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Motivation

 Exploring the combination of Semantic Web &
Argumentation technologies in MAS to:

« Represent and reason with knolwedge (KR&R)

* Solve conflicts of knowledge

 Applying this approach to a real scenario through an
intelligent parking management application:

« SEISCIENTOS project
http://www.grc.upv.es/600/
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Semantic Web Background
e

Proof
“The Semantic Web is an extension of the current web in Logic
which information is given well-defined meaning, better
enabling computers and people to work in cooperation.” Rules / Query
Tim Berners-Lee, James Hendler, Ora Lassila, Ontology
The Semantic Web, Scientific American, May 2001 RDF Model & Syntax

URI / IRI

Unicode

- Basic Idea: Add metadata to World Wide Web documents in order to
enable computers to process information.
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Triple/Tuple

Ontology Layer (OWL)

®* Domain Model.:

» Concepts, relationships between them, axioms and individuals.
« Formal, so it can be processed by computers.
 Easily shareable and reusable.

» Open, it represesents an incomplete and extensible view on the
domain.

Rules Layer (SWRL/RIF)

father(?x,?y) A brother(?y,?z) = uncle(?x,?z)
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emantic Web Background
St
Ontology Lang uage v'_Based on Description Logic (First-Order Logic subset)

5 —< v' RDF/XML Syntax
v"_Ontology models divided into TBox/ABox
OWL

¥

Knowledge Model

TBox (schema)

Reasoning Capabilities concepts

roles

* Discover new information about concepts axioms
and individuals restrictions

Man C Person ABox (instances)
—> Person(Andres)

Man(Andres)

* Check model consistency: rav
Man M Woman =1

individuals

-

Ontology Rule Ontology
Reasoner Reasoner Rules

= # Inconsistency!!
{Man(Andres), Woman(Andres)}

* Rule-based reasoning Reasoning Engines




| An Architecture Based on Semantic Web
Technologies to Manage Knowledge in MAS

OWL-DL Ontology "O"
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A

Concepts )
Relationships Assertions:
Axioms C(i),R(1,j),--
TBox G-ABox
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Conflicts of Knowledge & Argumentation

Conflicts of Knowledge: Two types

Contradictions: Appear independently of the domain modelled in the
system —> A positive and negative assertion on the same information.

S
<
Agl Ag2

Violation of restrictions through differences: Tightly related to a specific
domain and have no effect out of it.
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| Contlicts of |

Name Conclusion Premises

Al: Uurgent {UrgentTask(t) <SUurgent>} /

Suurgent= {AgeNt(p), Task(t), mandatory_task(p,t),Rygentt

D ——
S

Rurgent = (Agent(?x), Task(?t), mandatory_task(?x,?t)) == UrgentTask(?t)

* Conflicts: Attacks among arguments U={a, (S)} V={B,(S)}

e Rebutting: An argument U rebuts an argument V iff (a, B) are inconsistent.

AZ: trivial — {_'UI.gentTaSk(t) <SUtr|V|aI>}
Sutivial = TAgent(p), Task(t), recommended_task(p,t),Ryiviat

Rrivia = (Agent(?x), Task(?t), recommended_task(?x,?t)) == —UrgentTask(?t)

e Undercutting: An argument A undercuts an argument B iff (a,Sy) are
inconsistent.

Ag 2: U—.mandatory = {_‘m andato ry_t as k(p 7t) ) <SU—|mandatory>}
SU—mandatory =




Conflicts of Knowledge & Argumentation
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* Defeat between arguments

e Let Ui, U2 be two arguments. U1 defeats U2 iff:
o Ui undercuts Uz; or

« Uirebuts U2 and Ui is preferable to U2.

o Ui strictly defeats U2 iff U1 defeats U2 and U2 does not defeat Us.

* Acceptability status

e An argument can be classified in one of the acceptable, non-acceptable
(defeated), or unknown state.

e To set the status of any argument, it is needed a process that takes into
account not only conflicting arguments, but all the relevant ones.

e The status is established by means of a persuasion dialogue
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Solving Conflicts of Knowledge through ASBO

ASBO: Argumentation System Based on Ontologies

hasConclusion

Wi .1

Conclusion .1 hasConclusion

hasState

Argument

hasSupport

1.,

SupportElement

A

Rule

A

+rule: swrlx:rule 1?1

Argument
Representation
. In OWL-DL

- State
+hasState

ConceptAtom

r =|+individual
+class

RoleAtom A. Muiioz and J. A. Botia. ASBO:
+individual x Argumentation System Based on
+property Ontologies.

LocalRule

+individual y Cooperative Information Agents XII,
volume 5180 of LNAI, pages 191-205.

GlobalRule LocalFact

GlobalFact Springer, 2008.




