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1. Introduction to Advanced Access Control
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CHAPTER 01 / INFORMATION SECURITY




1.1 Defining Access Control in Information Security

Access control is a foundational concept in information security, governing how users and systems interact with resources within an organization. At its core, access control refers to the selective restriction of access to data, systems, and physical locations, ensuring that only authorized entities can perform specific actions on protected resources. This subsection provides a comprehensive understanding of access control, its significance, operational mechanisms, and its critical role in safeguarding modern information systems.


What is Access Control?

Access control is the process by which permissions are granted or denied to users, processes, or devices attempting to interact with information assets. The primary goal is to enforce security policies that protect the confidentiality, integrity, and availability (CIA) of data and systems. Access control mechanisms answer three fundamental questions:


	Who is requesting access? (Identification and Authentication)

	What are they allowed to do? (Authorization)

	How is their activity monitored and enforced? (Accountability and Auditing)





Why Access Control Matters

Access control is vital for several reasons:


	Preventing Unauthorized Access: Ensures sensitive information is only available to those with legitimate need.

	Mitigating Insider and External Threats: Restricts the scope of potential damage from compromised accounts or malicious insiders.

	Regulatory Compliance: Many regulations (e.g., GDPR, HIPAA, SOX) mandate strict controls over data access.

	Operational Efficiency: Proper access control streamlines user experience and reduces administrative overhead by automating permissions.




📝 Exam Tip: Be prepared to distinguish between identification, authentication, authorization, and accountability—the four pillars of access control.





How Access Control Works

Access control systems function by enforcing policies through a series of components and processes:


	Identification: The process by which a user or system presents an identity (e.g., username, ID number).

	Authentication: Verification that the presented identity is valid, often using passwords, biometrics, or tokens.

	Authorization: Determination of what actions the authenticated entity is permitted to perform, based on roles, attributes, or explicit permissions.

	Accountability: Logging and monitoring activities to ensure traceability and compliance.



These steps are implemented using access control mechanisms such as:


	Access Control Lists (ACLs): Define permissions for objects (files, directories) for specific users or groups.

	Role-Based Access Control (RBAC): Permissions are assigned based on user roles within the organization.

	Mandatory Access Control (MAC): System-enforced policies restrict access based on sensitivity labels and clearances.

	Attribute-Based Access Control (ABAC): Evaluates attributes (user, resource, environment) to make dynamic access decisions.





Real-World Examples


	Corporate File Server: Employees must log in (identification/authentication). Permissions are granted based on department (authorization), and all file access is logged (accountability).

	Bank ATM: Customers identify themselves with a card, authenticate with a PIN, and are authorized to perform transactions according to their account privileges.

	Cloud Services (e.g., AWS IAM): Users and applications are assigned policies defining what resources they can access and what actions they can perform, with detailed activity logs for auditing.





Step-by-Step: Implementing Basic Access Control


	Define Security Policy: Specify who needs access to what resources and under which conditions.

	Establish User Identities: Create unique identifiers for all users and systems.

	Configure Authentication Methods: Choose appropriate mechanisms (passwords, MFA, biometrics).

	Assign Permissions: Use ACLs, RBAC, or other models to grant or restrict access.

	Monitor and Audit: Enable logging and regularly review access logs for anomalies.






	Component
	Example Technology/Standard





	Identification
	Username, Smart Card



	Authentication
	Password, OTP, Biometrics



	Authorization
	ACLs, RBAC, OAuth



	Accountability
	Syslog, SIEM, Audit Trails






💡 Pro Tip: Always apply the principle of least privilege—grant users the minimum access necessary to perform their duties.





Edge Cases and Considerations


	Orphaned Accounts: Accounts left active after an employee leaves can be exploited if not promptly disabled.

	Privilege Creep: Over time, users accumulate unnecessary permissions, increasing risk.

	Third-Party Access: Vendors or contractors may require temporary or limited access; controls must be carefully managed and monitored.

	Emergency Access: Sometimes, break-glass accounts are needed for critical incidents—these must be tightly controlled and logged.



Understanding and correctly implementing access control is a cornerstone of effective information security. Mastery of this concept is essential for passing certification exams and for real-world security practice.




1.2 The Critical Role of Access Control Today

Access control is a foundational pillar of information security, determining who can access which resources, under what conditions, and to what extent. In today’s hyper-connected, digitally transformed world, robust access control is not merely a technical necessity—it is a business imperative. This section explores why access control is more critical than ever, how it operates in modern environments, and the real-world implications of its success or failure.


