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ABSTRACT

This article examines the role of digital technologies in shaping economic and marketing
innovation and competitiveness for firms engaged in employment in Very Large Scale
Integration (VLSI) systems. The evolution of semiconductor technology has made
integrating digital technologies a critical part of innovation in VLSI design, production,
and application. The study begins by exploring the current state of play in VLSI technology
and the role of digitalization in enhancing operational efficiencies and fostering innovative
approaches to product development. An extensive analysis of recent developments in VLSI
systems employment demonstrates how digital technologies such as artificial intelligence
(Al), machine learning, and automation can facilitate improved design optimization, yield
enhancement, and reduce time-to-market for semiconductor products. The enhanced design
efficiencies and timely product development accruing from applying digital technologies
translate into a greater competitive advantage for firms in a global marketplace. The
article examines the synergies between digital technologies and economic innovation.
It highlights how firms can leverage digital technologies to enhance data analytics and
advanced manufacturing processes, creating more intelligent and capable VLSI systems
for next-generation electronics, telecommunications, consumer goods, and many other
applications. The article concludes by contending that embracing digital technologies is
necessary and critical for economic innovation and competitiveness for firms engaged
in VLSI systems employment. The article also calls for further examination of emerging
digital tools and platforms to shape the semiconductor industry’s trajectory at a much
faster pace, leading to more robust economic growth and technological advancement.
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INTRODUCTION

The rapid development of digital technologies has caused
demonstrated transformations in multiple sectors of
the global economy that have fostered innovation and
competitiveness. Within these sectors, one of the most

cutting-edge is the Very Large Scale Integration (VLSI)
system industry, whose devices and systems serve as
the foundation for the contemporary development
of most modern electronic systems and applications.
VLSI technology - which allows for massive and serial
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integration of hundreds of thousands to millions of
transistors packed on an individual chip - has served
as a core enabling and integrating technology for a
multitude of applications in every consumer or complex
microelectronic device and system that we use daily,
especially in the fields of electronic goods and systems,
sophisticated computing systems, telecommunications,
and automotive technologies. In our digital age, where
most industries are looking toward digital solutions to
enhance economic performance, innovation, purity,
and competitiveness, policymakers, businesses, and
researchers must be able to better understand the
development and applications of these technologies
alongside their geographical impacts on economic and
social innovation and competitiveness. Modern electronic
components are now highly integrated and miniaturized
in order to process information; innovation in integrated
circuit design involves the application of sophisticated
digital technologies such as artificial intelligence,
machine learning, etc. These digital technologies
help to increase the efficiency of the CAD/CAM design
process and speed up data processing in real-time, and
the Internet of Things supports the development of
more intelligent devices to upgrade user experience.
With the help of digital technology, intelligent VLSI
systems can provide many more benefits for most users.
Therefore, over recent years, the capabilities of VLSI
systems have been greatly enhanced by information and
communication technologies and digital technologies.
By driving new economic activities and improving the
competitiveness of firms, digital technology also plays a
crucial role in developing the VLSI industry.

The digitalization of VLSI systems is increasing economic
productivity in multiple aspects. Companies that
exploit their digital capabilities can reduce design and
manufacturing costs while improving product quality
by designing better and more differentiated products.
This will eventually enhance their competitiveness in
designing next-generation cutting-edge products with
shortened time to market. Digital transformations can
help companies respond more quickly to changing market
demands, and customer tastes that are inherent to
technological development. However, this transformation
of the VLSI industry towards digitalization necessitates
large investments in research and development, the
management of highly complex supply chains, and the
acquisition of new skills. Yet, these multiple influences
on the VLSI industry also create opportunities for the
development of robust strategic frameworks and policy
directions. These frameworks and policies cannot only
stimulate innovation but also foster the competitiveness
of VLSI systems in the emerging economy, providing a
promising outlook for the future. The deployment of
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digital technologies is not only affected by technical and
economic factors of the VLSI system employment area
but also significantly affects the marketing function,
which modifies the way companies in this sector
present their products and services to their customers.
Advances in digital tools and strategies are increasingly
surrounding contemporary enterprises, leading to
enhanced competitiveness and innovation in marketing
strategies.

The purpose of the article is to delve into the numerous
economic implications of digital technologies on the
innovation and competitiveness of the VLSI sector,
as well as the employment sector in the electronics
industry. By examining recent trends, technological
developments, and their economic impact, we seek
to provide a comprehensive understanding of how the
digital technology revolution is shaping the future of
VLSI systems and the economy.

