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Text Template Transformation Toolkit T4 has become quite popular in 
recent years thanks to a number of factors, most importantly the adoption of 
T4 by various tool-building teams within Microsoft’s developer division. 
Code generators for ASP.NET MVC, the ADO.NET Entity Framework, and 
other popular frameworks are based on T4, making it one of the most widely 
used tool-building frameworks around. In this article based on chapter 6 of 
Metaprogramming in .NET, authors discuss the T4 templating basics. 
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Introducing T4 
 
If only there were a tool for capturing the comparison strategy at compile time for each of the data types you need 
to support at runtime. If such a tool existed, you could generate a class that contains highly optimized overloads of 
all of the max function variants that you’ll need later on. 

As it turns out, certain versions of Microsoft Visual Studio 2008 and Microsoft Visual Studio 2010 and 2012 
contain such a tool—called the Text Template Transformation Toolkit, or T4 for short. In this article, we’ll take a 
look at how to solve the problem of creating a set of max function variants at compile time using T4. 

You’ll delve into the specifics of T4 syntax as we go along. Let’s jump right in by examining listing 1, which 
contains a T4 template that creates a class called greater. The goal of the class is to provide strongly typed 
variants of the max function. Each of those overloaded functions in the greater class is named of, which seems 
rather odd at first glance. But, the naming is deliberate because, using that greater class, you’ll be able to write 
code that reads smoothly like English text. Here’s an example of using the greater class to obtain the greater of 
two integers: 

 
int x = 7, y = 11; 
Console.WriteLine( 
  "The larger of {0} and {1} is {2}.", x, y, greater.of(x, y)); 
 

If you add the greater.tt template file to a Visual Studio project, it will automatically create the greater.cs file as a 
so-called subordinate file to be compiled within the same project. Using T4 in Visual Studio is that simple.  

Listing 1 greater.tt as a T4 template for generating typed max functions 

<#@ template language="C#" #> 
<#@ output extension=".cs" #> 
<#@ assembly name="System.Core" #> 
<#@ import namespace="System.Linq" #> 
<# 
  Type[] types_to_generate = new[] 
  { 
    typeof(object),  typeof(bool),    typeof(byte), 
    typeof(char),    typeof(decimal), typeof(double), 
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    typeof(float),   typeof(int),     typeof(long), 
    typeof(sbyte),   typeof(short),   typeof(string), 
    typeof(uint),    typeof(ulong),   typeof(ushort) 
  }; 
#> 
using System; 
public static class greater 
{ 
<# 
  foreach (var type in types_to_generate) 
  { 
#> 
  public static <#= type.Name #> of( 
    <#= type.Name #> left, <#= type.Name #> right) 
  { 
<# 
    Type icomparable = 
      (from intf in type.GetInterfaces()where 
        typeof(IComparable<>) 
          .MakeGenericType(type) 
          .IsAssignableFrom(intf) 
        || 
        typeof(IComparable).IsAssignableFrom(intf) 
      select intf).FirstOrDefault(); 
    if (icomparable != null) 
    { 
#> 
    return left.CompareTo(right) < 0 ? right : left; 
<# 
    } 
    else 
    { 
#> 
    throw new ApplicationException( 
      "Type <#= type.Name #> must implement one of the " + 
      "IComparable or IComparable<<#= type.Name #>> interfaces."); 
<# 
    } 
#> 
  } 
<# 
  } 
#> 
} 

Naming of T4 template files 

Note the fact that T4 templates like the one shown in listing 1 typically bear a file extension of TT (meaning Text 
Template). Why the extension T4 wasn’t chosen for these files, who can say? Perhaps the T4 product moniker 
wasn’t ascribed to the toolkit until after the TT file extension had already been established as a precedent. 

T4 syntax basics 
Most T4 template files begin with one or more directives bracketed by the <#@ and #> character sequences. If you 
think of T4 as a sort of compiler, these directives act like the command line options that you might use to control 
the compiler’s behavior and output. The most common ones are: 

! Template—Used to specify the language and compiler options 

! Output—Used to control output file extension and encoding 

! Assembly—Used to reference .NET assemblies during compilation 

! Import—Used like an import (VB) or using (C#) directive 

After the directives, the remaining lines in the greater.tt file are part of so-called control blocks and text blocks. 
Before diving into how control blocks and text blocks work, look at listing 2, which contains the abbreviated output 
of the greater.tt template file. As a learning exercise, try to correlate what appears in the template source code in 



3"
 

 
For source code, sample chapters, the Online Author Forum, and other resources, go to 

http://www.manning.com/hazzard/ 
 

listing 1 to the generated source code in listing 2. That exercise will give you an appreciation for the nuances in 
T4’s syntax. The questions that pop into your mind while doing that will be answered shortly. 

