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Fig. 1. Resonant transition. A system with unknown eigen-
values interacts with another two-level auxiliary system.
H; is the Hamiltonian of the system on the left. Assuming
Ep = 0, when the excited state energy level € of the auxili-
ary system is close to any eigenvalue E;, a resonance trans-

ition will occur between the two systems.
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Fig. 2. Numerical simulation of resonance transition by
quantum algorithm. Panel (a) is the original image of
300 x 300. Panels (b), (c) and (d) are the images re-
covered by the first 10, 30 and 50 singular values respect-
ively. 50 singular values can be a good restoration of the
image, the details and words of the school emblem are
legible.
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Fig. 4. Molecular structure and parameters of crotonic acid
are labeled 13C. C1 is the auxiliary qubit and C2—C4 is the
target qubit. 1H is decoupled throughout the experiment.
The diagonal and off-diagonal elements are chemical shifts
and J coupling (in Hertz). At the bottom is the coherent re-
laxation time T% (in seconds).
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Fig. 5. A brief quantum circuit diagram. After the pseudo-
morphic state is prepared, the shape pulse optimized by

GRAPE is applied to the second register to complete the

initialization. Then, the time evolution operator e~ i*to ig

applied to the initial state for N times, and the first bit is
measured. When the result is |1), the target state |9 4/) is
obtained.
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Fig. 6. (a) Density matrix obtained by experiment; (b) the result of theoretical calculation; (c) the corresponding image of the mat-

rix with the maximum singular value recovery. Since the auxiliary bit is |1) and gives a meaningful result, only consider subspaces

whose values are |1) and the rest are ignored.
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Abstract

In the era of big data, efficient data processing is crucial. Quantum computing has the capability of parallel
computing, which provides a new solution for convenient data processing. We propose a matrix low-rank
approximate quantum algorithm based on singular value decomposition with a complexity of Ol[poly(pq)]. We
conduct the principle demonstration of the algorithm in the NMR quantum computing system. In the
experiment, *C labeled cromaric acid is used as a four-bit sample, dissolved in d6-acetone, and 'H is decoupled
in the whole process. In the case of a large number of bits, quantum principal component analysis, quantum
recommendation algorithm, and other quantum algorithms can achieve the same goal, and their time
complexities are basically the same. In this paper, the resonance transition algorithm is used to effectively
replace the phase estimation algorithm in this kind of problem, which greatly reduces the need of auxiliary bits.
Only one auxiliary bit is used and a singular value is retained to better restore the image, which is currently
unable to be achieved by other algorithms based on phase estimation. Firstly, an 8 x 8-dimensional image
matrix is selected, and the pseudo-pure state is prepared by using the spatial averaging method. The quantum
state reaches the target state by using gradient descent pulse to complete the preparation of the initial state.
Then the shape pulse is used to apply the time-evolution operator to the initial state several times to realize the
time evolution of the Hamiltonian H of the resonance transition algorithm. Finally, the quantum state
chromatography is used to read out the different components of the density matrix and reconstruct the density
matrix. The experimental results are analyzed by quantum state chromatography, and the experimental values
are in agreement with the theoretical ones. The fidelity is 99.84%, and the error comes mainly from the
experimental equipment and the gradient pulse’s optimization algorithm. This verifies the correctness of the
matrix low-rank approximate quantum algorithm proposed in this paper within the error range. For the
classical algorithm, it usually takes O[poly(pq)] to solve the low-rank matrix on the classical computer.

Compared with the classical algorithm, the quantum algorithm achieves exponential acceleration.
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