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To explore the possibility of functional quantum programming, we analyzed
implementablity and resource requirements of higher-order quantum operations that map a quantum
operation to another quantum operation. As quantum algorithms directly implementing higher-order
quantum operations of a black-box unitary operation utilizing the anonymity of quantum information
processing without knowing the identity of the black-box operation, we presented new quantum
algorithms for unitary conjugation, transposition, inversion, and controllization and also
investigated their performance. We further develop completely quantum learning schemes and
distributed quantum information processing schemes as applications of higher-order quantum
operations and discovered their parallelizability and causal properties.
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