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Abstract  
Enterprise access control systems are a critical component of IT security that ensure users and services are 

accessing resources in conformance with organizational or company policies and regulatory requirements. 

Traditional access control mechanisms rely on static rules or role-based models, which cannot adapt to dynamic 

contexts such as changing user behavior, workload conditions, and evolving compliance obligations. While 

reinforcement learning offers adaptability, unconstrained reinforcement learning agents may optimize access 

decisions in ways that violate compliance policies, creating unacceptable security and regulatory risks. 

This paper proposes a compliance-bound reinforcement learning framework for adaptive access control. The 

framework explicitly constrains the learning process using compliance boundaries derived from organizational 

policies and regulatory requirements. Instead of post-hoc policy enforcement, compliance constraints are 

integrated directly into the agent's decision-making and reward structure, ensuring that learned access strategies 

remain within acceptable governance limits. 

Overall, self-correcting DRL allows IT management to be resilient yet responsive. With self-correcting DRL, one 

can have a secure, high-performing IT operation while tuning. 

The simulation experiments were carried out based on enterprise-inspired Access Control schemes, simulating 

different user behaviors, risk levels, and policy changes. The findings prove that RL with compliance constraints 

has optimal performance in achieving lower violations while keeping accuracy and response time compatible. 

Simple visualization plots provide better intuition about policy stability, violations, performance-compliance 

tradeoffs, and other related aspects. Real-time enterprise scenarios also prove that AxC improves security while 

minimizing human intervention. 

 

The results demonstrate that compliance-bound reinforcement learning can offer a practical solution for secure 

access control in contemporary enterprises. 
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Introduction 
Access control systems provide the very core of enterprise security infrastructures and control models in terms of 

user, application, and service interactions with sensitive resources [1]. For contemporary IT ecosystems, it is 

important to consider aspects such as user location, device trust, and workload sensitivity." However, access 

control models like static role-based models are becoming less appropriate. 

 

This problem of adaptive access control has been identified as a promising direction for future research. 

Reinforcement learning has gained attention for this problem, given its ability to perform optimal learning on a 

system through interaction. Existing Reinforcement learning approaches are based on learning optimal policies for 

a system to maximize a given objective function; however, it may or may not conform to a particular environment 

[1]. When a system takes a non-compliant decision within an enterprise environment, it may lead to catastrophic 

failure. 

 

The main objective of this paper is to investigate the aspect of compliance-bound reinforcement learning for 

adaptive access control. The main idea of this concept is that by incorporating the element of Compliance into the 

learning system, this method aims at ensuring that any form of adaptability neither violates any aspect of 

governance. 

 

Simulation Report 
In order to assess the efficacy of the developed concept of compliance-bound reinforcement learning, a thorough 

simulation analysis was conducted with specific reference to access control environments similar to real-world 

enterprise systems. As mentioned, the prime objective of the simulation analysis was centered upon understanding 

the implications of incorporating compliance boundaries during the process of reinforcement learning. 
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Simulation Environment 

The simulator is used to simulate an access control system used in enterprises where access is continually 

requested in changing environmental conditions. Each request is characterized by certain attributes such as user 

role, device trust, location, behavioral history, and resource sensitivity. The agent chooses one of three decisions, 

i.e., access grant, access deny, or step-up authentication request. Dynamic factors such as inside threat likelihood 

and policy update are incorporated into the model [2]. 

 

Evaluated Approaches 

Three different strategies are considered: 

Static rule-based access control, reinforcement learning without any constraint on adherence, and reinforcement 

learning with a constraint on adherence, also known as compliance-bound reinforcement learning. The 

comparison will isolate the impact of including the constraint on adherence as a part of the learning itself. 

Reward and Compliance Modeling 

 

The compliant bound framework 

Describes a compliant bound framework that provides a combined authorization correctness measure along with a 

penalty scheme for non-compliance. It gives rewards for compliant decisions while imposing penalties for non-

compliance [3]. It enforces “hard” bound violations to avoid reinforcements to critical policy violations. It even 

allows for delayed violations to be identified, thus providing an audit mechanism-based type of feedback. 

