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The network serves as the foundational backbone of all IT infrastructure, acting as the pivotal
conduit that interlinks an organization's data, systems, users, and devices within a zero-trust
environment. Every digital activity we engage in—be it email communication, web services, file
sharing, cloud operations, or remote access—transpires through the medium of the network. The
notion that the network '‘connects everything' inherently signifies that the majority of security

threats confronting an organization are propagated via the network.

In contemporary cybersecurity landscapes, the majority of attacks, including actual breaches,
ransomware, phishing, and data exfiltration, are rarely executed without traversing through
networks. Adversaries relentlessly exploit vulnerabilities within networks, such as unauthorized
access, internal traffic obfuscation, encryption circumvention, and inadequately segmented access
policies. Recently, there has been a burgeoning trade on the dark web and similar platforms
involving tangible network attack infrastructures. These include exploits for network penetration,
VPN/proxy accounts, tools for circumventing network segmentation, and decryption utilities for

encrypted traffic.

The traditional perimeter-based security model was predicated on the division of networks into
trusted internal zones and untrusted external zones, with a primary focus on perimeter defense.
However, with the rapid diversification of network environments, driven by factors such as the
proliferation of cloud computing and the rise of remote and telecommuting work, this conventional
perimeter security model has revealed significant limitations. It has struggled to detect threats that
have infiltrated the perimeter or to control threats propagating internally. Furthermore, it has
consistently failed to effectively prevent lateral movement within the network during security

breaches.
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In the domestic context, the traditional security infrastructure, primarily designed around physical
network segregation, is increasingly becoming a structural constraint due to the expansion of
remote and flexible working arrangements. To address these challenges, initiatives such as the
National Intelligence Service-led 'National Network Security Framework Guidelines (N2SF)' and the
Financial Services Commission's 'Roadmap for Improving Network Segregation in the Financial
Sector' are currently advocating for a phased relaxation of network segregation environments,
coupled with the implementation of zero-trust-based compensatory measures. It is imperative that
these considerations are thoroughly integrated when designing a zero-trust-based network

architecture.

As an alternative solution to address these issues, Zero Trust Network Access (ZTNA) has emerged.
ZTNA operates on the principle of never inherently trusting any user or device requesting network
access, instead consistently verifying them. Regardless of whether the network is internal or
external, every access request is evaluated in real-time through a multifaceted assessment of the
user's identity, the security status of the device, and the access context, which includes factors
such as location, time, and behavioral patterns. Only after this rigorous verification process are
authenticated users and devices granted resource access, strictly adhering to the principle of least

privilege.

Unlike traditional perimeter-based models such as VPNs, the Zero Trust Network Access (ZTNA)
approach continuously evaluates and verifies the trustworthiness of users and devices even when
accessing internal networks. Traditional perimeter security methods like VPNs are predicated on
the concept of 'Implicit Trust,' which, upon a single network connection, permits extensive access
to most internal resources. In stark contrast, ZTNA employs an 'Explicit Trust' model, wherein the
trustworthiness of users and devices is explicitly verified at every moment. Through this approach,
organizations can fundamentally prevent the proliferation of threats that have infiltrated the internal
network, significantly enhancing both the speed and accuracy of threat response through

meticulous and dynamic access control.
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* Source: Cato Networks, "Zero Trust Network Access (ZTNA)"

Figure 1. Perimeter-Based Security Model vs. Zero Trust Network Access (ZTNA) Model

In a Zero Trust architecture, the network pillar transcends its role as a mere conduit for connectivity,
undertaking a pivotal function in the tangible management of organizational security and the
continuous detection and interception of threats. This transformation is perpetually evolving in
tandem with the escalating complexity of network environments, enabling organizations to

establish a more robust and adaptable security framework.

The network pillar, given the structural characteristic that all IT assets and services are
interconnected through the network, stands as the critical pillar where technical controls and actual
security measures must be most intensively applied within a zero trust architecture environment.
The network serves as the foundation connecting all elements within an organization, including data,
systems, users, and devices, and is the primary conduit through which security threats
predominantly manifest. Therefore, it operates as the most crucial domain for implementing the

principles of zero trust in a practical manner.

In a zero-trust environment, the demarcation between internal and external networks is rendered
obsolete, with all traffic, sessions, and connections being perceived as potential threats. This
paradigm necessitates the acquisition of real-time visibility over network flows and the
implementation of dynamic and granular policy enforcement. To achieve this, an integrated
operation of various managerial and technical components is imperative, including network
inventory, flow analysis, traffic encryption, network access control, logical boundary configuration,

segmentation, network flexibility and resilience, as well as visibility and monitoring.
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Below is a summary of the key components of network pillars and the specific management and
technical strategies for their implementation, analyzed from the perspective of Zero Trust maturity.

1. Network Inventory

In a Zero Trust environment, the network inventory serves as the foundational point for
systematically identifying and managing the status of diverse communication infrastructures within
the organization. This encompasses all wired and wireless networks, cloud services, and internet
access, as well as the physical and logical network devices that constitute these infrastructures,
such as switches, routers, wireless access points, firewalls, and SDN/SDP equipment. The scope of
management extends beyond traditional on-premises network devices to include virtual network
devices residing in cloud environments and network devices located in remote areas.

The crux of network inventory management lies in the precise identification of all assets that
transmit and receive data across the network, ensuring that information remains current throughout
the entire lifecycle of the equipment, including its acquisition, modification, transfer, and disposal.
To achieve this, organizations must systematically integrate and manage data concerning the
inventory of network equipment, key attributes such as MAC addresses, IP addresses, operating
systems, and hardware specifications, as well as their intended use, installation locations, and

owning departments, in conjunction with asset management systems and network monitoring tools.

Network equipment can be categorized and managed according to their purpose and role (e.g.,
enterprise network, internet network, cloud network). Furthermore, this group information must be
automatically updated in response to changes in the equipment's status, such as new installations,
repurposing, or relocation. Differentiated policies can be applied to each group, and they can be
utilized in conjunction with network segmentation and access control.

