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Outline

[0 Methodology: Development and Validation
0 Application to Agent-Based Systems
0 Example: Agent market place

[0 Refinement Patterns
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Methodology (1)

0 Stepwise Refinement + Formal Validation of
Model-Oriented Formal Specifications

e System Model (Behaviour)

= Model-oriented specifications language

e Contract (Properties to preserve)

= Logical Language

0 Stepwise Refinement of CO-OPN/2 Specifications
e CO-OPN/2

e Hennessy-Milner Logic
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Methodology (2)
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A Formal Development and Validation Methodology for Agents CERN, Giovanna Di Marzo Serugendo

WS at AA'2000, June 4, 2000 Slide 4/15



Agent-Based Systems

System performs functionality for final user

System = Collection of Agents + relationships among
collections (negotiation techniques, cooperation

protocols, coordination models)

Agents interact with each other (message passing,
blackboard, etc.)

Agent = problem-solving entity (own algorithm)
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N

Development Guidelines

Informal Requirements
System’s Functionality (Contract: Functionality)

Agent Collections (Contract: Functionality of

Collection + Properties of interactions)
Collections Design (Contract: Functionality of Agents)
Agent Design (Contract: Internal Behaviour of Agents)

Actual Communications Means (Contract: Properties

of Communication)

Program (Contract: same as last specification)
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Market Place: Informal Requirements

0 New buyer can enter the market place
O New seller can enter the market place

0 Buyers make demands for some items (preferred price,

highest price)

O Sellers make offers for some items (preferred price,

lowest price)
O Transactions respect sellers and buyers requests

O Sellers and buyers consult the system for transactions
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Market Place: Initial Specification

Class MarketPlace

toBuy: toSell:
Goods Goods

<b,g,p,low> —> je— <s,g,p,high>
buy(b,g,p,high) sell(s,g,p,low)
<b,g,p,high> <s,g,p’,low>
b
p > low A
<s,b,g,p> p’ < high =
transaction
P

b >

. new_seller(s
new_buyer(b) buyers: sold: ff sellers: )
SoldGoods sg sg

Buyers Sellers

sold_goods(sg)

Functionality only, not agent-based
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Market Place: Contract

¢1, = <M P. create><M P. new_buyer(b)><M P. new_seller(s)>
<M P.buy(b, g, p, h)><MP.sell(s,g,p’,1)>
<M P. sold_goods(s, b, g, p1)>
¢1, = <M P. create><M P. new_buyer(b)><M P. new_seller(s)>
<M P.buy(b, g, p, h)><MP.sell(s,g,p’,1)>
(- <M P. sold_goods(s, b, g, p2)> A
= <M P. sold_goods(s, b, g, p3)>)

I1<p1<hp<Ilp3s>h
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Market Place: Refinement R1 (1)

Class MarketPlace

get_buyers(l)
e - B

buyserslist:
List0fBuyersAgents

S,
%
%

buyers:
<Buyer,BuyerAgents >

<b,b.agent>
<b.b_agent>
= <b.,b.agent>
new_buyer(b) . :
with buy(b,g,p,high) with

b_agent.cronte b_agent.new_good(g,p,high)

sellers:
<Seller,SellerAgents™>
<spsagent> |
<s,s-agent>
“— <s,s_agent>
new_seller(s) sell(s,g,p,low) with

with ﬁgh s-agent.new_good(g,p,low)
s_agent.create 4 % sellerslist: sold:
ListOfSellerAgents SoldGoods
sg |
sg
¥ ¥ sold_goods(sg)
\ 11 <s.agent,b_agent,gz,p>
get_sellers(1) register_transaction(s_agent.b_agent.g.p)

Agent decomposition and Interactions
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Market Place: Refinement R1 (2)

Class BuyerAgents Class SellerAgents
new_good(g,p,high) create new_good(g,p,low) create
p+1 < high = p-1> low =
high timeout timeout
<@ phigh> /H proposedOffers: <&.plow> PproposedOffers:
Goods Goods
L R | - —
oot 1,hig! 2.0, higy, Zap oY SED, o,

(O

<&p,h; nigh” <g V7
'P, g, P 2p,1 Jow

toBuy: ‘gh> | <P toBuy: ows <P

Goods Goods

makeOffers with makeOffers with

MP.get_sellers(l) .. MP.get_buyers(l) ..

sl.agent.sendOffer(self,g,p) .. i bl_agent.sendOffer(self,g,p) .. a

s2_agent.sendOffer(self,g,p) .. & b2_agent.sendOffer(self,g,p) .. \o"

X
) & (.) 9
b e

agreement with agreement with
s_agent.acceptOffer(self,g,p) .. . b_agent.acceptOffer(self,g,p) ..
MP.register(s-agent,self,g,p) <gp;high> MP.register(self,b_agent,g,p) <g,p,low>

7

g7 . ; . - .
MF\N, o toremove: receivedffers: oS e toremove:

Dffers L8 item Offers L\’_u\‘é- item
g <s-agent,g,p> »D( Z - g <b-agent.g,p> »D( i i
T 7
<s_agent,g,p> S <b_agent,g,p> &
remove / remove /

receivedOffers:

sendOffer(s_agent,g,p) acceptOffer(s_agent,g,p) sendOffer(b-agent,g,p) acceptOffer(b_agent,g,p)
A Formal Development and Validation Methodology for Agents CERN, Giovanna Di Marzo Serugendo
WS at AA’2000, June 4, 2000 Slide 11/15

Refinement R1: Contract

$rR1, =91,

PR1, =01,

$R1, = <M P. create><s agent. create><bl_agent. create><b2_agent. create>
<s_agent.sendOffer(bl_agent, g, p)><s_agent. sendOffer(b2_agent, g, p)>
<bl_agent. sendOffer(s_agent, g, p)><b2_agent. sendOffer(s_agent, g, p)>
((<bl_agent. acceptOffer(s_agent, g, p)> + <b2_agent. acceptOffer(s_agent, g, p)>) A
= (<bl_agent. acceptOffer(s_agent, g, p)><b2_agent. acceptOffer(s_agent, g,p)>) A
= (<bl_agent. acceptOffer(s_agent, g, p)> // <b2_agent. acceptOffer(s_agent, g, p)>))
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Market Place: Refinement R2 4+ Program

Refinement R2: Actual Communications Means
0 Market place = server + RMI class
0 Agents = RMI Objects
O RMI registry (RMI references available)
0 Contract: RMI features

Program
0 Java Implementation of Refinement R2

O Contract: same as Refinement R2
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Refinement Patterns

Client /Server Dependable Applications
e Requirements e Requirements
e Centralised e No Fault-Tolerance
e Distributed Data e Fault-Tolerant Design
e C/S architecture e Program

e Communication Layer

Program
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Conclusion

O General Theory of Refinement
Refinement Formalisation, Formal Validation

O Refinement Patterns
(MAS, C/S, Dependable Applications)

O Future
Temporal Logic for CO-OPN/2

Refinement of Real-time specifications
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