
Quantum Circuit Design by Steiner-Gauss
with Considering the Order of Qubits

HAN Zhengtong1 2 ∗ Shigeru Yamashita2 †

1 Graduate School of Information Science, Ritsumeikan University, Kusatsu, Shiga, Japan
2 College of Information Science and Engineering, Ritsumeikan University, Kusatsu, Shiga, Japan

Abstract. Many quantum computers impose stringent memory constraints in which 2-qubit operations
can only be performed between qubits which are nearest neighbors in a lattice structure. We call this
structure NNA[1](Nearest Neighbor Architecture), and propose a method of NNA quantum circuit based
on Steiner Gaussian elimination, which reduces the number of CNOT gates by considering the arrangement
of quantum bits. We can find that in some different arrangements, there are less CNOT gates required
than the traditional Steiner-Gaussian elimination method.
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1 Background

Under the limitation of Nearest Neighbor Architecture,
the circuit containing only CNOT gate can be rebuilt by
using the Gaussian elimination with the spanning tree[2].

Nearest Neighbor Architecture: In quantum cir-
cuits with NNA constraints, The control bit and target
bit must be adjacent to each other before performing the
operation.

Boolean matrix: For a circuit with only CNOT gates,
it can be represented by a Boolean matrix. For example,
a circuit with 9 qubits can be represented by a 9 × 9
Boolean matrix[2].

2 Previous method

This method is called Steiner-Gaussian elimination,
and there are two stages in the algorithm. The first stage
is Steiner-down. Consider a 9 qubits circuit with only
CNOT gates, put them into a 3× 3 grid, and label them
in order with a Hamiltonian path. For the Boolean ma-
trix, we only perform row operations and use the Steiner
tree to transform the given matrix into a upper triangu-
lar matrix. The order of processing the quantum bits is
q0 to q8. In the matrix, the order of execution is column
0 through column 8.
The second stage is Steiner-up, which continues to use

the upper triangular matrix，This time the order of exe-
cution is reversed. In the matrix, the order of execution
is column 8 to column 0. We again use a Steiner tree for
the second stage. Finally, the matrix becomes an identity
matrix. We construct a CNOT-based circuit correspond-
ing to the sequence of row operations which are applied
in the above Gausssian elimination.

3 Proposed method

Our approach is based on Steiner-Gaussian elimina-
tion，and we found there are many Hamiltonian paths in
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the gird. for example, there are 36 Hamiltonian paths in
the 3 × 3 grid. Hence, in a Boolean matrix for 9 qubits,
there are 36 sequences how to order the qubits to process
the Steiner-Gaussian elimination, we propose to check all
the sequences.
In the algorithm, we used the Steiner-down and

Steiner-up. Similar to the Steiner-Gaussian elimination,
we can construct a CNOT-based circuit corresponding to
the sequence of row operations in the Gausssian elimina-
tion.

4 Result and Conclusion

quantum bit’s order CNOT
q0（Previous）0,1,2,3,4,5,6,7,8 62
0,1,2,3,8,7,4,5,6 74
0,1,2,3,8,7,6,5,4 74
0,1,4,5,6,7,8,3,2 73
0,5,4,1,2,3,8,7,6 63
0,5,6,7,8,3,2,1,4 60
0,5,6,7,4,1,2,3,8 59
0,5,6,7,8,3,4,1,2 60
q2 2,3,4,1,0,5,6,7,8 56
q6 6,7,8,3,2,1,0,5,4 60
q8 8,7,6,5,0,1,4,3,2 58
q4 4,1,0,5,6,7,8,3,2 56

We found there were some orders which need less
CNOT gates than the original Steiner-Gaussian elimi-
nation. Therefore, our approach can reduce the number
of CNOT gates in generated circuits.
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