A network inventory transcends mere list management, encompassing both the logical and physical
architectures of network infrastructures. Diverse network domains within an organization, such as
the operational network, internet network, and cloud network, must be distinctly delineated. Each
network domain should have its equipment, connection structures, traffic flows, and security
policies systematically managed. These network definitions serve as technical benchmarks when
implementing next-generation network architectures, such as Software-Defined Networking (SDN),
Software-Defined Perimeter (SDP), and network segmentation.
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In organizations with a high level of maturity, all network resources are automatically registered in
the asset management system upon introduction. Furthermore, whenever network changes occur,
these resources are integrated with a unified monitoring system to provide real-time topology
information, thereby ensuring visibility into the status and modifications of network equipment.
Consequently, the organization can effectively implement a variety of network security and
operational policies, such as network access control, anomaly detection, and incident response,

based on the network inventory.

2. Network Flow Analysis

In a Zero Trust environment, network flow analysis constitutes a pivotal security activity that
involves real-time monitoring of all traffic and connection information traversing the organization's
network. This process is instrumental in detecting and analyzing traffic patterns and anomalous
behaviors. It has become an indispensable procedure for the early identification of threats or
unauthorized access via the network, enabling prompt and effective responses.

The initial step in analyzing network flow involves precisely identifying the traffic pathways across
the entire network, key connection points, and the communication flow between internal and
external entities. This also includes establishing a baseline for normal traffic within distinct network
domains such as business networks, internet networks, and cloud networks. Organizations must
systematically collect and analyze packet flows, connection statuses, data transmission volumes,
and primary communication targets by leveraging network monitoring systems and traffic analysis
tools.

In this process, it is imperative to concurrently undertake periodic updates and visualizations of
network routing and architecture. This should be integrated with the potential implementation of
logical boundaries such as network segmentation, Software-Defined Networking (SDN), and
Software-Defined Perimeter (SDP), thereby enabling a comprehensive management of the entire
network structure and flow. Information pertaining to network routing and architecture serves as
foundational data for various network security operations, including policy-based network access
control, anomaly traffic detection, and incident response.

Securing real-time network flow visibility through the integration with a unified monitoring system
via network flow analysis constitutes a pivotal requirement in a zero-trust environment.
Organizations with a high level of maturity are capable of automatically detecting changes across
the network, such as alterations in network connections, anomalies in flow, and modifications in
routing structures. These organizations can swiftly incorporate the analysis results into their
network security policies, thereby enhancing their security posture.
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3. Encryption of Network Traffic

In a zero-trust environment, the encryption of network traffic is an indispensable element to ensure
the confidentiality and integrity of data transmission across all network segments, irrespective of
internal or external distinctions. The majority of traffic traversing the network is based on traditional
protocols such as TCP and UDP. By employing standard encryption protocols like TLS and DTLS,
the traffic itself is encrypted, thereby safeguarding data from a myriad of threats, including man-in-
the-middle attacks, packet interception, and traffic tampering. Particularly, traffic traversing critical
segments or carrying sensitive information must be protected in strict accordance with encryption
policies. In the event that vulnerabilities are discovered within the encryption protocols themselves,
an immediate patch and response mechanism must be established separately to address such
issues.

Encryption of DNS traffic is an area that unequivocally demands attention. Originally, DNS was not
designed with security in mind, rendering it susceptible to a myriad of vulnerabilities such as
spoofing, Denial of Service (DOS), and man-in-the-middle attacks. Consequently, encryption
technologies are being implemented, including digital signature-based protocols like DNSSEC, as
well as DNS over HTTPS (DOH) and DNS over TLS (DOT), which are based on HTTPS/TLS. It is
imperative to proactively devise strategies to address potential issues such as performance
degradation, management complexity, and compatibility challenges arising from encryption.
Notably, the DOT protocol is recommended for its superior performance and management
efficiency. There is a discernible trend towards the comprehensive application of encryption across
DNS traffic.

In a Zero Trust environment, it is imperative to encrypt not only TCP/UDP traffic but also other
network traffic such as ICMP and SCTP. Protocols like ICMP, which inherently lack encryption
capabilities, can be secured using additional security technologies such as IPSEC. Meanwhile, SCTP
can leverage encryption technologies like DTLS. Furthermore, it is essential to design the network
architecture to ensure that all traffic, both internal and external, is securely protected through
various methods such as SSL VPN tunneling and traffic encapsulation. Additionally, it is crucial to
integrate these encryption policies and theirimplementation status with monitoring and log analysis

systems to maintain real-time visibility.
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In recent developments, efforts have been made to overcome the limitations of traditional
encryption methods by applying quantum cryptography technologies to network encryption
channels, such as VPN tunneling. By utilizing Quantum Key Distribution (QKD) technology, it is
possible to integrate quantum random number-based encryption keys into existing VPN
communications. Theoretically, this approach promises enhanced security resilience against man-
in-the-middle attacks and potential future threats posed by quantum computing-based hacking.
However, at present, these quantum cryptography-based network encryption technologies remain
largely confined to certain empirical projects and pilot programs. Instances of their
commercialization and comprehensive implementation in actual organizational environments and
current operational workflows are still relatively uncommon.

4. Network Access Management

In a zero-trust environment, network access management serves as a pivotal domain that
meticulously regulates access to all network resources within an organization. By implementing
real-time authentication, authorization, and monitoring, it maximizes the security posture against
both internal and external threats. Network access management is comprised of network access
control, authentication, authorization, and authentication integration, with each phase being
interlinked to enhance the reliability and visibility of the organization's entire network infrastructure.

Network access control meticulously delineates access policies to network resources through an
array of security apparatus such as firewalls, Network Access Control (NAC), and Intrusion
Prevention Systems (IPS), while simultaneously regulating sessions and traffic within the network
in real-time. In recent developments, technologies such as Software Defined Perimeter (SDP) and
Micro Segmentation have been employed to logically refine network access pathways. These
technologies dynamically apply granular access policies based on the trustworthiness, location,
and behavioral information of users or devices. When integrated with Identity, Credential, and
Access Management (ICAM) systems, it becomes feasible to comprehensively monitor and block
even Bring Your Own Device (BYOD) or external devices, as well as high-risk network access

sessions.
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Network access authentication transcends mere device-based verification by integrating with
account management systems such as Active Directory (AD), Lightweight Directory Access
Protocol (LDAP), and Identity and Access Management (IAM), as well as Single Sign-On (SSO) and
Multi-Factor Authentication (MFA). This integration ensures that both the user's identity and device
information are meticulously verified when accessing network resources. In the domains of
Software-Defined Perimeter (SDP) and Micro Segmentation, more stringent authentication and
authorization policies are enforced. These policies are complemented by real-time behavioral
analysis, risk-based authentication, and additional verification measures, thereby enhancing the
security framework.

