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Reading guide

This manual tries to be as comprehensive as possible; however, you don’t nec-
essarily have to read all of it before starting to do interesting stuff with metalua.
Here’s a brief summary of what the different parts of the manual address, and
why you might want to read them immediately—or not.

o Before reading this manual: metalua is based on Lua, so you'll need a
minimal level of Lua proficiency. You can probably get away without
knowing much about metatables, environments or coroutines, but you
need to be at ease with basic flow control, scoping rules, first-class func-
tions, and the whole everything-is-a-table approach.

e Meta-programming in metalua: this chapter exposes the generic princi-
ples of static meta-programming: meta-levels in sources, AST represen-
tation of code, meta-operators. You need to read this carefully if you plan
to write any non-trivial meta-programming code and you’ve never used
languages like, Common Lisp, camlp4 or Converge. If you're familiar
with one of these, a cursory look over this chapter might be enough for
you.

e Standard meta-programming libraries: these are the tools that will allow
you to manipulate code effectively; the more advanced an extension you
want to write the more of these you'll want to know.

- mlp is the dynamically extensible metalua parser. You need to know
it if you want to change or extend the language’s syntax

- gg is the grammar generator, the library which lets you manipulate
dynamic parsers. You need to know it in order to do anything useful
with mlp.

- match is an extension supporting structural pattern matching (which
has almost nothing to do with regular expressions on strings). It’s a
construct taken from the ML language familly, which lets you ma-
nipulate advanced data structures in vrey powerful ways. It's ex-
tremely helpful, among others, when working with AST, i.e. for
most interesting meta-programs.

- walk is a code walker generator: smomething akin to a visitor pat-
tern, which will help you to write code analysers or transformers.
Whenever you want to find and transform all return statements in
an AST, rename some conflicting local variables, check for the pres-
ence of nested for loops etc., you'll have to write a code walker, and
walk will get you there much faster.

- hygiene offers hygienic macros, i.e. protects you from accidental
variable captures. As opposed to e.g. Scheme, macro writing is
not limited to a term rewriting system in metalua, which lets more
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power to the programmer, but prevents from completely automat-
ing macro hygienization. If you wrote an extension and you want
to raise it to production-quality, you'll need among others to protect
its users from variable captures, and you'll need to hygienize it. If
you don’t feel like cluttering your code with dozens of gensym calls,
you’ll want to use the macro hygienizer.

- dollar: if you wrote a macro, but don’t feel the need to give it a
dedicated syntax extension, this library will let you call this macro
as a regular function call, except that it will be prefixed with a “s”.

e General purpose libraries: Lua strives at staying minimalist, and does
not come with batteries included; you're expected to grab them sepa-
rately, currently from luaforge, and eventually from a Lua Rocks repos-
itory. Metalua needs quite some support to run, and relies on a number
of imported and custom-built libraries. Most of them can be reused for
many other purposes including yours.

A whole category of metalua users, who want to use third party libraries
rather than reinventing their own wheels, will be primarily interested by
these.

- metalua.runtime: extensions to Lua core libraries: base, table, string.

— metalua.compiler: mlc offers a consistent interface to metalua com-
pilation and code representation transformers. "package’, 'loadstring’,
"dostring’, ‘loadfile’ and "dofile” are also updated to handle metalua
source files.

- clopts simplifies and unifies the handling of command line options
for metalua programs.

- springs brings together Lua Ring’s handling of separate Lua uni-
verses with Pluto’s communication capabilities.

- clist offers an extended tables-as-list interface: lists by comprehen-
sion 4 la Haskell or Python, list chunks etc.

- xglobal makes global variables declaration mandatory, for safer pro-
gramming, with almost no runtime overhead, and a syntax consis-
tant gith local variables declaration.

- anaphoric introduces anaphoric control structures, akin to Common
Lisp’s aif-familly macros.

— trycatch provides a proper exception system, with reliable finally
blocks and exception catching by structural pattern matching.

- log eases the terminal logging of variables, mainly for those from
the Printf-based School of Debugging.

- types offers dynamic type checking to metalua programs. It sup-
ports variable typing as opposed to value typing, and advanced
type system features (polymorphism, dependant types etc.).



e Examples and tutorials: this chapter lists a series of tiny meta-programs
whose main purpose is didactic, and walks through the detailed imple-
mentation of a couple of non-trivial extensions.
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1.1. CONCEPTS CHAPTER 1. META-PROGRAMMING

1.1 Concepts

Lua Lual is an very clean and powerful language, with everything the dis-
crimiating hacker will love: advanced data structures, true function closures,
coroutines (a.k.a collaborative multithreading), powerful runtime introspec-
tion and metaprogramming abilities, ultra-easy integration with C.

