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Abstract  This paper is devoted to a novel generalized particle model (GPM) approach to distrib-
uted problem-solving in MAS, which transforms the optimization problem of resource assign-
ments and task allocations of MAS in complex environment into the kinematics and dynamics in
GPM. The complex environment in MAS that the proposed GPM approach may deal with in-
cludes: A variety of interactions randomly and concurrently occurring among agents; different
personality and autonomy of distinct agents; different life-cycle period, congestion degree and
failure rate for distinct entities in MAS. At first, the relation between the GPM and MAS in the
context of distributed problem-solving is expatiated. Then the mathematical-physical formaliza-
tion for GPM and the parallel algorithm GPMA are presented. The basic properties of the GPMA
algorithm, including the feasibility, convergency and stability, are discussed. Through a number
of simulation experiments and comparisons related to resource assignments and task allocations in
MAS in complex environment, the authors demonstrate many advantages of the proposed GPM
approach over other coalition methods for MAS problem-solving in terms of the parallelism and
the suitability for complex environment.
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ata (GCA) used in the network modelling, data compres-
sion, self-organizing clustering, fast packet switching., and
parallel optimization. The authors further extend the GCA
approach to a novel generalized particle model (GPM) ap-
proach. The GPM approach transforms the problem-solving
into kinematics and dynamics of particles, and has many ad-
vantages over GCA and other traditional methods in terms of
distributed problem-solving in complex environment. The
complex environment that the proposed GPM approach can
deal with includes: the multi-type coordination, multi-degree
autonomy, multi-objective optimization. high-scale parallel-
ism, and many complicated phenomena, such as phase-tran-
sition, random failure, intermittent congestion and so on.
The GPM approach also has the extensibility to higher-di-
mension higher-order versions, and the feasibility for hard-
ware implementation in VLSI systolic array. The GPM ap-
proach has been used to the problem-solving in MAS, the
service orchestration in Grid computing, data self-organizing

clustering, and parallel optimization in networks.



