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1. Introduction to Privileged Access Management (PAM)
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CHAPTER 01 / INFORMATION SECURITY




1.1 Definition and Scope of PAM

Privileged Access Management (PAM) is a specialized subset of identity and access management (IAM) focused on controlling, monitoring, and securing accounts and processes that have elevated permissions within an organization’s IT environment. These privileged accounts—such as domain administrators, root users, service accounts, and application accounts—possess the ability to make critical changes, access sensitive data, and manage system configurations. As such, they are prime targets for both external attackers and malicious insiders.


Definition of PAM

PAM encompasses the technologies, policies, and processes used to:


	Identify privileged accounts and assets across IT infrastructure (on-premises, cloud, hybrid).

	Authenticate and authorize users requesting privileged access.

	Control how, when, and for what purpose privileged access is granted.

	Monitor and record privileged sessions and activities for audit and compliance.

	Manage and rotate credentials to reduce the risk of compromise.

	Respond to suspicious or unauthorized privileged activities.





Why PAM Matters

Privileged accounts are often referred to as the “keys to the kingdom” due to the broad and deep access they provide. A single compromised privileged credential can lead to:


	Lateral movement by attackers.

	Data breaches and regulatory violations.

	Unintentional or malicious system changes.

	Disruption of critical business operations.



According to the Verizon Data Breach Investigations Report (DBIR), misuse of privileged credentials is a leading cause of data breaches. Effective PAM reduces the attack surface, enforces accountability, and is required for compliance with standards such as PCI DSS, SOX, HIPAA, and GDPR.


📝 Exam Tip: Be able to distinguish between standard IAM and PAM—PAM focuses specifically on high-risk, high-impact accounts and their unique security requirements.





The Scope of PAM

PAM is not limited to a single technology or process. Its scope includes:


	Account Discovery: Automated tools (e.g., CyberArk Discovery & Audit, BeyondTrust Discovery) scan networks to inventory all privileged accounts, including local admin, domain admin, service, and application accounts.

	Credential Management: Secure vaulting, automated password rotation, and enforcement of password complexity using solutions like HashiCorp Vault, Thycotic Secret Server, or Azure Key Vault.

	Session Management: Brokered access to critical systems, session recording, real-time monitoring, and command filtering (e.g., using CyberArk Privileged Session Manager or BeyondTrust Privileged Remote Access).

	Access Control: Enforcement of least privilege, just-in-time (JIT) elevation, and approval workflows.

	Audit and Compliance: Detailed logging, reporting, and integration with SIEM (Security Information and Event Management) tools for forensic analysis.











	PAM Function
	Example Tools/Technologies
	Key Activities





	Account Discovery
	CyberArk DNA, BeyondTrust Discovery
	Scanning, inventory, classification



	Credential Management
	HashiCorp Vault, Thycotic, Azure KV
	Vaulting, rotation, complexity enforcement



	Session Management
	CyberArk PSM, BeyondTrust PRA
	Session brokering, monitoring, recording



	Access Control
	Centrify, Microsoft PIM
	Least privilege, JIT, approval workflows



	Audit & Compliance
	SIEM (Splunk, QRadar), built-in logs
	Logging, alerting, compliance reporting







Real-World Example

Imagine a large retailer with hundreds of Windows and Linux servers. Without PAM, dozens of IT staff may know the local administrator password, which rarely changes. If one staff member leaves, that credential could be abused. With PAM, all admin passwords are vaulted, rotated automatically, and access is brokered through a session manager—ensuring accountability and reducing risk.



Implementing PAM: Step-by-Step Overview


	Discover all privileged accounts using automated discovery tools.

	Onboard accounts into a secure vault.

	Enforce strong authentication (e.g., MFA) for privileged access.

	Broker access through session management tools.

	Monitor and record all privileged sessions.

	Rotate credentials on a scheduled or event-driven basis.

	Audit and review privileged activities regularly.





Common Edge Cases


	Service and Application Accounts: These often use embedded credentials and require special handling to avoid service disruption during password rotation.

	Legacy Systems: May lack support for modern PAM integrations and require custom connectors.

	Third-Party Vendors: Granting temporary privileged access must be tightly controlled and monitored.




⚠️ Common Pitfall: Failing to discover and manage all privileged accounts—including hard-coded or orphaned accounts—leaves critical gaps in security coverage.



By understanding the definition and scope of PAM, you lay the foundation for mastering advanced privileged access controls and meeting both security and compliance requirements.




1.2 The Critical Role of PAM in Cybersecurity

Privileged Access Management (PAM) is a cornerstone of modern cybersecurity, addressing one of the most significant attack vectors: the misuse, compromise, or abuse of privileged accounts. Privileged accounts—such as local and domain administrators, root accounts, and service accounts—hold the keys to your most sensitive systems and data. If compromised, these accounts can enable attackers to bypass security controls, exfiltrate data, disrupt operations, or deploy malware at scale.


Why PAM Is Essential

Attackers Target Privilege:

Cyber adversaries, from cybercriminals to nation-state actors, consistently seek privileged credentials. High-profile breaches (e.g., the 2020 SolarWinds attack, Target 2013 breach) often hinge on the compromise of privileged accounts. With such access, attackers can:


	Escalate privileges and move laterally across networks

	Disable security tools and logging

	Access or modify sensitive data

	Deploy ransomware or destructive payloads



Regulatory and Compliance Requirements:

Frameworks like PCI DSS, SOX, HIPAA, and GDPR mandate strict controls over privileged access. Failure to implement robust PAM can result in hefty fines, reputational damage, and legal consequences.

Insider Threats:

Not all threats come from outside. Disgruntled employees or contractors can abuse privileged access for sabotage, fraud, or data theft. PAM enforces accountability and oversight, drastically reducing insider risk.



How PAM Strengthens Cybersecurity

PAM solutions enforce the principle of least privilege, granting users only the access they need, only when they need it. Key cybersecurity benefits include:


	Access Control: Restricts privileged operations to authorized users, devices, and sessions.

	Credential Security: Vaults and rotates passwords, reducing the risk of credential theft.

	Session Monitoring: Records and audits privileged activity for forensic analysis and compliance.

	Just-in-Time Access: Provides temporary elevation of privileges, eliminating standing privileged accounts.

