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We investigated mathematical models of random phenomena by revealing and
utilizing non-commutative structures hidden behind. We introduced the new concept of
quantum white noise derivative and applied to generalization of quantum stochastic
integrals, integral representation of Fock space operators, representation of quantum
martingales, and characterization of Bogoliubov transformation. For the structural
analysis of complex networks, we developed the quantum probabilistic approach to
spectral analysis and transition probability of random walks, and studied free
probability, free entropy, and matrix inequalities.
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