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ABSTRACT 

 

Purpose: This paper systematically reviews the implementation of Zero Trust (ZT) Architecture, focusing on the 

critical challenges associated with its deployment and, specifically, the nuanced trade-off between enhanced security 

and user-perceived usability friction. It aims to synthesize the current state of practice and identify the core arguments 

that are shaping the next generation of adaptive access control. 

 

Methodology: A systematic literature review was conducted, synthesizing academic and industry documentation on 

ZT principles, architectural components, and empirical studies concerning user experience. The analysis utilized a 

novel Security-Usability Trade-Off (SUT) Matrix to map findings related to security strength against metrics of user 

friction, such as security fatigue and productivity effects. 

 

Findings: The findings confirm that ZT represents a fundamental paradigm shift from network-centric to identity-

centric access control, leveraging real-time, continuous authentication attributes. A significant implementation barrier 

is the human element, where increased multi-factor authentication (MFA) requirements often lead to observable 

security fatigue and employee resistance. The most effective ZT models are those that integrate context-aware 

machine learning into the Policy Decision Point for truly adaptive, low-friction boundary enforcement. 

 

Originality: This study provides a unified conceptual framework for evaluating ZT implementation success that 

moves beyond purely technical metrics to incorporate essential human factors. It proposes the "Frictionless ZT" 

model as a necessary path for maximizing compliance and minimizing organizational cost associated with security 

fatigue. 

 

Keywords: Zero Trust, Adaptive Security, Security Fatigue, Identity-Centric Access, Usability, Policy Decision 

Point, Context-Aware Authentication. 

 

INTRODUCTION  

1.1 Background and Motivation for Zero Trust (ZT) 

The rapid and sustained transformation of organizational 

infrastructure—marked by the widespread adoption of 

cloud computing, remote work, and mobile device 

proliferation—has irrevocably eroded the efficacy of 

traditional network security models. For decades, the 

dominant security paradigm was characterized by a 

perimeter-based defense strategy, often described as a 

"castle-and-moat" model. This model assumed that all 

entities inside the network boundary could be implicitly 

trusted, while those outside were inherently hostile. The 

consequence of this architecture, however, was a critical 

vulnerability: once an attacker breached the perimeter, 
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they were granted unfettered lateral movement, a 

phenomenon that has facilitated numerous large-scale 

data compromises. 

The Zero Trust (ZT) architecture emerged as a direct 

response to the failings of this implicit trust model. Its 

foundational principle is simple yet profound: "Never 

trust, always verify" everything attempting to access 

resources, regardless of whether the entity resides inside 

or outside the traditional network boundaries. This 

approach necessitates that every access request—from a 

human user or an automated service—is rigorously 

authenticated, authorized, and continuously validated 

before access is granted and throughout the duration of 

the session. The shift is not merely an upgrade of existing 

tools, but a complete philosophical re-orientation of 

enterprise security strategy. 

1.2 Evolution of Trust Models 

The path to ZT was paved by several intermediary 

security concepts that sought to tighten access control. 

Micro-segmentation, for instance, involved dividing the 

network into small, distinct security zones, thereby 

restricting lateral movement by default. Similarly, the 

concept of a Software-Defined Perimeter (SDP), often 

cited as a precursor or practical implementation model for 

ZT, focuses on building a secure, one-to-one encrypted 

network connection between the user and the resources 

they need, essentially cloaking the infrastructure from 

unauthorized view. While these concepts are critical tools 

within a ZT framework, they do not constitute the full 

architecture. ZT is unique in its mandatory requirement 

for a central Policy Decision Point (PDP) that evaluates 

comprehensive, multi-attribute context—including user 

identity, device health, location, and the sensitivity of the 

resource—for every access request. 

1.3 Key Insights and Contribution of This Study 

The literature on ZT is rich with architectural 

descriptions and technology deployment guides. 

However, a significant gap persists in the integrated 

understanding of technical implementation alongside its 

profound impact on the human workforce. This study 

contributes to the literature by synthesizing these two 

critical domains based on three core arguments that guide 

the subsequent analysis: 

● Insight 1: ZT adoption is fundamentally shifting 

from network-centric to identity-centric access control, 

leveraging attributes from user behavior, device posture, 

and environment for real-time risk scoring, which is 

critical for continuous authentication. The core of ZT is 

the identity, not the location. 

