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In the past years, great progresses have been made on quantum computation and quantum simulation. Increasing the
number of qubits in the quantum processors is expected to be one of the main motivations in the next years, while noises in
manipulation of quantum states may still be inevitable even the precision will improve. For research in this direction, it is
necessary to review the available results about noisy multiqubit quantum computation and quantum simulation. The review
focuses on multiqubit state generations, quantum computational advantage, and simulating physics of quantum many-body
systems. Perspectives of near term noisy intermediate-quantum processors will be discussed.
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intermediate-scale quantum technologies

PACS: 03.67.–a, 03.67.Bg, 03.67.Lx DOI: 10.1088/1674-1056/ac89de

1. Introduction
Quantum computation may surpass the current comput-

ers, exponentially or polynomially, by performing specific
quantum algorithms. Quantum simulation can emulate, in a
controllable way, the quantum phenomena which happen in
the world from micro-scale to the universe. A prerequisite
for practical useful quantum computation and quantum sim-
ulation is that the number of qubits of the quantum processor
should be larger than a value, such that the performed tasks are
beyond the computational capability of current available com-
puters. Recently, a series of results by using multiqubit quan-
tum processors have been presented. The number of coher-
ently controlled qubits ranges from several to dozens of qubits,
and may achieve around 100 in the near future. In contrast
with previous results, there are some new characteristics about
those developments: (i) Simulations and computations are for
general schemes, which are less about the physics or mech-
anism of the processors themselves, but may be realizable in
different platforms. (ii) Controlling complexities and data sets
of experiments grow in general exponentially with the number
of qubits, which need advanced integration and high efficiency
of the platforms. (iii) Decoherence, inaccurate controlling and
readout limit the precision of the results and the schemes cho-
sen. The performed schemes in general should not involve
large depth of circuits because of limited accuracy of the con-
trolling, and should avoid long time evolution due to limited

coherence time. Those characteristics are described as noisy
intermediate-scale quantum (NISQ) technologies.[1]

Remarkably, by increasing the number of qubits and im-
proving control precision, the noisy multiqubit quantum com-
putation and quantum information recently achieve the aim of
quantum supremacy,[2,3] i.e., surpassing the computational ca-
pability of any current computers for specific tasks. The next
stages may be the quantum advantage, implying practical use-
ful quantum information processing, and universal quantum
computation and quantum simulation, still assistance of classi-
cal digital processors may be necessary. We remark that there
is no clear distinction between quantum supremacy and quan-
tum advantage.

Although the near-term noisy multiqubit quantum pro-
cessors may not be practical useful for our everyday life, re-
searchers are optimistic about the applications for a proto-
type of quantum computer (see Fig. 1). The applications
under consideration include, but not limited to, simulation
of quantum many-body physics,[4–8] simulation of quantum
chemistry,[9] hybrid classical and quantum processors with
task assignment,[10] quantum machine learning and quan-
tum artificial intelligence.[11–13] Indeed, great progresses have
been made in those directions. Here, we would like to review
those results, to summarize what have been achieved, at the
same time, to expect aims for future research.

The concept of a universal quantum simulator was pro-
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posed by Feynman,[14] with which various quantum phenom-
ena can be simulated using a controllable quantum machine.
This machine then can also perform universal quantum com-
puting since the general unitary transformation can be imple-
mented. In this sense, the universal quantum simulator and
quantum computer are equivalent, while one emphasizes to
reproduce quantum phenomena in an analogous way, another
is concerning about the realization of computing tasks. A
universal quantum simulator can be implemented by an ana-
log method, implying the Hamiltonian is realized by a similar
Hamiltonian, or a digital method by decomposing the evolu-
tion into logical gates of a universal set of quantum computa-
tion.

Fig. 1. Controllable quantum systems for quantum computing and simu-
lation. To realize a quantum simulator or a quantum computer, the system
often contains lots of natural atoms or artificial atoms and have couplings be-
tween the atoms. The system Hamiltonian can be divided into two parts: the
static part Hsys which stays fixed after sample fabrication and the dynamic
controllable part Hctrl which can be regulated through applying external sig-
nals. State evolution can then be steered through adjusting Hctrl according
to the Schrödinger equation. Promising physical candidates include super-
conducting circuits, trapped ions, neutral atoms, and so on.

