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The notion of probability plays a crucial role in quantum mechanics. It
appears in quantum mechanics as the Born rule. In modern mathematics which describes quantum
mechanics, however, probability theory means nothing other than measure theory, and therefore any
operational characterization of the notion of probability is still missing in quantum mechanics. In
our former works, based on the toolkit of algorithmic randomness, we presented an operational
refinement of the Born rule, called the principle of typicality, for specifying the property of the
results of quantum measurements in an operational way. We did this from the point of view of the
many-worlds interpretation of quantum mechanics. In this research, we made applications of our
framework to quantum information theory, including quantum error-correction and the security proof
of the BB84 quantum key distribution protocol, in order to demonstrate how properly our framework
works in practical problems in quantum mechanics.
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