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Abstract  Reversible logic finds many applications, especially in the area of quantum computing.
Quantum reversible logic circuits are basic elements in quantum computer construction. Synthesis
of quantum reversible logic circuits means to automatically construct desired quantum reversible
logic circuit with minimal quantum cost. The authors absorb different ideas of reversible logic cir-
cuits synthesis and present a novel and efficient algorithm which can automatically derive the posi-
tive polarity Reed-Muller expansion (RM). A solution space tree is constructed to create quan-
tum reversible logic circuits. Firstly, floor traversal is applied globally, and depth-first search is
used locally. Secondly, according to the technique of template optimization, the bound function is
constructed, which can rapidly prune the branches with no or nonoptimal result. Thirdly, factors
of RM are first considered, therefore the algorithm can effectively construct optimal result and
saves computational cost significantly. Judging by the internationally recognized reversible func-
tions of three variables, the proposed algorithm not only synthesizes all optimal reversible func-

tions, but also runs extremely faster than others of the same kind.
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A quantum computer is equivalent to a quantum Turing
machine, which is an abstract mathematical model; and the
quantum Turing machine is equivalent to a quantum logic cir-
cuit, as has been theoretically proven. Therefore, the quan-
tum computer can be constructed by cascading and combining
the quantum logical gates. How to automatically construct
the desired quantum circuit with relatively small cost using
appointed quantum gates? The principles of quantum logical
gate cascading, the automatic production of basic quantum

circuit and the optimization of quantum circuit are the foun-
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dations of the study. An effective method is used to synthe-
size quantum reversible logic circuits using the positive polar-
ity Reed-Muller (RM) expansion of a reversible function. To
which Agrawal and Pallav Gupta et al. have made their own
contributions. They tried to improve its performance by
adopting a few heuristics algorithms; however. these heuris-
tics algorithms cannot guarantee that a solution will be found
when it does exist and can hardly get optimal result.

In this paper, a novel and efficient algorithm is presen-
ted, which can automatically derive RM expansion, and a so-
lution space tree is constructed to effectively create the de-
sired quantum reversible logic circuits. In the experiments on
3-qubit synthesis, the algorithm not only synthesizes all opti-
mal reversible circuits, but also runs extremely faster than

others of the same kind.