The general approach in Lua’s design is to implement a small number of very
powerful concepts, and use them to easily offer particular services. For in-
stance, objects can be implemented through metatables (which allow to cus-
tomize the behavior of data structures), or through function closures. It’s quite
easy to develop a class based system with single or multiple inheritance, or a
prototype based system a la Self?, or the kind of more advanced and baroque
things that only CLOS users could dream of...

Basically, Lua could be though of as Scheme, with:

a conventional syntax (similar to Pascal’s or Ruby’s);

the associative table as basic datatype instead of the list;

e no full continuations (although coroutines are actually one-shot semi-
continuations);

Nno macro system.

Metalua Metalua is an extension of Lua, which essentially addresses the lack
of a macro system, by providing compile-time metaprogramming (CTMP) and
the ability for user to extend the syntax from within Lua.

Runtime metaprogramming (RTMP) allows a program to inspect itself while
running: an object can thus enumerate its fields and methods, their proper-
ties, maybe dump its source code; it can be modified on-the-fly, by adding a
method, changing its class, etc. But this doesn’t allow to change the shape
of the language itself: you cannot use this to add exceptions to a language
that lacks them, nor call-by-need (a.k.a. “lazy”) evaluation to a traditional lan-
guage, nor continuations, nor new control structures, new operators... To do
this, you need to modify the compiler itself. It can be done, if you have the
sources of the compiler, but that’s generally not worth it, given the complexity
of a compiler program and the portability and maintenance issues that ensue.

Metaprogramming A compiler is essentially a system which takes sources
(generally as a set of ASCII files), turn them into a practical-to-play-with data
structure, does stuff on it, then feeds it to a bytecode or machine code producer.

lThttp://www.lua.org
’http://research.sun.com/self
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CHAPTER 1. META-PROGRAMMING 1.1. CONCEPTS

The source and byte-code stages are bad abstraction levels to do anything prac-
tical: the sensible way to represent code, when you want to manipulate it with
programs, is tha abstract syntax tree (AST). This is the practical-to-play-with
abstraction level mentionned above: a tree in which each node corresponds to
a control structure, where the inclusion relationship is respected (e.g. if an in-
struction I is in a loop’s body B, then the node representing I is a subtree of the
tree representing B)...

CTMP is possible if the compiler allows its user to read, generate and modify
AST, and to splice these generated AST back into programs. This is done by
Lisp and Scheme by making the programmer write programs directly in AST
(hence the lot of parentheses in Lisp sources), and by offering a magic instruc-
tion that executes during compilation a piece of code which generates an AST,
and inserts this AST into the source AST: that magic couple of instructions is
the macro system.

Metalua has a similar execute-and-splice-the-result magic construct; the main
difference is that it doesn’t force the programmer to directly write in AST (al-
though he’s allowed to if he finds it most suitable for a specific task). However,
supporting “real language syntax” adds a couple of issues to CTMP: there is a
need for transformation from real syntax to AST and the other way around, as
well as a need for a way to extend syntax.

This manual won't try to teach Lua, there’s a wealth of excellent tutorials on
the web for this. I highly recommand Roberto Ierusalimschy’s “Programming
in Lua” book?®, a.k.a. “the blue PiL”, probably one of the best programming
books since K&R'’s “The C Language”. Suffice to say that a seasonned program-
mer will be able to program in Lua in a couple of hours, although some ad-
vanced features (coroutines, function environments, function closures, metat-
ables, runtime introspection) might take longer to master if you don’t already
know a language supporting them.

Among resources available online, my personal favorites would be:
e The reference manual: http://www.lua.org/manual/5.1

e The first edition of PiL, kindly put online by its author at http://www.
lua.org/pil

e A compact reference sheet (grammar and standard libraries) by Enrico
Colombini: http://lua-users.org/wiki/LuaShortReference

o Generally speaking, the Lua community wiki (http://lua-users.
org/wiki) is invaluable.

3 Programming in Lua, 2nd edition.
Published by Lua.org, March 2006
ISBN 85-903798-2-5 Paperback, 328 pages
Distributed by Ingram and Baker & Taylor.
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1.1. CONCEPTS CHAPTER 1. META-PROGRAMMING

e The mailinglist (http://www.lua.org/lua-1.html)and the IRC chan-
nel(irc://irc.freenode.net/#1lua)are populated with a very help-
ful community.

¢ You will also find a lot of useful programs and libraries for Lua hosted at
http://luaforge.net: various protocol parsers, bindings to 2D /3D
native/portable GUI, sound, database drivers...

e A compilation of the community’s wisdom will eventually be plubished
as “Lua Gems”; you can already check its ToC at http://www.lua.
org/gems

So, instead of including yet another Lua tutorial, this manual will rather focus
on the features specific to Metalua, that is mainly:

e The couple of syntax extensions offered by Metalua over Lua;
e The two CTMP magic constructs +{. ..} and -{...};

o The libraries which support CTMP (mainly for syntax extension).

