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Multiagent system = agents + interaction protocol

Power of Al agents: their flexibility

An interaction protocol models the communication constraints between agents
in a multiagent system

Engineering multiagent system based on protocols offers key benefits

- Decentralized MAS; without relying on a distinguished locus of state or control

- Clear implementation, separation between the coordination aspects and
business logic of an agent

- Loose coupling, changes in one agent's implementation do not affect the
implementation of others

- Reducing agent complexity, avoiding programming errors
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An example: The EBusiness Protocol

The Seller may submit an offer; Buyer may either accept or refuse. After
accepting, the Buyer may proceed with payment, and the Seller ship the item.

Seller Buyer
T T
I

I
1 offer I
—>

|
[ alt / 1
' refuse |
........ RS PR
| _ accept |
| |
| payment |
<
| |
' shipment _'
—

I I

1 EBusiness_1 {

2
3

Seller -> Buyer : offer [ID, item, price]
Buyer -> Seller accept [ID, item, price,
decision ]

Buyer -> Seller : refuse [ID, item, price,
decision, status]
Buyer -> Seller

, amountC]

Seller -> Buyer :
decision, status]

payment [ID, price, decision

shipment [ID, item, price,
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An example: The EBusiness Protocol

Seller:
1 +1offer
2 . step(start) & on_offer(Ild, Item, Price)
T T 3 < ...
:offer : 4 .send(Buyer, tell, offer(ld, Item, Price));
"—V‘ 5 +step(ld, offer).
6
|
alt‘ : 7 +refuse(ld, Item, Price)[source(Buyer)]
refuse 8 step(ld, offer)
-------- LTI PRI PEPPRPe 9 <- ...
| accept | 10 ~step(ld, offer);
: : M +step(ld, refuse).
. payment | 12
: . : 13 +accept(ld, Item, Price, Decision)[source(Buyer)]
shipment 14 . step(ld, offer)
15 <-

‘ ‘ 16 ;iep(ld, offer);
17 +step(ld, accept).
18 ...

Source code of examples: https://gitlab.di.unito.it/baldoni/argonauts 4/49


https://gitlab.di.unito.it/baldoni/argonauts

An example: The EBusiness Protocol

19 +payment(ld, Price, Decision, AmountC)[source(Buyer)]

w M 20 . step(ld, accept)
21 <= ..

22 -step(ld, accept); +step(ld, payment);
‘Offer )‘ 23 Ishipment(ld, Price, Decision)[receiver(Buyer)].
. . 24
alt : 25 +ishipment(Id, Price, Decision)[receiver(Buyer)]
| 26 . step(ld, payment) &
27 accept(ld, Item, Price, Decision)[source(Buyer)] &
28 in_stock(Item)
| | 29 <= ...
payment ' 30 .send(Buyer, tell, shipment(ld, Item, Price, Decision, Status));
<— 31 step(Id, payment); +step(ld, shipment).
| shipment 32
‘—)‘ 33 +Ishipment(Ild, Price, Decision)[receiver(Buyer)]
| | 34 . step(ld, payment) &
35 accept(ld, Item, Price, Decision)[source(Buyer)] &
36 not in_stock(Item)
37 <= ...
38 step(Id, payment); +step(ld, failure).

5/49



An example: The EBusiness Protocol

Seller Buyer

v 4 1offer
+loffer " +offer"

offer !
—>
_J w ‘ _J
alt |
"+accept"\"+refuse” ! "+laccept"
\ refuse |
--------- S o
— N accept )
I, !
! ‘ C
"+payment" : payment ! "+lpayment" \"-!payment”
I I
! Shipment ! payment abort_payment
. J

. JL

"+shipment"

shipment

"+Ishipment"

) T

"-Ishipment"
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An example: The EBusiness Protocol

Seller Buyer

"+!offer" //@_@\\; " +offer”

offer !
—>
_J ‘ ‘ CJ
alt |
"+accept"\"+refuse” ! "+laccept”
\ refuse |
--------- S o
— N accet | )
e
i "*/ \
+payment’ : payment ! "+lpayment" \"-!payment”
I I
! Shipment ! payment abort_payment
. J

. JL

—

"+Ishipment"

) T

"-Ishipment" "+shipment"

shipment
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An example: The EBusiness Protocol

- What happen if the
Buyer sends messages
faster than Seller can
process them?

Seller

Buyer

"+loffer".

__J

“+laccept”

accept

_

_

"+Ishipment"

"+payment"”

"-Ishipment"

failure

\/ﬂpayment“ \"-lpayment"

(paymentw (abortfpaymentw

C

"+shipment"

shipment
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An example: The EBusiness Protocol

- What happen if the
Buyer sends messages Seler Buyer
faster than Seller can
process them?

"+loffer".

- The Seller's automata
does not correctly Am Degse | | ireREe\t+laccept”
recognize the current accept ] ((refuse | N\ | [refuse |  [‘accept
situation, and the Seller _—
getS StUCk! "-+payment" "+Ipayment" \"-!payment"
- In other words: the two ament (emman | (e pamer]

"+Ishipment"

_

"-Ishipment" "+shipment"

shipment

agents are not truly
autonomous...
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: The EBusiness Protocol

+accept" / +payment"”

12 . L Buyer
13 +accept(Id, Item, Price, Decision)[source(
Buyer) ] Seller
14 . step(ld, offer) & ! .
. . +offer’
15 payment(ld, Price, Decision, AmountC,
Choice)[source(Buyer)] e
16 < ... -,
17 -step(ld, offer); +step(ld, payment);
18 Ishipment(ld, Price, Decision)[ - "t irefuse”\"+!accept”
receiver (Buyer)].

"+Ipayment"

20 +payment(Id, Price, Decision, AmountC)|
source (Buyer)]
21 . step(ld, offer) &
22 accept(ld, Item, Price, Decision)]
source (Buyer)]

payment refuse "-Ipayment"

payment abort_payment

"+Ishipment" \"-!shipment"

23 <= ...
24 -step(ld, offer); +step(ld, payment); "+shipment"
25 Ishipment(ld, Price, Decision)[ - -

receiver (Buyer)]. shipment
26 ...
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: The EBusiness Protocol

12 . L Buyer
13 +accept(Id, Item, Price, Decision)[source(

Buyer) ] Seller
14 . step(ld, offer) & " +offer”

15 payment(ld, Price, Decision, AmountC,
Choice)[source(Buyer)]

"+loffer" /

16 <= ... )
17 -step(ld, offer); +step(ld, payment);
18 Ishipment(ld, Price, Decision)[ - ml
receiver (Buyer)].
1 "+payment / "+accept, " "
9 +accept" / +payment" SENED

20 +payment(Id, Price, Decision, AmountC)|
source (Buyer)]

21 . step(ld, offer) &

22 accept(ld, Item, Price, Decision)]

refuse

_

payment

source (Buyer)] "+Ishipment"\"-!shipment"
23 <= ...
24 -step(ld, offer); +step(ld, payment); —p["+shipment"
25 Ishipment(ld, Price, Decision)[ - -

receiver (Buyer)]. shipment
26 ...
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: The EBusiness Protocol

12 Buyer
13 +accept(Id, Item, Price, Decision)[source(
Buyer) | Seller
14 . step(ld, offer) & —
15 payment(ld, Price, Decision, AmountC, //
Choice)[source(Buyer)] ”+!offer"/
16 < ... -,
17 -step(ld, offer); +step(ld, payment);
18 Ishipment(ld, Price, Decision)[
receiver (Buyer)].
19 | —

20 +payment(Id, Price, Decision, AmountC)|
source (Buyer)]
21 . step(ld, offer) &
22 accept(ld, Item, Price, Decision)]
source (Buyer)]

refuse

payment “'+Ipayment" \"-!payment”

payment abort_payment

"+Ishipment"\_-!shipment"

23 <= ...
24 -step(ld, offer); +step(ld, payment); —p["+shipment"
25 Ishipment(ld, Price, Decision)[ - -

receiver (Buyer)]. shipment
26 ...
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Agent Development Processes

Like in software development processes... divide et impera. Incremental approach.

UoD
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Agent Development Processes

Like in software development processes... divide et impera. Incremental approach.

UoD

Analysis

[ Analysis

Design

Design

Implementation

Implementation

Test Test

7

e )
(o
N )

Maintenance

Maintenance

Maintenance

o)
B oo )
} Implementation

'I

Maintenance
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EBusiness, iteration 1 - “Basic Transaction”

The Seller may submit an offer; Buyer may either accept or refuse. After
accepting, the Buyer may proceed with payment, and the Seller ship the item.

Seller Buyer

offer [ID, item, price]

att J

refuse [ID, item, price, decision, status]

1 EBusiness_1 {

2 Seller -> Buyer : offer [ID, item, price]

3 Buyer -> Seller : accept [ID, item, price, decision]

4 Buyer -> Seller : refuse [ID, item, price, decision, status]
5

6

7

accept [ID, item, price, decision] Buyer -> Seller : payment [ID, price, decision, amountC]

Seller -> Buyer : shipment [ID, item, price, decision, status]

payment [ID, price, decision, amountC]

}

shipment ID, item, price, decision, status]

Seller Buyer ‘
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EBusiness, iteration 2 - “Introduction of an intermediary”

The Buyer may choose to pay the Seller directly or instruct the Bank to make the

transfer.
EBusiness_2 {
Seller -> Buyer : offer [ID, item, price]
= o = Buyer -> Seller : accept [ID, item, price, decision]

offe (1D, item, price]
il ——

Buyer -> Seller : payment [ID, price, decision, amountC]

refuse (1D, item, price, decision, status]
A e B ]

<. 2CCePE 1D, item,

sion]

1
2
3
4 Buyer -> Seller : refuse [ID, item, price, decision, status]
5
6
7

Buyer -> Bank : instruct [ID, price, decision, details, choice
 payment (ID, price, decision, amountC) ]

instruct (1D, price, decision, details, choice}

e T e ) 8 Bank -> Seller : transfer [ID, price, decision, details,

pment 1, e, price, decson, staus] | amountT ]
10  Seller -> Buyer : shipment [ID, item, price, decision, status]
11}
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EBusiness, iteration 3 - “Refund mechanism”

If for some reason the Seller is unable to ship the item, the Seller may ussue a
refund to the Buyer (or to the Bank).

1 EBusiness_3 {

2 Seller -> Buyer : offer [ID, item, price]

3 Buyer -> Seller : accept [ID, item, price, decision]

4 Buyer -> Seller : refuse [ID, item, price, decision, status]
5

6

7

Seller Buyer Bank

ofer (1D, tem, price]

Buyer -> Seller : payment [ID, price, decision, amountC]

refuse (1D, e isg

accept [ID, it

= Buyer -> Bank : instruct [ID, price, decision, details, choice
Sayment (10, pric, mountc)
instruct [ID, price, decision, detals, choice] ] . P .
{ranste (1D, price, decision, detal, amouniT) 8 Bank -> Seller : transfer [ID, price, decision, details,
* amountT]
shipment (10, tem, pice,decson, tatus] 9
et S [ 10 Seller -> Buyer : shipment [ID, item, price, decision, status]
refin cunt? st 1
75a\er Buyer awi 12 Seller -> Buyer : refundC [ID, item, amountC, status]
13 seller -> Bank : refundT [ID, item, amountT, status]
14}
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EBusiness, iteration 4 - “Proof of receipt”

After making the payment, the Buyer may request a declaration of receipt from

the Seller.

