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Reference Manual of the Programming
LanguagelLua 4.0

1 - Introduction

Lua is an extension programming language designed to support generdupaljgeogramming
with data description facilities. Lua is intended to be used as a lightweight, butfplowe
configuration language for any program that needs one.

Lua is implemented as a library, written in C. Being an extension language, Lua has no notion of
a main" program: it only arks embeddedh a host client, called trembeddingprogram. This

host program can invoke functions to executéagof code in Lua, can write and read Lua
variables, and can register C functions t@dlked by Lua code. Arough the use of C functions,

Lua can be augmented to cope with a wide range of different domains, thus creating customized
programming languages sharing a syntactical fraonew

Lua is free-distribution software, and provided as usual with no guarantees, as stated in the
copyright notice. The implementation described in this manual is available at the following

URL's:

http://www.tecgraf.puc-rio.br/lua/
ftp://ftp.tecgraf.puc-rio.br/pub/lua/lua.tar.gz

2 - Environment and Chunks

All statements in Lua are executed iglabal environmentT his environment, which keeps all
global variables, is initialized with a cdlbm the embedding program k@_newstate  and
persists until a call tha_close | or the end of the embedding program. Optionally, a user can
create multiple independent global environments (see Séctipn

The global environment can be manipulated by Lua code or by the embedding program, which
can read and write global variables using API functions from the library th&mapts Lua.

Global variables do not need declavatiAny variable is assumed to be global unles$icitp

declared local (see Sectidtb.f. Before the first assignment, the value of a global variable is
nil; this default can be changed (see Secti@hn
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The unit of execution of Lua is calledclaunk A chunk is simply a sequence of staents:
chunk ::= {stat} [ret]

Statements are described in Secddh (As usual, §} means 0 or mora's, [a] means an
optionala and (&)+ means one or Moees.)

A chunk may be in alé or in a string inside the host program. Auok may optioally end with
areturn  statement (see Sectidtb.3. When a chunk is executed, fiatits code is pre-
compiled, then the statements are executed in sequamigal All modifcations a bunk effects
on the global environment persist after the chunk end.

Chunks may also be pre-coiigal into binaryform; see progrartwac for detils. Text files with
chunks and their binary pre-coiigal forms are interchangeable. Lua autowcally detects the
file type and acts aocdingly .

3 - Types and Tags

Lua is a dynamically typed language. Variables do not have types; only galuEserefore,
there are no type definitions in the language. All values carry their own type. Besides a type, all
values also have a tag.

There are six basic types in Luel; number string, function userdata andtable Nil is the type
of the valuenil, whose main property is to be differéram any other valueNumberrepresents
real (double-pecision floating-point) numbers, whigring has the usual meaning. Lua is eight-
bit clean, and so strings may contain any 8-bit charantdudingembedded zero8) ). The
type function returns a string describing the type of a given value (see Sedjion

Functions are considered first-class values in Lua. This meanfsiticeibns can be stored in
variables, passed as arguments to other functions, and returned as resultscalligacah
manipulate) functions written in Lua and functions written in C. They can be distinguished by
their tags: all Ludunctions have theasne tag, and all @inctions have theasne tag, which is

different from the tag of Lua functions. Tf@ function returns the tag of a given value (see
Section6.1).

The typeuserdatais provided tallow arbitrary C pointers to be stored in Lua variables. It
corresponds towid* and has no pre-defined operations in Lua, besides assignment and
equality test. However, by usitag methodsthe programmer can define op eratifmsuserdata
values (see Sectigh9).

The typetableimplements associative arrays, that is, arrays that can be indexed not only with

numbers, but with any value (excdpt). Therefore, this type may be used not only to represent
ordinary arrays, but also symbol tables, sets, records, etc. Tables rag@rthiata structuring
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mechanism in Lua. To representarts, Lua uses théefd name as an index. The language
supports this representation by providingame as syntactic sugar faf'name”] . Tables may
also carry methods:dgausdunctions are firstlass values, table fields may continctions.
The formt:f(x)  is syntactic sugar farf(t,x) , which calls the method from the table
passing itself as the first parameter (see Sedtid:).

Note that tables am@bjects and not values. Variables cannot contain tables, raféyenceso

them. Assignment, parameter passing, and returns always manipulate references to tables, and do
not imply any kind of copy. Moreover, tables must be explicitly creatftdased (see

Section4.6.7).

Tags are mainly used to seléamy methodsvhen some events occur. Tag methods arendie
mechanisnior extending theamantics of Lua (see SectidiB). Each of the typesil, number
andstring has a different tag. All values of each of these types have this same pre-defined tag.
Values of typdunctioncan have two different tags, depending on whether they are Lua
functions or C functions. Fatly, values of typ@iserdataandtable have variable tags, assigned

by the program (see SectidtB). Tags are created with the functisswtag , and the function

tag returns the tag of a given value. To change the tag of a given table, there is the function
settag (see Sectio®g.l).

4 - The Language

This section describes the lexis, the syntax and the semantics of Lua.

4.1 - Lexical Conventions

Identifiers in Lua can be any string of letters, digits, and underscores, not beginning with a digit.
The definition of letter depends on the curreictle: Any character considered alphabetic by the
current Iecale can be used in an identifier. The followingrds are reserved, and cannot be used
as identifiers:

and break do else
elseif end for function
if local nil not

or repeat return then
until  while

Lua is a case-sensitive languagel is a reserved word, bahd andvand (if the locale
permits) are two other different identifiers. As a convention, identifiers starting with underscore

followed by uppercase letters (such agPuT) are reserved for internal variables.

The following strings denote other tokens:

~= <= > < > == = 4+ - * [

(y{rr1.:.
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Literal strings can be delimited by matching singldauble quotes, and can contain the C-like
escape sequences (bell),\o' (backspace)f (form feed),\n' (newline),\r

(carriage return)it  (horizontal tab))v'  (vertical td), v , (backslash)y" , (double

qguote),\"  (single quote), antin'  (that is, a backslash followed by a real newline, which
results in a newline in the string). A character in a string may also be specified by its numerical
value, through the escape sequewde’ , whereddd is a sequence of up to thréecimal

digits. Strings in Lua may contain any 8-bit value, including embedded zeros.

Literal strings can also be delimited by matching]] . Literals in this bracketed form may

run for several lines, may contain nesffed]] pairs, and do not interpret escape sequences.
This form is sgcially mnvenient for writing strings that contain prograieges or otheguoted
strings. As an example, in a system using ASCII, the following three literals aralequiv

1) "alo\n123\""
2) \9710\10\04923™
3) [[alo

123"

Comments start anywhere outside a string witlowable hyphen-{ ) and run until the end of the

line. Moreover, the first line of a chunk is skipped if it starts witfihis facility allows the use
of Lua as a script interpreter in Unix systems (see Segjion

Numerical constants may be written with an optional decimal part, and an optional decimal
exponent. Examples of valid numerical constants are

3 3.0 3.1416 314.16e-2 0.31416E1

4.2 - The Pre-processor

All lines that start with & sign are handled by a pre-processor. ¥ Bgn must be immediately
followed by one of the following directives:

debug - turn on debuggingtilities (see Sectioh.9).

nodebug - turn off debuggingdcilities (see Sectiof.9).

it cond - starts a conditional part. ¢bndis false, then this part is skipped by the lexical
analyzer.

ifnot  cond | - starts a conditional part. ¢bndis true, then this part is skipped by the lexical
analyzer.

end - ends a conditional part.

else - starts an "else" conditional part, flipping the "skip" status.

endinput - ends the lexical parse of the file.

Directives may be freely nested. Particularlgeadinput may occur inside &f ; in that case,
even the matchingend is not parsed.
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A condpart may be

nil | - always false.

1 - always true.

name| - true if the value of the global variablameis different fromnil. Note thathameis
evaluatedeforethe chunk starts its execution. Therefore, actions in a chunk do not dffect
its own conditional directives.

4.3 - Coercion

Lua provides some automatic conversions between values ameirAiny arithmetic operation
applied to a string tries taovert that string to a number, following the usual rules. Conversely,
whenever a number is used when a string is expected, that number is converted to a string, in a
reasonable format. For complete control on how numbers are converted to strings, use the
format function (see SectioB.2).

4.4 - Adjustment

Functions in Lua can return many valuesc&8use there are no type declarations, when a

function iscalled the system does natow how many values a functionlweturn, or how

many parameters it needs. THere, someaimes, a list of values must bejusted at run ime, to

a given length. If there are more values than are needed, then the excess values are thrown away.
If there are more needs than values, then the list is extended with asihsm@ag needed.

Adjustment occurs in multiple assignment (see Seaibr® and functiorcalls (see

Section4.6.9.

4.5 - Statements

Lua supports an almostrventional set of staiments, similar to those in Pascal or C. The
conventional coomands include assignment, control structures and proceallsreNon-
conventional coomands include table constructors (see Seetiéry), and local variable
declarations (see Sectidb.6.

4.5.1 - Blocks

A block is a list of statements, which are executed sequentially. A statement may be have an
optional label, and can be optionally followed by a semicolon:

block ::= [label] {stat sc}
sc o= o

label ::=" | "name' |’

For syntactic reasonssturn andbreak statements can only be written as the last statement of a
block.
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A block may be explicitly delimited:

stat ::= do block end

This is useful to control the scope of local variables (see Settdf), and to add eeturn or a
break statement in the middle of another block:

do return end -- return is the last statement in this block

4.5.2 - Assignment

The language allows multiple assignment. Ttoeeg the syntax for assignment defines a list of
variables on the left side, and a list of expressions on the right side. Both lists have their elements
separated by commas:

stat ::= varlistl ' =' explistl
varlistl ::= var {' , "var}

This statement first evaluates all values on the right side and eventual indices on the left side, and
then makes the assignments. Therefore, it can be used to exchange two values, as in

X, y=Y,X

The two lists may have different lengths. Before the assignment, the list of vadulgssiedto
the length of the list of variables (see Sectiof).

A single name can denote a global variable, a local variabldpomal parameter:
var ::= name
Square brackets are used to index a table:

var ::= simpleexp ' ['expl' '

Thesimpleexpshould result in a table value, from where tbklfindexed by the expression
value gets the assigned value.