{Solving Conflicts of Knowledge through ASBO

ASBO-Protocol)

Proponent Opponent
|

Argumentation
ww T Dialog

Retract ()

Claim ()

o since (5)

|
| Accept (5)

Concede (A ,Ae5)
-

T
|

Claim (—p, p e 5}
—p Since (T),. pes

-

Accept (T) ..hl
-
Concede (c,ceT) d
}J.
Claim (—x, xe T) . L

.
=

[receive sincel

[receive since]

—x Since (R), xeT

[receive claim] Why (—-p. pe 3]

Wh}’ (—®, xeT) [receive claim]

A. Muiioz and J. A. Botia. A Formal Model of
Retract (~p. p e S) Persuasion Dialogs for Interactions among
Argumentative Software Agents.

P Since(T).pe S [receive why] Journal of Physical Agents, 3(3), 2009.




- Scenario developed in School of Computer Science at UMU campus

* Prototype: car with RFID tag and RFID reader in parking barrier

000000000000000
00000 prgpy 00000
00000 00000

Parking P1

Parking P2
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An Intelligent Parking Management Application

* Domain Model represented as an OWL-DL ontology = PMS Ontology

* Represented here as a UML diagram.

« Visitor and UMU-NP vehicles classification as PriorityVcl or NoPriorityVcl depends
on agents policies

DnverProfile GPSLoc
+hasPACamd: Cerilicate +latitude: Float
+hasAgendaE vent AgendaE vent +longitude: Float

n +ametP A Pakingdrea

hasDriverProfile

has GP3 Loz fl"i t etPL
l 1

Vehide ParkingArea
+hasGPSLoc GPSLoc pazling 1% umSpaces: int
+hasDiverProfie: DiverProfle +numFreeSpaces: int
+parking: Parking&rea

1 | |
| Prionty-PA NoPriority -PA
PriontyVd NoPriority Vcl

1

Visitor UMU-NP
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Vehicle (e.g., BobCar) Parking Areas (PA)

(. ™ GPS5 Data & Driver's Profile E

0 ()

/ BobCar

Decision Process
_: "'I'IllllllllIIIIIIIIIIllIH-lll|||||

\ To P2

V ehicle(BobCar), To— —.X
GPSLoc(Locl), - ; PMS Onto|ogy ----------------- e,

hasGPSLoc(BobCar,Locl),
targetPA(Locl,P1),
DrvPri(BobPri), i
hasDrvPri(BobCar, BobPri), '

v
|
|
|
|

> o
Disabled-PA-Card(BobDPC), — N N —

hasPACard(BobPrf,BobDPC)} SWRL | SWRL !

| VCL-ABox  Local TBox __ G-ABox | PRK-ABox  Local
"DrvPrf" stands for "Driver Profile” : Rules : :
"PA" stands for "Parking Area"

Priority
PA

NoP riority
PA

« G-ABox = {PA(P1), PA(P2), latitude(P1, 18.369), ...}
+ VCLAgent:
« VCL-ABox shown in figure.
* Local Rules:
R_Gpsparking : Vehicle(?v) A GPSLoc(?g) A PA(?p) A hasGPSLoc(?v, 7g) A
targetPA(?g, ?p) = parking(?v, ?p)

R pisabled:  Visitor(?v) A DrvPrf(?d) A Disabled-PA-Card(?c) A
hasDrvPrf(?v, ?d) A hasPACard(?d, ?c) = PriorityVcl(?v)
+ PRKAgent:
« PRK-ABox = {Priority-PA(P1), NoPriority-PA(P2), numFreeSpaces(P1, 10), ...}
» LocalRules:
R_prioritypa ¢ PriorityVel(?v) A Priority-PA(?p) = parking(?v, ?p)
R_Nopriority-pa : NOPriorityVel(?v) A NoPriority-PA(?p) = parking(?v, ?p)

Rerr = Visitor(?v) = NoPriorityV lc(?v)
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f Parties r Argumentations r Dialog rDiaIug-in-a-Tree

Th| ™| % | % | % | Reset| |Steps

VCL PRK .

Claim (BohCar, parking, P1)

Arg VCL1=[parking(BobCart, P1), {Vehicle(BobCar),
GPSLoc(Locl), PA(P1), hasGPSLoc(BobCar,
Locl), targetPA(Locl, P1), R Gpspuriing) ]

Arg PRK1=[parking(BobCar, P2), {NoPriorityVcl(BobCar),
NoPriotityPA(P2), R_noprioriy-pal]

Arg PRK2=[NoPriorityVcl(BobCar), {Visitor(BobCar),
R—Visitor} ]

Arg VCL2=[PriorityVcl(BobCar), {Visitor(BobCar),
DrvPrf(BobPrf), Disabled-PA-Card(BobDPC),
hasDrvPrf(BobCar, BobPrf),
hasPACard(BobPtf,BobDPC), R_p1eqt]




Cnclusion and Future Work

MAS and SemanticWeb technologies can be combined giving as a
result an architecture to automatically manage knowledge in
distributed environments.

Appearance of conflicts is an inherent problem of such environments

« The architecture is extended with an argumentation system called
ASBO which enables agents to rationally deal with conflicts.

In this work we exploit the integration of all these technologies to
develop an intelligent parking management application.

Future work is directed to develop new situations in the PMS, evaluate
the performance of the proposed architecture in this application and
extend its usage in other applications.

ASBO Implementation: ORE-AS tool
http://sourceforge.net/projects/ore-as/
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