Seller Buyer Bank

ofer (10, tem, price]

fuse (1D, tem, pric, decision,staus]

‘accept 1D, e, prce, decision]

payment (1D, price, decision, amour nic)

| transtr 1D, price,

s, amountT]

D, e, prce, choce,request)

£

TeceptC (I, tem, price amount, decration

receptT 1D, e, pic, amountT, reduest, decaraion]

£

Shipment (1D, ter, prie, decision status]

3
TefundC (1D, tem, amourt ic, status)
efunaT

Seller Buyer Bank

1
2
3
4
5
6
7

oo

10
7
12
13
14
15

17
18

EBusiness_4 {
Seller -> Buyer

Buyer -> Seller
Buyer -> Seller
Buyer -> Seller
Buyer -> Bank :

]
Bank -> Seller
amountT]

Buyer -> Seller
request]
Seller -> Buyer
declaration]
Seller -> Buyer
declaration]

Seller -> Buyer

Seller -> Buyer

Seller -> Bank :

}

offer [ID, item, pricel
accept [ID, item, price, decision]
refuse [ID, item, price, decision, status]
payment [ID, price, decision, amountC]
instruct [ID, price, decision, details, choice
transfer [ID, price, decision, details,
req_receipt [ID, item, price, choice,
receiptC [ID, item, price, amountC, request,
receiptT [ID, item, price, amountT, request,
shipment [ID, item, price, decision, status]
refundC [ID, item, amountC, status]
refundT [ID, item, amountT, status]
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Iterative and Incremental Development Process

Iteration 1 — lteration 2

1
2 Buyer -> Bank : instruct [ID, price, decision, d
3 Bank -> Seller : transfer [ID, price, decision,
4
( Seller
"+!offer"
(offer |

A J

"+payment | +transfer ; "+accept ; | "+accept ,

+accept” +transfer"/+payment" +refuse”

e 3 Ve
payment } refuse ‘
N J "
"+Ishipment" \"-!shipment"
Vi (T
shipment [ failure
N J

etails, choice]

details ,

am

"+instruct”

"+offer" Bank
( offer '
ﬁ 'refuse\+'accept "
ref accept

use

e \
instruct
+|paymen‘t/+'lnstruct "-Ipayment" S )

[ payment ‘ [ abort. payment "+Itransfer"

-

\

"+shipment" \

pun My

J

g ~
7/ — transfer
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Iterative and Incremental Development Process

N

Iteration 1 — lteration 2

Buyer -> Bank
Bank -> Seller

[D,
o,

instruct
transfer

price, d
price
acepts, Ben, price, ecision) surceBoer)

tepiic otter
nt(1d, Price, Decision, AnountC, Choice) [source(Buyer)]

et orter:
+step(1d,
Ehipacnt 1, price, becision recetver(Buyen)].

saccept(1d, Item, price, Decision (saurce(Buyer))
tepl1d, offer)

“accept(1d, Item, Price, Decision) (source(Buyer)].

srtuna(zd, T, Price source(Buyer]
step(1d, offer

rﬁenud, offer);
“step1d, refuse).

eretuse(d, Tten, price)lsource(buper)]
ep(1d, offe

“refuse(1d, Ttem, Price) (source(Buyer)].

spayment (14, Price, Decision, Asount) [saurce(Buyer)]
Sep(To, atten &
accept(id, Ites, Price, Decision) [source(Buyer)]

Shipment (0 price, vecision receiver(Buyer)].

epmyment(1d, price, Dectsion, Amcunt) (sourc(Buye)]
step(1d, offer)

'D;vmemud. Price, Dectsion, Asountc) (source(Buyer)].

+1shipnent (16, Price, Decision) [receiver(Buyer)]

i step(id, paynent)
accept(1d, Ites, Price, Decision) [source(Buyer)] &
in_stock(Tten)

“send(Buyer, tell, shipsent(1d, Item, Price, Decision, Status));
“shiprent (14, Tten, Price, Decision, Status) [receiver{Buyer) ;

~step(1d, pays
+step(1d, shipsent).

tshipment(1d, price, Decision receiver (Buyer)
ot step(1d, paynent
not accept(id, Iten, Price, Decision) source(Buyer)]

ecision
decision

details ,
details

choice]
amountT]

saccept(1d, Tten, price, Decision) source(Buyer)]
ep(1d, offer) &

« {payment (10, brice, bectston, Asuntc, Chaice) [source(Buyer) 11|

transfer(1d, Price, Decision, Details, AountT) [source(Bank)]

“step(1d, offer);
+step(1d, payment
Tohipment (16, price, becision) (recetver Buyer)].

saccept(1d, Item, price, Decision) saurce(Buyer))
tep(1d, offe

“accept(1d, Item, Price, Decision) (source(Buyer)).

srefuse(1d, Tten, Price) (source(Buyer)]
i stepl1d, offer)
“Siep(ra, offer);
+step(1d, refuse).

eretuse1d, Tten, price) lsource(Buyer))
ep(1d, o fer

Cretuse(1d, Tten, Price) (source(Buyer)].

& spapment(1d, rice, Decision, AmowtCIICR1ER) source(Buyer)]
ep(1d, offer) &
sccept(ia, Tuem, Price, becision) [source(Buyen)]
et ottens
+step(1d, paysent);
ihipaent(1a, price, Decision) receiver(suyer)].

spaymnt(1d, price, Dectston, Amunt) (source(Buyer))
step(1d, offer)

“payment(1d, Price, Decision, AnountC) source(Buyer)]

-
strnater(a, Pric, sacivon, Deatls, Amune)lsurcank)]
ter)
SR e, e i)

“itep(rd, offer);
+step(1d, payment);
Ishipment (1d, Price, Decision) [recesver(Buyer)].

stranster(1d, price, Decision, Details, Anount) (source(Bank)]
step(1d, offer)

“transfer(1d, Price, Decision, Details, AnountT) (source(Bank)]. 15 /49
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Iterative and Incremental Development Process

lteration 3 — Iteration 4

Buyer -> Seller : req_receipt [ID, item, price, choice, request]
Seller -> Buyer : receiptC [ID, item, price, amountC, request, declaration]
Seller -> Buyer receiptT [ID, item, price, amountT, request, declaration]

G WN =

Seller

I+offer" Bank

offer [ offer |

offer |
“+payment | +transfer , "+accept, "+accept, “+payment, \ “+transfer, \ "+accept, (refuse | [ accept |
ot +req_receipt, not +req_receipt, not +req_receipt, [ "+refuse’ \ +req_receipt, \ +req_receipt, ) +req_receipt, ) +req_receipt,
+accept” +payment" +transfer” +accept” +accept” ) +payment /) +transfer” C [ ) 3
instruct |
0 T refuse | payment "+1payment" \"-payment"
2 treceipt” receipt
pavment‘ abort_payment I+ transfer*

[ ea— T A \ §

failure shipment “+1req_receipt"

[T TreCeInC "IreceiptT™ "+req_receipt”
req_receipt | I+refundT
“+shipment” " +refunat
" +1refundC’"+ IrefundT™

refund ‘

refund "+shipment” uremnac"\:mmnar‘

" shipment refund |



Iterative and Incremental Development Process

Iteration 3 — Iteration 4
Buyer -> Seller : req_receipt [ID, item, price, choice, request]
Seller -> Buyer : receiptC [ID, item, price, amountC, request, declaration]
Seller -> Buyer : receiptT [ID, item, price, amountT, request, declaration]

G WN =

saccept(1d, Ttes, Price, Decision) (souce(Buyer)]

2p(1a, offer) &

+totfer " payacat (1o, Price, Decision, Aowtc, Choice)Lsource(Buyer)) |

step(start) & - transfer(14, Price, Decision, Details, AnountT) [source(Bank)] )&

on_offer(1d, Tten, Price) ot rea_receipt(1d, Ttem, Price, Request) {source(Buyer)]

Lsend(Buyer, tell, offer(1d, Ttem, Price)); —5;0(!6 offer);

voffer(1d, Ites, Price) [receiver(Buyer)]; tep(1d, paynent);

+step(1d, offer). Tihipment 1, Price, Decision receiver(uyer)].
“toffer saccept(1s Item, price, becision source(Buyer) |

not steplofrer) | - (14 otfer)

not on_offer(1d, Tten, Price) Sermcnti14, Price, Dectsion, AmauntC, Choice)source(Buyer)] &
- e receipt 14, Tien, Price, Request lourcelboyers]

ZStep(1d, offer);

eaccpt(1d, Ttem, price, Decision source(Byer)] +step(Id, paynent_receipt);
ep(1d, offer) & IreceiptC(1d, Ttes, Price, Anount
% fayment (16, Price, Decision, mowtc, Choice)[source(Buyer)] | Snionent(14, Price, decisiom (recever (Byer)].
transfer(1d, Price, Decision, Details, AnountT) (source(Bank)] ) £3
- ssccept(d, Ttem, Price, Decision) lsaurce(tuyer)]
CStep(1d, offer); p(1d, offer) &
+step(1d, paynent); ronsfer (16 Price, Decision, Details, AmountT)isource(Bank)] &
Ishiprent(1d, Price, Decision) [receiver(Buyer)]. req_receipt(1d, Tten, Price, Request) {source(Buyer)]
eaccpt1g, Ttem price, Decision source(Byer)) “Step(1d, offer);
step(1d, offer) +step(1d, paynent_receipt);
« Ireceipti(1d, Itea, Price, Anount
Cdccept(1d, Ttem, Price, Decision) (source(Buyer) . enipnent{1d, Price, Decisiom lrecever (uyer)].
saccept(1d, Ttem price, Decision source(Buyer)]
eretuse(ss, Ttem, i) (ource(Guyer)] stepl(1d, offe
ep(1,

Zdccept(1d, Ttem, Price, Decision) (source(Buyer) .

Sstep(1d, offer);
+step(1d, refuse).
sretuse(ss, Ttem, rice) saurce(Buyer)]

B —— i
i
s, i, bt a
L L N — ~ instts tem, ek reer.
o B e setson o) 17/49
w-ymemud. Prne, ne:.\smn. AmountC) [source (Buyer) ] > not req_receipt(1d, Item, Price, Choice, Ms«)lsw«e\mnl

SSte(1, offer);
“payment (19, Price, Decision, Anountc) [source(Buyer)]. “tep(1d, paynent




Iterative and Incremental Development Process

G WN =

Buyer ->
Seller ->
Seller ->

lteration 3 — Iteration 4

Seller : req_receipt [ID, item, price
Buyer : receiptC [ID, item, price,

Buyer : receiptT [ID, item, price

+refuse(1d, Ites, Price) (source(Buyer)]
step(1d, offer)
Zstep(1d, offer);
+step(1d, refuse).

oretuse(1g, Ttem, price)saurce(Buyer))
step(1d, offe;

“refuse(1d, Ttes, Price) (source(Buyer)).

spayment(1d, Price, Decision, Asowntc, Choice source(Buyer))
p(1d, offer) &
Sccept(ia, Teen, Price, Dectston) [souree(Buyer)]
Sstep(1d, offer);
+step(Id, paynent);

Ishiprent(1d, Price, Decision) (receiver (Buyer)].

+payment(1d, Price, Decision, AmountC) source(Buyer)]
not step(1d, offer)

Zpayment (14, Price, Decision, AsountC) [source(Buyer)).

stranter(1a, price, Decision, Details, mowntT) source(Bank) 1
ep(1d, offer)
accept(ta, Tee, Price, Decision) lsource(Buyer)]
et offen);
+step(1d, payner
iipsent 10, Price, Dectsion receiver(Buyen)].

