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Abstract  The negative effects to environment arose from quantum computing system can reach
minimum in theory because there is no power dissipation in quantum reversible circuits. Multiple-
valued quantum permutation gate is the basic unit to construct multiple-valued quantum circuits.
In this paper, the unitary matrix of multiple-valued quantum permutation gate is studied from the
view of mathematics. A method constructing the unitary matrix of multiple-valued quantum per-
mutation gate is put forward, and its correctness is discussed constructively by permutation ma-
trix. On the basis of it, a framework by which the unitary matrix of any hybrid quantum gate can
be constructed is presented. Unitary matrix is mathematical model of quantum gate and can re-
flect quantum gate’s mathematical properties clearly. The research on quantum gate’s unitary
matrix is significant to verify the correctness and reliability of quantum gate and to analyze the e-

volution process and development trend of quantum state in quantum circuits.
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In fact, since 2004 the authors have been focusing on
quantum circuit synthesis because quantum circuits are the
basic blocks to build quantum computer. We also have pro-
posed some synthesis methods and matrix presentation meth-
ods of quantum circuits. In this paper, a simple and effective
method to construct the unitary matrix of multiple-valued
quantum permutation gate is put forward, and its correctness
is discussed. On the basis of it, a framework by which unita-
ry matrix of any hybrid quantum gate can be constructed is
presented. Unitary matrix is mathematical model of quantum
gate, by which quantum states’ evolution in quantum circuits
can be calculated step by step. And this is meaningful to ver-

ify the correctness and validity of quantum circuits.