Network access authorization is a procedure that meticulously manages which network resources
authenticated users and devices can access, specifying the time, location, and permissions
involved. Authorization policies incorporate a variety of contextual information, such as time,
location, user roles, and access history. These policies are integrated with systems like Identity,
Credential, and Access Management (ICAM) and unified monitoring systems to continuously assess
network authorization sessions. This integration ensures that in the event of any anomalous activity,
sessions can be automatically terminated or re-authenticated. The outcomes of vulnerability
management can be directly applied to the risk assessment of devices. Devices that repeatedly
exhibit vulnerabilities or remain unaddressed can be subjected to measures such as restricted
access to sensitive data, additional authentication requirements, or network isolation, thereby
effectively mitigating actual risks.

The integration of network access authentication seamlessly manages the entire network access
process across all network environments within an organization, including wired, wireless, and
RADIUS, by interfacing with a unified account management and authentication system.
Authentication and authorization are processed in real-time on a session basis, and by interfacing
with standard protocols among various authentication systems—such as API, SAML, RADIUS, and
TACACS+—it is possible to maximize both authentication efficiency and security. Network access
management has evolved beyond traditional perimeter-based controls to operate an integrated
framework of granular authentication, authorization, and monitoring. This advancement proactively
addresses diverse threats both inside and outside the network and serves as a fundamental pillar
in enhancing the overall security reliability of the organization.
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5. Software-Defined Perimeter (SDP)

In a Zero Trust environment, Software Defined Perimeter (SDN/SDP) emerges as a pivotal
technological domain that facilitates the virtualization of networks and the dynamic establishment
of logical boundaries. This approach significantly diminishes the network attack surface and
enables meticulous control over access to critical data and services. By redefining traditional
physical boundary-based network security in a logical manner, Software Defined Networking (SDN)
and Software Defined Perimeter (SDP) employ technologies such as policy-based routing, network
segmentation, and dynamic access control to partition the network into multiple logical zones.

The establishment of logical boundaries based on SDN/SDP involves defining multiple logical zones
within a network, grounded on the network and system architecture. The crux of this approach lies
in differentiating access policies and authentication/authorization standards for each zone. By
integrating distinct gateways and authentication systems for each logical boundary, the
trustworthiness of identifiers, devices, and applications is meticulously verified through a muilti-
layered process before granting access. Furthermore, by interfacing with an integrated monitoring
system, it becomes feasible to achieve real-time visibility of logically segregated network zones and
to dynamically apply policies specific to each boundary.

In particular, within SDN/SDP environments, the verification of user identity serves as the
foundational step for accessing any resource. Beyond the inherent authentication mechanisms of
SDN/SDP, integration with account and identity management systems such as IAM and ICAM
facilitates a multifaceted validation of the user's identity, behavior, and associated risk levels. During
initial access, it is imperative to verify user ID and credentials, with the option to selectively
implement various authentication methods, such as MFA and passwordless authentication, tailored
to the specific environment. Furthermore, by employing pre-authentication technologies like Single
Packet Authorization (SPA), it is possible to enhance the security of the entire user session through
single-packet-based authentication that includes trusted information and continuous
authentication verification. The software-defined perimeter based on SDN/SDP transcends the
traditional boundaries of network perimeters, playing a pivotal role in elevating the security reliability
of an organization's network by integrating real-time visibility, dynamic control, and granular
authentication and authorization policies.
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6. Network Segmentation

In a Zero Trust environment, network segmentation serves as a pivotal control mechanism to
minimize the attack surface and effectively thwart the propagation of threats that may arise within
the network. Traditional networks were structured in such a way that numerous systems and
services could communicate freely across a single expansive topology. However, within a Zero Trust
architecture, the network is logically divided into multiple zones, with each zone subjected to
granular security policies and control standards to prevent lateral movement.

Macro Segmentation involves the division of a network into subnets, VLANS, or system groups to
regulate traffic flow and delineate network zones based on high-level criteria such as function,
department, or location. By distinctly separating inter-departmental segments or critical systems
from general user areas, it facilitates the effective management of network traffic and prevents
internal threats or attacks from proliferating across the entire network. Utilizing traditional network
segmentation technologies such as firewalls and VLANS, it logically manages infrastructure and
systems by group, enabling swift adaptation to changes through integration with real-time
monitoring systems. In an automated environment, Macro Segmentation allows for the automatic
implementation of additions, modifications, or divisions of network groups in accordance with
established policies.

Micro-segmentation represents an advanced approach to network partitioning, surpassing macro-
segmentation by operating at a more granular level. Unlike traditional boundaries such as subnets
and VLANs, micro-segmentation meticulously delineates network assets and traffic based on
diverse criteria, including applications, users, workloads, and data types. This method dynamically
applies customized access policies and control standards at the level of individual groups or labels.
By integrating with inventory, authentication, and asset management systems, it facilitates the
implementation of specialized protective measures tailored to critical assets or zones. Micro-
segmentation enhances the early detection of security threats within the network and supports
automated policy adjustments or blockages in response to anomalous traffic or suspicious activities.
When deployed enterprise-wide, it ensures that segmentation policies are updated in real-time,
accommodating system and data changes, thereby enabling a flexible and responsive security
posture.

In a zero-trust environment, network segmentation strategies transcend mere physical boundaries
by integrating granular access controls and automated policy management tailored to the diverse
operational environments and asset characteristics of an organization. This approach not only
minimizes risks within the network but also simultaneously achieves effective prevention of internal

threat propagation and the realization of a flexible security framework.
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7. Network Flexibility

In a zero-trust environment, network flexibility constitutes a critical management and operational
element to ensure business continuity and service availability, notwithstanding unpredictable
disruptions, performance degradation, and a myriad of threats.