+transfer(1d, Price, Decision, Details, AsountT) [source(8ank)]
t step(1d, offer)

“transfer(1d, Price, Decision, Details, AsountT) [source(Bank)].

stshipaent(1d, price, Decision) lreceiver (Buyer))
step(1d, paynent

accept(1d, Ttem, Price, Decision) [source(Buyer)] &
in_stock(Tten)

“send(Buyer, tell, shipaent(Id, Ites, Price, Decision, Status)
“shipsent(1d, Ites, Price, Decision, Status) (receiver(Buyer)];
~step(1d, payment)

+step(1d, shipaent) .

request]
request, declaration]
request, declaration]

spayment(1d, price, Decision, Amountc, Chaice) lsource(Buyer)]
: step(1d, offer) &

x Sccept(1, Teem, Price, Decision lsource(Biyer) 116
receipt(1d, Ites, Price, Choice, Request) [source(Buyer)]

“step(1d, offer);
+step(1d, paysent);
1shipnent(1d, Price, Decision) [receiver (Buyer)].

X +paynent(1d, Price, Decision, AsountC Choice) [source(Buyer)]
i step(Id, offer) &
accept(1d, Item, Prics
req_receipt(1d, Ttes,

Decision) (source(Buyer)] &
rice, Choice, Request) [source(Buyer)]

‘Asounte
(i P

x “payment(1d, Price, Decision, AmountC, Choice) (source(Buyer)]
not step(1d, offer)

“payment(1d, Price, Decision, AsountC) (source(Buyer)].

stranster(1d, erice, Decision, Details, AmountT) lsource(sank)]

: step(1d, offer) &
x x sccept(ia, Tven, price, ASGEICTD) |
req_receipt(1d, hoice, Request) [source(Buyer)]

SStep(1d, offer)
+step(1d, paynent
Ishiprent(1d, Price, Decision) [receiver (Buyer)].

stranster(1d, price, Decision, Details, AsountT) (soure(Bank))
ep(1d, offer) &
Sccept(id, Teem, Price, Decision)Isource (Buyer)] &
req_receipt(1d, Tten, Price, Choice, Request) [source(Buyer)]

“step(1d, offer);
x +step(Id, paynent_receipt);

treceiptC(Id, Iten, Price, Asol

hipmcne(1a, Price becisiony treceiver(Bwer).

stranster(1d, Price, Decision, Details, AsountT) (source(Bank)}
not step(1d, offer)

Ztransfer(1d, Price, Decision, Details, AnountT) [source(Bank)].
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Iterative and Incremental Development Process

G WN =

Buyer -> Seller
Seller -> Buyer
Seller -> Buyer

lteration 3 — Iteration 4

req_receipt [ID, item,

price, choice,

receiptC [ID, item, price, amountC,
receiptT [ID, item, price, amountT,

poynent(1d, Price, Decision, AmountC, Choice) source(uyer)]

vxev(ln Siren ¢
(10, Teem, Price, Deciston) (source(Buyer)]
Steptra, oter);
B, somnt)
rent (26, Price, Dectsion) recesver (Buyer)].

“paynent (16, Price, Oecision, Amont) [source(Buyer)]

Steal1d, offer)

“payment(16, price, Dectsion, Anountc) [scurce(Buyer)].

“transter(1d, rice, Decision, Oetatls, AmountT) source(Sonk)]
Seepird, offer) &
acceptfe, Ttem, Price, decision) lsource(Buyer)]

(16, Price, Dectsion, Detatls, AnountT) (source(Bank)].

b, srice, ool sceivertie))
8

el
Sccapld, Tuem, Price, tscision source(Buyer)] &
ThStock(iem

i, <ol st fen, price oecison, Status)

inipment 16, statun) (e i
e, P

tep(1a, higment.

i1, price, xcitan)recesertooren)

ot sieo(1d, paymert) |
08 acceat(, frm, price, Oecion) ource By

i1, orice, et rcesrtooren)

eoli, pmrment
m,mn Hen ric, becison aurcelBoen)] &
in_stick(Tten)

(10, payment);
wstep(ra; Totture)
Trefuna(id, Teen, Price)(receiver Buyer) ]

“iretunatia, Teem, price (e eri)

Sesti Tacture &
Poynent{14, Price, Decision, Auntc, Chotce)lsource(Buyer)] &

request]

request, declaration]
request, declaration]

en, Price, Chaice, Request) source (Buyer)]

)6
poyment(1d, Price, Decision, onic, Chaice)lsource(Baper)]

TreceistC(1a, Ttem, Price, AnountC, Request).

ereq_receior(16, Ttem, Price, Ghoice, Request) source(Buyer)]
T e, poynent
Stealle, shipment)

Cranster(Le orice beciti, Oetats, AmontT) source(Bonk]

Cl6XT16, Ttem, Price, AssuntT, Reqest).

\, Ttem, Price, Goice, Reavest) lsurce(Buyer)]
Soyment] &
ment)

SendBuyer, tell, recetclte, Tt Price

ireceisti(ts, Tten, Pr

“ireceipicite, Tten, Price, Anountc, Request) [rceiver(Bayer)]
not sicos, payment) &
ot Steal, shipment)

Tten, Price, Ancuntt, Request)

 poyment) |
16, Shigment)

" lina(buyer, el recetotT(e, Ttem, Price, AnsuntT, Reqest,
recelo (LS, Ttem, Price, AmuntT, Recuest, Declarotion) (rece

ireceiotT1s, Tten, Price, AsountT, Reqest) [receiver (Buyer)]
ot sepla poi) ©
Stepre, Shipment)

7 Sl s T price pxcision, st
rice, Decision, States) Irecever{Buyen:

€, Request, Declaration));
 bectarationy(recever(Bpery).

Dectaration));

wer Boyer).
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Iterative and Incremental Development Process

lteration 3 — Iteration 4

G WN =

+step(1d, paynent);
Ishipnent(1d, Price, Decision) [receiver (Buyer)] .

stransfer(1d, Price, Decision, Details, AnountT) (source(Bank)]
ot step(1d, offer)

“transfer(1d, Price, Decision, Details, Anount) [source(Bank)].

ishipnent(1d, peice, Oecision receiver(Burer))
step(1d, poysent) &
accept(1d, Iten, Price, Decision) (source(Buyer)) &
in_stock(Ttes)

+shipnent (1d, Iten, Price, Decision, Status) [receiver(Buyer)];
+step(1d, shipnent).
sishipnent(1a, price, Decision (receiver Guyer))
ment)

ep(1d, pays
ot accept 1o, Teem, Price, becision) (source(Buyer)]

sishipnent(1d, price, Decision (receiver Buyer))
ep(1d, paynent) &

Sccept(id, Teen, Price, Decision) (source(Buyer)] &
not n_stock(Iten)

“steptid, payment);
+step(I, failure);
Irefund(1d, Tten, Price) [receiver (Buyer)].

Hrefund(1d, Tten, Price) [receiver(Buyer)]

Buyer -> Seller : reqg_receipt [ID, item,
Seller -> Buyer : receiptC [ID, item, price,
Seller -> Buyer receiptT [ID, item, price

nd(Buyer, tell, shipnent(1d, Iten, Price, Decision, Status));

request]
request, declaration]
request, declaration]

SHreceiptT(Id, Ttem, Price, MmoutT, Request) (receiver Buyer)]
ep(1d, paynent) &
ot stepLd, Shipment

+1shipaert 10, Price, Decision) (receiver (uyer)]

(et pamert

Siep(1d, poyment recetpt) )i
accept (1d, Ttem, Price, decision) (source(8uyer)] &
in_stock(Tten)

nd(Buyer, tell, shipnent(d, Tten, Price, Decision, Status));
+shipnent(1d, Iten, Price, Decision, Status) (receiver(Buyer)];
-step(1d, paynent):
+step(1d, shipnent).

aishipment g, price, becision Lreceiver Buyer)]
=

ot ((seplta,_payne

ster Vreceist) ) 1
ot sceept (1o, Teems Price, becision) (source(Buyer)]

tshipeent(1d, Price, Decision) receiver (Byen)
- ( )

ep(1d, ‘paynent!

Sep(1d; payment ricetot) ) &
accept(1d, Ites, Price, Decision) (source(Buyer)] &
not in_stock(Item)

“step(1d, payment);
step(1d, failure);
trefund(1d, Ttes, Price) [receiver(Buyer)].
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Shortcomings: Dealing with asynchronicity

- A new iteration imposes
modifications for the sender of a
message, but it imposes even more
subtle modifications for the receiver
due to the asynchronicity and
multiplicity of multi-agent
interactions.
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Shortcomings: Dealing with asynchronicity

- The receiver must manage not only
the message itself, but also the way
in which the message is received, in
relation to the other incoming
messages, regardless of the order in
which the sender(s) has(have) sent
them

- A new iteration introduces
significant changes into the
previously tested code, and the
impact is potentially global

saccept(1d, Lten, Price, Decision) (source(uyer)]

paynent (Id, Price, Decision, AmountC, Choice) [source(Buyer)] |
transfer(Id, Price, Decision, Details, AmountT) [source(Bank)]
ot req_receipt(Id, Ttem, Price, Request) [source(Buyer)]

)&

< ..
-step(Id, offer);
+step(Id, payment);
Ishipment(Id, Price, Decision)[receiver(Buyer)].

+accept(]d Ttem, P De
ep(1d, affer) &
paynent(Td, Price, Decision, AmountC, Choice) [source(Buyer)] &
req_receipt(Id, Item, Price, Request)[source(Buyer)]
<« .
-step(Id, offer);
+step(Id, payment_receipt);
IreceiptC(Id, Item, Price, AmountC);
Ishipment(Id, Price, Decision) [receiver(Buyer)].

+accept(1d Item, Price, Decisto

ep(1d, affer) &
transfer(ld Price, Decision, Details, AmountT)[source(Bank)] &
req_receipt(Id, Ttem, Price, Request) [source(Buyer)]

> om
-step(Id, offer);
+step(Id, payment_receipt);
IreceiptT(Id, Item, Price, AmountC);
Ishipment(Id, Price, Decision) [receiver(Buyer)].

+accept(Id, Item, Price, Decision) [source(Buyer)]
: not step(Id, offer)
P

-accept(Id, Item, Price, Decision) [source(Buyer)].

19/49



Shortcomings: Dealing with asynchronicity

- The receiver must manage not only
the message itself, but also the way
in which the message is received, in
relation to the other incoming
messages, regardless of the order in
which the sender(s) has(have) sent
them

- A new iteration introduces
significant changes into the
previously tested code, and the
impact is potentially global

x+payment(m Price

ep(1d, offer) &
accept(Id, Item, Price, Decision)[source(Buyer)] &
req_receipt(Id, Item, Price, Choice, Request) [source(Buyer)]

-step(Id, offer);
+step(Id, payment_receipt);

!receiptC(Id, Item, Price, AmountC);
!shipment(Id, Price, Decision)[receiver(Buyer)].

+payment (Id, Price, De —Amoun ource(Buyer)]
not step(Id, offer)

b
paynent(1d, Price, Decision, AmountC) [source(Buyer)].

