

    
      
          
            
  
SharpGenTools SDK Documentation


What is SharpGenTools

SharpGenTools is a code generator that generates C# for interoperation with C++ and COM libraries. It generates efficient C# code and handles all of the native marshalling. Additionally, it includes an assembly patcher to use CLR instructions not available from C# to further minimize the overhead of the generated code.



Why SharpGenTools?

SharpGenTools makes it extremely easy for your C#-C++ interop to have “one source of truth”, the C++ header files. Since SharpGenTools generates the C# headers on build by default, it helps ensure that they stay up to date with the matching C++ header files. It also directly integrates into MSBuild, so the user has do to minimal work to integrate it into their project. Also, all of the structures and interfaces are generated as partial structures/classes/interfaces, so you have the ability to fully customize them to your needs.


SharpGenTools vs CppSharp

Pros for SharpGenTools:


	Configuration file based



	Does not require the user to build a driver program to generate C# code.


	Generated code extremely configurable


	Escape hatches to allow the user to manually write mappings SharpGenTools cannot handle.









	Full MSBuild integration


	Consumer file passthough



	Consuming projects that also generate C# code will automatically gain knowledge about type mappings and defined types from project references and directly referenced packages.









	More efficient method calls on virtual methods of native instances (calli instruction vs. Marshal.GetDelegateForFunctionPointer).




Pros for CppSharp:


	More supported C++ features (operator overloading)


	Better support for custom passes, so may allow more configurability than SharpGenTools.







Getting started

Check out Getting Started with SharpGenTools to get started!.
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Release Notes


vNext.0

Features:



	Implemented default mapping for C++ long.


	Implemented support for different generation based on various platform ABIs with one build.


	Implemented support for Itanium ABI vtable offsets for single inheritance.









1.2

Features:



	Implemented relation mapping.


	Enabled automatic shadow generation for callbacks with array parameters when users specify length relations for array parameters.


	Emit GC.KeepAlive in marshalling cleanup to keep interface instances alive across calls.


	Use __has_include in generated headers to make SharpGen C++ generation/parsing process more deterministic.


	Update CastXML to be based off Clang 7.


	Added include files to MSBuild update checks so editing the native code that is being mapped will trigger a regeneration.







Bug Fixes:



	Fix NRE when VS is not installed.









1.1.2

Bug Fixes:



	Account for null struct-to-class instances when marshalling from native.









1.1.1

This patch fixes a number of bugs in 1.1 as well as refactoring the marshalling code-gen again to be more mantainable.

Features:



	Allow the user to specify extra arguments to pass to CastXML as a @(CastXmlArg) MSBuild item.







Bug Fixes:



	Pointer-sized members are correctly marshalled as return values.


	Ensure that <short> tag naming rules work on mapped constants.







Development Changes:



	Marshallers are now separated based on the conditions in which they are used. This makes them much easier to mantain.









1.1

This release focuses on improving codegen of already supported features and autogenerating some code that previously required manual generation.

Features:



	Flow information about callbacks to consuming projects.


	Opt-in autogeneration of shadows for callback interfaces.


	Miscellanous bug fixes.


	ShadowContainer initialization is thread-safe.


	Interface members of structs now causes native struct generation.


	SourceLink is now enabled in the package PDBs.







Bug Fixes:



	Miscellanous bug fixes for marshallers.


	ShadowContainer correctly adds shadows to the container when initialized.







Development Changes:



	Building now requires CMake and doesn’t require the Windows SDK.


	The COM support library is now in a separate repository.


	Debug build now collects code coverage, enabling verification that our code works in our automated tests.


	MSDN Documentation provider and tasks in a separate repository.









1.0.0

This is the first stable release of SharpGenTools. Below is a summary of features available in SharpGenTools.



	Support for mapping C++ “interfaces”


	Support for generating C++ interface callbacks so C++ interfaces can be implemented in C#.


	Support for mapping C++ structures and auto-generating marshal types.


	Support for mapping C++ functions with C linkage.


	Custom doc providers supported.


	MSDN Doc provider in separate assembly.


	External documentation files support.


	Runtime support via SharpGen.Runtime package.


	Pre-mapped COM support via SharpGen.Runtime.COM package.


	Package dependency mapping flow - Include prologs, defines, type bindings, and doc links flow to consumers.


	Support for re-patching signed assemblies.


