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Definition

Definition

Interaction = dynamic relation between two or several
agents through reciprocal actions

Interaction exists as soon as the internal dynamic of an agent is
changed according to the influences done by other agents

Interaction is one of the internal engine of MAS

Depending on the type of systems, interaction may be
realized by:

* Actions on the working agents environment (indirect interaction)
* Inferences,

* Communication by explicit exchange of messages (direct
interaction)
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Motivations

Multi-Agent Features

Requirements:

to obtain a consistent global behavior in the system (cooperation,
collaboration, ...) achieving some global goals from the local and
autonomous execution realized by the agents

Interoperability among agents:
- Agents have to understand a common language

Thanks or not to

Autonomy of the agents

agents act autonomously according to their goals, skills, preferences in a
unexpected manner

Heterogeneity of the agents and openness of the system
impossibility to predict a priori the agents behaviours

- Delegation/adoption of tasks between agents
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Motivations
Agent Features

| believe
that...

\\\\\\~I\Nant

to...

- An agent is an autonomous entity able to reason on
knowledge

- An agent must share:

Knowledge, Beliefs in order to show part of ist mental state to
the other agents

Intentions, Goals in order to modify the mental state of the
other agents
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Infrastructure

Several Layers

Distributed System Layer (1)

Provide asap lot of 10 units ‘A’ and lot of 20 units
‘B, at the best price.

M. X's
Personal
Assistant

Mister X
Logical layer on top of the services
provided by the lower layers of
distributed systems (Transport ‘
protocols SMTP, TCP/IP, HTTP, ‘A B 'A&B B

Supplier Supplier Supplier Supplier

lIOP, etc)

~ Master Informatique October 2016 7



Infrastruct
Several layers hrastructure

Distributed System Layer (2)

Services ensure:

 Sender identification,

* Order of messages,
 Reliability of the transport layer

* Direct message exchanges
* 1-1/broadcast,
« synchronous/asynchronous,

* shared memory
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Inf
Several layers hfrastructure

Multi-Agent Laxer 512

Provide asap lot of 10 units ‘A’ and lot
‘B’, at the best price.

M. X's
Personal to...
Assistant

Mister X

* Generation, Interpretation of individual
messages

* Sharing of mental states (beliefs,
intentions, social attitudes).

- Agent Communication Languages
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Several Layers Infrastructure

Multi-Agent Layer g22

- Communication in a common language,

In an open system, a common language provides a common interface
between agents

=» Agents must have the abilities to understand this common language

- Communication Dimensions:
Syntax : how the symbols are structured

Semantics : what the symbols denote

Pragmatics : how the symbol are interpreted, how communicators use
communication

- Understanding of the meaning of the terms of the language
The problem is to use the terms of the language in a limited time and

computation resources in order to:

- execute tasks, achieve goals, resolve conflicts, share knowledge, change the
environment and/or the mental state of another agent
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Inf
Several layers nfrastructure

Multi-Agent Layer g32

Provide asap lot of 10 units ‘A’ and|<o’roj‘lﬁbmii&
‘B’, at the best price. dates, price—,
| o Palbay

o

g’ M. X's command ces

Personal
Assistant

Mister X

* To manage sequences of messages
(also called conversations)

- Conventions, Norms

- Interaction protocols

%
(O

‘A ‘B’ ‘A’&’ B’ ‘B’
Supplizr Supplier! Supplier bGupplier

Offer ...
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Speech Acts

Multiple sources

Linguistique, Philosophie du langage, Psychologie
cognitive et sociale, sociologie

Linguistique informatique, Intelligence Artificielle
Pragmatique conversationnelle [Habermas]

Intention dans les communications

- Prise en compte des états mentaux (ex: BDI) :
- croyances, intentions, deésirs, ...

» Theorie des actes de langage (Speech Acts) [Austin 62,
Searle 72, Vanderveken 88],

> Interactions au sein de conversations
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Speech Acts
Speech Acts Theory

- Théeories des actes de langages sont des
theories relatives a I'utilisation du langage
(pragmatique)

- “How to do things with words” [Austin 62]

= Toute communication est faite avec I'objectif de
satisfaire un but ou une intention

- ex : il pleut!”, “ferme la porte, s’il te plait.” ...

- Importance du caractere communautaire, social
et institutionnel du langage

|
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Speech Acts
Dimensions

Locutionary Act:

- production d'une suite de signes selon les regles syntaxiques
d'un langage donné , contexte, références (® mode de
production).

lllocutionary Act:

- acte accompli en produisant cette suite de signes dans un
contexte donné, exprimant une intention (# intention du locuteur)

- Perlocutionary Act:

- acte accompli par le fait d'énoncer la suite de signes (W effet sur
I'allocutaire)

Example

- “Tu ne dois pas faire cela” (locutoire), je conseille ou jjordonne
(illocutoire), dissuade ou importune (perlocutoire).
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Speech Acts
Example (Sender)

Marie dit a Jean : |S’ il te pIaT" ferme la fenétre'l.

