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ABSTRACT

The emergence of the knowledge society and the pervasive nature of information culture
are inextricably linked to advancements in digital technologies, fundamentally enabled by
Very Large Scale Integration (VLSI) circuits and systems. This paper explores the critical
role of VLSI innovation in powering the infrastructure required for generating, processing,
storing, and disseminating vast amounts of information. We examine how the increasing
demands for computational power, energy efficiency, high-speed connectivity, and robust
security, driven by societal trends, translate into specific challenges and opportunities
for VLSI design. The study analyzes how various VLS| architectures, including multi-
core processors, GPUs, FPGAs, and ASICs tailored for Al, facilitate the core functions
of the knowledge economy. Furthermore, it investigates how VLS| design paradigms
are shifting to address issues like information overload and the digital divide from a
hardware perspective. We explore the symbiotic relationship where VLS| advancements
enable new information practices, while the needs of the information culture steer the
trajectory of VLS| research and development, particularly in areas like low-power design,
hardware security primitives, and specialized accelerators. Drawing upon existing models
of societal change and identifying key VLSI technological drivers, this work proposes a
conceptual framework highlighting the co-evolution of VLSI systems and the information-
centric society. The implications suggest that continued innovation in VLSI, focusing on
performance, efficiency, and security, is paramount for the sustainable development of
the global knowledge society.

Author’s e-mail ID: pmm@knukim.edu.ua; oksana_oliinyk@knukim.edu.ua; y.i.gorban@
knukim.edu.ua

Author’s Orcid ID: https://orcid.org/0000-0002-8234-8064; https://orcid.org/0000-0002-
4687-2408; https://orcid.org/0000-0001-5837-4409

How to cite this article: Poplavskyi M, Oliinyk O, Horban Y. VLSI Systems as the Engine for
the Knowledge Society: Enabling Information Culture through Technological Innovation,
Journal of VLSI Circuits and System, Vol. 7, No. 1, 2025 (pp. 83-93).

INTRODUCTION

The contemporary erais characterized by the exponential
growth of information and a global transition towards

a knowledge society. In this paradigm, economic and
social structures are increasingly dependent on the
creation, manipulation, and exchange of data (Hutsaliuk

et al., 2020, 2023a,b; Zhovnovach et al., 2021). This
transformation is fundamentally underpinned by
relentless progress in digital electronics, with Very

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

Large Scale Integration (VLSI) technology serving as the
bedrock upon which modern computing, communication,
and storage systems are built. The capacity to integrate
billions of transistors onto a single chip has enabled the
powerful processors, vast memory arrays, and high-speed
communication interfaces that power everything from
personal devices to massive data centers. Consequently,
VLSI acts as the invisible engine driving the knowledge
economy (Alfawaire & Atan, 2021).
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However, this relationship is reciprocal. The demands of
the evolving information culture—marked by ubiquitous
connectivity, mobile computing, artificial intelligence
(Al), big data analytics, and heightened concerns about
information security—place immense pressure back
onto VLS| design methodologies and semiconductor
technology (Faik et al., 2020; Shahraki et al., 2020).
Satisfying the performance requirements of complex
Al algorithms, achieving the stringent energy efficiency
needed for battery-powered Internet of Things (loT)
devices, ensuring data integrity through hardware-level
security measures, and managing the sheer volume of
global data traffic all necessitate continuous innovation
in VLSI circuits and systems (Horban & Oliinyk, 2024a).

This paper explores this symbiotic relationship between
VLSl advancements and the societal structures of
the knowledge society and information culture. We
investigate how key VLSI innovations, such as scaling
according to Moore’s Law and exploring beyond-CMOS
technologies, developing specialized architectures, and
utilizing advanced packaging techniques, enable the
core functionalities required by an information-centric
world. Conversely, we analyze how societal demands
for enhanced performance, improved power efficiency,
robust security, and seamless connectivity shape the
design priorities and research directions within the VLSI
domain. By bridging purely social and purely technical
analyses, this study aims to provide a conceptual
understanding of the interplay between VLSI technology
and societal trends, highlighting the critical role of
integrated circuit design in addressing the challenges
and opportunities of the digital age.

THEORETICAL BACKGROUND: SOCIETAL DEMANDS
AND TECHNOLOGICAL NEEDS

The literature addressing the knowledge society and information
culture provides a crucial context for understanding the demands
placed upon the underlying technological infrastructure, which
is primarily enabled by VLSI. While originating in social
sciences, these concepts translate into direct requirements for
hardware design.

Knowledge Society Requirements

The shift towards a society where knowledge constitutes
the primary economic resource (Kumar, 2020; Hornidge,
2011) necessitates unprecedented computational
power. Processing vast datasets for scientific discovery,
economic modeling, and social analysis requires high-
performance computing (HPC) platforms built upon
advanced VLSI chips (Alfawaire & Atan, 2021). Effectively
managing and advancing knowledge relies increasingly
on sophisticated data centers and specialized Al
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accelerators. These are driving progress at the frontiers
of processor architecture, memory bandwidth, and
interconnect speeds (Ramachandran et al., 2021).
Additionally, the move towards decentralized knowledge
frameworks (Chang & Feng, 2023) calls for distributed
computing power and resilient network infrastructure.
Such infrastructure is critically dependent on efficient,
reliable VLSI components found in routers, switches,
and edge devices. Evolving educational models also
necessitate broad technology access, which is made
feasible by affordable and powerful devices built upon
VLSI technology (Hanushek & Woessmann, 2023).