+transfer(Id, Price, Decision, Details, AmountT) [source(Bank)]
:  step(Id, offer) &
X accept(Id, Item, Price, Decision)[source(Buyer)] &
not req_receipt(Id, Item, Price, Choice, Request)[source(Buyer)]

—step(Id, offer);
+step(Id, payment);
!shipment(Id, Price, Decision) [receiver(Buyer)].

+transfer(ld; Price, Decision, Details, AmountT) [source(Ba
step(Id, offer) &
accept(Id, Item, Price, Decision)[source(Buyer)] &

req_receipt(Id, Item, Price, Choice, Request) [source(Buyer)]

-step(Id, offer);
+step(Id, payment_receipt);

'recelptc(ld Item, Price, AmountC);
tshipment(Id, Price, Decision) [receiver(Buyer)].



X +payment(Id Price, Decision, AmountC, Choice) [source(Buyer)]
step(Id, offer) &

Even worse, the developer must e e S ) C—
also handle messages and goals veten(1a, paymant_recetpt);
!receiptC(Id, Item, Price, AmountC);

that arrlve In the Wrong Order Or- aS Ishipment(Id, Price, Decision) [receiver(Buyer)].

+payment(Id, Pr1ce, Decision, A hoice) [source(Buyer)]

duplicates

—payment(Id, Price, Decision, AmountC)[source(Buyer)].

Duplicated messages, or messages “transfer(1q, price, becision, BETAITS, AnountT) source(Bank]
:  step(Id, offer) &
x accept(Id, Item, Price, Decision) [source(Buyer)] &

referring to the same interaction Rt reqrecelpt{(1d, Tten, brice, Chotce, Resusst) [soures(BLyerl]

<

-step(Id, offer);

session, should not contribute to LStep(1d, paynent);

!shipment(Id, Price, Decision)[receiver(Buyer)].

the age nt's kn OWledge base and - +trar:sfer(1d, Price, Decision, Details, AmountT) [source(Bank)]

step(Id, offer) &
accept(Id, Item, Price, Decision)[source(Buyer)] &

S h O U [d b e d |SCa rd ed req_receipt(Id, Item, Price, Choice, Request) [source(Buyer)]

< .
-step(Id, offer);
+step(Id, payment_receipt);

GoalS |nVO lVlng message Sendlng !receiptC(Id, Item, Price, AmountC);

!shipment(Id, Price, Decision) [receiver(Buyer)].

S h O u ld be fu lﬁ “ed O n ly | n th e +transfer(1d, Price, Decision, Details, AmountT) [source(Bank)]
a p p r-o p r-l ate CO ntext f.t;'ansfer(ld, Price, Decision, Details, AmountT)[source(Bank)].
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tcomings: Dealing with asynchronicity

Even worse, the developer must
also handle messages and goals
that arrive in the wrong order or as
duplicates

Duplicated messages, or messages
referring to the same interaction
session, should not contribute to
the agent's knowledge base and
should be discarded

X

- Goals involving message sending
should be fulfilled only in the
appropriate context

ptC(Id, Item, Price, AmountC, Request) [receiver(Buy
not step(Id, payment) &
not step(Id, shipment)

+!receiptT(Id, Item, Price, AmountT,
step(Id, payment) |
step(Id, shipment)

Request)

<
.send(Buyer, tell, receiptT(Id, Item, Price, AmountT, Request, Declaration));
+receiptT(Id, Item, Price, AmountT, Request, Declaration) [receiver(Buyer)].

eceiptT(Id, Item, Price, AmountT, Request)[receiver(Buye
not step(Id, payment) &
not step(Id, shipment)

+1shipment (Id, Price, Decision) [receiver(Buyer)]
step(Id, payment) |
step(Id, payment_receipt) )&
accept(Id, Item, Price, Decision) [source(Buyer)] &
in_stock(Item)

<~
.send(Buyer, tell, shipment(Id, Item, Price, Decision, Status));
+shipment(Id, Item, Price, Decision, Status)[receiver(Buyer)l;
—step(Id, payment);

+step(Id, shipment).

ment(Id, Price, Decision) [receiver(Buyer)
not (  step(Id, payment) &

ster(Id, payment_receipt) ) |
not accept(Id, Item, Price, Decision) [source(Buyer)]

ian) TraraivarBivar) 1

dlchinmant(Td Drica Nacic
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As the asynchronicity increase, the
developer must rely more heavily
on previously received messages to
determine the correct context,
which in turn makes the code even
more difficult to maintain in
subsequent iterations

— FTom
p Id, offer) &

accept(Id, Item, Price, Decision) [source(Buyer)] &
eq_receipt(Id, Item, Price, Choice, Request)[source(Buyer)

-step(Id, offer);
+step(Id, payment_receipt);

!receiptC(Id, Item, Price, AmountC);
Ishipment(Id, Price, Decision) [receiver(Buyer)].

+payment(Id, Price, Decision, AmountC, Choice) [source(Buyer)]
not step(Id, offer)

< ...

-payment(Id, Price, Decision, AmountC)[source(Buyer)].

e(Bank)]

+transfer(Id, Price i
: ep(1d, offer) &

accept(Id, Item, Price, Decision) [source(Buyer)] &

not req_receipt(Id, Item, Price, Choice, Request) [source(Bi

-step(Id, offer);
+step(Id, payment);
Ishipment(Id, Price, Decision)[receiver(Buyer)].

+transfer(Id Price

accept(ld, Item, Price, Decision) [source(Buyer)] &
req_receipt(Id, Item, Price, Choice, Request)[source(Buyer)

-step(Id, offer);
+step(Id, payment_receipt);

!receiptC(Id, Item, Price, AmountC);
Ishipment(Id, Price, Decision) [receiver(Buyer)].
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tcomings: Coupling between history and control flow

In order to send a message, the
agent must extract information from
messages that have already arrived,
so this process depends on the
actual messages received, which
again makes the code even more
difficult to maintain in subsequent
iteration

+'sh1pment(Id Price, De eceiver{Buye
ep(Id, payment) I

step(Id, payment_receipt) )&
ccept(Id Item, Price, Decision)[source(Buyer)] &

.send(Buyer, tell, shipment(Id, Item, Price, Decision, Status));
+shipment(Id, Item, Price, Decision, Status)[receiver(Buyer)]l;
-step(Id, payment);

+step(Id, shipment).

+!shipment(Id, Priee;De 0 Fecetv
B ot ( step(Id, payment) &
ster(Id, payment_receipt) ) |

not accept(Id, Item, Price, Decision) [source(Buye

ep(1d, payment) |
step(Id, payment_receipt) ) &
accept(Id, Item, Price, Decision) [source(Buyer)] &
not in_stock(Item)

-step(Id, payment);
+step(Id, failure);
!refund(Id, Item, Price) [receiver(Buyer)].
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- To deal with multiple instances of
the protocol, the common approach
Is to use a session identifier
associated with all exchanged
messages

ice, Decision, AmountC, Choice)[source(Buyer)] &
Item, Price, Request) [source(Buyer)]

Item, Price, AmountC);
Price, Decision)[receiver(Buyer)].

+accept(Id, Item, Price, Decision) [source(Buyer)]
step(Id, offer) &
transfer(Id, Price, Decision, Details, AmountT)[source(Bank)] &
req_receipt(Id, Item, Price, Request)[source(Buyer)]
<~ ..
-step(Id, offer);
+step(Id, payment_receipt);
treceiptT(Id, Item, Price, AmountC);
!shipment(Id, Price, Decision)[receiver(Buyer)l.

+accept(Id, Item, Price, Decision) [source(Buyer)]
not step(Id, offer)

<~ ...

-accept(Id, Item, Price, Decision) [source(Buyer)].

+refuse(Id, Item, Price)[source(Buyer)]
ste‘p(ld, offer)

-step(1d, offer);

+step(Id, refuse).

<«
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Shortcomings: Dealing with concurrent instances

[ SeIIer] [ Buyer] [ Bank]
M :
- What happens if multiple messages < loo -
from the same sender are allowed? =
- What happens if the identical at ~ e |
messages from different sendersare o i R e —
allowed? < : |
L | |
- Increasing sophisticated custom | Payment |
identifiers are introduced, which || o instruct _|
again makes the code even more < transfer
difficult to maintain in subsequent ! shipment |
iterations | 1 1
[ SeIIerI [ Buyer] [ Bank}
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Shortcomings of current approaches to agent communication

As a result:
- Asynchronous message exchanges and multi-party solutions are more
difficult to design and to program and they are more prone to errors

- Incompatibilities between agents due to the message schemas being
blended into business logic

- Semantic errors due to a lack of a formal model

- Inflexibility due to the programmer having to maintain the protocol state via
a state machine
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Shortcomings of current approaches to agent communication

In 2012, Michael Winikoff [Winikoff, 2012] highlighted two shortcomings about
AOPLs

AOPLs supported little more than primitives for sending and receiving messages

- GOTOs and labels: Winikoff saw the use of such primitives as transferring
control between agents and drew an unflattering analogy with the use of
gotos in programming

Interaction protocols (typically in AUML) were message-centric and over-
constrained the interaction between agents

- Less flexibility and robustness Interaction protocols (AUML) do not leave the
agents room to be autonomous or to exploit their flexibility and robustness
when interacting with other agents
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BSPL and Commitments

- Adoption of BSPL [Singh, 2011] (Blindingly Simple Protocol Language): A fully
declarative and fully asynchronous model for communication, with
information at the center, supporting causal relationships, integrity, and
compositionality

- Adoption of Commitments [Singh, 1999, Singh, 2013]: social semantics for the
messages, clear responsibility distributions of tasks
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: The EBusiness Protocol

EBusiness {
role Buyer, Seller
parameter out ID key, out item, out price, out status

Buyer -> Seller : accept [in ID key, in item, in price, out decision]

1

2

3

4

5 Seller -> Buyer : offer [out ID key, out item, out pricel

6

7

8 Buyer -> Seller : refuse [in ID key, in item, in price, out decision, out status]
9

10 Buyer -> Seller : payment [in ID key, in price, in decision, out amountC]

12 Seller -> Buyer : shipment [in ID key, in item, in price, in decision, out status]
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BSPL information protocols [Singh, 2011]

- Roles
- Message schemas

- Aname

- Asender role

- Areceiver role

- One or more parameters

- A message may be received at any time in any relative order with respect to
other messages
- The emission of a message depends upon what information the agent has
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BSPL information protocols [Singh, 2011]

- A message instance is a tuple of
bindings for the parameters of that
schema that are adorned either
Tin7or Tout™

- The "key™ parameters of a schema

form a composite key and uniquify
its instances

Receiver:
Knows Does not know

Knows Does not know

Sender:
Knows Does not know

Tt

Knows Does not know
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BSPL information protocols [Singh, 2011]

- No two message instances with the same bindings for overlapping "key™
parameters may have distinct bindings for common non-key parameters

- No two message instances may have overlapping key parameter bindings as
well as a binding of the same "out™ parameter

- The key parameters of a protocol provides a basis for the uniqueness of its
enactments
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BSPL information protocols [Singh, 2011]

An information protocol
specifies the virtual information,
how it evolves correctly, and
how each piece of data is
uniquely identified.

information
evolves

Information message message Information

on the basis of
information state, the agent chooses the
messages/actions most appropriate
are enabled message/action option
based on its goal
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Orpheus [Baldoni et al., 2025]

Orpheus unites two aspects of autonomy
- Cognitive autonomy, via Jason [Vieira et al., 2007]

- Social autonomy, via information protocols, in particular, Blindingly Simple
Protocol Language (BSPL) [Singh, 2011]