Theoretical Background

Digital technologies are forcing innovation to speed
upthrough their ability to improve the productivity
of the people using them and giving companies a leg
up by allowing them to innovate faster. Chirumalla
(2021) notes that digital technologies vastly enhance
productivity and let firms innovate. Their research shows
thatfirms can develop new products faster when they
use digital technologies. Usai et al. (2021) state that
more innovative companies are more likely to use digital
technologies - a key factor driving forward innovation is
more efficient processes and greater connectivity with
customers. Digital technologies are enabling this in the
form of value co-creation by connecting organizations
and their knowledge (Barile et al., 2024). Open innovation
is a distributed innovation paradigm that assumes that
firms can and should use externally provided ideas as
well as internal idea generation (Bigliardi et al., 2021).
The essence of the model is that firm boundaries are
permeable and that there are multiple sources for
innovation, internal and external. Openness allows
different types of firms (start-ups and large entities) to
co-create value through digital innovation platforms,
such as collaborative innovation spaces. Obradovic et al.
(2021) showed that firms with open innovation practices
benefit the most from such open innovation approaches.

The proliferation of large amounts of data, especially
through digital technologies, gives organizations the
capacity to make better decisions thanks to big data
analytics (Awan et al., 2021). More and more companies
nowadays can collect, process, and analyze data, allowing
them to make better-informed strategic decisions and
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innovate. According toSultana et al. (2022), becoming
data-driven will enable the company to focus on market
trends, customer preferences, and innovation, creating
greater competitive differentiation and improved
performance, which, in turn, has the potential to
activate innovation ecosystems that contribute directly
to economic growth. This process is not just limited to
the internal functioning of companies - regarding big
data analytics; firms can now develop products and
services that adapt to customer preferences and even
discover previously unknown market needs.

Integrating digital technologies has introduced VLSI
companies to a data analytics-based marketing strategy.
These companies can extract useful information from
large datasets accumulated from multiple sources, such as
consumer interactions, market trends, and competitors’
approaches. Marketing experts can identify consumers’
behavior, preferences, and trends through predictive
analytics and machine learning processes (Gkikas&
Theodoridis, 2022). This information can then be used
to build customized marketing campaigns to increase
the conversion ratio and customer stickiness.According
to Shpak et al. (2023) digital technologies have not only
accelerated innovation but also revolutionized business
models, redefining how value is delivered to the market
and revenue is generated. The advent of e-commerce,
enabled by digital technologies, has fundamentally
altered the retail landscape, allowing companies to sell
directly to customers and offer personalized experiences.
A research of Xu et al. (2024) in this area underscores
the significant advantage that firms gain when they use
digital technologies to reshape their business models,
enhancing their agility and responsiveness and, in turn,
fostering innovation. According to Chakravarthi (2020)
VLSI technology is a fundamental advance in modern
electronics, enabling the integration of millions of
transistors on a single chip. Recent digital technologies in
microelectronics are pushing the wavefront of VLSI design
and application forward. As Morgan et al. (2021) note,
advances in sophisticated fabrication techniques and
design automation have shortened the time-to-market
for new products and increased their sophistication.

Hussein et al. (2024) stressed that personalization is one
of the most important marketing trends, especially in
the ultra-competitive VLSI sector. Digital technologies
empower the proven efficacy of personalized marketing
by allowing marketers to provide more relevant
communications to targeted audiences more frequently.
Marketers can improve their marketability and maintain
existing relevance by carefully monitoring platform
trends. Many tech-savvy VLSl companies redesign and
optimize their unique websites. Customer relationship
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management (CRM) systems and marketing automation
tools can provide a VLSI sales channel with the ability
to send personalized communications based on past
purchasing behavior for future marketing purposes.
Additionally, they can grant salespeople access to a
central customer record repository, facilitating more
efficient and coordinated data-centric selling efforts,
among other differentiating benefits.With the use of
these new digital technologies, firms can better provide
their customers with the products they want and adjust
to the changing needs and preferences of the market in
much shorter periods of time.

Economic innovation - the way ideas or inventions lead to
economic value - is deeply affected by the digitalization
of the economy. Digital technologies, according to Ghosh
et al. (2021), have led to new ways of doing business,
distinctive organizational processes and systems, and
new capabilities for coordination and optimization that
spur productivity growth and enhance value creation.
These are the ways digitalization manifests as innovation
in VLSI systems, for instance, in process innovations in
electronics, manufacturing technologies, and the drive
towards more sustainable and environmentally friendly
practices. Atalay et al. (2022) highlight how digital twins
(real-time simulations of a physical system in a virtual
environment) have played a role in the development and
production of VLSI.

The competition among VLS| companies is becoming
increasingly dominant in innovation based on digital
technology. Research and development (R&D) should
be the answer to this question. According to Cao et al.
(2023) industry competition lies in the resource-sharing
power of enterprises. For VLSI systems, the ability to
innovate is key. As Liang & Li (2022) stated, enterprises
that invest in digital technologies can improve their R&D
capabilities to produce innovative products. Using the
Internet, enterprises can exchange information with
allies and enhance knowledge sharing, reinforcing the
distinctiveness of their R&D efforts.

METHODOLOGY

Research Approach: To assess the influence of digital
systems and computational innovations on the economic
competitiveness and innovation of VLSl system
employment, this article is based on a systematic review
that was adopted as the main method of synthesizing
existing research with the aim of reducing publication
bias and increasing rigor and certainty of findings.

