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A bstract

Rescarch in multimodel-based diagnosis stresses the role of a centralized diagnostic agent in a
computational framework made of different models. Each of these models provides knowledge
according with a given representation of the system (o diagnose: structural, behavioral,
Tunctional and teleological aspects are each embodied into a different model. According (o this
approach, various proposals have been formulated in terms of cooperation among different
views without addressing in a complete way the issuc of concurrency and collaboration, in
particular the effect of asynchronous message passing in software design. We prescnt here the
usc of a distributed and concurrent architecture in which dilferent models collaborate in order
lo achieve a global diagnosis through a set of independent agents. In two difficult, apparently
different application domains (cognitive diagnosis and troubleshooting of a physical device)
the same architeciure leads to similar components, so that it is possible to identify an cmcrging,
rathcr simple solution for distributed diagnostic reasoning that seems generic enough 1o be
applicable Ior a wide class of diagnostic problems,
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Introduction

Programming technigques have evolved rom the machine-level style dominating in the 50ties up
o the agent-level one in the 90ties. This progress has been characterized by important
milestones: e.g. structured programming (1970) and object-oriented programming (1980). The
currcnt agent-hased approach to software design and implementation derives from the
development of methods oriented to distribule groups of objects cach actively committed o
perform independent computations and to exchange asynchronous messages by means of
suitahle communication protocols.

This evolution has lead to a radical change of the traditional approach of designers involved in
software construction: from action-based, algorithmic systems to interaction-based systems. The
rationale behind it is not just efficicncy but insiead the need to capitalize from the opportunities -
throughout the entire life cycle of complex systems - offered by the alternative, inherently
interactive, behavioural models of the systems, especially when the interactions oceur in a
disributed, concurrent cnvironment,

Actor-based systems are computational environments in which asynchronous and concurrent
events allow the interaction among active objects. An actor is defined in terms of an address, a
mail-box containing the accepted requests in their arrival order, and a behaviour that can, at each
computational step, read a message from its mail-box and perform the actions associated. This
execution may activate other actions by suspending previous executions or performing them
concurrently. The terms new (creation of an actor), send (envoy of 2 message) and become
{definition of behaviour) arc known as the fundamental feamares of the actor model,



Artificial Intellipence research has strongly relied on non algorithmic approaches to the design
and implementation of intelligent artifacts. More recently, part of the research interests in Al arc
focused on alternative approaches to centralized knowledge-based systems, that is new
architectures where different knowledge-sources are physically and logically distributed so that
scparate problem-solving activitiles cooperate in order to accomplish a common goal. The
entities that individually contribute to the overall process are generally named agents. Our
rescarch focuses in the adoption of the actor model (with some extensions) as a computational
metaphor of distributed problem solving (Gisolfi, and Loia, 1994). In this work we present our
rescarch experiences reported in the integration of heterogeneous knowledge sources in
distributed environments in order to support problem solving activities. We show how a
concurrent architecture designed to model the student behaviour during a learning scssion
(Cerri, and Loia, 1996), has evolved towards a general architecture suitable to perform
diagnostic rcasoning about physical systems (Loia and Gisolfi, 1996),

The paper is organized as follows, Section two underlines the role of DAL as an organizational
paradigm ol cooperative problem solving. Section three presents our concurrent model of
diagnostic rcasoning designed to diagnose mental states of an user attempting to solve a task.
Section four describes the extension and specialization of the previous model towards multiple
diagnosis of physical systems. Section five closes the paper with conclusive remarks and future
research ideas.

2. DAl Approach to Problem Solving

Many efforts in Distributed Artificial Intelligence (DAT) emphasize the role of distributed scarch
on separate knowledge sources (Cerri., Landini, and Leoncini, 1987) (Lesser, 1990) (Fahiano
and Cerri, 1996). The statc space search is organized into independent sub-domains, each of
them explored by local sub-searches: possible collaborative strategics can be useful if there is the
need to “share” intermediate results. In general it is possible to distinguish three kinds of
distributed search:

Fine-grained decompaosition

The partition of the state space involves large collections of small and independent sub-
problems. This means that simple computations are enough to support control and data
operations. Fine-grain processors realize optimally this situation: processors are numerous,
simple and can support limited information and control. This approach is very close to
connectionism and is particular useful to treat well-defined problems, in terms of reduced
knowledge representation: the prerequisite is that subproblems are in a way independent, or,
at least, if they are mutually dependent, a sychronization mechanism is sufficient for
communicating data,

Large-grained decomposition

The state space is divided in a relatively small set of independent/dependent sub-states. This
means that the role of problem-solving is more significant and thus the possible target
architecture becomes more complex: the processors are expected to support robust
computational entities (processors as evaluators, such as a LISP processor) and complex
collaboration strategies must be used to organize sophisticated interaction protocols. The
more sophisticated is the collaboration among concurrent entities, the more knowledge is
required for the protocols to be adequately managed. Actors are one step; probably other ones
will be needed. Cooperative Distributed Problem Solving (CDPS) is a particular model of
DAI based on a large-grain search space. In this paper we will focus on the link between
CDPS and diagnostic reasoning.

In general, the DAI approach o diagnosis may involve hybrid situations, in which the degree of
granularity differs depending on the nature of (multiple) models used.




