Quantum simulations of many-body system are appeal-
ing with noisy multiqubit quantum processors, in particular
in studying dynamical properties. In general, the simulation
scheme can be as follows: Preparation of an initial state which
can be a product state or entangled state from a product state
by simple operations, or a state which can be easily obtained
for the quantum simulators. Next, the initial state can be ma-
nipulated by operations or evolves according to controllable
Hamiltonian. Then, the intermediate or final state will be read
out by measurement. There are some reasons that the many-
body simulations are very useful at the present stage. (i) The
physics such as phases of quantum many-body system may be
robust such that the characteristic phenomena can be demon-
strated properly with noisy multiqubit quantum processor, ar-
bitrary accuracy may not be necessary even improving preci-
sion is plausible. (ii) The condensed matter physics of many-
body system have been well studied, the complexity or extent
of the complication of the problems is generally known. In

this sense, the motivation of simulation can aim to solving
open or hard problems. (iii) For superconducting qubits or
other simulators, the devices of qubits can be designed based
on different models with configurations for qubit locations like
one-dimension, square lattice, honeycomb, Kagome, etc. Dif-
ferent Hamiltonian can be realized based on the specifically
designed hardware or platforms.

The simulation of quantum chemistry is promising since
the practical applications may range in many fields like drug
synthesis, biological nitrogen fixation, etc.[9] The main prob-
lem is the necessity for high precision in simulation. However,
some tasks may concern more about the speed of computation
and simulation, for which the near-term quantum simulation
may still possess advantageous.

2. Simulation of many-body physics using
trapped ions and Rydberg atoms
Trapped ions and Rydberg atoms are promising physical

candidates for implementing quantum simulation.[15,16] Re-
cently, the number of qubits for quantum simulators reaches 51
with neutral cold 87Rb Rydberg atoms,[4] and 53 for trapped
ions.[5] Dynamics of many-body physics can be studied by
those simulators.

For the system with Rydberg atoms, the Hamiltonian is
written as[4]

ℋ
h̄

= ∑
i< j

Vi jnin j +∑
i

Ωi

2
σ

i
x −∑

i
∆ini, (1)

where Pauli matrix, σ i
x = |gi⟩⟨ri|+ |ri⟩⟨gi|, is defined as the

coupling between the ground state |gi⟩ and the Rydberg state
|ri⟩ of an atom at site i, and is driven at Rabi frequency Ωi.
The driving lasers detunings from the Rydberg state are ∆i,
and ni = |ri⟩⟨ri|. The qubit–qubit interactions Vi j are due to
van der Waals interactions between pairs of Rydberg atoms
depending on their distances Ri j, Vi j =C/R6

i j, where C > 0 is
the repulsive van der Waals coefficient.

This system is a quantum many-body Ising spin model.
For homogeneous case, |Ωi| = Ω ,∆i = ∆ , which is realized
by aligning the beams to globally address all trapped atoms
with a uniform Rabi frequency and the same detunings. The
parameters Ω(t) and ∆(t) are controlled by changing the laser
intensities and detunings in time. The strengths of interac-
tions Vi j are controlled by varying the distances between the
atoms or coupling to a different Rydberg state. The Rydberg–
Rydberg interactions Vi j will prevent nearby atoms from si-
multaneous excitations into Rydberg states due to the Rydberg
blockade mechanism. Individual atoms are trapped using op-
tical tweezer arrays, which are created by an acousto-optical
deflector. The Rydberg atoms are arrayed in one-dimensional
lattice thus with power law decay interactions 1/|i− j|6 with
distance for Vi j.
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The experiments start with loading the atoms into the
tweezer arrays, which are defect-free after procedures like flu-
orescence imaging and rearrangements. The initial state then
can be prepared as a product state with all atoms in the ground
state |g1...gN⟩ by optical pumping. The traps are then turned
off (the interaction between the atoms and tweezer arrays be-
come repulsive when the atoms are in excited states, which
will cause a serious atom loss if it is not turned off), and the
driving lasers are switched on with controlled pulse Ω(t) and
detuning ∆(t). The system will evolve under the unitary time
evolution governed by Hamiltonian (1). The final states can be
readout by turning the traps back on and imaging the atomic
fluorescence. The ground state |g⟩ atoms can be imaged, while
the Rydberg state |r⟩ atoms will be ejected with absence of flu-
orescence. In the period of evolution without traps, the atomic
motion away from the trapping region limits the time of co-
herence. Within 4 µs period of time evolution, the atomic loss
probability is about 0.1%, and around 2% at 6 µs, with temper-
ature 12 µK. To limit the infidelity with 3%, the experiments
operate with trap-off time of ≤ 7 µs.