A

z Marie considere ce message

soit comme une demande,

soit comme un ordre

(composante illocutoire)

Marie émet des sons (composante locutoire)
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Speech Acts
Example (Receiver)

Marie dit a Jean : 'S’ il t¢ plaill, ferme la fenétre".

/AN

force illocutoire performatif (verbe) qui identifie
la force illocutoire

Jean considere ce message
soit comme une demande,
soit comme un ordre
(composante illocutoire)

Si tout va bien (pour I’ intention illocutoire de Marie)
Jean ferme la fenétre (composante perlocutoire).
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Speech Acts
lllocutionary Force

Speech Act = lllocutionary Force (F) “Intention™ +
propositional content (p) “representation”

- 6 components [Vanderveken 88]:

- lllocutionary goal,
- Accomplishment mode,
- Conditions :
€ Propositional content € preparatory 4 sincerity
- Power degree.

5 classes of illocutionary acts “performatives” :
- assertives, directives, commissives, declarations, expressives.
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Speech Acts
Success and satisfaction

Succes et satisfaction d’ un acte de discours :

- sont exprimes par les conditions de succes et conditions de
satisfaction

- participent a la définition de la sémantique de I'acte.

Succes :
- conditions devant étre remplies dans le contexte d'énonciation.

Satisfaction :

- conditions devant étre satisfaites dans I'état du monde
resultant de la composante perlocutoire de l'acte.

18
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Phase 1

Sans
communication

Ex: sémaphores

Signaux

Ex : CORBA, RPC, RMI
Partage
Objets/Messages

Partage d‘objets, Appels de procédures
Structures de données
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History
Phase 2

‘Langages Ad hoc
*Standardisation : Knowledge Sharing Effort (KSE)

Sans

communication
Y

Ex: Sémaphores

. Y/
Signals o
g \c Partage
onnaissances

Echanges simples
Ex : CORBA, RPC, RMI
7

Partage de faits, de régles, de contraintes,

Partage ) _
de procédures, de connaissances, plans

Objets/Messages

Partage d‘objets, Appels de procédures
Structures de données
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History
Phase 3

*Langages Ad hoc
*Standardisation : KQML [Labrou 99] (in KS Effort) , FIPA ACL
[FIPA 97,99,00]

Sans
communication Partage Intentions
* Echanges complexes IEIXP,:AKQML,
Ex: Sémaphores Protocoles Interaction KIE ’
Signals '
Partage & Partage de croyances, de plans,
onnaissances De buts, d‘intentions, ...

Echanges simples
Ex : CORBA, RPC, RMI
7

Partage de faits, de régles, de contraintes,

Partage ) _
de procédures, de connaissances, plans

Objets/Messages

Partage d'objets, Appels de procédures
Structures de données
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History
Phase 4

Partage Intentions

Echanges complexes 7 >
Politiques Conversation *

Sans -
communication Partage Intentions  Ex: KQML,
* Echanges complexes FIPA,
Ex: Sémaphores \ Protocoles Interaction KIF
Signals ' /
Partage & Partage de croyances, de plans,
onnaissances De buts, d‘intentions, ...

Echanges simples
Ex : CORBA, RPC, RMI
7

Partage Partage de faits, de regles, de contraintes,
Objets/Messages de procédures, de connaissances, plans

Partage d'objets, Appels de procédures
Structures de données
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Plan

v Introduction

v Foundations

v Agent Communication Lanquages
- Interaction Protocols

- Conclusion

- _______________________________________|
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Agent Communication Language

ACL

Langage de haut-niveau pour I'échange
d‘attitudes propositionnelles et établir
collaboration, négociation, ...

Inform, request, cfp, agree, understood
FIPA-ACL, KQML, etc.

Sémantique basée sur les états mentaux
Integre plusieurs sous langages
Sender, Receiver,

Langage de contenu
- Action, objects, propositions
- Ex: KIF, FIPA-SL, FIPA-CCL, etc.