Information Culture Imperatives

How individuals access, process, and share information
- essentially, the information culture (Shea et al., 2023)
- strongly shapes key non-functional requirements in
VLSI design. The ubiquity of mobile access and the rapid
spread of loT devices (Faik et al., 2020) elevate low-
power VLS| design to a top priority. Meeting this priority
requires ongoing advancements in circuit techniques,
power gating methods, dynamic voltage and frequency
scaling (DVFS), and potentially the exploration of
alternative transistor technologies (Mao, 2023; Das
et al. 2024). Providing equitable access (Broom et al.,
2023; Balkin, 2017) isn’t just about software or content;
it fundamentally hinges on the cost and availability of
the hardware platforms themselves. The vast amount
of available data creates difficulties such as information
overload, even though information literacy skills remain
crucial (Peirce et al., 2017; Smith, 2020; Johnson et al.,
2020; Stopar & Bartol, 2019). This situation, in turn,
drives the development of VLSI-based accelerators that
can efficiently filter, search, and summarize information.
Furthermore, the growing value placed on information
(Longo et al., 2020), coupled with widespread concerns
over misinformation and security breaches (Horban et al.,
2021; Appiah et al., 2020), makes robust hardware-level
security features embedded within VLSI chips essential.
Such features include elements like secure enclaves,
cryptographic accelerators (handling AES, SHA, etc.),
True Random Number Generators (TRNGs), and Physically
Unclonable Functions (PUFs), all aimed at safeguarding
data integrity and user privacy (Cirne et al., 2024). The
societal norms and values surrounding information use
(Da Veiga et al., 2020) also guide the requirements for
trustworthy computing platforms, which depend on
secure hardware foundations to be realized.

Enabling Broader Technological Innovations

Advances in VLS| technology serve as a fundamental
engine for broader technological developments. Widening
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access to information, or its democratization (Liu,
2020), is significantly dependent on the mass production
of cost-effective computing and communication chips.
The swift expansion of Al, big data analytics, and
technologies such as blockchain is critically reliant
on specialized VLS| architectures. Key examples are
Graphics Processing Units (GPUs), Tensor Processing
Units (TPUs), Field-Programmable Gate Arrays (FPGAs),
and custom Application-Specific Integrated Circuits
(ASICs), all engineered to manage massive parallel
computations and complex algorithms efficiently (Al-
Sharafi et al., 2023; Lou et al., 2024). While offering
immense potential, these capabilities also heighten the
demand for secure, energy-efficient VLS| designs capable
of responsibly managing the associated computational
workload and inherent security risks. The sheer
speed of VLSI innovation—covering breakthroughs like
transistor scaling (tracking Moore’s Law historically), the
introduction of novel materials (e.g., high-k dielectrics,
FinFETs), and the adoption of 3D integration techniques—
directly shapes the feasibility and performance path of
these larger technological trends.

Globalization and Connectivity

Globalization exerts a direct influence on the VLSI
industry through factors like distributed design teams,
intricate global supply chains, and access to international
markets. The smooth, worldwide exchange of
information (Findlay, 2021) depends entirely on a global
network infrastructure built using VLSI components
that power routers, switches, optical transceivers,
and base stations. Achieving equitable access across
varied regions (Bimber & Gil de Zuniga, 2020) poses
the challenge of deploying cost-effective and reliable
hardware solutions on a worldwide scale. Considerations
of cultural diversity and the possibility of digital divides
(Liesa-Orls et al., 2020) are deeply connected not
just to content access, but also to the availability of
devices powered by VLSI technology and the essential
communication infrastructure required to support them.
International standards for communication protocols
(like Ethernet, Wi-Fi, 5G/6G) and hardware interfaces
(like USB, PCle), often implemented directly in VLSI, are
crucial for maintaining this global information space and
ensuring interoperability.

METHODOLOGY

This study employs a conceptual analysis framework
to investigate the intricate relationship between
advancements in VLS| circuits and systems and the
evolution of the knowledge society and its associated
information culture. The methodology focuses on
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synthesizing insights from both social science literature,
which defines societal trends and demands, and the
VLSI engineering domain, which identifies enabling
technologies and confronts design challenges.

The core methodological approach involves several
interconnected steps (S) designed to bridge societal
analysis with technological realities:

$1. Identifying Key Societal Drivers

Thisinitialstepinvolvesatargetedanalysisof foundational
literature concerning the knowledge society and
information culture (utilizing the provided references).
The objective is to thoroughly extract and define the
critical characteristics, pressing demands, and significant
challenges emerging from these societal paradigms
that have direct implications for underlying hardware
capabilities. We focus specifically on aspects such as the
exponential growth in data generation requiring massive
and efficient processing, the societal expectation of
ubiquitous and seamless mobile connectivity, the critical
need for energy efficiency driven by both environmental
concerns and device limitations (stringent energy
constraints), the escalating requirement for robust,
hardware-level security measures (heightened security
requirements) in response to increasing cyber threats,
and the challenges of managing information overload
which demand intelligent data filtering and processing.
This step establishes the essential baseline context and
identifies the specific performance, power, security, and
cost pressures that the information society imposes on
VLSI technologies.

S2. Mapping Drivers to VLSI Requirements

Following the identification of societal drivers, this
crucial step involves translating these often high-
level societal needs and challenges into concrete,
quantifiable technical requirements and specific design
considerations for VLS| circuits and systems. This
translation process examines how abstract demands
manifest as specifications for hardware, considering
performance metrics (e.g., target throughput in TOPS/
Watt, acceptable latency in nanoseconds), power budgets
(e.g., mW budgets for loT sensors, multi-Watt envelopes
for edge Al), physical area constraints, specific security
standards or primitives (e.g., need for TRNGs, crypto-
accelerators supporting specific algorithms, side-channel
attack resistance), and manufacturing cost targets. We
analyze, for instance, how the demand for real-time
Al processing translates into the need for specialized
computational units (like NPUs or GPUs) with specific
levels of parallelism and memory bandwidth, or how
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privacy concerns drive requirements for secure enclaves
and memory encryption within SoCs. This step explicitly
defines the target specifications that VLS| design must
strive to meet, often highlighting the complex trade-offs
designers face (e.g., performance vs. power, security vs.
area/cost).