Orpheus overcomes shortcomings of message-centric interaction protocols

- Offering to programmers/developers AOPLs that include higher level
abstractions that hide low-level messaging concerns (as recommended in

[Winikoff, 2012])
- its centrepiece is the generation of Jason adapter that supports an agent

programming (API) that enables engineering loosely coupled, flexible, and
decentralised MAS
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Orpheus Programming Model

Designing Agents with Orpheus

- Orpheus focuses not on

reactions to incoming messages

- Orpheus focuses on computing

messages enabled to be sent
given the protocol semantics

and the information available
to the agent

- Orpheus abstracts out
reasoning about the protocol
into automatic generated code
(through the Orpheus Tool)

Agent Implemented via Orpheus

Queries and Plans

Internal Logic

Compute Enabled Messages

Update Local State: Emission

Update Local State: Reception

Attempt Emission

Beliefs

Internal Agent State

Local (Protocol) State

MAS Specification

Protocol in BSPL

v
Orpheus Compiler
into Adapter

0 central store
Decentralized
Social State

roiected to each agent

Asynchronous Communication Service
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Orpheus Programming Model

Designing Agents with Orpheus

An incoming message is added to the local state if it is consistent with the local
state

- le, if no other binding is already known for any its parameters (relative to
the key)

Outgoing messages

- An enabled instance is a partial instance in that:
- its IN parameters are bound because their bindings are known, and
- its OUT parameters are not bounded because they are not known
- An attempt is successful if the completed messages are mutually consistent

in their bindings; the sent messages are added to the local state
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Orpheus Programming Model: Enabled-Based Programming Model

Orpheus supports a novel programming model based on message enablement,
in which the developer specifies plans for emitting enabled messages

To achieve some goal, the agent

- queries if there are enabled instances corresponding to the message it wants
to send,

- completes them by producing bindings for their OUT parameters, and

- attempts to send them in one shot
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Orpheus Programming Model: Enabled-Based Programming Model

Orpheus supports a novel programming model based on message enablement,
in which the developer specifies plans for emitting enabled messages

To achieve some goal, the agent
Repeat:

- observes the world and updates its internal model
- builds options

- selects selected option

- completes selected option

- performs selected option

- apllies effetcts

36/49



Plan Pattern and Orpheus Primitives

Listing 1: Identify a goal and which messages to send for it

1+1g

2 : enabled(m) & ..& enabled(mq)

3 <= lcomplete(my,...,mq);

4 lattempt(my, ..., mgq).

5

6 +lattempt(ms,..., mq)

7 consistent(mq,...,mq)

8 <- for (.member(m[receiver(R)], [my,...,mql)) {
9 .send (R, tell, m);

10 +sent(m)

1 }.

12

13 enabled(m(...)) ... //BSPL semantics

14

15 consistent(my...mq) :-...//BSPL semantics
16

17 +sent(m) <- ... // BSPL semantics

18

19 +m : consistent(m, local) <- ... // BSPL semantics



]
2
3
4
5
6
7
8

O

10
il
12
13

: The EBusiness Protocol — Iteration 1

EBusiness {
role Buyer, Seller
parameter out ID key, out item, out price, out status

Seller -> Buyer offer [out ID key, out item, out price]

Buyer -> Seller : accept [in ID key, in item, in price, out decision]
Buyer -> Seller : refuse [in ID key, in item, in price, out decision

Buyer -> Seller payment [in ID key, in price, in decision, out amountC]

Seller -> Buyer : shipment [in ID key, in item, in price, in decision,

}
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: The EBusiness Protocol — Iteration 2

EBusiness {
role Buyer, Seller, Bank
parameter out ID key, out item, out price, out status

Buyer -> Seller accept [in ID key, in item, in price, out decision]
Buyer -> Seller refuse [in ID key, in item, in price, out decision,

1
2
3
4
5 Seller -> Buyer : offer [out ID key, out item, out pricel
6
7
8
9

Buyer -> Seller : payment [in ID key, in price, in decision, out amountC,
10 Buyer -> Bank : instruct [in ID key, in price, in decision, out details,
11 Bank -> Seller transfer [in ID key, in price, in decision, in details

13 Seller -> Buyer : shipment [in ID key, in item, in price, in decision,
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Buyer: Iteration 1 — Iteration 2

/# Initial goals */ job
ind_all_enabled_messages (List_enabled_messages) &

select_and_handle_nessage(List_enabled_messages
tdo_my_job.

7% Plans %/
+1do_my_job
: find_all_enabled_messages([]) &
< tdo_my.
+1do_my_jot
fmd all_enabled_nessages(List_enabled_messages) &
tselect_and_handle_message(List_enabled_messages); +tselect_and_handle_nessage( [accept (14, Iten, Price, out) [receiver(seller)] | ]
tdo_my_job. enabled(accept(Id, Item, Price, out) [receiver(Seller)]) &
wish(Tten:
+1do_my_job acceptable_price(Item, Price)
: fmd all_enabled_nessages([1) & <

_my_job. conplete (accept(Id, Item, Price, Decision) [receiver(Seller)]);
tattempt(accept(Id, Item, Price, Decision) [receiver(Seller)]).

+!select_and_handle_message( [accept(Id, Item, Price, out)[receiver(seller)] | _1)
enamea(acmpum Tten, Price, out)[receiver(Seller)]) & +1select_and_handle_message( [refuse(Id, Item, Price, out, out)[receiver(Seller)] | _1)
wish(Ttem) & :  enabled(refuse(Id, Item, Price, out, out)[receiver(Seller)]) &
acceptable_price(Item, Price) ( not wish(Ttem
<~ not acceptable_price(Iten, Price) )
Icomplete(accept(Id, Item, Price, Decision) [receiver(Seller)]); <
tattempt (accept(Id, Item, Price, Decision) [receiver(Seller)]). icomplete(refuse(Id, Ttem, Price, Decision, Status) [receiver(Seller)]);
tattempt(refuse(Id, Item, Price, Decision, Status)[receiver(Seller)]).
*iselect, and handle_message( [refuse(1d, Item, Price, out, out) [receiver(Seller)] | _1)
nabled(refuse(Id, Item, Price, out, out)[receiver(Seller)]) & Tect_and_handle_nessage( [payment (Id, Price, Decision, out, out) [receiver(Seller)] | _I)
" not wishiten | : enabled(payment(Id, Price, Decision, out, out)[receiver(Seller)]) &
not acceptable_price(Iten, Price) ) cash_available(Price)
Icomplete(refuse(1d, Item, Price, Decision, Status)[receiver(Seller)]); x onplete (payment (1d, Price, Decision, AmountC, Choice) [receiver(Seller)]);
ttempt(refuse(Id, Item, Price, Decision, Status)[receiver(Seller)]). tattempt (paynent(Id, Price, Decision, AmountC, Choice) [receiver(Seller)]).
+!select_and_handle_message( [paynent(Id, Price, Decision, out) [receiver(Seller)] | _I) x +!select_and_handle_message( [instruct(Id, Price, Decision, out, out) [receiver(out)] | _I)
nabled(payment (Id, Price, Decision, out) [receiver(Seller)]) & :  enabled(instruct(Id, Price, Decision, out, out) [receiver(out)]) &
cash_available(Price) funds_available_account (Price)
omplete (payment (Id, Price, Decision, AmountC) [receiver(Seller)]); x tcomplete (instruct(Id, Price, Decision, Details, Choice) [receiver(Bank)1);
ttempt(payment(Id, Price, Decision, AmountC) [receiver(Seller)]). tattempt(instruct(Id, Price, Decision, Details, Choice) [receiver(Bank)]).
+1select_and_handle_message([1) +1select_and_handle_message([])
true true

true. true.
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Seller: Iteration 1 — Iteration 2

-
/% Initial beliefs and rules */

[+ Initial beliefs and rules +/
{ include("./EBusiness_Seller_adapter.asl") } { include("./EBusiness_Seller_adapter.asl") }
/x Initial goals */ /% Initial goals */

/% Plans */ 7 Plans #/
+1do_my_job +1do_my_job
T find_all_enabled_messages(List_enabled_messages) & ind_all_enabled_messages(List_enabled_messages) &
<= !select_and_handle_message(List_enabled_messages); tselect_and_handle_message(List_enabled_nessages);
lo_my_job. tdo_ny_job.
+1do_my_jol +1do_ny_job
: hnd {_all_enabled_messages([]) &

ind_all_enabled_messages([1) &
jo_my_job.

tdo_my_job.

+iselect zr\d handle_nessage( [offer(out, out, out) [receiver(out)] | _]

+iselect_and_andle_nessage( [offer(out, out, out) [receiver(out)] | _1)
_offer(Id, Item, Price) n_offer(Id, Item, Price)
iconplete(offer(Id, Ttem, Price) [receiver(Buyer)]); icomplete(offer(1d, Ttem, Price) [receiver(Buyer)]);
ttenpt (offer(Id, Item, Price) [receiver(Buyer)]). tattempt (offer(Id, Item, Price) [receiver(Buyer)]).
+!select_and_handle_message( [shipment(Id, Item, Price, Decision, out)[receiver(Buyer)] | _1) +1select_and_handle_message( [shipment(1d, Item, Price, Decision, out)[receiver(Buyer)] | _1)
:  enabled(shipment(Id, Item, Price, Decision, out)[receiver(Buyer)]) & i enabled(shipment(Id, Item, Price, Decision, out) [receiver(Buyer)]) &
in_stock(Iten)

in_stock(Ttem)
onplete(shipnent (Id, Item, Price, Decision, Status) [receiver(Buyer)]);
ttempt (shipment(Id, Item, Price, Decision, Status) [receiver(Buyer)]).

Icomplete(shipnent (Id, Ttem, Price, Decision, Status)[receiver(Buyer)1);
tattempt (shipnent (Id, Ttem, Price, Decision, Status)[receiver(Buyer)])
+1select_and_handle_message([]) +!select_and_handle_message([])
: o true true
< true.

true.
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: The EBusiness Protocol — Iteration 3

EBusiness {
role Buyer, Seller, Bank
parameter out ID key, out item, out price, out status

Buyer -> Seller : accept [in ID key, in item, in price, out decision]

1
2

3

4

5 Seller -> Buyer : offer [out ID key, out item, out price]

6

7 Buyer -> Seller refuse [in ID key, in item, in price, out decision, out status]
8

9

Buyer -> Seller : payment [in ID key, in price, in decision, out amountC, out choice]
10 Buyer -> Bank : instruct [in ID key, in price, in decision, out details, out choice]
M Bank -> Seller : transfer [in ID key, in price, in decision, in details, out amountT]
12
13 Seller -> Buyer : shipment [in ID key, in item, in price, in decision, out status]
14

15 Seller -> Buyer : refundC [in ID key, in item, in amountC, out status]
16 Seller -> Bank : refundT [in ID key, in item, in amountT, out status]
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Buyer: Iteration 2 — Iteration 3

o Files are identical

+1do_my_job

Find_all_enabled_messages(List_enabled_messages) &

<~ Iselect_and_handle_message(List_enabled_messages);
tdo_my_job.

+tdo_ny_jo
fJnd i_all_enabled_messages([1) &
< ldo_my_j

+!select_and_handle_nessage( [accept(1d, Item, Price, out) [receiver(Seller)] | _])
:  enabled(accept(Id, Item, Price, out)[receiver(Seller)]) &
wish(Iten) &
acceptable_price(Item, Price)
<
!complete(accept (Id, Item, Price, Decision) [receiver(Seller)]);
lattempt (accept(Id, Item, Price, Decision) [receiver(Seller)]).