The syntaxar.NAME s just syntactic sugar faar["NAME"]

var ::= simpleexp ' . ' name

The meaning of assignments and evaluations of global variables and indexed variables can be
changed by tag methods (see Sectid@). Actually, an assignment=val | wherex is a global
variable, is equivalent to a catitglobal(’x’, val) ; an assignmernifi] = val is equivalent

to settable_event(t, i, val) . See Sectiod.8 for a complete description of these functions.
(Functionsetglobal is pre-defined in Lua. Functicettable_event is used only for
explanatory purposes.)
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4.5.3 - Control Structures

The condition expression of a control structure may return any value. All values different from
nil are considered true; onhil is considered falsé. 's,while 's andrepeat 's have the usual
meaning.

stat ;= while exp1 do plock end
| repeat block until expl
| if expl then block{ elseif exp1l then block}[ else block] end

A return is used to return values from a function or from a chuekaBse they may nan
more than one value, the syntax for a returrestant is

stat ::= return  [explist1]

A break statement can be used to terminate the execution of a block, skipping to the next
instruction after the block.

stat ::= break [name]

A break without a label ends the inner enclosing loopil@ynepeat, ofor). A break with a
label breaks the inner enclosing statement with that label.

For syntactic reasonssturn andbreak statements can only be written as the last statement of a
block.

4.5.4 - For Statement

Thefor statement has the following syntax:
stat ::= for name' ='expl' ,'expl[ ,'expl]  do block end
A for statement like

for var=el,e2,e3 do block end
is equivalent to the following code:

do
local var, _limit, _step = tonumber(el), tonumber(e2), tonumber(e3)
if not (var and _limit and _step) then error() end
while (_step>0 and var<=_limit) or (_step<=0 and var>=_limit) do
block
var = var+_step
end
end

Notice the following:

 _limit and_step are invisible variables.
* The behavior is undefined if you assignv/ée inside the block.

10
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» If the third expression (the step) is absent, it defaults to 1.

* Both the limit and the step are evaluated only ondey&¢he loop starts.

* The variablesar is local to the statement; youncet use its value after ther.

* You can uséreak to exit afor. If you need the value of the index, assign it to another
variable before breaking.

4.5.5 - Function Calls as Statements
Because of possible side-effedigctioncalls can be executed as statements:

stat ::= functioncall

In this case, all reirned values are thrown away. Functaatis are explained in Sectign6.8

4.5.6 - Local Declarations

Local variables may be declared anywhere inside a block. Their scope begins after the
declaration and lasts until the end of the block. The declaration may include an initial
assignment:

stat ;= local  declist [init]
declist ::= name {' » ' name}
init ;="' =" explistl

If present, an initial assignment has the same semantics of a multiple assignment. Otherwise, all
variables are initialized withil .

4.6 - Expressions
4.6.1 - Basic Expressions

The basic expressions in Lua are

expi="  ('exp' )’
exp::=  nil

exp = number:
exp = literal

exp ::= function

exp ::= simpleexp
simpleexp ::= var
simpleexp ::= upvalue
simpleexp ::= functioncall

Numbers (numerical constants) and string literals are explained in Sédtieariables are
explained in Sectiord.5.2 upvalues are explained in Secti; function definitions function
are explained in Sectigh6.9 functioncalls are explained in Sectidn6.8

An access to a global variables equivalent to a calletglobal('x’) ; an access to an indexed
variableti] is equivalent to a cadettable_eventt, i) . See Sectiod.8for a description

11
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of these functions. (Functiaetglobal is pre-defined in Lua. Functiagettable_event IS
used only for explanatory purposes.)

The non-terminaéxplis used to indicate that the valuesureed by an expression must be
adjusted to one single value:

expl ;= exp
4.6.2 - Arithmetic Operators

Lua supports the usual arithmetic operators: the bindagldition),- (subtraction):
(multiplication),/ (division) and* (exponentiation), and unary(negation). If the operands are
numbers, or strings that can be converted to numbecsrding to the rules given in

Section4.3), then all operations except exponentiation have the usual meaning. Otherwise, an
appropriate tag method dslled (see Sectiofh 8). An exponentiation always calls a tag head.

The standard mathematical library redefines thishogfor numbers, giving the expected
meaning to exponentiation (see Sectos).

4.6.3 - Relational Operators
Lua provides the followingetational op erators:
== ~= < > <= >=
All these returmil as false and a value different fronh as true.

Equality first compares the tags of its operands. If they are different, then the rasdult is
Otherwise, their values are compared. Numbers and strings are compared in the usual way.
Tables, userdata, and functions are compared by reference, that is, two tables are considered

equal only if they are the same table. The operatas exactly the negation of equality=|.

The conversion rules of Sectid3do notapply to equality comparisons. Thug'==0
evaluates to false, amd] andt['0"] denote different entries in a table.

The order operators work as follows. If both arguments are numbers, then they are compared as

such. Otherwise, if both arguments are strings, then their values are compared using
lexicograp hicabrder. Otherwise, th&" tag method igalled (see Sectiof.8).

4.6.4 - Logical Operators
The logical operators are

and or not

Like control structures, all logical operators consitiéras false and anything else as true. The
operatorand returnsnil if its first argument isnil; otherwise, it returns its second argument. The
operatorfor returns its first argument if it is different fromil ; otherwise, it returns its second

12
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argument. Botland andor use short-cut evaluation, that is, the second operand is evaluated only
when necessary.

There are two useful Lua idioms with logical operators. The firstisorv ~ , which is
equivalent to

if x == nil then x = v end

i.e., it sets to a default value whenx is not set. The otheris=saandborc , which is
equivalent to

if athen x = b else x = ¢ end

provided thab is notnil .
4.6.5 - Concatenation

The string concatenation operator in Lua is denoted.by'. [f both operands are strings or
numbers, they are converted to stringsording to the rules in SectidtB8. Otherwise, the
““concat" tag method @lled (see Sectioh.8).

4.6.6 - Precedence
Operator precedence follows the table belfsam the lower to the higher priority:

and or
< > <= >= ~= ==

+ -

*

not - (unary)
N

All binary operators are left associative, excipt* (exponentiation), which is right assative.
The pre-compiler may rearrange dreler of evaluation of assiative operators (such as or

+), as long as these optimizations do not chaogmal results. However, they may change some
results if you define non-associative tagnoets for these operators.

4.6.7 - Table Constructors

Table constructors are expressions that create tables; every time a constructor is evaluated, a new
table is created. Constructors can be used to create empty tables, or to create a table and initialize
some fields.

The general syntax for constructors is

tableconstructor ::=" { fieldlist ' b

fieldlist ::= Ifieldlist | ffieldlist | Ifieldlist ' ;! ffieldlist | ffieldlist ' ;' Ifieldlist
Ifieldlist ::= [Ifieldlist1]

ffieldlist ::= [ffieldlist1]

13
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The formlfieldlistl is used to initialize lists:
Ifieldlist1 ::= exp {' ,texp}[' .|

The expressions in the list are assigned to consecutive numerical indices, starting with 1. For
example,

a={"v1", "v2", 34}

iS equivalent to

do
local temp = {}
temp[1] = "v1"
temp[2] = "v2"
temp[3] = 34
a =temp

end

The formffieldlistl initializes other fields in a table:

ffieldlist ::= ffield { " ffield} [ 1
ffield ::=" ['exp' ]'" ="exp|name' ='exp
For example,

a={[f()] = g(y), x =1,y = 3, [0] = b+c}
is equivalent to

do
local temp = {}
templf(k)] = g(y)

temp.x=1 --ortemp['x"]=1
temp.y =3 --ortemp['y"] =3
temp[0] = b+c
a =temp
end
An expression likéx =1,y = 4} is in fact syntactic sugar félrx"] = 1, ['y"] = 4}

Both forms may have an optionahiling comma, and can be used in the same constructor
separated by a semi-collon. For examplgorms below are correct:

x = {}

x = {a, b}

x = {type='list’; 'a’, 'b'}

x = {f(0), f(1), f(2),; n=3,}

4.6.8 - Function Calls

A function call has the following syntax:

functioncall ::= simpleexp args

14
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First, simpleexgs evaluated. If its value has ty fumction then this function isalled, with the
given arguments. Otherwise, the ““function" tag methadllisd, having as first parameter the
value ofsimpleexpand then the original call arguments.

The form
functioncall ::= simpleexp ' ;' name args
can be used to call “nfeids". Acall simpleexp:name...) is syntactic sugar for

simpleexp.name(simpleexp, ...)
except thasimpleexp is evaluated only once.

Arguments have the following syntax:

args ="' (' [explist1] * )'
args ::= tableconstructor

args ="' literal '

explistl ::= {expl' , '} exp

All argument expressions are evaluated beforeateA call of theform f{...} IS syntactic

sugar forf({...}) , that is, the parameter list is a single new table. A call ofotinef".. (or
. orfll..]] ) is syntactic sugar fdf...) , that is, the parameter list is a single literal
string.

Because &unction can return any number of results (see Sedtord, the number of results
must be adjusted before used. If the functiotaled as a statement (see Sectidh)), then its
return list is adjusted to O, thus discardafigeturned values. If the function isliesl in a place
that needs a single value (syntactically denoted by the non-teexpialthen its return list is
adjusted to 1, thus discarding allugted values but the first one. If the functioatled in a
place that can hold many values (syntactically denoted by the non-tezrgnahen no
adjustment is made. The only places that can hold many values is t(oe thst only)
expression in an assignment, in an argument list, or in a retuemst#t see examples below.

f(); -- adjusted to O

a(f(), x); -- f() is adjusted to 1 result

a(x, f0)); -- g gets x plus all values returned by f()
a,b,c =f(), x; --f()is adjusted to 1 result (and c gets nil)
a,b,c =x, f(); --f() is adjusted to 2

a,b,c =f1(); -- f() is adjusted to 3

return f(); -- returns all values returned by f()

4.6.9 - Function Definitions

The syntax for function definition is

function ::= function ' (' [parlistl]’ ) ' block end
stat ::= function  funcname' (' [parlistl]’ ) " block end
funcname ::= name | name ' . ' name

15
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The statement

function f (...)
end
IS just syntactic sugar for

f = function (...)
end
and

function o.f (...)
end
IS syntactic sugar for

o.f = function (...)
end

A function definition is an executable expression, whose value haduggi®n When Lua pre-
compiles alounk,all its function bodies are pre-contgd, too. Then, whenever Lua executes the
function definition, its upvalues are fixed (see Sectigf), and the function isistantiated(or
closed. This function instance (alosurg is the final value of the expression. Different
instances of the samignction may have different upvalues.

Parameters act as local variables, initialized with the argument values:

parlistl ::="
parlistl ::= name {' , ' name} [' ]

When a function igalled, the list of arguments is adjusted to the length of the list of parameters
(see Sectiod.4), unless the function isveararg function, indcated by the dot&..) at the end of

its parameter list. A varafgnction does not adjust its argument list; instead,liécis any extra
arguments into an implicit parameter, caleg. This parameter is always initialized as a table,

with a fieldn whose value is the number of extra arguments, and the extra arguments at positions
1,2, ..

