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ContextContext Ex : E-Alliance

• Cooperation/Competition/Collaboration at the global level

• Applications’ Characteristics :
• Multi-** : actors, domains, viewpoints, decisions, …
• Knowledge intensive tasks,
• Distribution, Openness, Decentralization.

• Requirements :

Software infrastructure

• Autonomy at the local level

44

MultiMulti--Agent SystemAgent System

AgentAgent : real or virtual autonomousautonomous entity, which is,
•• propro--activeactive,
• reactivereactive,
• socialsocial (interaction with other agents),
• organisedorganised (management of relations with others).
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SystemSystem CenteredCentered Models (SCM)Models (SCM)
• MAS = <AA ,II

Interactions
between agents
(ACL, Interaction 
Protocols, …)

IInteractionAAgent

Acting entities
(Internal
Architectures,
Ontologies, …)

OOrganisation

,OO>

Relations linking agents (Organisational Structures,
Normes, …)

Agents’ Common Medium 
(Signals, Influences, Dynamic, …)

EEnvironment

,EE ‘‘Vowels’’ [Demazeau]
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Skills
Motivations
Reasoning aa

Agent = <aa

Perception of the environment
Action on environment
Environment Representation

ee

,ee

ACL Interpretation
Interaction Protocols Handler
Conversation Coordinationii

,ii

oo

Organization Representation & Management
Norms Representation & Management, 
Social Reasoning

,oo>

Function State Knowledge

Data Flow

évaluation décision

engagement

raisonnement

DS possibilités

DS choixRS non évalué

RS évalué KR ind.

CS ind.

Interprétation

capteur récepteur émetteur effecteur

ESPS
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organisation
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Interprétation
Dialogue

ACL, Pr

Exécution
Dialogue

ExécutionCSsoc.

KR soc.KR soc.

KR soc.

Evaluate Decide

Commit

Reasoning

DS.possible
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Interpretation
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Execution
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Compiled from AgentCore.java
public abstract class mast.core.AgentCore extends java.lang.Thread implements java.io.Serializable
{

public boolean RUNNING;
java.io.File log;
java.lang.StringBuffer logString;
long timeout;
java.lang.String name;
mast.facet.Facet facet[];
java.lang.Object facetParams[][];
java.util.Hashtable eventQueue;
java.util.Hashtable expectingAnswer;
java.util.Vector subscribeList;
public mast.core.AgentCore();
public mast.core.AgentCore(java.lang.String);
public mast.core.AgentCore(java.lang.String,long);
public mast.core.AgentCore(java.lang.ThreadGroup,java.lang.String,long);
public void setFacets(mast.facet.Facet[], java.lang.Object[][]) throws 

java.lang.IllegalThreadStateException;
public abstract void start(java.util.Hashtable, java.io.File);
public void start(java.io.File);
public void run();
public void postEvent(mast.facet.FacetEvent);
void forwardEvent(mast.facet.FacetEvent) throws mast.facet.InvalidEventException;
mast.facet.FacetDescription getNextReceiver(mast.facet.FacetEvent) throws 

mast.facet.InvalidEventException;
java.util.Vector getReceiversFor(mast.facet.FacetEvent);
boolean match(mast.facet.FacetDescription, mast.facet.FacetEvent);
public void setAnswerTo(mast.facet.FacetEvent, mast.facet.FacetEvent, boolean);
public void setNoAnswerTo(mast.facet.Facet, mast.facet.FacetEvent);
public void subscribe(mast.facet.Facet, mast.facet.FacetEventFilter);
public void unsubscribe(mast.facet.Facet, mast.facet.FacetEventFilter);
public void unsubscribeAll(mast.facet.Facet);
public void appendToLog(java.lang.String);
public void saveLogFile() throws java.io.IOException;
static {};

}
Method mast.core.AgentCore()

0 aload_0
1 aconst_null
2 ldc #1 <String "Agent Core">
4 getstatic #2 <Field long DEFAULT_TIMEOUT>
7 invokespecial #3 <Method mast.core.AgentCore(java.lang.ThreadGroup,java.lang.String,long)>
10 return