Ontologie : Vocabulaire commun, avec des
définitions précises, relatif a un domaine

Wheather-ontology, cinema-ontology, etc.
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proposal

-~

Langage Contenu

~

on’rologieJ

cfp
\
offer @
ACL

/
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KQML
KQML [Labrou 96]

Originellement développé au sein du “Knowledge Sharing
Effort” (ARPA, NSF, ...) pour le partage de connaissances,
d'informations, de services entre différents systemes a base de
connaissances

KSE : organisé en trois groupes de travalil :

- Interlingua = KIF
- SRKB # Ontolingua
- External Interfaces » KQML

Du fait de sa généralité, utilisé ensuite comme ACL
- Historique :
1993: Spécification de KQML ACL avec des exemples d‘architectures
|1:9S_)7: proposition d‘une nouvelle spécification de KQML par Y. Labrou et T.
inin

www.agents.edu/kgml
25
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ACL FIPA
ACL-FIPA

- KQML, premier essai de standardisation d " un ACL MAIS

- pas de sémantique formelle, pas d ’infrastructure pour la gestion
des agents, ...

= MULTIPLES dialectes incompatibles, évoluant rapidement

. Standardisation d’ un ACL au sein de la FIPA

FIPA (Foundation for Intelligent Physical Agents)
- Création en Avril 1996 (50 membres)

- |dentification et sélection d ’applications

- Personal Travel Assistance, Personal Assistant, Audio Visual Entertainment &
Broadcasting, Telecommunication Management

- Sélection d 'axes technologiques
- Gestion des agents, Communication entre agents, Intégration Agent/SW

- de nombreuses specifications

=» UN SEUL standard ACL-FIPA évoluant lentement

Master Informatique October 2016

40



ACL FIPA
ACL-FIPA [FIPA 97, 99]

Syntaxe similaire a celle de KQML

Ensemble d’actes de communication de base,
les autres actes peuvent étre définis par composition d’actes de base

Ensemble de messages prédéfinis que tout agent doit étre capable
de traiter :

not-understood : si I'agent recoit un message qu'il ne peut pas comprendre.
Tout agent doit étre capable de traiter un tel message.

Primitives d’ administration et de facilitation hors de I’'ACL
Elles sont définies dans le contenu !

Sémantique basée sur ARCOL [sadek]

Exprimée au sein de Feasability Preconditions (FP) et Rational Effect (RE)
faisant référence a des états dont le contenu est exprimeé via une logique multi-
modale (Semantic Language)

v Modele trop lourd, difficilement utilisable
=» Stratégies de simplifications (Conversation Policies)
41
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ACL FIPA

Vision d’ ensemble

«i Envelope Encoding
it- Scheme
Bit-eff E | 1 v estTransmiseSur 1 Transport [IOP
NVeoppe Protocol HTTP
String . |1
XML ACIS_ Ehncodlng .
Bit-eff cheme = 1 L
estExpriméDans 1
Message i ACL ACL
. 1
sting  CL Encoding .
Scheme 1
1 estExpriméDans 1
Contenu CL SL
(" [Interaction Protocols 1
Communicative Acts
Content Expression
= 0.
/ T * appartientA 1
ropicaion | [ s ]} ramieorme] | SYMbole Ontology
Presentation
Session
Transport Transport, .g., TCP Req UeSt, I
| [ s oo s Interaction
Prysea ] | Evemat Query Protocol
osl - FIPA ACL Contract-net,
42
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ACL FIPA
Message Transport

Message Transport Protocol (MTP) :

- réalise le transfert physique des messages entre deux MTS

Message Transport Service (MTS) :
- appelé eégalement ACC (Agent Communication Channel)
- fourni par la plateforme sur laquelle 'agent s’exécute.

- assure le transport de messages en FIPA ACL entre des agents
d’'une méme plateforme ou d’agents entre différentes
plateformes

- ACL :
- Charge utile des messages transportés par le MTS et MTP
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ACL FIPA

Message Envelope

Parameter Description
+« | E° If no intended-receiver parameter is present, then the information in this parameter
is used to generate intended-receiver field for the messages the ACC
subsequently forwards.
4 | from If required, the ACC returns error and confirmation messages to the agent specified in
this parameter.
comments None.

% | acl-representation

None. This information is intended for the final recipient of the message.

pavload-length

The ACC may use this information to improve parsing efficiency.

pavload-encoding

None. This information is intended for the final recipient of the message.

% | date

None. This information is intended for the final recipient of the message.

intended-receiver

An ACC uses this parameter to determine where this instance of a message should be
sent. If this parameter is not provided, then the first ACC to receive the message should
generate an intended-receiver parameter using the to parameter.

received

A new received parameter is added to the envelope by each ACC that the message
passes through. Each ACC handling a message must add a completed received
parameter. If an ACC receives a message it has already stamped, it is free to discard
the message without any need to generate an emor message.

transport-behaviour

Reserved for future use.

