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Introduction

Agent behaviour

Our multiagent systems are composed of proactiveagents (eco./logic.)
within distributedenvironments (social, physical)interacting each
other (with ACL) in accordance withnorms (contracts).

Behaviour engine for resolving con�icts over agent's statements
Assumption-based argumentation for decision
making [Morge ArgMAS07]
Behaviour model for resolving con�icts over agent's motivations
Agent Agent Architecture [Morge et al, ICAART09]
Interactive behaviour for resolving con�icts over agents'
interests
Minimal Concession Strategy [Morge & Mancarella, ArgMAS09]
Predictive model of Behaviour
Hybrid trust model [Matt et al, ARGUGRID09]
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Introduction

Outline

Introduction

ARGUGRID

Trust Model [Matt et al, ARGUGRID09]

Behaviour engine [Morge ArgMAS07]

Interactive behaviour [Morge & Mancarella, ArgMAS09]

System deployment [Bromuri et al, AAMAS09]

Conclusion and future works
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ARGUGRID

ARGUmentation as a foundation for the semantic GRID

Provide a new model for argumentative agents populating and
evolving within a trusted grid.
Provide a new model for the speci�cation, creation, operation and
dissolution of Virtual Organizations over the GRID using
argumentation.
Design an architecture for the semantic grid to support argumentative
agents and VOs.
Develop a GRID-based platform to support the implementation of
models and architecture and assess the approach.
Experiment with and evaluate the models, architecture and platform in
the context of concrete applications for e-business.
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ARGUGRID

Global Picture of the ARGUGRID platform
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ARGUGRID

EO Scenario: �re detection case [ARGUGRID D1.2]
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Trust

Outline

Introduction

ARGUGRID

Trust Model [Matt et al, ARGUGRID09]

Behaviour engine [Morge ArgMAS07]

Interactive behaviour [Morge & Mancarella, ArgMAS09]

System deployment [Bromuri et al, AAMAS09]

Conclusion and future works
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Trust

Hybrid model of trust [Matt et al, ARGUGRID09]

Trust= belief of one agent that another agent's behavior will support
the agent's expectation.

Belief or disbelief of an agent that another agent's behaviour will be
�good� based on the past interactions.

Evidence-based trust model based on positive, negative, or neutral
evidence in past interactions [Yu & Singh CI02].

+ other kinds of evidences can be used for the assessment of trust, e.g
contracts .

Dung's abstract approach of defeasible argumentation [DungAIJ95]

Expertimental (good) results.
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Trust

Evidence-based trust model [Yu & Singh CI02]

The trust agi has in agj is modelled by a belief function
Bel : 2
 ! [0; 1] s.t Bel(E) = m(E) with 
 = f T; : Tg

The mass function

m(f Tg) =
N+

N
m(f: Tg) =

N �

N
m(
) =

N?

N

The agent agi will decide to trust agj if only if

m(f Tg) � m(f: Tg) � �

where� is a �xed threshold for trustworthiness and 0< � < 1
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Trust

Forecast arguments and mitigation arguments

Do not trust since there is no guarantee given

: T

: contract

>

s(A) = 1
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Trust

Forecast arguments and mitigation arguments

Trust since there is a guarantee (a contract clause)

T

contract ; reliable

> reliable

s(A) = 1
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Trust

Forecast arguments and mitigation arguments

Trust since there is a guarantee (a contract clause)
Do not rely on the contract clause since the target has often violated
it in the past.

T

contract ; reliable

> reliable

: reliable

bad_past_experience

>
s(A) = 0:25 s(B) = 1
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Trust

Argumentation-based conservative extension of the

trust model

The distribution p̂ : 
 ! [0; 1]

p̂(T) =
N+

N+ + N �
p̂(: T) =

N �

N+ + N �
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Trust

Argumentation-based conservative extension of the

trust model

The distribution p̂ : 
 ! [0; 1]

p̂: c (T) =
N+

: c

N+
: c + N �

: c
p̂: c (: T) =

N �
: c

N+
: c + N �

: c
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Trust

Argumentation-based conservative extension of the

trust model

The distribution p̂ : 
 ! [0; 1]

p̂: c (T) =
N+

: c

N+
: c + N �

: c
p̂: c (: T) =

N �
: c

N+
: c + N �

: c

The information value

VA =
p̂(T) � p̂: c (T)

p̂: c (T)

The indeterminacy

� AF =
K

K + I

The epistemic risk aversion

K =
N?