Listing 2 greater.cs as abbreviated output from the greater.tt template 

using System; 
public static class greater 
{ 
  public static Object of(Object left, Object right) 
  { 
    throw new ApplicationException( 
      "Type Object must implement one of the " + 
      "IComparable or IComparable<Object> interfaces."); 
  } 
  public static Boolean of(Boolean left, Boolean right) 
  { 
    return left.CompareTo(right) < 0 ? right : left; 
  } 
  public static Byte of(Byte left, Byte right) 
  { 
    return left.CompareTo(right) < 0 ? right : left; 
  } 
  // The remainder of the generated "of" functions have been 
  // omitted for brevity. Each of them is implemented exactly 
  // like the versions for the Boolean and Byte types shown 
  // above, simply invoking CompareTo to rank the operands. 
} 

 
As you can see, the greater class contains a function named of for each of the types specified in the 
types_to_generate variable specified near the top of the template. There are 15 of those functions in the 
unabridged class because there are 15 types included in the types_to_generate array defined in the first 
control block below the directives. 

As you can see in listing 2, the first function in the output, which was emitted for the System.Object type, 
throws an exception because the template control code determined that the System.Object type doesn’t 
implement either of the required IComparable<Object> or IComparable interfaces. The remaining 14 types 
included in the types_to_generate array implement one or both of the required comparison interfaces, so they 
have code emitted that looks like this: 

 
return left.CompareTo(right) < 0 ? right : left; 
 

That code is appropriate for invoking the generic IComparable<T> implementation of CompareTo or the loosely 
typed IComparable implementation. LINQ to Objects code in the third standard control block shown in the 
template in listing 1 makes this determination: 

 
<# 
    Type generic_icomparable = 
      (from intf in type.GetInterfaces()  
        let args = intf.GetGenericArguments()  
        where intf.Name == "IComparable`1" 
           && args != null 
           && args[0].Equals(type) 
        select intf).FirstOrDefault(); 
    if (generic_icomparable != null || type is IComparable) 
    { 
#> 
    return left.CompareTo(right) < 0 ? right : left; 

 
If the target class implements both of the interfaces, it doesn’t matter to us which one is called, but the C# 
compiler’s rules will select the strongly typed implementation because the emitted function’s left and right 
parameters will be strongly typed. For now, all 14 of methods for the compliant types have the same exact 
implementation.  
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Understanding T4’s block types 
Now it’s time to put the whole template into context to understand how the T4 engine works. Let’s start with the 
control block that defines the types_to_generate variable. It immediately follows the directives at the top of 
listing 1 and looks like this: 

 
<# 
  Type[] types_to_generate = new[] 
  { 
    typeof(object),  typeof(bool),    typeof(byte), 
    typeof(char),    typeof(decimal), typeof(double), 
    typeof(float),   typeof(int),     typeof(long), 
    typeof(sbyte),   typeof(short),   typeof(string), 
    typeof(uint),    typeof(ulong),   typeof(ushort) 
  }; 
#> 

 
Note the <# and #> character sequences that demarcate the control block. All control code in a T4 template must 
appear in a control block and be written in the programming language specified in the language attribute of the 
template directive. In the case of the greater.tt template, the C# language was specified as the template’s 
control language, so all its subsequently defined control blocks must be written in C#. 

T4 Languages 

At the time of this writing, C# and Visual Basic are the only other supported control languages allowed in T4 
templates using the standard host. Output text can be generated by T4 for any language—for example, T-SQL, 
F#, Java, XML, and so on. After all, T4 isn’t a code generator. It’s a text generator, and as long as the target 
language uses text for its source code, T4 can emit it. 

