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	1. Introduction


Compilers are like black boxes, code goes in at one end, object files come out of the other. Once code goes in, compilers build understanding of the code, performs compilation. But this understanding of the code is not available to outside world. This understanding is overlooked once the output files are generated. We rely on analysis tools, IntelliSense refactoring to help improve the code quality and productivity. These tools will in future need more information about the code knowledge which compilers hold. This is the mission of .Net Compiler Platform Roslyn. Roslyn opens up the black boxes in terms of different APIs which can be used to perform tasks in analysis tools and other applications.
Roslyn is .NET Compiler Platform ("Roslyn") which is set of open-source C# compilers and code analysis APIs from Microsoft. Roslyn exposes APIs for syntactic analysis of code, code walkthrough, and semantic analysis. Roslyn is currently available as preview for Visual Studio 2015. It enables building code analysis tools with the same APIs that are used by Visual Studio.
1.1 FEATURES
· Compilers for C# language exposed as services via APIs.

· APIs for code analysis and refactoring.

	2. Compiler APIs


Roslyn exposes the C# compilers code analysis by wrapping it with API layer. 
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Each phase in the compiler pipeline is independent component. Parse phase, where code is parsed and tokenized into language syntax. Second phase where declarations and imports are analyzed into named symbols. Bind phase where identifiers are matched to symbols. Emit phase, last phase where all the information gathered by compiler is emitted as assembly. Corresponding to every phase, it surfaces object model for every phase which allows access to information on that phase. Parse phase is exposed as syntax tree, declaration phase as symbol table.

2.1 API LAYERS
Roslyn consists of two main API layers – the Compiler APIs and Workspace APIs. 
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Workspace APIs
Workspace layer holds the workspace API, an entry point for performing code analysis, refactoring on complete solution. It helps is maintaining entire information about projects in a solution in single object model thus allowing direct access to compiler layer object models which helps developers not to worry about parsing files, managing project to project dependencies. This layer also holds set of APIs which can be used while implementing analysis, refactoring tools. This layer is independent of the Visual Studio Components.
Compiler APIs

The compiler APIs holds the object models present for each phase of compilation. This object model corresponds to information which is exposed at every phase of the pipeline. This information includes both syntactic and semantic details about the code. This layer is independent of the Visual Studio Components.
	3. Data Structures


Compiler API expose the fundamental data structure, syntax tree. Syntax trees represents the syntactic, lexical source code structure. 
3.1 SYNTAX TREES
Syntax tree is primary structure which is used for binding, code generation, code analysis, compilations etc. Syntax tree holds complete information about the source code. It contains each and every piece of information found in source code i.e. code text, every lexical token, symbols, comments, whitespaces and everything else. When the program is incomplete or has errors, syntax tree represents it by missing token. Syntax tree can be traced back to the text from which it was created as it holds all the information about the source code. From any node in the syntax tree, it is possible to get text representation of the sub-tree within that node. This key feature allows syntax trees to be used as a way to edit, construct source code. Creating new tree will create source code text, and by changing existing syntax tree the source code can be edited. Syntax trees are thread safe and immutable. Thus, multiple users can interact with it without any issues. As trees are immutable, methods used to modify trees create additional snapshot of the tree and make changes without affecting the original syntax tree. Syntax tree is made of tokens, nodes, trivia.
3.2 SYNTAX NODES
Syntax nodes are primary element of trees. They represent statements, clauses, declarations and expressions. Every category of syntax node is represented by separate class which is derived from SyntaxNode. Syntax nodes in tree always have children nodes/ tokens which makes them non-terminal node. Every node has property Parent which can be used to access the parent of the child node. As syntax trees are immutable, parent will never change. Child nodes of every node can be retrieved using ChildNodes method. This method returns list of child nodes in order based on position in the code text. 
3.3 SYNTAX TOKENS
Syntax tokens represents smallest code fragments. They are never parent of any other node. It consists of literals, keywords, identifiers. Tokens have property Value which provides the value of the token. Property ValueText always provide the value typed as String. 

