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Reversible computing is a research paradigm to study the problem how
physical microscopic reversibility can be directly utilized to realize future computing systems that
are highly integrated and with very low energy dissipation. In this study, we investigate
theoretically how computational universality emerges from simple reversible microscopic laws, and
how reversible comﬁuters can be constructed systematically and efficiently from such microscopic
laws. We studied these problems using reversible cellular automata and some other reversible
computing models. We showed that several reversible cellular automata with extremely simple local
rules can be computationally universal. We then showed that by introducing a 2-state reversible
logic element at an intermediate level we can construct reversible Turing machines very easily from
reversible microscopic laws in a systematic manner. We also made a theoretical systematization of
the theory of reversible computing.
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