To understand how a unique of function was emitted into the generated class for each of the types defined in the 
types_to_generate array, locate the foreach statement within the second control block in the template in 
listing 1. It looks like this: 

 
<# 
  foreach (var type in types_to_generate) 
  { 
#> 
 

The foreach statement iterates over the types defined in the types_to_generate array. The key is that 
although T4 control blocks may be separated by text blocks and other control blocks, they’re all part of the same 
control logic for the template. Processing from top to bottom, objects defined in a T4 control block can be 
referenced within subsequent control blocks, obeying the scoping rules of the selected control language. 

How T4 stitches together template blocks 
Perhaps the best way to understand how T4 connects all the blocks together during transformation is to visualize 
the first two control blocks at the top of listing 1 and the text block that separates them as a single unit. The 
following listing shows all three of those blocks together. Then, compare it to listing 4 to see how T4 conceptually 
joins those three blocks during transformation. 

Listing 3 Two control blocks in T4 surrounding a block of raw text 

<# 
  Type[] types_to_generate = new[] 
  { 
    typeof(object),  typeof(bool),    typeof(byte), 
    typeof(char),    typeof(decimal), typeof(double), 
    typeof(float),   typeof(int),     typeof(long), 
    typeof(sbyte),   typeof(short),   typeof(string), 
    typeof(uint),    typeof(ulong),   typeof(ushort) 
  }; 
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#> 
using System; 
public static class greater 
{ 
<# 
  foreach (var type in types_to_generate) 
  { 
#> 

Listing 4 How T4 conceptually joins control and text blocks 

Type[] types_to_generate = new[] 
{ 
  typeof(object),  typeof(bool),    typeof(byte), 
  typeof(char),    typeof(decimal), typeof(double), 
  typeof(float),   typeof(int),     typeof(long), 
  typeof(sbyte),   typeof(short),   typeof(string), 
  typeof(uint),    typeof(ulong),   typeof(ushort) 
}; 
WriteLine("using System; "); 
WriteLine("public static class greater"); 
WriteLine("{"); 
foreach (var type in types_to_generate) 
{ 

 
Did you notice how the lines of text between the control blocks were inserted as WriteLine statements in the 
conceptual, assembled control code? Comparing listings 3 and 4 should help you understand the inner workings of 
T4 host. T4 is a kind of text compiler that interleaves the code in the control blocks with WriteLine statements 
for each line in any text blocks encountered along the way. The result is a single class that can be compiled and 
executed to transform the template into an output file. 

Understanding this assembly process will also help you to understand why the trailing opening brace ({) found 
at the end of second control block in listing 1 is perfectly acceptable. As long as the matching closing brace (}) is 
placed appropriately into a control block appearing later in the template, the resulting class that T4 generates will 
be well formed. In fact, for the foreach iteration in the template in listing 1, the matching closing brace appears 
as the last control block in the file, which looks like this: 

 
<# 
  } 
#> 
 

It may be odd to think of this single C# closing brace as the sole content within a T4 control block, but that’s what 
it is. After T4 has assembled all the text and control blocks defined in the template together, that closing brace for 
the foreach statement won’t seem so alone and out of place. 

T4’s expression control block 
The last thing to explain about the greater.tt template is a syntax that appears multiple times near the second text 
block defined in the file. This type of control block, called an expression code block, uses the delimiters <#= and #> 
instead of the <# and #> delimiters used to define a standard control block. Here’s how that section using 
expression control blocks looks in the template from listing 1: 

 
public static <#= type.Name #> of( 
  <#= type.Name #> left, <#= type.Name #> right) 
{ 
 

Using the expression control block syntax, the type variable’s Name property is emitted three times in between 
four bits of raw text. These expression control blocks are a convenient way to write the values of variables or the 
results of function calls into the output file without having to use bulky Write statements inside standard control 
blocks. The result is much cleaner looking and easier to read, leading to better overall comprehension of the 
template by programmers to need to understand what the template does. 



6"
 

 
For source code, sample chapters, the Online Author Forum, and other resources, go to 

http://www.manning.com/hazzard/ 
 

When T4 compiles the template, all seven text and control blocks are reduced to a set of Write and 
WriteLine function calls within the internal class that T4 builds to handle the transformation.  

Now, let’s take a brain break and look at how T4 came into existence. 

A brief history of T4 
Understanding the decision-making processes behind the development of T4 can help you determine where it fits 
into your own projects. Let’s do a quick tour of the people and projects that have contributed to T4’s success and 
popularity. 