Research Strategy was conducted to identify relevant
studies on digital technologies and VLSI systems and
their economic implications. Search terms were used,
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such as wearable VLSI, biomedical VLSI, implantable
VLSI,economic innovation, materials informatics,
data-driven materials for microelectronics, optimizing
materials for VLSI, competitiveness, applications in
nano cybernetics, Artificial Intelligence, Al in VLSI
systems. A combination of boolean operators (AND, OR)
was used to help narrow the list: digital technologies
AND VLSl AND economic innovation.Articles were
included based on their relevance to the impact of
digital technologies on economic innovation and
competitiveness and peer-reviewed status to ensure
the quality of the research.

Data Extraction and Synthesis: Marked articles after
the first search to undergo a title and abstract-based
screening to exclude irrelevant articles and left the
included articles to be read through. Summarised
information was obtained by reading through the articles
and taking down key data from them, including (a)
Authorship and year of publication; (b) Study objectives
and research questions; (c) Methodologies employed
(qualitative, quantitative, mixed methods); (d) Key
findings related to the impact of digital technologies
on economic innovation and competitiveness; (e)
Implications for VLSI systems employment.

The collected data was divided into three categories
expressing the major impact areas:

1. Enhanced design processes.
2. Enhanced operational efficiency.
3. New business models.

Thematic analysis was used to identify and interpret
patterns across the extracted sources. A basic level
of preliminary coding was conducted to classify and
distinguish prominent themes, trends, and insights.
Codes were organized into broader themes: ‘VLSI
revolution,” ‘Al and IoT applications,” ‘economic
impact,” ‘competitiveness parameters,’ etc. For each
theme, we conducted narrative syntheses to summarise
the findings and contributions of the relevant literature

to economic innovation and discuss their organizational
implications within the VLSI context.

A quality assessment of the included studies was
performed using standard criteria that evaluate factors
connected with the appropriateness of the methodologies
and data robustness and relevance to review questions.
Appropriately, highly regimented internationally
standardized systems (like the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses or PRISMA
guidelines) have been developed to ensure the rigor and
validity of assessments.

Limitations of the Methodology: While this metaanalysis offers
a useful snapshot of current scientific findings, some caveats
deserve mention — among which are: 1) The research might be
affected by publication bias, such that the significance of re-
ported outcomes in different studies varies. 2) Given that the
technology might change very fast, it might make sense to in-
clude some works that rapidly become obsolete, as there will
be a need to update the research according to the technological
progression.

RESULTS AND DISCUSSION

Digital technologies are evolving rapidly and
fundamentally shaping economic innovation and
competitiveness in several sectors, particularly those
related to VLSI systems. We examined several recent
trends, and in Table 1, we describe the most popular
and contemporary ones.

The tendencies presented demonstrate the complexity
of economic innovation and competitiveness in the
VLSI sector when considering all the new technological
waves, from the ingenuity of integrating Al to the
importance of environmental sustainability and the roles
countries, companies, and even consumers can play in
this context.Innovations such as augmented reality (AR)
and virtual reality (VR) help to open up new markets for
VLSI products. AR can be used to demonstrate complex
semiconductor applications or a visual representation
of how a product can benefit customers in a real-world

Table 1: Trends Influencing Economic Innovation

Course Narration

Accelerated Adop- A major development in the VLSI industry is the rapid uptake of Al and ML technologies to design,
tion of Al and Machine manufacture, and operate VLSI products (Khan et al., 2021). Al and ML are incorporated into the

Learning

design processes to improve automation, manufacturing, and operational efficiencies. These al-

gorithms are used for everything from design automation, failure prediction, anomaly detection,
yield optimization, and supply chain management. Recent studies suggest that firms adopting
Al-based analytics reduce manufacturing time for new VLSI products, improve product quality,
minimize production downtime, and increase yields. Beyond streamlining operations, adopting Al
and ML can enable firms to remain competitive in a digitally driven market increasingly propelled

by rapid VLSI technology innovations.
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Course

Narration

Integration of the In-
ternet of Things

The isomorphic integration of loT technologies into VLSI is another emerging issue (Shahbazi &
Ko, 2020). The emergence of loT devices puts advanced requirements on VLSI chips to support
high-performance data processing and connection. Therefore, most design units in VLSI compa-
nies build up their marketing lines towards application-specific integrated circuits (ASICs) and
system-on-chip (SoC)-based solutions for loT applications. That way, real-time data collecting and
processing can be carried out and used for smart technology applications such as smart homes, in-
dustrial control, healthcare, sports, etc. All the transformations are not just economic innovation
but the value of products such as smartphones growing due to increased functionalities and user
experience.