	Automated Workflows: Integrates with ITSM and SIEM for streamlined approvals, alerts, and incident response.




💡 Pro Tip: PAM is most effective when combined with multi-factor authentication (MFA), network segmentation, and continuous monitoring for anomalous privileged behavior.





Real-World Example: PAM in Action

Scenario:

A financial services company faces a ransomware attack. The attacker gains access to an employee’s workstation and attempts to use cached administrator credentials to spread laterally.

With PAM in Place: - Administrator credentials are vaulted and never exposed to end-users. - Just-in-time access means no permanent admin accounts exist on endpoints. - All privileged sessions are monitored and can be terminated in real-time. - Anomalous access attempts trigger alerts and automated incident response.

Outcome:

The attacker is unable to escalate privileges or move laterally, and the incident is contained with minimal impact.



Implementing PAM: Step-by-Step Guidance


	Inventory Privileged Accounts: Identify all privileged accounts across on-premises, cloud, and hybrid environments.

	Deploy a PAM Solution: Choose a platform such as CyberArk, BeyondTrust, or Microsoft’s Azure AD Privileged Identity Management (PIM).

	Vault Credentials: Store all privileged credentials in a secure, encrypted vault.

	Enforce Least Privilege: Assign access based on roles and real-time needs, not static permissions.

	Enable Session Management: Monitor, record, and control all privileged sessions.

	Integrate with Security Stack: Connect PAM to SIEM (e.g., Splunk, QRadar), MFA, and ITSM tools for holistic security.











	PAM Capability
	Example Tool/Feature
	Exam-Relevant Standard





	Password Vaulting
	CyberArk Vault, HashiCorp Vault
	PCI DSS 8.2.1, NIST 800-53 AC-2



	Just-in-Time Access
	Azure AD PIM, BeyondTrust PRA
	NIST 800-53 AC-6



	Session Recording
	Delinea Session Monitoring
	SOX, HIPAA, GDPR






⚠️ Common Pitfall: Overlooking non-human privileged accounts (e.g., service, application, and API accounts) can leave critical security gaps. Ensure your PAM program covers all forms of privilege.





Edge Cases and Considerations


	Legacy Systems: Some older platforms may not support modern PAM integrations; custom connectors or manual controls may be needed.

	Third-Party Access: Vendors and contractors often require privileged access. Use PAM to broker, monitor, and limit this access.

	Cloud and Hybrid Environments: Privileged access in SaaS, IaaS, and hybrid deployments requires cloud-native PAM features (e.g., AWS Secrets Manager, GCP IAM).



In summary, PAM is not just a technical control—it is a strategic imperative for organizations seeking to defend against today’s most damaging cyber threats.




1.3 Evolution of PAM: From Password Vaults to Zero Trust

Privileged Access Management (PAM) has undergone a significant transformation over the past two decades, evolving from basic password vaults to sophisticated, context-aware, zero trust frameworks. Understanding this evolution is critical for professionals aiming to architect secure, future-proof PAM solutions and to anticipate both current and emerging threats.


The Early Days: Password Vaults

The initial wave of PAM solutions focused almost exclusively on secure password storage. Organizations recognized that privileged account credentials—such as those for domain administrators, root accounts, and network device superusers—were often weak, shared, or poorly managed. Early PAM tools, like CyberArk’s Enterprise Password Vault (1999) and BeyondTrust’s PowerBroker, provided:


	Encrypted repositories (“vaults”) for sensitive credentials

	Controlled access to passwords through a web interface or client

	Audit trails for password retrieval and usage



These tools were often deployed on-premises and required manual onboarding of privileged accounts. Their primary goal was to reduce the risk of credential theft and limit unauthorized access.



Expansion: Automated Credential Management

As threat actors grew more sophisticated, manual password management proved insufficient. The next generation of PAM introduced automation and policy enforcement:


	Automated password rotation: Credentials were changed on a regular schedule or after each use, reducing the window of opportunity for attackers.

	Check-in/check-out workflows: Users “checked out” credentials for a limited time, after which they expired or rotated.

	Integration with directories (e.g., Active Directory, LDAP) to automatically discover and onboard privileged accounts.



Vendors such as Thycotic (now Delinea), One Identity, and Centrify (now Delinea) led this wave, offering robust APIs and connectors for broader environment coverage.



Session Management and Monitoring

To address the risk of credential misuse even by authorized users, PAM platforms began to incorporate session management capabilities:


	Session brokering: Users connect to target systems through the PAM platform, which injects credentials without ever revealing them to the user.

	Session recording: All privileged activity is captured (video, keystrokes, commands), providing a tamper-proof audit trail.

	Real-time monitoring and alerting: Suspicious commands or behaviors can trigger alerts or session termination.



This shift enabled organizations to meet stringent compliance requirements (e.g., PCI DSS, SOX) and to detect insider threats more effectively.



Modern Era: Just-in-Time Access and Zero Standing Privileges

The rise of cloud, DevOps, and remote work introduced new privileged access risks. Static credentials and always-on privileges became liabilities. Modern PAM solutions now emphasize:


	Just-in-Time (JIT) access: Privileges are granted only when needed and for the minimum necessary duration.

	Zero Standing Privileges (ZSP): No user or account retains perpetual admin rights; privileges are elevated dynamically based on context and policy.

	Secrets management: Integration with DevOps tools (e.g., HashiCorp Vault, Azure Key Vault) to manage API keys, certificates, and tokens in code pipelines.





The Zero Trust Paradigm

Zero Trust security, popularized by NIST SP 800-207 and the Jericho Forum, has redefined PAM. The core principle: “Never trust, always verify.” In a Zero Trust PAM model:


	Continuous authentication and authorization: Every privileged action is evaluated based on user identity, device health, network context, and risk signals.

	Microsegmentation: Access is tightly scoped to specific resources and tasks.

	Adaptive controls: Machine learning may adjust access policies in real time based on behavioral analytics.




📝 Exam Tip: Know the key milestones in PAM evolution—password vaulting, automated rotation, session management, JIT/ZSP, and Zero Trust—and the drivers behind each shift.





Real-World Example

A financial services firm migrates from on-premises password vaulting to a cloud-based PAM platform (e.g., CyberArk Privilege Cloud). They implement JIT access for DevOps engineers, integrate with Azure AD for SSO, and enforce session recording for all admin logins. This approach not only meets regulatory requirements but also mitigates risks from both external attackers and insider threats.