3.4 SYNTAX TRIVIA
Syntax trivia represents part of the code which is insignificant as whitespaces, directives, and comments. Trivia can appear anywhere in the code, so they are not made as child on the node. But as they are important for implementing feature as refactoring, they are maintained in syntax tree. LeadingTrivia, TrailingTrivia depicts the whitespaces, EndOfLineTrivia states new line character. Comments are represented by SingleLineCommentTrivia, MultiLineCommentTrivia. SyntaxTrivia type is used to describe all types of trivia. 
	4. Installation


1. Install Visual Studio 2015 Preview
2. Install the Visual Studio 2015 Preview SDK. 
3. Install the SDK Templates VSIX package to get the Visual Studio project templates.
4. Install the Syntax Visualizer VSIX package to get a Syntax Visualizer tool window to help explore the syntax trees you'll be analyzing.
5. Refer https://roslyn.codeplex.com/
	5. Create Diagnostic Analyzer And Code Fix


Once the above required packages are installed, new diagnostic analyzer and code fix provider can be created as below:

1. Open Visual Studio 2015 and go to File > New Project. 

[image: image3.png]b Recent

4 Installed

4 Templates
b Visual Basic
4 Visual C#

b

Store Apps.
Windows Desktop.
Web

b Online

Office/SharePoint
Android

Cloud.

i0s

LightSwitch
Reporting
Silverlight

Test

NET Framework 45~ Sortby: Default

o

Visual Studio Package

Compiler Platform Console Application

C ltem Template

C# Project Template

Code Refactoring (VSIX)

Diagrostic with Code Fix (NuGet + VSX)

Editor Classifier

Editor Margin

Editor Tet Adomment

Visual C#

Visual C#

Visual C#

Visual C#

Visual C#

Visual CG#

Visual C#

Visual C#

Visual C#

Search Instaled Templates (Culef) P~

Type: Visual C#

Create a C# diagnostic that comes with a
codefix, and deploys as either a NuGet
package or a VSIX extension.




2. Go to Extensibility > Diagnostic with Code Fix and create a new solution.

3. Once the project is created, there will be 3 projects listed in solution window.
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In the above image, Analyzer4 is the project which will hold code for analyzer and code fix. Analyzer4.Test holds unit test cases for the analyzer and code fix. Analyzer4.Vsix is the project which has to be executed if the diagnostic analyzer and code fix needs to be tested on live code. When this project is run, it will open a new Visual Studio instance and will apply the analyzer and code fix on any project/ code which is written in new Visual Studio instance.
4. The analyzer project will contain two source files, DiagnosticAnalyzer.cs and CodeFixProvider.cs. As the name suggests DiagnosticAnalyzer.cs will contain code for performing code analysis whereas CodeFixProvider.cs will hold code for providing code fix for the analysis.
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5. DiagnosticAnalyzer.cs file will include below source code.
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The analyzer class will extend base class DiagnosticAnalyzer provided by Roslyn. This makes it mandatory for analyzer class to implement abstract methods SupportedDiagnostics and Initialize. SupportedDiagnostics will return array of analyzers whereas Initialize method will initialize the analyzer into compiler  to make compiler aware about the existence of analyzer. Analyzer will have 4 properties, DiagnosticId (unique id assigned to analyzer), Title (short title displayed when the analysis fails), MessageFormat (message displayed to the user), Category (category of the analyzer. Other categories in code analysis are Syntax, Naming etc). Using DiagnosticDescriptor class a rule is created by specifiying the properties and severity of the rule.
6. CodeFixProvider.cs will hold below code.
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)

)

)

[ExportCodeFixProvider("Analyzer6CodeFixProvider”, Languageliames.CSharp), Shared

public class Analyzer6CodeFixProvider : CodeFixProvider

{

public sealed override ImmutableArray<string> GetFixableDiagnosticIds()

{

return InmutableArray.Create(Analyzer6Analyzer.DiagnosticId);

i

public sealed override FixAllProvider GetFixAllProvider()

{
i

return WellknownFixAllProviders.BatchFixer;

public sealed override async Task ComputeFixesAsync(CodeFixContext
{

i

context)




The code fix provider class extends base class CodeFixProvider provided by Roslyn. It is mandatory to implement abstract methods GetFixableDiagnosticIds – which returns diagnostic id array for which the code fix is provided, ComputeFixesAsync – which will collect information about the diagnostic and call the method which provides the code fix.
	6. Code Analyzers