Why Access Control Matters


	Protection Against Cyber Threats:

With the proliferation of sophisticated cyberattacks—ransomware, insider threats, advanced persistent threats (APTs)—effective access control serves as the first and last line of defense. Unauthorized access is often a precursor to data breaches, data exfiltration, and system compromise.


	Regulatory Compliance:

Laws and standards such as GDPR, HIPAA, SOX, and PCI DSS mandate strict access control measures. Non-compliance can result in hefty fines, legal action, and reputational damage.


	Business Continuity and Trust:

Customers, partners, and stakeholders expect organizations to safeguard sensitive information. Lapses in access control can erode trust, disrupt operations, and cause lasting reputational harm.


	Operational Efficiency:

Well-implemented access control streamlines user provisioning, reduces helpdesk tickets (e.g., from lockouts or permission errors), and enables secure collaboration across departments and geographies.






How Access Control Works in Modern Environments

Modern access control systems go beyond simple username/password checks. They integrate with identity and access management (IAM) platforms, leverage context (location, device, time), and enforce granular policies across on-premises, cloud, and hybrid infrastructures.

Key components include:


	Authentication: Verifying the identity of users or systems (e.g., passwords, biometrics, MFA).

	Authorization: Determining what authenticated identities can do (e.g., read, write, modify).

	Accountability: Logging and monitoring actions for audit and response.



Access control is enforced at various layers: - Network: Firewalls, NAC solutions, VPNs. - Application: Role-based access, attribute-based policies. - Data: File permissions, database access controls. - Physical: Badge readers, biometrics at entry points.


💡 Pro Tip: Modern Zero Trust architectures assume no implicit trust—every access request is verified, regardless of origin. This model is rapidly becoming the gold standard in access control.





Real-World Examples


	Healthcare: A hospital uses access control to ensure only authorized clinicians can view patient records, complying with HIPAA. Unauthorized attempts are logged and trigger alerts.

	Finance: Banks enforce strict access controls on trading platforms, allowing only approved traders to execute transactions, with all actions audited for SOX compliance.

	Cloud Services: AWS IAM policies restrict access to S3 buckets based on user role, source IP, and time of day, reducing the attack surface.





Step-by-Step: Implementing Effective Access Control


	Asset Inventory: Identify critical assets and data requiring protection.

	User Classification: Categorize users by roles, departments, and privilege levels.

	Policy Definition: Develop access policies based on the principle of least privilege and business needs.

	Technology Selection: Choose appropriate tools (e.g., IAM platforms, directory services, PAM solutions).

	Enforcement: Apply policies via technical controls (ACLs, RBAC/ABAC, MFA).

	Monitoring & Auditing: Continuously monitor access events, review logs, and conduct periodic audits.

	Review & Revise: Regularly reassess policies and controls to adapt to evolving threats and organizational changes.





Tools and Technologies


	IAM Solutions: Microsoft Azure AD, Okta, AWS IAM, Google Cloud IAM

	Access Control Systems: Cisco ISE (network), Centrify (PAM), CyberArk (PAM), LDAP directories

	Monitoring & Logging: Splunk, ELK Stack, SIEM platforms





Common Edge Cases


	Third-Party Access: Vendors or contractors often require temporary or restricted access; failing to manage this can lead to breaches.

	Orphaned Accounts: Accounts left active after employee departure pose significant risks.

	Shadow IT: Employees using unsanctioned apps can bypass formal access controls, creating blind spots.




⚠️ Common Pitfall: Overly permissive access (“everyone” or “public” permissions) is a frequent cause of data breaches, especially in cloud storage and collaboration tools. Always enforce the principle of least privilege.








1.3 Evolution of Access Control Mechanisms

The evolution of access control mechanisms reflects the ongoing battle between security requirements and the increasing complexity of IT environments. Understanding this progression is crucial for professionals seeking expertise in information security, as it provides context for why modern systems are built the way they are and how legacy mechanisms influence current practices.


Historical Overview

1. Physical Access Controls:

The earliest access controls were physical—locks, keys, guards, and badges. These mechanisms restricted entry to sensitive areas but offered little granularity or auditability.

2. Early Computer Systems: Simple Passwords

As computing emerged, access control shifted to logical mechanisms. Early systems (e.g., mainframes in the 1960s–70s) used basic username/password combinations. These were easy to implement but vulnerable to guessing and lacked scalability.

