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We introduce quantum reservoir processing as a platform for quantum information processing developed on 
the principle of a neural network. A quantum reservoir processor can efficiently perform qualitative quantum 
tasks like recognising entangled states  or  quantitative quantum tasks like estimating entropy,  purity and 
negativity (see Ref[1, 2] for more details). This platform can be implemented in a variety of systems, e.g., 
arrays of semiconductor quantum dots,  superconducting qubits,  cold atoms and NV centres in diamond. 
Exciton-polaritons in semiconducting microcavities are yet another promising alternative system which are 
recently shown to operate in the quantum regime [3, 4]. 

Figure 1: Schematic representation of a quantum reservoir processor. A quantum state in the form of an 
optical  field  excites  a  lattice  with  random coupling  Jij  in  an  effective  Hubbard  model.  The  occupation 
numbers of the sites are extracted and combined to give a final output. This generic architecture can perform 
various tasks, such as identifying a quantum state and simultaneously estimating its various properties. 
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The concurrent rise of artificial intelligence and quantum information poses opportu-
nity for creating interdisciplinary technologies like quantum neural networks. Quantum
reservoir computing, introduced here, is a platform for quantum information process-
ing developed on the principle of reservoir computing that is a form of artificial neural
network. A quantum reservoir computer can perform qualitative tasks like recogniz-
ing quantum states that are entangled as well as quantitative tasks like estimating
a non-linear function of an input quantum state (e.g. entropy, purity or logarithmic
negativity). In this way experimental schemes that require measurements of multiple
observables can be simplified to measurement of one observable on a trained quantum
reservoir computer.

INTRODUCTION

Quantum neural networks are emerging technologies
that combine the features of artificial neural networks
and quantum information technologies [1–4]. While neu-
ral networks are biologically inspired computing systems
that learn from example to perform complex tasks in
the area of “big data” and machine learning [5–8], quan-
tum information technologies exploit quantum effects for
practical applications like quantum computation, quan-
tum cryptography and long distance quantum commu-
nications. The interaction between these two promising
fields led to many advances. For instance, quantum ef-
fects in neural networks [9, 10] enhance learning efficiency
[11, 12] and speed-up solving many classical tasks [13–15].
Conversely, neural networks are used for solving complex
quantum problems [16, 17] and the control and design of
quantum experiments [18–20].

Among the forms of neural networks, recurrent neural
networks emerged as particularly suited for solving com-
plex temporal machine learning tasks. They achieve this
by using feedback connections not present in more tradi-
tional feedforward neural networks to generate an inter-
nal temporal dynamic behaviour. However, the training
of recurrent neural networks is typically inefficient and
computationally expensive.

In reservoir computing, a randomly connected net-
work, called the reservoir, is used as a dynamical comput-
ing unit into which an input signal is fed. The training
in reservoir computing takes place only at the readout
weights that linearly maps the readout of the reservoir
state to the desired output. The training is conceptu-
ally simple and computationally inexpensive [21]. Apart
from these advantages, they are very suitable for hard-
ware implementation in a wide variety of systems [22–30].
Despite these advantages, reservoir computing is mostly
used for tasks in the classical domain, like time series pre-
diction and speech recognition [25, 26, 29, 31], predicting

the evolution of nonlinear dynamics [32] and features of
chaotic systems [33].
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FIG. 1. Schematic representation of a quantum reser-
voir computer. A quantum state in the form of an optical
field excites a fermionic lattice with random coupling Jij in an
effective Fermi-Hubbard model. The occupation numbers of
the fermionic sites are extracted and combined to give a final
output. This generic architecture can perform various tasks,
such as identifying a quantum state and simultaneously esti-
mating its various properties.

Here we present a quantum reservoir computing plat-
form using a quantum reservoir to perform quantum
tasks on a quantum input. Specifically, we consider a
2D fermionic lattice with random intersite coupling ex-
cited by an incident quantum state in the form of an
optical field, as illustrated in Fig. 1. We find that this
architecture is versatile and can perform both qualitative
and quantitative tasks. Recognition of quantum entan-
glement of the input state is an example of a qualita-
tive task. We find that the quantum reservoir computer
(QRC) not only recognizes the entanglement of the same
class of states as the training set but is also able to make
predictions on states beyond the training class, includ-
ing bipartite bound entangled states. Our examples of