As a part of my independent study, I created 4 diagnostic and corresponding code fix providers. In this section we will go through the code for analyzers, code fix and have a look at the APIs provided by Roslyn which were used to get the analysis done. These analyzers were tested on existing code. 
6.1 SYMBOL ANALYZER 
Diagnostic Analyzer

As per the coding standards, class name should start with upper case character. This analyzer checked for the class names which starts with small case letter. If found, a warning will be displayed to the user stating that the class name should start with capital letter. Also, code fix will be provided which user can use to get the class name rectified and all the references in the solution changed to the new name. 
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Since this analyzer deals with naming convention, it falls under Naming category and will be shown as warning to the user. The message will clearly state that the class name should start with upper case letter.
[image: image9.png]public override vold Initialize(AnalysisContext context)
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Since we are dealing with named symbol (class) in this analyzer, the method used to register the analyzer is RegisterSymbolAction. RegisterSymbolAction method requires two input parameters. First is the name of the method which needs to be called to perform analysis, second is the type of symbol which will be analyzed.
SymbolKind – It is enum provided by Roslyn which holds all the types of symbols which are present in C# language. Since we are dealing with class, we use NamedType of symbol kind.
[image: image10.png]private static vold Analyzesymbol(symbolAnalysistontext context)

{
var namedTypesymbol = (INanedTypesynbol)context. Synbol;

if (namedTypeSymbol.Name.Length > @ && Ch:-.IsLower(namedTypeSymbol.Name. ToChararray()[@]))
{
var diagnostic = Diagnostic.Create(Rule, namedTypesymbol.Locations[0], namedTypesymbol.Name);

context.ReportDiagnostic(diagnostic);



AnalyzeSymbol is the method which will be called when compiler comes across symbol of type class. SymbolAnalysisContext will hold the information about the class. Since we are dealing with NamedType, we convert the context to INamedTypeSymbol. The Name property will return us the name of the class on which the analysis can be performed to check if it starts with small case letter. If yes a diagnostic is created which will be reported to the user.  Once the analyzer is executed user will be warning as below:
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The same warning will also be available in the warning window:
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Code Fix
Code Fix for the analyzer will allow user to rename the name of the class and all its references in the solution. 
[image: image13.png]public sealed override ImmutableArray<string> GetFixableDiagnosticIds()
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return InmutableArray.Create(AnalyzerlAnalyzer.DiagnosticId);




GetFixableDiagnosticIds will return code fix for the analyzer specified using the DiagnosticId. 
[image: image14.png]public sealed override async Task ComputeFixesAsync(loderixContext context)

{

var root = await context.Document.GetSyntaxRootAsync(context.CancellationToken) . ConfigureAwait(false);

var diagnostic = context.Diagnostics.First();
var diagnosticSpan = diagnostic.Location.Sourcespan;

var declaration = root.FindToken(diagnosticSpan.Start) .
Parent.Ancestorsandself() .0FType<TypeDeclarationsyntax>() . First();

context.RegisterFix(
Codeaction.Create("Make uppercase”, ¢ => MakeUppercaseAsync(context.Document, declaration, <)),
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ComputeFixesAsync method will collect all the information about the analysis using the code fix context. CodeFixContent holds Diagnostics enum which contains diagnostics information. Using SourceSpan we get the start, end span within the code where the warning appears. Using the root node of the syntax tree we find token of type TypeDeclarationSyntax within the source span. Using this information we call code fix method which will modify the name of the class and return new solution with all the references updated. 
[image: image15.png]private async Task<Solution> MakeUppercaseAsync(Document document, TypeDeclarationSyntax typeDecl,

{

FancellationToken cancellationToken)

/1 Compute new uppercase name.
var identifierToken = typeDecl.Identifier;

char[] newhame = identifierToken.Text.ToCharArray();
newame[@] = Cha-.ToUpperInvariant (newName[@]);

/1 Get the synbol representing the type to be renamed.
var semantictodel = await document.GetSemantictodelasync(cancellationToken);
var typesymbol = semantictodel.GetDeclaredsymbol (typeDecl, cancellationToken);

/1 Produce a new solution that has all references to that type renamed, including the declaration.

var originalsolution = document.Project.Solution;

var optionset = originalSolution.orkspace.Options;

var newSolution = await Renaner.RenameSymbolasync(document.Project. Solution, typeSymbol, new string(newliame),
optionset, cancellationToken).ConfigureAwait(false);