3. Discretionary Access Control (DAC):

With multi-user systems (UNIX, Windows NT), DAC became standard. Resource owners could grant or revoke permissions (read, write, execute) at their discretion. This model increased flexibility but allowed users to inadvertently or maliciously share access.

4. Mandatory Access Control (MAC):

Driven by military and government needs, MAC introduced strict, centrally enforced policies. Access was based on security labels (e.g., “Confidential,” “Top Secret”). Users and data were tagged, and access was only allowed when clearance matched classification. Examples include Bell-LaPadula and Biba models.

5. Role-Based Access Control (RBAC):

As organizations grew, managing individual permissions became unmanageable. RBAC (formalized by NIST in 1992) assigned permissions to roles (e.g., “Manager,” “HR Staff”), and users were assigned roles. This streamlined administration and improved policy enforcement.

6. Attribute-Based Access Control (ABAC):

With the rise of web apps and cloud computing, ABAC emerged. Access decisions are based on user, resource, action, and environmental attributes (e.g., time, location, device type). ABAC enables fine-grained, context-aware controls.

7. Modern Adaptive and Context-Aware Models:

Today, access control increasingly incorporates real-time risk assessment, machine learning, and dynamic policies (e.g., Zero Trust, Policy-Based Access Control). These models adapt to changing contexts, user behavior, and threat intelligence.


💡 Pro Tip: Understanding legacy models like DAC and MAC is essential for integrating modern access controls with existing infrastructure and for compliance with standards in regulated environments.





How the Evolution Impacts Security


	Granularity: Each generation improved the specificity of who can access what, when, and how.

	Scalability: RBAC and ABAC address the needs of large, dynamic organizations.

	Auditability: Modern systems provide detailed logs and support compliance requirements.

	Adaptability: Newer models can respond to threats in real time.





Real-World Examples


	UNIX/Linux File Permissions (DAC):

Users set file permissions with commands like chmod and chown.

	SELinux (MAC):

Applies security policies that restrict processes beyond user ownership.

	Active Directory (RBAC):

Assigns users to groups, and groups to roles with defined permissions.

	AWS IAM (ABAC):

Policies grant access based on user attributes, resource tags, and request context.





Step-by-Step: Mapping Evolution to Implementation


	Assess Legacy Systems: Identify existing DAC/MAC mechanisms.

	Define Roles and Attributes: For RBAC/ABAC, catalog business roles and relevant attributes.

	Migrate Policies: Translate legacy permissions into roles or attribute-based policies.

	Implement Modern Tools: Use platforms like Microsoft Active Directory, AWS IAM, or Open Policy Agent (OPA).

	Monitor and Audit: Ensure new controls provide the required visibility and compliance.












	Era
	Model
	Example Technology
	Key Limitation





	1970s–1980s
	DAC
	UNIX, Windows NTFS
	Poor central control



	1980s–1990s
	MAC
	SELinux, Trusted Solaris
	Inflexible, hard to manage



	1990s–2000s
	RBAC
	Active Directory, Oracle
	Role explosion, inflexibility



	2010s–Now
	ABAC
	AWS IAM, OPA, XACML
	Complexity, policy sprawl






⚠️ Common Pitfall: Simply layering new models over old ones without a coherent migration strategy can result in conflicting policies, excessive permissions, and audit failures.





Edge Cases


	Hybrid Environments: Organizations often run a mix of DAC, RBAC, and ABAC, especially during cloud migrations.

	Legacy Applications: Some critical apps only support DAC, requiring compensating controls.

	Role Explosion: Poorly designed RBAC can lead to thousands of roles, undermining manageability.





Key Standards and Technologies


	NIST SP 800-53, 800-162: Guidance on access control models.

	XACML (eXtensible Access Control Markup Language): Standard for ABAC policy definition.

	Open Policy Agent (OPA): Open-source policy engine supporting ABAC and PBAC.



In summary, the evolution of access control mechanisms is a journey from simple, user-centric models to sophisticated, dynamic, and context-aware systems. Mastery of this history equips professionals to design, implement, and troubleshoot access control in any environment.




1.4 Core Terminology and Concepts

A strong command of access control terminology is essential for mastering advanced access control systems and passing any professional certification exam in information security. The following section rigorously defines the foundational terms and concepts that underpin modern access control, explains their importance, and illustrates their application with concrete examples and industry standards.


Key Terms and Definitions


	Subject: An active entity (usually a user, process, or device) that requests access to a resource.

Example: An employee logging into a corporate network.


	Object: A passive entity (file, database, device, or service) containing or receiving information.

