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I will review some important applications of random operators for quantum communication tasks and then describe the
usefulness of random operators for efficiently characterizing noise sources and the degree of coherent control present on a
quantum processing device. Since the exact implementation of random unitary operators is infeasible in practice on a large
quantum processor, I will describe a random circuit method for generating pseudo-random unitary operators and clarify
the relationship between these pseudo-random operators and (uniformly) random operators. I will also describe a recent
implementation of pseudo-random unitary operators on an scalable NMR quantum processor in which the pseudo-random
operators were applied to efficiently simulate a complex dynamical environment and study the generic features of decoherence
resulting from different system-environment couplings.