N � N?

The total amount of information

I = 1 + VA

X

A2 AF

sAF (A)

The statistical probability distribution

p̂A (w) =
1
I

"

p̂(w) + VA

X

A2A

s(A) � p̂c(A) (w)

#

The mass function

m(f Tg) = ( 1 � � AF )p̂A (T) m(f: Tg) = ( 1 � � AF )p̂A (: T) m(
) = � AF
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Trust

Results

Performance of the trust models depending on the threshold� and
assuming no contract fraud.
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Trust

Results (bis)

Worst-case performance with respect to� depending on� .
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Behaviour engine

Outline

Introduction

ARGUGRID

Trust Model [Matt et al, ARGUGRID09]

Behaviour engine [Morge ArgMAS07]

Interactive behaviour [Morge & Mancarella, ArgMAS09]

System deployment [Bromuri et al, AAMAS09]

Conclusion and future works
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Behaviour engine Semantics

Abstraction argumentation [Dung AIJ95]

A B

C D

C: Which image ?
P: The serviced.
C: Why notc?
P: Sincec is too expensive.
C: Which clipping?
P: The serviceb.
C: Why nota?
P: Sincea and d are incompatible.
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Behaviour engine Semantics

Abstraction argumentation [Dung AIJ95]

A B

C D

C: Which image ?
P: The serviced.
C: Why notc?
P: Sincec is too expensive.
C: Which clipping?
P: The serviceb.
C: Why nota?
P: Sincea and d are incompatible.

P: The servicec.

P: Sinced and a are incompatible.

P: The servicea.

P: Sinceb is is too expensive.
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Behaviour engine Decision Analysis

A model of multi-criteria decision problems with

incomplete knowledge [Morge ArgMAS07]

good_deal

fast cheap good

s(x)

time (x; tx ) price (x; px) resolution (x; rx)
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Behaviour engine Decision framework

Assumption-based

argumentation[Bondarenko et al, AIJ97]

ABF= hL; R; Asm; Coni such that:
(L ; R) is a deductive system where,

L is a formal language,
R is a countable set of inference rules of the formr : �  � 1; : : : ; � n;

Asm� L is a non-empty set ofassumptions, true as soon as they
can stand against criticism.

Con: Asm! 2L is a (total) mapping from assumptions into set of
sentences inL , i.e. their contraries.
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Behaviour engine Decision framework

Assumption-based argumentation: an example

Asm= f s(a); s(b); s(c); s(d)g
Con(s(a)) = f s(b); s(c); s(d)g
Con(s(b)) = f s(a); s(c); s(d)g

. . .

cheap  s(x); price (x; low)
price (a; high )  
price (b; high )  
price (c; high )  
price (d; low)  
good s(x); resolution (x; high )
resolution (a; low)  
resolution (b; high )  
resolution (c; low)  
resolution (d; low)  

fast  s(x); time (x; low)
time (a; high )  
time (b; high )  
time (c; low)  
time (d; low)  
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Behaviour engine Arguments

Undermining attacks

Undermining attack toward non-provable assumptions:
The serviced is cheap;
The servicec is a mutual exclusive alternative.

cheap s(c)

price (d; low); s(d)

> s(d) s(c)
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Behaviour engine Proof procedure

Dispute: principle

A
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Behaviour engine Proof procedure

Dispute: principle

A B
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Behaviour engine Proof procedure

Dispute: principle

A B C

Mars 2009. Page 20 wwww.argugrid.eu



Behaviour engine Proof procedure

Dispute: principle

A B C
A (procedural) dialectical proof procedure:

, declarative model-theoretic semantic (soundness/completeness);

interleaves arguments construction/dispute (e�ciency);

with game rule (turn-taking, burden of proof, backtracking).
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Behaviour engine Proof procedure

AB-dispute [DKT, AIJ06]

The AB-dispute derivation of the defense set A for the topic � 2 L is hDS0 ; : : : ; DSi ; : : : ; DSn i where
DS0 = hf � g; fg ; f � g \ A sm; fgi
DSn = h; ; ; ; A ; C i whatever the set C is
and for � in P ro i or one S in O pp i :
1. � 2 P ro i is selected by s then
1i. if � 2 A sm, then