Step-by-Step: Modernizing PAM


	Assess current privileged accounts and access patterns.

	Implement a password vault for legacy systems.

	Automate credential rotation and enforce strong password policies.

	Enable session brokering and recording for critical systems.

	Adopt JIT/ZSP by integrating with identity providers and automating privilege elevation workflows.

	Apply Zero Trust principles: enforce least privilege, continuous authentication, and adaptive controls.




⚠️ Common Pitfall: Many organizations stop at password vaulting and neglect session monitoring or JIT access, leaving gaps for lateral movement and privilege escalation attacks.





Tools and Standards


	Vendors: CyberArk, Delinea, BeyondTrust, One Identity, HashiCorp Vault, AWS Secrets Manager, Azure Key Vault

	Standards: NIST SP 800-207 (Zero Trust), PCI DSS, ISO/IEC 27001



Understanding the evolution of PAM equips professionals to select, implement, and continuously improve controls that address both legacy and emerging privileged access risks.




1.4 Key Concepts and Terminology in PAM

A deep understanding of Privileged Access Management (PAM) requires fluency in its core concepts and terminology. These terms define the boundaries, processes, and technologies that underpin effective PAM solutions. Mastery of this vocabulary is essential for interpreting policies, architecting solutions, and passing professional PAM certifications.


Core Concepts


	Privileged Account: Any account with elevated permissions beyond those of standard users. This includes local and domain administrators, root accounts, service accounts, and application accounts. Privileged accounts can make system-wide changes, access sensitive data, and bypass security controls.

	Credential Vaulting: The secure storage of privileged credentials (passwords, SSH keys, API tokens) in an encrypted repository, often called a “vault.” Access to the vault is strictly controlled and audited.

	Session Management: The process of brokering, monitoring, and controlling privileged sessions. This includes session initiation, real-time monitoring, session recording, and, in some cases, live termination.

	Just-in-Time (JIT) Access: Granting privileged access only when needed, for a limited time, and revoking it immediately after use. This reduces the window of opportunity for misuse or compromise.

	Least Privilege: The principle that users and systems should be granted the minimum level of access—or permissions—necessary to perform their tasks.

	Zero Standing Privileges (ZSP): A security posture where no users or accounts retain continuous privileged access. Privileges are assigned dynamically, typically via JIT mechanisms.

	Secrets Management: The process of securely storing, accessing, and managing credentials, API keys, certificates, and other sensitive information used by applications and automation tools.





Key Terminology









	Term
	Definition
	Example/Context





	PAM Solution
	Software or service that manages privileged access, credentials, and sessions.
	CyberArk, BeyondTrust, HashiCorp Vault, Microsoft PIM



	Password Rotation
	Automated process of regularly changing privileged credentials to reduce risk of compromise.
	Rotating local admin passwords every 24 hours



	Check-in/Check-out
	Workflow where users “check out” a credential for temporary use and “check in” upon completion.
	Checking out a domain admin password for maintenance



	Audit Trail
	Tamper-evident log of all privileged access, credential use, and session activity.
	Reviewing who accessed root credentials and when



	Command Filtering
	Restricting or blocking specific commands during privileged sessions.
	Preventing ‘rm -rf /’ on Linux servers



	Privileged Elevation
	Temporarily raising a user’s access rights for specific tasks.
	Using sudo or PAM elevation workflow



	Segregation of Duties
	Dividing responsibilities to prevent conflict of interest or fraud.
	Separate admins for database and network systems



	Break-Glass Account
	Emergency account with unrestricted access, used only in critical situations.
	Offline domain admin account for disaster recovery



	Orphaned Account
	Privileged account with no active owner or business justification.
	Old admin account left after employee departure







Why These Concepts Matter

Privileged accounts are a primary target for attackers because they provide broad access and control. Mismanagement, weak credentials, or lack of oversight can lead to catastrophic breaches. By applying these concepts, organizations can:


	Minimize the attack surface

	Ensure accountability and traceability

	Reduce risk of credential theft and privilege misuse

	Meet compliance requirements (e.g., PCI DSS, SOX, GDPR)




⚠️ Common Pitfall: Failing to identify non-human privileged accounts (like service or application accounts) leads to unmanaged credentials and hidden risks.





Real-World Examples


	Credential Vaulting: An enterprise uses CyberArk to store all domain admin passwords. Access is granted only through the vault, with every access logged and reviewed.

	Session Management: A financial institution configures BeyondTrust to record all SSH sessions to production servers, enabling forensic analysis and compliance reporting.

	Just-in-Time Access: Microsoft Azure AD Privileged Identity Management (PIM) is used to grant temporary admin rights to IT staff only during maintenance windows.





Step-by-Step: Typical PAM Workflow


	Discovery: Identify all privileged accounts (human and non-human).

	Vaulting: Move credentials to a secure vault.

	Access Control: Define who can access which credentials, under what circumstances.

	Session Initiation: Users request access; PAM brokers the session.

	Monitoring: PAM records and, if needed, live-monitors activity.

	Deprovisioning: Access is revoked, credentials rotated, and logs archived.





Tools, Technologies, and Standards


	PAM Platforms: CyberArk, BeyondTrust, Delinea, HashiCorp Vault, One Identity Safeguard, Microsoft PIM

	Standards: NIST SP 800-53 (AC-6 Least Privilege), ISO/IEC 27001 Annex A.9 (Access Control)

	Protocols: RDP, SSH, HTTPS for session brokering and recording




📝 Exam Tip: Be prepared to distinguish between privileged, standard, and orphaned accounts, and to select the correct PAM feature (vaulting, session management, JIT access) for a given scenario.










2. Core Principles of PAM
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2.1 Least Privilege and Just-in-Time Access

Least Privilege and Just-in-Time (JIT) Access are foundational principles of Privileged Access Management (PAM), directly impacting an organization’s security posture, operational efficiency, and regulatory compliance.


Concept Overview


	Least Privilege: This principle dictates that users, applications, and systems should be granted the minimum level of access—or permissions—necessary to perform their required tasks, and nothing more. It reduces the attack surface by limiting the potential damage from compromised accounts or insider threats.