Emphasis on Sustain-
ability and Energy Ef-
ficiency

As global warming and the climate crisis become more urgent preoccupations, companies are in-
vesting in eco-friendly new VLSI technologies that consume less power for improved performance
(energy harvesting, low-power design) (Rogdakis et al., 2024). Regulatory pressures and demands
from a growing conscientious user base interested in greener electronics drive these investments.
Companies that achieve green-tec h innovation and integration in their product development are
improving their competitive edge in the market while also contributing to environmental sustain-
ability by appealing to eco-conscious consumers.

Shift Towards Collabo-
rative Innovation Mod-
els

In the VLSI sector, companies enter into partnerships and cooperation agreements with universi-
ties, research institutions, and technology firms (Wang et al., 2024). By collaborating, knowledge
gets shared, and the speed of innovation increases as resources and expertise can be pooled.
Innovation hubs and open research initiatives are becoming increasingly common, and technology
spillovers from these hubs expose the companies involved to new ideas and technologies. Beyond
causing the rate of economic innovation to increase, this trend also causes VLS| companies to be-
come more agile and responsive to market demands.

Rise of Digital Twins
and Simulation Tech-
nologies

Digital twins and simulation technologies are also fast on track in the VLSI industry (Wu et al.,
2021). With digital twins, processes can be monitored in real-time by virtually mirroring physi-
cal systems; various conditions can be simulated, and viable outcomes can be predicted without
creating physical prototypes first, leading to cost, time, and energy savings. This means that en-
gineers can monitor processes and design development of VLS| systems using digital twins rather
than building everything at scale from scratch on each occasion. Digital twin technology is again
an expression of how innovation cycles grow more effective, and decision-making processes for
developing VLSI systems become more and more efficient.

Global Supply Chain
Resilience

Recent trends are prompting increasing attention to building resilience in global supply chains,
especially after disruptions due to the pandemic and the effects of events such as a war (Patel,
2023). VLSI companies are researching measures to reduce risk from supply chain dependency,
like diversifying sources of raw materials and components, incorporating advanced supply chain
analytics, and developing local production capabilities. This encourages productivity in terms of
business continuity and improving innovation and responsiveness of the VLS| ecosystem, which in
turn leads to greater competitiveness in a volatile global market.

environment. For illustration, an AR-enabled tour of a
phone’s circuitry may help familiarise customers with an
otherwise intimidating engineering process. Meanwhile,
VR experiences can be used to provide immersive training
or product demonstrations that would be impossible
otherwise. Potential clients can interact with products
in as real-life-like a setting as possible. Customers are
drawn to innovations that increase attention and having
a novel training approach helps differentiate companies
in an overcrowded market.

In addition, firms can initiate real-time marketing
activities and respond to market changes and consumer

Journal of VLSI circuits and systems, , ISSN 2582-1458

feedback promptly. Companies that make VLSI can
immediately address market preferences related to
the fastest available processing speeds. Social media
monitoring and data analytics are valuable tools for
gathering information about customer sentiments and
surfacing new trends. The high velocity at which firms
can create and modify the marketing strategy permits
them to hone the messaging continuously to retain
message effectiveness and maximize impact. In sum,
when the context is characterized by technological
advances and changing consumer preferences, agility
in marketing strategy allows firms to adjust it in real
time.
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The semiconductor industry is the cornerstone of a
class of devices known as Very Large Scale Integration
systems, which are found in an ever-widening landscape
of modern technologies. According to the analytical
group Kings Research (2023),global semiconductor
market size was recorded at USD 526.81 billion in 2023,
which is expected to reach USD 588.12 billion by the end
of 2024 and is forecasted to reach USD 1,395.37 billion
by 2031 at a CAGR of 13.14% during the forecast period
2024 to 2031 (Figure 1).

Global Semiconductor Market
Size, 2021-2031 (USD Billion)

1395.37 Bn

. sziBn . . . I I I I

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Fig. 1: Global Semiconductor Market 2021-2031 Sta-
tistics by Kings Research (2023)

The scope of work consists of the solutions provided
by companies such as Intel Corporation, Hua Hong
Semiconductor Limited, MediaTek Inc., Powertech
Technology Inc., Qualcomm Technologies Inc., Micron
Technology Inc., Samsung, United Microelectronics
Corporation, Taiwan Semiconductor Manufacturing
Company Limited, and SMIC.The sector has recently
undergone a revolutionary technical transformation
involving better manufacturing techniques, novel design
approaches, and materials innovations, all of which
improve VLS| systems’ performance and operating
characteristics while further driving economic innovation
and competitiveness across numerous industries in the
process. The economic impact of these advancements is
illustrated in Figure 2.

‘l Enhance product offerings

Fig. 2: Economic Effects

Innovations in manufacturing processes have led to
one of the most essential innovations in semiconductor
manufacturing in years—extreme ultraviolet (EUV)
lithography. EUV lithography employs even shorter
wavelength (13.5 nm) light beams to produce even

-

smaller patterns on chips, allowing ever-smaller
transistors to be etched on a wafer (Wurm et al., 2020).
It also allows chips to be manufactured with smaller and
smaller geometries, with associated improvements in
both performance and lower energy consumption.