As an example, suppose definitions like:

function f(a, b) end
function g(a, b, ...) end
function r() return 1,2,3 end

16
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Then, we have the following mapping from arguments taupaters:

CALL PARAMETERS
f(3) a=3, b=nil

f(3, 4) a=3, b=4

f(3,4,5) a=3, b=4

f(r(), 10)  a=1, b=10

f(r()) a=1, b=2

0(3) a=3, b=nil, arg={n=0}

0(3, 4) a=3, b=4, arg={n=0}
0(3,4,5,8) a=3, b=4, arg={5, 8; n=2}
a(5, r() a=5, b=1, arg={2, 3; n=2}

Results are returned using thirn  statement (see Sectidtb.3. If control reaches the end of
a function without a return instruction, then the function returns with no results.

There is a special syntéxr defining methods, that is, functions that have anigihgxtra
parameteself :

function ::= function name' :'name' ('[parlistl]"’ ) " block end

Thus, a declaration like
function v:f (...)
end
is equivalent to
v.f = function (self, ...)
end

that is, the function gets an extrarf@ parameter callegelf . Note that the variable must
have been previously initialized with a table value.

4.7 - Visibility and Upvalues

A function body may refer to its owndal variables (which include its parameters) and to global
variables, as long as they are not shadowed by local variednle®nclosing functions. A
functioncannotaccess a local varialfl®m an enclosing function, since such variables may no
longer exist when the functioneslled. However, function mayaccess thealueof a local

variable from an enclosing function, usimgvalues

upvalue ::="' % name

An upvalue is somewhat similar to a variable expoesdiut whose value is frozen when the
function wherein it appears is instantiated. Tame used in an upvalue may be the name of any
variable visible at the point where the function is defined.
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Here are some examples:

a,b,c =1,2,3 --global variables
function f (x)

local b --x and b are local to f
local g = function (a)
localy --aandy arelocaltog
p=a -- OK, access local 'a'
p=c -- OK, access global ‘¢’
p=b -- ERROR: cannot access a variable in outer scope
p = %b -- OK, access frozen value of 'b' (local to 'f")
p = %c -- OK, access frozen value of global 'c’
p = %y -- ERROR: 'y' is not visible where 'g' is defined
end -g
end - f

4.8 - Tag Methods

Lua provides a powerfuhechanism to extend its semantics, caiegdmethodsA tag method is

a programmer-definefdinction that iscalled at specific key pointuring the evaluation of a

program, allowing the programmer to change the standard Lua behavior at these points. Each of
these points is called @vent

The tag methodalledfor any specific event is selected amaling to the tag of the values

involved in the event (see Secti®n The functiorsettagmethod  changes the tag method
associated with a given p#iag, event)lts first parameter is the tag, the @ed paameter is the
event name (a string; see below), and the third parameter is the needrt@function), ohil to
restore the default behavior for the pair. The function returns the previous tag method for that
pair. Another functiongettagmethod | receives a tag and an event name andnstthe current
method asswated with the pair.

Tag methods arealled in the following events, identified by the given names. The semantics of
tag methods is better dgned by a Ludunction describing the behavior of the interpreter at
each event. Thieinction not only shows when a tag methodabed, but also its arguments, its
results, and the default behaviole@se notice that the code shown here is only illustrative; the
real behavior is hard coded in the interpreter, and it is much more efficient than this esmulati
All functions used in these descriptiomsgetglobal , tonumber , call | etc.) are described in
Section6.1

“add™:
called when & operation is applied toon numeical operands.
The functiongetbinmethod  defines how Lua chooses a tag method for a binary
operation. First, Lua tries the first operand. If its tag does not define a tag method for the

operation, then Lua tries the second operand. If it aitg then it gets a tag nieid
from tag O:
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function getbinmethod (op1, op2, event)
return gettagmethod(tag(opl), event) or
gettagmethod(tag(op2), event) or
gettagmethod(0, event)
end

function add_event (op1, op2)
local 01, 02 = tonumber(op1l), tonumber(op2)
if o1 and 02 then -- both operands are numeric
return o1+02 --'+' here is the primitive 'add’
else -- at least one of the operands is not numeric
local tm = getbinmethod(op1, op2, "add")
if tm then
-- call the method with both operands and an extra
-- argument with the event name
return tm(opl, op2, "add")
else -- no tag method available: default behavior
error("unexpected type at arithmetic operation")
end
end
end

RN

sub™:

called when a operation is applied toon numeical operands. Behavior similar to ttaed”
event.

LN

mul":

called when & operation is applied toon numecal operands. Behavior similar to ttagd"
event.

div'

called when & operation is applied toon numeical operands. Behavior similar to ttagd"
event.

T pow™:
called when & operation is applied.

function pow_event (op1, op2)
local tm = getbinmethod(op1, op2, "pow")
if tm then
-- call the method with both operands and an extra
-- argument with the event name
return tm(opl, op2, "pow")
else -- no tag method available: default behavior
error("unexpected type at arithmetic operation™)
end
end

LGN n

unm™:

called when an unary operation is applied toreon numeical operad.
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function unm_event (op)
local o = tonumber(op)
if o then -- operand is numeric
return -o -- '-' here is the primitive 'unm'
else -- the operand is not numeric.
-- Try to get a tag method from the operand;
-- if it does not have one, try a "global" one (tag 0)
local tm = gettagmethod(tag(op), "unm") or
gettagmethod(0, "unm")
if tm then
-- call the method with the operand, nil, and an extra
-- argument with the event name
return tm(op, nil, "unm")
else -- no tag method available: default behavior
error("unexpected type at arithmetic operation")
end
end
end

I |

called when arder operation is agipd to nornumerical or non-string operands. It
corresponds to theoperator.

function It_event (opl, op2)
if type(opl) == "number" and type(op2) == "number" then
return opl < op2 -- numeric comparison
elseif type(opl) == "string" and type(op2) == "string" then
return opl < op2 -- lexicographic comparison
else
local tm = getbinmethod(op1, op2, "It")
if tm then
return tm(opl, op2, "It")
else
error("unexpected type at comparison");
end
end
end

The other order operators use this tag meduodrding to the usual eqaiences:

a>b <=> b<a
a<=b <=> not (b<a)
a>=b <=> not (a<b)

““concat";

called when a concatenation is appliechoém string operands.

function concat_event (op1, op2)
if (type(opl) == "string" or type(opl) == "number") and
(type(op2) == "string" or type(op2) == "number") then
return opl..op2 -- primitive string concatenation
else
local tm = getbinmethod(opl, op2, "concat")
if tm then
return tm(opl, op2, “concat")
else
error("unexpected type for concatenation”)
end
end
end

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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“index":

called when Lua tries to retrieve the value of an index not present in a table. See event
"gettable”  for its mantics.

““getglobal™:

called whenever Lua needs the value of a global variable. Thiwthetin only be set fonl and
for tags created byewtag .

function getglobal (varname)
local value = rawgetglobal(varname)
local tm = gettagmethod(tag(value), "getglobal®)
if not tm then
return value
else
return tm(varname, value)
end
end

The functiongetglobal  is pre-defined in Lua (see Sectibrd).
““setglobal":

called whenever Lua assigns to a global variable. Thikadatannot be set for numbers, strings,
and tables and userdata with default tags.

function setglobal (varname, newvalue)
local oldvalue = rawgetglobal(varname)
local tm = gettagmethod(tag(oldvalue), "setglobal")
if not tm then
rawsetglobal(varname, newvalue)
else
tm(varname, oldvalue, newvalue)
end
end

Notice: thefunctionsetglobal  is pre-defined in Lua (see Sectior).

“gettable™:

called whenever Lua accesses an indexed variable. TH®dweannot be set for tables with
default tag.
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function gettable_event (table, index)
local tm = gettagmethod(tag(table), "gettable")
if tm then
return tm(table, index)
elseif type(table) ~= "table" then
error("indexed expression not a table");
else
local v = rawgettable(table, index)
tm = gettagmethod(tag(table), "index")
if v == nil and tm then
return tm(table, index)
else
return v
end
end
end

“settable™:

called when Lua assigns to an indexed variable. Thibadetannot be set for tables with default
tag.

function settable_event (table, index, value)
local tm = gettagmethod(tag(table), "settable")
if tm then
tm(table, index, value)
elseif type(table) ~= "table" then
error("indexed expression not a table")
else
rawsettable(table, index, value)
end
end

“function™:

called when Lua tries to callron function value.

function function_event (func, ...)
if type(func) == "function” then
return call(func, arg)
else
local tm = gettagmethod(tag(func), "function")
if tm then
for i=arg.n,1,-1 do
arg[i+1] = arg[i]
end
arg.n = arg.n+1
arg[1] = func
return call(tm, arg)
else
error(“call expression not a function")
end
end
end

RN n

gc":
called when Lua is “garbage collecting" an userdata. This thgdean be set only from C,

and cannot be set for an userdata with default tagedabr userdata to be collected, Lua does the
equivalent of the followinfunction:
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function gc_event (obj)
local tm = gettagmethod(tag(obj), "gc")
if tm then
tm(obj)
end
end

Moreover, at the end of a garbage collection cycle, Lua does the equivalent of the call
gc_event(nil)

4.9 - Emror Handling

Because Lua is an extension language, all Lua actiondretarC code in the host program
calling afunction from the Lua library. Whenever an error occurs during Lua tatmop or
execution, functionERRORMESSAGE called (povided it is different frommil), and then the
corresponding function from the librarlpg_dofile | lua_dostring | lua_dobuffer | or
lua_callfunction ) is terminated, returning an error condition.

The only argument toERRORMESSAGE a string describing the error. The default definition for
this functioncalls_ALERT, which prints the messagediderr (see Sectiog.1). The standard

I/O library redefines ERRORMESSAGENd uses the debug facilities (see Sed)dio print some
extra information, such as thall stack.

To provide more information about errors, Lua programs should include thdataongp ragma

$debug . When an error occurs in a chunk calegb with this opton, the 1/0O error-message
routine is able to print the number of the lines wherec#lie (and thereor) were made.

Lua code can explicitly generate anoe by calling the built-infunctionerror  (see SectioB.1).
Lua code can "“catch" an error using the built-in functddin (see Sectiog.1).

5 - The Application Program Interface

This section describes the API for Lua, that is, the set of C functiaialde to the host
program to communicate with the Lua library. The Alictions can belassified in the
following categories:

* managing states;

» exchanging values between C and Lua;

» executing Lua code;

* manipulating (reading and writing) Lua objects;
» calling Luafunctions;

» defining C functions to bealled by Lua;

* manipulating references to Lua Objects.

23

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



All API functions and elated types and constants are declared in the headei.file.