Network flexibility is constructed around three pivotal axes: availability, resilience, and backup
management.

Firstly, ensuring network availability aims to guarantee the normal operation of the network not only
under regular conditions but also in the event of disruptions. Organizations must establish a
comprehensive management framework that includes network failure prevention, rapid detection
and recovery from disruptions, real-time performance monitoring, preventive maintenance systems,
and real-time alerts and reporting. Through these measures, the objective is to minimize network
downtime and consistently maintain business and service continuity.

Network resilience refers to the capability to swiftly restore network components, configurations,
and data through manual or automated procedures in the event of a disruption, thereby minimizing
the duration of network service outages. Based on preparatory measures such as redundancy of
critical segments and periodic failover testing, actual disruptions trigger automatic restoration in
accordance with recovery policies integrated with the network backup systems. Ideally, in
conjunction with next-generation network technologies like Software-Defined Networking (SDN)
and Software-Defined Perimeter (SDP), the monitoring and response systems should

autonomously diagnose anomalies and execute automatic recovery.

Finally, network backup management refers to a system that regularly backs up network
components, configurations, and data either manually or automatically, thereby enabling swift
restoration based on backup data even in emergencies such as failures or errors. Organizations
must enhance the stability and availability of backup data by utilizing various types of backups and
storage solutions. Additionally, they should implement security features such as encryption and
compression to prevent the risk of backup data breaches or tampering.

Network flexibility serves as a structural foundation in a zero-trust environment, enabling the
organization to address unforeseen and diverse risks while maintaining business continuity.
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8. Network Monitoring and Analysis

In a zero-trust environment, network monitoring and analysis serve as a pivotal management
framework that detects and analyzes the network's status, traffic flow, and anomalies in real-time,
thereby facilitating the early detection and response to threats. As networks become increasingly
complex and expansive, securing 'visibility' across the entire infrastructure becomes indispensable.
The sophistication of the monitoring and analysis system significantly influences the capability to
respond to security threats.

Securing network visibility entails the precise comprehension of the network's status, configuration,
equipment changes, and topology through real-time monitoring. Organizations must establish
visibility policies based on their network inventory and critical network segments, integrating asset
management and monitoring systems to automatically ensure visibility whenever changes occur.
This approach enables the comprehensive identification of real-time changes, connection statuses,
and potential security threats within the network, segmented by equipment and zones.

Network monitoring involves the real-time examination of traffic flow, performance metrics, access
logs, and anomalous traffic. It is imperative to establish an automated response system in
conjunction with detection and response systems. In a zero-trust environment, it is essential to
extend beyond traditional network monitoring, which primarily focuses on TCP/IP traffic, to include
real-time monitoring and analysis frameworks for various traffic types such as DNS, ICMP, and
SCTP. Regarding DNS traffic, inherent vulnerabilities such as spoofing, abnormal queries, and cache
poisoning necessitate the real-time analysis of DNS traffic usage, patterns, and anomalies.
Automated policies should be employed to modify DNS server settings or reset caches as needed.
Similarly, other network traffic types, including ICMP and SCTP, require periodic and automated
analysis to detect potential threats and diagnose network conditions.

Network traffic analysis is a comprehensive process that involves the collection, analysis, and
visualization of all traffic within an organization. This process meticulously examines traffic patterns,
anomalous behaviors, and potential indicators of cyber-attacks. By leveraging real-time analytical
data, it integrates seamlessly with monitoring and detection systems, thereby facilitating automatic
responses to security threats and optimizing network performance in a practical manner.
Establishing a structure that enables the immediate detection, analysis, and response to anomalous
traffic through the integration of various security systems is of paramount importance.

Ultimately, the enhancement of network monitoring and analysis systems elevates the transparency
of the entire organizational network and bolsters real-time response capabilities, thereby providing
a substantive foundation for the ‘continuous verification' and ‘automated response' demanded in a
zero-trust environment. It is crucial to establish a structure that enables the immediate detection,
analysis, and response to anomalous traffic by integrating with various security systems.
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9. Network Resource Management

In a zero-trust environment, the lifecycle management of network resources entails the systematic
administration of the entire lifespan of all network components, including switches, routers, firewalls,
and virtual networks, from their introduction and operation to modification and decommissioning.

Organizations must integrate a variety of functionalities, including the provisioning (automated
deployment) of network resources, real-time monitoring, policy-based automated response,
reporting, and analysis. This integration enables them to comprehensively oversee and manage
changes in the status of each resource, usage history, compliance with operational policies, and
potential risk factors.

In particular, given the dynamic nature of network environments, which may lead to a myriad of
events such as the deployment, reconfiguration, decommissioning, and disposal of equipment, it is
imperative to manage all resources in a manner that ensures they possess a lifecycle defined by
policy and telemetry-based parameters.

Through the integration with automated change management systems and monitoring tools, it is
possible to manage the lifecycle of network environments and resources in real-time. Additionally,
a framework must be established to enable swift automatic responses in the event of unforeseen
failures or security threats.

In institutions with a high level of maturity, the automation and management of network resource
creation, termination (initiation and expiration), and modification events are executed based on
Infrastructure as Code (laC). This approach enhances operational efficiency, stability, and security
concurrently throughout the entire lifecycle of resources. The refinement of policies and processes
is an indispensable foundation for maintaining a consistent security posture across devices and
endpoints, as well as for facilitating swift risk response in an evolving work environment.

10. Network Policies and Processes

In a Zero Trust Architecture, network security policies and processes serve as the foundational
cornerstone for consistently maintaining an organization's security posture and swiftly responding
to evolving threats. It is imperative that network operations and system operations are conducted
separately, ensuring that security policies are established based on the principle of least privilege,
thereby allowing user access solely to necessary services. Every detailed process, including
network operation and maintenance, change requests, equipment and configuration management,
and remote equipment management, must encompass clear guidelines, designation of responsible
parties, risk analysis and response strategies, and the management of policy change histories.
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The network access policy is delineated from various perspectives, including unauthorized access
control (such as IP management and device authentication), service and port blocking, and
authentication processes. It must be sophisticatedly enhanced through real-time monitoring,
anomaly access detection, and automated access restrictions, tailored to the level of importance
and business objectives. Similarly, network architecture management necessitates periodic reviews
and updates of the structure, alongside the automated management of topology maps and the
integration status of equipment.

