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1 Motivation

Automation of organizational processes that make intensive use of expert knowl-
edge has on the intelligent agent paradigm an appropriate metaphor. The idea
would be introducing autonomous agents carrying out tasks on behalf of human
users in organizational processes.

Knowledge transference from experts to autonomous agents has been treated
on different ways taking advantage of more than 20 years of experience in knowl-
edge representation in Artificial Intelligence. Data mining and case-based reason-
ing use historical information for identifying patterns that guide agent’s decision.
Inference rules are used for explicitly capturing expert knowledge. Agent’s ca-
pacity for adapting to changes rely on the employed formalism. In many cases,
the expert is left aside in order to provide an automatic solution.

On the other hand, Autonomic Computing is providing interesting approaches
for dealing with the dynamic adaptation of components to organizational and
environmental changes. This theory proposes incorporating self-configuration,
self-optimization, self-healing and self-protecting capabilities on information sys-
tems. Solutions on this field are usually partial and seem to lack a coherent
framework for representing the notion of integral autonomy.

In order to propose a conceptual framework that provide coherence on the
modeling of autonomic systems we are introducing some notions of Classical
Philosophy that have not been taken full advantage of. This framework intends to
facilitate knowledge transference from human experts to autonomous agents and,
on the opposite direction, the participation of human users on the adaptation to
environmental changes.

2 Philosophical foundations

Classical Causality theory [1] refers to necessary relationship between one event
(cause) and another event (effect) that is the direct consequence of the first.
Aristotle categorizes all causes in four main types: formal cause (the form issued),
material cause (materials transformed in the process), efficient cause (the entity
responsible by change), and final cause (the intention of the efficient cause).
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Forms are explained in metaphysics through the notion of essence. An essence
is described in terms of potential properties that all the individuals issuing such
form might show. Whereas matter is actuality, form is potentiality. Aristotle clas-
sifies all predicates that can be said about an individual (in act or in potency)
in ten categories: essence, quantitative, qualitative, relational, time, place, pos-
session, disposition, action and affection.

3 Hypothesis

The main hypothesis of this work is: “Incorporating notions of classical meta-
physics and causality on the design of multi-agent systems can improve the re-
lation between human and software agents.”

Notions borrowed from classical philosophy are represented by four main
principles that constitute what we propose to call Causal Artificial Intelligence
Design (CAID) theory:

I. Total Causality. Any software agent or system can be specified and instan-
tiated through the four main causes: formal, material, efficient and final.

II. Intentional causation. Every component of a system is created with a
purpose (final cause) derived from an upper level plan.

III. Ontological commitment. Agents will commit to achieve only goals con-
sistent with its essence (formal cause) and will act in consequence.

IV. Causal effect accountability. Agent decisions are based on the account-
able causal effects of its actions.

4 Methodology

To determine if CAID principles are sufficient for developing agents capable of
adapting dynamically to institutional and environmental changes the following
methodology is being used:

1. Use of Description Logics formalisms for representing agent classes and ex-
pert knowledge. Agent classes are used for describing human and software
agents in terms of their potential properties, including actions. Conjunctive
queries are used for representing events and conditions.

2. Using CAID principles for specifying and implementing intelligent agents
driven by the four main causes; we call this architecture Causal Agent. The
capability of instantiating agents and transmitting intentions is the distinc-
tive characteristic of CAID agents that are on charge of generating and
deploying plans.

3. Use of Electronic Institutions [4] for structuring and formalizing organiza-
tional processes. Institutional goals are managed by a CAID agent (institu-
tional agent) who enables and monitors their achievement, e.g. instantiating
missing agents for a given process.
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4. Use of Bayesian causal models [5] for modeling agents’ performance. The for-
mal representation of controllable events is used for probabilistically mod-
eling plan and action effectiveness. The notion of causal effect is used for
quantifying indirect effects on institutional goals. Individual plans’ efficiency
must be accumulated in an institutional model controlled by the institutional
agent.

Our methodology and the resulting framework will be applied to an infor-
mation auditing scenario in an institutional corporate memory [2] as case study.
Knowledge is provided by expert auditors in the form of inconsistency and cor-
rection rules which are applied to information that is fed periodically by users
in an information repository. Expert auditors and users responsible for the in-
formation are requested to revise the application of those rules. An institutional
agent will be on charge of two global goals: minimizing unnecessary human in-
tervention and maximizing the confidence on the evaluation process. Individual
experience must be used for modeling the efficiency of expert knowledge (audit-
ing rules) and for adapting to environmental changes (users response) in order
to contribute to global goals.

5 State of the research

I developed an ontological framework based on Aristotelian Metaphysics for
representing agents and objects. Notions of essential (necessary) and potential
properties are used for setting default values and knowing the capabilities of an
agent.

A goal driven BDI architecture that uses an agent definition for loading sen-
sors, actuators and plans on a generic agent architecture has been developed.
Instantiation of agents is made providing: an ontology, an agent class and an
efficient cause identifier. Agent goals are made explicit through the notion of
essential goals, associated to the agent class. The final cause of an agent instan-
tiation, i.e. its participation in an upper level plan, is transmitted as a commit-
ment. If such commitment is contained in one essential goal the commitment is
accepted. Query containment is used for this purpose.

I have incorporated a semantic layer onto a Bayesian Causal Network [3] in
a formalism called SBCM. This formalism has been used for representing plans,
guiding their execution and accumulating experience. Experiments on the SBCM
have demonstrated that it is feasible to inhibit actions that produce undesired
indirect effects.

The information auditing process of our case study has been modeled using
the Electronic Institution formalism. On this framework we have implemented
a mechanism for requesting the participation of agents in a scene according to
a description given in terms of actual or potential properties. If there is no
agent with these characteristics, the institutional agent can instantiate some
agents satisfying such description. Given that actions are represented as potential
properties it is possible to ask for some agent in order to request him some task.
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6 Conclusions

Notions of classical philosophy have been used for formalizing the agent instan-
tiation in terms of the four main causes. The public definition of agents allows
considering the participation of current or new agents on a global plan.

The representation of institutional goals as indirect effects allows to consider
them on individual action or plan selection. We still need to determine if the
diffusion of these goals is sufficient for optimizing the upper level plan, and hence
how it should be done.

The knowledge transference from expert auditors to autonomous agents is
mediated by probabilistic learning. We expect that modeling the causal effect
of individual actions over global goals will reduce the necessity of staff members
for revising trustworthy rules.

Finally, self-configuration capabilities have been implemented in our frame-
work in two different approaches: a centralized decomposition of tasks that pro-
vides a list of required agents and commitments, and a decentralized mechanism
for requesting agent participation on demand.
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