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ABSTRACT

Network security has changed from a technical problem to a major challenge that may destabilize social and economic
systems. Connected digital networks create risks that may go far beyond the scope of a single organization. This review
discusses how network security challenges change the way people manage, invest and build resilience, and applies the
ideas of risk society theory, complex adaptive system and institutional economics. When we see the weakness of the
system, we will shift from edge defense to zero-trust architecture, from post-event reaction to active construction of
flexibility, from independent groups to governance covering the entire ecosystem. Special technologies-such as artificial
intelligence for detecting threats, blockchain and zero-trust framework for ensuring transaction security-help to provide
better protection. Applications in financial system, key infrastructure and platform economy all show protection benefits
and persistent limitations. Challenges such as opaque supply chain, fragmented rules, asymmetric threats and high elastic
costs are still severe. The outlook focuses on multi-stakeholder governance, standardization of elastic indicators and
bringing network security into the macroeconomic risk framework. The conclusion of the analysis is that if the
interconnected system is to remain reliable and trustworthy, network security must be regarded as a basic economic and
social infrastructure, rather than a technical addition.
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1. INTRODUCTION

Digital transformation makes information system become the core activity of finance, energy, transportation, medical care
and government. This creates great efficiency, but it also brings network security problems. Major events such as colonial
pipeline ransomware attack in 2021 and SolarWinds supply chain attack in 2020 show that targeted invasion may destroy
the whole industry and spend a lot of money [!l. These events show that the network security problem is no longer just a
technical problem, but may lead to social and economic losses.

Traditional methods focusing on border defense and compliance are no longer enough to resist smart, persistent and money-
driven threats. Digital systems are becoming more and more closely connected, so the weakness of a place can quickly
spread to important supply chains and infrastructure. At the same time, advances in artificial intelligence, behavioral
analysis and cryptography provide new defense capabilities.

This paper is based on Ulrich Beck’s risk society theory, complex adaptive systems thinking and uncertain transaction
cost. It analyzes how the network security strategy changes, what are the main protection technologies, and the challenges
and hopes of building system flexibility. It uses the evidence released before 2023, and maintains a good balance between
the strong defense needs and the economic and operating costs they bring.

2. THE THEORETICAL FOUNDATION OF CYBERSECURITY IN SOCIAL AND ECONOMIC
SYSTEMS

2.1 The Connotation and Characteristics of Cybersecurity as a Socio-Economic Challenge

Network security in social and economic systems is to protect information, processes and infrastructure. The important
things are: interdependence (when you attack one side, it will affect many others), asymmetry (cheap attacks will do great
harm) and persistence (bad people always change).

Different from normal security risks, network risks are man-made, change rapidly, and are often deliberately hidden, which
has a negative impact on everyone: if someone does not make enough efforts, everyone will become more vulnerable. All
this is similar to the theory of risk society, in which the danger caused by modernization has become the main threat to
society 21,

2.2 The Theoretical Logic of Systemic Vulnerabilities in Interconnected Systems

The theory of complex adaptive system explains why the network security problem will worsen in a cascade way. Digital
infrastructure is like a highly interconnected network, and a small local problem will have a huge impact on the whole
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system. Institutional economics tells us that unsafe environment increases transaction costs, because more verification,
insurance and emergency measures are needed, which reduces economic efficiency.

A new idea we put forward here is that network security is like “basic economic infrastructure”. Just as we need reliable
electricity and transportation to work, we need reliable digital systems to make the modern economy work well. When
network security is weak, all digital activities have hidden costs: we spend more money to protect ourselves, lose trust and
reduce innovation. Therefore, network security should not only be regarded as the expenditure of enterprises, but also as
a public product that needs joint investment and rules ©1.

3. THE TRANSFORMATION PATH OF CYBERSECURITY STRATEGIES DRIVEN BY
SYSTEMIC RISKS

3.1 Transition from Perimeter-Based to Zero-Trust Architectures

Initially, network security used strong defenses around the network. They think the threat comes from outside the
organization. With telecommuting, cloud computing and supply chain attacks, this model is no longer effective. The zero-
trust architecture checks every access request, no matter where it comes from. This is the main method now. Special
technologies are continuous authentication, micro-segmentation and software-defined cycles.

Large companies and government agencies used the principle of zero trust before 2023. This greatly reduces the lateral
movement of the attacker. This change improves security, but it is more complicated. If it is not done well, the user
experience will become less good. An original idea: zero trust means switching from trust-by-default to trust-by-
verification. We have changed our view of security to make it more like the reality of a porous digital boundary 1.

3.2 Transition from Reactive Incident Response to Proactive Threat Intelligence and Resilience

Prior to this, traditional security focused on detection and recovery after an attack. When we see persistent and highly
complex threats, we invest in threat intelligence platform, behavior analysis and elastic engineering to help us recover
quickly and continue to work. Special technologies include machine learning models for finding anomalies and automation
for starting responsive Playbook.

Organizations that began to share information and conduct resilience tests before 2023 show that they recover faster and
have fewer problems. But there is a problem: due to competition and legal issues, sharing information may be difficult. A
good model combines technical ability with a trustworthy community to share information .