S3. Analyzing VLSI Technological Responses

To understand how the semiconductor industry and
research community are addressing the identified
requirements, we conduct a comprehensive review of
established and emerging trends within VLSI technology
itself. This involves analyzing the ongoing evolution of
core technologies like CMOS scaling (including its current
physical limitations and the exploration of beyond-CMOS
devices), the significant shift towards heterogeneous
integration and chiplet-based designs for enhanced
modularity, yield, and performance, the proliferation
of domain-specific architectures (DSAs) optimized for
critical workloads like machine learning, graphics,
or network processing, and rapid advancements in
hardware security techniques (e.g., novel PUF designs,
countermeasures against physical attacks). Critically, this
step integrates insights from current, specialized VLSI
literature (such as Lata et al., 2021; Yang et al., 2024;
Kaur et al., 2024; Shah, & Tiwari, 2024; Khan & Sarkar,
2023; Attaoui et al., 2024) to assess the capabilities,
limitations, energy efficiency, security robustness, and
developmental trajectories of state-of-the-art and near-
future VLSI solutions in direct relation to the previously
mapped societal requirements. The goal is to evaluate
the effectiveness and potential of current technological
trajectories.

S4. Developing a Co-evolutionary Framework

The final step synthesizes the findings from the
preceding analyses into a holistic conceptual model.
This framework, intended to be visually represented in
Figure 1, is designed to explicitly illustrate the dynamic
and reciprocal relationship - the co-evolution - between
VLSI technological advancements and the demands,
challenges, and opportunities generated by the evolving
knowledge society and information culture. It aims to
capture the feedback loop where VLSl innovations enable
new societal capabilities and information practices
(acting as a technology push), while simultaneously, the
emerging needs, user behaviors, economic pressures,
and security concerns of society actively steer future
VLSI research priorities, investment decisions, and
design choices (acting as a market/society pull). This
conceptual model serves not only to structure the analysis
presented in this paper but also provides a valuable lens

s I

for understanding the complex interplay and potentially
anticipating future synergistic developments or points
of friction at the intersection of deep technology and
societal evolution.

Knowledge Society
Demands /
Information Culture
Needs

(Big Data, Al mobility,

/’ security) \
/

/ ~y

Enabling New Societal
Functions /
Capabilities

(wiich innturn generates

rew demands,
completing the cyele)

VLSI System
Requirements
(high performance, low
power, security features,
comnectivity)

i Vi

\ VLSI Innovations /

(scaling, new
architectures, low-
power technigues,
security primitives)

Fig. 1: Conceptual Framework for the Co-evolution of
VLSI Systems and the Knowledge Society/Information
Culture

Source: Authors’ compilation

The model illustrates the feedback loop where VLSI
advancements enable societal change, and societal
demands, in turn, steer VLSI innovation priorities.

This qualitative synthesis aims to bridge the gap between
social observationOs and technological realities. It
provides a framework for understanding how VLSI
design acts as both a critical enabler of and a necessary
respondent to the defining characteristics of the modern
information age, without undertaking new empirical
simulations or hardware experiments.

RESULTS AND DISCUSSION:
VLSI as the Foundation and Response

The analysis reveals a proOfound interdependence between
VLSI systems and the functioning of the knowledge society.
The key findings are structured around the primary roles VLSI
plays and the challenges it faces in this context.

VLS| as the High-Performance Engine of Knowledge
Processing

A defining characteristic of the knowledge society is
its reliance on generating, processing, and utilizing
vast amounts of data. VLSI technology provides
the raw computational power necessary for these
tasks. Several key aspects underscore this role.
Firstly, performance scaling, driven by continuous
advancements in transistor density and clock speeds
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(historically following Moore’s Law and now exploring
new device physics and architectures), has yielded
exponential increases in processing power. This enables
the complex simulations, large-scale data analysis,
and sophisticated Al models crucial for knowledge
discovery (Hanushek & Woessmann, 2023). Secondly,
the limitations of general-purpose CPUs for highly
parallel or specialized tasks, such as Al training/
inference or graphics rendering, have spurred the
development and widespread adoption of specialized
VLSI architectures. These include GPUs, TPUs, FPGAs,
and increasingly, custom ASICs tailored to specific
algorithms. Such hardware accelerators can provide
orders-of-magnitude performance and efficiency gains
for workloads prevalent in the knowledge economy
(Sonuga et al., 2024). Thirdly, effectively handling
large datasets requires not only fast processors but
also high-bandwidth memory systems (like HBM - High
Bandwidth Memory) and low-latency, high-throughput
interconnect fabrics (such as NVLink, Compute
Express Link - CXL) integrated at the chip or package
level to prevent processing bottlenecks (Tekin et al.,
2021).

Table 1: Mapping Knowledge Society Functions to Enabling
VLSI Technologies

Required
Knowledge Performance Enabling VLSI
Society Function Metrics Technologies

GPUs, TPUs/NPUs
(Neural Processing
Units), Al Accel-
erators (ASICs),
FPGAs, High-Band-

Knowledge Discov-
ery (AI/ML)

High Throughput
(TOPS/FLOPS),
High Memory
Bandwidth, Low
Latency (Infer-

ence) width Memory
(HBM), Advanced
CPUs
Big Data Analytics High Data Multi-core CPUs,

Knowledge
Society Function

Required
Performance
Metrics

Enabling VLSI
Technologies

Information Re-
trieval/Search

Low Query La-
tency, High 10PS
(Input/OQutput
Operations Per
Second), Fast Data

Powerful CPUs
with large caches,
Significant DRAM,
Fast Storage Con-

trollers (NVMe),

Throughput, Large

Memory Capacity

& Bandwidth, High
Storage 1/0

Large DRAM ar-
rays, High-speed
NICs (Network
Interface Con-
trollers), SSD/
NVMe Controllers,
potentially FPGAs

Scientific Simula-
tion (HPC)

High Float-
ing-Point Per-
formance (FP64
FLOPS), High
Memory Band-
width, Low-Laten-
cy Interconnects

High-Performance
CPUs, Scientific

GPUs, HBM, Cus-
tom/High-Speed

Interconnect Fab-
rics (e.g., Infini-

Band, Slingshot,

CXL)
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Network Accelera-
tion Hardware
Efficient SoCs (Sys-
tem-on-Chips),