+!select_and_handle_message( [refuse(Id, Item, Price, out, out)[receiver(Seller)] | _])
: eableatrefuseud Ttem, Price, out, out) [receiver(Seller)]) &
(ot wish(Ttem
ot azceptanleylce(nem, Price) )
icomplete(refuse(Id, Ttem, Price, Decision, Status)[receiver(seller)]);
tattempt(refuse(Id, Item, Price, Decision, Status) [receiver(Seller)]).
+1select_and_handle_message( [payment(Id, Price, Decision, out, out)[receiver(seller)] | _1)

: enabled(paynent (Id, Price, Decision, out, out)[receiver(seller)]) &
cash_available(Price)

complete(payment (1d, Price, Decision, AmountC, Choice) [receiver(Seller));
lattenpt (payment (1d, Price, Decision, AmountC, Choice) [receiver(Seller)]).

+!select_and_andle_nessage( [instruct(1d, Price, Decision, out, nut)[recewer(uum 1.
:  enabled(instruct(Id, Price, Decision, out, out) [receiver(out)]
funds_available_account (Price)
Icomplete(instruct(Id, Price, Decision, Details, Choice) [receiver(Bank)])
lattempt (instruct(1d, Price, Decision, Details, Choice) [receiver(Bank)]).

+!select_and_handle_message([])

< true.

Hide

o Files are identical

+1do_ny_job

: find_all_enabled_messages(List_enabled_messages) &
1select_and_handle_message(List_enabled_messages);
tdo_my_job.

+1do_my_job
#ind_all_enabled_messages([1) &
1do_my_job.

+1select_and_handle_message( laccept(1d, Item, Price, out) [receiver(seller)] | _1)
enabled(accept(Id, Item, Price, out) [receiver(Seller)]) &
wish(Iten) &
acceptable_price(Ttem, Price)
Icomplete(accept(Id, Ttem, Price, Decision) [receiver(Seller)]);
tattempt (accept(Id, Ttem, Price, Decision) [receiver(Seller)]).

+1select_and_handle_message( [refuse(Id, Item, Price, out, out) [receiver(Seller)] | _1)
enabled(refuse(Id, Item, Price, out, out) [receiver(Seller)]) &
( not wish(Item) |
not acceptable_price(Item, Price) )

Icomplete(refuse(Id, Item, Price, Decision, Status)[receiver(Seller)]);
lattempt (refuse(Id, Item, Price, Decision, Status)[receiver(Seller)]).

+'selen and handle_nessage( [paynent(Id, Price, Decision, out, out) [receiver(Seller)] |
nabled(payment(Id, Price, Decision, out, out)[receiver(seller)]) &
:asn,avanab\emicei

!complete(paynent (1d, Price, Decision, AmountC, Choice) [receiver(Seller)]);
tattempt (payment (Id, Price, Decision, AmountC, Choice) [receiver(Seller)]).

+'sele:( and handle_nmessage( [instruct(Id, Price, Decision, out, out) [receiver(out)] |
abled(instruct(Id, Price, Decision, out, out) [receiver(out)]) &
funas,avax\anle,accounuPnce)

!complete(instruct(Id, Price, Decision, Details, Choice) [receiver(Bank)]);
tattempt(instruct(1d, Price, Decision, Details, Choice) [receiver(Bank)]).

+1select_and_handle_nmessage([1)
© o true

true

N

N

42/49



Seller: Iteration 2 Iteration 3

+1do_ny_job
Find_all_enabled_messages(List_enabled_messages) &
nd_handle_message (List_enabled_messages);

/% Tnitial goals */ 1selec
tdo_my_job.
+1do_ny_job
/% Plans %/ Find_all_enabled_messages([1) &
1do_my_j
+1select_and_handle_nessage([offer(out, out, out) [receiver(out)] | _1}

my_job
Find_all_enabled_messages(List_enabled_nessages) & on_offer(Id, Item, Price)

!select_and_handle_message(List_enabled_messages);

Icomplete(offer(Id, Ttem, Price)[receiver(Buyer)]);

tdo_my_job.
tattempt (offer(Id, Item, Price) [receiver(Buyer)]).
+!do_my_job
i find_all enabled_messages([1) &
+1select_and_handle_message( [shipnent(Id, Iten, Price, Decision, out)[receiver(Buyer)] | _1)
enabled(shipment(1d, Item, Price, Decision, out)[receiver(Buyer)]) &

< tdo_my_jo
in_stock(Ttem)
+1select_and_handle_message( [offer(out, out, out) [receiver(out)] | _1) < o
on_offer(Id, Item, Price) Icomplete(shipment (1d, Ttem, Price, Decision, Status)[receiver(Buyer)1);
<~ . tattempt (shipment (Id, Item, Price, Decision, Status) [receiver(Buyer)]).
tcomplete(offer(Id, Ttem, Price) [receiver(Buyer)]);
tattenpt (offer(Id, Item, Price) [receiver(Buyer)]).
4 \+!select_and_handle_message( [refundC(Id, Item, AmountC, out)[receiver(Buyer)] | _1)
enabled(refundc(Id, Item, AmountC, out)[receiver(Buyer)]) &
not in_stock(Iten)

+1select_and_handle_message( [shipnent (Id, Item, Price, Decision, out) [receiver(Buyer)] | _1)
enabled(shipment (Td, Ttem, Price, Decision, out) [receiver(Buyer)]) & - ..
in_stock(Ttem) Icomplete(refundC(Id, Ttem, AmountC, Status) [receiver(Buyer)]);
- . tattenpt(refundC(Id, Ttem, AmountC, Status)[receiver(Buyer)]).
tconplete(shipment(Id, Ttem, Price, Decision, Status) [receiver(Buyer)]);
tattenpt (shipment (Id, Ttem, Price, Decision, Status) [receiver(Buyer)]).
+1select_and_handle_message([refundT(Id, Item, AmountT, out)[receiver(Bank)] | _I)
enabled(refundT(Id, Item, AmountT, out) [receiver(Bank)]) &
+iselect_and_handle_nessage( (1) notin_stock(Iten)
t o true -~ ..
< true. Icomplete(refundT(Id, Ttem, AmountT, Status) [receiver(Bank)1);
tattenpt(refundT(Id, Ttem, AmountT, Status) [receiver(Bank)]).

+Iselect_and_handle_message([])
: o true

< true.
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An example: The EBusiness Protocol — Iteration 4

1 EBusiness {

2

3 role Buyer, Seller, Bank

4 parameter out ID key, out item, out price, out status

5

6 Seller -> Buyer offer [out ID key, out item, out price]

7

8 Buyer -> Seller accept [in ID key, in item, in price, out decision]

9 Buyer -> Seller refuse [in ID key, in item, in price, out decision, out status]

10

1 Buyer -> Seller payment [in ID key, in price, in decision, out amountC, out choice]
12 Buyer -> Bank : instruct [in ID key, in price, in decision, out details, out choice]
13 Bank -> Seller transfer [in ID key, in price, in decision, in details, out amountT]
14

15 Buyer -> Seller req_receipt [in ID key, in item, in price, in choice, out request]
16 Seller -> Buyer receiptC [in ID key, in item, in price, in amountC, in request, out declaration]
17 Seller -> Buyer receiptT [in ID key, in item, in price, in amountT, in request, out declaration]
18

19 Seller -> Buyer shipment [in ID key, in item, in price, in decision, out status]
20

21 Seller -> Buyer refundC [in ID key, in item, in amountC, out status]

22  Seller -> Bank : refundT [in ID key, in item, in amountT, out status]

23

24}
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Buyer: Iteration 3 — Iteration 4

+1do_ny_job tdo_my_job.
Find_all_enabled_messages(List_enabled_nessages) &

<~ Iselect_and_handle_message(List_enabled_messages); +!do_my_job

Setect ond i enebien nessages(1D) &
+1do_ny_job
find_all_enabled messages((]) & use\ecz _and_handle_message( [accept(Id, Item, Price, out)[receiver(seller)] | _1)
tdo_my_job bled[accept(]d Item, Price, out)[receiver(Seller}]) &
ion(t
+1select_and_handle_nessage( [accept(Id, Item, Price, out) [receiver(Seller)] | _1) ~ scceptobte_price(Tten, Price)
P enebied{accept(Td, Ttem, Price, out) [receiver(seller]) & iconplete(accept(Id, Tte, Price, Decision) [receiver(Seller)]);
ey orice(Tten, Price) tattenpt(accept(Id, Ttem, Price, Decision) [receiver(Seller)]).
P
{complete(accept(1d, Item, Price, Decision) [receiver(Seller)1); +1select_and_handle_nessage( [refuse(Id, Item, Price, out, out) [receiver(Seller)] | 1)
tattenpt(accept(1d, Item, Price, Decision) receiver(Seller)l). : enabled(refuse(Id, Ttem, Price, out, aut) [receiver(Seller)]) &
(" not wish(ten) |
siselect_and-andle essage([refuse(1d, Iten, Price, out, out) (recelver(Selter)] | 1) not acceptable_price(Item, Price) )
nabled(refuse(Id, Item, Price, out, out)[receiver(Seller}]) & «

omplete(refuse(1d, Ttem, Price, Decision, Status) [receiver(Seller)]);

T ot wish(iten) ttenpt (refuse(Id, Item, Price, Decision, Status) [receiver(Seller)]).

not acceptable price(Iten, Price) )

complete(refuse(Id, Item, Price, Decision, Status) [receiver(Seller)]);

et e rvastrd. Lo pries Decision, status) [coirertsertea]) +tselect and.handle_nessage( Ipaynent(1d, price, Decision, out, uut)lrec;)vertseller)] |

nabled (paynent (Id, Price, Decision, out, out) [receiver(Seller)
Caohavaiiabte(Price)
+1select_and_handle_nessage( [paynent(Id, Price, Decision, out, out) [receiver(Seller)] | _1) -
enabled(payment (1d, Price, Decision, out, out) [receiver(seller)]) &
cash_available(Price)

omplete(paynent (1d, Price, Decision, AmountC, Choice) [receiver(seller)]);
ttenpt(paynent (1d, Price, Decision, AnountC, Choice) [receiver(Seller)]).

tcomplete(paynent (Id, Price, Decision, AmountC, Choice) [receiver(Seller)]);

+ ) Decision, out,
Lot cenpt (poyment(1d, Price, Decision, AnountC, Choicer [receiver(etlen]). select_and_handle_message( [instruct(Id, Price, Decision, out, out) [receiver(out)] |

i enabled(instruct(Id, Price, Decision, out, out)[receiver(out)]) &
funds_available_account(Price)

' t_and_hand truct(Id, Price, De it, out) [receiver(out n < e . . .

stselect and handle sescage( nstruct(1, price, Decision, ot aut) [rceiver(out] | - nplete (instruct(1d, Price, Decision, Details, Chaice) Ireceiver(Bank)]);

1

funds_available_account (Price) tattenpt (instruct(Id, Price, Decision, Details, Choice) [receiver(Bank)]).
'cnmplete[mstruct(ld Price, Decls)nn, Deta)ls, Choice) [receiver(Bank)1); . A, @) s VaAEaaR
SR e St et i) X il ol s et Yo pric, S, et 1)
wish(receipt(Id, Item, Price))
[F1seTect_and_fandLe_sezsage(TT) icomplete(req_receipt(Id, Item, Price, Choice, Request) [receiver(Seller)]);
 true ttempt (req_receipt(Id, Item, Price, Choice, Request) [receiver(Seller)]).

