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BDI Model and Communication




Prepared by Kazim Fouladi | Fall 2022 | 4th Edition

’Ui K

-

‘_,-LALQ.\.A;: GL“F-‘-“‘-.‘.-W

bmi‘iii‘ﬁﬁ;ﬁ

Sl gladele gl LLIS 515358 (21550 £ gl

COMMUNICATION LLEVELS

AJ:‘JLSGM

The Application Level

* 0



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

n roleais> slaminmmy
bl g8 slagus

COMMUNICATIVE ACTS

(bl il s S
S o g 438 K G0 5o S SO o g 4 W3 g5 o
.JAJ@M‘J&A&CABJJ&JJ‘JJ&[&&@G‘J

Afdi_s \ d.oLc‘)g‘LAé)lS (SLQMJJ ‘dt‘-“CSb-.‘
«C_\..‘.u“}.oﬂ Yd.ol.c. IS

&
&



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

bl ) g8 glaguws

-

‘,-LAL:A.-;“- Sl

TYPES OF COMMUNICATIVE ACTS

LL3s) o180 slagiss ¢l sl

S
-

(St AAMS Ky adla cad (30r Gals g3
(Las S (slora o Yis) Informing
«‘.'6_“466 Iy CaMs Say 65 L:J» =042
(Las)IS (glans o Jlis) Querying
’ UQBJ“S&SLS‘J" Od‘d ’sa“‘
S pal g Hgus ol ke 5 5o ..
(seile i s,y b (Sialen 5o M) Committing
S &5l . .
- 35S o
(&3S 953 ol ke Hhala oy - Js .
(Lot bl oY) Prohibiting
S SO J 5
QS ~ ST OuS o)
S Hgasy . .
(b sl Bl & 5u M) Directing




Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

roleais> slaminmmy
(5J|.3§S ‘5‘-&( ’-U-ts:' X

SPEECH ACTS

SRR PIY.) UL‘J »S:\:\LASIJ,) LSLA“:‘JJ“-’J‘ (((sJuji g;z.;S» (5‘..&43‘)]4_'
oL 5l suliil S5 a0 b g e slags, 53

Qd\gﬁwbdl&ﬂa‘&.}_@;\sJ‘M‘Mu..sf_w‘)cs“).aA‘ﬂ‘@ﬂbﬁ)ﬁ)@\)%‘b‘bj&ub‘)

i ela, 2K Wlie (Ultterance ) lacK o) A - -
US;‘J:"QCS U"'.""S . (.“ : ) H=R (\%f") . '
.masox:\.ubt:uacdb C

¥

(3 g o GIS oS (5 yA (\Q?‘\)JJ-U-'

89 oo Ol wad L ua SO Gadi au 90 5 wad s

GJL’.'éS slaias (gda s

93 on oo 88l Lanal & Huaw )y (gl s Lada 5l G Ko



John Langshaw Austin

in 1962, published
the book:

HOW
TO DO
THINGS
WITH
WORDS
J. L. AUSTIN

J. O, URMSON AND MARINA SBISA, EDITORS
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in 1969, published
the book.'

JOMN R.SEARLE

SPEECH /

AN ESSAY IN THE
PHILOSOPMY OF
LANGUAGE

- —ar wesme v redee




Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

roleais> slaminmmy

6‘)‘:\53 (5‘-@( ’m X
SPEECH ACTS
S 90 o9 (Sl U oaslas jl
(2obse 0oL 1aiile) Representatives
MJ?‘%““JGJK°&MJJ|JW LSAMJ
(OS oo tie Lahl asile) Directives
483 g0 1gaS (s aa 4o sais S S
(poos (Slagae © ot oo J 58 o taiile) Commisives
WSS ol b Gl alla S ey S b
(poSiie calua Jland pa taile) Expressives
wadl sy S oMel b (5180 s
(S el anile) Declarations

lalo 8 sy wu3 (5 bl owlie (6, sla i< 63550 53 () 401 5 50

* 0

7Y



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

roleais> slaminmmy

s LSS sl s
osae sladdlse
SPEECH ACTS
RPIRIKY D VN PR PERE RN Y 2ol Jas
Performative Verb
(- ol By 50 M) Propositional Content

