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Along with game-playing, problem solving is perhaps the
oldest research topic in AI. The view of problem solving
as theorem proving has a long :md influential history in AI,
going back at least to the work of Green in the late 1960s.
Distributed problem solving (DPS), wherein a group oi’
decentralized agents cooperate to solve problems, is per-
haps the paradigm example of multi-agent activity, and is
the most-studied process in distributed AI. However, while
many logic-based approaches to distributed AI have been
described in the literature, we are aware of no work that has
explicitly proposed viewing distributed problem solving as
concurrent, agent-based theorem-proving. This is perhaps
due to the lack of an appropriate agent-based computational
model Ibr concurrent theorem proving.

The main aim of our work is to show how distributed
problem solving may fruitfully be considered as concur-
rent theorem proving. To this end. we have developed a
general framework for agent-based theorem proving, and
demonstrated how this framework may be implemented in
a multi-agent programming language.

Our model of concurrent theorem-proving is based upon
that presented in (Fisher 1995). Here, clauses are dis-
tributed amongst autonomous, asynchronous agents. Com-
munication between agents occurs via broadcast message-
passing, and proof proceeds by each agent utilising the in-
formation received, carrying out some internal deduction
and communicating new data to the other agents.

Our problem-solving framework is based on the ap-
proach outlined above. Thus, when a problem-solving
agent has some (atomic) information, it broadcasts this 
all other agents. Similarly, once an agent receives infor-
mation, it can transform its internal representation, pos-
sibly generating further communication. The problem-
solving applications are represented in a high-level pro-
gratnming language, whose operational model closely
matches that of the framework described above, namely
Concurrent METATEM (Fisher 1994). A Concurrent
METATEM system consists of a set of concurrently exe-
cuting agents, which communicate through asynchronous
broadcast message-passing. The internal computation

mechanism for an agent is provided by the execution of
tenzporal logic formulae (Barringer, et al 1996).

In order to show the utility of our general framework, we
have developed an extended case study relating to a par-
ticular variety of problem-solving, namely planning. We
begin by defining a basic goal-driven (top-down) planning
system, and establish the correctness of this planning sys-
tems within our framework. To show the flexibility of our
approach, we describe how, with a simple change to the
agents’ internal rules, we are able to produce a data-driven
(bottom-up) planning system with the same functionality.
In addition, we develop several refinements to the basic
planning mechanisms, such as non-linear planning.

Our approach to concurrent theorem proving and dis-
tributed problem solving is related to the DARES distributed
reasoning system (Macintosh, Conry, & Meyer 1991 ), the
TEAMWORK approach (Denzinger 1995), and the clause
division approach (Bonacina & Hsiang 1995).

References
Barringer, H., Fisher, M., Gabbay, D,, Owens, R., and
Reynolds, M. 1996 The hnperative Future: Principles
of Executable Temporal Logics Research Studies Press.

Bonacina, M., and Hsiang, J. 1995. The Clause-Diffusion
Methodology for Distributed Deduction. Fundamenta ln-
fimnaticae 24:177-207.

Denzinger, J. 1995. Knowledge-based distributed search
using teamwork. In Proceedings of ICMAS-95. 81-88.

Fisher, M. 1994. A Survey of Concurrent MET:’OEM. In
Proceedings of First International Col~’erence on Tempo-
ral Logic (ICFL). LNCS, vol. 827, Springer-Verlag.

Fisher, M. 1996. An Open Approach to Concurrent
Theorem-Proving. In Parallel Processing for Artilicial he-
telligence, 3 Elsevier Press.

Macintosh, D.: Conry, S.; and Meyer, R. 1991. Dis-
tributed Automated Reasoning: Issues in Coordination,
Cooperation. and Performance. IEEE Transactions on
Systems. Man and Cybernetics 21 (6): 1307-1316.

434 ICMAS-96

From: Proceedings of the Second International Conference on Multiagent Systems. Copyright © 1996, AAAI (www.aaai.org). All rights reserved. 