Metalua design philosophy Metalua has been designed to occupy a vacant
spot in the space of CTMP-enabled languages:

o Lisp offers a lot of flexibility, at the price of macro-friendly syntax, rather
than user-friendly. Besides the overrated problem of getting used to those
lots of parentheses, it’s all too tempting to mix macros and normal code in
Lisp, in a way that doesn’t visually stand out; this really doesn’t encour-
age the writing of reusable, mutually compatible libraries. As a result
of this extreme flexibility, large scale collaboration doesn’t seem to hap-
pen, and Lisps lack a de facto comprehensive set of standard libs, besides
those included in Common Lisp’s specification. Comparisons have been
drawn between getting Lispers to work together and herding cats. ..

e Macro-systems bolted on existing languages (Template Haskell*, CamlP5°,
MetaML?...) tend to be hard to use: the syntax and semantics of these
target languages are complex, and make macro writing much harder
than necessary. Moreover, for some reason, most of these projects tar-
get statically typed languages: although static inference type systems a
la Hindley-Milner are extremely powerful tools in many contexts, my
intuition is that static types are more of a burden than a help for many
macro-friendly problems.

4http://www.haskell.org/th/
Shttp://pauillac.inria.fr/~ddr/camlp5/
®http://www.cse.ogi.edu/pacsoft/projects/metaml
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CHAPTER 1. META-PROGRAMMING 1.1. CONCEPTS

e Languages built from scratch, such as converge7 or Logixg, have to bear
with the very long (often decade) maturing time required by a program-
ming language. Moreover, they lack the existing libraries and develop-
pers that come with an already succesful language.

Lua presents many features that beg for a real macro system:

e Its compact, clear, orthogonal, powerful semantics, and its approach of
giving powerful generic tools rather than ready-made closed features to
its users.

e Its excellent supports for runtime metaprogramming.

e Its syntax, despite (or due to its) being very readable and easy to learn,
is also extremely simple to parse. This means no extra technology gets in
the way of handling syntax (no BNF-like specialized language, no byzan-
tine rules and exceptions). Even more importantly, provided that devel-
opers respect a couple of common-sense rules, cohabitation of multiple
syntax extensions in a single project is made surprizingly easy.

Upon this powerful and sane base, Metalua adds CTMP with the following
design goals:

e Simple things should be easy and look clean: writing simple macros
shouldn’t require an advanced knowledge of the language’s internals.
And since we spend 95% of our time not writing macros, the syntax
should be optimized for regular code rather than for code generation.

¢ Good coding practices should be encouraged. Among others, separation
between meta-levels must be obvious, so that it stands out when some-
thing interesting is going on. ldeally, good code must look clean, and
messy code should look ugly.

e However, the language must be an enabler, not handculffs: it should en-
sure that users know what they’re doing, but it must provide them with
all the power they’re willing to handle.

Finally, it’s difficult to talk about a macro-enabled language without making
Lisp comparisons. Metalua borrows a lot to Scheme’s love for empowering
minimalism, through Lua. However, in many other respects, it’s closer to Com-
mon Lisp: where Scheme insists on doing The Right Thing, CL and metalua
assume that the programmer knows better than the compiler. Therefore, when
a powerful but potentially dangerous feature is considered, metalua generally

"nttp://convergepl.org
8http://http://www.livelogix.net/logix/index.html
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1.1. CONCEPTS CHAPTER 1. META-PROGRAMMING

tries to warn the user that he’s entering the twilight zone, but will let him pro-
ceed. The most prominent example is probably macro hygiene. Scheme pretty
much constraints macro writing into a term rewriting system: it allows the
compiler to enforce macro hygiene automatically, but is sometimes crippling
when writing complex macros (although it is, of cource, Turing-complete).
Metalua opts to offer CL style, non-hygienic macros, so that AST are regular
data manipulated by regular code. Hygienic safety is provided by an optional
library, which makes it easy but not mandatory to do hygienic macros.

14



CHAPTER 1. META-PROGRAMMING 1.2. METALUA EXTENSIONS

1.2 Metalua syntax extensions over Lua

Metalua is essentially Lua + code generation at compile time + extensible syn-
tax. However, there are a couple of additional constructs, considered of general
interest, which have been added to Lua’s original syntax. These are presented
in this section

1.2.1 Anonymous functions

Lua lets you use anonymous functions. However, when programming in a
functional style, where there are a lot of short anonymous functions simply re-
turning an expression, the default syntax becomes cumbersome. Metalua being
functional-styel friendly, it offers a terser idiom: “function (argl, arg2,
argn) return some_expr end” can be written:

“largl, arg2,argn| some_exp”.