Method mast.core.AgentCore(java.lang.String)
0 aload_0
1 aconst_null
2 aload_1
3 getstatic #2 <Field long DEFAULT_TIMEOUT>
6 invokespecial #3 <Method mast.core.AgentCore(java.lang.ThreadGroup,java.lang.String,long)>
9 return

Method mast.core.AgentCore(java.lang.String,long)
0 aload_0
1 aconst_null
2 aload_1
3 lload_2
4 invokespecial #3 <Method mast.core.AgentCore(java.lang.ThreadGroup,java.lang.String,long)>

7 return
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AgentAgent CenteredCentered Models (ACM)Models (ACM)
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• Introduction
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• Multi-Agent Systems

•• OrganizationOrganization in MASin MAS
• System Centered Organization Model
• Agent Centered Organization Model
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a) A decision and communication schema which is applied to a 
set of actors that together fulfill a set of tasks in order to satisfy 
goals while guarantying a global coherent state [Malone 87] 

ddeefinitionfinition byby thethe designerdesigner,, or by or by actorsactors
b) An organisation is characterized by : a division of tasks, a 

distribution of roles, authority systems, communication 
systems, contribution-retribution systems [Bernoux 85]

normatinormativeve systemsystem
c) An arrangement of relationships between components, which 

results into an entity, a system, that has unknown skills at the
level of the individuals [Morin 77] 

ememergenceergence

DefinitionsDefinitions ofof OrganizationsOrganizations
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Organization Models in MASOrganization Models in MAS

AA
BB

CC

AAgentgent
CCenteredentered
OOrganizationrganization
MModelsodels

• Dependence Networks
[Sichman 95]

B
A BA

C

BA

C

SSystemystem
CCenteredentered
OOrganizationrganization
MModelsodels

• Organizational Structures
[Tambe 98], [Decker 95],
[Ferber 98], [Hannoun 99]

• Norms [Verhagen 00], [Dignum 96],
[Shoham 92], [Conte 99]

• Institutions [Sergot 99], [Esteva, 
Sierra 01], 

BA

C

BA

C

BA

C
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Organization Processes in MAS (1)Organization Processes in MAS (1)

• Enactment of SCO Models on Agents’ behavior 
• SCO Models aim at controling the local behavior of Agents to 

coordinate the resolution process taking place in the agents, 
• Agents’ architectures with respect to Autonomy (O-Autonomy)

• Computation of ACO Models in Agents
• Representation and computation of ACO Models in the local 

behavior of Agents,
• Agents’ architectures with respect to Autonomy (I-Autonomy)

1111

Organization ProcessesOrganization Processes in MAS (2)in MAS (2)

• Reorganization = definition of new SCO Models 
by Agents
• When, How, Why to reorganize
• Coordination of this reorganization process

• Enforcing SCO Models in Agents
• When, How, Why to enforce a SCO Model
• Coordination of this enforcement process

1212

PlanPlan

• Introduction
• Context
• Multi-Agent Systems

• Organization in MAS

SystemSystem Centered Organization Centered Organization ModelModel
• Agent Centered Organization Model
• Reorganization
• Conclusion & Perspectives
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MOISE+[Hannoun 00, Hubner 02]
Temporal Org. Struct. Language [Carron 01],
DMOISE+ [Hubner 03]
Dependance in Organization [Hannoun 98]

AA EE
II

OO
Organisational

Structure

SystemSystem Centered Organization Centered Organization 
ModelModel
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SCOM : MOISE+SCOM : MOISE+
[[HannounHannoun 00,00, HubnerHubner 02]02]

• MOISE +
• Structural Specification : Roles, Links, Groups
• Functional Specification : Goals, Plans
• Interaction Specficiation : Protocols, Speech Acts
• Deontic Specification : Obligation, Permission

• Applied to RobotSoccer

MOISE+

oo
ee

aa
ii

MOISE Agent

aa
ee

oo
ii

MOISE Agent
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SCOM : MOISE + (1)SCOM : MOISE + (1)
StructuralStructural SpecificationSpecification
• Individual level

• organizational roles and role inheritance

• Social level
• role links (authority, communication, . . . )
• representing the social role's relational aspect

• Collective level
• groups and sub-groups
• well-formation rules (roles' cardinalities and 

compatibilities)
1616

SCOM : MOISE + (2)SCOM : MOISE + (2)
Structural
Specification

Marcos
Lucio

Edmilson
Roque Jr.

