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Abstract: The rapid advancement of Artificial Intelligence (Al) has significantly impacted both high technology
development and economic and social progress. The Republic of Serbia has been strategically supporting research
and development of in the field of Al. Given the dramatic dynamic development of Al, the aim of this paper is to
identify and describe memristor technology as currently very relevant and attractive, in order to achieve techno-
logical innovation, socio-economic benefits, and potentially global breakthroughs. The paper presents an overview
of literature to analyze theoretical concepts, current research outcomes in Al, and possible applications of mem-
ristors. The analyses indicate that adoption and development of memristor technology in Serbia can position the
country as a leader in Al hardware innovation, attracting international partners and fostering a technologically
advanced industrial system. Therefore, this paper suggests that future research should focus on overcoming
practical challenges in the production of memristors, developing hybrid architectures, and formulating advanced
neuromorphic algorithms.
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Introduction

AT has rapidly transformed from a narrow field of
computing sciences to an important factor which
shapes economy and society worldwide. Since we
are at the threshold of a new technological revolu-

tion, it is necessary to identify a specific field within
Al in order to direct resources into investment and
development, with the aim of achieving technolog-
ical progress and socio-economic benefits. Some of
the more relevant steps taken by the Republic of Ser-
bia in order to support development in this field are
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the adoption of the Strategy for the Development of
Artificial Intelligence for the period 2020-2025, the
foundation of the institute dedicated to Al research
and development, the adoption of the guidelines for
ethical development of A, and the establishment of
alegal framework for autonomous driving (Strategy,
2020; VI, 2022; Etika, 2023; Auto, 2023). Regarding
this field, the Republic of Serbia has the advantage
over many countries in the world thanks to its geo-
political position, strong academic institutions and
the scientific- technological system.

The main question to be considered in this
paper is the manner in which the strategic invest-
ment of the Republic of Serbia in the field of Al
may lead to technologi-
cal innovation. With the
dynamic development of
Al apart from the areas
already identified in the
valid Strategy for the De-
velopment of Al as well
as the favourable geopo-
litical position for estab-
lishing a forum which
would work on global
solutions for regulation
and ethics of Al (Bojic,

2024; Bojic, 2022), memristor technology appears
as interesting because of the expectations that it
would solve a problem of vital importance, namely
the high consumption of electric power of Al sys-
tems, such as large language models (ChatGPT)
(Bojic et al., 2024, Talanov et al.,, 2024). This is of
particular importance because big technological
companies develop general-type artificial intelli-
gence which will be applied through different solu-

tions and services in all aspects of society. There-
fore, this paper primarily considers the possibility
of the development of memristors, proposing that
the Republic of Serbia should begin investing in
this type of technology, which is expected to ena-
ble the development of a new generation of neural
networks and lead to a revolution in AL

Memristors and neural networks
of the third generation

The paper by Leon Chua from 1971 presents the
theoretical basis about memristors, where they are
described as an element
of electric circuits with
the commonly known
elements — resistors, ca-
pacitators and inductors.
Chua explains that mem-
ristors can store and pro-
cess information similarly
to the activities of brain
synapses. This technolo-
gy connects in a unique
manner electric voltage
and magnetic flow, thus
enabling a non-linear connection between voltage
and electricity. This connection enables memristors
to keep memory without constant power supply,
which is a characteristic that reminds of the func-
tioning of brain synapses.

Menmristor technology was a mere theoretical
construct until as late as 2008, when it was construct-
ed with the aid of titanium- dioxide nanometre coat-
ing (Strukov et al., 2008). This invention confirmed
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Memristor, developed by the University of lllinois and National Energy Technology Laboratory of the USA,
invented by Leon Chua in 1971.
Photo: Wikipedia

Leon Chua’s assumptions and opened up the road for
further research functionality of memristor technol-
ogy derives from its characteristic of changing resist-
ance based on the history of voltage. This property
is known as hysteresis and it emulates the synaptic
plasticity of biological neuron networks in which
synaptic power varies depending on neuron activity.

Since nanometre coatings are used in the con-
struction of memristor technology, it is possible to
substantially reduce energy consumption as com-
pared to traditional silicon resistors. Since they
enable fast and efficient information processing, the
devices in which memristors are used can create
more capable Al systems, and also be applied in
different fields, from robotics to data analysis in real
time. Recent research points to the application of

neuron networks based on memristors in solving
tasks of pattern recognition (Prezioso et al., 2015),
which corroborates the fact that memristors tech-
nology systems can autonomously learn and solve
problems in a similar way to biological systems.

