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Fig. 2. The quantum circuit of onestep algorithm.
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Fig. 3. Various types of noise amplitude and phase contrast.
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Fig. 4. The quantum circuit of nuclear magnetic resonance (NMR) realizing HHL algorithm, where r = 2, tg = 2.
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Fig. 5. Three slits dual quantum computation diagram.

2

The light waves begin with one slit, and then it is di-
vided into three sub-wave with three slits, the middle of
the screen after the different wavelets for different oper-
ations. The output of the dual quantum computation is
obtained from the three slits on the right, and the out-
puts at the different slits correspond to different quantum

computation results!104],
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Fig. 6. Multi-output dual quantum circuit diagram.

[1) is the working bit initial state, and |0) is the aux-

iliary bit initial state [104],
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Fig. 7. The quantum circuit of the evolution of a
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single-qubit open quantum system. Where V and
W are the combined wave and split wave operators.
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Fig. 8. A three-bit processor quantum circuit diagram sim-
ulating the evolution of a system in one step in time of
At. |1), |12) and 13 are the initial quantum state. F
is the three-qubit Fourier transform operator and F~1 is
the three-qubit inverse Fourier transform operator. D is a

kinetic energy operator (explained in detail below) [40],
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Fig. 9. The experimental results and theoretical comparison of the dual-well tunneling using a three-bit NMR sample
are shown [40]: (a) The theoretical distribution; (b) the experimental results. From left to right, the probability
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Fig. 10. The work is to simulate the minimal honey-
comb lattice on a torus. This torus only contains one
plaquette, two vertices,and three edges. 1, 2, 3 are
three edges which can be simulated by three qubits

respectively (128]
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Fig. 11. Discription of the RT formula 1311, (a) The
bulk minimal surface (red line) is anchored at the
boundary of the boundary region A. (b) An exam-
ple of tensor network state. The (hexagon) nodes rep-
resent tensors. The links represent the contraction
of tensors. The dangling legs are physical DOFs in
many-body system. The red dashed curve illustrates
the virtual surface S anchored to region A, which cuts

a minimal number of links.
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Fig. 12. The components of NMR quantum cloud platform: We integrate NMR manipulation software and quantum

computing procedures. After accessing our server, the user can experience the real physical system of the 4-qubit

quantum computer.
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Fig. 13. (a) RB (randomized benchmarking) circuits. The left part is about standard RB as a reference is imple-

mented by constructing a sequence of m random gate set. The right part is that interleaved RB is performed to

estimate the error of a specific gates, where is interleaved with random gate set. Final gates and are performed in

the end, as the recovery operations. (b) RB results for single-qubit gates, CNOT gates and SWAP gates. The left
figure single-qubit RB result for the first qubit. The middle figure RB results for CNOT gates and the right one

results for SWAP gates.
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Abstract

In the last 20 years, there have been lots of novel developments and remarkable achievements in quantum information
processing theoretically and experimentally. Among them, the coherent control of nuclear spin dynamics is a powerful tool
for the experimental implementation of quantum schemes in liquid and solid nuclear magnetic resonance (NMR) system,
especially in liquid-state NMR. Compared with other quantum information processing systems, NMR platform has many
advantages such as the long coherence time, the precise manipulation and well-developed quantum control techniques,
which make it possible to accurately control a quantum system with up to 12-qubits. Extensive applications of liquid-
state NMR spectroscopy in quantum information processing such as quantum communication, quantum computing and
quantum simulation have been thoroughly studied over half a century. There are also many outstanding researches in the
recent several years. So we focus on the recent researches in this review article. First, we introduce the basic principle
of the liquid-state NMR quantum computing and two new methods reported in the pseudo-pure state preparation which
has more advantages than the traditional methods. The quantum noise-injection methods and the quantum tomography
technology in liquid-state NMR are also mentioned. Then we overview Horrow-Hassidim-Lioyd algorithm, quantum
support vector machine algorithm, duality quantum computing and their implementations in liquid-state NMR system.
Also, we report recent researches about quantum simulations, including quantum tunneling, high-energy physics and
topological sequences. Then we display the quantum cloud platform of our group. In order to let more people, either
amateurs or professionals, embrace and more importantly participate in the tidal wave of quantum science, we launch
our NMR quantum cloud computing (NMRCloudQ) service. Through NMRCloudQ, we offer a direct access to a real,
physical spectrometer in our laboratory and encourage users to explore quantum phenomena and demonstrate quantum
algorithms. Finally, we discuss the development prospects and development bottlenecks of NMR, and point out the

prospects for the future development direction.

Keywords: nuclear magnetic resonance, quantum computing, quantum simulation, nuclear magnetic

resonance quantum cloud computing
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