DSi + 1 = hP ro i n f � g; O pp i [ ff � g j x 2 C on(� )g; A i ; Ci i

1ii. if � 62 Asm, then there is an inference rule r 2 R such that head (r ) = � and Ci \ body (r ) = ; ,

DSi + 1 = hP ro i n f � g [ (body (r ) n A i ); O pp i ; A i [ (A sm \ body (r )) ; Ci i

2. If S � O pp i and � 2 S are selected by s then
2i. if � 2 A sm, then
2ia. either � is ignored,

DSi + 1 = hP ro i ; O pp i n f Sg [ f S n f � gg ; A i ; Ci i

2ib. or � 62A i and � 2 Ci ,
DSi + 1 = hP ro i ; O pp i n f Sg; A i ; Ci i

2ic. or � 62A i and � 62C i and x 2 C on(� ) are chosen
2ic1. if x 62 Asm, then

DSi + 1 = hP ro i [ f xg; O pp i n f Sg; A i ; Ci [ f � gi

2ic2. if x 2 A sm and x 62C i

DSi + 1 = hP ro i ; O pp i n f Sg; A i [ f xg; Ci [ f � gi

2ii. if � 62 Asm, then there is an inference rule r 2 R such that head (r ) = � and Ci \ body (r ) = ; , then

DSi + 1 = hP ro i ; O pp i n f Sg [ f S n f � g [ body (r )g; A i [ f xg; Ci [ f � gi
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Behaviour engine Proof procedure

AB-dispute: an example

L = f p, a, : a, b, : b, c, : c g

R = f p  a, : a  b, : b  cg

Asm= f a; b; cg

Con(a) = f: ag, Con(b) = f: bg and
Con(c) = f: cg.

A
B

C

i Pi Oi Ai Ci Comment
0 p Start
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Behaviour engine Proof procedure

AB-dispute: an example

L = f p, a, : a, b, : b, c, : c g

R = f p  a, : a  b, : b  cg

Asm= f a; b; cg

Con(a) = f: ag, Con(b) = f: bg and
Con(c) = f: cg.

A
B

C
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0 p Start
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Behaviour engine Proof procedure

AB-dispute: an example

L = f p, a, : a, b, : b, c, : c g

R = f p  a, : a  b, : b  cg

Asm= f a; b; cg

Con(a) = f: ag, Con(b) = f: bg and
Con(c) = f: cg.

A
B

C

i Pi Oi Ai Ci Comment
0 p Start
1 a a By using rulep  a
2 : a a BecauseCon(a) = : a

Mars 2009. Page 22 wwww.argugrid.eu



Behaviour engine Proof procedure

AB-dispute: an example

L = f p, a, : a, b, : b, c, : c g

R = f p  a, : a  b, : b  cg

Asm= f a; b; cg

Con(a) = f: ag, Con(b) = f: bg and
Con(c) = f: cg.

A
B

C

i Pi Oi Ai Ci Comment
0 p Start
1 a a By using rulep  a
2 : a a BecauseCon(a) = : a
3 b a By using rule: a  b
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Behaviour engine Proof procedure

AB-dispute: an example

L = f p, a, : a, b, : b, c, : c g

R = f p  a, : a  b, : b  cg
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Con(a) = f: ag, Con(b) = f: bg and
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Behaviour engine Proof procedure

AB-dispute: an example

L = f p, a, : a, b, : b, c, : c g
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Behaviour engine Proof procedure

AB-dispute: an example

L = f p, a, : a, b, : b, c, : c g
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0 p Start
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Behaviour engine Proof procedure

AB-dispute: an example

L = f p, a, : a, b, : b, c, : c g

R = f p  a, : a  b, : b  cg

Asm= f a; b; cg

Con(a) = f: ag, Con(b) = f: bg and
Con(c) = f: cg.

A
B

C

i Pi Oi Ai Ci Comment
0 p Start
1 a a By using rulep  a
2 : a a BecauseCon(a) = : a
3 b a By using rule: a  b
4 : b a b BecauseCon(b) = : b
5 c a; c b By using rule: b  c
6 : c a; c b BecauseCon(c) = : c
7 a; c b Because there is no rule with head: c
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Behaviour engine Concession

Decisions [Morge ArgMAS07]

The set of decisions supported by the argumentA:

dec(A) = f D� asm(A) j D� Dg

The decisionsDcredulously argue for g i� there exists an admissible
argumentA such that conc(A) = g and dec(A) = D.

