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powershell constrained language mode is a security feature in PowerShell designed to limit the capabilities of
scripts and commands. It is primarily used to restrict the execution environment of PowerShell to prevent the
execution of potentially harmful or unauthorized code. This mode is particularly valuable in environments
where security policies require strict control over scripting activities, such as in enterprise or multi-tenant
systems. Understanding how constrained language mode functions, how it can be enabled or disabled, and its
impact on script execution is essential for administrators and developers working with PowerShell. This
article delves into the technical details of PowerShell constrained language mode, its use cases, limitations,
and best practices for managing it effectively. The following sections provide a comprehensive overview of
constrained language mode, including its operational mechanisms and security implications.
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Overview of PowerShell Constrained Language Mode

PowerShell constrained language mode is a restricted mode of operation designed to enforce security
boundaries within the PowerShell environment. It limits the types of commands, expressions, and language
constructs that can be executed by scripts or interactive sessions. This mode is part of PowerShell's broader
security framework aimed at mitigating risks from untrusted or potentially malicious code. By constraining the
language elements, administrators can reduce the attack surface available to threat actors who might
attempt to exploit PowerShell for unauthorized access or system compromise.

Purpose and Importance

The primary purpose of PowerShell constrained language mode is to provide a controlled execution environment
where potentially harmful operations are disallowed. It plays a significant role in environments where scripts
are executed with varying trust levels or in systems exposed to multiple users. This mode helps prevent the use
of advanced language features such as .NET type shortcuts, reflection, and other capabilities that could
facilitate privilege escalation or unauthorized system changes.

Historical Context

Constrained language mode was introduced as part of PowerShell's evolving security enhancements,
particularly with Windows Defender Application Control (WDAC) and Device Guard features. These
technologies leverage constrained language mode to enforce code integrity policies and allow only trusted
scripts to run unrestricted. Over time, constrained language mode has become an integral component of
PowerShell's security model, balancing flexibility with protection.



How Constrained Language Mode Works

Constrained language mode operates by restricting the PowerShell language elements accessible within a
session. It enforces these restrictions through the PowerShell runtime, which evaluates commands and scripts
against a set of allowed constructs. When in constrained language mode, certain language features are either
limited or completely disabled to reduce risk.

Restricted Language Elements

Several language elements are restricted under constrained language mode, including:

Access to arbitrary .NET types and methods is limited to a predefined set of safe types.

Reflection and dynamic code generation are blocked.

Delegates, pointers, and unsafe code constructs are disallowed.

COM object creation and invocation are restricted.

Some advanced scripting features like scriptblocks with specific language capabilities are limited.

Determining the Language Mode

The current language mode can be determined programmatically using the
$ExecutionContext.SessionState.LanguageMode property within PowerShell. This property returns the active
language mode, which can be one of the following:

FullLanguage: No restrictions, default mode for unrestricted scripts.

ConstrainedLanguage: Restricted language mode as described.

NoLanguage: No scripting allowed; only external commands.

RestrictedLanguage: Legacy limited mode with more restrictions than constrained.

Enabling and Disabling Constrained Language Mode

PowerShell constrained language mode can be enabled or enforced through system policies, group policy
settings, or by the presence of specific Windows security features. It is not typically enabled manually
through PowerShell commands but is instead controlled by the operating system's security configuration.

Methods of Activation

Constrained language mode is automatically enabled in certain scenarios, including:

When running PowerShell under a low integrity level process, such as an untrusted application
environment.

When Windows Defender Application Control (WDAC) or Device Guard policies enforce it.



When scripts are executed in AppLocker or Device Guard constrained environments.

Administrators can also configure system policies to enforce constrained language mode on specific users or
groups.

Disabling Constrained Language Mode

Disabling constrained language mode generally requires modifying system security policies or running
PowerShell in a full language mode context. This may involve:

Adjusting WDAC or AppLocker policies to permit full language execution.

Changing the integrity level or context under which PowerShell runs.

Running PowerShell as an administrator or trusted user.

It is important to approach disabling constrained language mode cautiously, as it lifts security restrictions
that protect the system from malicious code.

Security Implications and Use Cases

The enforcement of PowerShell constrained language mode has significant security implications and is widely
used to mitigate risks associated with script-based attacks. It is particularly effective in preventing the
execution of advanced PowerShell code that could facilitate system compromise.

Use Cases in Enterprise Environments

Enterprises leverage constrained language mode to:

Protect endpoints from running untrusted or potentially malicious scripts.

Enforce compliance with organizational security policies.

Limit the capabilities of automation scripts executed by non-administrative users.

Reduce the risk of lateral movement by attackers within a network.

Mitigating Attack Techniques

Constrained language mode helps to block common attack vectors such as:

PowerShell-based malware that relies on reflection or dynamic code generation.

Code injection attacks that exploit unrestricted .NET access.

Exploitation of COM objects for privilege escalation.

By restricting these capabilities, constrained language mode serves as a robust layer of defense in depth.



Limitations and Challenges

While PowerShell constrained language mode enhances security, it also introduces certain limitations and
operational challenges. Understanding these helps in balancing security with functionality.

Impact on Script Functionality

Scripts that rely on advanced PowerShell features or direct access to .NET types may fail or behave
unexpectedly under constrained language mode. This limitation can affect legitimate automation tasks that
require full language capabilities.

Bypassing Attempts

There have been documented techniques aimed at bypassing constrained language mode restrictions. Attackers
may attempt to exploit vulnerabilities or use indirect methods to execute unauthorized code. Continuous
monitoring and updating of security policies are necessary to mitigate such risks.

