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Abstract. In this paper we describe research activities at University of Pisa
about Program Generation. The main focus of our research is to find an
appropriate runtime support for program manipulation and staging so that
multi-staging and meta-programming are not tied to a particular language
neither to have some interpreter at runtime. We already have CodeBricks, a
library to perform code generation by combining pre-compiled methods. Next
step will be to build a generic program transformation system in order to
express persistent multi-stage computations.

1 Background: CodeBricks

CodeBricks allows manipulating abstractions of code fragments, which contain
Intermediate Language (IL) code, but retain enough information about high-level
types to be able to perform type checking and verification.

CodeBricks allows performing transformations on the code abstractions at the IL
while retaining the illusion of manipulating source programs. When using a common
intermediate language like ECMA CIL, as in our implementation of the library, code
fragments produced by different languages can be used together.

CodeBricks provides a mean for a programmer to generate low level code, by
letting the compiler to take care of the nitty-gritty details, and assembling fragments
of code that resemble building blocks providing suitable primitives.

The approach gives the programmer detailed control on the process of code
generation, while being able to perform specializations and optimizations in the code
produced.

For instance a Domain Specific Language can be embedded within a general
purpose language, by having specific code to be produced for the Domain Specific
parts of the language.

CodeBricks is also able to express multi-staged computations. Manipulating code
objects is a mean to produce the various versions of the program that will run at
different stages.

Performing such transformations at the IL level, allows stages to be run on
different language processors, rather than within a single processor as in traditional
source-level approaches (e.g. MetaML).
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2 Ongoing Research

The ultimate goal of our research is to build a complete framework to support
programming languages featuring meta-programming and multi-staging. We expect
that the resulting framework will be:

Language independent

Usable without special programming extensions (through an appropriate API)
Multi-stage: provide persistent multi-stage program transformation

Efficient (comparable with hand coded low level program generation)

We decided to target Microsoft .NET (though the approach can be easily ported to
other platforms like Java, or even C under certain assumptions) because CLI has
become a standard and the platform is multi-language. The already developed
CodeBricks library is at the center of the framework: it provides a mean to manipulate
code fragments in intermediate language format though the programmer perceives the
manipulation at language level. This primitive mechanism helps to achieve the first
two goals. After early performance tests it turned out that CodeBricks library is itself
efficient: the code generation process is as fast as hand coded program generation.
Nonetheless we should guarantee that the overall process is efficient, not just the code
generation phase.

2.1 Functional Inlining

The code generation model implemented by CodeBricks is based on the notion of
application with inlining: methods are reified to code objects (essentially a body with
a signature and an environemt) and their arguments bound to values or other code
objects. Generated code behaves as the application of the method to the specified
arguments. This approach has been borrowed from C++ template meta-programming
and is radically different than the more popular model based on some form of quasi-
quotation.

Although undisputedly effective and intuitive, quasi-quotation introduces also a
new level of complexity into code because it forces the programmer to deal with its
code at two different levels. The programmer should figure out in her mind how the
meta-program will combine all the code fragments in the resulting program.
Moreover, because quasi-quotation notation is usually designed to be concise, binding
of names can be difficult to understand due to the mix of names of source and object
programs.

Besides, relying on functional application plus inlining (functional inlining) allow
expressing code fragments in a more scalable way. First of all quasi-quotation is
handled by early stages of a programming runtime (usually the reader) whereas
application is a deeper notion of programming languages. This implies that
programming tools can provide better support to code generation expressed as
function application assuming inlining rather than syntax-based transformations. The
distinction among formal and actual parameters avoids confusing different levels of
computations in the same expression. Finally the application notation focuses on the
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semantics of generated code (by means of inlining) while providing control over the
generated code: these two aspects are kept separated by this notation whereas in
quasi-quotation are often tangled together.

It is worth noting that we refer to functional inlining as a mean to express code
composition (where method bodies are akin to quasi-quoted terms and arguments
comma expressions). Some mechanism to delay the execution of a functional inlining
is required in order to be comparable with quasi-quotation mechanism.

We plan to extend C# (MetaC#?) with the notion of partial application as a mean to
defer a computation and combine code fragments in a way similar to CodeBricks but
with a better syntax. We believe that language designers should take into account
functional inlining as a real alternative to quasi-quotation to express program
manipulation. This language will provide an example of a programming language
with meta-programming capabilities that relies on our runtime-level framework.

2.2 [a]C#

We have extended C# language (the extension is called annotated C#) in order to put
custom annotations (in the same style of custom attributes) inside method bodies.
With C# it is possible to annotate a method body like in the following example:

class MyAnnotationAttribute : ACS.CodeAttribute { }
class AnotherAnnotationAttribute : ACS.CodeAttribute {}

class Example {
public static void Main(string[] args) {

// Code without annotation

[MyAnnotation] {
// Code under the MyAnnotation attribute
[MyAnnotation, AnotherAnn] {

// Code inside a nested annotation here

}

}
[MyAnnotation] // Single statement here

Blocks tagged by braced annotations put marks into binaries that can be retrieved
through an extended version of Reflection API. Code annotations allow decomposing
method bodies (they are a sort of inverse operation of combination of methods
provided by CodeBricks).

Annotated blocks can be retrieved and manipulated with the following operators:

— Extrusion: the code annotated is used to generate a new method whose arguments
are the free variables

— Injection: code can be inserted immediately before and after an annotation

— Replacement: the code inside an annotation is replaced by another code specified
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The language is still under development, and it is available from the CodeBricks
project page (http://codebricks.sscli.net).

2.3 Assembly Rewriting Engine (ARE)

In order to achieve cross-stage persistence we should assume that after the execution
of a computation stage should be possible to dump the new program on disk. This is a
crucial mechanism because it could be used to implement essential program
transformations such as installation or configuration.

We are designing a rewriting system that analyzes an assembly, finds annotated
portion of code (with a label indicating the current stage), executes them and
generates a new assembly.

Code annotations provide a mean to specify which portions of the code should be
executed. The evaluation of annotated blocks will produce code bricks that will take
their place. This provides a general mechanism to express homogeneous program
transformations at the binary level. Nonetheless all the annotations and code bricks
are perceived as part of the source program by programmers, providing control
without knowledge of the language runtime.

3 Conclusions

We believe that meta-programming and multi-staged would lead to a better software
infrastructure: multi-staging is a natural way to describe nowadays software
deployment, with the fundamental difference that provides a linguistic means to
express in the program itself rather than scattered in a puzzle of different systems.

We also believe that wide acceptance of these programming mechanisms in the
main stream of programming requires that these operations are supported by the
runtime rather than the language.

Our framework seems to be general enough to provide meta-programming and
multi-stage support to a wide range of languages. Nevertheless we are also trying to
build a language that directly exposes functional inlining instead of reducing quasi-
quotation to it.

MetaC# will be an example of a compiler of a language targeting the runtime-
framework in order to support meta-programming facilities.
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