+1select_and_handle_message([1)

true.
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Seller: Iteration 3 — Iteration 4

74 Plans */

my_job
¢ find_all_enabled_messages(List_enabled_messages) &
< 1select_and_handle_message(List_enabled_messages) ;
fo_my_job.

+1do_ny_job

find_all_enabled_messages([1) &
< ido_my_job.

+1select_and_handle_message( [offer(out, out, out) [receiver(out)] | _1)
_offer(1d, Item, Price)

onplete(of fer(1d, Iten, Price) [receiver (Buyer)]
lattempt(offer(Id, Item, Price)[receiver(Buyer}]).

tselect_and_handle_message([shipment(Id, Item, Price, Decision, out) [receiver(Buyer)] | _]
:  enabled(shipnent(Id, Item, Price, Decision, out) [receiver(Buyer)l) &
in_stock(Item)

tcomplete(shipment(Id, Ttem, Price, Decision, Status) [receiver(Buyer)]);
tattempt (shipnent(Id, Ttem, Price, Decision, Status) [receiver(Buyer)1).

+1select_and_handle_message( [refundC(1d, Ttem, AmountC, out)[receiver(Buyer)] | _1)
i enabled(refundC(Id, Item, AmountC, out)[receiver(Buyer)]) &
not in_stock(Iten)

omplete(refundC(Id, Item, AmountC, Status) [receiver(Buyer)]);
1attenpt(refundc(Id, Item, AmountC, Status) [receiver(Buyer)]).

+iselectandpandle, :_message([refundT(Id, Ttem, AmountT, out) [receiver(Bank)] | _1)
nabled(refundT(Id, Item, AmountT, out) [receiver(Bank)]) &
not in_stock(Ttem)

omplete(refundT(Id, Ttem, AmountT, Status) [receiver(Bank)]);
tattenpt(refundT(Id, Ttem, AmountT, Status)[receiver(Bank)]).

+1select_and_handle_message( [1)
true

<~ true.

+1a0_my_jon
Tind_all_enabled_messages([1) &
~ tdo_my_j

+tselect_and_handle_nessage( [of fer(out, out, out) [receiver(out)]
on_offer(Id, Item, Price)

‘cmulete(nffer(m Item, Pme)[recewermuyerm,
1d, Item, Price

select_and_handle_message([receiptC(Id, Item, Price, AmountC, Request, out)[receiver(Buyer)]
enabled( receiptC(Id, Item, Price, AmountC, Request, out)[receiver(Buyer)])

{complete(receiptC(1d, Item, Price, AnountC, Request, Declaration) [receiver(Buyer)]);
1attenpt (receiptC(Id, Ttem, Price, AnountC, Request, Declaration) [receiver (Buyer)]}.

+1select_and_handle_message( [receiptT(Id, Item, Price, AmountT, Request, out) [receiver(Buyer)]
enabled(receiptT(Id, Item, Price, AmountT, Request, out)[receiver(Buyer)])

Icomplete(receiptT(Id, Item, Price, AmountT, Request, Declaration) [receiver(Buyer)]);
tattempt(receiptT(Id, Item, Price, AmountT, Request, Declaration) [receiver(Buyer)l).

+1select_and_handle_message([shipnent(Id, Item, Price, Decision, out) [receiver(Buyer)] | _1)
:  enabled(shipnent(Id, Item, Price, Decision, out)[receiver(Buyer)]) &
in_stock(Item)

Icomplete(shipment(Id, Item, Price, Decision, Status) [receiver(Buyer)]);
tattenpt (shipnent(Id, Item, Price, Decision, Status)[receiver(Buyer)l).

tselect_and_pandle nessage([refundC(1d, Tten, AnountC, out) Irecesver(Buyer)) |
nabled(refundC(Id, Item, AmountC, out)[receiver(Buyer)]) &
ot in.stock(Item

Icomplete(refundC(1d, Item, AmountC, Status) [receiver(Buyer)]);
lattempt(refundC(Id, Item, AmountC, Status)[receiver(Buyer)]).
+1select_and_handle_message( [refundT(Id, Ttem, AmountT, out) [receiver(Bank)] | _1)

enabled(refundT(Id, Item, AmountT, out) [receiver(Bank)]) &
not in_stock(Item)

Icomplete(refundT(Id, Item, AmountT, Status) [receiver(Bank)]);
tattempt(refundT(Id, Ttem, AmountT, Status) [receiver(Bank)]).

+1select_and_handle_message([1)

N



Seller: Iteration 3 — Iteration 4

In Jason...

saccept(1d, Iten, Price, Decision) (source(buyer)]
s

ep(1d, offer
+loffer  poynent (16, rice, Secision, seontc, chotce} ource(Baenll |
step(start) & « transfer(1d, Price, Decis: 2ils, AnountT) [source(Bank)] )&
on_offer(1d, Item, Price) reairece ot g R tiarbri et et Tsourea BGvart]
~send(Buyer, tell, offer(Id, Iten, Price)); Stealzd, offen);
<offer(1d, Item, Price) [receiver(Buyer)]; +step(1d, paynent
+step(Id, offer). ihevnent (1a. prits, Decision)[receiver(Buyer)].
+loffer sscoeptlld, Itea, Price, Decision)Lsource(buyer)]
i not step(offer) | - tep(1d, offer) &
not on_offer(Id, Item, Price) payaenti1d, Price, Decision, AsountC, Choics) (sourceBuyen)] &

req_receipt(Id, Item, Price, Request) [source(Buyer]

“stentad, offer);
saccept(1d, Tren, Price, Decision) lsource (Buyer))

ep(1d, paynent_receipt);
step(1d, offer) & irecelpté(ta, Teem, rice, AmountC);
(__payment(Id, Price, Decision, AmountC, Choice)[source(Buyer)] | !shipment(Id, Price, Decision) [receiver(Buyer)].
transfer(Id, Price, Decision, Details, AmountT)([source(Bank)] ) -
- . Qa((epﬂlﬂ, Item, Price, Decision) [source(Buyer)]
“step(1d, offer); step(Id, offer) &

+step(Id, paynent transfer(Id, Price, Decision, Details, AsountT) [source(Bank)] &
Tohipnent (14, Price, becision) [recetver(Buyer)]. req_receipt(Id, Item, Price, Request) [source(Buyer)]

+accept(Id, Item, Price, Decision) [source(Buyer)] ~step(Id, offer);
t step(1d, offer) step(1d, payment_receipt);
treceipti(1d, Iten, Price, AountC);
1shipnent(Id, Price, Decision) [receiver(Buyer)].

.a:(zp!(Id, TItem, Price, Decision) [source(Buyer)].

socceet(1d Ttes, Price, ectsiond Isourcelbuver)]
+refuse(Id, Ttem, Price) [source(Buyer)] step(1d, offer)
i step(1d, offer)

<~ . Zaccept(1d, Ttem, Price, Decision) (source(Buyer)].
“step(Id, offer);
+step(Id, refuse).

srefusells, Tten, Price) saurce(Buyer)]

+refuse(1d, Item, Price) [source(Buyer)]
not step(Id, off

step(1d, off

step(1d, offer);

Zretuse(1d, Tten, Price) [source(Buyer)]. +step(Id, refuse).

srefusel1d, Ttem, Price) sourcelBuyer))
roeyment{1d, Price, Decision, Amumic, Choice) source(Buyer)] step(1d, offer)
: step(Id, offer) &
Sccepttd, Teem Price; Decision) [source(Buver)] - efuse(1d, Ttem, Price) [source(Buyer)].

SStep(ra, offer);
+step(Id, paym opayment(m Price, Densmn, AmountC, Choice) [source(Buyer)]
!shipment(Id, Pn(e, Decision) [receiver(Buyer)]. step(1d, offer)
- acceptia, Teen, price, vecision)[source(Buyer)]
+payment(Id, Price, Decision, AmountC)[source(Buyer)] L3 not req_receipt(Id, Item, Price, Choice, mnsulsoume(myer)l
ot step(1d, offer)

= i, otten; 44[49

+step(1d, payment);

“payment (Id, Price, Decision, AmountC) [source(Buyer)].



Seller: Iteration 3 — Iteration 4

In Jason...

sretuse(ld, Iten, Price} isource(Buyer))
ep(1d, offe

tpeysent(1d, Price, Oacision, AmuntC, Cholse) saurca(ouyer)]
< ep(1d, offer) &
Zstep(1d, offer); x a::epum. Item, Price, Decision) [source(Buyer)]
+step(1d, refuse).

not req_receipt(Id, Iten, Price, Choice, Reqmst)[suur:e(!uyer)!

+refuse(1d, Item, Price) [source(Buyer)] SStep(1d, umry,
not step(1d, offer) +step(Id,

ihipment (Fa, rice, Decision) [recetver(Buyer)].

-refuse(Id, Item, Price) [source(Buyer)].

x’viyuen((m, Price, Decision, AmountC, Choice) [source(Buyer)]
) &

i step(d, offer
spayment(1d, Price, Decision, AmountC, Choice) [source(Buer)]
&

ep(1d, offer’
O g7 s ) e )
“steptis, otfen;
+step(1d, pay
Shipnent (10, price, becision) [receiver (Buyer)].

payment(Id, Price, Decision, AmountC) [source(Buyer)]
not step(1d, offer)

-payment(1d, Price, Decision, AmountC) [source(Buyer)].

0[ranslu(lﬂ Price, Decision, Details, AmountT)[source(Bank)]
ep(1d, offer)
iccepl(ld, Item, Price, Decision) [source(Buyer)]
-step(Id, offer);
+step(1d, payment
!shipment(Id, Puce Decision) [receiver(Buyer)].

#transter(1d, Price, Dectsion, Details, AmountT) source(Bank)]
not step(1d, offer)

~transfer(1d, Price, Decision, Details, AmountT) [source(Bank)].

+1shipnent(Id, Price, Decision) [receiver(Buyer)]
©  step(Id, payment
accept(1d, Item, Price, Decision) [source(Buyer)] &
in_stock(Iten)

:ccepl(ld, Item, Price, Decision) [source(Buyer)] &
receipt(Id, Item, Price, Choice, Request) [source(Buyer)]

step(1d, offer
+step(1d, paynent_receipt);
ireceiptC(1d, Tten, price, AmountC);
(1, Pric

ver)1.

+payment(Id, Price, Decision, AmountC, Choice) [source(Buyer)]

not step(1d, offer)

-payment(1d, Price, Decision, AmountC) [source(Buyer)].

+transter(1d, Price, Declsion, Detafls, AmountT) (source(Bank)]
offer) &

x

ep(10,
TR T o 22 T 3 0 o T L))
]| ——
Zstep(1d, offer);
+step(1d, paynent);
Ishipnent (14, Price, Decision) (receiver(Buyer)].

+transfer(1d, Price, Decision, Details, AnountT) [source(8ank)]
stey r) &

p(1d, offe
accept(Id, Item, Price, Decision) [source(Buyer)]
req_receipt(Id, Item, Price, Choice, szes\?lsuurcewwerl]

Zstep(1d, offer);

S, ey

treceiptC(Id, Ite, Price, AmountC);
ishipnent(1d, Price, Decision) [receiver(Buyer)].