Even when we use the tefanction any facility in the API may be provided as a macro instead
Any of such macros uses once and only once each of its arguments.

5.1 - States

The Lua library is reentrant. It does not have any global variable. The whole state of the Lua
interpreter (global variables, stack, tag methods, etc) is stored iraengtystructure ; this state
must be passed as the first argument to almost éwecyion in the library.

Beforecalling any APIfunction, you must create a state. This is donedijng
lua_State *lua_newstate (const char *s, ...);

The arguments to this function is a list of name-value options, terminatedwithCurrently,
the functionaccepts the following options:

* stack" - the stack size. Ead¢bnctioncall needs one stack posititor each local
variable and temporary variables, plus one position. The stack must also leag¢ &n
extra positions available. For very small implementationdyawit recursive functions, a
size of 100 should be enough. The default is 1K.

e "builtin" - the value is a boolean (0 or 1) that indicates whether the predefined
functions should be loaded or not. The default is to load those functions.

For instance, the call

lua_State *L = lua_newstate(NULL);

creates a new state with a stack of 1K positions, and with the predefined functions loaded; the
call

lua_State *L = lua_newstate("builtin", 0, "stack", 100, NULL);
creates a new state with a stack of 100 positions, without the predefined functions.
To release a state, you call

void lua_close (lua_State *L);

This function destroyall objects in thewrrent Lua environmentélling the orrespondent
garbage collector tag nteids), and freesll dynamic memory used by the state. Usually, you do
not need to call thifunction, ecause these m@srces are naturally released when the program
ends.

With the exception ofia_newstate , allfunctions in the API get at its first argument a state.
However, most applications use a single state. To avoiouttten of passing this only state
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explicitly to allfunctions, and also to keep comp dit§p with old versions of Lua, the API
provides a set ahacros and one global variable that take care of this state argument for single-
state applications:

#ifndef LUA_REENTRANT
extern lua_State *lua_state;

#define lua_close() (lua_close)(lua_state)
#define lua_dofile(filename) (lua_dofile)(lua_state, filename)
#define lua_dostring(str) (lua_dostring)(lua_state, str)

#endif

For eachfunction in the API, there ismacro with the same name that suppliesstate  as
the first argument to the call. (The parenthesesral the function ame avoid it being expanded

again as a macro.) The only exceptioludsnewstate ; in this case, the correspondmgcro is

#define lua_open() ((void)(lua_state?0:(lua_state=lua_newstate(0))))

It checks whether the global state has been initialized; if not, it creates a new state with default
settings and assigns it k&_newstate

By default, those macros are all active. If you will use multiple states, anébtieendl want to
provide the state argument dégply for each call, youlsould define-UA_REENTRANBefore
includinglua.h in your code:

#define LUA_REENTRANT
#include "lua.h"

In the sequel, we will show dlinctions in the single-state form (therefore, they areaigtu
macros). When you defind/A_REENTRANTall of them get a state as the first parameter.

5.2 - Exchanging Values between C and Lua

Because Lua has no static type system, all values passed between Lua and C have type
lua_Object | which works like an abstract type in C that can hold any Lua value. Values of type
lua_Object have no meaning outside Ldar instance, you cannot compare tina Object's

directly. Instead, you should use the next function:

int lua_equal (lua_Obiject 01, lua_Object 02);
To check the type oflaa_Object | the following functions are aiable:

int lua_isnil (lua_Object object);

int lua_isnumber (lua_Object object);
int lua_isstring  (lua_Object object);
int lua_istable  (lua_Object object);
int lua_isfunction (lua_Object object);
int lua_iscfunction (lua_Object object);
int lua_isuserdata (lua_Object object);
const char *lua_type (lua_Object obj);

25

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Thelua_is*  functions return 1 if the géct is compatible with the given type, and 0 otherwise.
The functionua_isnumber accepts numbers and numerical strings jsstring accepts
strings and numbers (see Sectdo8), andiua_isfunction accepts Lu&unctions and C
functions. To distinguish between Lua functions and C functions, you should use
lua_iscfunction . To distinguish between numbers and numerical strings, you can use
lua_type . Thelua_type returns one of the following strings, describing the type of the given
ObjeCt:"niI" , "number" | "string" , "table" , "function” , "userdata" , Or"NOOBJECT".

To get the tag of ma_Object , the following function is aadlable:
int lua_tag (lua_Object object);
To translate a value from type_Object to a specific C type, you can use

double lua_getnumber (lua_Object object);
const char *lua_getstring (lua_Object object);
long lua_strlen (lua_Obiject object);
lua_CFunction lua_getcfunction (lua_Object object);
void *lua_getuserdata (lua_Object object);

lua_getnumber converts dua_Object to a floating-point number. Thisa_Object must be a
number or a string convertible to number (see Sedti®notherwisejua_getnumber  returns 0.

lua_getstring converts dua_Object to a stringonstchar* ). Thislua_Object must be a

string or a number; otherwise, the function retwnsL This function does not create a new

string, but returns a pointer to a string inside the Lua environment. Those strings always have a 0
after their last character (like in C), but may contain other zeros in their body. If you do not know
whether a string may contain zeros, you canusetrlen  to get the actual length. Because

Lua has garbage colleoti, there is no guarantee that the pointer returnedabyetstring

will be valid after the block ends (see Sectio8).

lua_getcfunction converts dua_Object to a C function. Thitua_Object must have type
CFunction otherwisejua_getcfunction returnsNULL. The typdua_CFunction is explained
in Section5.7.

lua_getuserdata converts dua_Object tovoid* . Thislua_Object must have typeaserdata
otherwisejua_getuserdata returnsNULL

5.3 - Garbage Collection

Because Lua has automatic memory management and garbageocoléeati Object has a
limited scope, and is only valid inside thieck where it has been created. A C functoatied
from Lua is a block, and its pameters are valid only until its\@. It is good progmming
practice to onvert Lua ofects to C values a®en as they are ailable, and never to store
lua_Object s in C global variables.

A garbage collection cycle can fogced by:
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long lua_collectgarbage (long limit);

This function returns the number ofjetts collected. The argumémiit makes the next cycle
occur only after that number of new objects have been creatisdt. If is 0, then Lua uses an
adaptive heuristics to set this limit.

All communication between Lua and Cdisne through two abstract data ty pesledlua2Cand
C2lua The first one, as the name implies, is used to pass JVatued ua to C: paameters when
Lua calls C and results when C calls Lua. The structure C2lua is used in the reverse direction:
parameters when C calls Lua and results when Lua calls C.

The structure lua2C is an abstract array, which can be indexed with the function:

lua_Object lua_lua2C (int number);

wherenumber starts with 1. When called with a number larger than the array siz&nbigon
returnstUA_NOOBJECTIn this way, it is possible to write C functions theteive a variable
number of parameters, and to call lfuactions that return a variable number of results. Note
that the structure lua2C cannot be directly modified by C code.

The second structure, C2lua, is an abstract stack. Pue@ments into this stack @one with
the following functions:

void lua_pushnumber (double n);

void lua_pushlstring (const char *s, long len);

void lua_pushstring (const char *s);

void lua_pushusertag (void *u, int tag);

void lua_pushnil (void);

void lua_pushobject (lua_Object object);

void lua_pushcfunction (lua_CFunction f); /* macro */

All of them receive a C valuepnovert it to a correspondirigp_Object | and leave the result on
the top of C2lua. In particular, functiotw_pushistring andlua_pushstring make an

internal copy of the given string. Functibla_pushstring can only be used to push proper C
strings (that is, strings that end with a zero and do not contain embedded zeros); otherwise you

should use the more genérig_pushistring . The function
lua_Object lua_pop (void);
returns a reference to thejedt at the top of the C2lua stack, and pops it.

As a general rule, all ARunctions pop from the staeil elements they use.

Because userdata are objects,ftimetionlua_pushusertag ~ may create a new userdata. If Lua
has a userdata with the given valved* ) and tag, that userdata is pushed. Otherwise, a new
userdata is created, with the given value and tag. If this functaatiesl withtag equal to
LUA_ANYTAGthen Lua will try to find any userdata with the given value, regardless of its tag. If
there is no userdata with that value, then a new one is created, with tag equal to O.
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Userdata can have different tags, whose semantics ar&mlyn to the host program. Tags are
created with the function:

int lua_newtag (void);

The functionlua_settag  changes the tag of the object on the top of C2lua (and pops it); the
object must be a userdata or a table.

void lua_settag (int tag);
tag must be a value created witla_newtag

When C code calls Lua repeatedly, as in a loop, objeacisnest by thesealls can accumulate,
and may cause a stack overflow. To avoid this, nested blocks can be defined with the functions:

void lua_beginblock (void);
void lua_endblock (void);

After the end of the block, dlla_Object 's created inside it are released. The use of explicit
nested blocks is good pragnming practice and isrsingly encouraged.

5.4 - Executing Lua Code

A host program can execute Lua chunks written ileaf in a string using the following
functions:

int lua_dofile (const char *filename);
int lua_dostring (const char *string);
int lua_dobuffer (const char *buff, int size, const char *name);

All these functions return an error code: 0, in case cfess; non zero, in case of errors. More
specifically lua_dofile  returns 2 if for any reason it could not open ilee When called with
argumentNULL, lua_dofile  executes thetdin  stream. Functionga_dofile  and

lua_dobuffer  are both able to execute pre-compiladriks. They automitlly detect whether

the chunk is text or binary, and loagdcordingly (see progralwec ). Functionlua_dostring
executes only source code.

The third parameter tioa_dobuffer  (name) is the “'name of thehank”, used in error messages
and debug information. fame is NULL, Lua gives a default name to thHeuak.

These functions return, in structure lua2C, any values ealgnteturned by the chunks. They
also empty the stack C2lua.

5.5 - Manipulating Lua Objects

To read the value of any global Lua variable, one uses the function:

lua_Object lua_getglobal (const char *varname);
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As in Lua, this function may trigger a tag method. To readddlevalue of any global variable,
without invoking any tag method, use titaev version:

lua_Object lua_rawgetglobal (const char *varname);
To store a value previously pushed onto C2lua in a global variable, there is the function:

void lua_setglobal (const char *varname);

As in Lua, this function may trigger a tag method. To setehkvalue of any global variable,
without invoking any tag method, use titaev version:

void lua_rawsetglobal (const char *varname);
Tables can also be manipulated via the API. The function
lua_Object lua_gettable (void);

pops a table and an index from the stack C2lua, and returns the contents of the table at that index.
As in Lua, this operation may trigger a tag method. To getedievalue of any table index,
without invoking any tag method, use tfasv version:

lua_Object lua_rawgettable (void);

To store a value in an index, the program must push the table, the index, and the value onto
C2lua, and then call tHanction

void lua_settable (void);

Again, the tag method for ~“settable" maychiied. To set the real value of any table index,
without invoking any tag method, use ttaev version:

void lua_rawsettable (void);
Finally, thefunction
lua_Object lua_createtable (void);

creates and returns a new, empty table.