In the context of managing remote network equipment, the operation of information systems from
outside the secure zone should be fundamentally restricted. However, in unavoidable
circumstances, a comprehensive array of protective measures must be established and
implemented. These measures include obtaining authorization from the responsible authority,
designating specific access terminals, setting defined parameters and durations for access,
employing enhanced authentication protocols, implementing segment encryption, and ensuring the
security of access terminals through means such as antivirus software and patches.

In recent times, not only on-premises environments but also diverse multi-cloud and hybrid network
environments are becoming the standard within organizations. Consequently, existing policies and
processes must be expanded and redefined to integrate with cloud-native infrastructure.
Additionally, it is imperative to consider the automation of policy implementation, the flexibility of
policies in response to environmental changes, and the establishment of an integrated monitoring
and audit framework.

Based on the aforementioned key elements, the device and endpoint pillar serves as the practical
security control axis of a Zero Trust Architecture. By meticulously managing and verifying the
reliability and security status of all devices within the organization in real-time, it ensures consistent
control not only over the user's identity but also over the risks associated with the devices utilized
for actual access. This approach effectively safeguards critical assets from both internal and
external threats, while providing the flexibility and scalability necessary to swiftly respond to
evolving work environments and advancing cyber threats. The enhancement of the device and
endpoint pillar forms the foundation upon which an organization's security policies and

management processes are substantively implemented.

Within a Zero Trust Architecture, the network pillar represents the most critical pathway that
determines the overall security and reliability of data, systems, users, and devices, owing to the
structural characteristics of organizations where all IT assets and services are interconnected
through the network. It is also the focal point where security threats are most concentrated.

EQST insight | 14



In particular, within a zero-trust environment, all traffic and connections are regarded as potential
threats, irrespective of whether they originate from within or outside the network. It is imperative
that diverse managerial and technical elements are seamlessly integrated, including real-time
visibility acquisition, the application of dynamic and granular policies, traffic encryption,
segmentation, access control, logical boundary establishment, and resilience assurance.

Through this, organizations can achieve early detection of threats across the entirety of network
flows and realize a structure that enables automated control and response. The advancement of
network pillars serves as a tangible foundation for the consistent application of zero-trust principles
across the organization's entire infrastructure. It acts as a pivotal force in completing a digital
security framework that can swiftly and flexibly respond to the rapidly changing IT environment and
evolving security threats.
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B Implementation of Zero Trust Features for Key Systems

To successfully implement a Zero Trust environment, the deployment of technical solutions and
systems capable of executing these solutions is indispensable. The Zero Trust architecture is
founded on the principle of "never trust, always verify." To actualize this principle, it is essential to
have systems in place that can assess the network status, continuously verify credentials, and
ensure the enforcement of least privilege access.

The following key systems each play a pivotal role within a zero-trust environment, and these
systems are interconnected to fortify the organization's security posture. This report aims to
examine in detail the functions that must be performed by each system to implement a zero-trust
environment and the resultant security enhancement effects that the organization can achieve
through these implementations.

All data transmission channels, including wired
and wireless enterprise networks, cloud connections, and the Internet

Implementation Details

Monitors and manages internal and external network traffic in real time,
enabling granular control at the segmentlevel.
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* Source: SK Shieldus, "The Inception of Zero Trust: Perfected with SKZT"
Figure 2. Key Network Systems
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1. ZTNA (Zero Trust Network Access)

ZTNA, or Zero Trust Network Access, epitomizes a quintessential technology that applies the
access control model, encapsulated by the core principle of Zero Trust Architecture: "never trust,
always verify," to the network domain. This approach fundamentally diverges from traditional
perimeter-based network access models, which are predicated on trust.

In a Zero Trust Network Access (ZTNA) environment, no network access request is inherently
trusted. Instead, a comprehensive verification process is conducted in real-time, scrutinizing a
multitude of contextual information such as user identity, device status, location, time, and
behavioral patterns. Only after this rigorous validation is completed, access is granted exclusively
to authorized traffic, allowing it to interact with internal networks and resources. This approach
ensures the provision of a consistent access control framework that is uniformly applied to both
internal (on-premises, in-office) and external (remote, cloud-based) environments.

Initially, Zero Trust Network Access (ZTNA) emerged based on Software-Defined Perimeter (SDP)
frameworks. However, it has now evolved to integrate with a myriad of network access technologies,
such as next-generation firewalls, Network Access Control (NAC), and VPN/SSL-VPN, with each
vendor and solution offering its unique implementation. In the actual market landscape, ZTNA is
distinguished not only as an "architectural concept" but also as discrete products or solutions
provided by various vendors. There exists a substantial divergence in the functionalities supported
and the detailed implementations, contingent upon the mode of adoption and the foundational
origins of each solution.

For instance, the Next-Generation Firewall (NGFW)-based Zero Trust Network Access (ZTNA)
meticulously regulates access by identifying user identities and device statuses, employing
application awareness, and implementing granular policy-based access control and micro-
segmentation. This ensures that only authorized users or devices can access specific network
segments. In contrast, Network Access Control (NAC)-based ZTNA is predominantly optimized for
internal network environments, such as corporate LANSs. It operates by continuously assessing the
status of endpoints, authentication credentials, and security inspection results, such as patches
and antivirus updates, in real-time to permit or deny network access. Furthermore, VPN or SSL-
VPN-based ZTNA has evolved by integrating additional verification elements—such as user and
device authentication, Multi-Factor Authentication (MFA), and location and behavior analysis—into
the traditional remote access framework. This evolution facilitates both granular access control and

enhanced security in remote environments.
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The ZTNA system is predominantly comprised of the Policy Decision Point (PDP) and the Policy
Enforcement Point (PEP). The PDP meticulously evaluates a myriad of contextual information, such
as user identity, device status, location, and behavioral patterns, each time a network access
request is initiated. This comprehensive assessment dynamically determines the permissibility and
scope of access. Subsequently, the PEP intermediates and regulates access to the actual network
or resources exclusively for authorized requests. ZTNA is thus capable of being flexibly deployed
across diverse environments, including on-premises, cloud, and hybrid settings. In recent
developments, it has been integrated with cloud-based platforms like SASE (Secure Access Service
Edge) to consistently implement zero trust access control in distributed infrastructure environments,
such as remote work and multi-cloud scenarios.
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Figure 3. Palo Alto ZTNA 2.0 Diagram