Technological achievements
and challenges in the construction
of memristor technology

The most relevant field of research related to mem-
ristor technology refers to the materials used for
the construction of memristors. As it has already
been mentioned, titanium-dioxide was first used in
its production. Later on, other materials were used,
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such as hafnium-oxide, graphene-oxide and organic
compounds. Each of these materials has unique
properties which affect the performances and pro-
duction costs of memristor technology (Adhikari
et al., 2012). Graphene-oxide is a suitable material
because of its electric conductivity, mechanic sta-
bility and flexibility. Research shows that memristor
technology based on graphene-oxide is character-
ized by durability and a great switching speed func-
tion, which is quite important in the application
in AL. However, there are still problems in relation
to the achievement of uniformity in production.
Variability of the properties of materials leads to
uneven performances of memristor technology.
That is why new techniques of its production, such
as atomic deposition and chemical deposition of
coating layers from the steam phase, the subject
of research, with the aim of improving reproduc-
tivity of devices which use memristor technologies
(Chang, Jo, Lu, 2011).

The application of memristors in traditional
computer systems requires innovative approach-
es in the design of electric circuits. Unlike con-
ventional transistors, non-linear functioning of
memristor technology requires new architec-
tures of electric circuits. Hybrid circuits in which
memristors supplement traditional transistors
can contribute to the efficiency of computing
processes (Wang et al., 2017). An important step
forward in the development are crossbar arrays in
which memristors are distributed on the network
structure. Crossbar arrays ensure great density
of memory storage and parallel computing pro-
cedures. Research shows that it is possible to
apply crossbar arrays in neuromorphic systems
with the ability of pattern recognition and auton-

omous learning (Prezioso et al., 2015). It should
be noted that designing efficient mechanisms for
reading and writing circuits which are based on
memristors is necessary for the application of
these circuits. That is why reading and writing
algorithms are explored, as well as error correc-
tion techniques in order to improve the reliability
of the memory systems which use memristor
technologies.

By emulating the plasticity of the synapses,
memristors can facilitate synaptic weighting and
adaptation (Yang et al., 2013). Memristor-based
accelerators go beyond traditional systems based on
graphics processing units (GPUs). With the expan-
sion of the Internet of Things, there is an increasing
need for efficient edge computing, in which data
are processed locally instead of relying on remote
servers. Memristor-based systems are suitable for
application in edge computing, as well as in edge
Al (Ambrogio et al., 2018). These systems can be
applied in smart networks and autonomous vehi-
cles, for example, which are only some of the nu-
merous possibilities of the memristor technology
application.

Applications of memristor technology
in different industries

The applications of memristor technology are di-
verse and promise revolutionary changes in dif-
ferent industries, from healthcare and agriculture
to energy and automobile industry. Thanks to its
ability to increase energy efficiency and enable
advanced computing processes, memristor tech-
nology is considered the key bearer of innovation



and technological progress. In this chapter we will
analyze the most relevant applications of memris-
tors in different fields, as well as their advantages
and challenges.

Memristor technology can substantially im-
prove medical diagnostics and therapy. Neuro-
morphic systems based on memristors ensure
advanced methos of medical image analysis and
pattern recognition in complex biomedical data.
These systems can help doctors in making more
precise diagnoses in a shorter period of time.

One of the innovative applications of memris-
tor technology is in the development of implanta-
ble medical devices, such as neurostimulators and
pacemakers. Memristors can share energy require-
ments of these devices, thus reducing the need for
frequent replacement of batteries or for charging
these devices. Moreover, these devices might be
able to adapt to individual patients’ needs thanks
to their ability of self-learning.

Agriculture is facing huge challenges in terms
of sustainability and efficiency. Memristor tech-
nology can contribute to the resolution of these
problems through the development of smart
mechanisms for irrigation and resource manage-
ment. Memristor-based systems may analyze a
huge amount of data in real time, including soil
moisture, weather conditions and the condition
of crops, in order to optimize the use of water and
other resources.