	Just-in-Time Access: JIT access takes least privilege a step further by provisioning privileged access only when needed and for the shortest duration possible. Instead of standing privileges, access is dynamically granted in response to a specific, approved request and automatically revoked after use.





Why It Matters


	Risk Reduction: Minimizing privileges and limiting their duration drastically reduces opportunities for lateral movement, privilege escalation, and data exfiltration during an attack.

	Compliance: Frameworks like PCI DSS, SOX, HIPAA, and NIST explicitly require least privilege and time-bound access controls for privileged accounts.

	Operational Control: Reduces inadvertent changes or misuse of critical systems by limiting who can do what, and when.




📝 Exam Tip: Be prepared to distinguish between “least privilege” (scope of access) and “just-in-time” (duration of access) in scenario-based questions.





How It Works


Implementing Least Privilege


	Role Definition: Identify and catalog all roles requiring privileged access (e.g., sysadmins, DBAs, application owners).

	Access Mapping: Map out which permissions are absolutely necessary for each role. Remove default or inherited permissions not explicitly required.

	Policy Enforcement: Use PAM solutions to enforce least privilege via Role-Based Access Control (RBAC), Attribute-Based Access Control (ABAC), or policy engines.

	Continuous Review: Regularly audit and adjust permissions as roles or business needs change.





Implementing Just-in-Time Access


	Request Workflow: Users submit requests for privileged access specifying the resource, timeframe, and reason.

	Approval Process: Requests are routed for approval based on policy (e.g., manager or automated risk-based approval).

	Dynamic Provisioning: PAM tools (e.g., CyberArk, BeyondTrust, Microsoft Privileged Identity Management) grant temporary access, often via ephemeral credentials, time-limited group membership, or session-based elevation.

	Automatic Revocation: Once the approved window closes, access is revoked automatically, and credentials are rotated or destroyed if necessary.

	Monitoring & Logging: All JIT access is logged and monitored for anomalous activity.





Real-World Example

Scenario: An IT administrator needs to patch a production server.


	Least Privilege: The admin’s default account has no standing privileged access to production systems.

	JIT Access: The admin requests access through the PAM portal, specifying the target server and maintenance window. Upon approval, PAM grants temporary membership to a privileged Active Directory group or issues a time-bound credential. After the patching, access is automatically revoked.





Tools, Technologies, and Standards


	PAM Platforms: CyberArk, BeyondTrust, One Identity, Delinea, Microsoft PIM (Azure AD), HashiCorp Vault.

	Directory Services: Active Directory (AD), LDAP, Azure AD.

	Automation: APIs and connectors for dynamic provisioning and revocation.

	Standards: NIST SP 800-53 (AC-6: Least Privilege), ISO/IEC 27001, CIS Controls.





Step-by-Step: Enabling JIT Access in Azure AD Privileged Identity Management (PIM)


	Enable Azure AD PIM for your tenant.

	Assign eligible roles: Users are made eligible (not permanent) for privileged roles.

	User requests activation: The user initiates a request to activate the role, providing justification.

	Approval workflow: If configured, an approver reviews and approves the request.

	Role activation: Upon approval, the user receives privileged access for a defined period (e.g., 1 hour).

	Automatic expiration: After the window, privileges are revoked.





Edge Cases & Considerations


	Service Accounts: These often require continuous access. Use managed identities or secrets rotation with least privilege scopes.

	Break-Glass/Emergency Access: Maintain tightly controlled, auditable emergency access workflows.

	Automation and APIs: Machine accounts and scripts must also adhere to least privilege and, where possible, JIT principles.




⚠️ Common Pitfall: Granting broad or permanent privileges “just in case” undermines both least privilege and JIT, increasing risk and audit exposure.









2.2 Segregation of Duties and Access Control

Segregation of Duties (SoD) and Access Control are foundational principles within Privileged Access Management (PAM) that significantly reduce the risk of fraud, error, and unauthorized activities by distributing critical tasks and strictly regulating access. Mastery of these principles is essential for implementing effective PAM controls and passing any advanced PAM certification.


Concept Overview


	Segregation of Duties (SoD): The practice of dividing critical responsibilities among multiple individuals or systems to prevent the concentration of power and minimize the risk of misuse or fraud. No single user should have the capability to both initiate and approve sensitive actions.

	Access Control: The mechanisms and processes that ensure only authorized individuals can access specific systems, data, or functions. In PAM, this means tightly governing who can access privileged accounts and what actions they can perform.





Why SoD and Access Control Matter


	Risk Mitigation: SoD prevents malicious insiders or compromised accounts from executing high-impact attacks (e.g., transferring funds and approving the transfer).

	Compliance: Regulations like SOX, PCI DSS, and GDPR mandate SoD and robust access controls.

	Operational Integrity: Limits the risk of accidental or intentional errors that could disrupt business operations.




📝 Exam Tip: Be able to identify scenarios where SoD violations could lead to security breaches or compliance failures.





How Segregation of Duties Works in PAM


	Task Identification: Break down critical business processes (e.g., user provisioning, financial transactions) into discrete tasks.

	Role Definition: Assign tasks to distinct roles so that no single role can complete an entire sensitive process end-to-end.

	Access Assignment: Use Role-Based Access Control (RBAC) or Attribute-Based Access Control (ABAC) to ensure users are only granted permissions necessary for their role.

	Enforcement: PAM tools enforce SoD by restricting access, requiring multi-party approvals, and monitoring privileged activities.

	Continuous Review: Regularly audit roles and access rights to detect and remediate SoD conflicts.





Real-World Examples


	Financial Systems: In a payment system, one user initiates a payment, and a different user must authorize it. PAM enforces this separation by requiring two distinct privileged accounts and logging all actions.

	IT Administration: One administrator can create user accounts, but a different administrator must approve privileged access requests. PAM solutions like CyberArk or BeyondTrust can automate these workflows.

	DevOps Pipelines: Code deployment to production requires approval from a team lead, separate from the developer who wrote the code. Access to deployment credentials is managed via a PAM vault with approval workflows.





Step-by-Step: Implementing SoD and Access Control in PAM


	Map Critical Processes:

	Identify all tasks involving privileged access (e.g., password resets, server reboots).