* Champ obligatoire

Master Informatique October 2016

44



ACL Message Structure

ACL FIPA

| Parameter | Categorz of Parameters |

* performative

Type of communicative acts

sender

Participant in communication

7 receiver

Participant in communication

reply-to Participant in communication
content Content of message
language Description of Content
encoding Description of Content
ontology Description of Content
protocol Control of conversation

conversation-id

Control of conversation

replyv-with

Control of conversation

in-replv-to

Control of conversation

replv-by

Control of conversation

* Champ obligatoire

Master Informatique October 2016
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ACL FIPA

ACL Message Structure

Language : langage dans lequel le champ contenu est exprime.

Notes: Le champ content de 'ACL est exprimé dans un langage formel (content
language). Ce champ peut étre omis si les agents recevant le message connaissent
le langage dans lequel I'expression du contenu est ecrite.

Notes: Le contenu peut étre encodé de différentes maniéres. L’'élément d’encodage
est utilisé de maniere optionnelle pour spécifer 'encodage pour I'agent récepteur. Si
I'’encodage n’est pas spécifié, il sera précisé dans I'enveloppe du message.

ontology : ce champ désigne le(s) ontologie(s) utilisée(s) pour donner un sens
aux symboles utilisés dans I'expression du contenu.

Notes: Les ontologie(s) est/sont utilisées en conjonction avec le champ language
pour aider 'interprétation du message au sein de I'agent récepteur.

Master Informatique October 2016

46



Exemple

ACL FIPA

(inform
:sender A
:receiver B
:content (price (bid goood02) 150)
:in-reply-to round-4
:reply-with bid04
:encoding 1000

:language fipa-sl1
:ontology hpl-auction

:reply-by 10
:protocol offer
:conversation-id conv02

type d’acte de communication
infos. utiles pour le routage
infos. utiles pour le routage
proposition ou action

langage utilisé dans content

deadline pour la réponse
protocole d’interaction utilisé
conversation en cours

Master Informatique October 2016
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ACL FIPA
FIPA Performatives

acg;ept-proposal: the action of accepting a previously submitted proposal to perform an
action

agree: the action of agreeing to perform some action, possibly in the future

catncetlz the action of cancelling some previously requested action which has temporal
exten

cfp: the action of calling for proposals to perform a given action

confirm: the sender informs the receiver that a given proposition is true, where the
receiver is known to be uncertain about the proposition

disconfirm: the sender informs the receiver that a given poposition is false, where the
receiver is known to believe, or believe it likely that, the proposition is true.

11:a.illuae: the action of telling another agent that an action was attempted but the attempt
ailed.

inform: the sender informs the receiver that a given proposition is true.

inform-if: a macro-action for the agent of the action to inform the recipient whether or not a
proposition is true.

inform-ref: a macro-action for the sender to inform the receiver the object which
corresponds to a descriptor (e.g., a name)

not-understood: the sender A informs the receiver B that it perceived that B performed
some action, but A did not understand what B did.
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ACL FIPA
FIPA Performatives

propagate: the sender intends that the receiver treats the embedded message as sent
directly to it, and wants the receiver to identify the agents denoted by the given descriptor
and send the received propagate message to them

propose: the action of submitting a proposal to perform a certain action, given certain
preconditions

proxy: the sender wants the receiver to select target agents denoted by a given
description and to send an embedded message to them

query-if: the action of asking another agent whether or not a given proposition is true.

query-ref:the action of asking another agent for the object referred to by a referential
expression

re}‘usel: the action of refusing to perform a given action and explaining the reason for the
refusal.

reject-proposal: the action of rejecting a proposal to perform some action during a
negotiation.

request: the sender requests the receiver to perform some action.

request-when: the sender wants the receiver to perform some action when some given
proposition becomes true.

request-whenever: the sender wants the receiver to perform some action as soon as
some proposition is true and thereafter each time the proposition becomes true again.

subscribe: the act of requesting a persistent intention to notify the sender of the value of a
reference, and to notify again whenever the object identified by the reference changes.

|
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ACL FIPA
Performatives (1)

- Information (contenu : proposition)

- query_if, query_ref, subscribe, inform, inform_if,
inform_ref, confirm, disconfirm, not_understood

- Distribution de taches (contenu : action)

- request, request_whenever, cancel, agree, refuse,
failure

- Neégociation (contenu : action et proposition)
- cfp, propose, accept_proposal, reject _proposal
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ACL FIPA
Semantics (1)

Sémantique basée sur les attitudes mentales (belief, intention, etc.)