	Automatically locate the Visual C++ includes folder when including the standard library on Windows.











          

      

      

    

  

    
      
          
            
  
Getting Started with SharpGenTools


Installing SharpGenTools

To use SharpGenTools, you’ll want to install the SDK package, as well as the Runtime package. The SDK package provides MSBuild tooling, and the runtime package provides the required support classes for the code generated from the SDK. You can use the following commands from the .NET CLI to install them:

dotnet add package SharpGenTools.Sdk
dotnet add package SharpGen.Runtime





If you want the support classes for COM libraries, you should also install the SharpGen.Runtime.COM package.


Note

These packages are separate so advanced and legacy users, specifically the SharpDX project, can use their own runtime support classes. In nearly all cases, you will want to reference both projects.
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Customizing your SharpGen Mapping


Declaring C# types to SharpGen

SharpGen mantains an internal record of types it understands. If you want to reference a type it does not know about, then you have to declare that type to SharpGen. To declare a type to SharpGen, you use <define> or <create> elements under the <extension> element in the <config> tag. The following subsections show how to declare different types to SharpGen.


Note

Any types defined with the <define> tag will not have any code generated for them. SharpGen assumes that any types defined with the <define> tag already exist, either in source or in a referenced assembly.
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Advanced Mappings

SharpGenTools allows you to heavily customize the mappings from C++ to C#. This page covers all of the currently supported mappings for each element type.

All attributes referred to below are on a <map> element under the <mapping> tag in the <config> tag.


Warning

Mapping rules in <map> tags apply to all matching elements in the mapping, not just the elements from includes in the current config file. This allows users with multi-assembly mapping and config files (described in Advanced SharpGenTools Configuration Options) to reuse mapping rules without having to include unneeded files in the reused config. You can limit what elements are matched to specific include files with context rules, explained in Context Directives.
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SharpGen Mapping Relations

Sometimes fields and parameters have values that are related to the containing structure (for fields), a constant value, or the length of another array field or parameter. Instead of either requiring your users to specify these values or requiring you to wrap the SharpGen-generated code in your own interface, SharpGen supports defining these relationships in your mapping files. SharpGen will then generate code that implements these relations so you do not have to wrap the code yourself. When the relation rules are applied, the field with the relation rule is hidden from the managed view of the structure, method, or function and is calculated when marshalling.


Struct Size Relation

A common pattern in Windows APIs is to have a field, usually named cbSize that must be assigned the size of the structure. So, SharpGen provides a relation to automatically calculate this field for you. The following rule tells SharpGen that all fields named cbSize must be assigned the size of their containing structure.

<map field=".*::cbSize" relation="struct-size()" />





All of the cbSize fields in a struct’s native representation will be assigned the size of their containing (native) structure when marshalling the structure to its native representation.

This relationship is only valid on fields.



Constant Value Relation

Sometimes APIs have “reserved” fields or parameters, parameters that must have a specific value and are reserved for later use or undocumented. Since these fields and parameters will always have the same value, there is no value in requiring your consumer to supply these values. So, by using the constant-value relation, SharpGen will supply the reserved values itself when marshalling. For example, let’s say that the function Foo takes a parameter named ireserved that is required to always have the value 0. The mapping rule below will instruct SharpGen to always assign the value 0 to the ireserved parameter.

<map param="Foo::ireserved" relation="const(0)" />





This relation is valid on both fields and parameters.



Length Relation

When passing an array to native code, it is common to pass the length of the array as a separate parameter. Additonally, when generating a shadow implementation for an interface, SharpGen must know how long to construct the managed view of array parameters. To convey this information, SharpGen provides a relation for array length. For example, if a function Bar takes two parameters arr and len where len is the length of arr, then the following rule will tell SharpGen that len is the length of arr.

<map param="Bar::len" relation="length(arr)" />





This relation not only automatically calculates the value of the len parameter when calling the native function, but when applied to a method, it allows SharpGen to correctly automatically generate a callback implementation when generating a shadow. Additionally, for managed to native calls, if a parameter has a native property named Length, this relationship can be defined to set a parameter to have the value of that Length property.

This relation is valid on both fields and parameters.





          

      

      

    

  

  
    

    SharpGenTools Config File Features
    

    
 
  

    
      
          
            
  
SharpGenTools Config File Features

The SharpGenTools config files have a few nice features to ease mapping development.