	Define Roles and Responsibilities:

	Use the principle of least privilege to create roles that align with business needs.




	Configure Access Controls:

	In your PAM solution (e.g., CyberArk, Thycotic, BeyondTrust), create RBAC policies.

	Example: In CyberArk, use Safe permissions and access groups to control who can retrieve, use, or manage credentials.




	Set Up Approval Workflows:

	Require dual authorization for sensitive actions (e.g., password checkout, session initiation).

	Configure multi-level approvals in the PAM tool.




	Monitor and Audit:

	Enable session monitoring and alerting for SoD violations.

	Schedule regular access reviews and recertification.








Tools, Technologies, and Standards


	PAM Platforms: CyberArk, BeyondTrust, Delinea, One Identity, HashiCorp Vault

	Directory Services: Microsoft Active Directory, LDAP

	Access Control Models: RBAC, ABAC

	Standards: ISO/IEC 27001, NIST SP 800-53 (AC-5: Separation of Duties), PCI DSS (Requirement 7)






	Task
	Role A
	Role B





	Create privileged account
	✅
	



	Approve account creation
	
	✅



	Initiate payment
	✅
	



	Approve payment
	
	✅






💡 Pro Tip: Use automated SoD analysis tools (e.g., SailPoint, Saviynt) to detect and remediate SoD conflicts across complex environments.





Edge Cases and Common Pitfalls


	Small Teams: In organizations with limited staff, strict SoD can be challenging. Use compensating controls like increased monitoring or external audits.

	Service Accounts: Automated accounts can bypass SoD if not properly managed. Always vault and restrict their use.

	Orphaned Privileges: When users change roles, ensure old privileges are promptly revoked to prevent SoD violations.




⚠️ Common Pitfall: Granting “temporary” broad access for emergencies and forgetting to revoke it, leading to persistent SoD violations.








2.3 Defense-in-Depth and Zero Standing Privileges


Concept Overview

Defense-in-Depth (DiD) and Zero Standing Privileges (ZSP) are foundational principles in advanced Privileged Access Management (PAM) strategies. Defense-in-Depth is a layered approach to security, where multiple controls are deployed across technology, processes, and people to mitigate the risk of a single point of failure. Zero Standing Privileges, meanwhile, is a modern paradigm that eliminates persistent privileged access, ensuring users and systems have no ongoing, always-on admin rights. Instead, privileged access is granted only when needed, for the minimum required duration, and is revoked immediately after use.



Why It Matters

Privileged accounts are prime targets for attackers. Traditional models, where admin accounts have continuous elevated rights, create a wide attack surface: if credentials are compromised, adversaries can move laterally and escalate attacks with little resistance. Defense-in-Depth reduces risk by layering controls—if one is bypassed, others remain to protect the asset. ZSP minimizes the window of opportunity for attackers, making it far harder to exploit privileged credentials.



How It Works


Defense-in-Depth in PAM

Defense-in-Depth in PAM involves deploying multiple, overlapping security controls at various layers:


	Physical Layer: Secure data centers and server rooms.

	Network Layer: Firewalls, segmentation, and VPNs.

	System Layer: Hardened OS configurations, endpoint protection.

	Application Layer: PAM solutions, MFA, session monitoring.

	Data Layer: Encryption, secure storage of credentials.

	User Layer: Training, awareness, and robust access policies.



Each layer is designed to compensate for potential weaknesses in others. For instance, if an attacker bypasses network controls, PAM solutions with session monitoring and real-time alerts can still detect and block suspicious activity.



Zero Standing Privileges in Practice

ZSP shifts away from permanent admin accounts. Instead, privileged access is:


	Requested: A user or process requests access to a privileged resource.

	Justified and Approved: The request is reviewed, often requiring a business justification and, in some cases, multi-party approval.

	Provisioned Just-in-Time (JIT): Access is granted dynamically, often using ephemeral credentials or privilege elevation tools.

	Monitored and Recorded: All privileged sessions are logged for audit and forensic purposes.

	Revoked Automatically: Access is removed immediately after the task is complete or after a preset time expires.




💡 Pro Tip: Implementing ZSP often requires integrating PAM with automation and ITSM workflows (e.g., ServiceNow, Jira) to streamline and document access requests and approvals.






Real-World Example

Scenario: An IT administrator needs to perform maintenance on a production database.


	Traditional Model: The admin has a permanent account with DBA privileges.

	ZSP Model: The admin requests access via the PAM system (e.g., CyberArk, BeyondTrust, or Azure Privileged Identity Management). After approval, the system grants temporary access, logs all activity, and revokes privileges as soon as the maintenance is done.



This approach ensures that if the admin’s credentials are compromised outside the maintenance window, they cannot be used to access the database.



Step-by-Step Guidance for Implementing DiD and ZSP


	Inventory Privileged Accounts: Identify all accounts with elevated rights.

	Remove Persistent Privileges: Convert permanent admin accounts to standard accounts where possible.

	Deploy JIT Access Tools:

	Use solutions like Microsoft Azure PIM, CyberArk’s On-Demand Privileges, or BeyondTrust’s Privileged Remote Access.




	Configure Access Workflows:

	Integrate with ticketing/approval systems.

	Define approval policies and time-bound access.




	Layer Security Controls:

	Enable MFA for all privileged actions.

	Use network segmentation and jump servers/bastions.

	Monitor and record all privileged sessions.




	Automate Revocation:

	Ensure privileges are automatically revoked after use.

	Regularly review logs for anomalies.







Tools and Technologies




	Layer
	Example Tools/Technologies





	PAM Platform
	CyberArk, BeyondTrust, Delinea, Azure PIM



	Session Mgmt
	Session recording, keystroke logging



	MFA
	Duo, Okta, Microsoft Authenticator



	Automation
	ServiceNow, Jira, custom scripts



	Network Seg.
	Cisco ACI, Palo Alto NGFW, AWS Security Groups






⚠️ Common Pitfall: Simply disabling admin accounts or rotating passwords is not sufficient for ZSP. True ZSP requires eliminating standing privileges and using automation to provision and revoke access dynamically.






Edge Cases and Considerations


	Break-Glass/Emergency Access: Ensure emergency workflows are in place for critical outages, but tightly monitor and audit all such access.