Processing

Low Network
Latency, High Net-

Real-time Collabo-
ration Platforms

work Throughput, | Hardware Video/
Real-time En- Audio Codecs,

coding/Decoding | High-speed Wi-Fi/
Performance Ethernet PHYs &

MACs

Source: Authors’ compilation

Different functions necessitate distinct performance
profiles, ranging from the massive parallel processing
power required for Al model training to the low-latency
responsiveness essential for real-time collaboration and
information retrieval. This heterogeneity demonstrates
that a one-size-fits-all approach to VLS| design is
insufficient. Table 1 clearly illustrates the trend
towards architectural specialization. While advanced
general-purpose CPUs remain crucial, the performance
requirements for specific, high-impact functions like Al
and scientific computing increasingly rely on specialized
VLSI solutions such as GPUs, TPUs, and custom ASICs.
This specialization is a direct response from the VLSI
industry to deliver the necessary computational density
and energy efficiency for these demanding workloads.

Computational power is not solely determined by
the processing units. The consistent appearance of
High-Bandwidth Memory (HBM) and fast interconnect
technologies across multiple functions reveals the critical
importance of data movement. Effective VLS| system
design must therefore co-optimize processing, memory
access, and communication to avoid bottlenecks and
truly enable the complex operations characteristic of the
knowledge economy. These observations reinforce the
central thesis that VLSI innovation is both a fundamental
enabler and a necessary respondent to the evolving
needs of our information-centric society.

VLSI Design Challenges Driven by Information Culture
Demands

The way society interacts with information significantly
shapes the constraints and requirements faced by VLSI
design methodologies. Energy efficiency emerges as a
primary challenge. The widespread use of mobile devices
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such as smartphones and wearables, combined with the
huge energy demands of data centers powering cloud
services and Al, makes low-power VLSI design absolutely
crucial. Achieving thisinvolves applying diverse techniques,
ranging from optimizing transistors with FinFET or FD-
SOl technology, employing architectural methods like
clock and power gating, to using system-level strategies
such as DVFS and near-threshold computing (Muralidhar
et al., 2022; Faik et al., 2020). Moreover, the demand
for constant connectivity calls for VLSI solutions that
deliver high performance without consuming excessive
power. These are needed to implement complex wireless
standards like 5G/6G, Wi-Fi 6/7, and Bluetooth Low
Energy, frequently integrated within compact System-on-
Chips (SoCs) (Yewulsew, 2023; Popescu & Vida, 2022).

Hardware security represents another critical area of
focus. Increasing worries about data breaches, privacy
loss, and the circulation of misinformation create a
strong push to build security features directly into
the hardware. Specific measures involve integrating
cryptographic accelerators (for encryption and hashing),
TRNGs (for secure key generation), secure boot processes
(to guarantee software integrity), memory encryption
and integrity protection, and PUFs (for unique device IDs
and secure key storage) (Li, et al., 2024; Appiah et al.,
2020; Horban et al., 2021). Finally, enabling wide
participation in today’s information culture depends on
making VLSI manufacturing more cost-effective. Cost-
effective manufacturing makes it possible to produce
affordable yet powerful devices, thereby connecting
technical progress in process technology and design
efficiency directly to societal aims such as narrowing the

digital divide (Liesa-Orus et al., 2020).

The way individuals and communities engage with
information also profoundly shapes the development of
the information society. These patterns in information
use - marked by extensive mobile computing, the
rollout of large loT networks, growing worries about
data privacy and integrity, plus the need for constant
connectivity and affordability - present a unique
combination of challenges and limitations for VLSI
design. As a result, aspects beyond sheer performance,
like energy efficiency, robust security, and overall
cost, often become top priorities. Table 2 maps these
key demands, stemming from our current information
culture, to the related VLSI design challenges and the
technological solutions being developed to address them
(Table 1).

One key takeaway is how widespread the power
constraint has become. This is largely due to the mobile
and loT approaches at the heart of today’s information
culture. Consequently, there’s a continuous push for VLSI
innovations aimed specifically at cutting energy use,
even if it means compromising on peak performance or
chip area. In the same vein, increasing public concern
about data privacy and the reliability of information is
fueling major investments in hardware-based security
measures. We see a clear trend towards embedding trust
anchors and cryptographic functions directly within the
silicon (using technologies like PUFs, TRNGs, and secure
enclaves). This suggests a growing recognition of VLSI
as a foundational layer for security, moving beyond
depending only on software solutions.

Table 2: Mapping Information Culture Demands to VLSI Design Challenges and Solutions

Societal Demand/

Challenge Key VLSI Design Constraint

Specific VLSI Solutions/Techniques

Mobile Computing

Power Consumption, Area/
Thermal Limits

Ultra-Low Power (ULP) Circuits, DVFS, Power Gating, FinFETs/GAAFETs,
High Integration (SoC), Efficient Power Management ICs (PMICs)

loT Deployment

Extreme Power Limits, Cost,
Security (at Scale)

ULP Design, Near-Threshold Computing, Integrated RFICs (BLE, LoRa, NB-
loT), Lightweight Crypto/Security Primitives, Mature Process Nodes, En-
ergy Harvesting Interfaces

Data Privacy & Secu-
rity

Security Vulnerabilities, Per-
formance Overhead

PUFs, TRNGs, Crypto-cores (AES, SHA, ECC), Secure Enclaves/TEEs, Mem-
ory Encryption/Integrity Engines, Secure Boot, Side-channel/Fault Attack
Countermeasures

Information Integrity

Security Vulnerabilities,
Platform Trust

Hardware-based Hashing/Digital Signatures, Secure Boot, Root-of-Trust
mechanisms, Attestation features

Ubiquitous Connectiv-
ity

RF  Power Consumption,
Bandwidth/Latency, Integra-
tion

Advanced/Efficient RFICs (multi-mode), Low-power Baseband Processors,
SoC integration, Hardware Protocol Acceleration

Device Affordability

Manufacturing Cost, Design
Cost (NRE)

Use of Mature/Optimized Process Nodes, Design for Manufacturability
(DFM), IP Reuse, Area-Efficient Design Methodologies

s I

Source: Authors’ compilation
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Adding robust security features often comes at the cost
of chip area and power consumption. Likewise, providing
constant high-speed connectivity puts a heavy drain on
battery life. Using the latest process nodes to boost
performance also drives up manufacturing costs, which
affects how affordable the end devices are. Finding
the right balance among these competing demands
represents a core challenge for today’s VLSI designers,
a challenge shaped directly by the priorities inherent in
our information culture. These points strongly back the
idea of co-evolution: VLSI technology isn’t developing in
a vacuum. Instead, it’s constantly being shaped by the
functional and non-functional needs that emerge from
how society uses information.