● Insight 2: A major impediment to successful ZT 

deployment is not technological maturity, but the human 

element, specifically security fatigue and resistance to 

increased multi-factor authentication (MFA) friction, 

necessitating usability-focused design. Ignoring the 

human cost compromises compliance and ultimately 

security. 

● Insight 3: The integration of context-aware 

machine learning models (e.g., for abnormal behavior 

detection) into the Policy Decision Point (PDP) is the 

next phase of ZT, moving beyond static rules to truly 

adaptive boundary enforcement. This capability allows 

security to be dynamic and non-intrusive simultaneously. 

A primary gap in the existing literature addressed by this 

research is the lack of a unified conceptual framework for 

measuring the necessary trade-off between ZT security 

benefits and user-perceived friction. This paper aims to 

bridge this by introducing the Security-Usability Trade-

Off (SUT) Matrix as an analytical tool. 

1.4 Structure of the Article 

The remainder of this article is structured as follows: 

Section 2 details the methodology, which involves a 

systematic literature review and the establishment of the 

SUT Matrix. Section 3 synthesizes the results, 

categorizing ZT implementation models and mapping the 

findings on technological barriers and human factors to 

the SUT Matrix. Section 4 discusses these findings, 

explores the implications for adaptive trust, addresses the 

challenge of security fatigue, and concludes with 

identified literature gaps and future research directions. 

2. Methods 

2.1 Research Design: Systematic Literature Review 

and Synthesis 

This study employs a systematic literature review and 

synthesis approach to analyze the current state of Zero 

Trust Architecture. The objective is to move beyond 

purely technical descriptions to integrate architectural 

constraints with empirical data on user experience. The 

search strategy focused on identifying high-quality 

academic papers, industry standards (e.g., NIST 

publications), and conference proceedings published 

within the last decade, with an emphasis on research 

discussing implementation models and human factors. 

Inclusion criteria required documents to specifically 

address the core ZT principles (e.g., identity-based 

access, continuous verification), the Policy Decision 

Point, or empirical evaluations of multi-factor and 

adaptive authentication systems. Exclusion criteria 

filtered out general discussions of network security or 

perimeter defense that did not explicitly reference ZT 

concepts. 

2.2 Conceptual Framework for ZT Analysis 
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To facilitate a structured analysis, the ZT model is 

deconstructed into its fundamental components as 

defined by governing bodies. The architecture is 

primarily comprised of: 

● Policy Engine (PE): The component responsible 

for determining access to a resource based on the 

enterprise access policy. 

● Policy Decision Point (PDP): The component 

that decides to grant, deny, or revoke access to a subject 

for a resource. This is the intelligence layer, integrating 

data from various sources (identity, asset management, 

vulnerability scanners). 

● Policy Enforcement Point (PEP): The component 

that enforces the policy decision by facilitating, blocking, 

or terminating connections (e.g., an API gateway, a 

firewall). 

● Subject: The user, application, or service 

requesting access. 

● Resource: The target data, application, or 

service. 

The primary analytical tool used in this synthesis is the 

Security-Usability Trade-Off (SUT) Matrix. This matrix 

is designed to analytically map the documented outcomes 

of ZT deployments, categorizing them based on two 

orthogonal variables: Security Strength (SS) and User 

Friction (UF). 

2.3 Data Extraction and Synthesis Protocol 

A standardized protocol was used to extract data from the 

selected literature. For each relevant study, the following 

information was recorded: 

1. Implementation Model: NIST, SDP, 

BeyondCorp, or proprietary approach. 

2. Security Metric: Reported vulnerability 

reduction, incident response time, or successful 

prevention rate (mapped to SS). 

3. Usability Metric: Reported user login time, error 

rates, survey results on security satisfaction, or reported 

security fatigue (mapped to UF). 

4. Key Architectural Component: Focus area of the 

paper (e.g., PEP, PDP). 

The synthesis protocol involved a cross-comparison of 

qualitative findings related to implementation 

challenges—specifically the complexities of integrating 

legacy systems and establishing the real-time Policy 

Decision Point—with quantitative metrics on user 

friction. 

2.4 The SUT Matrix Variables 

The Security Strength (SS) variable is a qualitative 

measure derived from the literature, representing the 

robustness of the implemented ZT principles against 

contemporary threats. High SS is associated with 

continuous verification, identity-centric control, and 

comprehensive micro-segmentation. 

