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Introduction: The theoretical concept of memristor was first proposed
as the fourth basic circuit element by Chua in 1971. It defines the rela-
tionship between electric charge and magnetic flux. The first physical
implementation of memristor was realised by HP Labs in 2008. It was
fabricated in advanced nano technology. Intensive research has since
been conducted on the development of memristors across the whole
world and wide applications of memristors have also been explored.
Since they are smaller nano device, consume less power, and have
both memory and processing functions, memristors have been widely
recognised to be the future of electronics, computing and AI. For
example, they will play a key role in emerging edge computing and
brain-like computing.

The aim of the Special Issue is to follow the state of the arts of
memristor-based circuits and systems, with particular focus on memris-
tive electronic circuits, neural networks and neuromorphic computing,
publish original technical papers reflecting the most recent research and
application results, and identify new challenges and ways forward for
future research and applications in this emerging fast-growing field.

Papers in the special issue: A good number of submissions have been
received. After rigorous review, six papers have been selected for publi-
cation in the Special Issue. These papers cover a wide range of topics in
memristive electronic circuits, neural networks and neuromorphic com-
puting.

The paper entitled Drift of Invariant Manifolds and Transient Chaos
in Memristor Chua’s Circuit by Di Marco et al. studies non-linear dy-
namics of Chua’s circuit with a memristor. Transient chaos phenomena
are observed in a generalized memristor Chua’s circuit where a non-
linear resistor is connected in parallel with the memristor to better model
a real memristor behaviour. Through the flux-charge analysis method the
authors find that the origin of transient chaos is due to the drift of the in-
dex of the memristor circuit invariant manifolds caused by the charge
flowing into the non-linear resistor.

The paper Design of Chaotic Circuit based on Knowm Memristor by
Wang et al. presents the model and the corresponding parameter identi-
fication of the Knowm memristor and designs a non-linear chaotic cir-
cuit based on the Knowm memristor. The authors analyse equilibrium
points and stability of the Knowm memristor chaotic circuit and present
nonlinear dynamic behaviour by using the bifurcation diagram and Lya-
punov exponents. The designed Knowm memristor chaotic circuit is im-
plemented and tested with the experimental results confirming the theo-
retical predictions.

In the paper entitled Dynamic Symmetrization in a Memristive HR
Neuron, Huang et al. introduce a memristor as a synapse in the HR neu-
ron to form a memristive HR neuron. The constructed memristive HR
neuron with the aid of the absolute value and signum function exhibits
attractor doubling and complex coexisting symmetrical firing patterns.
The process of attractor doubling or symmetric firing can effectively
simulate the discharge phenomena of neuronal polarization and hyper-
polarization, providing a useful approach for future research into the di-
versity of the brain.

In the paper entitled Initial State-Dependent Implementation of Logic
Gates with Memristive Neurons, Rajki et al. introduce a novel and
simple Memristor Cellular Neural Network (M-CNN), consisting of a
suitable connection between just two analogue electronics cells, which,
exploiting the rich and unique non-linear dynamics of a pair of non-
volatile memristors, described through the highly-reliable and predictive
physics-based TaOx model from Strachan et al., is capable to carry out
the AND, OR, and XOR Boolean logic operations between two binary
inputs. The work provides evidence for the add-on functionalities, which
memristors endow traditional cellular neural networks (CNNs) with. In
fact, while a standard CNN should be re-programmed for each comput-
ing task, it were supposed to fulfil, the proposed M-CNN may switch
operating mode depending solely upon the resistance states preliminar-
ily written into the respective memristors. Machine learning algorithms
are employed to optimize the circuit parameters of the proposed M-CNN
so as to turn it into an adaptable logic gate, in which the initial con-
ditions for its memristors determine which Boolean operation from a
triplet of options it eventually executes. Taking into account that mem-
ristors may also be used to store the intermediate or final results of a
computation, besides contributing significantly to the data processing
operations, as demonstrated in this work, where they allow multi-tasking
in an otherwise single-purpose two-cell array, their use in novel CNN
designs promises to pave the way toward the realization of in-memory-
computing platforms, which, co-integrated with matrices of sensor ele-
ments, form light-weight, low-power and high-spatial resolution visual
microprocessors for Edge Computing applications.

In the paper 256-Level Honey Memristor Based In-Memory Neuro-
morphic System by Uppaluru et al., a 256-level honey memristor-based
neuromorphic system is proposed and experimentally evaluated for im-
age recognition. The honey memristor-based system is built, and its
non-linearity and variation are investigated. Experimental results indi-
cate that the inference accuracy of the system is greater than 88% and
87% without and with cycle-to-cycle variation respectively for differ-
ent optimization algorithms. The energy and latency performances of
optimization algorithms with and without variation are also compared,
with the momentum algorithm consistently outperforming the other al-
gorithms.

In the paper Nanoscale Ni/Mo/MoO3/Ni Memristor for Synaptic
Applications, Praveen et al. propose a physics-based modelling of a
nanoscale Ni/Mo/MoO3/Ni memristor. The proposed memristor has sta-
ble hysteresis I–V characteristics as well as a significant reduction in
forming voltage to 0.75 V. The simulated resistive switching responses
show a consistently low coefficient of variability with 14.31% and
14.85% for SET and RESET, respectively during cycle-to-cycle varia-
tions along with a low compliance current of 193 µA. In addition to
observing synaptic plasticity, how ramprates impact ‘Potentiation’ and
‘Depression’ is also examined as memristor conductance closely relates
to synaptic weights.

Conclusion: As one of the most important enabling technologies, mem-
ristive electronic circuits, neural networks and neuromorphic computing
will play a crucial role in the development of future electronics, com-
puting and AI and receive continued focus of research from world-wide
academia and industry. We hope that this special issue will stimulate
further interest and be useful for those readers who may want to pursue
further research in this exciting and fasting growing area.
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