La sémantique d‘un acte est definie en termes de Feasibility
Preconditions (FPs) et Rational Effects (RES)

Les Feasibility Preconditions d'un AC définissent les conditions qui
doivent étre vraies avant que |'agent planifie I'exécution de I'AC

Le Rational Effect est I'effet qu‘'un agent espére produire en
executant I'AC (Il n’y a aucune garantie que |'effet sera atteint)

L utilisation de FPs et REs implique |la description des états des
agents
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ACL FIPA
Semantics (2)

- Belief : Bp « | "agent i croit que la proposition p est
vraie »

- Uncertain : Up « | "agent i est incertain a propos de p
mais pense que p est plus vraisemblable que non p

- Choice : Cp « | ' agent i souhaite que la proposition p
soit verifiee

- ay;a, (séquence), a,|a, (choix)

- Feasable(a), Done(a), Agent(i,a)

- But persistant PG, Intention |p

|
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Master

Inform

ACL FIPA
Semantics (3) : INFORM example

INFORM : / informe k que la proposition
p est vraie
»contenu du message : proposition
> <I, inform(k,p)>
FP : Bp » - By(Bif,p v Uif,p)
RE : B,p
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ACL FIPA
Semantics (4) : REQUEST exemple

<1, request(j,a)>
FP: FP(a)[1y] » B;Agent(j,a) » -B;;Done(a)
RE: Done(a)

Agent i requests agent j to open a file

(request. :sender 1
:T€CEIVeT |
:content “open \”’db.txt\” for input”
:language vb)
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ACL FIPA

Semantics (5) : QUERY-IF exemple

<i,query-1f(j,X)=<1, request(j,<j,inform-1f(1,X)>)>
FP: -BX A -B-X A -UXa -U;=X 2
-B;Done(<j,inform-11(1,X)>)
RE: Done (<j,inform(1,X)>|<j,inform(1, - X)>)

Agent i asks agent j if j is registered with server d1

(query-if. :sender 1
:T€CEIVeT |
:content registered(j,d1)
:language Prolog)

Master Informatique October 2016
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_ Content Language
Knowledge Representation

Besoin d'étre capable de représenter et de raisonner sur:

- Modeles des autres agents, modeles des utilisateurs, beliefs,
desires, intentions, plans, perceptions, etc.

- Taches, architectures de taches, plans, etc.
- Meta-data sur des documents, sur des collections de
documents

De plus, les agents devront pouvoir aussi communiquer
sur leur representation des connaissances elle-méme
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Content Language
Several Content Languages

Proposition d‘'une grande diversité de langages de contenu pour les ACL
KIF, Prolog, CLIPS, SQL

FIPA-SL :

- Le plus utilisé dans les spécifications de la FIPA (obligatoire pour la gestion des agents par
exemples)

- Trois sous-ensembles : SLO (sous-ensemble minimal de SL), SL1 (forme propositionnelle),
SL2 (restriction pour la décidabilité)

FIPA-CCL : langage de choix de contrainte
FIPA-RDFO : langage basé sur RDF
FIPA-KIF

Intérét particulier pour les langages de contenu qui peuvent servir de langage
pivot suffisamment expressif, pour de multiples systemes
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Content Language

FIPA-SL

Proposition :
expression a qui peut étre affectée une valeur de vérité dans un contexte donné.
formule suivant un ensemble de regles de formation
utilisée comme contenu d’un performatif de type inform

Action qui peut étre exécutée :

Action simple ou action composite construite par mise en séquence ou alternative
d’actions

Utilisée comme contenu d’un performatif de type request.
Expression de référence (IRE) :

identification d’un objet dans le domaine.
Opérateur de référence

Utilisée comme contenu d’un performatif de type inform-ref.
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Content Language
FIPA-SL : information example

- Agent / confirms to agent j that it is, in fact, true
that the shark is a mammal.

(confirm
:sender (agent-identifier :name i)
:receiver (set (agent-identifier :name j))
.content ((is mammal shark))
language fipa-sl

)

59
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Content Language

FIPA-SL : action example

(request

:sender (agent-identifier :name 1)

:receliver (set (agent-identifier

:name 7))

:content ((action (agent-identifier :name j)
(deliver box01l7 (loc 12 19)))

)

:protocol fipa-request
:language fipa-sl
:reply-with order567

)

(agree

Agent i (a job-shop scheduler) requests j

(a robot) to deliver a box to a certain location.
J answers that it agrees to the request but it
has low priority.