The User Friction (UF) variable measures the degree of 

inconvenience or cognitive load imposed on the end-user 

by the security measures. High UF is correlated with 

reported security fatigue, a concept that describes the 

emotional and psychological toll taken by constant 

security measures, often leading to reduced compliance 

and productivity losses. Literature detailing the 

productivity and usability effects of multi-factor systems 

was particularly relevant for defining UF. High UF is 

exemplified by systems requiring repeated or complex 

two-factor authentication for routine tasks. 

3. Results 

3.1 Categorization of ZT Implementation Models 

The systematic review confirmed that the NIST Special 

Publication 800-207 framework serves as the definitive 

reference architecture for most contemporary ZT 

deployments. This framework emphasizes the logical 

components of the architecture and the flow of policy 

decisions. 

Analysis of key commercial models demonstrates a clear 

preference for the Software-Defined Perimeter (SDP) 

model in initial ZT transitions. SDPs effectively 

implement the ZT principle of cloaking network services 

and establishing a secure, encrypted micro-perimeter for 

each user-to-resource connection. This model simplifies 

the Policy Enforcement Point (PEP) by placing it at the 

edge of the access pathway. 

Crucially, the findings validate Insight 1 by 

demonstrating an overwhelming shift from relying on the 

traditional IP address/network location (network-centric) 

for access decisions to prioritizing the authenticated user 

identity and device posture (identity-centric). Advanced 

implementations are observed to collect dozens of 

attributes—including geographic location, time of day, 

device patch level, and user access history—to construct 

a real-time risk score before granting access. This 

continuous evaluation confirms that ZT is fundamentally 

an identity and access management discipline, not a mere 

network segmentation tool. 

3.2 Synthesis of Technological Barriers 

While the conceptual framework of ZT is robust, 

implementation presents specific technological hurdles, 

primarily centered on the Policy Decision Point (PDP) 
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and system integration. 

The PDP’s function requires it to consume and synthesize 

vast, disparate streams of data from various sources—

including enterprise directory services, asset inventory 

systems, threat intelligence feeds, and security 

information and event management (SIEM) solutions—

in real-time. The initial challenge is establishing high-

fidelity, standardized data connectors to ensure 

consistency and speed in the risk calculation process. 

Sub-optimal integration of these data feeds is frequently 

associated with an increase in false positives (blocking 

legitimate access) or false negatives (granting 

unauthorized access), thereby undermining both security 

and usability. 

Furthermore, the integration of ZT principles with legacy 

systems remains a significant barrier. Many core 

enterprise applications were not designed to 

accommodate frequent, session-based re-authentication 

or fine-grained micro-segmentation. Wrapping these 

legacy resources with a PEP (e.g., an API gateway or 

proxy) to enforce ZT policy introduces architectural 

complexity and latency, which must be carefully 

managed to maintain service performance. 

3.3 Synthesis of Human and Usability Factors 

The analysis of user-facing ZT components provided 

compelling evidence supporting Insight 2: the human 

element is a critical determinant of ZT success. The 

mandate for continuous verification inherently demands 

greater user interaction with security mechanisms, most 

notably through increased application of multi-factor 

authentication (MFA). 

Studies consistently report a phenomenon known as 

security fatigue, which manifests as a reluctance to 

comply with security mandates due to the cognitive 

burden and time expenditure of repeated verification 

steps. For instance, the necessity of using a two-factor 

security system, while significantly enhancing security, 

is often associated with measurable declines in 

productivity and user-perceived usability, particularly 

when the system is not well integrated into the workflow. 

This friction is further amplified by the transition to 

Bring-Your-Own-Device (BYOD) policies. Employee 

perceptions towards the mandatory use of second-factor 

authentication on personal devices often reveal a tension 

between appreciating the institutional security benefits 

and resenting the intrusion and inconvenience imposed 

on their own hardware. This resistance, if unaddressed, 

can lead to subtle but dangerous compliance 

workarounds, such as reusing weak passwords or 

ignoring security warnings, ultimately neutralizing the 

security gains of the ZT deployment. 

The findings highlight that a ZT architecture that imposes 

high user friction (high UF) risks being functionally less 

secure than a lower-friction model, because high UF 

encourages risky human behavior. This critical trade-off 

necessitates a design philosophy that prioritizes adaptive, 

context-aware authentication over static, blunt security 

tools. 

