: In the

MWBS domain, the most fundamental class is Agent
class which has subclasses such as; Task Allocatior

Agent, Dealer Agent or Supervisor Agent. Furthemnor

T-Box

hasSignature

String
String hasContent

sting

A-Box

Int_Request-Msg

hasPerformative hasSignature

N

hasContent

“REQUEST”

“taalnitPlan”

O-PRS model includes other classes such as Believe,

“Initialize”

Plan and Event. Event has a sub class called Messag

that represents the messages which are exchangegly. 4: Semantic representation of the initializatplan

between agents. As it is illustrated in Figure 4, for a task allocation agent in MWBSOnto.owl
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Plan finding in O-PRS: According to Foundation of query statement returns the signature of the TA&-In
Intelligent Physical Agents (FIPA) standard, everyP1 plan, which is the string value; “taalnitPlan”.
message has a Performative that identifies the agess

type, and Content. The combination of these twoDeveloping and examining the ontology: The
sufficiently identifies a message, which should beontology that O-PRS needs is created in Protégé OWL

interpreted by the agent that receives it. in O-PRS  rigyre 6 illustrates a screenshot of the MWBSOnib.o
order to interpret a message, agents can Simply USE protage.

combination of <performative, content, receiverratge The Agents, however, are created in Java Agent
name> to compose and apply an SPARQL Quer ! ' o
statement to firstly find the corresponding Message %)evelopment Platform (JADE). In add|t|pn Jena
the ontology and secondly to find a Believe of thePlatform has been used to make the connection batwe
receiver agent to which the message belongs, an@dgents and ontology and execute the SPARQL query.
finally find the Plan which is assigned to the fdun
Believe and return its signature.

For instance, as Fig. 4 demonstrates, TAA is an
instance of TaskAllocationAgent class. TAA has a
Believe called TAA-B1 to which an instance of
Message class has been assigned called; Int_Reques
Msg. The performative of this message is the string
“REQUEST” and the content of this message is the
string “Initialize”. An Individual of Plan class s is
assigned to the message, called; TAA-Init-P1 widnp
signature of string type “taalnitPlan”. This portiof
the MWBSOnto implies that; If Agent TAA receives a
message which is a “REQUEST” and its content is
“Initialize”, then it has to execute the plan
“taalnitPlan”. The first part of this scenario thatto

PREFIX MWBSOnto: <http// MWBSOnto.ow1#>
SELECT?believe? massage? plan? planSignature
WHERE{

MWBSOnto: TAA MWBSOnto: hasBelieve? believe.
?believe MWBSOnto: hasEvent? massage.

?massage MWBSOnto: hasPerfomative “Request™;
MWBSOnto: hasContent “Initialize”.

“believe MWBSOnto: hasPlan ?plan.

?plan MWBSOnto: hasSignature ?planSignature

)

find the message that asks for an initializatiortate
place is called deliberation and the second pardlied

means-end reasoning, which both can be achieved vigig. 5: SPARQL Query to find a plan signature i

running the SPARQL Query shown in Figure 5. This

MWBSOnto.owl ontology

< :
File  Edit Project Ol Reasoning g GCods  Tools  VWuindow  Collaboration  Help
DEE 4B B g < HEEH 4>

| 7 OWiClasses. | B Properties. | @ individusls | = Forms |

iata(MABSOrto o)

3;' INSTANCE BROWSER

MABSOrto F TaskalooationAgert divicual; |Fiip: MBS Onto.ow i TAA
[icasa o e B Triples
AnnesicdTaiancon -~ % & X & Froperty | Value I Tyne | Leng | |
v Py (M hasBelieve & Ton Bl @ Believe -
= rolftype @ TaskAllocationAgert owl Class
TAA_B1 (instance of Believe, inter... [= |[E)[X]
INDIVIDUAL EDITOR for TAA B1 (instance of Bel.. + 5 F T
S
o hasBelieve ¥ eoe
TAL BT
= ||
) Pl - e & e
» @ Poicy Asserted Types e e
) TaskAllocationAgert hasPlan ¢ e
@ TaA Init_P1 |
-~ = 5
-] ® b Ll < 7 I
P . =
== & 8
el g5 [Results

PREFI MyWEISORo: <hitp: MBS OO =

message plan
SELECT helieve Pmessage Zplan ?planSignsture & Init_Reqest_hsg @ TAA it F1

VWHERE(

@ TaL B taalnitFlan

|

Tplan MWBSOMohasSigraturs

=1
B Execute Guery

w\ W sparaL

Fig. 6: Representation of MWBSOnto.owl ontology apery execution in protégé OWL
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Plan execution (means-end reasoning): In order to In this architecture an agent (we call it requeste
examine the O-PRS model, we have implemented agent) upon receiving a message, composes a Request
simulation tool called MWBS-SIM with the same message with the content that is the combination of
architecture as depicted in Fig. 1. In this architee  performative and the content of the received messag
users start the simulation and communicate with th@nd send it to OA to find if any plan is assignedttat
system via Simulation Agent (SA). MWBS-SIM also Mmessage (deliberation) by running an appropriate
utilizes an Ontology Agent (OA) via which, other SPARQL Query over the MWBSOnto.owl. If OA could
agents can connect to the ontology. OA, using Jeng0t find any plan it will send a null reply messageek
classes is able to connect to OWL ontology, seanth to the requester agent, otherwise, it will sendigsature