:sender (agent-identifier :name 7J)

:receliver (set (agent-identifier

:name 1))

:content ((action (agent-identifier :name j)

(deliver box017 (loc 12 19)))
(priority order567 low)
)
:in-reply-to orderb567
:protocol fipa-request
:language fipa-sl

)

I — 60
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Content Language

FIPA-SL : IRE example

(request
:sender (agent-identifier :name 1) :receiver (set(agent-identifier :name 7j))
:content
((action (agent-identifier :name 7j)

(inform-ref
:sender (agent-identifier :name J)
:receiver (set (agent-identifier :name 1))
:content ((iota ?x (UKPrimeMinister ?x)))
:ontology world-politics
:language fipa-sl Agent i requests j to tell it the current Prime Minister of the United

) Kingdom

))
:reply-with query0 :language fipa-sl
)
(inform
:sender (agent-identifier :name 7J)
:receiver (set (agent-identifier :name 1))
:content ((= (iota ?x (UKPrimeMinister ?x)) "Tony Blair"))
:ontology world-politics :in-reply-to query0
)
|
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Content Language

KIF

- KIF = Knowledge Interchange Format

- Langage logique, version préfixee du calcul des
predicats du premier ordre avec des extensions pour
la non-monotonie.

- codage de tuples
- operateurs de comparaison
- operateurs logiques

- connaissance sur des connaissances ‘ et ,
(interested joe * (salaire ,?x ,?y ,?z))
- codage de procédures

62
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Ontologies
Ontologies

- Ontologie : spécification des objets, des concepts
et des relations dans un domaine particulier

- analogue a un schéma de base de donnees et

non pas au contenu de la base elle-méme

- représenter les classes, les relations entre classes
mais pas les instances.

- Cf. Web Sémantique
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Interaction Programming

ACL Programming (1)

- Agent Centered Programming

& Linkage of ACL semantic and Agency Theory model
of Agent’s behavior

- Use of a simplified version of Natural Language
Speech Act Theory

- Agent communication as a kind of communicative action

< Executed in service of intention
¢ Change the belief of the parties involved in communication

- NO System Centered Programming
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Interaction Programming

ACL Programming (2)

- Problems with relating ACL semantic with agency
theory :

- Agents are almost never actually programmed using
the concepts that are used in an agency theory.

- Agents being autonomous, an agent can never directly
change the beliefs of another agent. Thus the effect of
a speech act cannot be guaranteed.

- Difficulty to express sequencing of acts, to express
obligations on the receiving agent,
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Interaction Programming

ACL Programming (3)

- Lots of implementations

- That rely on several implicit assumptions

on .
- Shared ontology, nonstandard meanings, ...
- Agents that use them,
- Environments in which they are executed, ...

In order to improve the efficiency, for developer
convenience, etc.

=» Difficulty to generalize and extend
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Plan

v Introduction
v Foundations
v Agent Communication Language

. |Interaction Protocols
- Conclusion
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Introduction

Introduction

- Combinatoire des messages selon les ACL en se basant uniguement
sur la sémantique des performatifs est trop importante

- Existence de schémas typiques structurant les échanges : attente de
séquences de messages en réponse a d’ autres messages.

- Protocoles d ‘interaction, Politiques de conversation

- Autonomie des agents : utilisation propre de ces schemas globaux
- Stratégies d ‘interaction

- Les agents peuvent engager de nombreux dialogues ou
conversation selon un ou plusieurs de ces schemas, avec un ou
plusieurs agents simultanément ou en séquence.

- Coordination des conversations
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Introduction
Definition

- Définition
schéma commun de conversation utilisé pour exécuter une tache.

Stratégie de haut niveau gouvernant les interactions entre agents
permettant de faciliter et structurer leur dialogue.

Un protocole précise qui peut dire quoi a qui et les réactions possibles
a ce qui est dit.
- Base sur des actes de communication

Actes différents selon les étapes de la conversation, restriction des
actes possibles

Actes agissent sur I'état mental de I'agent, sur la suite de la
conversation

- Les sémantiques peuvent étre définies au niveau du protocole
d ‘interaction au lieu de considérer la sémantique des actes
iIndividuels de communication.

Master Informatique October 2016 69



Introduction
Example

B : A << Succeed(P)

B: A << Agree to do (P)

@A;B<< Ask to do (P) B : A << Refuse to do (P) @

B : A << Failure(P)
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Introduction
Protocols Engineering

Modélisation avec difféerents formalismes :

- graphes etat-transition, graphe de raisonnement, reseaux de
pétri, langages formels (Z), langages de descriptions de
protocoles, ... AUML, ...