3.3 Transition from Organizational Silos to Supply-Chain and Ecosystem Security

Network security has long been managed within the organization. The well-known attacks on the supply chain show that
the weakest link is often not under our direct control. This promotes the expansion of safety rules to important suppliers,
partners and suppliers. Special methods include software bill of materials (SBOM), platform for managing third-party
risks, and safety clauses in contracts.

Before 2023, industry rules and actions increasingly require to see the whole supply chain. This change reduces the dead
angle, but increases the cost of complying with the rules, especially for small suppliers. In order to find the right balance,
we must understand that the security of the whole ecosystem is as strong as its weakest participants, so we must help build
capacity while making rules I,

3.4 Transition from National Regulation to Multi-Stakeholder Global Governance

At first, network security governance was mainly dominated by national rules and military thoughts. Since threats and
infrastructure are transnational, we have begun to use a multi-party model: government, enterprises, civil society and
technical communities. Special mechanisms include public-private partnerships, information sharing centers and
international rulemaking.

Plans such as Paris Call for Trust and Security in Cyberspace and various industry information sharing and analysis centers
(ISAC) have developed and expanded before 2023. These models help to work together better, but they have problems in
legitimacy, implementation and inclusiveness. An original idea: effective network security governance is more and more
like the management of global public property. It requires continuous negotiations between interdependent participants,
not orders from above B3I,

4. APPLICATIONS OF ADVANCED TECHNOLOGIES AND FRAMEWORKS IN SOCIAL AND
ECONOMIC SYSTEMS

4.1 Application in Financial and Payment Systems

Financial infrastructure is a high-value goal and one of the earliest institutions to adopt advanced network security
measures. Applications include real-time fraud detection using machine learning, tokenization of payment data, and
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blockchain-based settlement system to ensure encryption integrity. Specific technologies include behavioral biometrics
and artificial intelligence transaction monitoring.

Large payment networks and central banks implemented stricter control before 2023, which greatly reduced some types
of fraud. However, value concentration still attracts very complex attacks, and the shift to digital payment has expanded
the attack surface, including consumer equipment and small financial institutions [¢].

4.2 Application in Critical Infrastructure Protection

Energy, transportation, water and health care systems have been digitized, creating new ways of attack. Network security
applications include industrial control system segmentation, abnormal detection of operating technology environment, and
elastic planning assuming that you may be attacked a little. Special technologies include one-way gateway and physical
information intrusion detection.

Attacks on the Ukrainian power grid in 2015 and 2016 and subsequent global ransomware targeting hospitals have
prompted accelerated investment in protecting critical infrastructure by 2023. The problem is that the old system will last
for a long time, and IT is difficult to use normal IT security practices without destroying important security functions [,

4.3 Application in Platform Economies and Data Ecosystems

Large digital platforms collect a lot of data and help organize economic activities. This makes them interesting targets and
risk points of the whole system. They can be used for privacy analysis, security calculation among multiple people, so as
to detect threats together and organize security at the platform level. One of the special technologies is joint learning, which
allows threat information to be shared between different organizations without providing raw data.

Platform companies have invested heavily in these technologies before 2023, but putting all data and services in one place
will still bring unique failure points to the whole system. Authorities are paying more and more attention to the security
obligations of large platforms because they are very important intermediaries 1.

5. CHALLENGES AND PROSPECTS OF CYBERSECURITY IN SOCIAL AND ECONOMIC
SYSTEMS

5.1 Current Main Challenges

The opacity of supply chain makes it difficult to evaluate and manage the third-party risks. Rules vary from place to place,
which will lead to compliance problems and arbitrage opportunities. Asymmetric threats between the state and criminals
have developed faster than national defense innovation in many fields. The high cost and inequality of advanced network
security have created a two-tier system, and small organizations and developing economies are still very fragile. Finally,
the rapid change of technology always brings new weaknesses before the defense is ready 48,

5.2 Prospects for Future Development Trends

Prospects, including zero trust and safety design principles, have become normal expectations for procurement and system
development. The progress of offensive and defensive artificial intelligence will intensify the continuous arms race, which
needs constant adjustment. The multi-stakeholder governance model may expand, especially in key infrastructure and data
flow between countries. Incorporating network security indicators into financial reports and insurance markets can improve
risk pricing and capital use.

An original idea for the future is the emergence of “economic performance after network security adjustment” indicators,
in addition to traditional productivity and growth indicators. This will make the hidden costs of insecurity visible, and
guide investment to build the flexibility of the system, not just to protect the organization.

6. CONCLUSION

The challenge of network security in social and economic systems has changed from the edge of technology to the core of
economic stability and social trust. We recognize the chain risk, which has changed many things: how do we protect
ourselves, how do we govern, and who is responsible between organizations and countries. Advanced technology provides
powerful new functions, but it also brings complexity and new weaknesses.

To achieve sustainable development, we must regard network security as infrastructure. Its protection has a positive impact
on the whole economy and society. This requires coordinated investment, multi-stakeholder governance, and constant
adaptation to changing threats. When network security is understood and managed as the property of the system, rather
than the collection of personal defenses, the interconnected social and economic systems can maintain the reliability and
trust on which modern prosperity depends.
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