	Service Accounts: These often require persistent privileges. Use managed identities or automated credential rotation, and minimize their scope.

	Legacy Systems: Some may not support JIT or ZSP models. Compensating controls (e.g., network isolation, enhanced monitoring) are critical.








2.4 PAM in the Context of Identity and Access Management (IAM)

Privileged Access Management (PAM) and Identity and Access Management (IAM) are both critical components of an organization’s cybersecurity framework, but they serve distinct, complementary purposes. Understanding how PAM fits within the broader IAM ecosystem is essential for designing robust security architectures, passing certification exams, and implementing effective controls in real-world environments.


Concept Overview

IAM is the overarching discipline that governs digital identities and their access to resources within an organization. It encompasses user provisioning, authentication, authorization, Single Sign-On (SSO), Multi-Factor Authentication (MFA), and lifecycle management for all users—employees, contractors, partners, and sometimes customers.

PAM, on the other hand, is a specialized subset of IAM focused on securing, controlling, and monitoring access to privileged accounts—those with elevated permissions that can make critical changes to systems, networks, and applications. PAM addresses the unique risks posed by these accounts, which are prime targets for attackers due to their broad and deep access.



Why the Distinction Matters


	Risk Profile: Privileged accounts can override security controls, access sensitive data, and disrupt business operations. Their compromise often leads to severe breaches.

	Regulatory Compliance: Standards such as PCI DSS, SOX, and GDPR require organizations to enforce strict controls over privileged access, making PAM a compliance imperative.

	Operational Complexity: Privileged access is dynamic and often crosses system, network, and even cloud boundaries, necessitating specialized tools and processes.




💡 Pro Tip: When designing access controls, always treat privileged access as a higher risk tier requiring stricter controls than general user access.





How PAM and IAM Interact

PAM and IAM are not siloed; they are interdependent. Here’s how they typically integrate:


	Identity Source: PAM solutions often rely on IAM systems (e.g., Microsoft Active Directory, Azure AD, Okta) as the authoritative source for user identities and group memberships.

	Authentication: PAM platforms may delegate authentication to IAM systems, leveraging existing SSO and MFA policies.

	Provisioning/Deprovisioning: IAM handles the lifecycle of user identities, while PAM manages the assignment and revocation of privileged roles and entitlements.

	Audit and Compliance: Both systems feed logs and events to Security Information and Event Management (SIEM) platforms for unified monitoring and reporting.





Real-World Examples


	Scenario 1: An organization uses Okta for IAM, managing all user accounts and SSO. CyberArk serves as the PAM platform, vaulting credentials for domain admin accounts and brokering access. When a user is offboarded in Okta, automated workflows also trigger the revocation of any privileged access in CyberArk.

	Scenario 2: In AWS, IAM roles define baseline access, while AWS Secrets Manager (a PAM-like service) manages root and service account credentials, ensuring only authorized users with additional approval can access them.





Step-by-Step: Integrating PAM with IAM


	Establish Identity Federation: Configure PAM to use your IAM directory (e.g., LDAP, AD, Azure AD) as the identity provider.

	Enable SSO & MFA: Integrate PAM authentication with the organization’s SSO and MFA policies for consistent, strong authentication.

	Automate Provisioning: Use IAM workflows to trigger privileged access requests, approvals, and revocations in PAM.

	Centralize Logging: Forward PAM and IAM events to a SIEM for correlated monitoring and audit trails.

	Periodic Review: Use IAM’s access review capabilities to periodically validate privileged roles managed by PAM.






	IAM Function
	PAM Integration Example





	Authentication
	SSO/MFA for PAM portal logins



	User Provisioning
	Auto-onboarding to PAM upon hire



	Access Reviews
	Recertification of privileged entitlements



	Deprovisioning
	Auto-revoke PAM access on user termination







Tools, Standards, and Technologies


	IAM Platforms: Microsoft Active Directory, Azure AD, Okta, Ping Identity, AWS IAM

	PAM Solutions: CyberArk, BeyondTrust, Delinea (Thycotic), One Identity, AWS Secrets Manager, Azure Key Vault

	Standards: NIST SP 800-53 (AC-2, AC-5), ISO/IEC 27001 (A.9), CIS Controls (6, 16)

	Protocols: SAML, OAuth2, LDAP, SCIM (for automated provisioning)





Common Edge Cases


	Service Accounts: These non-human accounts often fall between IAM and PAM. Best practice is to onboard them into PAM for credential management, while tracking ownership in IAM.

	Cloud/Hybrid Environments: Privileged access may span on-premises and cloud systems. Ensure PAM tools support hybrid architectures and federated identities.

	Orphaned Privileges: If IAM offboarding is incomplete, privileged access may persist in PAM. Automated workflows and periodic audits are essential.




⚠️ Common Pitfall: Relying solely on IAM for privileged access control can leave critical gaps. Always use dedicated PAM solutions for high-risk accounts.










3. The PAM Lifecycle
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3.1 Discovery and Onboarding of Privileged Accounts

Discovery and onboarding of privileged accounts is the foundational phase in the Privileged Access Management (PAM) lifecycle. Without a comprehensive inventory of privileged accounts, organizations cannot secure, monitor, or manage the very credentials that present the highest risk if compromised. This subsection will equip you with the technical depth required to expertly discover, assess, and onboard privileged accounts into a PAM system, a critical step for both operational security and regulatory compliance.


What is Discovery and Onboarding?


	Discovery is the systematic process of identifying all accounts with elevated privileges across your IT environment—servers, network devices, applications, databases, cloud platforms, and endpoints.

	Onboarding refers to importing these discovered accounts into a PAM solution, applying controls such as password rotation, access workflows, and monitoring.





Why It Matters


	Attack Surface Reduction: Unmanaged privileged accounts are prime targets for attackers. Discovery eliminates blind spots.

	Regulatory Compliance: Frameworks like PCI DSS, SOX, and GDPR mandate control and visibility over privileged credentials.

	Operational Integrity: Ensures only authorized, tracked accounts exist, reducing risk from orphaned or shadow accounts.




📝 Exam Tip: Be prepared to distinguish between privileged account discovery and regular user account audits. Focus on accounts with administrative, root, or system-level access.





How Discovery Works: Tools and Techniques

Modern environments are heterogeneous, requiring a mix of automated and manual methods. Key approaches include:


	Network Scanning: Tools scan IP ranges for systems and query for local/admin accounts.