The Co-evolutionary Path and Future VLSI Directions

The analysis highlights an ongoing feedback loop:
advances in VLSI make new ways of creating, processing,
and interacting with information possible. These new
possibilities then create fresh societal demands and
technical hurdles, which push forward the next wave of
VLSI research and development. Looking ahead, current
trends point towards several important future directions
for VLSl development. Continued specialization in
hardware for Al stands out as one major area. This
includes continually developing ASICs designed for
specific Al tasks, possibly extending beyond today’s GPU/
TPU models. It also involves exploring radically different
architectures, such as neuromorphic computing systems
that mimic the structure and function of the human
brain (Nie et al., 2022).

As traditional CMOS scaling faces physical limits («end of
Moore’s Law»), researchinto «Beyond CMOS~» technologies
becomes increasingly vital. This includes exploring new
materials (like 2D materials or carbon nanotubes), novel
device concepts (like Tunnel FETs or spintronic devices),
non-volatile memory technologies integrated into logic,
and advanced packaging techniques like 3D stacking
and heterogeneous integration (chiplets) to continue
improving performance and energy efficiency (Rai et al.,
2024). The domain of hardware for security and trust
will likely see further advancements, with increasing
integration of sophisticated security primitives.
There may also be exploration into hardware-based
mechanisms for tasks like misinformation detection or
data provenance verification, contributing to a more
trustworthy information ecosystem.

Sustainability in VLSI is emerging as a critical concern.
This involves addressing the environmental impact of
semiconductor manufacturing (water usage, chemicals,
energy) and the growing energy consumption of global
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computing infrastructure. Research into green electronics,
eco-design principles applied to chip design, and potentially
energy harvesting techniques integrated at the VLSI level
will become increasingly important (Yeboah et al., 2024).

Advancements in VLSl technology enable new
applications and ways of interacting with information,
which in turn generate novel societal demands, ethical
considerations, and technical challenges. These new
pressures then drive the next wave of research and
development in VLSI design. Understanding this cyclical
process of co-evolution is crucial for anticipating future
trends. Figure 2 visually encapsulates this iterative
feedback loop between technological innovation and
societal needs.

New VLSI Tech
(faster AT chip)

/ N\

Drives Next-Gen
VLSI R&D

(mare gfficient Al arels, (mare complex AT
secure Al hardwars) models)

R, /
\ Creates New Societal -

Demand/Challenge
(nesdfor even faster
training, ethical
concerns)

Enables New
Application

Fig. 2: The Co-evolutionary Feedback Loop between
VLSI Innovation and Information Society Demands

Source: Authors’ compilation

This cycle of co-evolution, as we’ve seen, drives VLSI
technology to constantly adapt and advance, keeping
pace with the changing terrain of the knowledge society
and information culture. The feedback loop shown in
Figure 2 results in several key consequences for both
VLSI technology and society at large. One result is faster
innovation, where technological potential and societal
expectations fuel each other, creating demand for
continually faster and more powerful hardware. It also
means VLS| design becomes more complex. Engineers
face the challenge of balancing competing demands
simultaneously - things like performance, power use,
security strength, production cost, and the specific
features needed for varied applications like Al and
loT. This highlights just how vital an interdisciplinary
viewpoint is. To guide relevant and responsible tech
development in VLSI, it’s essential to understand
changing societal trends, how people use technology,
and the ethical questions involved.
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This dynamic of co-evolution has other major
implications beyond the core outcomes already
discussed. For instance, VLS| systems are increasingly
vital for economic strength, national security, and
essential services. Consequently, developing and
controlling these systems takes on major geopolitical
weight, making semiconductor supply chains and
design expertise key strategic assets for nations. This
ongoing cycle is also pushing sustainability higher up the
agenda. Once seen mainly as a constraint (like power
efficiency), it’s now becoming a primary force driving
innovation. This includes looking at the environmental
footprint of manufacturing, energy use throughout
a system’s life, and what happens at end-of-life - all
reflecting greater public environmental awareness and
stricter regulations. Because it’s so complex to meet
specific societal needs efficiently using just hardware,
there’s a growing push towards tighter hardware-
software co-design. This means algorithms (particularly
for Al) and VLSI architectures need to be developed
together, not one after the other, to get the best system
performance and features. This same feedback loop also
creates a tension. On one hand, technology becomes
more democratic through cheaper, integrated chips for
everyday devices. On the other hand, power becomes
more centralized through huge, specialized computing
facilities that only large organizations can access.

CONCLUSION

This analysis makes clear that Very Large Scale
Integration (VLSI) circuits and systems are absolutely
essential, forming the technological bedrock of today’s
knowledge society and information culture. Our capacity
to generate, process, share, and protect huge amounts
of information depends directly on ongoing progress in
semiconductor technology and integrated circuit design.
We’ve examined the two-way relationship: VLSI progress
delivers the performance, efficiency, connectivity, and
security that our information-focused world requires. At
the same time, trends and challenges within society—like
big data analytics, the growth of Al, widespread mobile
computing, and the critical need for cybersecurity—
are actively guiding the direction of VLSI research and
development. Our findings show that meeting the future
needs of the knowledge society will require specific,
targeted innovations in VLSI. Important areas for focus
include creating specialized architectures fine-tuned
for Al and data processing tasks, developing ultra-low-
power design methods vital for sustainable, everywhere-
computing, and building strong hardware-level security
features to build trust and safeguard information. Issues
like the digital divide and information overload also

gy

impact VLS| design, underscoring the continuous need
for affordable manufacturing processes and hardware
designs that can handle complex information streams
efficiently.