For resonant driving ∆ = 0 and far spatially separated
atoms without interaction, Rabi oscillations happen between
ground state |g⟩ and Rydberg state |r⟩ for a single atom. The
amplitude of the Rabi oscillations is limited by the detection
probabilities of the states, fr = 0.93, fg = 0.98, denoting the
probabilities to correctly detect states, |r⟩ and |g⟩, respectively.
When the atoms are close to each other with distance a < Rb,
where Rb defines the Rydberg blockade radius, the Rabi os-
cillations happen between the ground state and a collective su-
perposed state with one excitation, |W ⟩= 1√

N ∑ j |g1...r j...gN⟩,
here the collective Rabi frequency scales as

√
N.

States of Rydberg crystals break distinct spatial symme-
tries for different quantum phases. By using quantum simu-
lator of Rydberg atoms, antiferromagnetic ordered states with
Z2, Z3 and Z4 broken symmetries have been prepared exper-
imentally in an Ising-type quantum chain with couplings de-
caying fast over distance between atoms.[4] The Z2 order state
breaks translational symmetry and corresponds to antiferro-
magnetic state |rgr · · ·rgr⟩. In experiment, all atoms are pre-
pared initially in the ground state by optical pumping, |g · · ·g⟩.
The detunings of the driving lasers are controlled so that ∆/Ω

sweeps adiabatically from large negative values to large pos-
itive values. For large negative values ∆/Ω , the ground state
corresponds to the initial state |g · · ·g⟩. As ∆/Ω increases
slowly from negative values to positive values, the number
of Rydberg excitations |r⟩ increases and their interactions be-
come important. With appropriate distance between atoms,
the Rydberg blockade is effective for nearest-neighbor atoms,
but with negligible next-nearest-neighbor interactions Vj, j+2,
resulting in Rydberg excitation occurs at every other atom, in

the form |rgrgrg · · ·rgr⟩. In this case, the Z2 order state is ob-
tained.

The Z3 and Z4 order states take the forms of
|rggr · · ·rggr⟩ and |rgggr · · ·rgggr⟩, respectively. Similar to
the Z2 order state preparation, by reducing the distances be-
tween atoms, more atoms may lie within Rydberg blockade ra-
dius and thus they are prevented from excitation, correspond-
ing non-negligible next-nearest-neighbor interactions. The re-
sulting state takes the from |rggrggr · · ·rggr⟩. Then, the Z3

order state can be obtained. And reducing further the spacing
between atoms, one can obtain the Z4 order state.

In trapped-ion system presented in Ref. [5], the Hamilto-
nian is written as the transverse-field Ising model

H = ∑
i< j

Ji jσ
x
i σ

x
j +Bz ∑

i
σ

z
i , (2)

where the couplings induced by the applied laser field take ap-
proximately as Ji j ≈ J0/|i− j|α , i, j are sites for a chain of up
to 53 ions, power exponent α is set between 0.8 to 1. The
transverse field is adjusted by a controllable Stark shift from
the laser field.

The dynamics of the system from an initial state can then
be studied. The magnetization of each spin ⟨σ x

i ⟩ can be mea-
sured by site-resolved fluorescence, with the help of qubits ro-
tation. The detection efficiency of the spin qubit is about 99%.
Dynamics of quantum quench for different cases determined
by ratio of transverse field and Ising coupling are experimen-
tally studied. The time-dependent magnetization shows dis-
tinct behaviors, demonstrating different phases of the Hamil-
tonian and implying the simulation of dynamical phase transi-
tions.

3. Quantum supremacy and quantum computa-
tional advantage
It is interesting to know what kind of computational prob-

lem can be solved by both quantum computers and classical
computers, and at the same time, the state-of-the-art quan-
tum computers can perform better, even exponentially faster,
than the most advanced classical computers. This aim can be
named as quantum supremacy[2,17] or quantum computational
advantage. It is pointed out that the task of sampling random
quantum circuits output can demonstrate the computational
capability of a quantum computer while it is a hard problem for
classical computers.[18] To achieve the quantum supremacy, a
prerequisite condition is that the number of qubits N should
be larger than around 50, which corresponds to computational
state space of dimension 2N . Additionally, the depth of the ran-
dom quantum circuits should be larger than a threshold such
that this computation by classical approach will take a long
time, for example, hundreds of years. These two conditions
may have tradeoff relations.