Macros

You can define SharpGen macros in your project file as below:

<PropertyGroup>
    <SharpGenMacros>$(SharpGenMacros);MY_MACRO</SharpGenMacros>
</PropertyGroup>





Then, within your config file, you can surround any XML tag(s) with an <ifdef name="MY_MACRO"> tag. Then, when MY_MACRO is defined, those rules/includes will be included, but otherwise they will be ignored.



Variables

Variables can be defined in your mapping file to give you some shorthand to use common expressions. You can define a variable with the <var> tag as shown:

<var name="varname" value="value" />





You can refer to this variable in any attribute value or element value as $(varname). The variable $(THIS_CONFIG_PATH) is to the directory path the file is in.



Dynamic Variables

Dynamic Variables allow your mapping rules to use the values of C++ macros in attributes or element values of mapping and binding rules. A dynamic variable is defined for every C++ macro SharpGenTools parsed while parsing the C++ headers. To use a dynamic variable, you can use the syntax #(DYNAMIC_VARIABLE_NAME). SharpGen will give you an error if the dynamic variable cannot be found.
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SharpGen Naming Rules


Default Naming Rules

SharpGen has a few default name mappings that it applies to C++ elements when creating the C# model. Below is an ordering of how SharpGenTools maps names:



	If this C++ element has a name specified from a mapping rule, use that name.


	If the mapping rule is not set using name-tmp, stop here.


	If the name is not in snake_case, not in all caps, and the first letter is capitalized, stop here.


	(Enum Items only) If the item name starts with the name of the enumeration, remove the enumeration name.


	Remove the leading underscore if one exists.


	Apply custom rules (explained in Adding Naming Rules) if the naming flags aren’t set to noexpand.


	Convert to Pascal case.


	(Pointer parameters only) If the name originally started with pp, append Out to the final name and remove the pp prefix. If the name originally started with just p, append Ref to the final name and remove the p prefix.


	(Parameters only) If the final name starts with a digit, prepend arg to the name.


	(Parameters only) Convert to camelCase.









Adding Naming Rules

In addition to the direct name mappings and the default naming rules defined above, there are extension points in configuration files for custom naming rules. All of these rules go under the <naming> tag under the <config> tag.


“Short” Rule

“Short” rules are basic regex text substitution rules. You can use them to expand domain specific acronyms. You can add a short rule like below:

<short name="CLR">CommonLanguageRuntime</short>
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Making SharpGenTools Document Your Mappings

SharpGenTools gives you two options for how to automatically document your mappings.


External Documentation Comments

You can supply external documentation though XML files structured as below:

<comments>
    <comment id="C++ or C# Element Name">
        <summary>Summary here</summary>
    </comment>
</comments>





SharpGenTools will automatically include an <include> documentation tag that points to a matching element in an external documentation file. You can specify an external comments file to SharpGen by adding it as a SharpGenExternalDocs item in your project file.



Doc Providers

Sometimes you’re mapping an already documented library, and you don’t want to have to manually extract the documentation for each element you’re documenting. SharpGen provides the IDocProvider interface that you can extend:

#nullable enable

using System.Threading.Tasks;

namespace SharpGen.Doc;

/// <summary>
/// An <see cref="IDocProvider"/> implementation is responsible to provide documentation to the Parser
/// in order to feed each C++ element with an associated documentation.
/// This is optional.
/// A client of Parser API could provide a documentation provider
/// in an external assembly.
/// </summary>
public interface IDocProvider
{
    /// <summary>
    /// Finds the documentation for a particular C++ item.
    /// </summary>
    /// <param name="fullName">
    /// The full name.
    /// For top level elements (like struct, interfaces, enums, functions), it's the name of the element itself.
    /// For nested elements (like interface methods), the name is of the following format: "IMyInterface::MyMethod".
    /// </param>
    /// <param name="context">Environment for documenting, used to create items and subitems</param>
    /// <returns>Non-null documentation item container created by <see cref="IDocumentationContext"/></returns>
    Task<IFindDocumentationResult> FindDocumentationAsync(string fullName, IDocumentationContext context);

    /// <summary>
    /// If true, any exception thrown, or any error logged by this provider will cause the build to fail.
    /// </summary>
    /// <remarks>
    /// For providers that rely on unstable factors (networking), it is recommended to set this to <c>false</c>.
    /// However, the default choice should be <c>true</c>.
    /// </remarks>
    bool TreatFailuresAsErrors { get; }

    /// <summary>
    /// Name of the documentation provider to be presented to user when needed.
    /// </summary>
    /// <remarks>
    /// Short version. Without words like "documentation provider" or "extension".
    /// </remarks>
    string UserFriendlyName { get; }
}

You can reference the SharpGen package on NuGet to get a reference to the assembly. To enable installed doc providers, set the $(SharpGenGenerateDoc) property to true. By default, SharpGenTools.Sdk does not ship with any doc providers.