5.6 - Calling Lua Functions
Functions defined in Lua by a chunk carchlled from the host program. Thisdene using the

following protocol: first, the arguments to the function are pushed onto C2lua (see S&jtion
in direct order, i.e., the first argument is pushed first. Then, the functiafied using

int lua_callfunction (lua_Object function);
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This function returns an error code: 0, in case o€sss; non zero, in case of errors.aiyn the
results are returned in structure lua2€x@ll that a Ludunction may return many values), and
can be retrieved with the madt@_getresult , Which is just another name fianction
lua_lua2C . Note that functionua_callfunction pops all elementsom the C2lua stack.

The following example shows how a C program may do the equivalent to the Lua code:

a,b = f("how", t.x, 4)

lua_pushstring("how"); /* 1st argument */
lua_pushobject(lua_getglobal("t")); /* push value of global 't' */
lua_pushstring("x"); /* push the string 'x' */
lua_pushobject(lua_gettable()); /* push result of t.x (2nd arg) */
lua_pushnumber(4); /* 3rd argument */
lua_callfunction(lua_getglobal("f")); /* call Lua function */
lua_pushobject(lua_getresult(1)); /* push first result of the call */
lua_setglobal("a"); /* set global variable 'a' */
lua_pushobject(lua_getresult(2)); /* push second result of the call */
lua_setglobal("b"); /* set global variable 'b' */

Some special Luaunctions have exclusive intedes. A (unction can generate a Lua error
calling thefunction

void lua_error (const char *message);

This function never returns. If the C function has besiedfrom Lua, then the corresponding

Lua execution terminates, as if an error had occurred inside Lua code. Otherwise, the whole host
program terminates with a call égit(1) . Themessage is passed to the error handler function,
_ERRORMESSAGH message iS NULL, then_ ERRORMESSAGE not called.

Tag methods can be changed with:

lua_Object lua_settagmethod (int tag, const char *event);

The first parameter is the tag, and theoséds the eventame (see Sectich8); the new

method is pushed from C2lua. This function returns abject , which is the old tag method
value. To get just the current value of a tag method, use the function

lua_Object lua_gettagmethod (int tag, const char *event);

It is also possible to copy all tag rhetds from one tag to another:
int lua_copytagmethods (int tagto, int tagfrom);

This function returnsagto

You can traverse a table with the function

int lua_next (lua_Object t, int i);

Its first argument is the table to be traversed, and the secordrisag this cursor starts in 0,
and foreach call théunction returns a value to be used in the wa#tt or O to signal the end of
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the traverse. The function also returns, in the Lua2C array, a key-value pair from the table. A
typical traversaldoks like the following code:

inti;

lua_Object t;
. [* gets the table at "t' */

i=0;

lua_beginblock();

while ((i = lua_next(t, i)) != 0) {
lua_Object key = lua_getresult(1);
lua_Object value = lua_getresult(2);
... I* uses “key' and “value' */
lua_endblock();
lua_beginblock(); /* reopens a block */

lua_endblock();

The pairs ofua_beginblock  /lua_endblock  remove the results of each iteratfoom the stack.
Without them, a traversal of a large tablé# averflow the stack.

To traverse the global variables, you use

const char *lua_nextvar (const char *varname);

Here, the cursor is a string; in the first call you set NwbL; for each call théunction returns

the name of a global variable, to be used in the next c&lljldrto signal the end of the traverse.
The function also returns, in the Lua2C array, thme (again) and the value of the global
variable. A typical traversabbks like the following code:

const char *name = NULL,;

lua_beginblock();

while ((name = lua_nextvar(name)) != NULL) {
lua_Object value = lua_getresult(2);
... I* uses ‘name' and “value' */
lua_endblock();
lua_beginblock(); /* reopens a block */

}
lua_endblock();

5.7 - Defining C Functions

To register a C function to Lua, there is the followimacro:

#define lua_register(n,f) (lua_pushcfunction(f), lua_setglobal(n))
/* const char *n; */
/* lua_CFunction f; */

which receives the name thenction will have in Lua, and a pointer to thenction. This pointer
must have typ&ia_CFunction | which is defined as

typedef void (*lua_CFunction) (void);

that is, a pointer to a function with no pareters and no results.
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In order to commuinate properly with Lua, a @inction must follow a protocol, which defines
the way parameters and results are passed.

A C function eceives its arguments in structure lua2C; to access them, it uses the macro
lua_getparam , again just another narf@ lua_lua2C . To return values, a C function just
pushes them onto the stack C2lua, in direct order (see SBd)ohike a Lua function, a C
functioncalled by Lua can also gt many results.

When a C function is created, it is possible to eiss® someipvalueso it, thus creatinga C
closure; then these values are passed to the function whenewllédsas common arguments.
To associate upvalues tduaction, first these values must be pushed on C2lua. Then the
function

void lua_pushcclosure (lua_CFunction fn, int n);

is used to put the C function on C2lua, with the arguméstiing how many upvalues must be
associated with thiinction; in fact, thanacrolua_pushcfunction is defined as

lua_pushcclosure  with n set to 0. Then, any time thenction iscalled, these upvalues are
inserted as the first arguments to the function, before the actual arguments providealin the

For some examples of C functions, sessfstrlib.c , liolib.c andimathlib.c  inthe
official Lua distributon.

5.8 - References to Lua Objects

As noted in SectioB.3, lua_Object s are volatile. If the C code needs to kedym abject
outside block boundaries, then it must createferenceto the object. Theoutines to
manipulate references are the following:

int lua_ref (int lock);
lua_Object lua_getref (int ref);
void lua_unref (int ref);

The functionua_ref  creates a reference to the object that is on the top of the stack,uand ret
this reference. For il {} object, the reference is always/A_REFNIL; otherwise, it is a non-
negative integer. The constamtA_NORERs different from any &lid reference. Ifock Is true,

the object idocked this means the object will not be garbage collected. Note that an unlocked
reference may be garbage collected. Whenever the referenced object is needed, a call to
lua_getref  returns a handle to it; if the @lot has been collecteda_getref ~ returns
LUA_NOOBJECT

When a reference is no longer needed, it can be released with awzallibeef
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6 - Predefined Functions and Libraries

The set of predefined functions in Lua mal but poweful. Most of them provide features that
allow some degree of reflexivity in the language. Some of these featores b& simulated

with the rest of the language nor with the standard Lua API. Others are just convenicadesterf
to common API functions.

The libraries, on the other hand, provide useful routines that atenmapted directly lrough
the standard API. Therefore, they are netessary to the language, and are provided as separate
C modules. Currently, there are three standard libraries:

» string manipulation;
* mathematicalunctions (sin, log, etc);
* input and output (plus some system facilities).

To have access to these libraries, the C host program must ¢althensiua_strlibopen ,
lua_mathlibopen , andiua_iolibopen , declared inualib.h

6.1 - Predefined Functions

call (func, arg [, mode [, errhandler]])

Callsfunctionfunc with the arguments given by the tablg . The call is equivalent to
func(arg[1], arg[2], ..., arg[n])

wheren is the result ogetn(arg)  (see Sectiog.l).

By default, all resultéromfunc are just returned by tlaall. If the stringnode contains’p" , the
results argpackedin a single table. That isall returns just one tddg at index, the table has
the total number of results from thall; the first result is at index 1, etc. For instance, the
following calls produce the following results:

a = call(sin, {5}) -->a = 0.0871557 = sin(5)

a = call(max, {1,4,5; n=2}) -->a =4 (only 1 and 4 are arguments)
a = call(max, {1,4,5; n=2}, "p") -->a={4; n=1}

t = {x=1}

a = call(next, {t,nil;n=2}, "p") -->a={"x", 1; n=2}

By default, if an error occurs during the functall, the eror is propagated. If the stringpde

contains'x" , then the call iprotected In this mode, functionall does not propagate an error,
regardless of what happens duringthi Instead, it retrnshil to signal the error (besides
calling the appropriatedmr handler).

If provided,errhandler  is temporarily set as the error functicBRRORMESSAG® hile func

runs. In particular, iérrhandler s Nil, no error messagesiWe issuedduring the execution of
the calledfunction.
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collectgarbage ([limit])

Forces a garbage collection cycle. itas the number of gdcts collected. An optional
argumentljimit , is a number that makes the next cycle occur only after that number of new
objects have been creatediriit is absent or equal to 0, Lua uses an adaptive algorithm to set
this limit. collectgarbage is equivalent to the AFuNctionlua_collectgarbage

dofile (filename)

Receives a file name, opens the file, and executes the file contents aharnlyac as pre-
compiled tiunks. Whercalled without argumentsjofile  executes the contents of the standard

input (stdin ). If there is any error executing thiefthendofile  returnsnil. Otherwise, it
returns the values returned by the chunk, or ambralue if the chunk returns no values. It

issues an error wheralled with anon string argumentlofile  is equivalent to the AFunction
lua_dofile

dostring (string [, chunkname])

Executes a given string as a Lua chunk. If there is any error executing thedssriimg,
returnsnil . Otherwise, it returns the values returned by the chunk, or aihealue if the chunk

returns no values. An optional secondgmagter ¢hunkname ) is the ““name of thehank", used
in error messages and debug informatéastring  is equivalent to the ARuUnction
lua_dostring

newtag ()

Returns a new tagewtag is equivalent to the ARUNctionlua_newtag

next (table, [index])

Allows a program to traverse all fields of a table. Its first argument is a table andbitsl sec
argument is an index in this table. It returns the next index of the table and the vatises$so
with the index. When called withil as its second argument, the function returns the first index
of the table (and its associated value). When called with the last index, arilithan empty
table, it returnsil . If the second argument is absent, it is interpretedlas

Lua has no declaration of fields; semantically, there is no difference between a field not present
in a table or a field with valueil . Therefore, the function only consideidds withnonnil

values. The order in which the inds are enumerated is not specifiaden for numeric indices

(to traverse a table in numeric order, use a counter or the fungtiachi ). If you create new
indices in a table while traversing it, the semantiosesf is undefined.

nextvar (name)
This function is snilar to thefunctionnext , but iterates instead over the global variables. Its

single argument is the name of a global variablejiloto get a first name. If this argument is
absent, it is interpreted adl . Similarly tonext , it returns the ame of another variable and its
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value, omil if there are no more variables. If you create new global variables during the
traversal, the semantics wdxtvar  is undefined.

tostring (e)

Receives an argument of any type aodwverts it to a string in a reasonable format. For complete
control on how numbers are converted, use fundbiorat .

print (el, e2, ...)