	Directory Service Enumeration: Querying Active Directory (AD), LDAP, or cloud directories for users in privileged groups (e.g., Domain Admins, root).

	Agent-Based Discovery: Lightweight agents installed on endpoints report local and service accounts.

	API-Based Integration: For cloud and SaaS, APIs enumerate privileged roles (e.g., AWS IAM users with AdministratorAccess).

	Configuration Management Integration: Leverage tools like Ansible, Puppet, or Chef to extract account information.



Common Tools: | Tool/Platform | Use Case | |———————— |——————————————| | CyberArk Discovery & Audit | Automated scan of networks, OS, and apps | | BeyondTrust Discovery | Multi-platform privileged account scan | | Thycotic Secret Server | Agentless AD and Unix account discovery | | AWS CLI/API | Cloud privileged identity enumeration | | PowerShell (Get-ADUser, Get-LocalUser) | Windows account discovery |



Step-by-Step: Discovery and Onboarding Workflow


	Define Scope: Identify which environments (on-prem, cloud, hybrid), asset types, and account categories to include.

	Run Discovery Tools: Execute scans or queries using chosen tools. Schedule regular scans to catch new accounts.

	Validate Results: Cross-check discovered accounts with asset inventories and system owners. Look for:

	Orphaned accounts (no owner)

	Shared credentials

	Service/application accounts




	Classify Accounts: Tag accounts by type (human, service, application), criticality, and required controls.

	Onboard into PAM: Import accounts into the PAM platform. For each:

	Store credentials in the vault

	Set password rotation policies

	Assign ownership and access rules

	Enable monitoring and session recording as needed




	Remediate and Clean Up: Disable, delete, or remediate unnecessary or high-risk accounts before onboarding.




💡 Pro Tip: Automate discovery and onboarding wherever possible via APIs or connectors to reduce human error and ensure continuous coverage.





Real-World Example

A financial services firm runs a quarterly privileged account discovery sweep using CyberArk’s Discovery & Audit tool. The scan uncovers several legacy service accounts on Linux servers with default passwords. These accounts are immediately onboarded into the PAM vault, assigned strong rotation policies, and their use is monitored. Orphaned accounts are flagged for removal, reducing the attack surface.



Edge Cases and Challenges


	Shadow IT: Accounts created outside IT’s purview (e.g., by developers) may evade discovery. Integrate with DevOps tools and monitor for anomalous account creation.

	Service Accounts: These often have embedded credentials in scripts or applications. Onboarding requires coordination with application owners to avoid service disruption.

	Non-Domain Machines: Standalone systems (not joined to AD) require local discovery mechanisms.

	Multi-Cloud Environments: Each cloud provider (AWS, Azure, GCP) has unique APIs and privilege models—ensure all are covered.




⚠️ Common Pitfall: Failing to regularly re-run discovery leads to unmanaged privileged accounts as new





Key Standards and Best Practices


	NIST SP 800-53 AC-2, AC-5: Mandates account management and least privilege.

	CIS Controls 4 & 5: Focus on controlled use and management of administrative privileges.

	ISO/IEC 27001 Annex A.9: Requires access control and account management.







3.2 Credential Management and Rotation



Why Credential Management and Rotation Matter



	Limit the window of opportunity for attackers to exploit compromised credentials.

	Enforce compliance with regulatory and industry standards (e.g., PCI DSS, SOX, NIST SP 800-53).

	Reduce the risk of insider threats and accidental misuse.

	Support the principle of least privilege and zero standing privileges.









How Credential Management and Rotation Work



	Vaulting: Credentials are stored in an encrypted, access-controlled vault.

	Checkout/Check-in: Users or systems request access to credentials via the PAM platform, which logs and brokers access.

	Automated Rotation: Credentials are changed (rotated) at defined intervals or after each use, according to policy.

	Reconciliation: The new credential is synchronized across all relevant systems to ensure continued access.

	Audit and Alerts: All credential access and changes are logged for compliance and monitoring.





Concrete Real-World Examples


	Windows Domain Admin Passwords: A PAM system like CyberArk or BeyondTrust can automatically rotate domain admin passwords every 24 hours and update all dependent scripts or services.

	SSH Keys: HashiCorp Vault or AWS Secrets Manager can manage SSH key lifecycles, replacing keys after each session or at regular intervals.

	Database Credentials: PAM tools can rotate SQL admin passwords and update application connection strings via APIs or configuration management tools.





Step-by-Step Guidance: Implementing Credential Rotation


	Inventory Credentials: Use discovery tools (e.g., CyberArk DNA, Thycotic Account Discovery) to identify all privileged accounts.

	Integrate with Vault: Import credentials into a secure PAM vault with granular access controls.

	Define Rotation Policies:

	Frequency (e.g., daily, weekly, after each use)

	Complexity requirements (length, character sets)

	Exceptions for legacy systems or critical workflows




	Automate Rotation:

	Configure connectors/integrations for target systems (e.g., Windows, Linux, network devices, cloud platforms).

	Set up scheduled or event-driven rotation jobs.




	Test and Reconcile:

	Validate that new credentials work across all integrated systems.

	Implement reconciliation scripts for out-of-band changes.




	Monitor and Audit:

	Enable logging of all credential access and changes.

	Set up alerts for failed rotations or unauthorized access attempts.




	Periodic Review:

	Regularly review credential usage, rotation logs, and compliance reports.








Tools, Technologies, and Standards








	Technology/Tool
	Purpose





	CyberArk, BeyondTrust
	Enterprise PAM platforms for vaulting/rotation



	HashiCorp Vault
	Secrets management, API-driven rotation



	AWS Secrets Manager
	Cloud-native credential rotation



	Microsoft LAPS
	Local admin password rotation for Windows



	Ansible, Chef, Puppet
	Automate credential updates in configurations






	Protocols: Secure connections (TLS, SSH), API integrations.

	Standards: NIST SP 800-53 (AC-2, IA-5), PCI DSS Req. 8.









Edge Cases and Challenges


	Legacy Systems: May not support automated rotation or API integration. Mitigate with manual processes or compensating controls.