The healthy development and future course of the
global knowledge society are closely linked to advances
in VLSI. Policymakers, researchers, and engineers
working through the challenges of the digital age need
a comprehensive view that connects societal needs
with what technology can achieve. Future research
needs to keep investigating this vital connection.
Special attention should be paid to co-designing VLSI
systems with real-world societal uses in mind, while
also thoughtfully weighing the ethical issues raised by
powerful new hardware. Therefore, encouraging VLSI
innovation isn’t just about technical progress; it’s a
crucial investment in the core infrastructure that will
define the future of global knowledge, communication,
and culture.

REFERENCES

[1] Abdulkareem, A. K., & Ramli, R. M. (2021). Does digital
literacy predict e-government performance? An extension
of Delone and Mclean information system success model.
Electronic Government, an International Journal, 17(4),
466-493.

[2] Alfawaire, F., & Atan, T. (2021). The effect of strategic hu-
man resource and knowledge management on sustainable
competitive advantages at Jordanian universities: The
mediating role of organizational innovation. Sustainabil-
ity, 13(15), 8445.

[3] Al-Sharafi, M. A., Al-Emran, M., Iranmanesh, M., Al-Qaysi,
N., lahad, N. A., & Arpaci, I. (2023). Understanding the im-
pact of knowledge management factors on the sustainable
use of Al-based chatbots for educational purposes using a
hybrid SEM-ANN approach. Interactive Learning Environ-
ments, 31(10), 7491-7510.

[4] Appiah, G., Amankwah-Amoabh, J., & Liu, Y. L. (2020). Or-
ganizational architecture, resilience, and cyberattacks.
IEEE Transactions on Engineering Management, 69(5),
2218-2233.

[5] Aririguzoh, S. (2022). Communication competencies, cul-
ture and SDGs: effective processes to cross-cultural com-
munication. Humanities and Social Sciences Communica-
tions, 9(1), 1-11.

[6] Attaoui, Y., Chentouf, M., Ismaili, Z. E. A. A., & Elmoura-
bit, A. (2024). Machine Learning in VLSI Design: A Compre-
hensive Review. Journal of Integrated Circuits and Sys-
tems, 19(2), 1-14.

[7]1 Balkin, J. M. (2017). Digital speech and democratic cul-
ture: A theory of freedom of expression for the informa-
tion society. In Law and Society approaches to cyberspace
(pp. 325-382). Routledge.

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



Mykhailo Poplavskyi et al. : VLSI Systems as the Engine for the Knowledge Society: Enabling Information Culture through
Technological Innovation

[8] Barnea, A. (2020). How will Al change intelligence and
decision-making?. Journal of Intelligence Studies in Busi-
ness, 1(1).

[9] Bimber, B., & Gil de ZUhiga, H. (2020). The unedited pub-
lic sphere. New media & society, 22(4), 700-715.

[10] Broom, L., Jones, F. L., McDonnell, P., & Williams, T.
(2023). The inheritance of inequality. Routledge.

[11] Bruggemann, R., Carlsen, L., Beycan, T., Suter, C., & Mag-
gino, F. (Eds.). (2021). Measuring and Understanding Com-
plex Phenomena: Indicators and Their Analysis in Different
Scientific Fields. Springer Nature.

[12] Chang, Y. C., & Feng, L. (2023). Micro Foundation of Cul-
tural and Creative Clusters: The Knowledge-based View.
Journal of the Knowledge Economy, 1-21.

[13] Cirne, A., Sousa, P. R., Resende, J. S., & Antunes, L.
(2024). Hardware security for Internet of Things identi-
ty assurance. IEEE Communications Surveys & Tutorials,
26(2), 1041-1079.

[14] Da Veiga, A., Astakhova, L. V., Botha, A., & Herselman, M.
(2020). Defining organisational information security cul-
ture—Perspectives from academia and industry. Comput-
ers & Security, 92, 101713.

[15] Da, K. (2022). Informational development: A new form of
human development in future society. Information Devel-
opment, 38(3), 470-488.

[16] Das, R. R., Rajalekshmi, T. R., & James, A. (2024). FinFET
to GAA MBCFET: a review and insights. IEEE Access.

[17] Dudenhoffer, C. M. (2020). Digital identity and digital lit-
eracy: Examining students’ abilities to evaluate informa-
tion (Doctoral dissertation, St. Thomas University).

[18] Faik, I., Barrett, M., & Oborn, E. (2020). How informa-
tion technology matters in societal change: An affor-
dance-based institutional logics perspective. MIS quarter-
ly, 44(3).

[19] Findlay, M. (2021). Globalisation as crisis. Globalisation,
populism, pandemics and the law, 1-26.

[20] Hanfstingl, B., Arzensek, A., Apschner, J., & Golly, K. I.
(2021). Assimilation and accommodation. European Psy-
chologist. https://doi.org/10.1027/1016-9040/a000463

[21] Hanushek, E. A., & Woessmann, L. (2023). The knowl-
edge capital of nations: Education and the economics of
growth. MIT press.

[22] Horban, Y., & Oliinyk, O. (2024a). Information culture in the
context of global trends in contemporary society. Ukrainian
Culture: The past, Modern, Ways of Development, 48, 382-
389. https://doi.org/10.35619/ucpmkv48i.801

[23] Horban, Y., & Oliinyk, O. (2024b). Information Culture of
the Personality in the Digital Age: On the Issue of Aca-
demic Integrity. Scientific Journal “National Academy of
Managerial Staff of Culture and Arts Herald”,1, 63-71.
https://doi.org/10.32461/2226-3209.1.2024.302030

[24] Horban, Y., Dolbenko, T., Yaroshenko, T., Sokol, O., &
Miatenko, N. (2021). Human Capital as a Development

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

Factor for Cultural and Creative Industries. Internation-
al Journal of Computer Science and Network Security,
21(12), 604-610. Retrieved from http://ijcsns.org/07_
book/html/202112/202112083.html.  doi.org/10.22937/
IJCSNS.2021.21.12.83.