3.4 Mapping the Security-Usability Trade-Off (SUT) 

in ZT 

The qualitative results synthesized were mapped onto the 

SUT Matrix, yielding four distinct categories of ZT 

implementation efficacy: 

1. Low SS / Low UF (Traditional Perimeter): This 

represents the legacy model, which is highly usable but 

inherently insecure in the modern threat landscape. 

2. High SS / High UF (Overly Aggressive ZT): 

Characterized by mandatory, repeated MFA for low-risk 

actions. This model provides superior security but causes 

significant security fatigue, leading to non-compliance in 

the long run. 

3. Low SS / High UF (Failed ZT): An 

implementation that is technically complex (causing 

integration friction) but fails to enforce proper continuous 

verification, often due to poor Policy Engine design or 

legacy system limitations. This is the least desirable 

outcome. 

4. High SS / Low UF (Optimal ZT - Frictionless 

ZT): The target state, achieved by leveraging context-

aware PDPs and machine learning to dynamically adjust 

the authentication requirements based on risk. For 

example, a user logging in from a known device, from a 

familiar location, and at a typical time may be granted 

seamless access (low UF), while an anomalous attempt 

from a new country triggers a mandatory step-up MFA 

challenge (high SS). 

The synthesis shows that implementations moving 

toward the Optimal ZT quadrant are those that 

successfully operationalize Insight 3, integrating real-

time behavioral and contextual data into their PDPs to 

minimize unnecessary user friction. 

4. Discussion 

4.1 Interpretation: The Paradigm Shift to Adaptive 

Trust 

The evidence strongly suggests that the core power of ZT 

Architecture lies not in its ability to divide the network, 

but in its mandate for an adaptive, continuous trust 

evaluation. The findings on the shift to identity-centric 

control (Insight 1) validate this interpretation. In a system 

characterized by continuous authentication, the identity's 

current state—defined by a dynamic collection of 
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attributes—is far more relevant than its network position. 

This moves security from a simple "authenticate and 

enter" gateway model to an ongoing risk assessment that 

informs the Policy Decision Point (PDP) in real-time. 

The architecture’s strength is determined by the quality 

and speed of its context gathering. When a user changes 

location, or when a device's patch status degrades, the 

PDP must instantly revoke or downgrade access rights. 

This represents a fundamental change in the operational 

philosophy of security teams, requiring them to manage 

policies based on identity and behavioral attributes rather 

than static network segmentation lists. 

4.2 Addressing the Human Element and Security 

Fatigue 

The evidence strongly suggests that the core power of ZT 

Architecture lies not in its ability to divide the network, 

but in its mandate for an adaptive, continuous trust 

evaluation. The findings on the shift to identity-centric 

control (Insight 1) validate this interpretation. In a system 

characterized by continuous authentication, the identity's 

current state—defined by a dynamic collection of 

attributes—is far more relevant than its network position. 

This moves security from a simple "authenticate and 

enter" gateway model to an ongoing risk assessment that 

informs the Policy Decision Point (PDP) in real-time. 

The architecture’s strength is determined by the quality 

and speed of its context gathering. When a user changes 

location, or when a device's patch status degrades, the 

PDP must instantly revoke or downgrade access rights. 

This represents a fundamental change in the operational 

philosophy of security teams, requiring them to manage 

policies based on identity and behavioral attributes rather 

than static network segmentation lists. 

4.2.1 The Criticality of User Friction and the Genesis 

of Security Fatigue 

The prevalence of security fatigue (Insight 2) as a 

primary non-technical impediment to ZT deployment 

cannot be overstated. When security mechanisms become 

excessively cumbersome, they cease to be protections 

and become productivity barriers. Security fatigue is not 

merely annoyance; it is a documented cognitive condition 

resulting from the constant demand for vigilance and the 

execution of repetitive, high-stakes security tasks. In the 

ZT context, the primary driver of this fatigue is the 

mandatory requirement for continuous, multi-factor, and 

often intrusive authentication checks. 

The implementation of robust two-factor security 

systems, for example, is unequivocally associated with a 

significant reduction in credential compromise rates. 