ZTNA (Zero Trust Network Access) operates on the principle of treating all traffic, sessions, and
connections as potential threats, irrespective of whether they originate from within or outside the
network. This approach is pivotal in achieving real-time visibility, applying dynamic policies, and
completely blocking unauthorized or vulnerable users and devices from access. Furthermore, it
effectively prevents lateral movement through segmentation, thereby addressing the essential
security demands of contemporary network environments. The implementation of such systems
varies significantly based on each vendor's technological foundation—be it firewalls, Network
Access Control (NAC), or Virtual Private Networks (VPNs)—and is influenced by factors such as
optimization levels for different network environments (internal, external, cloud), policy granularity,
authentication integration, user experience, and operational efficiency. Consequently, when
considering the deployment of ZTNA, it is imperative to meticulously design and select solutions
that are aligned with the organization's specific environment and operational characteristics.
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2. NGFW (Next-Generation Firewall)

The Next-Generation Firewall (NGFW) represents a sophisticated evolution in firewall technology,
integrating traditional firewall capabilities with advanced security features to address the
multifaceted challenges of modern cybersecurity landscapes. Unlike conventional firewalls that
primarily focus on packet filtering, NGFWs incorporate deep packet inspection, intrusion prevention
systems (IPS), and application awareness to provide a comprehensive security solution. These
firewalls are adept at identifying and controlling applications regardless of port, protocol, or evasive
tactics employed by cyber threats. Furthermore, NGFWs offer enhanced visibility into network
traffic, enabling organizations to enforce granular security policies and respond swiftly to emerging
threats. By leveraging threat intelligence and machine learning algorithms, NGFWs can dynamically
adapt to the ever-evolving threat environment, ensuring robust protection against sophisticated
cyber attacks.

The Next-Generation Firewall (NGFW) represents an evolution beyond the traditional perimeter
defenses that rely solely on IP and port-based mechanisms. It is a sophisticated network security
system capable of identifying and meticulously controlling network traffic at the application level.
The mere restriction of traffic at the network layers (L3, L4) is insufficient to accommodate the
diverse application usage and security demands dictated by business objectives. NGFWs offer
granular policies that permit applications aligned with business purposes, such as essential cloud
services, Software as a Service (SaaS) like Microsoft 365 (M365), and specific social networking
services (SNS), while selectively blocking unnecessary or high-risk services.

By integrating functionalities such as SD-WAN (Software-Defined Wide Area Network) and
VPN/SSL-VPN, it is possible to achieve secure network connectivity and policy enforcement
concurrently, even within distributed organizational environments such as headquarters, branch
offices, and remote work settings. Logical network segments can be defined based on user, device,
and application attributes, allowing for the implementation of distinct access policies for each
segment. This approach effectively mitigates the spread of damage in the event of an internal
breach. The architecture provides granular control over the flow of network traffic and enables the
rapid isolation of specific areas upon the detection of anomalies or infections.

The Next-Generation Firewall (NGFW) functions as the central pillar of network security amidst the
evolution of an organization's network environment into various forms such as on-premises, cloud,
and SD-WAN. By enforcing policies based on diverse contexts, including applications, users,
devices, and locations, it fundamentally enhances the overall security posture of the organization.
Moreover, it serves as the technological foundation for the practical implementation of zero trust
principles at the network level.
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In recent times, traditional firewalls are gradually being phased out, with the integration of diverse
security functionalities such as Intrusion Prevention Systems (IPS), DDoS mitigation, and application
control becoming the standard in the form of Next-Generation Firewalls (NGFW) or Unified Threat
Management (UTM) systems. These advanced configurations are increasingly being deployed and
offered as the norm.

3. Macro-Segmentation

Macro-segmentation, within the realm of cybersecurity, refers to the strategic division of a network
into distinct segments at a broad level. This approach is primarily designed to enhance security
measures by isolating various sections of the network, thereby mitigating the risk of unauthorized
access and potential breaches. By implementing macro-segmentation, organizations can
effectively control and monitor the flow of data between these segments, ensuring that sensitive
information remains protected against external threats. This segmentation strategy not only fortifies
the network's defense mechanisms but also optimizes resource allocation and management,
facilitating a more resilient and efficient cybersecurity infrastructure.

Macro-Segmentation represents a quintessential network segmentation technology designed to
logically partition and control internal organizational networks. This advanced technique is
predominantly implemented through sophisticated network equipment, such as next-generation
switches based on Software-Defined Networking (SDN). Traditionally, networks were often
delineated by a singular configuration or a limited number of boundaries. However, with the
introduction of Macro-Segmentation, networks can be segmented into logical units such as VLANs
(Virtual LANs) and subnets, allowing for precise control over traffic between each segment.

A notable advantage of SDN-based Macro-Segmentation lies in its capacity to define and automate
network policies through software. Network administrators are empowered to logically segment the
network based on application, user, and device attributes, independent of the physical location or
hardware of network equipment. This capability allows for the application of policies to distinct
segments. Consequently, it ensures the simultaneous enhancement of network agility, flexibility,
and visibility, while enabling more granular control over network traffic flows and the enforcement
of security policies.

Macro-segmentation represents an evolutionary advancement over traditional VLAN or physical
boundary-centric network segmentation, primarily due to its capability to enforce policy control
down to the application layer. By stringently restricting traffic flow between segments and
preemptively blocking unauthorized access, it serves as the first line of defense in effectively
obstructing the pathways through which threats propagate within an organization, such as lateral
movement.
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From the perspective of Zero Trust Architecture, Macro-Segmentation emerges as a pivotal
technology capable of significantly enhancing the security posture of an organization's internal
network. By subsequently extending into the more precise phase of Micro-Segmentation, a
comprehensive internal security framework can be effectively realized. The logical boundaries and
policy-based management established through Macro-Segmentation serve as a crucial foundation
when expanded into Micro-Segmentation. This expansion facilitates more granular enforcement of
security policies, enhances network visibility, and improves automated management efficiency,
thereby augmenting the overall security capabilities of the organization.