The set of goalsval c(D) for which the set of decisionsDcredulously
argues.
D is preferred to D0 i�

1 val c (D) � val c (D0), and
2 8g 2 val c (D) n val c (D0)8g0 2 val c (D0) it is not the case thatg0Pg.
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Behaviour engine Concession

Decisions: an example

time

resolution

p
ri

c
e

buyer

s(a)
s(b)

s(c)

s(d)
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Interactive behaviour

Outline

Introduction

ARGUGRID

Trust Model [Matt et al, ARGUGRID09]

Behaviour engine [Morge ArgMAS07]

Interactive behaviour [Morge & Mancarella, ArgMAS09]

System deployment [Bromuri et al, AAMAS09]

Conclusion and future works
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Interactive behaviour Agent Architecture

A Modular Architecture of Service Oriented

Agents [Morge et al, EUMAS07]

Body

Mind

Commitments PL

Individual
Decision
Making
Module
(IDMM)

Social
Decision
Making
Module

(SDMM)

Social
Interaction

Model
(SIM)

IKB SKB

IMQ OMQ

Graphic User
Interface (GUI)

Other agents
Communication
Module (CM)

Modules reads data

Modules writes data

Modules read/writes data

Interaction between modules

Interaction with externalities

X Module (XM)
Module

Data Structure
Data
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Interactive behaviour Introduction

Motivations

Argumentation for agent-based negotiation systems:
the decision-making process of agents
[Kakas & Moraitis AAMAS'06]
the negotiation process
[Amgoud et al. AAMAS'07]
the emergence of contracts
[Dimopoulos et al. IAT'08]
the resolution of disputes wrt contracts
[Dung & Thang JURIX'08]

Which strategy is the most e�ective for negotiation?
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Interactive behaviour Introduction

Argumentation and strategy

h h h h h h h h h h h h h h h hhType of dialogue
Purpose

Expressivity Optimality

Adjudication [Riveret et al. COMMA'08]
[Rahwan & Larson AAAI'08]

Theoretical [Parsons et al. JLC'03]

Practical [Kakas et al. ArgMAS'04] [Dung et al. COMMA'08]
[Morge & Stathis EUMAS'08] [Morge & Mancarella, ArgMAS09]
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Interactive behaviour Introduction

Overview

Bilateral negotiation (o�er/counter-o�er).

Minimal Concession (MC) strategy of [Dung et al. COMMA'08].

Agents ignore the preferences and the reservation values of others.

Realisation of the strategy using Assumption-Based Argumentation
(ABA) [Bondarenko et al, AIJ97].
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Interactive behaviour Social Interaction

Dialogue for con�ict resolution

time

resolution

p
ri

c
e

buyer

seller

�
�

�
�

s(a)

�
�

�
�

s(b)

s(c)

�
�

�
�

s(d)

seller buyer

assert (s(a))

reply (s(d))

concede(s(b))

concede(s(c))

accept(s(c))
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Interactive behaviour Protocol

Bilateral bargaining

reply

accept reject

standstill concede

assert
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Interactive behaviour Strategy

Realisation of the MC strategy

Agents start the negotiation with their best proposals.

Agents concede if the other agent has previously conceded in the
previous step.

Agent stand still if the other agent has stood still previously in the
previous step.

Agents concede after 3 consecutive standstills.

A concession isminimal since there is no other alternative which has
not been already rejected by the interlocutor, and which is preferred by
the speaker.
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Interactive behaviour Strategy

Minimal concession strategy: realisation

rejected (x)  poffer (buyer ; x) (1)

mc loc (assert ); lloc (none) (2)

mc loc (reply ); lloc (assert ) (3)

mc loc (standstill ); lloc (standstill ) (4)

mc loc (concede); s(x); lloc (concede); notrejected (x) (5)

respond  loc (standstill ); lloc (concede) (6)

mc loc (concede); s(x); lloc (reply ); notrejected (x) (7)

respond  loc (standstill ); lloc (reply ) (8)

mc loc (reject ); nbss(3) (9)

mc loc (accept ); s(x); poffer (seller ; x); lloc (standstill ) (10)

mc loc (accept ); s(x); poffer (seller ; x); lloc (concede) (11)

mc loc (accept ); s(x); poffer (seller ; x); lloc (reply ) (12)
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Interactive behaviour Strategy

Properties

Theorem (Terminaison)
The dialogues are �nite.