100304-3



Chin. Phys. B 31, 100304 (2022)

The random quantum circuits can create a quantum state
|Ψ⟩=Urd |⃗0⟩. There are N qubits. So 0⃗ defines that all N qubits
are initialized as |0⟩. The sampling of the output |Ψ⟩ will pro-
duce a series of bitstrings x⃗ j with the form like 0100 · · · for N
bits. Suppose k times sampling of random but fixed quantum
circuits Urd are made, the aim is that the results of the sampling
should satisfy the following inequality:

1
k

k

∑
j=1

|⟨⃗x j|Urd |⃗0⟩|2 ≥
b
D
, (3)

where D is the dimension D = 2N , b should be larger than 1,
but may not larger than 2.[2]

A quantum state can be written in the superposed form
as |Ψ⟩ = ∑ j p

1
2 (⃗x j)|⃗x j⟩, here the phase parameters have been

omitted since they will not affect the results of the sampling.
It is assumed that for a random quantum circuit Urd, the dis-
tribution of the probability Pr(p) satisfies the Porter–Thomas
distribution defined by the form[2] Pr(p) = De−Dp. It means
that the number of bitstrings with amplitude parameter in the
region [p, p+dp] is DPr(p)dp = D2 e−Dpdp.

Now, we suppose that the sampling task can be performed
by measuring the state |Ψ⟩ on computational basis, implying
that bitstings x⃗ j can be obtained with the probability p(⃗x j)

corresponding to its amplitude. So, the bitstrings obtained by
sampling take the distribution form f (p) = pD2 e−Dp. Then,
according to the aim of the computational task, we should cal-
culate the circuits defined amplitude p(⃗x j) with the f (p) sam-
pling distribution, resulting in

∫ 1
0 p f (p)dp ≈ 2/D. This result

is true only in the case that the sampling can be made perfectly.
If there are errors, for example in an extreme condition that the
bitstrings are randomly chosen with the identical distribution
1/D, the obtained quantity will take the form

∫ 1
0

p
D dp ≈ 1

D .
It is now clear that the sampling random quantum circuits by
a quantum computer with noise will give a quantity b which
ranges from 1 to 2, corresponding respectively to cases of
completely random and perfect sampling. While for a gen-
eral b, b ∈ [1,2], it corresponds how well the sampling task is
completed.

The problem is that the quantity b is based on the knowl-
edge of the amplitude p(⃗x j) defined by a unitary operator Urd,
which is realized by a random quantum circuit. The computa-
tion of the amplitudes p(⃗x j) generally is a hard problem by
classical approaches. For a quantum computer, in order to
characterize the performance of the sampling, it is proposed
that the linear cross-entropy fidelity, FXEB, can be used as a
figure of merit. Remarkably, the fidelity FXEB is related with
b = 1+ FXEB, both quantifies the extent of success in sam-
pling the defined state. So the performance of the sampling
depends on the proposed fidelity. For quantum computation,
the fidelity FXEB can be reasonably estimated, based on exper-
imental data and numerical results for simpler circuits.[2] The
sampling bitstrings are obtained by repeatedly measuring the

prepared state |Ψ⟩ realized by a random quantum circuit. The
computational task can then be performed. In contrast for a
classical computer, it is hard to calculate a series of amplitude
p(⃗x j) for bitstring x⃗ j since the handling of state dimension D
and the calculation of deep circuits Urd are beyond the compu-
tational capability of the current computer.

Recently, the quantum supremacy is realized firstly by
Google AI quantum team using 53-qubit programmable super-
conducting quantum processor, named as Sycamore.[2] Later,
similar computational tasks are performed with more super-
conducting qubits[3] or larger dimension of computational
state in optics system.[19] For superconducting qubits, the ran-
dom quantum circuits are composed of single qubit rotation
gates, X1/2,Y 1/2,(X +Y )1/2, and two-qubit entangling gates
between nearest neighbor qubits located in a square lattice in
the processor. It is pointed out that one million sampling time
can be performed for a quantum circuit with about 200 s, while
similar computational task will take about 10000 years for a
powerful supercomputer.[2] A similar experiment is also pre-
sented with more superconducting qubits.[3] It is then shown
that a quantum computer outperforms the classical computers
for a specific task.