// Return the new solution with the now-uppercase type name.
return newSolution;




Using TypeDeclarationSyntax object which was collected in previous method, the Identifier property will return the name of the class. New name is created for the class, gather information about the existing solution. Using the RenameSymbolAsync method of Renamer class, existing solution information, and new name of the class is passed to the method which will return new solution with new class name. Once the user click on “Shor Potential Fixes”, the code fix will look like below to the user:
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Once the user clicks on “Make Uppercase” the code fix method will be called and the name of the class including all the references in the solution will be modified.
6.2 SYNTAX ANALYZER
Diagnostic Analyzer

This analyzer checks for any if statement which is not surrounded by curly brackets. If it comes across any such statement, it will give warning to user and provide code fix for the same. 
The properties as DiagnosticId, Category, Message has same significance but only changes will be that this properties will now be related to if statement analyzer.

[image: image17.png]public const string Diagnosticld = Analyzers ;
internal const string Title = "if statement needs braces”;

internal const string MessageFormat = "if statement should be enclosed in braces”;
internal const string Category = "Syntax;





As we are dealing with syntax this analyzer will come under Syntax category. The method to register the analyzer will now change as we are dealing with SyntaxKind and not symbol.
[image: image18.png]public override void Initialize(AnalysisContext context)

{
i

context.RegisterSyntaxtiodeAction(AnalyzeNode, Syntaxkind.IfStatement);




To register analyzer working on syntax, RegisterSyntaxNodeAction is the method to be used. We specified the syntax kind as IfStatement as we are dealing with syntax of if statement. Syntax tree is very helpful in determining the type of syntax we are dealing with. 
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If you visit node of is statement in the syntax tree, then in the property window it will the syntax kind. In the property window, the kind is displayed as IfStatement which will be used in the registering the analyzer. AnalyzeNode is the method which will perform analysis on if statement.
[image: image21.png]private static void AnalyzeNode(SyntaxNodeAnalysisContext context)
{
var ifStatement = (IfStatencntSyntax)context.Node;

if (ifStatement.Statement.IsKind(Syntaxkind.Block)) return;

var nonBlockstatement = ifStatement.Statement as ExpressionStatementSyntax;
if (nonBlockStatement == null) return;

var diagnostic = Diagnostic.Create(Rule, nonBlockstatement.GetLocation());
context.ReportDiagnostic(diagnostic);




Once we have the context, we need to convert it to type IfStatementSyntax. The type to be converted into can be determined using the property window. In this case, the type is shown as IfStatementSyntax. Once we have the context, using the Statement property we can access the statement inside if statement. We then check whether the statement is of type block. Statements of kind “Block” states that they are enclosed with brackets. If the statement is a block then no operation needs to be done. If the statement is not of type block, it will have type ExpressionStatementSyntax (this can be retrieved from property window of syntax node). Thus we need to report to the user warning about the if statement syntax.
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The warning will be displayed to user as below
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Code Fix

The code fix for the analyzer will include adding brackets around the statement within if clause.
GetFixableDiagnosticIds will work in similar way and will return the code fix for the analyzer specified using the DiagnosticId. There will be minor change in the ComputeFixesAsync method as we are dealing with if statement syntax. So, it will search for node of type IfStatementSyntax. This type can be fetched using the syntax tree of if statement node. It will gather the diagnostic, source span information in similar way and there would be no changes.
[image: image25.png]public sealed override async Task ComputeFixesAsync(CoderixContext context)

{

var root = await context.Document.GetSyntaxRootAsync(context.CancellationToken) . ConfigureAwait(false);

var diagnostic = context.Diagnostics.First();
var diagnosticSpan = diagnostic.Location.Sourcespan;

var declaration = root.FindToken(diagnosticSpan. Start) .Parent.
AncestorsAndself() .0FType<IfStatenentsyntax>() First();

context.RegisterFix(
CodeAction.Create("Add braces to if statement”, ¢ => AddBracesAsync(context.Document, declaration, <)),
diagnostic);