Example: A confidential document stored on a file server.


	Access Control: The process, rules, and mechanisms that determine whether a subject can interact with an object, and in what manner (read, write, execute, delete).


	Authentication: The process of verifying the identity of a subject.

Example: Entering a username and password, or providing a fingerprint.


	Authorization: The process of determining what actions an authenticated subject is allowed to perform on an object.

Example: Granting a user permission to read but not edit a file.


	Access Control Policy: A set of rules that define how access decisions are made. Policies may be discretionary, mandatory, role-based, or attribute-based.


	Access Control Mechanism: The technical implementation enforcing the policy, such as ACLs (Access Control Lists), RBAC (Role-Based Access Control), or ABAC (Attribute-Based Access Control).


	Access Control Matrix: A conceptual table mapping subjects to objects and the permitted actions.

Example Table:




	
	File1
	File2
	Printer





	Alice
	R/W
	R
	None



	Bob
	None
	R/W
	Print






	Access Control List (ACL): A list attached to an object specifying which subjects can access it and how.

Example (Linux):

setfacl -m u:alice:rwx confidential.txt   getfacl confidential.txt


	Capability: A communicable, unforgeable token of authority, granting the bearer certain access rights.


	Security Principal: A unique identity (user, group, service account) in a system, often used interchangeably with “subject” in technical documentation.


	Least Privilege: The principle that subjects should be given only the minimum access necessary to perform their duties.


	Separation of Duties (SoD): Dividing critical tasks among multiple subjects to reduce fraud or error risk.


	Privilege Escalation: The act of exploiting a vulnerability to gain unauthorized access or higher-level permissions.






Why These Concepts Matter

A precise understanding of these terms is vital for:


	Designing secure access control architectures.

	Communicating effectively with stakeholders and auditors.

	Implementing controls that align with compliance frameworks (e.g., NIST SP 800-53, ISO/IEC 27001).

	Troubleshooting access issues and preventing security breaches.





Real-World Example

Consider a hospital information system:


	Subjects: Doctors, nurses, administrative staff.

	Objects: Patient records, scheduling systems, medical devices.

	Policies: Only attending physicians can modify patient records; nurses can view but not edit; administrative staff cannot access medical records.

	Mechanisms: RBAC implemented via Microsoft Active Directory groups; ACLs on files and folders.





Step-by-Step: How Access Control Works


	Authentication: The user logs in (e.g., via LDAP, Kerberos, or SAML).

	Authorization: The system checks the user’s group membership or attributes against access policies.

	Access Decision: The access control mechanism (e.g., ACL, RBAC engine) allows or denies the requested action.

	Enforcement: The system logs the attempt and enforces the decision.





Common Edge Cases


	Orphaned Accounts: Former employees’ accounts not deactivated, leading to potential unauthorized access.

	Privilege Creep: Users accumulate permissions over time, violating least privilege.

	Indirect Access: Access granted through nested groups or inherited permissions, complicating audits.




⚠️ Common Pitfall: Confusing authentication (verifying identity) with authorization (granting access). Both are essential but distinct steps in access control.




📝 Exam Tip: Be able to map real-world scenarios to the correct terminology (e.g., identify subject, object, and access control mechanism in a given scenario).










2. Principles and Models of Access Control
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2.1 Core Principles: Confidentiality, Integrity, Availability

The triad of Confidentiality, Integrity, and Availability—commonly abbreviated as CIA—is foundational to all access control and information security practices. Understanding these principles is essential for designing, implementing, and evaluating access control mechanisms that meet organizational and regulatory requirements.


1. Confidentiality

Concept:

Confidentiality ensures that sensitive information is accessible only to authorized individuals, entities, or processes. It protects data from unauthorized disclosure, whether accidental or intentional.

Why It Matters:

A breach of confidentiality can result in the exposure of trade secrets, personal data, or classified information, leading to financial loss, reputational damage, and legal repercussions (e.g., GDPR or HIPAA violations).

How It Works:

Confidentiality is enforced through access controls such as: - Discretionary Access Control (DAC): File permissions in Unix/Linux (e.g., chmod, chown). - Mandatory Access Control (MAC): Security labels and classifications (e.g., Top Secret, Confidential). - Encryption: Data at rest (AES, BitLocker) and in transit (TLS/SSL). - Authentication Mechanisms: Strong password policies, multi-factor authentication (MFA).

Example:

A hospital’s patient management system restricts access to medical records based on user roles (doctor, nurse, admin), ensuring only authorized staff can view or modify sensitive patient data.