Notice that this notation is currying-friendly, i.e. one can easily write functions
that return functions: “function (x) return function(y) return x+y
end end” is simply written “ | x| |y| x+y”.

Lua functions can return several values, but it appeared that supporting mul-
tiple return values in metalua’s short lambda notation caused more harm than
good. If you need multiple returns, use the traditional long syntax.

Finally, it's perfectly legal to define a parameterless function, as in | | 42.
This makes a convenient way to pass values around in a lazy way.

1.2.2 Functions as infix operators

In many cases, people would like to extend syntax simply to create infix binary
operators. Haskell offers a nice compromize to satisfy this need without caus-
ing any mess, and metalua incorporated it: when a function is put between
backquotes, it becomes infix. for instance, let’s consider the plus function
“plus=|x,y|x+y”; this function can be called the classic way, as in “plus
(20, 22)7”; but if you want to use it in an infix context, you can also write
“20 ‘plus® 22”.

1.2.3 Algebraic datataypes

This syntax for datatypes is of special importance to metalua, as it’s used to
represent source code being manipulated. Therefore, it has its dedicated sec-
tion later in this manual.
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1.2. METALUA EXTENSIONS CHAPTER 1. META-PROGRAMMING

1.2.4 Metalevel shifters

These to dual notations are the core of metaprogramming: one transforms code
into a manipulaeble representation, and the other transforms the representa-
tion back into code. They are noted +{...} and -{. ..}, and due to their
central role in metalua, their use can’t be summed up adequately here: they
are fully described in the subsequent sections about metaprogramming.
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CHAPTER 1. META-PROGRAMMING 1.3. DATA STRUCTURES

1.3 Data structures

1.3.1 Algebraic Datatypes (ADT)

(ADT is also the usual accronym for Abstract DataType. However, I'll never
talk about abstract datatypes in this manual, so there’s no reason to get con-
fused about it. ADT always refers to algebraic datatypes).

Metalua’s distinctive feature is its ability to easily work on program source
codes as trees, and this include a proper syntax for tree manipulation. The
generic table structure offered by Lua is definitely good enough to represent
trees, but since we’re going to manipulate them a lot, we give them a specific
syntax which makes them easier to read and write.

So, a tree is basically a node, with:

e a tag (a string, stored in the table field named “tag”)

e some children, which are either sub-trees, or atomic values (generally
strings, numbers or booleans). These children are stored in the array-
part’ of the table, i.e. with consecutive integers as keys.

Example1 The most canonical example of ADT is probably the inductive list.
Such a list is described either as the empty list Ni1, or a pair (called a cons in
Lisp) of the first element on one side (car in Lisp), and the list of remaining
elements on the other side (cdr in Lisp). These will be represented in Lua as
{ tag = "Nil" } and { tag = "Cons", car, cdr }. Thelist (1,2, 3)
will be represented as:

{ tag="Cons", 1,
{ tag="Cons", 2,
{ tag="Cons", 3,
{ tag="Nil" } } } }

Example2 Hereisamore programming language oriented example: imagine
that we are working on a symbolic calculator. We will have to work this:

e litteral numbers, represented as integers;

e symbolic variables, represented by the string of their symbol;

9Tables in Lua can be indexed by integers, as regular arrays, or by any other Lua data. Moreover,
their internal representation is able to optimize both array-style and hashtable-style usage, and
both kinds of keys can be used in the same table. In this manual, I'll refer to the integer-indexed
part of a table as its array-part, and the other one as its hash-part.
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1.3. DATA STRUCTURES CHAPTER 1. META-PROGRAMMING

e formulae, i.e. numbers, variables an/or sub-formulae combined by op-
erators. Such a formula is represented by the symbol of its operator, and
the sub-formulae / numbers / variables it operates on.

Most operations, e.g. evaluation or simplification, will do different things de-
pending on whether it is applied on a number, a variable or a formula. More-
over, the meaning of the fields in data structures depends on that data type.
The datatype is given by the name put in the tag field. In this example, tag
can be one of Number, Var or Formula. The formula '™ +1 would be encoded
as:

{ tag="Formula", "Addition",
{ ta@F"Formula", "Exponent",
{ tag="Variable", "e" },
{ tag="Formula", "Multiplication",
{ tag="Variable", "i" },
{ tag="Variable", "pi" } } 1},
{ tag="Number", 1 } }

Syntax The simple data above already has a quite ugly representation, so
here are the syntax extensions we provide to represent trees in a more readable
way:

e The tag can be put in front of the table, prefixed with a backquote. For in-
stance, { tag = "Cons", car, cdr }canbe abbreviated as ‘Cons{
car, cdr }.

e If the table contains nothing but a tag, the braces can be omitted. There-
fore, { tag = "Nil" } canbeabbreviatedas ‘Nil (although ‘Nil{ }
is also legal).

o If there is only one element in the table besides the tag, and this element
is a literal number or a literal string, braces can be omitted. Therefore {
tag = "Foo", "Bar" }canbe abbreviated as ‘Foo "bar".