When user opts for code fix, AddBracesAsync method will be called which will provide code fix for the warning. The code fix will involve taking the statement and converting it into block type.
[image: image26.png]private async Task<Document> AddBracesAsync(Document document, IfStatementSyntax
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FancellationToken cancellationToken)

nonBlockStatement = ifStatement.Statement as ExpressionStatementSyntax;

newBlockStatement = SyntaxFactory.Block(nonBlockStatement)
.WithadditionalAnnotations(Fornatter. Annotation) ;
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root = await document.GetSyntaxRootAsync();
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As statement without brackets is of type ExpressionStatementSyntax, we are converting if statement into block statement. Now we will have new if statement token. This new child node will replace the older child node in the original if statement. Now the new if statement node will replace the original if statement in the root of document using the ReplaceNode method. Now the new document which will be returned will have if statement with brackets. The code fix will look as below
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6.3 INVOCATION ANALYZER
This analyzer analyzes the Match method of Regex class. Match method is used to compare string with passed regular expression. If the regular expression cannot be parsed, Match method will throw exception. This analyzer checks for such regular expressions and reports to user when developing code rather than later when code is executed.

Diagnostic Analyzer

This analyzer needs to check if the method which is being invoked is Match, has two arguments. The object type which needs to be used can be determined using the syntax tree of the Match method. 
The properties as DiagnosticId, Category, Message has same significance but only changes will be that this properties will now be related to regex analyzer.

The analyzer will be registered with RegisterSyntaxNodeAction as we are dealing with syntax node. But the kind of syntax will be InvocationExpression. The syntax tree of the Regex match statement will look as below.
[image: image28.png]public override void Initialize(AnalysisContext context)

{

// TODO: Consider registering other actions that act on syntax instead of or in addition to symbols
context.RegisterSyntaxtiodeAction(Analyzeode, Syntaxkind.InvocationExpression);
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Once the analyzer is registered, compiler will call AnalyzeNode method if it comes across match method invocation. 
[image: image31.png]private static void AnalyzeNode(SyntaxlodeAnalysisContext context)
<
var expr = (InvocationExpressionsyntax)context.Node;
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var regexOpt = context.Semanticliodel.GetConstantValue(regex);
iF (iregexOpt.Hasvalue) return;
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if (regexval
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try
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b
catch (ArgumentException €)
<
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Once we have the context, node needs to be type casted to Invocation expression syntax as per the syntax tree.  InvocationExpression node consists of two child nodes. Once is the SimpleMemberAccessExpression which corresponds to (Regex.Match) and other is the ArgumentList which corresponds to list of the arguments passes to match method. We first need to check the member access expression node to verify if it is regex.match. So we fetch the expression part and check if is is equal to match. If yes we fetch the argument list passed to the method and check whether the count is 2. Then we take argument as position 1 which is regex expression and check if it can be parsed. If exception is thrown, it states that the regular expression is invalid and needs to be reported as warning to the user.
Code Fix
The code fix for this analyzer will require user to modify the regular expression as it will be user who will know what kind of regular expression is required. So the code fix provided is more of replacing the regular expression with normal string. The process will be the same, we get the diagnostics information, source span and check for first node of type InvocationExpression. Once we have it, we call code fix method. The code fix method will then get the argument list from the node, change the first argument to normal text and return new node which will be replace in the tree and finally in the document.
[image: image34.png]public sealed override async Task ComputefixesAsync(CodeFixContext context)
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var root = await context.Document.GetsyntaxRootAsync(context.CancellationToken) . ConfigureAuait (false);

var diagnostic = context.Disgnostics.First();
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FixRegexasync(context.Document, expr, ), disgnostic);





[image: image35.png]private async Task<Document> FixRegexAsync(Document document, InvocationExpressionSyntax expr,
Fancerlationtoken cancellationToken)

{
var model = await document.GetSemanticModelAsync(cancellationToken);

var arglist = expr.ArgumentList as ArgurentlistSyntax;

var regexLiteral = argList.Arguments[1].Expression as LiteralExpressionsyntax;
var regexOpt = model.GetConstantValue (regextiteral);

var regex = regexOpt.Value as string;

var newliteral = SyntaxFactory.ParseExpression("\"valid regex\™")
-ithLeadingTrivia(regextiteral GetleagingTrivia())
_ithTrailingTrivia(regextiteral . GetTrailingTrivia())
-ithAdditionalannotations (Formatter . Annotation)

var root = auait document.GetSyntaxRootAsync();

var newRoot = root.ReplaceNioge (regexLiteral, newliteral);
var newDocument = document. HithSyntaxRoot (newRoot);
return newDocument;
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6.4 METHOD DECLARATION ANALYZER
Diagnostic Analyzer
Coding standard states that the number of lines in any function should not be on higher range. This analyzer checks for methods which exceeds 50 lines of code. If detected, warning will be displayed to the user to reduce the number of lines to or less than 50. 
The properties as DiagnosticId, Category, Message has same significance but only changes will be that this properties will now be related to lines of code analyzer.