On the other hand, remarkable progresses have been made
in sampling random quantum circuits by classical computers,
see Refs. [20,21]. In case the competition between quantum
computers and classical computers is on going, the study it-
self has put forward interesting problem to explore the current
boundaries for both quantum and classical computations. We
are still optimistic about the practical computational capability
of quantum computation, which may be beyond the classical
computers.

4. Quantum simulation of localization and ther-
malization

At the present NISQ stage, localization and thermaliza-
tion can be simulated by various quantum platforms. For an
isolated quantum system, an initial quantum state will gener-
ally evolve to equilibrium. Although the whole system itself
is a pure state, the subsystem behaves like being thermalized
with its reduced density matrix taking the form of thermal-
ized states with a temperature. However, at specific conditions
such as integrability, on-site or interaction disorders, the sys-
tem will remain as localized state. Those conditions leading
to localized states can be realized in different systems, which
are then demonstrated in many recent experiments showing
the controllability of the platforms. In principle, these experi-
ments realized different phases of the quantum matter by pre-
senting dynamical properties of the simulated systems. On the
other hand, occurring of thermalization in an isolated quantum
system itself is an interesting problem and is worth exploring
experimentally.
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There are different types of localization, such as Ander-
son localization for non-interacting particles with disorders,
and many-body localization (MBL) for interacting systems.
MBL has been realized by trapped ions with ten qubits.[22] The
system Hamiltonian is an Ising type with long-range interac-
tions, and the disorder is applied by the on-site random poten-
tial. The occurring of MBL is predicted by Poisson distribu-
tion for level statistics calculated for the system. The MBL
is demonstrated in experiment by data of time-evolved local
magnetization and dynamics of quantum Fisher information
corresponding entanglement.

The MBL is also realized in a two-dimensional optical
lattice for a Bose–Hubbard model with controllable on-site
disorder. The time-evolved imbalance is used to identify tran-
sition of MBL and thermalization.[23]

It is expected that entanglement entropy, which is ob-
tained by using reduced density matrix of the subsystem, will
grow logarithmically in terms of time for MBL. In contrast,
it will reach quickly to a constant related with the volume
law for thermalization because of eigenvector thermalization
hypothesis.[24] Experimentally, a density matrix can be ob-
tained by state tomography. However, times of measure-
ment for state tomography will grow exponentially in terms
of qubits number, which is a challenge for experiments when
the number of qubits is relatively large. By using a 10-
qubit superconducting processor with all-to-all connectivity,
the MBL is realized with programmable controlled random
on-site potentials.[8] The time-evolved reduced density ma-
trix of 5 qubits is obtained by using state tomography. Based
on those results, the entanglement entropy logarithmic growth
with time is observed, as shown in Fig. 2.

Fig. 2. Half-chain entanglement entropy, which is extracted from the ex-
perimentally measured 5-qubit density matrix by performing quantum state
tomography. (a), (b) The entanglement entropy S as functions of the evo-
lution time for different disorder strengths δh is plotted in linear scale and
in logarithmic scale, respectively, (c) Site-averaged S at around 1000 ns as
a function of the qubits number N. (d) The comparison between MBL and
Anderson localization. Dots are experimental data, and lines are numerical
simulation. Figures are adapted from Ref. [8].

The measurement of density matrix with many qubits
by tomography generally is difficult in experiments. Alter-
natively, the second order Rényi entanglement entropy based
on square of the density matrix can be obtained by using ran-
domized measurements, which is performed for 10 qubits for
MBL in ion-trap system.[25] At the same time, the second or-
der Rényi entanglement entropy is also obtained, based on par-
ticle fluctuations and correlations measuring on up to 10 qubits
of trapped ions.[26]

5. Generation of multi-qubit entanglement
Entanglement is a necessary resource for quantum

computation.[28–32] Also, preparation of multi-qubit entangle-
ment is a benchmark in showing the control capability of dif-
ferent platforms, in particular for preparing the Greenberger–
Horne–Zeilinger (GHZ) type of states.[33] The N-qubit GHZ
states take a simple superposed form

|GHZ⟩N =
1√
2
(|00 · · ·0⟩+ |11 · · ·1⟩). (4)

One interesting property of the multipartite GHZ states is that
all particles are globally entangled, while there is no entangle-
ment between particles for a subsystem in case another sub-
system is traced off.[33]

Recently, the number of qubits in GHZ-type states prepa-
rations can reach 18 and 20, for superconducting qubits[27,34]