Doc Providers MSBuild Integration

To integrate into MSBuild, you need to create an MSBuild task. The MSDN Doc Provider task project in the SharpGen.Doc.Msdn repository (SharpGen.Doc.Msdn.Tasks), is a great example of how to create your own doc provider and hook it into the build process. If you are going to publicly publish the doc provider task, please make the task share the same condition statement as the one in SharpGen.Doc.Msdn.Tasks so users can easily enable the provider in a standard way.
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SharpGen Native Marshalling

Because SharpGen uses calli instructions instead of Marshal.GetDelegateForFunctionPointer delegates, it bypasses all of the .NET runtime’s built in marshalling code. As a result, SharpGen has to ensure that each type it passes to and from native code has the same bit-level representation as the native representation of the type.


Default Marshalling

By default, SharpGen only generates a native marshal type for types that have a different managed representation. The different conditions that trigger generation of a native marshal struct are listed below. If any condition is true for at least one field, a marshal struct is generated.


Array fields

Fields with fixed length arrays require a native marshal struct since the managed representation cannot lay out an array member in memory without forcing all consumers to use unsafe, which does not make a good user experience.



String fields

String fields are always marshalled across as a System.IntPtr. As a result, any string fields force generation of a marshal structure.



Interface fields

Interface fields are mashalled across as a System.IntPtr but presented in the user structure as an instance of the interface type.



Overridden User-facing Type

If the user-facing type is overriden without overriding the native type (via the override-native-type attribute on a mapping rule), then we need to generate a marshal struct to correctly marshal between the native representation and the managed structure.



Bind Marshal Type

If a type is bound with a <bind> rule and the <bind> rule has a marshal attribute that differs from the to attribute, then a marshal struct will be generated.



Struct fields with Marshal Structs

As should be obvious, if a member of this struct has a struct type that needs a native marshal struct, then we have to generate a native marshal struct for this struct as well.



Special Case: Enums

Enum types have the same bit-level representation as their underlying type, so we don’t need to generate a marshal struct.



Special Case: Bool fields backed by Integer types

If an integer field is mapped to a bool, we can do all conversions efficiently with just the regular struct type while keeping the native representation of this field the same. So, for these fields, called “bool to int” fields, we don’t need to generate a native marshal structure.




Marshalling Member Names

Here’s a list of the names and signatures of members that SharpGen generates for marshalling. All of these members are by default internal instance members on the structure.



	struct __Native



	The structure with the native representation of the struct.









	void __MarshalFrom(ref __Native @ref)



	Marshals from the native struct to the managed struct.









	void __MarshalFree(ref __Native @ref)



	Free any unmanaged resources, such as memory, that was allocated for the native structure.









	void __MarshalTo(ref __Native @ref)



	Marshal data from the managed structure to the native structure. Only generated if needed.
















Marshalling Extension Points


Custom Marshal Functions

When custom marshalling is enabled through a mapping rule, SharpGen will generate code assuming that the structure has native marshalling, but you as the consumer must manually write the marshalling methods. You use this setting when SharpGen can’t correctly generate the native structure and the marshalling.



Static Marshal Functions

When static marshalling is enabled through a mapping rule, SharpGen will generate marshalling code in the structure, but methods will reference static marshalling methods with the following signatures that you must supply:



	static void __MarshalFrom(ref StructName @this, ref __Native @ref)


	static void __MarshalFree(ref __Native @ref)


	static void __MarshalTo(ref StructName @this, ref __Native @ref)









Custom Native New Function

Sometimes you might need to specially initialize some of the members of your structure when constructing it. As a result, SharpGenTools allows you to specify a custom function to create new instances of the native instance that will be used when constructing single instances (non-arrays) of the native structure. The signature you must supply is below:

static __Native __NewNative();
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SharpGen Callbacks and Shadows

SharpGenTools has support as part of the SharpGen.Runtime package for inheriting from interfaces generated from C++ and passing C# implementations to native code. In the mapping files, the callback mapping rule specifies SharpGen should generate an interface instead of a class for the C++ interface.