The evolution of manufacturing processes, moreover
- such as the shift to EUV lithography that’s discussed
extensively by Mukherjee et al. (2024) - makes possible
not just the optimization of microprocessor and memory
design but the production of more minor chips that
can process more data than ever, at higher speeds,
thus boosting the quality and capability of consumer
electronics, data centers, and other computing systems.
This boost in performance directly pays off economically:
firms that adopt such manufacturing breakthroughs can
improve their efficiency of operation, making them more
competitive internationally, and they can also increase
the pace of innovation.Figure 3 shows that the market
has been divided into multiple segments: Memory
Devices, Logic Devices, Analog Integrated Circuits (ICs),
Microcontrollers (MCUs), Microprocessing Units (MPUs),
Sensors, and Discrete Power Devices. Each segment is
represented by distinctive colour coding.

Global Semiconductor Market
Share, By Component, 2023 (%)

A

A 4

Memory Devices B Logic Devices [l AnalogIC @@ MCU [ MPU [ Sensors
@ Discrete Power Devices [l Others

Fig. 3: Distribution of the Global Semiconductor Mar-
ket by Component in 2023 by Kings Research (2023)

Memory Devices (26.9%) contribute most to semiconductor
shipment value because they are the key components of all
electronic systems. DRAM and NAND flash memory devices,
which have become the most popular memory solutions in the
past decade, are essential in storage systems for consumer elec-
tronics, enterprise-grade applications, and cloud data centers.
The high percentage reflects enormous demand from various
data-intensive applications and the increase in smart devices.

Logic Devices account for a large percentage of the
market, performing computational tasks in everything
from consumer electronics to automotive and heavy
industrial applications. Strangely (or is it?), the strategic
importance of logic devices is also growing as we
embrace new developments in Al and machine learning,
which are intrinsically reliant on logic circuits.

Analog ICs serve as a critical bridge between the digital
and physical worlds. They enable interaction with real-
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world signals, from temperature and pressure to sound,
and they are a vital part of the loT ecosystem. Simply
put, the more loT devices increase in number, the
greater the demand for Analog ICs is likely to rise.

Microcontrollers (MCUs) and Microprocessing Units
(MPUs): These two components lie at the heart of
controlling a device and executing the various tasks
that it is designed to do, and in turn, a massive array
of new and emerging application areas such as more
and more smart and connected devices in literally every
conceivable market or vertical. In other words, more
sophisticated MCUs and MPUs will be required.

Sensors: The slow but steady growth of the sensors
segment mirrors the industry’s gradual automation, the
rise of smart infrastructure, and loT. Sensors are integral
pieces of the puzzle in gathering data, forming the basis
for data analytics and decision-making across industries.

Discrete Power Devices: Although smaller in terms of
market share, the discrete power device continues to
play a key role in distributing and controlling power in
an electronic system. This is even more important with a
trend of escalating efficiency standards and an increased
focus on energy management solutions, driving the need
to distribute more power closer to the point of use.

The ‘Others’ category covers all other components that
are not explicitly stated. This category houses specialty
chips and other evolving technologies, which can be a
signal of innovation in the semiconductor industry.

Improvements to semiconductor technologies allow
companies to iterate and expand their product range.
Manufacturers can access better materials and processes,
creating high-performance chips with higher speeds,
more functions, and more energy efficiency. All of these
increase the value received by consumers. In particular,
advanced manufacturing can lower production costs,
giving companies better economies of scale and more
efficient supply chains. This, in turn, means lower cost
per unit produced, which benefits firm profit margins
and gives them more flexibility to compete in the
marketplace on price with advanced semiconductor
products. This price competition will benefit both
manufacturers and consumers.

The advancement brought about by the technology
within the semiconductor industry is opening doors to
the next generation of technologies that will be used in
many fields, such as the use of artificial intelligence and
machine learning with VLSI systems, which are making
the products that will have better intelligence, better
performance and that will respond to the external
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environment in real-time, using sensing and controlling
these applications, which include autonomous
vehicles, Industrie 4.0 (smart manufacturing), etc. 5G
communications technology is also largely dependent on
cutting-edge semiconductors. More robust connections
continue to fuel the demand for new chips that can support
higher-speed data exchange and improved connectivity.
Markets for these technologies create enormous value.
These technologies unlock new revenue streams and
create market opportunities in the telecommunications,
automotive, medical, and other sectors.

Expanding Applications and Industry Interconnectivity

Advanced semiconductor technologies would not
only enhance the use of the Internet but also induce
new applications through vertical integration across
industries.For example, by processing data from sensors
with VLS| systems, the Nest Learning Thermostat can
map the inhabitants’ lifestyles and control heating and
cooling according to the most efficient algorithms. It can
communicate with other elements in a networked home
environment to control the home from anywhere in the
world through mobile apps. This increases comfort,
saves energy, and reduces utility costs - all due to useful
compounds created through tiny whizzes and whirs of
semiconductor technology.