Receives any number of arguments, and prints their values using the stringsd &ty
tostring . This function is not intended for formatted output, but only as a quick way to show a
value, for instance for debugging. See Sedbigifor functions for formatted output.

_ALERT (message)

Prints its only string argument salerr . All error messages in Lua are printed through the
function stored in theALERT global variable. Therefore, a program may assign another function
to this variable to change the way such messages are shown (for instance, for systems without

stderr ).

tonumber (e [, base])

Receives one argument, and triesdowert it to a number. If the argument is already a number
or a string convertible to a number, themumber returns that number; otherwise, it retumk

An optional argument specifies the base to interpret the numeral. The base may be any integer
between 2 and 36 inclusive. In bases above 10, the letter A" (either upper or lower case)
represents 10, 'B' represents 11, and so forth, with “Z' representing 35.

In base 10 (the default), the number may have a decimal part, as well as an optional exponent
part (see Sectiof.3). In other bases, only unsigned integers are accepted.

type (V)

Allows Lua to test the type of a value. It receives one argument, andgéts type, coded as a

string. The possible results of this function'aie  (a string, not the valual), "number" ,
"string" , "table"” , "function" , and'userdata”

tag (v)

Allows Lua to test the tag of a value (see SecBiprit receives one argument, andureis its tag
(a number)tag is equivalent to the ARUNctionlua_tag
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settag (t, tag)

Sets the tag of a given table (see Se@jomg must be a value created witbwtag (see
Section6.1). It returns the value of its first argument (the table). For security reasons, it is
impossible to change the tag of a userdata from Lua.

assert (v [, message])

Issues an assertion failed!"error when its argument il . This function is equilent to the
following Lua function:

function assert (v, m)
if not v then
m=mor"™
error("assertion failed! " .. m)
end
end

error (message)

Calls the eror handler and then terminates the last protected funcaitad (in Cilua_dofile
lua_dostring , lua_dobuffer , Orlua_callfunction ;in Lua:dofile , dostring , Orcall in
protected mode). ihessage is nil, the error handler is netlled. Functiorerror never returns.
error IS equivalent to the AFUNctionlua_error

rawgettable (table, index)

Gets the real value @dble[index]  , without invoking any tag methothble must be a table,
andindex is any value different fromil.

rawsettable (table, index, value)

Sets the real value @fvle[index] tovalue , without invoking any tag methothble must be
a tablejndex is any value different fromil, andvalue is any Lua value.

rawsetglobal (name, value)

Assigns the given value to a global variable. The sting does not need to be a syntactically
valid variable name. Thde, this function can set global variables with strarzgeas like'm
v1" or34.

setglobal (name, value)

Assigns the given value to a global variable, or calls a tagadetts full @mantics is explained
in Sectiord.8. The stringhame does not need to be a syntactically valid variable name.
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rawgetglobal (name)

Retrieves the value of a global variable. The st#imge does not need to be a syntactically valid
variable name.

getglobal (hame)

Retrieves the value of a global variable, or calls a tajadetts full ®mantics is explained in
Section4.8. The stringhame does not need to be a syntactically valid variable name.

settagmethod (tag, event, newmethod)

Sets a new tag method to the given itaig, event)lt returns the old method. dtwmethod is
nil, settagmethod  restores the default behavior for the given event.

gettagmethod (tag, event)

Returns the current tag method for a given ftag, event)

copytagmethods (tagto, tagfrom)

Copies all tag métods from one tag to another; it returago .

getn (table)

Returns the “size" of a table, when seen as a list. If the table hdigldnwith a numeric value,
this is its ““size". Otherwise, the size is the largest numerical index with a non-nil value in the
table. This function could be defined in Lua:

function getn (t)
if type(t.n) == 'number’ then return t.n end
local max, i = 0, nil
while 1 do
i = next(t, i)
if not i then break end
if type(i) == 'number' and i>max then max=i end
end
return max
end

foreach (table, function)

Executes the givefanction  over all elements afble . For each element, tifienction iscalled
with the index and respective value as arguments. If the function returns anyl vaifue, the
loop is broken, and the value is returned as the final valisecaéh

This function could be defined in Lua:
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function foreach (t, f)
local i, v = nil
while 1 do
i, v.= next(t, i)
if not i then break end
local res = f(i, v)
if res then return res end
end
end

If you create new indices in a table while traversing it, the semantiesah is undefined.

foreachi (table, function)

Executes the givefanction  over the numerical indices @ble . For each index, thfeinction
is called with the index and respective value as argumienlises are visited in sequentader,
from 1 ton, wheren is the result ofetn(table)  (see SectioB.1). If the function returns any
nonnil value, the loop is broken, and the value is returned as the final vétweadii

This function could be defined in Lua;

function foreachi (t, f)
for i=1,getn(t) do
local res = f(i, t[i])
if res then return res end
end
end

foreachvar (function)

Executedunction  over all global variables. For each variable,ftivetion iscalled with its
name and its value as arguments. Iffthrection returns any non-nil value, the loop is broken,

and the value is returned as the final valu®refchvar

This function could be defined in Lua:

function foreachvar (f)
local n, v = nil
while 1 do
n, v = nextvar(n)
if not n then break end
local res = f(n, v)
if res then return res end
end
end

If you create new global variables during the traversal, ¢h@stics oforeachvar s
undefined.

tinsert (table [, pos] , value)
Inserts elementalue at table positiomos, shifting other elements to open space, if necessary.

The default value fopos is n+1, wheren is the result ofetn(table) (see SectioB.1), so that a
call tinsert(t,x) insertsx at the end of table.
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This function also sets or irenents the field of the table, ta+1.

This function is equialent to the following Lu&unction, except that the taldecesses are all
raw (that is, without tag methods):

function tinsert (t, ...)
local pos, value
local n = getn(t)
if arg.n == 1 then
pos, value = n+1, arg[1]
else
pos, value = arg[1], arg[2]
end
t.n = n+1;
for i=n,pos,-1 do
tli+1] = t[i]
end
t[pos] = value
end

tremove (table [, pos])

Removes frontable the element at positigios, shifting other elements to close the space, if
necessary. Returns the value of the remoledent. The default valder pos isn (wheren is
the result ofjetn(table) (see SectioB.l)), so that aalltremove(ty removes the last element

of tablet .
This function also sets or decnents the field of the table, to-1 .

This function is equialent to the following Lu&unction, except that the taldecesses are all
raw (that is, without tag methods):

function tremove (t, pos)
local n = getn(t)
if n<=0 then return end
pos = pos or n
local value = t[pos]
for i=pos,n-1 do
t[i] = tfi+1]
end
t[n] = nil
tn=n-1
return value
end

sort (table [, comp])

Sorts table elements in a giverder,in-place fromtable[1] totable[n] , wheren is the result
of getn(table) (see SectioB.1). If comp is given, it must be a function thaceives two table
elements, and retns true when the first is less than the second (saméhadmp(afi+1],

ali)  will be true after the sort). Homp is not given, the standard Lua operatds used
instead.
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6.2 - String Manipulation

This library provides generic functions for string manipulation, such as finding and extracting
substrings and pattern matching. When indexing a string, the first character is at position 1 (not
at 0, as in C).

strfind (str, pattern [, init [, plain]])

Looks for the firstmatchof pattern  instr . If it finds one, then it returns the icds onstr
where this occurrence starts and ends; otherwise, it retilini$ the pattern specifies captures,
the captured strings are returned as extra results. A third optionalicalrmegument specifies
where to start the search; its default value is iitlf is negative, it is replaced by the length of
the string minus its absolute value plus 1. Therefdrpoints to the last charactersif . A
value of 1 as a fourth optional argument turns off the pattern matdgifigefs, so théunction
does a plain*find substring" operation, with no characterpanern  being considered

magic".

strlen (s)
Receives a string and wghs its length.
strsub (s, i [, j])

Returns another string, which is a substring,aftarting ai and running until . If i orj are
negative, they are replaced by the length of the string minus their absolute value plus 1.

Therefore;1 points to the last characterofind-2 to the previous one. jfis absent, it is
assumed to be equal tb(which is the same as the string lén)gin particular, theall

strsub(s,1,j) returns a prefix of with lengthj , and the caltrsub(s, -i) returns a suffix
of s with lengthi .

strlower (s)

Receives a string and tehs a copy of that string witddl upper case letters changed to lower
case. All other characters are left unchanged. The definition of what is an upper case letter
depends on the currentchie.

strupper (s)

Receives a string and ughs a copy of that string witdll lower case letters changed to upper
case. All other characters are left unchanged. The definition of what is a lower case letter
depends on the currentchie.

strrep (s, n)

Returns a string that is the concatenation opies of the string.
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strbyte (s [, i])

Returns the internal numeal code of the charactsfi] . If i is absent, then it is assumed to be
1. Ifi is negative, it is replaced by the length of the string minus its absolute value plus 1.
Therefore;1 points to the last character«f

Note that numerical codes are not necessarily portable acroksmat
strchar (i1, i2, ...)

Receives 0 or more integers. Rets a string with length equal to the number of arguments,
wherein each character has the internal numerical code equal doé@spondent argument.

Note that numerical codes are not necessarily portable acroksmat

format (formatstring, el, e2, ...)

Returns a formatted version of its variable number of arguments following the description given
in its first argument (which must be a string). The format string follows the same rules as the
printt family of standard Qunctions. The only differences are that the options/modffigrs

L, n, p, andh are not supported, and there is an extra opgionhis option formats a stringin a

form suitable to be safely read back by the Lua interpreter: The string is written between double
guotes, andll double quotes, returns and backslashes in the string are correctly escaped when
written. For instance, the call

format('%q', 'a string with "quotes" and \n new line")
will p roduce the string:

"a string with \"quotes\" and \
new line"

Conversions can be afiqal to the n-th argument in the argument list, rather than theinesied

argument. In this case, the conversion charasiereplaced by the sequenees whered is a
decimal digit in the randd.,9], giving the position of the argument in the argument list. For

instance, the calbrmat("%2$d -> %1$03d", 1, 34) will result in"34 -> 001" . The same
argument can be used in more than one conversion.

The options, d, E, e, f,g,Gi,o0,u, X, andx all expect a number as argument, whegeasds
expect a string. The modifier can be simulated by building the appropriate format string. For
example;%+*g" can be simulated withs"..width.."g"

Note: functionformat can only be used with strings that do not contain zeros (0).
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gsub (s, pat, repl [, n])

Returns a copy of, where all ocarrences of the pattepat have been replaced by a

replacement string specified loapl . This function also returns, as a second value, the total
number of substitutions made.