(see Fig. 3) and Rydberg atoms,[35] respectively. For photons
and trapped ions, the number of qubits for GHZ entanglement
generation can be 14 by ions,[36] 12 by photons[37] and 18 by
using six photons with three degrees of freedom.[38]

Besides simulating many-body physics such as quantum
phase transitions by different platforms, on the other hand, we
may exploit the quantum phase transitions as a mechanism
in entanglement generation. For example, it is reported that
many-body entanglement of around 11000 atoms can be de-
terministically generated in a system of rubidium-87 Bose–
Einstein condensate.[39] By simulating dynamical quantum
phase transitions, it is shown that multiple qubit can be en-
tangled to generate a spin squeezed state near the dynami-
cal critical point with a 16-qubit superconducting quantum
processor.[40] So different methods are worth exploring in
preparing various entangled states for tasks of quantum infor-
mation processing.

We know that entanglement, such as squeezed state, is a
resource for quantum metrology with entanglement-enhanced
phase sensitivity.[41,42] It is interesting that there is a close re-
lationship between Gaussian squeezed state and entanglement
by using squeezing parameter. However, the non-Gaussian
entangled states cannot be well characterized by using the
standard squeezing parameter, a generalization as nonlinear
squeezing parameter[43] should be exploited. Experimentally,
it is generally challenging to measure the nonlinear squeez-
ing parameter. Recently, by using a superconducting quantum
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processor, the nonlinear squeezing parameter is obtained to
characterize a 19-qubit non-Gaussian entangled state, show-
ing quantum-enhanced metrological gain.[44]

On the other hand, we know that entanglement can be
used to process quantum computation in a way that may re-
duce the complexity compared with direct implementation
of the computational task, for example in one-way quantum
computation.[28] It will be plausible that entanglement may
be accessed conveniently for researchers for exploring vari-
ous quantum computing applications. The online generation
of entanglement will then be very useful and can be conve-
niently exploited for various purposes. Besides, the cloud
quantum computation itself is expected as the infrastructure
in deploying quantum computation facilities. However, the
generation of entanglement generally involves its verification
which needs techniques such as repeated measurements with

changing parameters. The online generation and verification
of entangled states such as GHZ states become a difficult task.
Recently, the cloud quantum computation platform, named
as ScQ implying superconducting quantum, has been con-
structed. Based on high efficiency of the operating system of
the experimental setup, the GHZ states of up to 10 qubits have
been created and also verified by using fidelity which relies
on the standard method by measuring both amplitude and par-
ity quantities.[45] By measuring parity, the rotation operation
⊗ jexp(i π

4 σ
j

φ
) should be applied collectively on all qubits, and

repeated measurements should be performed with changing φ

ranging for several periods. With those operations, fidelities of
all the generated GHZ states have been provided. The results
show that our ScQ platform is ranked as one of the best cloud
quantum computation platforms.

Fig. 3. Multicomponent atomic Schrödinger cat states of 20 qubits. Plotted are the experimentally measured Q-functions at specific time intervals
of state evolution under an all-to-all coupled Hamiltonian with up to 20 qubits. The system is firstly initialized in an atomic coherent state, then
coherently evolves to the spin-squeezed state and finally to the multicomponent atomic Schrödinger cat states including the GHZ state. The figure
is adapted from Ref. [27].

6. Perspectives
In the past years, quantum computation largely demon-

strate proof-in-principle results by noisy processors with small
and intermediate-scale number of qubits or qudits, meaning
higher-dimensional quantum states. To make quantum com-
puting practical, many technical challenges need be overcome
to improve the scalability and coherence of qubits. In the long
term, we aim to build a fault-tolerant quantum computer which
can solve any problem. While in the short term, using noisy
quantum processors with more qubits and better performance,
we can still apply the quantum computing to some specific
practical problems.

The near-term perspectives may need to pay close atten-
tion to hybrid processors, which are based on maturely clas-
sical processors and developing quantum functional devices.
One of the main aims is to find practical applications by us-
ing near-term quantum devices assisted by classical proces-
sors. The potential applications are based on what we just
reviewed, and more applications are worth studying.

The realization of universal quantum computers is chal-
lenging, which may depend on the success of quantum error

correction. Different methods have been explored, but the full
advantages of the quantum error correction are to be realized
in the future. The techniques to realize the quantum comput-
ers are not yet fixed. The main barriers that need be solved are
scalability and high control precision.

It is obvious that the research of quantum computation is
one of the main research areas in the past years. More results
are still expected to realize and more attention will be attracted
to this field.
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