In the healthcare sector, sophisticated semiconductor
solutions play a crucial role in reducing inefficiencies.
Wearable gadgets such as fitness trackers and
smartwatches, featuring complex VLS| chips, track
heart rhythms, measure physical activity, or capture
electrocardiograms (ECGs) to detect irregular
heartbeats. These devices not only provide insights for
the wearer but also remotely transmit health data to
qualified professionals, enabling real-time optimization
of care. This use of advanced VLS| systems instills
confidence in the healthcare system, reassuring us of
its ability to provide efficient and personalized medical
interventions.

Advanced semiconductor technologies are changing
every aspect of transportation. Automobiles connected
via VLSI solutions can communicate with other vehicles,
their surroundings, and cloud-based service providers.
Such connectivity enables real-time traffic monitoring
and control, dynamic route optimization and traffic
rerouting when needed, and advanced safety features
such as automatic braking systems. Proprietary chips
are developed by Tesla to create the possibility of
autonomous driving in some of its vehicles. Such
sophisticated semiconductor technologies enable
‘smart’ transportation solutions in urban mobility,
ultimately leading to less congestion, more safety, and
more efficient use of resources.
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The integration of cutting-edge semiconductor technol-
ogies enables Industrial 10T (lloT) applications into man-
ufacturing, e.g., the use of VLSI-enabled sensors and
smart controllers for monitoring machine performance
and optimizing the production processes, as practiced
by Siemens’s manufacturing lines. Real-time data ana-
lytics, supported by advanced VLSI systems, could help
reduce downtime, improve resource optimization, and
apply predictive maintenance strategies. All these have
boosted production efficiency with cost reductions and
an edge in the competitive market.

The potential for VLSI has always existed, and it is
now beginning to manifest itself in agriculture, which
is being reinvented through loT devices (embedded
with VLSI) and smart farming technologies. Precision
agriculture has been made possible due to sensors and
loT devices deployed in the field to monitor the physical
environment (soils, weather forecast) and crop plants.
These data sciences are increasingly being utilized by
corporations such as John Deere to provide farmers
with actionable intelligence on irrigation, fertilizers
(fertigation) application, and weeding. This will lead
to more efficient use of water and fertilizers, thus
increasing yield (thereby feeding a growing global
population) while decreasing negative environmental
impacts. Therefore, today’s data-driven agriculture
emerges from the paradigm shift called the industrial
VLSI transformation. The emergence of innovative
applications, such as precision agriculture, points to the
consolidated silicon technology platform’s pervasive and
ubiquitous economic implications.

The Digital Technology Revolution and Its Impact on
VLSI Systems and the Economy

Enhanced design technologies are part of an exciting
wave of digital technologies, including electronic design
automation (EDA) - the process of generating logical
circuits and translating them into physical connectors
that will drive the next generation of VLSI systems. Al
and machine learning technologies are rapidly becoming
quite adaptable, which will profoundly impact the design
of VLSI systems. For instance, a designer might want to
design two similar analog circuits, such as amplifiers,
except for a difference in one parameter. Now, instead
of starting the design from scratch, the designer can
input the basic tolerance of the amplifier design using
an EDA tool that uses machine learning. The EDA tools
can learn from past designs and cleverly recombine
and automate previously designed circuits to create a
new one, complete with detailed circuits, schematics,
bill-of-materials, tests, and specifications. The entire
process becomes automated, and the designer only

-

needs to optimize several parameters. Crucially, this
would reduce the chances of human-induced errors.
This process drastically reduces the total design time,
compacting the product’s time-to-market. The designer
can design and refine multiple parameter changes in one
run, resulting in drastically faster design times.

When the computers were new, the challenge was a
simple, neat model called VLSI. It explained well how
the chips of those days worked, containing around
10,000 transistors (Wong & Iwai, 2005). Now, even the
most straightforward chips have billions of transistors.
The number of components in circuits is growing so
fast that it has become the most obvious measure of
how advanced a chip is. Each new generation of digital
technologies works with many more components than
its predecessor. According to Bakos (2023), in 2010,
Apple adapted the ARM Cortex CPU to make the most
powerful portable computer in the world at that time.
It introduced in 2013 had 1 billion transistors, and in
2018 - 6.9 billion, which is already a small fraction
of what will be possible (Bakos, 2023). Sophisticated
integrated circuits are becoming ever more transparent.
But, with the increasing complexity of circuits, the
rules by which they work are becoming more difficult
to grasp. Sophisticated integrated circuits are becoming
ever more black-boxed. Today, state-of-the-art chips
function beyond simple digital circuits integrated into a
single element: analog functions such as sensors, power
conversion, and control, but also digital functions such
as processing, storage, and radio-frequency circuits,
all in one single element. In fact, one could say that
the main challenge for digital technology in the coming
decades is to become even more black-boxed. The
current integration trend is leading to smaller, faster,
and leaner integrated circuits, as shown by the System-
on-Chip (SoC) design concept. All this helps make
consumer devices smaller and more energy-efficient,
just as current and prospective consumers demand.