Cafu
Gilberto Silva

Juninho
Ronaldinho

Roberto Carlos
Ronaldo
Rivaldo

goalkeeper

back

leader

middle

attacker

Structure 3-5-2
Organisational Entity

coach

middle

attacker
leader

back

goalkeeper

• Roles

soc

player

3..3

1..1

1..1

0..1
1..1

0..1

5..5

2..2

1..2

1..1

• Linksdefense

attack

team

• Groups
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SCOM : MOISE+ (3)SCOM : MOISE+ (3)
Functional SpecificationFunctional Specification
• Describes how the global goals are decomposed 

by plans and distributed to the agents by 
missions

• Collective level
• schemes: a global plan decomposition

• Individual level
• missions: a set of scheme's global goals that an agent 

may be committed to

1818

SCOM : MOISE+ (4)SCOM : MOISE+ (4)

goal
sequence choice parallelism

mission

Score a goal

Get the ball

go towards the opponent field

be placed in the middle field

be placed in the opponent goal area

shot at the opponent’s goal

kick the ball to the goal area

go to the opponent back line

kick the ball to (agent committed to m2)

===
m1

m1

m2

m3

m3

m2

m2

m1

m1, m2, m3Functional Specification
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SCOM : MOISE+ (5) SCOM : MOISE+ (5) 
Deontic SpecificationDeontic Specification

coach

middle

attackerleader

back

goalkeeper

defense

attack

team

soc

player

3..3
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1..1

0..1 1..1

0..1
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1..2

1..1

m1

m1

m2

m3

m3

m2
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m1

m1, m2, m3
Score a goal

Get the ball

go towards 
the opponent field

be placed in
the middle field

be placed in the
opponent goal area

shot at the 
opponent’s goa

kick the ball to the 
goal areago to the opponent 

back line
kick the ball to

(agent committed to m2)

===

aa
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Agent MOISE

Organisational Entity
Lucio ----- m1
Cafu ----- m2

Rivaldo ----- m3

Permissions
m1

m2

m3

Obligations

Interaction
Specfication

2020

AgentAgent CenteredCentered ProgrammationProgrammation
of MOISE+of MOISE+

Processing MechanismsRepresentation

evaluate decide

commit

reason

DS. possibilities

DS.chosenRS.non evaluated

RS. evaluated KR.ind

CS.ind

Data Flows
Knowledge

Control Flows Switch

Delegate

Adopt
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PlanPlan

• Introduction
• Context
• Multi-Agent Systems

• Organization in MAS
• System Centered Organization Model

AgentAgent Centered Organization Centered Organization ModelModel
• Reorganization
• Conclusion & Perspectives
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Social Temporal Reasoning [Allouche 98]

AA

AgentAgent Centered Organization Centered Organization 
ModelModel
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ACOM : STARS ACOM : STARS [[AlloucheAllouche 98]98]

oo
ee

ii
aa

Social
Temporal
Reasoning

a1 C
Outward

a2 C
Outward

a2
C

Return

C
Return

a1

N
Terminus D

Outward
a2

N
Motor

Running

a6

a2
N

Terminus D

Return

N
Terminus A

Outward
a1

a1
N

Terminus A

Return

a3needs(au, av, pi, pj) ≡ pi ∈ resp (au) ∧
pj ∈ resp (av) ∩ subtask (pi) ∧
pj ∉ resp (au)

• Temporal Dependence Network

STARS
agents

Scenarios

ii
ee

oo
aa

Scenarios
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Dependence NetworkDependence Network