Several excellent third-party tools are available to do template-based code generation. Some provide 
integration with Microsoft Visual Studio. T4 has the advantage of shipping with certain versions of Microsoft Visual 
Studio 2008 and Microsoft Visual Studio 2010, so most of the software developers building commercial, Microsoft-
based solutions have access to it without needing to install any extra tools. 

T4’s pedigree as a toolkit for tool building is no wonder since it first appeared as part of Microsoft’s Domain 
Specific Languages (DSL) Toolkit in 2005. The DSL team members are constantly experimenting with new 
programming languages and related concepts. They’re tool builders by design. For that kind of work, you need a 
flexible, easily integrated code generator at your fingertips. Around the time that Gareth Jones of Microsoft’s DSL 
team realized the need for something like T4 in 2004, the DSL team members were still doing a lot of their code 
generation work using old-fashioned printf statements in tools written in and around the C++ language. There’s 
nothing wrong with C++, but the code-generation tools that the DSL team was using at the time lacked the 
flexibility and ease of integration that most of their projects demanded. 

An interview with Gareth Jones 

Gareth Jones, the creator of T4, submitted to an interview with the authors of Metaprogramming in .NET. The 
history of T4 outlined here comes with no citations. But Gareth’s blog at http://blogs.msdn.com/b/garethj has 
many great articles and references to other sources that will corroborate what you learn from us about T4. As 
one of the most fascinating people working at Microsoft, we hope you’ll follow Gareth’s work closely and learn 
more about pattern-based software design. 

Gareth looked at the code-generation technologies that other Microsoft software development teams had created 
and found that the ASP.NET page-processing engine had several of the key qualities his team was looking for. From 
a syntax perspective, the separation between the markup and control code was clear. Gareth’s experience helped 
him understand that having a clear syntactical division between raw text and code could dramatically improve 
programmer comprehension in a general-purpose code-generation tool. More importantly perhaps, the architecture 
of the ASP.NET engine, performing its page transformation and HTML emission through assembly and execution, 
seemed to fit nicely with the needs of several of the DSL projects Gareth was involved in. 

After reaching the conclusion that the ASP.NET page-processing engine was a good candidate for becoming a 
general-purpose code generation tool, Gareth used the ASP.NET engine as the basis for T4, combining it with other 
DSL team components in the lab. Although T4 has undergone a complete rewrite since Gareth used the ASP.NET 
engine as the basis for his toolkit in 2004, the similarities between the traditional ASP.NET page syntax and T4’s 
syntax remain. Any developer who’s worked in ASP or ASP.NET will recognize the patterns in T4 and take to them 
quickly. For that matter, any developer who has worked in PHP, JSP, and any number of other web page 
generators will also feel right at home in T4. 

From the beginning, T4 has been available as both a standalone tool and as an add-in for Visual Studio. As you 
know, the first publicly available version of T4 appeared in 2005 as part of the DSL Toolkit. But because 
downloading the DSL Toolkit isn’t something that average developers do, relatively few developers knew about that 
first version of T4. When Visual Studio 2008 shipped, the Professional and Ultimate versions of the product had T4 
built right in. More developers began using the toolkit at that time, but adoption remained relatively low for a 
variety of reasons. 

With the release of Visual Studio 2010, T4 finally stepped into the limelight. Better adaptation into the 
Integrated Development Environment (IDE), more thorough product documentation, and the emergence of several 
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champions in the developer community helped T4 to earn the interest of thousands of programmers who had never 
before heard of the toolkit. Most importantly, several Microsoft Developer Division teams began using T4 to 
generate code from metadata for their frameworks around that same time. 

Summary 
Microsoft’s T4 is a highly addictive product. Then again, once your team starts benefitting from a code generator 
from any vendor, you’ll find all sorts of opportunities to use it to speed up the work and reduce coding errors. To 
us, template-based code generation qualifies as metaprogramming because it requires all the same mental skills 
that the other forms of metaprogramming require and delivers many of the same benefits. To be a good template 
designer, you must learn to think in that same abstract, prototypical way about how code should behave in context 
and often later in time. 

As compared to the many other template-based code generators on the market, the real advantage of T4 is its 
tight integration with Visual Studio. As you’ve discovered in this article, generating code with T4 is as simple as 
dropping a TT file into your Visual Studio solution and inserting the raw text and control blocks to emit the desired 
output. T4 and Visual Studio take care of all the rest at compile time. 
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