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/ Agenda

A definition of Cooperative Information Systems
and their problematic

e Research objective

 The main contributions:

— The improvement of the expressiveness for modelling
Interaction using Coloured Petri Nets (CPN)

— IMCIS: Interaction Methodology for Modelling
Cooperative Information Systems (CIS)

« An Application of IMCIS

\- Conclusion and future work
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/Cooperative Information System\
(CIS)

* |t 1s a Cooperative Multi-Agent System
Integrating data and procedures, working in a
cooperative way, by exchanging information,
to achieve a common goal.
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/ General Framework of the
Cooperative Information System

Cooperation

T

Coordination:
{Actions,

al.l,alz2,..}
Coordination:

{Actions,
a2.1,a2.2,.}

Communication

Communication
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/ The Problematic of Cooperative \
Information Systems

e CIS are dynamic by nature.

e Complex to model:
— ambiguity and control.

o Complexity increases due to multiple
Interactions
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/ Related works

e The First Order Logic [Haddadi, 1998].
(Hard to manipulate for the Software Engineer users).
 State Transition Diagrams [Cohen and Levesque,
1995; Flores and Winograd, 1986].

(The representation increases exponentially in multiple
Interactions; it Is not an expressive tool).

« Condition/Event (C/E) Petri Nets [Demazeau et al,
1998].

\ Interactions; it Is not an expressive tool).

(Applicable In Interactions by pairs, and the
representation  becomes complex In  multiple
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4 h

Research Objective

 To develop a methodology to model
Interactions in CIS by considering:

EXpressiveness.

The skill to handle multiple simultaneously
Interactions.

A formal approach.
Adaptability to several domain of

\ applications. /
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/ Coloured Petri Nets \

o A Petri Net is:
— A formal and graphic modelling language,

— Adequate for modelling complex systems with
concurrency.

* A Coloured Petri Net (CPN) Is:

— A high level Petri net,

— Where the colour of the token represents arbitrary
data values.

\ [Jensen, 1997] /
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Modelling Interaction With Condition /
Event (C/E

o >

Linefor (')é
- «Complexity:
O(m?*n)
«Complexity of

Box(4}) Ul - modelling a new
* simultaneous
Interaction: O(m2*s)

Ertity (+1)

Complexity in terms of the number of links between agents interactions.
m: message numbers.

n: systems agents.
s: number of additional agents participating in the interaction. y
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/ Our Proposal: Modelling Interaction \
With Coloured Petri Nets (CPN)

«Complexity: O(n?)
«Complexity of
modelling a new
simultaneous
Interaction: O(n*s)

Complexity in terms of the number of links between agents interactions.
m: message numbers.

n: systems agents.
s: number of additional agents participating in the interaction. y
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/~ Modelling Interaction in

System Dynamic

= 0 7T < 9 T ® @

E

System Structure

<

CIS ™\

Implicit
Analysis &
Specification

-

Explicit
Analysis &

K Agents / = QQ \

Specification
-
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/ IMCIS: Interaction Methodology for \
Modelling Cooperative Information Systems

« Explicit Analysis and Specification:
— To identify agents and their intentions (individual model).
— To build the agents diagram (structural model).
— To build the interaction diagrams (structural model).
— To design the agent ports (structural model).
— To design the messages (structural model).
— To specify the systems messages using Coloured Petri Nets
(structural model).

 Implicit Analysis and Specification:

K — To simulate the system interactions (dynamic model). /
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/ An Application of IMCIS \

* A business to business (B2B) with buyers,
suppliers and the marketplace.

A.L‘A 7/ ]\

Marketplace
[N\ v?‘v&
S S S S S S
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/ Specifying the CIS
 CIS={A, Cqg, Gk, I}:
* A: Agent Set,
— A={(Buyer,best buying),
— (Marketplace, effective relationships),
— (Supplier, best offer)}.

 Cg : Common Goal,
— best offer,
— best agreements with suppliers.

e Gk: Global Knowledge,

Klnteraction Set, I={B2B Transaction}

— Gk={Buyer needs, products, agreements}.