“The door is closed”
cidan 4 ya request
&lo)l S glsine S Jols | speech act = “please close the door”
R, inform
Lo! speech act = “the door 1s closed!”
CAJu:A ngb-}‘ 6LAJ—'$ b inquire
speech act = “is the door closed?”
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PLAN-BASED SEMANTICS

The semantics for “request”
request(s, h, @)
precondition:

* s believes h can do ¢

(you don't ask someone to do something
unless you think they can do it)

* s believe h believe h can do ¢

(you don't ask someone unless
they believe they can do it)

* s believe s want ¢

(you don't ask someone
unless you want it!)

post-condition:
* h believe s believe s want ¢

(the effect is to make them
aware of your desire)

* 0
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AGENT COMMUNICATION LANGUAGES (ACL)
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Knowledge Interchange Format
(KIF)
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Knowledge Query and Manipulation
Language (KOML)
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Knowledge Interchange Format
(KIF)
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Knowledge Query and Manipulation
Language (KOML)
(outer) s o> s

(s3aais J a8 L8 (@‘ﬁ‘) (sblS ) sladasy
LS po Ayt

Example performatives

ask-if (is it true that. . . ")
perform (‘please perform the ... ‘)
tell (it is true that. . .")

reply (‘the answeris . ..’)
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(ask-all
:sender robot-A
:content (BALL ?position)
:language PROLOG
:ontology ROBOT-SOCCER
:reply-with identifier-X
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KOML PERFORMATIVES
Insert
Uninsert
Delete-one
Delete-all HB
Undelete
Ask-if
Ask-one -
Ask-all DasIC
Stream Stream — Query
Eos
Stan dbyCursor
Ready
Next Reply
R?St Stream
Discard Eos

loal slagas :KQML

Tell
Inform Uil
Basic Broadcast
Forward
Inform Network ,
Achieve
Unachieve
Request Goal
KQML
Performatives Facilitation
Broker-one
Recommend-one
) Recruit-one
Promise Broker-all
Advertise Recommend-all
Me tzpeny Unadvertise Recruit-all
Subscribe
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AN
Agent_1 (ask-if
: sender Agentl
:receiver Agent2
:in-reply-to idl
:reply-with id2
:language prolog
:ontology blocks-world
:content "on(X,Y)")
AN
(tell

: sender Agent2

:receiver Agentl

rin-reply-to id2

:language prolog \\\\\\\\‘55555

:ontology blocks-world Agent 2

:content "yes")
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(stream-about
:sender A
:receiver B
:language KIF
:ontology motors

:reply-with gl

:content ml

A asks B for information
about motor |, using the
ontology (represented in

KIF) about motors.
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(tell
: sender B
:receiver A
:in-reply-to gl
:content
(= (torque ml) (scalar 12 kgf))

)

(tell
: sender B
:receiver A
:in-reply-to ql )
. eontent |) that the torque of motot

(= (status ml) normal) | is | 2kgf, and

) 2) that the status of the
(eos motor is normal.
: sender B
:receiver A
:in-reply-to ql

B responds to A's query ¢
Two facts are sent:

The ask stream is terminated
using the eos performative.
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FIPA

(inform
: sender
:receiver
:content
:language
:ontology

JG. - FIPA ACL

ACL example

agentl

agent5

(price good200 150)
sl

hpl-auction




Laele B (58 LGS
sl slagas :FIPA ACL

FIPA ACL Performatives

performative passing | requesting | negotiation | performing | error
info info actions handling

accept-proposal
agree

cancel

cfp

confirm
disconfirm
failure

inform
inform-if
inform-ref
not-understood
propose
query-if
query=ref
refuse
reject-proposal
request
request-when
request-whenever
subscribe
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FIPA “Inform” Performative

The content is a statement.

The pre-condition is that the sender:

* holds that the content is true;

* intends that the recipient believe the content;

« does not already believe that the recipient is aware of whether content is true or not

Note that the speaker only has to believe that what he says is true.