[25] Hornidge, A. K. (2011). ‘Knowledge Society’as Academic
Concept and Stage of Development-A Conceptual and His-
torical Review. World Scientific Publishing.

[26] Johnson, J. L., Adkins, D., & Chauvin, S. (2020). A review
of the quality indicators of rigor in qualitative research.
American journal of pharmaceutical education, 84(1),
7120.

[27] Katkere, A., & Jain, R. (1996). A framework for informa-
tion assimilation. In Exploratory vision: the active eye
(pp. 241-256). New York, NY: Springer New York.

[28] Kaur, R., Asad, A., & Mohammadi, F. (2024). A Compre-
hensive Review of Processing-in-Memory Architectures for
Deep Neural Networks. Computers, 13(7), 174.

[29] Khan, S., & Sarkar, P. (2023, December). A Comprehensive
Review of Machine Learning Applications in VLSI Testing:
Unveiling the Future of Semiconductor Manufacturing. In
2023 7th International Conference on Electronics, Materi-
als Engineering & Nano-Technology (IEMENTech) (pp. 1-5).
IEEE.

[30] Kumar, K. (2020). From post-industrial to post-modern
society. In The information society reader (pp. 103-120).
Routledge.

[31] Lata, K., Saini, S., & Sinha, G. R. (2021). VLSI and Hard-
ware Implementation Using Machine Learning Methods:
A Systematic Literature Review. VLS| and Hardware Im-
plementations using Modern Machine Learning Methods,
1-21.

[32] Leidner, D. E., Gonzalez, E., & Koch, H. (2020). An affor-
dance perspective of enterprise social media and organi-
zational socialization. In Strategic information manage-
ment (pp. 364-402). Routledge.

[33]Li, G., Deng, L., Tang, H., Pan, G., Tian, Y., Roy, K., &
Maass, W. (2024). Brain-inspired computing: A systematic
survey and future trends. Proceedings of the IEEE.

[34] Liesa-Orus, M., Latorre-Cosculluela, C., Vazquez-Toledo,
S., & Sierra-Sanchez, V. (2020). The technological chal-
lenge facing higher education professors: Perceptions of
ICT tools for developing 21st century skills. Sustainability,
12(13), 5339.

[35] Liu, T. (2020). Re-democratizing the Internet in an Era
of Feudalism (Doctoral dissertation, New York University
Tandon School of Engineering).

[36] Longo, F., Padovano, A., & Umbrello, S. (2020). Value-ori-
ented and ethical technology engineering in industry 5.0:
A human-centric perspective for the design of the factory
of the future. Applied Sciences, 10(12), 4182.

[37]Lou, H. (2024, June). Comparative Analysis and
Enhancement of FPGA and ASIC Performance in Targeted
Applications. In International Conference on Artificial

I 51



Mykhailo Poplavskyi et al. : VLSI Systems as the Engine for the Knowledge Society: Enabling Information Culture through
Technological Innovation

Intelligence and Communication Technology (pp. 295-
308). Singapore: Springer Nature Singapore.

[38] Mao, Y. (2023). New generation of frequency generators
using self-calibration of the transistor back gate in FD-
SOl technology (Doctoral dissertation, Université Cote
d’Azur).

[39] Martens, P., Akin, S. M., Maud, H., & Mohsin, R. (2010).
Is globalization healthy: a statistical indicator analysis of
the impacts of globalization on health. Globalization and
health, 6, 1-14.

[40] McGrew, S., & Byrne, V. L. (2020). Who Is behind this? Pre-
paring high school students to evaluate online content.
Journal of Research on Technology in Education, 53(4),
457-475.

[41] Morais, J., & Kolinsky, R. (2021). Seeing thought: A cultur-
al cognitive tool. Journal of Cultural Cognitive Science,
5(2), 181-228.

[42] Munster, A. (2011). Materializing new media: Embodiment
in information aesthetics. Upne.

[43] Muralidhar, R., Borovica-Gajic, R., & Buyya, R. (2022).
Energy efficient computing systems: Architectures, ab-
stractions and modeling to techniques and standards. ACM
Computing Surveys (CSUR), 54(11s), 1-37.

[44] Najafi, S., Dragovich, D., Heckmann, T., & Sadeghi, S. H.
(2021). Sediment connectivity concepts and approaches.
Catena, 196, 104880.

[45] Nie, Y., Ren, T., & Shi, Z. (2022, May). The developments
and applications of brain-like computing chips. In Interna-
tional Conference on Algorithms, Microchips and Network
Applications (Vol. 12176, pp. 272-285). SPIE.

[46] Noor, U., Younas, M., Saleh Aldayel, H., Menhas, R., &
Qingyu, X. (2022). Learning behavior, digital platforms for
learning and its impact on university student’s motivations
and knowledge development. Frontiers in Psychology, 13,
933974.

[47] Peirce, C. S., Cohen, M. R., & Dewey, J. (2017). How to
Make Our Ideas Clear 1. In Chance, love, and logic (pp.
32-60). Routledge.

[48] Popescu, D. C., & Vida, R. (2022). A primer on software
defined radios. Infocommunications Journal, 14(3).

[49] Rai, A., Gupta, D., Mishra, H., Nandan, D., & Qamar, S.
(2024). Beyond Si-Based CMOS Devices: Needs, Opportuni-
ties, and Challenges. Beyond Si-Based CMOS Devices: Ma-
terials to Architecture, 3-25.

[50] Ramachandran, P., Ranganath, S., Bhandaru, M., & Ti-
brewala, S. (2021, October). A survey of ai enabled edge
computing for future networks. In 2021 IEEE 4th 5G World
Forum (5GWF) (pp. 459-463). IEEE.