Methodologie de définition de protocoles

Existence d ‘un ensemble de base de protocoles
d ‘interaction pré-définis, cf. Standards FIPA mais
possibilité de définir des protocoles d ‘interaction Ad-Hoc

Exemples de protocoles non-agent:
- TCP/IP, SNMP, Hand-shaking, Hello!
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Introduction

Agent vs Multi-Agent System

Distinction claire entre la description des conversations et
la description des agents

- Deux niveaux : conversations et agents
- Spécification explicites de schémas de conversation
=» Agents sont des entités autonomes qui interagissent a
I” intérieur de schémas de conversations

- Les schémas de conversation contraignent le comportement
d’'interaction des agents

- Les conversations sont le résultat des interactions des agents
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Specification Lanquages

Specification Languages

- Existence de plusieurs langages de spécification
de protocoles d’ interaction

- Transition Nets (FSM, Petri Nets)

- AUML

- Specification basées sur la Logique

- Arbres de sous buts

- Systemes de spécification de protocoles réseaux

- Variation en rigidite, concurrence, complexite,
- Disponibilité d’ outils et techniques.
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Specification Languages

AUML (Agent UML)

- Semantics

A protocol description represents an interaction . a set of
messages exchanged among different agent roles within a
collaboration to effect a desired behavior of other roles or agent
instances.

- Notation
Vertical dimension represents time,
- Time proceeds down the page
- Only time sequences are important
Horizontal dimension represents different agent roles
- No significance to the horizontal ordering of the roles

- Various labels can be shown either in the margin or near
the lifelines or messages that they label

E.g., timing marks, generated goals depending on the received
message, etc. Issu du cours de Scot De Loach
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AUML : Notation
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Specification Languages

-

FIPA-ContractNet-Protocol

Instiator

Participant

cfp (action, precondtion)

refuse {reason-1)

not-understood

dead-
line

!

|
r
L

(precondition-2

reject-proposal {reason-2)

),JL

accept-proposal (proposal)

i

inform

failure (reason-3)¢
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Specification Languages

AUML : role time life

The lifeline may split into two or more lifelines to show
AND/OR parallelism and decisions

Each separate track corresponds to a branch in the

protocol
The lifelines may merge together at some subsequent
pomt |-l—

AND parallelism starts at a horizontal heavy bar,

- OR parallelism (inclusive-or) starts at a horizontal heavy bar w m
a non-filled diamond, and,

Decision (exclusive-or) starts at a horizontal heavy bar with a ré-.
non-filled diamond with "x" inside the diamond

And is continued with a set of parallel vertical lifelines
connected to the heavy bar.
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Specification Languages

AUML : Interaction Threads

A tall thin rectangle whose top is aligned with its initiation
time and whose bottom is aligned with its completion
time.

Drawn over the lifeline of an agent role

Represents a task being performed
- May be labeled as text next to the thread or in the left margin
- The incoming message may indicate the task

| ag

request >l

query : :

|
! not-understood
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Specification Languages

AUML : Messages (1)

Message - communication from one agent role to
another that conveys information with the
expectation that the receiving agent role would
react according to the semantics of the
communicative act

Shown as a horizontal solid arrow from one
thread of interaction to another thread of
Interaction

- May be specified using AND/OR/XOR
Each arrow is labeled using the following syntax:

predecessor guard-condition sequence-expression
communicative-act argument-list
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Specification Languages

AUML : Messages (2)

predecessor - consists of at most one natural number
followed by a slash (/) defining the sequencing of a
parallel construct

guard-condition - a usual UML guard condition - the
message is sent iff the guard is true

sequence-expression - a constraint, especially with n..m
which denotes that the message is sent n up to m times

- the keyword broadcast denotes the broadcast sending of a
message

communicative-act - the name of a communicative act,

e.g., inform

argument-list - a comma-separated list of arguments
enclosed in parentheses - the parentheses can be
omitted if the list is empty
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Interaction Protocol

Interaction Protocols

- Notation : AUML
- Sémantique

Une description de protocole représente un schéma d’interaction, ensemble de
messages échangés entre différents réles d’agent a l'intérieur d’'une collaboration
pour mettre en place un comportement désiré sur les autres réles d’agents ou agents.

Protocoles existants :
fipa-query: the receiver agent is requested to perform some kind of inform action
fipa-request: the receiver is requested to perform some action.

fipa-contract-net: an agent (manager) solicits proposals from other agents
(contractors) by specifying the task and the conditions placed by the manager upon
the execution of the task. The contractor’s proposal includes the preconditions that
the contractor is setting out for the task (e.g., price, time, etc.)