FIPA “Request” Performative

The content is an action.

The pre-condition is that the sender:

* intends action content to be performed;

» believes recipient is capable of performing this action;

« does not believe that sender already intends to perform action

The last captures the fact that you don’t speak if you don’t need to.

Gulug Mo

Inform

Caul 3& Jd
Request
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L R L R
U 2,2 1,0 U 0,0 0,1
D 0,1 0,0 D| —-1,0 2,2
G, (probability 0.7) G, (probability 0.3)
n=2 5= {CL, b}v P = {{CL}, {b}}v and Py = {{CL, b}}
P(s =a) = 0.7
P(s =5b)=10.3
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BAYESIAN GAMES AND COMMUNICATION
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L R
2.2 1,0
0,1 0,0

G, (probability 0.7)

U
D

L R
0,0 0,1
~1,0 2,2

G, (probability 0.3)
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SOCIAL CONVENTIONS VIA COMMUNICATION

For each agent ¢ in parallel

Ifz#£1
‘Wait until all actions (af,...,a}_;) are received.
End

Compute an equilibrium that contains (aj,...,a; {,...).

Choose component a; from this equilibrium.
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ROLE ASSIGNMENT VIA COMMUNICATION

For each agent ¢ in parallel
I=1{}
For each role y =1,...,n
Compute the potential r;; of agent ¢ for role j.

‘Broadcast r;; to all agents.

o = e e e e e e mm e e e mm e e e mm e e e mm mm e e e mm e e e mm mm e e mm M e e e mm M e e e mm e e e mm mm e e e mm mm e e mm mm e e e e e e e e e

For each role j =1,...,n
Assign role j to agent i* = arg max,; {r;; }.
Add * to 1.
End
End

o
&
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VARIABLE ELIMINATION WITHOUT COMMUNICATION

For each agent in parallel
F=A{fi,--, fr}
For each agent i1 =1, 2,.
Find all fj(a;,a-;) € F that involve a;.
Compute Bj(a-;) = argmaxg, Y ; fj(ai,a-;).
Compute fgii(a-;) = maxq, Y fj(az,a i)
Remove all f;(a;,a_;) from F and add fri;(a_;) in F.
End
For each agent 1 =n,n-1,...,1
Choose a} € B;(a* ;) based on a fixed ordering of actions.
End
End
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VARIABLE ELIMINATION VIA COMMUNICATION

For each agent 7 in parallel

o e

Let fj(az, ;) be all local payoff functions (initial and communicated) that
involve agent 1.

Compute Bj(a-;) = argmaxg, ), fj(ai,a-;).

Compute f*( i) = maxazz i?(a“ _,L)

P = e o e e e e o e e e e e e e e e e e e e o e S o e e e e e e e e e e e e e o e =

Send OK to agent 7 + 1.
Walt until all a* ; are received.

_____________________________________________________________
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MICHAEL WOOLDRIDGE

Michael Wooldridge,

An Introduction to Multiagent Systems,
Second Edition,

John Wiley & Sons, 2009.

Chapter 7

L,
)ﬂi' b/




¥. rolesis slomimmwy

An Introduction to

MultiAgen 8
Syste Communication

Communication has long heen recognized as a topic of central importance in
computer science, and many formalisms have been developed for representing
the properties of communicating concurrent systems (Hoare, 1978; Milner, 1989).
Such formalisms have tended 1o focus on a number of key issues thart arise when
dealing with systems that can interact with one another.

Perhaps the characteristic problem in communicating concurrent systems
research is that of synmchronizing multiple processes, which was widely stud-
fed throughout the 1970s and 1980s (Ben-Ari, 1990). Essentially, two processes
(cf. agents) need to be synchronized if there is a possibility that they can interfere
with one another in a destructive way. The classic example of such interference is
the 'Tost update’ scenario. In this scenario. we have two processes. py and p>. both
of which have access to some shared variable v. Process p begins to update the
value of v, by first reading it, then modifving it (perhaps by simply incrementing
the vilue than it obtained), and finally saving this updarted value in v, Bur berween
wm p reading and again saving the value of v, process po updares v, by saving some

value in it. When g saves its modified value of v, the update performed by ps

is thus lost, which is almost certainly not whar was intended. The lost update
MICHAEL WOOLDRIDGE problem is a very real 1_s.r:uc in the design of programs that communicate through
shared data structures,