With this syntax sugar, the '™ + 1 example above would read:

‘Formula{ "Addition",
‘Formula"{ "Exponent",
‘Variable "e"
‘Formula{ "Multiplication",
‘Variable "i"
‘Variable "pi" } },
‘Number 1 }

18



CHAPTER 1. META-PROGRAMMING 1.3. DATA STRUCTURES

Notice that this is a valid description of some tree structure in metalua, but
it’s not a representation of metalua code: metalua code is represented as tree
structures indeed, but a structure different from this example’s one. In other
words, this is an ADT, but not an AST.

For the record, the metalua (AST) representation of the code "1+e” (ixpi)"
is:

‘Op{ "add", ‘Number 1,
\Op{ "pow"’ \Id "e"’
\Op{ llmul"’ \Id "i", \Id "pi“ } } }

After reading more about AST definition and manipulation tools, you'll hope-
fully be convinced that the latter representation is more powerful.

1.3.2 Abstract Syntax Trees (AST)

An AST is an Abstract Syntax Tree, a data representation of source code suit-
able for easy manipulation. AST are just a particular usage of ADT, and we
will represent them with the ADT syntax described above.

Example this is the tree representing the source code print (foo, "bar"):
‘Call{ ‘Id "print", ‘Id "foo", ‘String "bar" }

Metalua tries, as much as possible, to shield users from direct AST manipu-
lation, and a thorough knowledge of them is generally not needed. Metapro-
grammers should know their general form, but it is reasonnable to rely on a
cheat-sheet to remember the exact details of AST structures. Such a summary
is provided in appendix of this tutorial, as a reference when dealing with them.

In the rest of this section, we will present the translation from Lua source to
their corresponding AST.

1.3.3 AST <= Lua source translation

This subsection explains how to translate a piece of lua source code into the
corresponding AST, and conversely. Most of time, users will rely on a mech-
anism called quasi-quotes to produce the AST they will work with, but it is
sometimes necessary to directly deal with AST, and therefore to have at least a
superficial knowledge of their structure.
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1.3. DATA STRUCTURES CHAPTER 1. META-PROGRAMMING

Expressions

The expressions are pieces of Lua code which can be evaluated to give a value.
This includes constants, variable identifiers, table constructors, expressions
based on unary or binary operators, function definitions, function calls, method
invocations, and index selection from a table.

Expressions should not be confused with statements: an expression has a value
with can be returned through evaluation, whereas statements just execute them-
selves and change the computer state (mainly memory and IO). For instance,
2+2 is an expression which evaluates to 4, but four=2+2 is a statement, which
sets the value of variable four but has no value itself.

Number constants A number is represented by an AST with tag Number and
the number value as its sole child. For instance, 6 is represented by ‘Number 6.

String constants A string is represented by an AST with tag St ring and the
string as its sole child. For instance, "foobar™" is represented by:
‘String "foobar".

Variable names A variable identifier is represented by an AST with tag Id
and the number value as its sole child. For instance, variable foobar is repre-
sented by ‘*Id "foobar".

Other atomic values Here are the translations of other keyword-based atomic
values:

e nilisencoded as ‘Nilll;
e falseisencoded as ‘False;
e trueisencoded as ‘True;

e ... isencoded as ‘Dots.

Table constructors A table constructor is encoded as:
‘Table{ ( ‘Pair{ expr expr } | expr )x }

This is a list, tagged with Table, whose elements are either:

10As explained in the section about ADT, ‘Number 6 is exactly the same as *Number{ 6 },or
plain Lua { tag="Number", 6}
Hwhich is a short-hand for ‘Nil{ },or { tag="Nil" }in plain Lua.
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o the AST of an expression, for array-part entries without an explicit asso-
ciated key;

e a pair of expression AST, tagged with Pair: the first expression AST
represents a key, and the second represents the value associated to this
key.

Examples

o The empty table { } isrepresented as *‘Table{ };

e {1, 2, "a"} isrepresented as:
‘Table{ ‘Number 1, ‘Number 2, ‘String "a" };

e {x=1, y=2} is syntax sugar for { ["x"]1=1, ["y"]=2}, and is repre-
sented by *‘Table{ ‘Pair{ ‘String "x", ‘Number 1 }, ‘Pair{
‘String "y", ‘Number 2} };

e indexed and non-indexed entries canbe mixed: { 1, [100]="foo", 3}
isrepresented as ‘Table{ ‘Number 1, ‘Pair{ ‘Number 100, ‘String
"foo"}, ‘Number 3 };

Binary Operators Binary operations are represented by ‘Op{ operator,
left, right}, where operator isa the operator’sname asone of the strings
below, left is the AST of the left operand, and right the AST of the right
operand.

