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Design of Rational Agents
and Extended BDI Architecture *

Yoshime IGARASHI

Abstract

In this paper, we propose an extended belief-desire-intention(BDI) architecture,
on which rational agents can interact and communicate with other agents — both
human and artificial — in multi-agent environments. Our purpose is to implement
the rational agents on the BDI architecture proposed by Rao and Georgeff based
on the Bratman’s theory of intention.

According to this theory, we can discribe this type of rational agent as the
following: — the rational agent deliberately selects plans by using their own beliefs
to attain given goals, forms intentions from the selected plans as states of mind
that constrain future deliberation, and performs speech acts with an intention
when the precondition of the intention is satisfied.

First, we propose the extended BDI architecture, Then, we will show how
effective it is by demonstrating a case based on such an BDI system that was
extended: (1) to naturally describe communications with agents in the form of the
action tree within the plan itself. (2) to add conditions of agents’ formalization of
future-directed intention to a plan and (3) to enable agents to dynamically decide
on a commitment strategy depending on the situation and the mental state in

which they are.

*Master’s Thesis, Depertment of Computer Science, Graduate School of Human Culture,
Nara Women’s University, January 31, 2001.
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(A1) GOAL(a) D BEL(a)

(A2) INTEND(a) > GOAL(a)

(A3) INTEND(does(e)) D does(e)
(A4) INTEND(¢) D BEL(INTEND(g))
(A5) GOAL(¢) D BEL(GOAL(4))
(A6) INTEND(¢) > GOAL(INTEND(4))
(A7) done(e) D BEL(done(e))

(A8)

A8) INTEND(¢)) D AF(~ INTEND())
e 0000ODDOO

(A9A) INTEND(AF ¢) D
A(INTEND(AF ¢) U BEL(¢))



(A9B) INTEND(AF ¢) >
A(INTEND(AF ¢) U (BEL(¢) v — BEL(EF ¢)))

(A9c) INTEND(AF ¢) O
A(INTEND(AF¢) U (BEL(¢)V — GOAL(EF4)))
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initialize-state();

do
options := option-generator(event-queue,B, G, I);
selected-option := deliberate(options,B, G, I);



update-intentions(selected-option,I);

execute(I);

get-new-external-events();

drop-successful-attitudes(B, G, I);

drop-impossible-attitudes(B, G, I);
until quit.
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| if 00 then O [else O]
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Type: call-for-proposal
Invocation: g-add(:propose(M, 0000))
Precondition: true
Add List: {done(0000)}
Body:
:propose(M, O 0 0O 0O )(done(propose))
(:accept-proposal 7;
if too-late then cancel
else :inform(done(0 00 0))
| :reject-proposal ?; fail)
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gbbobuoooobbooogbobo. ogobbobuoooboboboooon
oooooboboooboboobobo“sob"oobobooobobnobon
OO0 “0CO00”00000b0obobobboob0obooboo0obOonogd blind
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O000000OOopen-mind OOO0O0O0O0OOOOOO0ODOO0ODOODOOOOO
goo.
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goboobboobbobbuooobbooobboobbooobboon
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0000000000000 000000D0D00O open-mind DO0OO0O0OOO
ooooo.

0000000000000 0000000O0000O drop-successful-attitudes[
drop-impossible-attitudes 00 0O 0O 0O O O O O

4.4 00O BDIOOOOOOOOOOOO

gbopogboobooboboobooooboobobob BDIOODOODbOOOd
gbooboogobood

0000 BOGUIOOOOOODOOOODDOOOODOOOadd/delete listO O O
OO000D0000 0000000 BDIlegicOOODODODOODOO

b BDIOOODOODOOODOOOOODOOObOOO0bOOoOobOooDbOon

initialize-state();

do
options := option-generator(event-queue,waiting-list, B, G, I);
selected-option := deliberate(options,B, G, I);
update-intentions(selected-option,B, G, I, waiting-list);
execute(I);
get-new-external-events();
drop-successful-attitudes(B, G, I);
drop-impossible-attitudes(B, G, I);
update-waiting-list(I, waiting-list);

until quit.

gogbob210000bbobbougoooobbobbouooooon
O0000000000000000TMS 35000 ATMS 360000000
gboboooogbbobuooabobon