50, if we do not treat communication in such a ‘low-level’ way, then how is com-
munication treated by the agent community? In order to understand the answer,
itis helpful to first consider the way that communication is treated in the object-

MiChael WOOldI'idge, oriented programining community, that is, communication as method invocation.
. R Suppose we liave o Java system containing two objects, o and e, and that o has

An Introduction to Multlagent Systems, a publicly available method m;. Object 0; can communicate with o, by invok-
. ing method ., In Java, this would mean o- executing an instruction that looks

John Wlley & SOl’lS, 2002. something like 01.m1Carg), where arg is the argument that oz wants to commu-
Chapter 8 nicate to o1. But consider: which object makes the decizsion about the execution of
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Gerhard Weiss (ed.),

Multiagent Systems: A Modern Approach to
Distributed Artificial Intelligence,

MIT Press, 1999.

Chapter 2 (2.1-2.2)

—
’Ujb/

Multiagent Systems and
Societies of Agents

Slichael N, Huhns and Larry M. Stephens

2.1

Introduct ion

el it might or

might nat conts

at he 5. Althongh the Bl BEENE TR

usefully by itself, ng interean war king af com-
ned in the usi

i5 making such situations

srn how to anslyze, deseribe, snd design enviconment s
gents o tiw nd interact with esch other prodoctively.

e environments will provide & compuotational infrast rocture for such interaetions

and protoce T EgENtE ta int
Coammunicstion protoc

Internction |

troet nred ¢ CO-

it ion pratoral might specify tha e excchanged

EENLTWD REEntE

B Prop course of action

B Apecept Boeonrs: wrtion

B Hejert s course of action
B Retract o course of setion

m [lisn serl conrse of action

B Connterpropase & conrse of setion

Based on these message types, the following conversstion—an instance of an
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A Concise Introduction
to Multiagent Systems
and Distributed Artificial

Intelligence

Nikos Vlassis

Nikos Vlassis,

A Concise Introduction to Multiagent Systems and
Distributed Artificial Intelligence,

Morgan & Claypool, 2007.

Chapter 4

K%

23

CHAPTER 4

Coordination

In this chapter we address the problem of multiagent coordination. We analyze the problem
using the framework of strategic games that we studied in Chapter 3, and we describe several
practical techniques like social conventions, roles, and coordination graphs.

41 COORDINATION GAMES

Asweargued in Chapter 1, decision making in a multiagent system should preferably be carried
out in a decentralized manner for reasons of efficiency and robustness. This additionally requires
developing a coordination mechanism. In the case of collaborative agents, coordination ensures
that the agents do not obstruct each other when taking actions, and that these actions serve
the common goal of the team (for example, two teammate soccer robots must coordinate their
actions when deciding who should go for the ball). Informally, coordination can be regarded
as the process by which the individual decisions of the agents result in good joint decisions for
the group.

Formally, we can model a coordination problem as a coordination game using the tools
of game theoty, and solve it according to some solution concept, for instance Nash equilibrium.
We have already seen an example in Fig. 3.2(b) of Chapter 3 of a strategic game where two
cars meet at a crossroad and one driver should cross and the other one should stop. That
game has two Nash equilibria, (Cross, Stog) and (8fsp, Cress). In the case of » collaborative
agents, all agents in the team share the same payoff function my(a) = ...
the corresponding coordination game. Figure 4.1 shows an example of a coordination game
(played between two agents who want to go to the movies together) that also has two Nash
equilibria. Generalizing from these two examples, we can formally define coordination as #he

= upla) = wla) in

process in which a group of agents choose a single Parcto optimal Nash equilibrium in a game.

Thriller Comeady
Thriller[ 1.1 [ 00 ]
Comedy| 0.0 [ 11 |

FIGURE 4.1: A coordination game