The following table associates a Lua operator to its AST name:

] Op. \ AST H Op. \ AST H Op. \ AST H Op. \ AST
+ "add" - "sub" * "mul" / "div"
% "mod" ° "pow" .. "concat" == "eq"
< "ie" <= "le" and "and" or "or"

Operator names are the sames as the corresponding Lua metatable entry, with-

out the prefix "__". There are no operator for operators "=, >= and >: they
can be simulated by swapping the arguments of <= and <, or adding a not to
operator ==.

Examples

e 2+2isrepresented as ‘Op{ ’add’, ‘Number 2, ‘Number 2 };

e 1+2x3isrepresented as:
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‘Op{ "add’, ‘Number 1,
‘Op{ 'mul’, ‘Number 2, ‘Number 3 } }

e (1+2) x3isrepresented as:

‘Op{ 'mul, ‘Op{ "add’, ‘Number 1, ‘Number 2 },
‘Number 3 } }

‘Op{ 'mul’, ‘Op{ ’"add’, ‘Number 1, ‘Number 2 }, ‘Number 3 }

e x>=1 and x<42 isrepresented as:
‘Op{ "and’, ‘Op{ ’'le’, ‘Number 1, ‘Id "x" 1},
‘Oop{ ’1t’, ‘Id "x", ‘Number 42 } }

Unary Operators Unary operations are similar to binary operators, except
that they only take the AST of one subexression. The following table associates
a Lua unary operator to its AST:

[Op. [ AST [[Op.| AST | Op.| AST |
’ - ‘ "sub"“ # ‘"len"“not ‘"not"‘

Examples

e —xisrepresented as ‘Op{ ‘Sub, ‘Id "x" };

e — (1+2) isrepresented as:
‘Op{ ‘Sub, ‘Op{ ‘Add, ‘Number 1, ‘Number 2 } }

. #xisrepresentedas ‘Op{ ‘Len, ‘Id "x" }

Indexed access They are represented by an AST with tag Index, the table’s
AST as first child, and the key’s AST as second child.

Examples

e x[3] isrepresented as ‘Index{ ‘Id "x", ‘Number 3 };

e x[3][5] is represented as:
‘Index{ ‘Index{ ‘Id "x", ‘Number 3 }, ‘Number 5 }

e x.yissyntax sugar for x["y"], and is represented as:
‘Index{ ‘Id "x", ‘String "y" }

Notice that index AST can also appear as left-hand side of assignments, as shall
be shown in the subsection dedicated to statements.
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Function call Function call AST have the tag Cal1, the called function’s AST
as first child, and its arguments as remaining children.
Examples

e f () isrepresented as ‘Call{ ‘Id "f" };

o f(x, 1) isrepresentedas ‘Call{ ‘Id "f", ‘Id "x", ‘Number 1

e £(x, ...)isrepresentedas ‘Call{ ‘Id "f", ‘Id "x", ‘Dots }.

Notice that function calls can be used as expressions, but also as statements.

Method invocation Method invocation AST have the tag Invoke, the ob-
ject’s AST as first child, the string name of the method as a second child, and
the arguments as remaining children.

Examples

e 0:f () isrepresented as *Invoke{ ‘Id "o", String "f" };

e o:f (x, 1) isrepresented as:
‘Invoke{ ‘Id "o", ‘String "f", ‘Id "x", ‘Number 1 };

e 0:f(x, ...) isrepresented as:
‘Invoke{ ‘Id "o", ‘String "f", ‘Id "x", ‘Dots };

Notice that method invocations can be used as expressions, but also as state-

ments. Notice also that “function o:m (x) return x end”isnotamethod

invocation, but syntax sugar for statement “o["£f"] = function (self,
x) return x end”. See the paragraph about assignment in statements sub-
section for its AST representation.

Function definition A function definition consists of a list of parameters and
a block of statements. The parameter list, which can be empty, contains only
variable names, represented by their *Id{...} AST, except for the last el-
ement of the list, which can also be a dots AST ‘Dots (to indicate that the
function is a vararg function).

The block is a list of statement AST, optionnaly terminated witha ‘Returnf{. ..

or ‘Break pseudo-statement. These pseudo-statements will be described in
the statements subsection.

FIXME: finally, return and break will be considered as regular statements: it’s
useful for many macros.

