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Accuracy

First, we investigated the dependence 

of the output accuracy (evaluated by the 

operator norm ∥A−1 − P (SV)(A)†∥) on the 

degree d of the approximate polynomial 

and the matrix size N = 2n. As shown 

in Fig.  2, we confirmed that the output 

accuracy improves exponentially with 

respect to d, and is independent of N. 

Next, we fixed the matrix size at N = 8 and 

decomposed the non-Clifford gates. Fig. 

3 shows the dependency of the output 

accuracy on the decomposition error ϵgate 

of the rotation gates for different d. In the 

left region of the figure, where ϵgate is large, 

the decomposition error of the rotation 

gates is dominant. On the other hand, in 

the right region where ϵgate is sufficiently 

small, the error due to polynomial 

approximation (indicated by the dotted 

lines in the figure) becomes dominant, and 

the output accuracy of the quantum circuit 

saturates. 

The error due to the decomposition of 

the rotation gates is considered to be 

proportional to the product of ϵgate and 

the number of rotation gates (Ndata+1)

d. Therefore, when each rotation gate 

is decomposed with an accuracy of 

ϵgate, and a final output accuracy of ϵ is 

required, the degree d of the approximate 

polynomial is determined by the 

minimum singular value of the scaled 

matrix A and some proportional constant. 

This, in turn, allows us to determine the 

computational cost discussed in the next 

section.

Computational cost

We evaluated the computational cost in 

regards of the number of qubits and the 

T -count. It was found that the number of 

logical qubits nqubits is explicitly given as

nqubits = 2 log2 N + log2 Ndata + 6,    (7)

which does not depend on the 

decomposition error ⋅gate of the rotation 

gates or the degree d of the approximation 

polynomial. Next, we examined the 

behavior of the T-count arises from the 

decomposition of non-Clifford gates. As 

can be seen from Fig. 4, it is confirmed 

that the T-count with respect to d and 

ϵgate matches the expectations outlined 

in Table 1 (indicated by the dotted lines 

in the figure).
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❙ Figure 3:  Dependence of the error on the degree of the polynomial and the precision for decomposition of 
rotation gates.

❙ Figure 4: Dependence of the T-count on the degree of the polynomial and the precision for decomposition of 
rotation gates.

❙ Figure 2:  Dependence of the error on the size of the matrix and the degree of the polynomial.
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... Summary

We explicitly constructed a quantum circuit to compute the 

inverse of Toeplitz matrices via QSVT with the Clifford+T gate 

set, and evaluated its accuracy and computational cost. As a 

result, we confirmed:

(i) The output accuracy of the inverse matrix improves 

exponentially with respect to the degree d of the approximate 

polynomial.

(ii) The output accuracy does not depend on the matrix size 

N, since the condition number of the matrix is bounded by a 

constant in our specific choice of matrix.

(iii) The T -count depends on d and the decomposition error 

of the rotation gates ϵgate as shown in Table 1, and it depends 

logarithmically on N through the adder in the block-encoding 

circuit.

In order to construct an end-to-end quantum linear system 

solver, the preparation of the input quantum states and the 

readout of the output states must also be implemented. 

It is known that both, if implemented naively, may require 

exponential cost, which would undermine quantum 

advantage. Addressing this issue remains a challenge for 

future work. n
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Solving linear systems of equations is a fundamental problem 

that serves as a crucial foundation in numerous elds. Initiated 

by the pioneering Harrow-Hassidim-Lloyd algorithm, the 

asymptotic performance of quantum linear system solvers 

has steadily improved overtime. However, there remains a 

lack of quantitative evaluation of quantum resources based 

on explicit gate implementations. In this study, we particularly 

focus on the matrix inversion method via quantum singular 

value transformation and explicitly construct a quantum circuit 

to invert specific matrices using the standard universal gate 

set, Clifford+T gates. We examine the detailed methods for 

block-encoding, QSP angle finding, and gate decompositions, 

and numerically evaluate the overall resources required for the 

quantum circuit. n
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