2. Integrity

Concept:

Integrity guarantees the accuracy and completeness of information throughout its lifecycle, ensuring data is not altered in unauthorized ways.

Why It Matters:

Compromised integrity can result in incorrect decisions, fraud, or system malfunctions. For example, if an attacker modifies transaction logs in a banking system, it could lead to unauthorized fund transfers.

How It Works:

Integrity is maintained through: - Hashing Algorithms: (SHA-256, MD5) to detect unauthorized changes. - Checksums and Digital Signatures: Verifying authenticity of files and messages. - Access Controls: Limiting who can modify data (write permissions). - Audit Trails: Recording changes for later review.

Example:

A software company uses Git for version control and digital signatures to verify code commits, ensuring that only authorized developers can submit changes and that all modifications are traceable.



3. Availability

Concept:

Availability ensures that information and resources are accessible to authorized users when needed. It protects against disruptions caused by system failures, attacks, or disasters.

Why It Matters:

Lack of availability can halt business operations, cause service outages, and lead to significant financial losses. Ransomware attacks, for instance, often target availability by encrypting critical data and demanding payment for restoration.

How It Works:

Availability is supported by: - Redundant Systems: RAID storage, failover clusters, load balancers. - Backups: Regular and tested backups (on-premises and offsite/cloud). - Disaster Recovery Plans: Procedures for restoring operations. - DDoS Protection: Firewalls, rate limiting, and anti-DDoS services (e.g., AWS Shield, Cloudflare).

Example:

An e-commerce platform implements load balancing and cloud-based auto-scaling to handle peak shopping periods, ensuring customers can always access the site.



Interdependence and Balance:

The CIA principles often interact and sometimes conflict. For example, encrypting data (confidentiality) might slightly reduce availability due to decryption overhead. Security architects must balance these principles based on risk assessment and business needs.










	Principle
	Threats Addressed
	Controls/Technologies
	Example Tools/Services





	Confidentiality
	Eavesdropping, leaks
	Access control, encryption
	AES, TLS, IAM, RBAC



	Integrity
	Tampering, forgery
	Hashing, digital signatures
	SHA-256, GPG, audit logs



	Availability
	Downtime, DoS attacks
	Redundancy, backups, DRP
	RAID, AWS Shield, Veeam






⚠️ Common Pitfall: Overemphasizing one principle (e.g., confidentiality) at the expense of the others can create vulnerabilities—always assess the impact on integrity and availability.




📝 Exam Tip: Be prepared to identify which CIA principle is primarily affected in a given scenario and to recommend controls that address specific threats to each principle.








2.2 Discretionary Access Control (DAC)

Discretionary Access Control (DAC) is one of the foundational models in access control theory and practice, widely implemented in both operating systems and database management systems. Understanding DAC is crucial for any information security professional, as it directly influences how resources are protected and how permissions are delegated within an organization.


Concept and Rationale

In DAC, the owner of a resource (such as a file, directory, or database record) has the authority to determine who else can access that resource and in what manner. The term “discretionary” reflects the fact that access decisions are at the discretion of the resource owner, rather than being enforced by a central authority or system policy.

Why DAC Matters: - Flexibility: DAC allows users to share information easily, promoting collaboration. - User Empowerment: Resource owners can quickly grant or revoke access without administrative intervention. - Prevalence: Many mainstream systems (e.g., Windows, UNIX/Linux, most RDBMSs) use DAC as their primary access control mechanism.



How DAC Works

DAC operates on the principle of access rights (also called permissions) associated with objects (resources) and subjects (users, groups, or processes). The owner assigns permissions, which are then enforced by the system.

Key Mechanisms: - Access Control Lists (ACLs): Each object has an ACL specifying which users/groups have which permissions (read, write


Example: UNIX File Permissions




	Owner (alice): read, write

	Group (staff): read

	Others: read






Example: Windows NTFS Permissions






Real-World Use Cases


	Collaboration Folders: A project lead (owner) grants team members access to a shared folder, allowing them to read, write, or manage files as needed.

	Database Tables: Table owners in databases like MySQL or PostgreSQL can grant SELECT, INSERT, UPDATE privileges to other users.





Step-by-Step: Granting Access in DAC


	Identify the resource owner.

	Determine the subject(s) requiring access.

	Specify the type of access (read, write, etc.).

	Owner modifies the ACL or permissions using system tools (e.g., chmod, Windows Security tab, SQL GRANT statement).