4. Micro-Segmentation

Micro-segmentation, a sophisticated cybersecurity strategy, involves dividing a network into
distinct, isolated segments at a granular level. This approach enhances security by enabling the
implementation of stringent access controls and policies tailored to each segment, thereby
minimizing the attack surface and preventing lateral movement of threats within the network. By
employing micro-segmentation, organizations can achieve a higher degree of security
customization and agility, allowing for rapid adaptation to evolving threats and compliance
requirements. This method is particularly effective in environments with complex infrastructures,
such as cloud computing and virtualized data centers, where traditional perimeter-based security

measures are insufficient.

Micro-Segmentation represents a more granular security strategy compared to traditional Macro-
Segmentation, meticulously partitioning the network at the OSI 7 layers (Application layer) down to
the level of tasks, users, and applications. This sophisticated approach governs access by adhering
to the principle of least privilege, thereby enhancing the overall security posture.

Traditional network segmentation has predominantly relied on physical and logical boundaries such
as IP addresses, port-based configurations, and VLANSs. In contrast, Micro-Segmentation focuses
on logically dividing the network based on the relationships, purposes, and actual traffic flows
between services and applications. This approach enables organizations to exercise precise control
over potential threats or lateral movement by attackers within the internal network.

The implementation methods of Micro-Segmentation are broadly categorized into two distinct
approaches.
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The first approach is network-based Micro-Segmentation, which involves establishing logical
boundaries at the application or user group level based on diverse contextual information such as
user, device, location, access application, and traffic type, utilizing network equipment like NGFW
(Next-Generation Firewall) and ZTNA (Zero Trust Network Access). This method enables real-time
traffic analysis and allows for the immediate blocking of unauthorized access or anomalous
behavior at the network layer.

The second approach involves system (host)-based Micro-Segmentation, wherein specialized
solutions, either agent-based or agentless, are deployed at the endpoint level, encompassing
servers and workstations. This method facilitates the implementation of granular security policies
and access controls tailored to each individual terminal or server. During this process, the network
connection structure (topology) is visualized, and the actual network traffic flow between various
applications and services is meticulously analyzed to automatically generate and manage
segmentation policies. Recently, the integration of Aland machine learning technologies has further
enhanced this approach by autonomously optimizing network environments and policies, thereby
augmenting operational efficiency through anomaly detection and policy recommendations.

Micro-segmentation, while conceptually aligning closely with the ideal objectives of network
security, encounters various practical limitations in real-world applications, such as management
complexity and the intricacy of policy design. Consequently, the latest solutions are evolving with
a focus on advanced features like automation, visibility, and policy recommendation. These
advancements are rapidly proliferating in actual implementation and operation scenarios across
diverse sectors, including major domestic and international corporations and financial institutions.

5. NDR (Network Detection and Response,)

Network Detection and Response (NDR) refers to a sophisticated cybersecurity solution designed
to monitor network traffic for anomalous activities and potential threats. This system employs
advanced analytics and machine learning algorithms to detect and respond to suspicious behaviors
in real-time. By leveraging deep packet inspection and behavioral analysis, NDR provides a
comprehensive view of network activities, enabling organizations to swiftly identify and mitigate
cyber threats. The implementation of NDR is crucial for maintaining robust network security, as it
enhances the ability to preemptively address vulnerabilities and ensures the integrity of sensitive
data.

Network Detection and Response (NDR) is a pivotal network security system within a zero-trust
environment, meticulously designed to detect and respond to a myriad of threats and anomalous
activities. It achieves this by collecting and analyzing traffic across the entire network in real-time,
utilizing full packet capture. This approach allows for precise threat detection and response,
ensuring robust protection against sophisticated cyber threats.
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One of the most salient features of Network Detection and Response (NDR) is its capability to store
and analyze all traffic traversing both the internal and external network at the granularity of actual
packet data, rather than merely detecting events at a simple log level. This functionality enables the
real-time identification of a broad spectrum of threat scenarios, encompassing not only known
attack signatures but also behavior-based anomaly patterns, abnormal communications, suspicious
file transfers, and Command & Control (C&C) connections. The analyzed traffic data is instrumental
in automatically generating a network topology map for the organization, thereby facilitating the
visualization of the entire infrastructure's connectivity structure and traffic flow at a glance.

However, the implementation and operation of Network Detection and Response (NDR) in practical
terms demand substantial resources and expertise. It necessitates an infrastructure capable of real-
time storage and analysis of large volumes of traffic occurring across the entire network, along with
complex rule sets and meticulously designed policies. Furthermore, it must be adaptable to diverse
environmental changes, including on-premises, cloud, and loT. Consequently, there may be
significant personnel burdens and increased system complexity during the operational process.
Nonetheless, with the recent expansion of machine learning and Al-based automation features,
operational efficiency and detection accuracy have been significantly enhanced.
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6. PQC (Post-Quantum Cryptography, Quantum-Resistant Cryptography)

In the realm of cybersecurity, Post-Quantum Cryptography (PQC) represents a pivotal
advancement designed to withstand the potential threats posed by quantum computing. As
quantum computers continue to evolve, they threaten to undermine the security of conventional
cryptographic systems, which rely heavily on the computational difficulty of problems such as
integer factorization and discrete logarithms. PQC, therefore, emerges as an essential field of study,
focusing on developing cryptographic algorithms that remain secure against the computational
capabilities of quantum processors.

The significance of PQC lies in its proactive approach to safeguarding data integrity and
confidentiality in a future where quantum computing could render current encryption methods
obsolete. Researchers in this domain are tasked with the formidable challenge of devising
algorithms that not only resist quantum attacks but also maintain efficiency and practicality for
widespread implementation.