• Dependence relations 
between agents

needs (N)

helps (H)

competes (C)

needs(au, av, pi, pj) ≡ pi ∈ resp (au) ∧
pj ∈ resp (av) ∩ subtask (pi) ∧
pj ∉ resp (au)

helps(au, av, pi, pj) ≡ opp(pi,pj) ∧
pj ∈ resp (au) − resp(av) ∧
pj ∈ resp (av) − resp(au)

competes(au, av, pi) ≡
pj ∈ resp (au) ∩ resp(av)

resp (a1) = {Outward, Return, TerminusA}
resp (a2) = {Outward, Return, TerminusD }
resp (a3) = {Outward, Return, Running}
resp (a4) = {Loading, Unloading}
resp (a5) = {Opening, Closing}
resp (a6) = {Motor}

a3

a1 C
Outward

a2 C
Outward

a2
C

Return

C
Return

a1
H

Closing

Running

a5

H
Opening

Running

a5

N
Terminus D

Outward
a2

N
Motor

Running

a6

a2
N

Terminus D

Return

N
Terminus A

Outward
a1

a1
N

Terminus A

Return

a3
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Temporal dependence network Temporal dependence network 
(Needs dependence)(Needs dependence)
• Execution of a task

• Activation :

• Continuity rule :

• Deactivation :

doI (au, pi) ≡ ∀J  J esfd I, doJ(au, pi)
(esfd = equal or start or finish or during)

donet(au, pi) ≡ do[d(pi ),t] (au, pi) ∧
∀I  [d(pi), t] sfd I, ¬ (doI(au, pi))

needsI (au,av,pi,pj) ⇔ ∃ J, K needs(au,av,pi,pj) ∧
doJ (av,pj) ∧ doK(au,pi) ∧ I = J ∩ K

needsI (au,av,pi,pj) ∧ doJ (au,pi) ∧ doK (av,pj) ∧ I d J ∩ K
⇒ needsJ∩K (au,av,pi,pj)

needsI (au,av,pi,pj) ∧ donet (av,pj) ⇒
(∀J needsJ (au,av,pi,pj) ⇒ J esfd [I-,t])
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Temporal dependence network Temporal dependence network 
(Help dependence)(Help dependence)
• Activation :

• Continuity rule :

• Deactivation :

helpsI (au,av,pi,pj) ⇔ ∃ J | helps(au,av,pi,pj) ∧
(doJ (au,pi) ∨ doJ (av,pj)) ∧ I esfd J

helpsI (au,av,pi,pj) ∧ (doJ (au,pi) ∨ doJ (av,pj)) ∧
I esfd J ⇒ helpsJ (au,av,pi,pj)

helpsI (au,av,pi,pj) ∧ (donet (au,pi) ∨ donet (av,pj)) ⇒
(∀ J | helps(au,av,pi,pj) ⇒ J bomsdfe [I-,t])
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Temporal dependence network Temporal dependence network 
(Competition dependence)(Competition dependence)

• Activation :

• Continuity rule :

competesI (au,av,pi) ⇔ ∃ J | competes(au,av,pi) ∧
(doJ (au,pi) ⊕ doJ (av,pi)) ∧ I esfd J

competesI (au,av,pi) ∧ (doJ (au,pi) ⊕ doJ (av,pi)) ∧
I sfd J ⇒ competesJ (au,av,pi)
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ConjonctionConjonction of Dependence of Dependence 
NetworkNetwork

• Reasoning on its own 
dependence to 
deduce dependence 
relations that exist 
between the other 
agents

resp (a1) = {Outward, Return, TerminusA}
resp (a2) = {Outward, Return, TerminusD }
resp (a3) = {Outward, Return, Running}
resp (a4) = {Loading, Unloading}
resp (a5) = {Opening, Closing}
resp (a6) = {Motor}

a3

a1 C
Outward

a2

C
Outward

a2

C
Return

N
Terminus D

Outward

a2

N
Motor

Running

a6
N

Terminus A

Outward
a1

a1
N

Terminus A

Return

a3
C

Outward

N
Terminus D

Outward
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Social Reasoning

STAx AgentSTAx Agent

Perception

Planning

Task Manager

Mental State

Tasks description
Environment

description

Domain
tâche

Decision

External Desc.
agent : A1 … 
agent : A2 … 
agent : A3 …
Dependence Relations

Reception Communication

Control Flow
Data Flowevents

messages
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Reorganisation within Reorganisation within MOISE+MOISE+