The function definition is encoded as ‘Function{ parameters block }

23
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Examples

e function (x) return x endisrqxfsaﬁeda&
‘Function{ { ‘Id x } { ‘Return{ ‘Id "x" } } };

e function (x, y) foo(x); bar(y) endisrepresentedas:

‘Function{ { ‘Id x, ‘Id y }
{ “Call{ ‘Id "foo", ‘Id "x" },
‘Call{ ‘14 "bar", ‘14 nyu } } }

e function (fmt, ...) print (string.format (fmt, ...)) end
is represented as:

‘Function{ { ‘Id "fmt", ‘Dots }
{ ‘Call{ ‘Id "print",
‘Call{ ‘Index{ ‘Id "string",
‘String "format" },
‘Id "fmt",
‘Dots } } } }

e function f (x) return x endisnotanexpression, buta statement:
itis actually syntax sugar for the assignment £ = function (x) return
x end, and as such, is represented as:

‘Let{ { Id "f" },
{ ‘Function{ {‘Id "x’} {‘Return{‘Id "x’'} } } } }

(see assignment in the statements subsection for more details);

Parentheses In Lua, parentheses are sometimes semantically meaningful: when
the parenthesised expression returns multiple values, putting it between paren-
theses foreces it to return only one value. For instance, “local function
f() return 1, 2, 3 end; return { f£() }’willreturn“{1, 2, 3}”,
whereas “local function f() return 1, 2, 3 end; return { (£())
}” will return “{ 1 }” (notice the parentheses around the function call).

Parentheses are represented in the AST as a node “*Paren{ }”. The second
example above has the following AST:

{ ‘Localrec{ { ‘Id "f" },
{ ‘Function{ { 1},
‘Return{ ‘Number 1,
‘Number 2,
‘Number 3 } } } },
‘Return{ ‘Table{ ‘Paren{ ‘Call{ ‘Id "f"™ } } } } }
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Statements

Statements are instructions which modify the state of the computer. There are
simple statement, such as variable assignment, local variable declaration, func-
tion calls and method invocation; there are also control structure statements,
which take simpler statement and modify their action: these are if/then/else,
repeat/until, while/do/end, for/do/end and do/end statements.

Assignment Variable assignment a, b, c¢ = foo, bar is represetned by
AST *set{ 1lhs, rhs }, with 1hs being a list of variables or table indexes,
and rhs the list of values assigned to them.

Examples

e x[1]=2 isrepresented as:

‘Set{ { ‘Index{ ‘Id "x", ‘Number 1 } }, { ‘Number 2 } };

e a, b =1, 2isrepresented as:
‘Set{ { ‘Id "a", ‘Id "b"™ }, { ‘Number 1, ‘Number 2 } };

ea =1, 2, 3isrepresented as:

‘Set{ { ‘Id "a" }, { ‘Number 1, ‘Number 2, ‘Number 3 } };

e function f(x) return x endissynmxsugnfot
f = function (x) return x end. Assuch, is represented as:
‘Set{ { ‘Id "f" },
{ ‘Function{ {‘Id ’"x’'} { ‘Return{ ‘Id "x" } } }

e function o:m(x) return x end issyntax sugar for:
o["f"] = function (self, x) return x end,andassuch,isrep-
resented as:

‘Set{ { ‘Index{ ‘Id "o", ‘String "f" } 1},
{ “Function{ { ‘Id "self, "‘Id x }
{ ‘Return{ ‘Id "x" } } } } }

Local declaration Local declaration local a, b, ¢ = foo, bar works
just as assignment, except that the tag is Local, and it is allowed to have an
empty list as values.

Examples

e local x=2 isrepresented as:
‘Local{ { ‘Id "x" }, { ‘Number 2 } },

e local a, Dbisrepresented as:
\Local{ { \Id "a", \Id "b" }, { } };
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Recursive local declaration In alocal declaration, the scope of local variables
starts after the statement. Therefore, it is not possible to refer to a variable inside
the value it receives, and “1ocal function f (x) £ (x) end”isnotequiv-
alentto “local f = function (x) f(x) end”:in the latter, the £ call in-
side the function definition probably refers to some global variable, whereas in
the former, it refers to the local variable currently being defined (f this therefore
a forever looping function).

To handle this, the AST syntax defines a special ‘Localrec local declaration
statement, in which the variables enter in scope before their content is evaluated.
Therefore, the AST corresponding to 1ocal function f(x) f(x) endis:

‘Localrec{ { ‘Id "f" },
{ “Function{ { ‘Id x }
{ \Call{ \Id "f", \Id "X" } } } }

Caveat: In the current implementation, both variable names list
and values list have to be of lenght 1. This is enough to represent
local function ... end, but should be generalized in the
final version of Metalua.

