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Recently, some statistical-mechanical methods have been applied to problems
in computer sciences[1]. Particularly, it has been known that the mean field
theory is one of powerful one also for computer sciences. On the other hand,
some physisists have started to be interested in the application of quantum spin
systems[2-4]. In the present talk, we formulate probabilistic inference systems
by means of Bayesian statistics and quantum spin systems on any graph consist-
ing of nodes and links. Algorithms for the practical applications are constructed
by using advanced mean field methods, particularly, Bethe approximation and
cluster variation method for quantum spin systems. The present talk is placed
as one of fundamental studies for applications of statistical mechanics to com-
puter sciences. Quantum spin systems for probabilistic inferences are defined
on graphs with nodes and links. For such spin systems, Bethe approximation
is one of useful methods. However, many probabilistic inference systems often
include some multi-body interactions and we need cluster variation method to
construct approximate algorithms for them. The author has been published
some investigations in the advanced mean field method with the linear response
theory for conventional probabilistic inferences[5]. The present talk is one of the
extensions of the previous papers for conventional probabilistic inferences to the
advanced mean field method in probabilistic inferences formulated by means of
reduced density matrices including some quantum fields.
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