~
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/" Interaction Modelling with the "\
Action Basic Loop

System Interactions Analysis

1. Preparation 2. Negatiation

Agent 1 ‘QV;QV Agent 2 AGG”UK‘“;A
L™l

Infam

Action Basic Loop [Flores, 1996]/
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Interaction Diagram

Main Interaction

Agent 1 Qz;m Agent 2

No. 1

Agent 2 Conversation Agent 3

« Many conversations are part of an interaction.
 The basic action loop helps us:

 To have a coordinate conversation between agents
\  To join more that two agents simultaneously in the

coordinate conversation, building an Interaction

,
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Building the Interaction Diagrams \

Interaction: B2B Transaction

1"_)
I”
/’ .\ Marketp|ace @® Call for Proposals Supp"er
No. 1.1
Marketplace kAgfemem Supplier K. /

—)
.~
"o s~\

+* Wait for Product “s _
Y Supplier

Buyer @ Delivery
wj.y
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/ Designing the Agent Ports \

L W ait for Product Delivery

N o |

B2B Transaction (Order, Call for Proposals, Agreement)

Marketplace

*Buyer.Pin 5,5 transaction: Marketplace (Agree, Decline, Counteroffer, Report
Completion(Type), Revoke(Type), Revoke and Counteroffer, Close(Type), Ask

Recons(Type)).
*Buyer.Pout g5 transaction: Marketplace (Request, Declare Satisfaction(Type),

Cancel(Type), Cancel Make New Request, Decline to Accept(Type),

Close(Type), Ask Recons(Type), Counter, Decline Counteroffer, Agree to
Qunteroffer). /
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CPN for the Basic Action Loop

{Easic.&u:ti-:un LoopFor Interac:tin:un_]

- - - -0 - - ~H
I!_vl Dec:laratlcun Mode I;I

- m om - m om - o - = o=

i Cnuntered g i F'erfn:urmann::e i . { A.:ceptancemu.&.greement !

{ ClosureAfter Cancel !

{ Megotiation

i F'erfn:urmann::e ! { Countered !
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Preparation Step

Tinteraction

Preparation

interaction

. ) _ _ . o _ interaction
If(#nextaction interaction="c.cancel(preparation)”) interactiontemp=nextaction(interaction)else fals

If(#nextaction interaction="c.request”) then interactigntemp=nextaction(interaction)else false)

c.cancel (preparation) C.request

Interactiontemp interactiontemp

Communic Tinteraction Communic

G FG Tinteraction

Closed canceled Negotiation
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Negotiation Step

: Tinteraction
Communic

ot Negotiation

Interaction temp

interactiontemp If(#nextaction interactiontemp="b.counteroffer”) then
iQteraction=nextaction(interactiontemp)else false)

If(#nextaction interactiontemp="p.agree”)then interaction=interacfiontemp)else false)
p.counteroffer

p.agree interactiontemp IS TOE

interaction

If(#nextaction Iteractiontemp="p.report completation (no
agr)”) then intekaction=nextaction(interactiontemp)else
false)

If(#nextaction interactionterpip="p.decline”) then
interaction=(nextaction(intefactiontemp)else false)

Communic interaction .
- p.report completation (no agr) countered

p.decline

Performance Communic _ _ Tinteraction
- - interaction

Tinteraction interaction FG

Tinteraction Tinteraction Communic

FG
Clousure after decline Acceptance no agreement
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/ Specifying the Systems Messages Using\
CPN

e Interaction 1 =((Buyer 1), Marketplace,
(Supplier 1, Supplier 2, ... , Supplier n), Product

1, Marketplace.Report Completion))

* Interaction 2 =((Buyer 2), Marketplace,
(Supplier 1, Supplier 2, ... , Supplier m),
Product 2, Marketplace.Agree))

\_ ,
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/ Conclusion \

e The use of CPN Is:

— easy to model the state of the interactions.
— easy to model the behaviour of the

Interactions.

— easy to represent different messages at a time.

— able to simulate the system interaction
dynamics.
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/ Conclusion \

* The IMCIS methodology integrates
mainly:
— The action basic loop.

— The use of CPN for the Interaction
modelling.

— The communicative acts of FIPA.
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/ Future Work \

e To Incorporate to the model temporal and fuzzy
aspects.

0 incorporate the intentional model in order to
handle modal temporal aspects.
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