Auto-Generated Shadows

To auto-generate the shadow for a callback, add the autogen-shadow="true" attribute to a mapping rule for the callback interface. This will automatically generate a shadow interface corresponding with the instructions below using the same marshalling code-gen infrastructure as the rest of the generated code.

If any parameters of any methods on the interface are arrays, you must provide an array length relation in your mapping rules. Otherwise your code will be generated with an unconditional InvalidOperationException. See Length Relation for more information.


Warning

Property generation does not currently play nice with the shadow auto-generator. You may need to use a mapping rule to disable property generation. See Functions and Methods for details on the mapping rule.


  
    

    SharpGen Runtime Platform Detection
    

    
 
  

    
      
          
            
  
SharpGen Runtime Platform Detection

Various platforms have differences in their native calling conventions or in the sizes of native types. To support these platforms, SharpGenTools supports transparently generating code that correctly handles multiple platforms in a single set of generated code. In SharpGenTools version 2.x and newer, the default-generated code will support all supported platforms if the code requires it.


Selecting Specific Platforms

Sometimes the native library that you are mapping is only available on a specific platform. For example, the DirectX suite is Windows-only. For these platforms, there is no reason to have code generated to support non-Windows platforms. You can request that your code is only generated to support specific platforms by adding the following elements to your project file:

<ItemGroup>
    <SharpGenPlatforms Include="Windows" /> <!-- Enable code-gen for Windows platforms -->
    <SharpGenPlatforms Include="ItaniumSystemV" /> <!-- Enable code-gen for non-Windows platforms implementing the Itanium and SystemV ABIs (Linux, macOS, and others) -->
</ItemGroup>







Selecting Specific Platforms with RIDs

In addition to using <SharpGenPlatforms /> items, SharpGenTools supports inferring which platforms to generate code for by the <RuntimeIdentifier /> property. As a result, self-contained .NET Core deployments or RID-specific framework dependent appliations will automatically only generate code for the specific platform they are compiling for.
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Advanced SharpGenTools Configuration Options

SharpGenTools gives you many different configuration options in MSBuild. They’re listed below:



	SharpGenGenerateDoc



	Generate documentation from a doc provider (see Making SharpGenTools Document Your Mappings)


	Defaults to false









	SharpGenGenerateConsumerBindMapping



	Generate a bind mapping file that allows consumers of your project that use SharpGenTools to extend your mappings without having to copy yours.


	Defaults to true









	SharpGenGlobalNamespace



	Use the given namespace as the namespace for the runtime support types SharpGen uses.


	Defaults to SharpGen.Runtime









	SharpGenIncludeAssemblyNameFolder



	Include the name of the assembly as a directory in the output path.


	Defaults to false









	SharpGenDocumentationOutputDir



	The output directory for the documentation cache.









	SharpGenGeneratedCodeFolder



	The name of the folder in the output path to place the generated code in.


	Defaults to $(IntermediateOutputPath)SharpGen/Generated









	SharpGenOutputDirectory



	The base directory for code output.


	Defaults to $(MSBuildProjectDirectory)















Generated Code Output Directory Structure

Some of the options above control the output directory for generated code. The two options below are the different ways the output path is constructed.



	If SharpGenIncludeAssemblyNameFolder is false, $(SharpGenOutputDirectory)/$(SharpGenGeneratedCodeFolder)


	If SharpGenIncludeAssemblyNameFolder is true, $(SharpGenOutputDirectory)/SharpGenAssemblyName/$(SharpGenGeneratedCodeFolder)









CastXML Customization



	CastXmlPath



	A path to a custom build of CastXML.









	CastXmlArg MSBuild Items



	Additional arguments to pass to CastXML when parsing the C++ code.
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Mapping Limitations

Below are a list of limitations in SharpGen’s current generator. Many of these are on the roadmap for future versions.



	Does not map virtual but not pure virtual member functions.


	Does not map classes with virtual functions and state.


	Does not call constructors of C++ classes.


	Non-member functions must be declared extern "C" for the DllImport entry point to find the function.


	Does not map state for classes with pure virtual members.


	Does not map non-virtual member functions.


	Does not map function pointer parameters to C# delegate types.
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