If repl is a string, then its value is used forlemement. Any sequenceripl of the formoen
with n between 1 and 9 stands for the value of the n-th captured substring.

If repl is a function, then this function ¢alled every time a match occurs, with all captured
substrings passed as arguments, in order (see below). If the value returned by this function is a
string, then it is used as the replacement string; otherwise, the replacement string is the empty
string.

A last optional parameterlimits the maximum number of substitutions towcd-or instance,
whenn is 1 only the first occurrence pét is replaced.

Here are some examples:
x = gsub("hello world", "(%w+)", "%1 %1")

--> x="hello hello world world"

x = gsub("hello world", "(%w+)", "%1 %1", 1)
--> x="hello hello world"

x = gsub("hello world from Lua", "(%w+)%s*(%w+)", "%2 %1")
--> x="world hello Lua from"

x = gsub("home = $HOME, user = SUSER", "%$(%w+)", getenv)
--> x="home = /home/roberto, user = roberto" (for instance)

X = gsub("4+5 = $return 4+5%", "%$(.-)%3$", dostring)
--> X="4+5 = 9"

local t = {name="lua", version="3.2"}

x = gsub("$name - $version”, "%$(%w+)", function (v) return %t[v] end)
--> x="lua - 3.2"

t = {n=0}

gsub("first second word", "(%w+)", function (w) tinsert(%t, w) end)
--> t={"first", "second", "word"; n=3}

Patterns
Character Class:

acharacter classs used to represent a set of characters. The following combinations are allowed
in describing a character class:

X (wherex is any character not in the list()%.[I*+-?> ) - represents the charactgr
x itself.
: - (a dot) represents all characters.
%a - represents all letters.
%c - represents all control characters.
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%d - represents all digits.

%l - represents all lower case letters.

%p - represents all punctuation characters.

%s - represents all space characters.

%u - represents all upper case letters.

%w - represents all alphanumeric characters.

%X - represents all hexadecimal digits.

%z - represents the character with representation O.

o - (wherex is any non alphanumeric character) - represents the chatattes is

the standard way to escape the magic charagtefB-? . It is strongly
recommended that any control character (even the non magic), when used {o

represent itself in a pattern, should beqeded by &

[char-set ] | - Represents the class which is the union of all characters in char-set. A rarge of
characters may be specified by separating the end characters of the range yith a
. All classesux described above can also be used as components in a char-set. All
other characters in char-set represent themselves[%wg], (or [_%w] )

represents all alphanumeric characters plusitiderscorelp-7]  represents the
octal digits, ando-7%1%-] represents the octal digits plus the lower case letiers
plus the character.

The interaction between ranges and classes is not defined. Therefore, patt¢rns
like [%a-z] or[a-%%] have no meaning.

[*char-set ] | - represents the complement of char-set, where char-set is interprebedeas g

For all classes represented by single lett®es%c ...), the correspondent upper-case letter
represents the complement of the class. For instetstepresents all non-space characters.

The definitions of letter, space, etc. depend on tinesit Iacale. In particular, the clagsz]
may not be equivalent ©al. The second form should be preferred for padlitgb

Pattern ltem:

apattern itemmay be

* asingle character class, which matches any single character in the class;

» asingle character class followed bywhich matches 0 or more repetitions of characters
in the class. These repetition items will always match the longest possible sequence;

» asingle character class followed bywhich matches 1 or more repetitions of characters
in the class. These repetition items will always match the longest possible sequence;

* asingle character class followed bywhich also matches 0 or more repetitions of

characters in the class. Unlikethese repetition items will always match thersest
possible sequence;

» asingle character class followed bywhich matches 0 or 1 occurrence of a character in
the class;
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* om, forn between 1 and 9; such item matches a sub-string equal to the n-th captured
string (see below);

*  %hxy, wherex andy are two distinct characters; such item matches strings that start with
X, end withy, and where thg andy arebalanced That means that, if one reads the string
from left to write, counting plus 1 for anand minus 1 for & the endingy is the first

where the counteaches 0. For instance, the item) matches expressions with
balanced parentheses.

Pattern:

apatternis a sequence of pattern items» At the beginning of a pattern anchors the match at

the beginning of the subject string$4at the end of a pattern anchors the match at the end of the
subject string.

Captures:

a pattern may contain sub-patterns enclosed in parentheses, that deptutes When a

match succeeds, the sub-strings of the subject string that match captures areagitwnest)(for

future use. Captures are numbered according to their left parentheses. For instance, in the pattern
"(a*(.)%W(%s*))" , the part of the string matchirg(.)%w(%s*)" is stored as the first

capture (and therefore has number 1); the character matdsiegptured with number 2, and

the part matchingps* has number 3.

Note: A pattern @nnot contain zerosl¢' ). Use'%z' instead.

6.3 - Mathematical Functions

This library is an interface to sorfinctions of the standard C math library. In addition, it
registers a tag method for the binary operattitat returnx*ywhen applied to numbessy .

The library provides the following functions:

abs acos asin atan atan2 ceil cos deg floor log log10
max min mod rad sin sqrt tan frexp ldexp
random randomseed

plus a global variablel . Most of them are only interfaces to the homonynfauastions in the C
library, except that, for the trigpnometric functioal angles are expresseddagreesnot

radians. Functionseg andrad can be used to convert between radians and degrees.

The functionmax returns the maximum value of its numeric argumenisilegly, min computes
the minimum. Both can be used with 1, 2 or more arguments.

The functiongandom andrandomseed are interfaces to the simplendom generator functions
rand andsrand , provided by ANSI C. The functiaandom, when called whout arguments,
returns a pseudo-randoeat number in the rang@,1). When called with a number random
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returns a pseudo-random integer in the rgthggd. When called with two argumenisandu,
random returns a pseudo-random integer in the rinde

6.4 - /O Facilities

All input and output operations in Lua are done, by default, ovefilsvmandles one for
reading and one for writing. These handles are stored in two Lua global vadales INPUT
and_ouTPuUT The global variablessSTDIN, _STDOUTand_STDERRare initialized with file
descriptors fostdin , stdout andstderr . Initially, _INPUT=_STDIN and_OUTPUT=_STDOUT

A file handle is a userdata containing the file strearg* , and with a distinctive tag created by
the 1/O library.

Unless otherwise stated, all If@nctions returmil on failure and some value different frévh
on success.

openfile (filename, mode)

This function opens alé, in the mode specified in the strimgde. It returns a newilé handle,
or, in case of error§iil plus a string describing the error. This function does not modify either

_INPUT or _OUTPUT

The string mode can be any of the following:

r read mode;

wW" [ write mode;

a" | append mode;

r+" | update mode, all previous data is preserved;

w+" [ update mode, all previous data is erased;

a+" | append update mode, previous data is preserved, writing is only allowed at the ehd of
file.

The string mode may also have at the end, which is needed in some systems to opeifethe f
in binary mode.

closefile (handle)
This function closes the giveitef It does not modify eithenNPUT or _OUTPUT
readfrom (filename)

This function may bealled in two ways. When called with a file name, it opens the named file,
sets its handle as the value o§PUT, and returns this value. It does not close the current input
file. When called wihout paameters, it closes theNPUT file, and restorestdin  as the value of
_INPUT.
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If this function fils, it reurnsnil, plus a string describing the error.

System dependentfitname starts with g , then a piped input is opened, viadtion popen .
Not all systems implement pipes. Moreover, the number of files that can be open at the same time
is usually limitedand depends on the system.

writeto (filename)

This function may bealled in two ways. When called with a file name, it opens the named file,

sets its handle as the value oUTPUT and returns this value. It does not close the current output
file. Note that, if the file already exists, then it will t@mpletely erasedith this operation.

When called wihout paameters, thisunction closes theouTpPuTfile, and restorestdout as
the value of OUTPUT

If this function &ls, it reurnsnil, plus a string describing the error.

System dependentifitname starts with g, then a piped output is opened, via function
popen . Not all systems implement pipes. Moreover, the number of files that can be open at the
same time is usually limitexhd depends on the system.

appendto (filename)

Opens afile nameidlename and sets it as the value @uTPUT Unlike thewriteto  operation,
this function does not erase any previous contents ofléh# this function fails, it reurnsnil,
plus a string describing the error.

remove (filename)

Deletes the file with the given name. If tfisction fails, it reurnsnil, plus a string describing
the error.

rename (namel, name2)

Renames file namethmel to name2. If this function &ils, it reurnsnil, plus a string describing
the error.

flush ([filehandle])

Saves any written data to the given filefiighandle  is not specified, flushes all open files. If
this function &ils, it reurnsnil, plus a string describing the error.

seek (filehandle [, whence] [, offset])

Sets and gets the file posit, measured in bytesom the beginning of thelé, to the position
given byoffset plus a base specified by the strivignce, as follows:

| “set" | base is position 0 (beginning of the filg);
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“cur" | base is current position;

“end" | base is end of file;

In case of success, functieeek returns the finalile positon, measured in bytesom the
beginning of the file. If the call fails, it netnsnil, plus a string describing the error.

The default value fowhence is"cur" , and foroffset  is 0. Therefore, theall seek(file)
returns the currenilé position, without changing it; theall seek(file, "set") sets the

position to the beginning of the file (andugts 0); and theall seek(file, "end") sets the
position to the end of the file, and wets its size.

tmpname ()

Returns a string with alé name that can safely be udeda temporaryile. The file must be
explicitly opened biere its use and removed when no longer needed.

read ([filehandle,] formatl, ...)

Reads file INPUT, orfilehandle if this argument is given, according to the given formats,
which specify what to read. For eddnmat, the function returns a string (or a number) with the
characters read, ail if it cannot read data with the sgified format. When called witout
patterns, it uses a default format that reads the next line (see below).

The availabldormats are

*n" | reads a number; this is the only format that returns a number instead of a string.

" | reads the next line (skipping the end of line)pidbron end of file. This is the default
format.

*a" | reads the whole file, starting at therent position. On end oild, it returns the empty
string.

“*w" | reads the next word (meal sequence afon white-s@ce characters), skipping spacegs
if necessary, onil on end of file.

write ([filehandle, ] valuel, ...)