Moreover, memristor technology enables the
development of autonomous robots which can
perform agricultural activities such as sowing,
harvesting and pest control. These robots might
use advanced algorithms for autonomous learning
and adaptation to different conditions, thus sub-

stantially increasing the efficiency of agricultural
processes.

Energy industry can also benefit largely from
memristor technology. One of the most promising
applications is in the development of smart grids.
These grids can use memristors for storing ener-
gy and managing its flow in an efficient manner.
Memristors can ensure fast data processing and
decision-making in real time, which is crucial for
the optimization of electricity consumption and
integration of renewable energy sources, e.g., solar
and wind-electric systems.

In addition, memristor technology can play an
important role in the development of energy-effi-
cient devices and systems for energy storage. Great
density of memory storage and small energy con-
sumption make memristors ideal for the application
in new-generation batteries and other systems for
storing energy.

Automobile industry is preparing for a revo-
lution with the development of autonomous ve-
hicles. Memristor technology can significantly
improve the possibilities of these vehicles through
advanced systems of data processing and autono-
mous learning. Autonomous vehicles require fast
and accurate processing of large amounts of data
coming from sensors and cameras, and memris-
tors could ensure substantially greater efficiency
in processing these data as compared to traditional
computer systems

Memristors can also contribute to the develop-
ment of energy-efficient systems for storing energy
in electric cars. Reduced energy consumption and
increased density of memory storage may improve
battery performances and extend the time of vehicle
functioning between the charging periods.
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The Internet of Things (IoT) is increasingly
becoming part of everyday life, while memristor
technology can ensure substantial improvements
in this field. Memristor-based devices can pro-
cess data directly at the source (edge computing),
which reduces dependence on central servers and
clouds and ensures faster and more efficient deci-
sion-making. The application of memristors in IoT
devices can include smart sensors for monitoring
the environment, energy management in smart
homes and the development of autonomous robots
and drones. Memristor technology is ideal for this
application thanks to its small energy consump-
tion and the abilities of autonomous learning and
adaptation.

Although memristor technology offers a large
number of advantages, there are also challenges in
relation to ethical and security aspects of its ap-
plication. The development of the systems which
may autonomously learn and make decisions raises
questions of responsibility and transparency. There
is a need for the development of ethical standards
and regulatory frameworks which will ensure that
the use of memristor technology is in line with
the principle of social responsibility and privacy
protection.

Security challenges also include protection of
memristor-based systems from malicious attacks
and manipulations. Securing data and integrity of
the systems must be a priority in the development
and application of memristor technology.

The applications of memristor technology in
various industries have the potential of bringing
important innovation and improving the efficiency
and sustainability of different systems. No matter
whether it is healthcare, agriculture, energy, auto-

mobile industry or the Internet of Things, mem-
ristors provide the base for the development of
advanced and efficient technological solutions.
However, successful application of memristors
also depends resolving challenges in relation to
their reliability, production costs and ethical as-
pects. Cooperation of the academic community,
economy and the state can encourage accelerated
development and broad acceptance of memristor
technology, which would position Serbia as the
leader in the field of technological innovation.

Conclusion

Investing in Al research and development can
position Serbia at the very top of technological
innovation and economic growth. By directing re-
search towards memristor technology, as the third
generation of neural networks, the Republic of Ser-
bia may use its unique geopolitical and economic
advantages to become relevant at the global level
of Al research.

Investing in Al and memristor technologies
should contribute to economic growth, as well as
to the welfare of society on the whole. Memris-
tor technology should lead to a revolution in Al
technology and make computing technology more
efficient, more energy-efficient and usable. By
emulating synaptic functions of biological neural
networks, memristors ensure neuromorphic com-
puting and advanced application of Al. The appli-
cations of memristor technology in neuromorphic
systems and edge computing enable efficient reso-
lution of social problems and improvement of the
quality of life. According to the conclusions listed



in this paper, future research should be directed
towards advanced materials, hybrid architectures,
neuromorphic algorithms and resolution of prob-
lems of changeability and reliability of memristor
technology in order to realize all the potentials of
memristor technology.

Cooperation between the academic communi-
ty, economy and the state can encourage the devel-

opment and application of memristor technology.
Its development and application in Al systems in
healthcare, agriculture and edge computing, for
example, apart from contributing to the welfare of
society, should further direct research and develop-
ment. By strategically investing in the research and
development of memristor technology, Serbia can
use the transformative potential of this technology.
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