Function calls and method invocations They are represented the same way
as their expression counterparts, see the subsection above for details.

Blocks and pseudo-statements Control statements generally take a block of
instructions as parameters, e.g. as the body of a for loop. Such statement
blocks are represented as the list of the instructions they contain. As a list, the
block itself has no tag field.

Example foo (x); bar(y); return x,y isrepresented as:
{ ‘Call{ ‘Id "foo", ‘Id "x" },

‘call{ ‘Id "bar", ‘Td "yn },
‘Return{ ‘Id "X", ‘Id "yn b

Do statement These represent do ... end statements, which limit local
variables scope. They are represented as blocks with a Do tag.

Example do foo(x); bar(y); return x,y endisrepresented as:
‘Do{ ‘Call{ ‘Id "foo", ‘Id "x" },

‘call{ ‘1Id "bar", ‘14 nyn },
‘Return{ ‘Id an, ‘14 nyu } o}
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While statement while <foo> do <barl>; <bar2>; ... endis rep-
resented as

‘While{ <foo>, { <barl>, <bar2>, ... } }.

Repeat statement repeat <barl>; <bar2>; ... until <foo>isrep-
resented as

‘Repeat{ { <barl>, <bar2>, ... }, <foo> }.

Forstatements for x=<first>,<last>,<step> do <foo>; <bar>;
endisrepresentedas ‘Fornum{ ‘Id "x", <first>, <last>, <step>,
{ <foo>, <bar>, ... } L

The step parameter can be omitted if equal to 1.

for x1, x2... in el, e2... do
<foo>;
<bar>;

end

isrepresented as:
‘Forin{ {‘Id "x1",‘1d "x2",...}, { <el>, <e2>,... } { <foo>,
<bar>, ... } }

If statements “If” statements are composed of a series of (condition, block)
pairs, and optionnaly of a last default “else” block. The conditions and blocks
are simply listed inan *If{ ... } ADT. Notice that an “if” statement with-
out a final “else” block will have an even number of children, whereas a state-
ment with a final “else” block will have an odd number of children.

Examples

e if <foo> then <bar>; <baz> endisrepresented as:
‘If{ <foo>, { <bar>, <baz> } };

e if <foo> then <barl> else <bar2>; <baz2> endisrepresented
as: ‘If{ <foo>, { <barl> }, { <bar2>, <baz2> } };

e if <fool> then <barl>; <bazl> elseif <foo2> then <bar2>; <baz2>
is represented as:
‘If{ <fool>, { <barl>, <bazl> }, <foo2>,{ <bar2>, <baz2> } };

e if <fool> then <barl>; <bazl>
elseif <foo2> then <bar2>; <baz2>
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else <bar3>; <baz3> end+

is represented as:

‘If{ <fool>, { <barl>, <bazl> },
<foo2>, { <bar2>, <baz2> },
{ <bar3>, <baz3> } }

Breaks and returns Breaks are represented by the childless *‘Break AST. Re-
turns are retpresented by the (possibly empty) list of returned values.

Example return 1, 2, 3isrepresented as:
‘Return{ ‘Number 1, ‘Number 2, ‘Number 3 }.

Extensions with no syntax

A couple of AST nodes do not exist in Lua, nor in Metalua native syntax, but
are provided because they are particularly useful for writing macros. They are
presented here.

Goto and Labels Labels can be string AST, identifier AST, or simply string;
they indicate a target for goto statements. A very common idiom is “local x
= mlp.gensym(); ... ‘Label{ x } ”.Youjustjump to thatlabel with
““Goto{ x } ”.

Identifiers, string AST or plain strings are equivalent: “ *Label{ ‘Id "foo"}”
issynonymous for “ *Label{ ‘String "foo"}”and”‘Label "foo"”. The
same equivalences apply for gotos, of course.

Labels are local to a function; you can safely jump out of a block, but if you
jump inside a block, you're likely to get into unspecified trouble, as local vari-
ables will be in a random state.

Statements in expressions A common need when writing a macro is to in-
sert a statement in the middle of an expression. It can be done by using an
anonymous function closure, but that would be expensive, so Metalua offers
a better solution. The ‘Stat node evaluates a statement block in the middle
of an expression, then returns an arbitrary expression as its result. Notice one
important point: the expression is evaluated in the block’s context, i.e. if there
are some local variables declared in the block, the expression can use them.

For instance, *Stat{ +{local x=3}, +{x}} evaluates to 3.
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1.4 Splicing and quoting

As the previous section shows, AST are not extremely readable, and as promized,
Metalua offer a way to avoid dealing with them directly. Well, rarely dealing
with them anyway:.

In this section, we will deal a lot with +{...} and —{...}; the only (but
real) difficulty is not to get lost between m