(request :sender A :receiver B :content (some act)
:protocol fipa-request )

|
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FIPA Specified Protocols

Interaction Protocol

Interaction Protocol name:

FIPA-Request

FIPA-Query
FIPA-Request-When
FIPA-Contract-Net
FIPA-Iterated-Contract-Net
FIPA-Auction-English
FIPA-Auction-Dutch
FIPA-Brokering
FIPA-Recruiting
FIPA-Subscribe

FIPA-Propose

FIPA doc.

name:
IPO0102A

IPOO103A

IPO0104A

TIPOO105A

IPOO106A

IPOO107A

TPOO108A

IPOO109A

IPOO110A

IPOO111A

IPOO112A

Modification
date

October 2000
October 2000
October 2000
October 2000
October 2000
October 2000
October 2000
October 2000
October 2000
October 2000

October 2000

|
Master Informatique October 2016

Status

Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental

Experimental
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Request Interaction Protocol

Interaction Protocol

- |dentifié par fipa-request dans
le champ protocol d’ un
message ACL

- A tout point du protocole un
message de performatif
not-understood peut étre
envoye

- A tout point du protocole un
protocole d” annulation peut étre

deroule
fipa-cancel-meta-protocol
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FIPA-Request-Protocol |

Initiator

ﬂ

Participant

request
|
I
|
|
|
e refuse
[refused]
L
|
H agree
[agreed and
L notification necessary]
L failure

T
|

| ) :
| _ inform-done : inform /:

| inform-result : inform

Ve

[agfeed]
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Interaction Protocol

Contract-Net Interaction Protocol

- ldentifié par
fipa-contract-net dansle
champ protocol d un
message ACL

- A tout point du protocole un
message de performatif
not-understood peut étre
envoye

- A tout point du protocole un
protocole d” annulation peut

étre déroule
fipa-cancel-meta-
protocol
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FIPA-ContractNet-Protocol )

Initiator Participant
|
[}
H cfp Mt
i
Ll
i
i2
( n refuse
(15 n
H dead-
' line
' <>
|
I . .
i j=n-i
! propose
i
. SR
reject-proposal ~ i
-
—< T
}
]

accept-proposal

I=j-k

failure

inform-done : inform

Inform-result : inform
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Some references...

[FIPAOOO1] Specification No.
[FIPAOOOS8] Specification No.
[FIPAOO14] Specification No.
[FIPA0023] Specification No.
[FIPA0026] Specification No.
[FIPAOO37] Specification No.
EFIPA0028] Specification No.

pecification

EFIPAOOZQ] Specification No.

pecification.

EFIPAOOCSO] Specification No.

pecification..

[FIPAOO34] Specification No.
EFIPAOOO1] Specification No.

pecification.

EFIPAOO35] Specification No.

pecification.

[FIPAOO36] Specification No.
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SCO00001, FIPA Abstract Architecture Specification.
SC00008, FIPA SL Content Language Specification.
S100014, FIPA Nomadic Application Support Specification.
SC00023, FIPA Agent Management Specification.
SC00026, FIPA Request Interaction Protocol Specification.
SC00027, FIPA Query Interaction Protocol Specification.
SC00028 , FIPA Request When Interaction Protocol

SCO00029, FIPA Contract Net Interaction Protocol
SCO00030, FIPA lterated Contract Net Interaction Protocol

SCO00033, FIPA Brokering Interaction Protocol Specification.
SC00034, FIPA Recruiting Interaction Protocol

SC00035, FIPA Subscribe Interaction Protocol

, SC00036, FIPA Propose Interaction Protocol Specification.
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Some references...

[FIPAOO37] Specification No. , SC00037, FIPA Communicative Act Library Specification.
[FIPAOO61] Specification No., SC00061, FIPA ACL Message Structure Specification.

EFIPAOOG?] Specification No., SC00067, FIPA Agent Message Transport Service
pecification. Available

EFIPAQOGQ] Specification No., SC00069, FIPA ACL Message Representation in Bit-Efficient
pecification

EFIPAOO?O] Specification No., SC00070, FIPA ACL Message Representation in String
pecification.

EFIPAQO?j] Specification No., SC00071, FIPA ACL Message Representation in XML
pecification.

[FIPAOO75] Specification No. SC00075, FIPA Agent Message Transport Protocol for IIOP
Specification.

EFIPAQOSL}] Specification No., SC00084, FIPA Agent Message Transport Protocol for HTTP
pecification.

LI{:IPAOOSS] Specification No. SC00085, FIPA Agent Message Transport Envelope
epresentation in XML Specification.

LI;IPAOO88] Specification No. SC00088, FIPA Agent Message Transport Envelope
epresentation in Bit Efficient Specification.

[FIPAOOQ9] Specification No. S10009, FIPA Device Ontology Specification.
[FIPA0O094] Specification No. SC00094, FIPA Quality of Service Specification.
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