Claim (Success)
If both of the players adopt a MC strategy and a potential
agreement exists, then

the dialogue is a success;

the dialogue is not in a pure symmetric Nash equilibrium;

the outcome of the dialogue is Pareto optimal.
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Deployment

Outline

Introduction

ARGUGRID

Trust Model [Matt et al, ARGUGRID09]

Behaviour engine [Morge ArgMAS07]

Interactive behaviour [Morge & Mancarella, ArgMAS09]

System deployment [Bromuri et al, AAMAS09]

Conclusion and future works
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Deployment

MARGO: http://margo.sf.net/
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Deployment

GOLEM: http://golem.cs.rhul.ac.uk/
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Deployment

Web Service Modeling Ontology

<?xml version="1.0" encoding="UTF-8"?>
<DMML xmlns:ns2="http://www.wsmo.org/wsml/wsml-synta x#" xmlns:ns3="ns2" xmlns:ns1="wsml" xmlns:xsi="http:/ /www.w3.org/2001/XMLSchema-instance"
<nodegraph type="data flow" ng_id="10232" name="oilSpil l">
<abstractNode node_id="10453" name="imageProcessing">
<annotation>
<ns2:goal name="http://www.argugrid.org/GMVExample#G MVService1">
<ns2:nonFunctionalProperties>
<ns2:attributeValue

name="gmv:price">
<ns2:value type="http://www.wsmo.org/wsml/wsml-synta x#double">

<ns2:argument>10.5</ns2:argument>
</ns2:value>

</ns2:attributeValue>
<ns2:attributeValue name="http://www.wsmostudio.org# version">
<ns2:value type="http://www.wsmo.org/wsml/wsml-synta x#string">0.72</ns2:value>
</ns2:attributeValue>
<ns2:attributeValue

name="gmv:deliveryResponseTime">
<ns2:value type="http://www.wsmo.org/wsml/wsml-synta x#double">
<ns2:argument>5.678</ns2:argument>
</ns2:value>
</ns2:attributeValue>
<ns2:attributeValue name="gmv:Organisation">
<ns2:value type="http://www.argugrid.org/example/gmv /InforSense"/>
</ns2:attributeValue>
<ns2:attributeValue name="gmv:Service">
<ns2:value type="http://www.argugrid.org/example/gmv /oil_spill"/>
</ns2:attributeValue>
<ns2:attributeValue name="gmv:Domain">
<ns2:value type="http://www.argugrid.org/example/gmv /Earth"/>
</ns2:attributeValue>
</ns2:nonFunctionalProperties>
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Summary

Outline

Introduction

ARGUGRID

Trust Model [Matt et al, ARGUGRID09]

Behaviour engine [Morge ArgMAS07]

Interactive behaviour [Morge & Mancarella, ArgMAS09]

System deployment [Bromuri et al, AAMAS09]

Conclusion and future works
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Summary

Modeling, Analysiing, Computing and Simulating agent

behaviour (dialectical argumentation)

� Assumption-based argumentation for decision
making [Morge ArgMAS07]
(Dynamic) Behaviour engine for resolving con�icts over agen t's
statements

� Agent Agent Architecture [Morge et al, ICAART09]
(Credible) Behaviour model for resolving con�icts over agen t's
motivations

� Minimal Concession Strategy [Morge & Mancarella, ArgMAS09 ]
(General) Interactive behaviour for resolving con�icts ove r agents'
interests

� Hybrid trust model [Matt et al, ARGUGRID09]
(Applied) Predictive Model of Behaviour
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Summary Agent Architecture

The V3A Architecture [Morge et al, ICAART09]

AS

Body
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Component-based
architecture

Vowels approach

Dialogue amongst facets

Personality-based
resolution of con�icts

High-level control of the
autonomy and the
behaviour

) Self-adaptation in open
MAS
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