Writes the value of each of its arguments to_f@TPUT or tofilehandle if this argument is
given. The arguments must be strings or numbers. To write other valuesjrige or
format beforewrite . If this function #ils, it reurnsnil, plus a string describing the error.

date ([format])

Returns a string containing date amddformatted according to the given striagnat
following the same rules of the ANSIfGnctionstritime . When called whout arguments, it
returns a reasonable date aimietrepresentation that depends on the host system and on the

current Icale.
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clock ()
Returns an approration of the amunt of CPU ime used by the program, in seds.
exit (Jcode])

Calls the Cunctionexit , with an optionatode , to terminate the program. The default value for
code is the success code.

getenv (varname)

Returns the value of the process environment vanableme , ornil if the variable is not
defined.

execute (command)

This function is equialent to the Qunctionsystem . It passesommandto be executed by an
operating system shell. It tens a status code, which is system-dependent.

setlocale (locale [, category])

This function is an intedce to the ANSI Qunctionsetlocale . locale is a string specifying a
locale;category is an optional string describing which category to chaage: , "collate”
"ctype" , "monetary” ,"numeric" , or"time" ;the default category iall" . The function
returns the ame of the new locale, ail if the request cannot be honored.

7/ - The Debugger Interface

Lua has no built-in debugging facilities. Insteadffers a sgcial interface, by means of
functions andchooks which allows the construction of different kinds of debuggensfjlers, and
other tools that need inside information” from the interpreter. Thisacteis declared in the
header filduadebug.h

7.1 - Stack and Function Information
The mainfunction to get information about the interpreter stack is
int lua_getstack (lua_State *L, int level, lua_Debug *ar);

It fills parts of a structuraua_Debug ) with an identification of thactivation recordof the
function executing at a given level. Level O is the current running functiale veln+1 is the

function that hasalled leveih. Usually,lua_getstack  returns 1; whealled with a level
greater than the stack depth, it returns O.
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The structureua_Debug is used to carry different informations about an active function:

struct lua_Debug {
const char *event;  /* “call', “return' */
const char *source; /*(S) */
int linedefined; 1*(S) */
const char *what; /* (S) "Lua' function, "C' function, Lua “main' */
int currentline; () */
const char *name; 1*(n) */
const char *namewhat; /* (n) global, tag method, local, field */
int nups; /* (u) number of upvalues */
lua_Object func; /* (f) function being executed */
/* private part */

b

Thelua_getstack  function flls only the private part of this structufey future use. Toilf in
the other fields olua_Debug with useful information, yogall

int lua_getinfo (lua_State *L, const char *what, lua_Debug *ar);

Each character in stringhat selects some fields to be filled, as indicated by the letter in
parentheses in the structure definition; that iss &lts the fieldssource andiinedefined , and
| fills the field currentline  , etc. Next we describe each field:

source If the function was defined in a strirggurce is that string; if the function was
defined in a filesource starts with a@followed by the file name.

linedefined| the line number where starts the definition of the function.

what the stringLua" if this is a Lua functiorm,c" if this is a C function, Ofmain" if
this is the main part of dank.

currentline | the current line where the given function is executing. It only works if the fungtion
has been compiled with debug inforneati When no line information is aNable,
currentline is set to-1.

name a reasonable naner the given function. Bcausdunctions in Lua are firstlass
values, they do not have a fixed name: Sametions may be the value of many
global variables, while others may be stored only in a table field. The
lua_getinfo  function checks whether the given function is a tag method or the
value of a global variable. If the given function is a tag methade points to the
event name. If the giveiinction is the value of a global variableme points to
the variable name. If the givéanction is neither a tag method nor a global
variable,name is set toNULL

namewhat | Explains the previous field. If tHanction is a global variableamewhat is

"global" ; if the function is a tag methodamewhat Is "tag-method" ; otherwise
namewhat iS™ (the empty string).
nups Number of upvalues of a C function. If the function is not a C functigss, is set
to 0.
func The function being executed, amia Object
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The generation of debug information is colieby an internal flag, which can be switched
with

int lua_setdebug (lua_State *L, int debug);

This function sets the flag and returns its previous value. This flag can also be set from Lua (see
Section4.9).

7.2 - Manipulating Local Variables

For the manipulation of local variabldsadebug.h  defines the following record:

struct lua_Localvar {
int index;

const char *name;
lua_Object value;

2

whereindex is an index for loal variables (the first parameter has index 1, armhsantil the
last active local variable).

The following functionsallow the manipulation of the local variables of a given activation
record. They only work if the function has been cdetpwith debugnformation (see
Section4.9). For these functions, adal variable becomes visible in the line after its detniti

int lua_getlocal (lua_State *L, const lua_Debug *ar, lua_Localvar *v);
int lua_setlocal (lua_State *L, const lua_Debug *ar, lua_Localvar *v);

The parametexrr must be a valid activation i@, filled by a previous call tiva_getstack  or

given as argument to a hook (see next section). Tag®etiocal | you fill theindex field of

v with the index of a local variable; then tiuection flls the fieldsname andvalue with the

name and theucrent value of that variable. Flop_setlocal | you fill theindex and thevalue

fields ofv, and the function assigns that value to the variable. Both functions returmituoe) f

that happens if the index s greater than the number of active local variables, or if the activation
record has no debug information.

As an example, the following function lists thenmes of all local variabldsr a function in a
given level of the stack:

int listvars (lua_State *L, int level) {
lua_Debug ar;
inti;
if (lua_getstack(L, level, &ar) == 0)
return O; /* failure: no such level on the stack */
for (i=1; ;i++) {
lua_Localvar v;
v.index =1i;
if (lua_getlocal(L, &ar, &v) == 0)
return 1; /* no more locals, or no debug information */
printf("%s\n", v.name);
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7.3 - Hooks

The Lua interpreter offers two hooks for debugging purp osealt ook and dine hook. Both
have the same type,

typedef void (*lua_Hook) (lua_State *L, lua_Debug *ar);
and you can set them with the following functions:

lua_Hook lua_setcallhook (lua_State *L, lua_Hook func);
lua_Hook lua_setlinehook (lua_State *L, lua_Hook func);

A hook is disabled when its valueN$/LL, which is the initial value of bothooks. The functions
lua_setcallhook andlua_setlinehook set their corresponding hooks and return their
previous values.

The callhook iscalled whenever the interpreter enters or leafagaion. Theevent field of
ar has the stringsall”  or"return”  Thisar can then be used in callslte_getinfo

lua_getlocal | andlua_setlocal | to get more information about the function and to
manipulate its local variables.

The line hook igcalled every time the interpreter changes the line of code it is executing. The
currentline field of ar has the line number. Again, you can use &hig other calls to the

API. This hook iscalled only if the activéunction has been comied with debug

information (see Sectiofh9).

While Lua isrunning a hook, it disables othaalls tohooks. Therefore, if a hoatalls Lua to
execute a function or a chunk, this execution ocurrs withoutalis/tohooks.

A hook cannotalllua_error | It must return to Lua through a regular return. (There is no
problem if the gor is inside a chunk or a Lua functioalled by théhook, kecause thoserers
are protected; the control returns to the hook anyway.)

7.4 - The Reflexive Debugger Interface

The libraryldblib  provides the functiaadity of the debugger interface to Lua programs. If you
want to use this library, your host dgation must open it, by callinga_dblibopen

You should exert great care when using this library. The functions provided here should be used
exclusively for debugging andhsilar tasks (e.g., pfiling). Please resist the temptation to use

them as a usual programming tool. They are slow and violate some (otherwise) secure aspects of
the language (e.g., privacy of local variables). As a general ruleyifgrogram does not need

this library, do not open it.
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getstack (level, what)

This function returns a table with informations about the function running atdesiel of the
stack. Level 0 is the current functiagefstack  itself); level 1 is the function thatlled
getstack . If level is larger than the number of active functions, the function renitn3 he

table contains all the fields tehed bylua_getinfo , with the stringvhat describing what to
get.

For instance, the expressigetstack(l, 'n').name returns the ame of the grrent function.

getlocal (level, local)

This function returns theame and the value of the local variable with index of the

function at levelevel of the stack. (The first parameter has index 1, armhsantil the last
active local variable.) Thiinction returnsnil if there is no local variable with the given index,

and raises an error whealled with devel out of range. (You can caétstack to check
wheter the level is valid.)

setlocal (level, local, value)

This function assigns the valugiue to the local variable with indexcal of the function at
levellevel of the stack. The function returnd if there is no local variable with the given
index, and raises an error whealled with devel out of range.

setcallhook (hook)

Sets the functionook as the calhook; this hook W be called every time the interpreter starts
and exits the execution of a function. The only argument to this hook is the aasnfqall"
or"return” ). You can calbetstack with level 2 to get more information about the function
being called or retrning (level O is thegetstack  function, and level 1 is the hook function).

When called wihout arguments, this function turns oéfll hooks.

setlinehook (hook)

Sets the functionook as the line hook; this hookilibe called every time the interpreter
changes the line of code it is executing. The only argument to the hook is the line number the
interpreter is about to execute. This hookalted only if the activéunction has been conied

with debug information (see Sectidr).

When called wihout arguments, this function turns off line hooks.
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8 - Lua Stand-alone

Although Lua has been designed as an extension language, the language is frequently used as a

stand-alone interpreter. An implementation of such an interpreter, called simp g provided
with the standard distribution. This program carcélied with any sequence of the following
arguments:

- executestdin - as a file;

-d turns on debug information;

-e stat executes stringat

-f filename executes filgilename  with the remaining arguments in tahte ;

-l enters interactive mode with prompt;

-q enters interactive mode without prompt;

-V prints version information;

var=value sets globabar to string'value"

filename executes filgilename

When called wihout arguments, Lua behavesuas -i whenstdin is a terminal, and as

lua- otherwise.
All arguments are handled in order. For instance, an invocation like
$ lua -i a=test prog.lua

will first interact with the user until abOF, then will seta to "test , and finally willrun the fle
prog.lua

When the optionf filename is used, all following argumentsom the conmand line are
passed to the Lua program in a table callgd The fieldn gets the index of the last argument,
and the field O gets thigename . For instance, in the call

$ lua a.lua -f b.lua t1 t3

the interpreter first runs théefa.lua , then creates a tabie ,
arg = {"t1", "t3"; n =2, [0] = "b.lua"}

and then runs thdd b.lua .

In interactive mode, a multi-line statement can be written finishing intermediate lines with a

backslash\(). If the global variablePROMPTs defined as a string, its value is used as the
prompt. PROMPT Therefore, the prompt can be changed like below:

$ lua _PROMPT='myprompt> " -i
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In Unix systems, Lua scripts can be made into executable programs by usinddim, as in
#!/usr/local/bin/lua , Or #!/usr/local/bin/lua -f to get other arguments.
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Incompatibilities with Previous Versions

Although great care has been taken to avoid incomjit&gwith the previous public versions
of Lua, some differences had to be introduced. Here is a list of all these incalitipstib

Incompatibilities with version 3.2

« Old pre-compiled code is obsolete, and must be re-compiled.

Last update: Mon Apr 24 18:28:03 EST 2000! ftvfy
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