Training and the Evaluation Metrics 

 

The agents are trained for multiple episodes with the same workload. The performance is measured on aspects like 

authorization accuracy, policy violation count, decision latency, and policy stability. The outcomes are averaged 

to remove randomness. 

 

Observed Learning Behavior 

Standard RL has improved rapidly in terms of accuracy but suffers from frequent policy violations. Rule-based 

systems remain compliant but have a limited capacity for adaptation. Compliance-bound RL consequently ensures 

stable learning with a low rate of violations while adapting well to context and policy updates [4]. 

 

Real-Time Scenarios 
Scenario 1 is evaluating the access decisions that are under a varying contextual risk that includes location and 

even device trust 

Approaches Accuracy 

(%) 

Policy 

Violation 

Avg. 

Latency 

Rule based 92 8 23 

Standard RL 96 19 26 

Compliance 

Bound RL 

95 3 25 

Table 1: Illustrating the context-aware access performance. 

 
Figure 1: Illustrating the context-aware access performance. 
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The Compliance-bound RL is maintaining the high accuracy while there is a drastic reduction in violations, which 

demonstrates safe adaptability [5]. 

 

Scenario 2 gives an evaluation technique for detecting and restricting anomalous but legitimate users: Insider 

Threat Mitigation. 

Approach Unauthorized 

Grants 

False 

Denial 

Audit 

Flags 

Rule Based Medium High Medium 

Standard 

RL 

Low Medium High 

Compliance 

Bound RL 

Very Low Low Low 

Table 2: Illustrating techniques that detect and restrict anomalous. 

Scenario 3: The Policy Change adaptation is used to access policies that have been altered as a result of regulatory 

changes. 

Approaches Adaptation 

Time (hrs.) 

Violation 

During 

Transition 

Rule based 13 Medium 

Standard RL 7 High 

Compliance 

Bound Rule 

6 Very low 

Table 3 illustrates the policy adaptation performance. 

 
Figure 3: illustrating the policy adaptation performance. 

 

Overall, the results demonstrate the adaptability and flexibility of the proposed method regarding the dynamic 

access situation while offering strict governance conformance [6]. The technique provides policy conformance, 

accuracy for authorization, and avoids the lack of stability that exists with unconstrained reinforcement learning. 

 

Challenges and Solutions 
Challenge 1 - The Need for Adaptability versus Adhering to Guidelines. Every company. 

Moreover, the adaptive access restrictions should succeed in addressing the dynamic events and user behavior 

appropriately, but unchecked reinforcement learning may lead to an increase in violations without reason. The 

need for a flexible response without violations remains a critical challenge for the corporate world [7]. 
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Solution 1: Compliance-Based Policy Updates 

This complexity is addressed by the inclusion of the constraints to the compliance bounds during the adaptation of 

the policy update process, which restricts the path of learning to the appropriate region of Compliance, with the 

adaptation processes remaining within the acceptable bounds of governance [7]. 

 

Challenge 2: Delays in Detection of Access Policy Violations 

In real-world corporate structures, access violations are often identified after decision-making via audit trails. The 

lack of feedback information for reinforcement learning diminishes infractions attributed to specific well-

permitted behavior. 

 

Solution 2: Audit Aware Reward Adjustment 

The procedure utilizes the Retroactive Effect of Detected Infractions for the provision of delayed compliance 

feedback by performing Audit-Aware Reward Structuring. Commensurate with the identified infractions, the 

updates by the learned agent have a Retroactive Effect. 

 

Conclusion 
This paper presented the outline of a ‘Compliance Bound Reinforcement Learning Architecture.’ Using such an 

architecture in the case of adaptive access control in the overall setting of an enterprise entity has the potential to 

produce highly dynamic control decisions in the absence of any breaches in the rules and regulations. Using the 

hypothetical findings as well as real-world scenarios, it has become clear that the application of ‘Compliance 

Bound Reinforcement Learning’ has the potential to reduce breaches significantly. Such an architecture has the 

potential to provide a viable framework to introduce ‘autonomous access control solutions.’ 
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