Compatibility Considerations

Some third-party modules or custom scripts may not be compatible with constrained language mode.
Organizations need to evaluate and test critical scripts to ensure they operate correctly within this
restricted environment.

Best Practices for Managing Constrained Language Mode

Effective management of PowerShell constrained language mode involves strategic implementation combined
with comprehensive monitoring and policy enforcement.

Policy Configuration

Administrators should configure security policies to enforce constrained language mode where appropriate,
particularly on endpoints exposed to untrusted users or environments. Integration with Windows Defender
Application Control and AppLocker enhances enforcement reliability.

Script Auditing and Testing

Before deploying scripts in constrained language environments, thorough testing is essential to identify any
compatibility issues. Auditing scripts for dependency on restricted features helps maintain operational
continuity.

Monitoring and Incident Response

Continuous monitoring of PowerShell execution logs can detect attempts to execute unauthorized commands
or bypass constrained language mode restrictions. Establishing alerting mechanisms and incident response
procedures enhances security posture.



Training and Awareness

Educating administrators and developers about the implications of constrained language mode ensures proper
usage and reduces the risk of misconfiguration. Awareness of security best practices contributes to overall
system integrity.

Frequently Asked Questions

What is PowerShell Constrained Language Mode?

PowerShell Constrained Language Mode is a restricted execution mode designed to limit the capabilities of
PowerShell scripts and commands, enhancing security by preventing the use of potentially harmful or
unauthorized operations.

How can I check if PowerShell is running in Constrained Language Mode?

You can check the current language mode by inspecting the `$ExecutionContext.SessionState.LanguageMode`
variable in PowerShell. If it returns `ConstrainedLanguage`, then PowerShell is running in Constrained Language
Mode.

Why does PowerShell switch to Constrained Language Mode
automatically?

PowerShell switches to Constrained Language Mode automatically when it detects that the environment might
be untrusted or when AppLocker or Device Guard policies are applied to restrict script execution for security
reasons.

Can I bypass Constrained Language Mode in PowerShell?

Bypassing Constrained Language Mode is generally not recommended as it violates security policies. However, in
some cases, running PowerShell as an administrator or changing execution policies might alter the language
mode, but this depends on the system's security configuration.

What are the limitations imposed by Constrained Language Mode?

Constrained Language Mode restricts the use of certain language elements such as .NET types, some cmdlets,
invocation of external COM objects, and reflection. It primarily allows only basic scripting capabilities to
reduce the attack surface.

How do I disable Constrained Language Mode in PowerShell?

Disabling Constrained Language Mode typically requires modifying or removing the security policies (like
AppLocker or Device Guard) that enforce it. There is no direct PowerShell command to disable it, as it is
controlled by system-wide security settings.

Additional Resources
1. Mastering PowerShell Constrained Language Mode: Security and Scripting
This book delves into the intricacies of PowerShell's Constrained Language Mode, explaining how it enhances
security by limiting script capabilities. Readers will learn how to implement and manage constrained language
settings in various environments. Practical examples demonstrate how to write effective scripts within these



restrictions while maintaining robust security.

2. PowerShell Security: Understanding and Using Constrained Language Mode
Focused on the security aspects of PowerShell, this title explores the role of Constrained Language Mode in
preventing unauthorized code execution. It covers configuration, detection, and troubleshooting techniques to
ensure scripts run safely. The book is ideal for system administrators seeking to tighten PowerShell security
policies.

3. Practical Guide to PowerShell Constrained Language Mode
Offering hands-on guidance, this book covers the fundamentals of Constrained Language Mode with step-by-
step instructions. It includes real-world scenarios to illustrate how to write and debug scripts under
language constraints. Readers gain confidence in managing PowerShell environments with restricted scripting
capabilities.

4. PowerShell for Security Professionals: Leveraging Constrained Language Mode
This book targets security professionals interested in leveraging PowerShell's Constrained Language Mode to
mitigate risks. It discusses threat models, attack vectors, and defense strategies related to PowerShell
scripting. The content balances theory and practice, providing actionable advice to secure automation
workflows.

5. Building Secure PowerShell Scripts: Navigating Constrained Language Mode
Focused on script development, this book teaches how to design secure PowerShell scripts that comply with
Constrained Language Mode limitations. It highlights common pitfalls and best practices for writing
maintainable and secure code. Developers and IT professionals will find valuable tips for adapting scripts in
restricted environments.

6. PowerShell Constrained Language Mode in Enterprise Environments
This comprehensive resource explains how to deploy and manage Constrained Language Mode across large-
scale enterprise networks. Topics include policy creation, Group Policy integration, and compliance monitoring.
The book also addresses challenges and solutions for balancing security with operational needs.

7. Advanced PowerShell Security: Deep Dive into Constrained Language Mode
Aimed at advanced users, this book provides an in-depth analysis of PowerShell's Constrained Language Mode
internals. It explores the underlying architecture, security boundaries, and interaction with other security
features. Readers learn to troubleshoot complex issues and optimize security configurations.

8. Securing Windows with PowerShell: The Role of Constrained Language Mode
This title examines how Constrained Language Mode fits into the broader context of Windows security. It
covers integration with AppLocker, Device Guard, and other Windows security mechanisms. System
administrators will appreciate practical guidance on creating layered defenses using PowerShell.

9. PowerShell Constrained Language Mode: Policies, Practices, and Pitfalls
This book addresses the policy aspects of implementing Constrained Language Mode, highlighting common
mistakes and how to avoid them. It provides a balanced view of benefits and limitations, helping organizations
to develop effective security policies. Readers gain insights into maintaining functionality while enforcing
restrictions.
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