As VLSl systems are increasingly integrated into
virtually every industry, we see unprecedented gains in
productivity. The manufacturing sector can implement
automation and real-time data analysis, optimizing
task completion and resource allocation. McLennan
(2022) estimated that digital technologies can increase
productivity worldwide by up to 1.4 percent annually
and are the key drivers of future growth.

Faced with the digital technology revolution, which is
making it necessary to develop a whole new set of job
skills that complement or even replace some existing
jobs, especially in the manufacturing sector, confident
policymakers have been paying attention to developing
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new types of work (Shpak et al., 2024). Thanks to the
growth of the semiconductor industry, Taiwan and South
Korea are leading the world in this respect. One of the
most successful policies has been tailored training for
employment provided by the governments of those
countries. In line with the requirements of the rapidly
developing digital semiconductor industry and the
potential of data analytics, colossal amounts of training
resources are being provided free to students, nurturing
them for work and life. This potential for job creation
and skill development is a reason for hope in the face of
the digital revolution.

However, with immense and growing benefits come
significant challenges: cybersecurity, data privacy, the
ethical use of Al, and the ever-present risk that new
technology can enhance exclusion, thereby exacerbating
existing inequalities. The digital realm could now become
a great leveler, but it will require proactive policies and
measures to ensure that it does. Policymakers will need
to play a crucial role in addressing these challenges and
building bridges in the digital era.

CONCLUSION

Increasingly integrated digital technologies are reshaping
future VLSI systems, transforming older ideas about
technological innovation and the manufacturing sector’s
fundamentals of competition. This article reviews recent
changes in the semiconductor industry, where advancesin
fabrication, design methodologies, and interconnecting
technologies underpin a series of transformations. As
VLSI systems become the key component in a growing
set of applications, from consumer products to core
infrastructure, the industry increasingly reflects broader
trends in adopting new technologies and economic
change. One of the most important benefits of this
digital transformation is smarter, more efficient devices.
The key here is advances in producing high-performance
chips, opening up new markets because the chips lower
operational costs and enable you to change your offering
much quicker than in the past. That flexibility is what
creates the edge in the marketplace, where time and
speed frequently are the first considerations for market
leadership.

Moreover, the collaboration facilitated by networked
systems and platforms is fostering innovation on an
unprecedented scale. The sharing of knowledge and
resources is empowering organizations to collectively
tackle the most pressing challengesand lay the groundwork
for much-needed growth across the economy. Network
effects are not just amplifying productivity improvements
but also giving birth to entirely new applications that
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are tailor-made to address the specific challenges of the
present, inspiring a new wave of collective innovation.
The speed of this transformation poses its own set of
problems. Rising cases of data privacy breaches, ethical
dilemmas, and issues of the digital divide must all be
adequately considered to shape a technoscape that is
both inclusive and secure.

REFERENCESM

[1] Atalay, M., Murat, U., Oksuz, B., Parlaktuna, A. M., Pisirir,
E., & Testik, M. C. (2022). Digital twins in manufacturing:
systematic literature review for physical-digital layer cat-
egorization and future research directions. International
Journal of Computer Integrated Manufacturing, 35(7),
679-705.

[2] Alberto, Bretas, and Dong Wen. “Security of Wireless Com-
munications against Eaves-dropping and Attacks by Using
Shannon’s Theory.” International Journal of communica-
tion and computer Technologies 12.1 (2024): 76-85.

[3] Bakos, J. D. (2023). Embedded systems: ARM programming
and optimization. Elsevier.

[4] Barile, S., Bassano, C., Piciocchi, P., Saviano, M., &
Spohrer, J. C. (2024). Empowering value co-creation in
the digital age. Journal of Business & Industrial Marketing,
39(6), 1130-1143.

[5] Bigliardi, B., Ferraro, G., Filippelli, S., & Galati, F. (2021).
The past, present and future of open innovation. European
Journal of Innovation Management, 24(4), 1130-1161.

[6] Cao, X., Bo, H., Liu, Y., & Liu, X. (2023). Effects of differ-
ent resource-sharing strategies in cloud manufacturing: A
Stackelberg game-based approach. International Journal
of Production Research, 61(2), 520-540.

[7]1 Chakravarthi, V. S. (2020). A practical approach to VLSI
system on chip (50C) design. Springer International Pub-
lishing.

[8] Chirumalla, K. (2021). Building digitally-enabled process
innovation in the process industries: A dynamic capabili-
ties approach. Technovation, 105, 102256.

[9] Ghosh, S., Hughes, M., Hughes, P., & Hodgkinson, I. (2021).
Corporate digital entrepreneurship: Leveraging industrial
internet of things and emerging technologies. Digital En-
trepreneurship, 183, 1-339.