.send(Buyer, tell, shipnent(Id, Item, Price, Decision, Status)); fanafer(T e ceflvect ol etal s/ molat) | solr o a1
+shipnent(Id, Item, Price, Decision, Status) [receiver(Buyer)]; not step(1d, offer)

-step(Id, paynent.

+step(1d, shipment).

Ztransfer(1d, Price, Decision, Details, AnountT) [source(Bank)]. 44/49



Seller: Iteration 3 — Iteration 4

In Jason...

“+paynent(1d, Price, Decision, AmountC, Choice) [source(Buyer)]
i step(Id, offer) &
accept(Id, Iten, Price, Decision) [source(Buyer)]

tep(1a, offer);
+step(Id, paynent’
Ishipnent (14, Price, Decision) [receiver(Buyer)].

SomppentlLd, Price, Decisian, Mmomte) source(Buyer] |
not step(1d, offer)

Zpaynent(1d, Price, Decision, AnountC) [source(8uyer)].

“eronster(1d, price, Decision, Details, AmuntT) [source (Bark)]
ep(1d, offer
Scceptia, Teems Peice; vecision)[source(6yer)]

Step(1a, offer);
+step(1d, paynent);
Ishipnent (14, Price, Decision) [receiver(Buyer)].

stranster(d, Price, becision, etatls, AmoumtT) (source(ork)]
not step(Id, offer)

Ztransfer(1d, Price, Decision, Details, AnountT) [source(Bank)].

Il AL A B G e (T
ep(1d, paynent) &
Sccept (T Tten, price, ecision) (source(Buyer)] &
in_stock(Iten)

-send(Buyer, tell, shipnent(Id, Iten, Price, Decision, Status));
+shipnent(1d, Tten, Price, Decision, Status) (receiver(Buyer) ;
-step(d, paynent);

+step(d, shipnent) .

+1shipnent(Id, Price, Decision) [receiver(Buyer)]
t step(Id, paynent) |
not accept(Id, Item, Price, Decision) [source(Buyer)]

eistigment{od, Price, leclsion (receleerionenl]
ep(1d, payment) &

Sccept(td: Tten, price, becision) (source(Buyer)] &
not in_stock(Iten)

“step(ad. payment);
+step(1d, failure
Iretund(id, Ttem, Price) [receiver (Buyer)].

+irefund(1d, Tten, Price) [receiver(Buyer)]
step(1d, failure) &
payment (1d, Price, Decision, AnountC, Choice) [source(Buyer)] &

Xorea R4 Ch L LR R GEFED L) G2 L
ep(1d, paymer ) |
Lep(1d, nipnent) ) &
et o, Db, (s, Gt e i)

ireceiptC(1d, Iten, Price, AmountC, Request).

receipt(Id, Item, Price, Choice, Request) [source(Buyer)]

%

)&
transter(1d, prices Decibtan, Detadls, Amownt) lsource(Bank)]

ireceiptT(1d, Ite, Price, AmountT, Request).

#reqrecelptils, Ttem, Price, Choice, Request) lsource(suyer)]
step(Id, payment) &
e e

~req_receipt(d, Iten, Price, Choice, Request) [source(Buyer)].

sireceiptC(Td, Ttem, Price, Amountc, Request)
step(Id, paynent) |
Step(rd, Shipnent)

“Send(Buyer, tell, receiptC(Id, Tten, Price, AnountC, Request, pectaration));
+receiptC(Id, Item, Price, AmountC, Request, Declaration) [receiver(Buyer)

sireceiptC(1d, Item, Price, Amountc, Request) recedver(Buyer)]
step(Id, paynent) &
T A, B

+ireceiptT(1d, Lten, Price, AsountT, Request)
step(Id, paynent) |
Step(Id, shipnent)

.send(Buyer, tell, receiptT(Id, Iten, Price, AmountT, Request, Declaration));
+receiptT(Id, Item, Price, AmountT, Request, Declaration) [receiver(Buyer)].

#ireceiptT(1d, Iten, Price, JsountT, Request) [recelver Buyer)]
tep(1d, payment) &
e el )

+1shipnent (Id, Price, Decision) [receiver (Buyer)]
X ¢ ( step(Id, paynent) |
step(1d, paynent_receipt) )&
accept(1d, Item, Price, Decision) (source(Buyer)] &
in_stock(Tten)

-send(Buyer, tell, shipnent(Id, Item, Price, Decision, Status)); 44/49
+shipnent (Id, Tten, Price, Decision, Status) [receiver (Buyer)];
~step(1d, payment);
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Seller: Iteration 3 — Iteration 4

In Jason...

+step(1d, paynent);

Ishipnent(Id, Price, Decision) [receiver(Buyer)]. +ireceiptT(1d, Item, Price, AmountT, Request) [receiver(Buyer)]
tnot step(Id, payment)

not step(Id, shipment)

ttransfer(1d, Price, Decision, Details, AnountT) [source(Bank)]
not step(Id, offer)

“transfer(1d, Price, Decision, Details, AmountT) [source(Bank)].
+ishipaent1d, Price, Decision) (receiver (Buyer))
( ua nt)
stshipnent (10, price, Decision) (recelver (Buyer)] s meTtAreERIREIA]
d, paynent) C> accept (16, Teems Price, becision)(source(Buyer)] &
Seceptia, Lten, Price, Decision)(source(Buyer)] & i stock(Item)
in_stock(Iten) .
- .send(Buyer, tell, shipnent(Id, Item, Price, Decision, Status));
-send(Buyer, tell, shipnent(Id, Item, Price, Decision, Status)); +shipnent (4, Item, Price, Decision, Status) [receiver(Buyer)];
-step(d, paynent);

+shipnent(Id, Iten, Price, Decision, Status) [receiver(Buyer)];

-step(Id, payment) +step(1d, shipment)

+step(1d, shipnent).
1shipment (14, Price; ecision)[receiver Buyer)]
+ishipnent (14, Price, Decision) [receiver (Buyer)] - t (" step(1d, payment) &
i not step(1d, paynent) | P e 130 paRCTIETCcL St |
not accept(Id, Item, Price, Decision) [source(Buyer)] not accept(Id, Item, Price, Decision) [source(Buyer)]
ishipment 10, price, Decision) (receiver (Buyer)] +tshipnent (1d, Price, Decision) [receiver (Buyer)]
: step(Id, paynent L) € i ( step(Id, payment) |
a((epﬂld Tten, Pr)(e, Decision) [source(Buyer)] & (1d, payment_rec )&
not.in_stock(Iten) accept(1d, Iten, Price, Decision) [source(Buyer)] &
<~ not in_stock(Item)
step(Id, payment); < e
+step(1d, failure); “step(1d, payment);
trefund(Id, Item, Price) [receiver(Buyer)]. +step(1d, failure);
!refund(Id, Item, Price)[receiver(Buyer)].

+irefund(1d, Ttem, Price) [receiver(Buyer)]
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Comparison: new code lines and modified code lines

Agent Change Jason Orpheus
T 152 253 324 1 152 253 34
Buyer Lines 169 191 203 252 155 185 185 212
New lines 22 12 49 30 0 25
Mod. lines 8 0 6 8 0 0
Seller Lines 144 160 208 311 106 106 154 186
New lines 15 48 103 0 48 32
Mod. lines 4 1 8 0 0 0
Bank Lines 52 64 64 58 58 58
New lines 12 0 0 0
Mod. lines 0 0 0 0
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Comparison: new code lines and modified code lines

Agent Change Jason Orpheus
T 152 253 324 1 152 253 34
Buyer Lines 169 191 203 252 155 185 185 212
. I
New lines 22 12 49 30 0 25
Mod. lines 8 0 6 8 0 0
—_______/
Seller Lines 144 160 208 311 | 106 106 154 186
)
New lines 15 48 103 0 48 32
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Orpheus, 1 — 2: no new lines and modifications for the Seller. 4549
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Comparison: new code lines and modified code lines

Agent Change Jason Orpheus
T 152 253 324 1 152 253 34
Buyer Lines 169 191 203 252 155 185 185 212
New lines 22 12 49 30 0 25
Mod. lines (8 0 6 ) (8 0 0 )
Seller Lines 144 160 208 311 106 106 154 186
New lines 15 48 103 0 48 32
Mod. lines (4 1 8 ) (o 0 0 )
Bank Lines 52 64 64 58 58 58
New lines 12 0 0 0

Orpheus: fewer modified lines (and fewer new lines).
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Comparison: new plans and modified plans

Agent Change Jason Orpheus
T 192 293 3541 152 253 354
Buyer Plans 19 21 23 30 18 22 22 26
New plans 2 2 7 4 0 4
Mod. plans 3 0 6 4 0 0
Seller Plans 18 20 27 40 14 14 22 28
New plans 2 7 13 0 8 6
Mod. plans 2 1 7 0 0 0
Bank  Plans 7 9 9 8 8 8
New plans 2 0 0 0
Mod. plans 0 0 0 0
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Comparison: new plans and modified plans

Agent Change Jason Orpheus
T 192 293 3541 152 253 354
Buyer Plans 19 21 23 30 18 22 22 26
New plans 2 2 7 4 0 4
Mod. plans 3 0 6 4 0 0
Seller Plans 18 20 27 40 14 14 22 28
New plans 2 7 13 0 8 6
Mod. plans 2 1 7 0 0 0
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New plans 2 0 0 0
Mod. plans 0 0 0 0
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Comparison: new plans and modified plans

Agent Change Jason Orpheus
T 192 293 3541 152 253 354
Buyer Plans 19 21 23 30 18 22 22 26
New plans 2 2 7 4 0 4
Mod. plans (3 0 6 ) (4 0 0 )
Seller Plans 18 20 27 40 14 14 22 28
New plans 2 7 13 0 8 6
Mod. plans (2 1 7 ) (o 0 0 )
Bank  Plans 7 9 9 8 8 8
New plans 2 0 0 0

Orpheus: fewer modified plans (and fewer new plans). 4649



Comparison: Jason vs Orpheus

Counts
Counts

5 o ~'"»‘i‘.§r1' ,,,,,,,,, 4

Iteration

Iteration

—o— Jason: New Plans _ 4. Jason: Mod. Plans

_o— Jason: New Lines _g. Jason: Mod. Lines
«..Orpheus: New Plans_.,.. Orpheus: Mod. Plans

«..Orpheus: New Lines _,.. Orpheus: Mod. Lines

Figure 1: Left: plot of new lines and modified lines in Jason and Orpheus along the four
iterations; Right: plot of new plans and modified plans in Jason and Orpheus along the

four iterations
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The Orpheus (and Azorus) Compiler

The latest versioin of Orpheus (and Azorus)
https://gitlab.di.unito.it/baldoni/argonauts

[:I
[:I %
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https://gitlab.di.unito.it/baldoni/argonauts

Conclusions

- Azorus [Chopra et al., 2025], semantics for the messages

- Development of middleware that integrates BSPL adapter functionality and
makes their use fully transparent.
We are working on an extended version of JADE that replaces traditional
message queues with BSPL adapters

- Methodology for developing agents that exploit BSPL protocols

- Methodology for developing BSPL protocols.
We are developing an approach based on describing information evolution
rather than the protocol itself, since writing a correct BSPL protocol is not
always easy

- Agentic Al: Inspired by Agora meta-protocol [Marro et al,, 2024], when the
same kind of interaction become recurrent we can standardize the

communication by the adoption of protocols 49149
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