The analyzer will be registered with RegisterSyntaxNodeAction as we are dealing with syntax node. But the kind of syntax will be MethodDeclaration. The syntax tree of the method declaration will look as below.

[image: image38.png]namespace ConsoleApplication3
{
| class First

{

1 public void test1()[
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[image: image40.png]public override void Initialize(AnslysisContext context)
i

context..RegisterSyntaxliodeAct ion(AnalyzeSymbol, Syntaxkind.MethodDeclaration);
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As per the syntax tree, the kind of syntax analyzer will be dealing with is MethodDecaration. Same kind is used to initialize the analyzer. The main method can have any number of lines, so analyzer will have to check if the method being analyzed is main. If yes it has to skip that method. 
[image: image41.png]private static void AnalyzeSymbol(SyntaxiiodeAnalysisContext context)
€
var node = (MethodDeclarationSyntax)context.Node;
- name = node.Identifier.ToString();|
returnType = node.ReturnType. ToString();

iF (node.Modifiers.Count

1 8& node. ParameterList. Parameters. Count

1 8 returnType.Equals("void"))

< modifier = node.Modifiers.First().Text;

param = node.ParameterList.Paraneters.First() . Type. ToString();

iF (param.Equals("string(1") 8& name.Equals("Main") 8& modifier.Equals("static™))
return;

¥
var trivia = node.DescendantTrivia();
var comnentTrivia = trivia
.here (t => t.IsKing(Syntaxkind.Singlel ineComentTrivia) ||
. IsKind(SyntaxKind. Multil ineCommentTrivia));

var newnode

node.ReplaceTrivia(comentTrivia, (t1, £2) => default(SyntaxTrivia));

List<String body = newnode.Body. Tostring().SpLit(*\n').Tolist();
body.RemoveAl1(str => str.Trim().Equals(""));
1F (body.Count > 52) {
var diagnostic = Disgnostic.Create(Rule, node.Getlocation());
context .ReportDiagnostic(diagnostic);





Firstly, we convert the node to MethodDeclarationSyntax as per the syntax tree. Then using the Identifier and ReturnType properties of the node, we get the name and return type of the method. Also, using the Modifiers and ParameterList property we get the modifiers and parameter list of the method. Value of these properties is then used to check if method is main. If the method is not main, we get all trivia from the method root node. This will remove single line, multiline comments. Once we have the body of method, it is then checked to get the lines of codes. If it’s greater than 52 including open, close brackets warning will be shown to the user. 
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Code fix for this analyzer will be user dependent, as user will have to modify the method to get the lines to code to 50 or less.
	7. NuGet Packages


Diagnostic Analyzer projects can be created as nugget packages and can be included into any project to perform code analysis. Make sure the analyzer project has NuGet.CommandLine package installed. Below are the steps to create and deploy the nugget package to local folder.
1. Right-click on this project in Solution Explorer and choose Properties.

2. Go to the Compile tab.

3. Click the Build Events button.

4. In the "Post-build event command line" box, change the –OutputDirectory path to point to your local NuGet feed folder.

Every time the analyzer project output file is changed the NuGet package will be modified. These package files can be included in any other project. Below are the steps to include the nugget package into project:
1. Go to Tools > NuGet Package Manager > Package Manager Settings.
2. Go to NuGet Package Manager > Package Sources.

3. Add new package source feed. Enter name of the local feed, and the directory in Source. Click on Update. This will add local feed to package source list.
4. Select project/ solution where the package needs to be added. Go to Manage NuGet Packages. Select the Package Source to local feed which was specified earlier. It will display list of local packages. Install required packages and analyzers will be added to the project.
	8. Summary


Roslyn, .Net Compiler Platform exposes set of Compiler, Workspace APIs which supplies rich information about the source code written in C# language. This creates various opportunities for invention in areas of code generation, code transformation etc. Various code analysis tools can be developed as per the requirement and can be directly embedded into compiler. 
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