However, empirical studies examining the productivity 

effects of these systems have consistently demonstrated a 

measurable increase in the time required to complete 

routine tasks. When this time penalty is aggregated across 

thousands of employees and hundreds of daily access 

events, the cumulative cost in terms of lost labor hours 

and decreased mental energy can become substantial. 

Furthermore, the psychological strain of constantly 

validating one’s identity—a process that implies a base 

level of institutional distrust—can foster employee 

resentment and detachment from security policies. 

In response to high User Friction (UF), employees are 

inclined to develop coping mechanisms that 

fundamentally undermine the ZT principles. These 

workarounds are the silent failures of an overly 

aggressive security policy. They include subtle but 

dangerous practices such as: 

● Password Re-use: Employees, fatigued by 

generating complex, unique passwords for numerous new 

micro-segmented applications, revert to simpler, shared 

passwords across multiple critical systems. 

● Ignoring Alerts: Continuous, non-contextual 

security alerts (e.g., "Your session is about to expire, re-

authenticate") lead to alert fatigue, causing users to 

dismiss truly critical security warnings. 

● Physical Workarounds: In some cases, users 

bypass necessary physical security controls (e.g., 

removing a device from a secure physical location) to 

avoid a subsequent digital re-authentication trigger. 

A key interpretation of the SUT Matrix results is that a 

system that is perfectly secure in theory, but completely 

unusable in practice, will have an actual Security 

Strength (SS) of zero due to human error. Therefore, 

successful ZT implementation is inseparable from a 

Human-Centered Security Design approach. 

4.2.2 Designing for "Frictionless ZT": Context-Aware 

Authentication as the Solution 

The pathway to achieving the Optimal ZT (High SS / 

Low UF) quadrant of the SUT Matrix necessitates a 

fundamental shift in how the Policy Decision Point 

(PDP) interacts with the user. The goal is the 

"Frictionless ZT" model, where the security measures 

dynamically adapt to the risk of the current context, 

minimizing user interaction without compromising 

continuous verification. 

The key to frictionless ZT is the intelligent use of 

contextual data to infer trust and eliminate unnecessary 

verification steps. The PDP must move beyond the 

simple binary "In/Out" decision and employ a 

sophisticated risk scoring algorithm. The score is 

calculated based on: 

● Behavioral Context: Is the user accessing the 

resource at a typical time of day? Is the mouse movement 
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or typing cadence consistent with their profile? Is the 

request coming immediately after a successful, local 

authentication event? 

● Device Posture: Is the device registered, 

encrypted, and does it have the latest security patches? Is 

the browser version up-to-date? 

● Environmental Context: Is the request coming 

from a trusted, corporate-managed IP address? Is the 

geographic location consistent with the user's past access 

patterns? 

Design patterns for "Frictionless ZT" must leverage this 

adaptive nature to reduce or eliminate friction for routine, 

low-risk access requests. For instance, context-aware 

step-up authentication can use biometric checks only 

when accessing highly sensitive data or when the user's 

risk score crosses a pre-defined, elevated threshold. The 

bulk of daily activity should ideally proceed without 

noticeable security barriers. A seamless authentication 

experience, such as a single sign-on (SSO) session with 

continuous, silent background verification of device 

posture, is the goal for low-risk, routine access. 

4.2.3 The Organizational Cost of High User Friction 

Moving beyond anecdotal evidence, the high 

organizational cost of a High SS / High UF ZT 

implementation requires explicit articulation. This cost 

can be categorized into three areas: 

1. Productivity Loss: The cumulative time spent by 

employees on repetitive MFA challenges. If a 10,000-

employee company requires one minute of extra 

authentication time per employee, three times a day, this 

translates to over 500 lost work-hours daily. This 

calculation often omits the "cognitive switching cost," the 

time required for an employee to re-engage with their 

primary task after being interrupted by a security prompt. 

2. Help Desk and IT Support Overheads: Overly 

complex security policies and frequent password resets 

due to security fatigue lead to a measurable increase in 

calls to the IT help desk. This not only consumes valuable 

IT resources but also increases employee downtime, 

further compounding the productivity loss. 

3. Training and Compliance Expense: 

Implementing a ZT architecture requires extensive 

training. If the architecture is confusing or frustrating, 

training costs increase, and compliance rates decrease, 

forcing continuous, expensive re-training efforts. 