	System enforces the set permissions at access time.





Tools, Technologies, and Standards


	UNIX/Linux: chmod, chown, /etc/passwd, /etc/group

	Windows: NTFS ACLs, icacls command

	Databases: SQL GRANT and REVOKE statements

	File Servers: Samba (SMB/CIFS ACLs), NFS exports





Edge Cases and Limitations


	Transitive Sharing: Owners may grant access to users who, in turn, can share with others (unless restricted), potentially leading to uncontrolled dissemination.

	Malicious Owners: If an owner is compromised, so are the access permissions.

	Lack of Central Control: Admins may have limited oversight, making it harder to enforce organization-wide policies.

	Privilege Escalation: Users may accidentally or intentionally grant excessive permissions.









Comparison with Other Models











2.3 Mandatory Access Control (MAC)



Why MAC Matters








How MAC Works



	Subjects: Users or processes are assigned a security clearance (e.g., Confidential, Secret, Top Secret).

	Objects: Files, databases, or other resources are labeled with a classification level (e.g., Confidential, Secret).





	No Read Up (NRU): Subjects cannot read data at a higher classification than their clearance.

	No Write Down (NWD): Subjects cannot write data to a lower classification, preventing data leakage.






Real-World Examples


	SELinux: Security-Enhanced Linux implements MAC by labeling all system objects and enforcing policies defined by administrators. For example, a process running with the system_u:system_r:sshd_t:s0 context cannot access files labeled for user_u unless explicitly allowed.

	Windows Mandatory Integrity Control (MIC): Introduced in Windows Vista and later, MIC assigns integrity levels (Low, Medium, High, System) to processes and objects, controlling access based on these labels.

	Military Networks: Classified networks (e.g., SIPRNet, NIPRNet) use MAC to strictly separate data at different classification levels, ensuring that lower-cleared users cannot access or leak higher-classified information.





Step-by-Step: Implementing MAC with SELinux


	Enable SELinux: Ensure SELinux is installed and enabled (getenforce returns Enforcing).

	Label Objects: Use ls -Z to view SELinux labels on files. Change labels with chcon or semanage fcontext.

	Assign Policies: Define rules in SELinux policy modules, specifying which domains (process types) can access which types of objects.

	Test Access: Attempt to access resources as different users/processes; SELinux will enforce the policy, denying unauthorized attempts.

	Audit and Troubleshoot: Use audit2why and audit2allow to diagnose and resolve policy denials.






	Command/Tool
	Purpose





	getenforce
	Check SELinux enforcement status



	ls -Z
	List SELinux labels



	chcon
	Change file security context



	semanage fcontext
	Manage persistent file contexts



	audit2why/audit2allow
	Analyze and resolve denials







Edge Cases and Considerations


	Policy Complexity: MAC policies can be intricate, leading to inadvertent denials if not carefully managed.

	Application Compatibility: Legacy or poorly designed applications may fail under strict MAC enforcement.

	Granularity: While MAC offers fine-grained control, excessive granularity can make management challenging.









Standards and Figures


	TCSEC/Orange Book: Defines MAC requirements for trusted systems.

	Common Criteria (ISO/IEC 15408): International standard referencing MAC controls.

	Bell-LaPadula Model: “Simple Security Property” (no read up) and “*-Property” (no write down).

	Biba Model: Focuses on integrity, “no read down, no write up.”





Summary









2.4 Role-Based and Attribute-Based Access Control (RBAC & ABAC)



Role-Based Access Control (RBAC)













Attribute-Based Access Control (ABAC)














RBAC vs. ABAC: Key Differences









	Feature
	RBAC
	ABAC





	Basis
	User roles
	Attributes (user, resource, action, env.)



	Granularity
	Coarse (role-level)
	Fine-grained (attribute-level)



	Policy Flexibility
	Moderate
	High



	Scalability
	High (for static orgs)
	Very high (dynamic, large-scale environments)



	Example Standard
	ANSI INCITS 359-2004
	XACML







Step-by-Step: Implementing RBAC or ABAC


	Assess Requirements: Analyze organizational structure and access needs.

	Choose Model: Select RBAC for stable, role-centric environments; ABAC for dynamic, attribute-rich scenarios.

	Define Roles/Attributes: Identify roles (RBAC) or relevant attributes (ABAC).

	Develop Policies: Write clear, auditable policies.

	Implement and Test: Use IAM tools, XACML engines, or cloud-native services.

	Review Regularly: Audit assignments and policy effectiveness.
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