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Questions for the Panelists

The panelizts (Georgeff, Pell, Pollack, and Tambe) were asked to respond fo the follow-
Ing questions:

1.

bt
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BD! and other models of practical reasoning agents.

Several other models of practical reazoning apents have been succeszfully devel-
oped within the agent research and development commumity and Al mn general.
Examples meclude (of courze!) the Soar model of human EEIEIIlilﬂ-I:I, and moedels m
which agents are viewed as uhility-maximizers m the economic sense. The latter
model has been particularly successful in understanding multi-agent interactions.
50, how does BDI stand in relation to these altemate modelz7 Can these models be
reconciled, and if =0 how?

. Limitations of the BDI model.

One criticizm of the BDI model has been that 1t 1z not well-surted to certain types
of behavicur. In parhcular, the basic BDI model appears to be mappropnate for
building svstems that must leam and adapt their behaviour — and such systems are
becoming mncreasingly mmportant. Moreover, the basic BDI model gives no archi-
tectural consideration to explicitly multi-agent aspects of behaviour. More recent
architectures. (such as InteFR.aP [13] and Tourmghfachimes [3]) do expheitly pro-
vide for such behaviours at the architectural level. So, 13 it neceszary for an agent
model m general (and the BDI model m particular) fo provide for such tvpes of
behaviour (in particular, learning and secial ablity)? If se, how can the BDI model
be extended to incorporate them? What other types of behaviour are missing at an
architectural level from the BDI model?

. Next steps.

What 1s3ues should feature at the top of the BDI research agenda? How can the
relationszhip between the theory and practice of the BDI model be better understood
and elaborated? Programming paradizms such as logic programming have well-
defined and well-understood computational medels that underpin them (e.g., SLD
resclhution); BDI currently does not. So what sort of computational model maght
serve In this role? What are the keyv requirements to take the BDI model from the
research lab to the desktop of the mamstream softoare engimeer?

Response by Georgeff

The point | wanted to make n thiz panel was that the notions of complexity and change

will have a major impact on the way we bumld computational systems, and that zoftware

agents — m particular, BDI agents — provide the essenhial components necessary fo
cope with the real world. We need to bring agents mte mamstream computer science,
and the only way we can do that 1= to clearly show how certain apent architectures can
cope with pmb]em:s that are miractable usmpg conventional approaches.

Most applications of computer systems are algonthmic, worlang with perfect mfor-

mation. But in a highly compefitive world, businesses need systems that are much more

complex than this — systems that are embedded m a chanping world, with aceesz fo
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only parhal information, and where uncertainty prevails. Moreover, the frequency with
which the behaviour of these systems needs to be changed (as new informafion comes
to light, or new competitive pressures emerge), 15 Increasing dramatically, requinng
computer architectures and languages that substanfially reduce the complexity and time
for specification and modification. In terms of Figure 1, business needs are doving to
the top nght hand comer, and 1t 1= my contenfion that only software agents can really
deliver solubions in that quadrant.

Az we all kmow, but seem not to have fully understoed (at least in the way phrysi-
cists have) the world 1z complex and dynamic, a place where chaos 1z the norm, not the
exception. We alzo kmow that computational systems have practical limitations, which
Limit the information they can access and the computations they can perform. Comven-
tional soffware systems are designed for static worlds wath perfect knowledge — we
are instead interested in environments that are dynamic and uncertain {or chactic), and
where the computational system only has a local view of the world (1.e., has limited ac-
cess to mformation) and 1z resource bounded (1.2, has fimte computational resources).
These constraints have certain fundamental mplications for the dezign of the under-
lving computational architecture. In what follows, I will attempt to show that Beliefs,
Dezires, and Intentions, and Plans are an esszenhial part of the state of such syvstems.

Let us first consider so-called Beliefs. In Al terms, Behefs reprezent kmowledpe of
the world. However, in computational terms, Beliefs are just some way of reprezenting
the state of the world, be 1t a3 the value of a vanable, a relational database, or symbolic
expressions in predicate calculus. Beliefs are essential because the world 13 dvnamic
(past events need therefore to be remembered), and the system only has a local view of
the world (events outzide 1tz sphere of perception need fo be remembered). Moreover,
as the system 1z resource bounded, 1t 15 desirable to cache important mformation rather

than recompute 1t from base perceptual data Az Beliefs represent (possibly) mperfect