	Service Accounts: Rotating credentials for accounts used by multiple applications can cause outages if not coordinated. Use PAM APIs to update dependent systems automatically.

	Hardcoded Credentials: Applications with embedded credentials require code changes or use of dynamic secret injection.

	Multi-Cloud Environments: Ensure rotation policies are enforced consistently across AWS, Azure, GCP, and on-premises systems.











3.3 Session Management and Monitoring



Why Session Management and Monitoring Matter




How Session Management Works



	Session Initiation: Controlling how privileged sessions are started, often through a PAM gateway or broker that mediates access.

	Session Monitoring: Observing session activity in real time, with the ability to alert or terminate sessions based on policy violations.

	Session Recording: Capturing detailed logs, screenshots, or video of session activity for later review.

	Session Termination: Ensuring sessions are properly closed, either automatically after a period of inactivity or manually by an administrator.









Tools and Technologies










	Feature
	Description
	Example Tools/Standards





	Session Brokering
	Mediates connections (e.g., RDP, SSH)
	CyberArk PSM, BeyondTrust PSM



	Real-Time Monitoring
	Live viewing of session activity
	Delinea, One Identity Safeguard



	Session Recording
	Video/text logs of all actions
	Centrify, WALLIX Bastion



	Command Filtering
	Blocks/alerts on risky commands
	CyberArk, BeyondTrust



	Keystroke Logging
	Captures all keystrokes during session
	Devolutions, One Identity



	Automated Termination
	Ends sessions on policy violation/inactivity
	All major PAM vendors



	Integration with SIEM
	Sends session logs/events to SIEM for correlation
	Splunk, IBM QRadar, LogRhythm







Step-by-Step: Implementing Session Management


	Define Policies: Establish which systems require session monitoring, who can initiate sessions, and under what circumstances.

	Deploy Session Brokers: Set up PAM gateways or jump servers to mediate all privileged access (e.g., CyberArk PSM for RDP/SSH).

	Enable Monitoring and Recording: Configure the PAM tool to record sessions, capturing video, keystrokes, and command logs.

	Set Alerts: Define rules for real-time alerting on suspicious activities (e.g., use of dangerous commands, access outside business hours).

	Integrate with SIEM: Forward session logs and alerts to your Security Information and Event Management (SIEM) system for centralized analysis.

	Review and Audit: Regularly review recorded sessions and logs for compliance and to detect anomalous behavior.

	Refine Policies: Use audit findings to update access and monitoring policies.





Real-World Example




Common Edge Cases


	Jump Server Bypass: Attackers may attempt to connect directly to target systems, bypassing the broker. Network segmentation and firewall rules must enforce all privileged access through the PAM solution.

	Performance Impact: High-volume session recording can strain storage and network resources; use compression and retention policies to manage data.

	Encrypted Sessions: Some protocols (e.g., SSH with port forwarding) can tunnel unauthorized traffic; configure PAM tools to restrict or monitor such features.









Exam-Relevant Commands and Configurations


	CyberArk PSM: Configure monitored accounts and session recording via the PVWA (Privileged Access Security Web Access) interface.

	Linux SSH Jump Host: Use AllowTcpForwarding no and PermitOpen in sshd_config to restrict session forwarding.

	Session Recording Storage: Set retention in PAM tool (e.g., “retain session logs for 90 days” per compliance).












3.4 Offboarding and Decommissioning



Why Offboarding Matters


	Security: Orphaned privileged accounts are a prime target for attackers. Removing unused or unnecessary access eliminates potential backdoors.

	Compliance: Regulations such as PCI DSS, SOX, and GDPR require timely revocation of access for departing users or decommissioned systems.

	Operational Hygiene: Prevents privilege accumulation and ensures only necessary accounts exist, reducing complexity and risk.





The Offboarding and Decommissioning Process



	Trigger Identification

	Offboarding is typically initiated by HR events (termination, transfer), asset management (server/app retirement), or periodic access reviews.

	Integration with Identity Governance and Administration (IGA) systems or HRMS (e.g., Workday, SAP SuccessFactors) automates detection.




	Discovery of Privileged Access

	Identify all privileged accounts, credentials, and entitlements associated with the user, system, or application.

	Use PAM discovery tools (e.g., CyberArk Discovery & Audit, BeyondTrust Discovery) to map all relevant assets.




	Access Revocation

	Disable or delete privileged accounts in directories (Active Directory, LDAP), local systems, cloud platforms (AWS IAM, Azure AD), and applications.

	Remove group memberships (e.g., Domain Admins), role assignments, and API keys/secrets.




	Credential Removal and Vault Cleanup

	Delete or archive credentials from password vaults (e.g., HashiCorp Vault, CyberArk, Thycotic).

	Rotate shared or service account passwords if they may have been exposed.




	Asset Decommissioning

	For retiring systems, ensure all privileged accounts are removed before shutdown.

	De-register assets from PAM inventory and monitoring.




	Audit and Verification

	Generate and review logs to confirm all access has been revoked.

	Document actions for compliance and audit purposes.








Real-World Example








Tools and Technologies




	Function
	Example Tools/Services





	HRMS/IGA Integration
	Workday, SAP SuccessFactors, SailPoint



	Discovery
	CyberArk DNA, BeyondTrust Discovery



	Directory Management
	Active Directory, Azure AD, LDAP



	PAM Platforms
	CyberArk, BeyondTrust, Delinea (Thycotic)



	Vaults/Secrets Mgmt
	HashiCorp Vault, AWS Secrets Manager



	Automation/Orchestration
	ServiceNow, Ansible, PowerShell







Edge Cases and Common Pitfalls


	Service Accounts: These are often overlooked. Ensure you identify and rotate credentials for service accounts tied to decommissioned users or systems.

	Shared Accounts: When offboarding a user with access to shared credentials, rotate the password and update access for remaining users.

	Cloud Resources: Cloud IAM roles and keys may persist after user offboarding. Regularly audit cloud environments for orphaned privileges.

	Third-Party Access: Vendors or contractors may have privileged access—ensure their offboarding is as rigorous as for employees.









Best Practices


	Automate offboarding triggers via integration with HR and IT systems.

	Maintain a centralized inventory of privileged accounts and assets.

	Regularly audit for orphaned accounts and credentials.

	Document and test the offboarding process to ensure completeness and compliance.
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