. . ; . back to the requester agent (means-end reasohlagy.
navigate it and execute the SPARQL Queries over it. the requester agent will call the executePlan naetifo

® the Plan class with the plan signature that OA doun
¢ which in turn executes the plan.
e state diagram shown in Fig. 7 summarizes this
- The state diag h Fig. 7 th
( Receive a Message ) process. Figure 8 demonstrates a partial view efPlan
v class (written in Java) which is the implementatifin
Combine its executePlan method for TA. If the plan signature is
Coperformative and “taalnitPlan” then the function taalnitPlan will kren,
ontent and send it to . . .
Ontology Agent which in this case, sends a message to Dealer ADént
with REQUEST performative and Initialize content.
@eceive Reply from OA) RESULTS

Table 1 lists the agents who are involved in
Q_"Sr" F;'ar" Initialization phase of MWBS life time. Using O-PRS
oo these agents can find each other and send appmopria

messages to appropriate agents in order to izitidhe
system. The main goal of this phase as mentioned
Call executePian earlier is to prepare a Realistic Monthly Capacity
method with plan (RMC) for the system.

signature Simulation starts when SimA sends a REQUEST
message with “Initialize” content to TAA. Using the
( Execute the Plan ) mechanism described earlier, TAA finds its plan and
N| executes it which as result, sends a request medsag
é DA, DA sends the same message to SA which therssend
the same message to IA. At this point, IA will fiadl
) ) ) RAs and then sends initialization request to altheim.
Fig. 7: Plan selection and execution flowchart As depicted in Fig. 1, each RA represents a
particular mobile workforce in the system. RAs then
public class Plan { ask their corresponding mobile workforces to submit
;l;blicvoid executePlan(TaskAllocationAgent a, String planSignature) { a proposal WhICh In,C|UdeS the monthly Capalc!ty and
if (planSignature.equals("taaTnitPlan")) { a-schedule of their choice. Upon receiving a
taalnitPlan(a); }} ... proposal, each RA evaluates the validation of the
void taaInitPlan(final TaskAllocationAgent a) { H H H
/* 1- Find an Instance of Dealler Agent proposal by applylng the pOIICy WhICh are
/2. Send a request message to it, enforce_d by_ the authorities and represented
Performative= "Request” Content = "Initialize" */ semantically in MWBSOnto.owl Ontology (proposal
a-addBehaviour(new OneShotBehaviour() { evaluation is beyond the content of thkisdy).
public void action() {
ACLMessage init_msg = Table 1: MWBS’s subsystems and agents
e ACL::;SS"%e(‘fCLM:;:;‘%;‘;’?'QUEST’; Corresponding agent Functionality
Rt As;elm'gﬁw DA™, Planning-Scheduling Subsystem (PSS)
- Lo “Enelish™: Supervisor Agent (SA) Supervise agents of PSS
init_msg.set anguagi( English’ ) Dealer Agent (DA) Make deal with TAS
init_msg.setContent(" Initialize"); Initializer Agent (1A) Create initial plan
a.send(init_msg); Other Functionalitiesand Agents
3D Y TaskAllocationAgent (TAA) Deal with MWBS
Resource Agent (RA) Represent mobile workforce
Simulation Agent (SimA) Starts simulation ]
Fig. 8: Partial view of plan class for TAA Ontology Agent (OA) Knowledgebase operations
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Fig. 9: JADE sniffer, illustrates the agents comination using O-PRS architecture

The final result however is a monthly proposal thdtk XML, which is used in Jadex. Our discussion hasmbee
be passed to DA which in turn will be passed to TAA followed by developing a formal model for O-PRS.
Figure 9 illustrates a screenshot of JADE’s SnifferFurthermore we have shown the internal architeatfire
Agent. It shows how the agents involved in thisMWBSOnto.owl, the Ontology which has been utilized
scenario are communicating to initialize the systemby O-PRS and the mechanism using which O-PRS

using O-PRS BDI architecture. agents are able to brows trough the Ontology ifr the
deliberation and means-end reasoning process.
DISCUSSION We have also portrayed MWBS, the system in

which O-PRS has been implemented and examined. In

In this study we have proposed an Ontology Driveraddition, via a simulation, using our simulatiorolto
PRS like BDI architecture called O-PRS. Our progose MWBS-SIM, it has been shown that O-PRS is
model utilizes semantic knowledge representatioth anapplicable and it is suitable for being used in itgob
reasoning and ontological approach to represent thenvironments.
basic knowledge that PRS-like agents need to act,
which are Believe, Event and Plan. CONCLUSION

In this study we have shortly described the PRS
model used in Jadex and have gone through exploring In conclusion, the result of this research proves
the advantages of using OWL Ontology to repredant t that; ontology and semantic knowledge represemtatio
basic components of this model in comparison withand reasoning techniques can be used as effectl® t
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to empower agents who are situated in dynamidGruber, T., 1993. A Translation approach to podabl
environments in performing their tasks, as welliras ontology specification. Knowl. Acquisi
communicating with each other, in a robust and  5:199-220. DOI: 10.1006/knac.1993.1008
acceptable manner. Multi-agent systems, which aréladzic, M., P. Wongthongtham, T. Dillon and E. Cfan
implemented using this approach, are more generic, 2009. Ontology-Based Multi-Agent Systems.
adaptable and consistent in comparison with other Studies in Computational Intelligence. Vol. 219,

approaches. Springer-Verlag Berlin Heidelberg, ISBN: 978-3-
642-01903-6, pp: 3.
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