Organisational
Specification

Organisational
Entity

GroupsGroups
LinksLinks
RolesRoles

SchemesSchemes
MissionsMissionsDeontic

Specification

Functional
Specification

Structural
Specification

Groups
Instances Roles

Players
Missions
Players

Scheme
Instances

Agents

A rich panel of possible reorganizations :

A multi-step process : detection, design, selection, enactment

Exogeneous (Designers) vs
Endogeneous (Centralized vs Decentralized)

ProtocolsProtocols
Speec ActsSpeec Acts

Interaction
Specification

Deontic
Specification
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AgentAgent Centered ReorganisationCentered Reorganisation
[[HannounHannoun 98]98]

• Dependence in Organization (DepOrg)

oo
ee

ii
aa

MOISE

•Roles+agents
•Other agents’ Representation

DepOrg

• Computing dependence networks within the 
Organizational Structure

• Computing dependence networks within the 
Organizational Entity
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AgentAgent Centered ReorganizationCentered Reorganization
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Ok
Propose a 
contract for
10K BW and
20K color,
at the best
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price.

Multi-issues,
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AgentAgent Centered ReorganizationCentered Reorganization
NegotiationNegotiation in Ein E--Alliance (2)Alliance (2)
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ContractContract in Ein E--AllianceAlliance

3535

SystemSystem Centered ReorganisationCentered Reorganisation
• Temporal Organisational Structure Language

(TOSL) [Carron 01]
• MOISE+(t)
• TAG Agent
• Application : SimuEnt

oo
ee
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aa

Organisational Structure dedicated
to the reorganisation :
-Reorganisation roles
(detection, history, design, …)
-Reorganisation groups

• DMOISE+ : use of MOISE+ to control the
reorganisation process [Hubner 03]
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D

B

CIntranet/
Extranet

A

• Temporal Properties (tp): relative or absolute temporal
anchor of organizational terms.

Contract,
lasting 7 
days, to be
realised
between the
3 & 23 of
december
2001

Manager and Printers have
to end simultaneously..

• Temporal Constraints (tc): temporal positioning of
organizational terms.

Role :
Printer

Role :
manager

SystemSystem Centered ReorganisationCentered Reorganisation
TOSLTOSL [[CarronCarron 01]01]



3737

(tos :name Contract

:roles (manager, printer) :links Lm_p

:tp (self = [1week] ∧ self in [03/12/01, 23/12/01])

:tc ([manager] f [printer])

SystemSystem Centered ReorganisationCentered Reorganisation
TOSLTOSL [[CarronCarron 01]01]

(role :name manager :missions ((O mm)) :tp () :tc (self f [lM_P]) )

(link :name lM_P :type authority :source Manager :target Imprimeur
....

:tp (self d [8:00am, 8:00pm])   :tc (self s [imprimeur]))

....)
3838

Conclusion & PerspectivesConclusion & Perspectives

• Models : 
• System Centered Organization Models : MOISE+, TOSL
• Agent Centered Organization Models : STR, DEPORG

• Organization Processes
• Enactment exists BUT too rigid
• Dependence Computation
• Reorganization : example of detection, of design
• Enforcement has to be done needs of penalty, policies

Define a global framework for reorganization of SCO 
Models based on ACO Models (ACO Models provide
reorganization indices)

3939

PerspectivesPerspectives

• Normative aspects in SCO Models in relation to 
Autonomy of the agents
• Enrich MOISE+ with interaction and environment specification

to constrain Interaction and Environment components of each
agent

• Define more precisely Obligations and Permissions : add
penalties so that agents may reason on it.

• Equip MOISE+ with norms at different levels
• Roles, links, groups

• Define an agent’s architecture to exhibit adjustable autonomy 
with respect to organization in which it executes