[10] Gkikas, D. C., & Theodoridis, P. K. (2022). Al in consumer
behavior. Advances in Artificial Intelligence-based Tech-
nologies: Selected Papers in Honour of Professor Nikolaos
G. Bourbakis, Vol. 1, 147-176.

[11] Hammad, Mamoun Abu, et al. “Fractional hybrid systems
involving $\varphi $-Caputo derivative.” Results in Nonlin-
ear Analysis 7.3 (2024): 163-176.

[12] Khan, F. H., Pasha, M. A., & Masud, S. (2021). Advance-
ments in microprocessor architecture for ubiquitous Al—An
overview on history, evolution, and upcoming challenges
in Al implementation. Micromachines, 12(6), 665.

-}



Solomiya Ohinok et al. : Impact of Digital Technologies on Economic and Marketing Innovation and Competitiveness
within VLSI System Employment

[13] Kavitha, M. “Advances in Wireless Sensor Networks: From
Theory to Practical Applications.” Progress in Electronics
and Communication Engineering 1.1 (2024): 32-37.

[14] Liang, S., &Li, T. (2022). Candigital transformation promote
innovation performance in manufacturing enterprises? The
mediating role of R&D capability. Sustainability, 14(17),
10939.

[15] Manthila, Perera, K. Madugalla Anuradha, and Rasanjani
Chandrakumar. “Ultra-Short Waves Using Beam Transmis-
sion Methodology.” National Journal of Antennas and Prop-
agation 4.1 (2022): 1-7.

[16] Morgan, J., Halton, M., Qiao, Y., & Breslin, J. G. (2021). In-
dustry 4.0 smart reconfigurable manufacturing machines.
Journal of Manufacturing Systems, 59, 481-506.

[17] Mukherjee, S., Pal, D., Bhattacharyya, A., & Roy, S.
(2024). 28 Future of the Semiconductor Industry. Hand-
book of Semiconductors: Fundamentals to Emerging Ap-
plications, 359.

[18] Obradovic, T., Vlaci¢, B., & Dabi¢, M. (2021). Open innova-
tion in the manufacturing industry: A review and research
agenda. Technovation, 102, 102221.

[19] Patel, K. R. (2023). Enhancing global supply chain resil-
ience: Effective strategies for mitigating disruptions in an
interconnected world. BULLET: Jurnal Multidisiplin Ilmu,
2(1), 257-264.

[20] Rogdakis, K., Psaltakis, G., Fagas, G., Quinn, A., Martins,
R., & Kymakis, E. (2024). Hybrid chips to enable a sus-
tainable internet of things technology: opportunities and
challenges. Discover Materials, 4(1), 4.

[21] Shahbazi, K., & Ko, S. B. (2020). Area-efficient nano-AES im-
plementation for Internet-of-Things devices. IEEE Transac-
tions on Very Large Scale Integration (VLSI) Systems, 29(1),
136-148.

o I

[22] Shpak, N., Matviyishyn, Y., Dziurakh, Y., & Gvozd, M.
(2024). Simulation of the impact of changes in the volume
of production and export of products on the food securi-
ty of the country: on the example of Ukraine. Frontiers
in Sustainable Food Systems, 8. https://doi.org/10.3389/
fsufs.2024.1361625

[23] Shpak, N., Rebilas, R., Kulyniak, I., Shulyar, R., & Horbal,
N. (2023). Trends in Digital Marketing Research: Bibliomet-
ric Analysis.CEUR Workshop Proceedings, 3403, 449-465.

[24] Sultana, S., Akter, S., & Kyriazis, E. (2022). How data-driv-
en innovation capability is shaping the future of market
agility and competitive performance?.Technological Fore-
casting and Social Change, 174, 121260.

[25] Usai, A., Fiano, F., Petruzzelli, A. M., Paoloni, P., Briamon-
te, M. F., & Orlando, B. (2021). Unveiling the impact of
the adoption of digital technologies on firms’ innovation
performance. Journal of Business Research, 133, 327-336.

[26] Wang, X., Wang, W., & Chen, Q. (2024). Collaborative Re-
search on the Evolution of Key Technology Cooperation in
the Integrated Circuit Industry Supply Chain. Industrial
Engineering and Innovation Management, 7(1), 121-128.

[27] Wong, H., & Iwai, H. (2005). The road to miniaturization.
Physics World, 18(9), 40.

[28] Wu, L., Leng, J., & Ju, B. (2021). Digital twins-based smart
design and control of ultra-precision machining: A review.
Symmetry, 13(9), 1717.

[29] Wurm, S., Kaiser, W., Dinger, U., Millender, S., La Fon-
taine, B., Wood, O. R., & Neisser, M. (2020). EUV lithogra-
phy. In Microlithography (pp. 163-246). CRC Press.

[30] Xu, M., Zhang, Y., Sun, H., Tang, Y., & Li, J. (2024). How
digital transformation enhances corporate innovation per-
formance: The mediating roles of big data capabilities and
organizational agility. Heliyon, 10(14).

Journal of VLSI circuits and systems, , ISSN 2582-1458