As the global community anticipates the advent of quantum computing, the urgency to transition to
quantum-resistant cryptographic solutions becomes increasingly pronounced. This transition
necessitates a comprehensive understanding of both quantum mechanics and advanced
cryptographic techniques, underscoring the interdisciplinary nature of PQC research. Consequently,
the development and standardization of PQC algorithms are critical to ensuring the continued
protection of sensitive information in an era of unprecedented technological advancement.

PQC, or Post-Quantum Cryptography, is an innovative encryption framework developed in response
to the potential obsolescence of traditional public key cryptographic algorithms such as RSA and
ECC, which may be rendered ineffective by the advent of fully operational quantum computers.
Designed on the foundation of mathematical complexity that remains impervious to the
computational prowess of quantum computers, PQC is increasingly recognized as a pivotal
technology for the long-term safeguarding of networks and data.

Recently, the United States National Institute of Standards and Technology (NIST) has officially
adopted three Post-Quantum Cryptography (PQC) algorithms as standards: ML-KEM, ML-DSA, and
SLH-DSA. Encryption technologies based on these algorithms are progressively permeating various
sectors of the industry.

The practical implementation of Post-Quantum Cryptography (PQC) solutions is manifested in
various forms, including Quantum Encryption Communication Equipment (QENC/ROADM),
Quantum Key Management Systems (QKMS), and Quantum Key Distribution (QKD). These solutions
are being applied to a wide range of security-critical infrastructures, such as replacing traditional
VPNSs, encrypting communication channels, and issuing and managing certificates/keys. Gradually,
they are being integrated alongside or as replacements for existing algorithms.
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In a Zero Trust Architecture, encryption plays a pivotal role across the organization's security
framework, encompassing networks, data, and authentication. The implementation of Post-
Quantum Cryptography (PQC) is regarded as an essential strategy to proactively address future
environmental changes. The adoption of PQC-based encryption is worth considering, given its
resilience against threats that are challenging to defend against using traditional methods, such as
external intrusions, man-in-the-middle attacks, and long-term storage attacks.

From a network perspective, Post-Quantum Cryptography (PQC) implements a key exchange and
authentication framework that is secure against quantum computing threats, while providing the
same user experience and policy framework as existing IPsec and SSL-VPN environments. This
enables organizations to establish secure communication channels with a long-term, future-
oriented outlook. Furthermore, it is feasible to either replace the existing infrastructure or integrate
it in a hybrid manner by utilizing NIST-standard PQC algorithms, such as ML-KEM and ML-DSA.
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Figure 5. Conceptual Diagram of PQC-VPN

However, in the current practical landscape, there are not many instances where Post-Quantum
Cryptography (PQC) has been commercialized and widely adopted. It is imperative to proactively
review and engage in pilot applications in anticipation of the advent of quantum computing

environments in the future.
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The network pillar serves as the pivotal axis determining the practical implementation of a Zero
Trust Architecture. Various network security systems, such as Zero Trust Network Access (ZTNA),
Next-Generation Firewalls (NGFW), segmentation, Network Detection and Response (NDR), and
Post-Quantum Cryptography (PQC), transcend their individual functionalities. They collectively
undertake the responsibility of visually controlling the flow of all traffic within an organization and
proactively detecting and mitigating potential threats.

In an increasingly diversified operational environment encompassing on-premises, cloud,
headquarters, branch offices, and remote locations, it is imperative to meet a multitude of
requirements such as granular traffic segmentation at the network level, real-time policy
implementation, unified visibility, threat detection and response, and encryption. Throughout this
process, each system must not serve a singular purpose but rather interoperate synergistically to
consistently maintain the overall security posture of the network.

Through the organic integration of various systems within the network pillar, it is possible to reliably
maintain network trustworthiness and security levels within a zero-trust environment.

EQST insight | 26



The emergence of the Zero Trust architecture as a focal point can be attributed to the rapid
transformation of work environments, transitioning from on-premises setups to cloud, hybrid, and
remote work models, including telecommuting. This evolution has rendered organizational networks
significantly more complex and has substantially broadened the attack surface. Consequently,
within a Zero Trust environment, the network pillar adapts to these evolving conditions by
effectively controlling connectivity across the entire organization. It functions as the central
mechanism for verifying trustworthiness and responding to threats.

The network pillar has evolved beyond merely serving as a physical conduit for data transmission;
it now constitutes a pivotal domain that comprehensively encompasses the connectivity framework
and security controls of an entire organization. Given that every user's access, device connectivity,
movement of operational data, and integration across cloud, branch, and headquarters are
actualized through the network, the enforcement of policies and validation of trust within the
network pillar become the definitive benchmarks that determine the overall security posture of the
organization.

The essence of network fortification does not lie in the introduction of a singular system or the
deployment of a specific solution. Rather, it necessitates the organic integration of a multitude of
managerial and technical elements, such as network inventory, flow analysis, traffic encryption,
access control, logical boundary configuration, segmentation, network availability, resilience,
monitoring, and resource management. Only through such comprehensive integration can one
simultaneously achieve substantial security performance and operational efficiency. Key systems
like Zero Trust Network Access (ZTNA), Next-Generation Firewalls (NGFW), Network Detection and
Response (NDR), and segmentation each play pivotal roles within their respective domains.
However, they must ultimately be interoperable and integrated to consistently maintain the
reliability of network flows, threat detection, and policy enforcement across the entire network
spectrum.

The sophisticated technological configuration and operational strategy of network pillars lay the
groundwork for implementing the fundamental principle of Zero Trust Architecture, "Never trust,
always verify," within practical work environments. By enabling continuous verification of
trustworthiness and real-time enforcement of security policies in complex network environments
that range from on-premises to multi-cloud and from headquarters to remote workers,
organizations can effectively mitigate security threats from both external and internal sources and
enhance their security response capabilities.
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In conclusion, the network pillar functions as the most fundamental and intrinsic axis of control
within a zero-trust architecture. Strengthening the technical integration and unified management
framework centered around the network pillar will serve as a practical and effective response
strategy for organizational security in the future. By continuously advancing the sophistication of
the network pillar and designing intricate policies, organizations will be able to maintain a robust
security framework based on zero-trust, even amidst the complexly evolving digital environment
and the escalating cyber threats.
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