[51] Setyosari, P., Kuswandi, D., & Widiati, U. (2021). Read-
ing Comprehension Skills: The Effect of Online Flipped
Classroom Learning and Student Engagement During the
COVID-19 Pandemic. European Journal of Educational Re-
search, 10(4), 1613-1624.

gy

[52] Shah, O. A., & Tiwari, D. (2024). From Chips to Systems:
Exploring Disruptive VLS| Ecosystems. In A Practitioner’s
Approach to Problem-Solving using Al (pp. 268-281). Ben-
tham Science Publishers.

[53] Shahraki, A., Taherkordi, A., Haugen, @., & Eliassen, F.
(2020). A survey and future directions on clustering: From
WSNs to loT and modern networking paradigms. IEEE
Transactions on Network and Service Management, 18(2),
2242-2274.

[54] Shea, T., Usman, S. A., Arivalagan, S., & Parayitam, S.
(2023). “Knowledge management practices” as modera-
tor in the relationship between organizational culture and
performance in information technology companies in In-
dia. VINE Journal of Information and Knowledge Manage-
ment Systems, 53(4), 719-747.

[55] Smith, L. C. (2020). Reference and information services:
An introduction. Bloomsbury Publishing USA.

[56] Sonuga, A. E., Ofoegbu, K. D. O., lke, C. S., & Folorun-
sho, S. O. (2024). Deploying large language models on di-
verse computing architectures: A performance evaluation
framework. Global Journal of Research in Engineering and
Technology, 02(01), 018-036. https://doi.org/10.58175/
gjret.2024.2.1.0026

[57] Stopar, K., & Bartol, T. (2019). Digital competences, com-
puter skills and information literacy in secondary educa-
tion: mapping and visualization of trends and concepts.
Scientometrics, 118(2), 479-498.

[58] Tekin, A., Tuncer Durak, A., Piechurski, C., Kaliszan, D.,
Aylin Sungur, F., Robertsén, F., & Gschwandtner, P. (2021).
State-of-the-art and trends for computing and intercon-
nect network solutions for HPC and Al. Technical report,
PRACE, 2021, 38 pp. https://prace-ri. eu/wp-content/up-
loads/State-of-the-Art-and-Trends-for-Computing-and-In-
terconnect-Network-Solutions-for-HPC-and-Al-1. pdf URLo
132, 140, 141.

[59] Walters, J., & Vorster, J. M. (2021). Prosperity ethics:
Habits and virtues of smart people in a changing world
(p. 396). AOSIS.

[60] Wang, C., Wang, T., Chen, Y., Wang, X., & Wang, Z. (2022,
August). Research on the Selection of Cognitive Status Test
Items and Indicators for Workers in Confined Spaces. In
International Conference on Man-Machine-Environment
System Engineering (pp. 509-516). Singapore: Springer
Nature Singapore.

[61]1Wu, V. C. S. (2020). The Promises And Challenges Of Com-
munity Philanthropy: Place Dilemma, Community Lead-
ership, And Public Engagement On Social Media (Doctoral
dissertation, University of Pennsylvania).

[62] Yang, Z., Ji, S., Chen, X., Zhuang, J., Zhang, W., Jani, D.,
& Zhou, P. (2024, January). Challenges and opportunities
to enable large-scale computing via heterogeneous chip-
lets. In 2024 29th Asia and South Pacific Design Automa-
tion Conference (ASP-DAC) (pp. 765-770). IEEE.

[63] Yeboah, L. A., Oppong, P. A., Malik, A. A., Acheampong, P.
S., Morgan, J. A., Addo, R. A. A., & Henyo, B. W. (2024).

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



Mykhailo Poplavskyi et al. : VLSI Systems as the Engine for the Knowledge Society: Enabling Information Culture through
Technological Innovation

Exploring Innovations, Sustainability and Future Opportuni-
ties in Semiconductor Technologies. International Journal
of Advanced Nano Computing and Analytics, 3(2), 01-42.

[64] Yewulsew, M. (2023). Design of Highly Linear Low Power
Wireless RF Receiver for Wireless Sensor Networks (Doc-
toral dissertation).

[65] Zia, N. U. (2020). Knowledge-oriented leadership, knowl-
edge management behaviour and innovation performance
in project-based SMEs. The moderating role of goal orien-
tations. Journal of Knowledge Management, 24(8), 1819-
1839.

[66] Ali, W., Ashour, H., & Murshid, N. (2025). Photonic inte-
grated circuits: Key concepts and applications. Progress
in Electronics and Communication Engineering, 2(2), 1-9.
https://doi.org/10.31838/PECE/02.02.01

[67] Wilamowski, G. J. (2025). Embedded system architec-
tures optimization for high-performance edge computing.
SCCTS Journal of Embedded Systems Design and Applica-
tions, 2(2), 47-55.

[68] Chia-Hui, C., Ching-Yu, S., Fen, S., & Ju, Y. (2025). Design-
ing scalable loT architectures for smart cities: Challenges

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

and solutions. Journal o f Wireless Sensor Networks and
loT, 2(1), 42-49.

[69] Quinby, B., & Yannas, B. (2025). Future of tissue engi-
neering in regenerative medicine: Challenges and op-
portunities. Innovative Reviews in Engineering and Sci-
ence, 3(2), 73-80. https://doi.org/10.31838/INES/03.
02.08

[70] Kozlova, E. I., & Smirnov, N. V. (2025). Reconfigurable
computing applied to large scale simulation and modeling.
SCCTS Transactions on Reconfigurable Computing, 2(3),
18-26. https://doi.org/10.31838/RCC/02.03.03

[71] Arvinth, N. (2024). Integration of neuromorphic comput-
ing in embedded systems: Opportunities and challenges.
Journal of Integrated VLSI, Embedded and Computing
Technologies, 1(1), 26-30. https://doi.org/10.31838/
JIVCT/01.01.06

[72] Prasath, C. A. (2023). The role of mobility mod-
els in MANET routing protocols efficiency. National
Journal of RF Engineering and Wireless Communica-
tion, 1(1), 39-48. https://doi.org/10.31838/RFMW/
01.01.05s

I 53