4.4.1 option-generator(0 00 00)

option-generator J Oevent-queue D0 D 0000000 Og-add D000 0OOO
0000000000000 00 cOO0bOO000ooooOoooooooon
00000000000 BO00OO0ODOOO0ODODOOOOODODODOOOODODOO I
O0000000Owaiting-list 000000000000 0O0O0OOO0OOOO0O
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BXAH v

Variable-Binding:
Control-Point: (D
Strategy:open-mind

| Intention-Frame —

1

Variable-Binding:
Control-Point: 2

| Intention-Frame ~

Strategy:single-mind

BEX 7 L —A

Type: buy-soda
Invocation:g-add(have-soda)
Precondition: true
Add-List:{have-soda}

Body: O —goto-CONVENI—©) —

buy-soda— () — come-home—®)

Type: drink-soda
Invocation:g-add(quenched-thirst)
Precondition: have-glass
Add-List:{quenched-thirst}

Body: O —have-soda— @) —drink— )

BEConr-gxMor—2a

Type: remove-soda

Precondition: true

Invocation:g-add(have-soda)

Add-List:{have-soda}
Body: (D —open-fridge—©) —
remove-soda— ()

U3 g0obboouoooboon
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4.4.2 deliberate(DO0000)

delibarate 00 BUGHI DO DOUOODOODOOODOOOODOOOOODLOOOOO
00 [23] 0000 option-generator DO O000 options 0000000000
OO0000000 selected-option OO OOOOODO0OOOOOOOOOOO
oooooooobood

4.4.3 update-intentions(C 000 0)

update-intentions [0 O delibarate 0 O OO0 00000000 4120000
O000000000do0oooboooobooooooooooooooon
00000000000 DbO000o0oO0o0bOooooooooooooooon
O0waiting-list 000 00O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0OO0OOODOOO
O0waiting-list 000 0000000000000 O0ODOOOOOOOOOO0OO
O0000000 gradd OOOOODOOODO event-queue 0O O0O0O0O0O0OOO
0000000000000 00D0DO 1000000D0b0b00000oobooOooOoono

0 0O O update-intentions 0 0 04.3.1 0000 4320 00000000000
0000000000 DOO0000ooooooooa

4.4.4 execute(0OJODODO)

execute O O update-intentions 0 00000000000 O0O0O0O0O0O0OO
000000000000 000000obO0o0oooooobooooooon
Oooooao

4.4.5 get-new-external-events

get-new-external-events OO0 O 0O O 0O O Oevent-queue 0000000 O0OO
oooboooooo.
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4.4.6 drop-+attitudes(OO OO 0OODO)

drop-successfull-attitudes 0 O O drop-impossible-attitudes 0 OO0 000 0O OO
0000000000000 DO0000D000O OO0 1 O00DO0DOooODOooOoon
0010000000000 0000000O0000DO0bODOO0DbObOODOoOO
0 2100 blindO single-mind0 O O O Oopen-mind OO0 O 00000 OOBEL
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(P1)
Type: 0O00O0O0OO0ODOO
Invocation: g-add(discuss(0 00O, C-MAP))
Precondition: true
Add List: {EF discuss(0 00, C-MAP)}
Body:
appointment(0 00, 00)
dnform(000000000,000,00)
(P2)
Type: 00000000000
Invocation: g-add(appointment(0 00, 00))
Precondition: —sick(00O000000O0)
Add List: {appointment(000, 00)}
Body:
propose(0 0 O, C-MAP)
if BEL(propose(0 O O, C-MAP))
then arrange(00 0, 00)
else fail
(P3)
Type: 00000000000
Invocation: g-add(propose(0 00, C-MAP))
Precondition:
received-cfp(0000000AG,000000D0)
Add List: {propose(0 00, C-MAP)}
Body:
:propose(0000000AG, 0000DO0)
(:accept-proposal 7;
if -BEL (EF propose(0 0O O, C-MAP))
then{:cancel; fail}
else :inform(0 000000 AG,
O000O0OC-MAPOD)
| :reject-proposal ?; fail)
(P4)
Type: 000000000
Invocation: g-add(promote(0 00O, C-MAP))

(P6)
Type: 000000D00OCOCO
Invocation: g-add(propose(0 00, C-MAP))
Precondition:
received-cfp(0 0 000O00AG, 000000DO)
Add List: {propose(0 00, C-MAP)}
Body:
:propose(0000000AG, 000000O)
(:accept-proposal ?;
dinform(0000000AG, C-MAPODOODO)
| :reject-proposal ?; fail)
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