In summary, the design of the ZT Policy Engine must 

directly and explicitly incorporate the cost of user friction 

as a variable in the policy outcome. The optimal policy is 

not merely the one that maximizes security, but the one 

that maximizes the product of Security Strength and User 

Compliance, where user compliance is inversely related 

to user friction. An effective policy accepts a marginally 

lower theoretical security score for a dramatically higher 

rate of sustained human compliance. This is the central 

tenet of a successful, mature ZT deployment. 

4.3 The Future of Context-Aware Policy Enforcement 

The ultimate realization of ZT is the full integration of 

context-aware machine learning into the Policy Decision 

Point (PDP) (Insight 3). Machine learning models, such 

as those employing non-linear classification algorithms, 

are capable of establishing a baseline of "normal" user 

and system behavior with high fidelity. The benefit is that 

the PDP can shift from relying on explicit, manually 

configured rules (e.g., "deny access from country X") to 

inferential, dynamic risk scoring (e.g., "this login is 4 

standard deviations away from the historical behavioral 

pattern for this user, demanding a step-up challenge"). 

This capability allows for genuine adaptive boundary 

enforcement. The system is able to autonomously 

identify zero-day anomalies or subtle shifts in user-

device interaction that precede a security incident. The 

implementation of these advanced models, however, 

necessitates careful consideration of ethical and privacy 

implications. The continuous monitoring required to train 

and maintain high-fidelity behavioral models must be 

balanced against employee privacy expectations, 

necessitating transparent policy communication and 

robust anonymization strategies for the collected data. 

The governance of the policy engine must also be 

continuously reviewed to prevent algorithmic bias from 

disproportionately affecting legitimate users. 

4.4 Literature Gaps and Future Research Directions 

Despite the increasing body of work on ZT, several 

critical gaps remain: 

Gap 1: Standardized Metrics and Economic 

Quantification. There is a pressing need for standardized, 

empirical metrics and longitudinal studies to quantify the 

Return on Investment (ROI) of ZT. Research should 

move beyond anecdotal evidence of security uplift to 

provide verifiable figures on the reduction in incident 

costs and the comparative long-term cost of ZT compared 

to legacy security models. This includes developing 

frameworks for measuring the organizational cost 

associated with user friction. 

Gap 2: ZT in Operational Technology (OT) and IIoT. The 

principles of ZT, while primarily applied to IT 

environments, have a critical role to play in Operational 

Technology (OT) and Industrial Internet of Things (IIoT) 

environments, where air-gapped security models are 

being rapidly deprecated. Future research should focus 

on adapting ZT for environments characterized by low-

latency requirements, resource-constrained devices, and 
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long system lifecycles. 

Gap 3: Measuring the Organizational Cost of User 

Friction. While security fatigue is acknowledged, a 

quantitative framework for measuring its organizational 

cost—in terms of lost productivity, training overhead, 

and employee non-compliance—is missing. Future 

studies must develop robust instruments to assess the 

impact of security friction on key organizational 

performance indicators, providing a definitive 

justification for investing in the "Frictionless ZT" model. 

4.5 Discussion Limitations 

This systematic synthesis is subject to certain limitations. 

The reliance on published literature may introduce 

reporting bias, as organizations and researchers are often 

more inclined to report successful ZT implementations 

than failed or problematic ones. This makes the true 

frequency of High SS / High UF and Failed ZT 

deployments difficult to ascertain. Furthermore, the 

direct comparison of heterogeneous ZT implementations 

across different organizational scales—from small 

enterprises utilizing commercial SDPs to massive global 

corporations developing proprietary BeyondCorp-style 

systems—presents a challenge in establishing universally 

applicable quantitative benchmarks. The qualitative 

assignment of values to the SUT Matrix variables, while 

necessary for synthesis, requires further validation 

through quantitative empirical studies. 

Recent studies highlight that automation plays a crucial 

role in strengthening the security posture of digital 

infrastructures within Zero Trust environments. 

According to Kumar Tiwari (2023), security testing 

automation has become a foundational element in digital 

transformation, ensuring continuous validation of system 

defenses in the face of evolving cyber threats. This 

approach aligns with Zero Trust principles, where every 

access attempt must be authenticated and verified 

dynamically. By automating vulnerability assessments 

and policy enforcement, organizations can minimize 

human error, accelerate remediation processes, and 

maintain real-time compliance with trust boundaries—

ultimately enhancing both scalability and usability of 

Zero Trust frameworks. 
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