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1.1 Erlang Syntax and Metaprogramming tools

1 Syntax_Tools User's Guide

Syntax_Tools contains modules for handling abstract Erlang syntax trees, in away that is compatible with the "parse
trees" of the STDLIB moduleer | _par se, together with utilitiesfor reading sourcefilesin unusual ways and pretty-
printing syntax trees. Also included is an amazing module merger and renamer called Igor, as well as an automatic
code-cleaner.

1.1 Erlang Syntax and Metaprogramming tools

1.1.1 Overview

This package contains modules for handling abstract syntax trees (ASTS) in Erlang, in away that is compatible with
the "abstract format" parse trees of the stdlib module er | _par se, together with utilities for reading source files,
pretty-printing syntax trees, and doing metaprogramming in Erlang.

The abstract layer (defined in erl_syntax) is nicely structured and the node types are context-independent. The layer
makes it possible to transparently attach source-code comments and user annotations to nodes of the tree. Using
the abstract layer makes applications less sensitive to changes in the erl_parse(3) data structures, only requiring the
er | _synt ax module to be up-to-date.

The pretty printer erl_prettypr is implemented on top of the library module prettypr: this is a powerful and flexible
generic pretty printing library, which is also distributed separately.

For a short demonstration of parsing and pretty-printing, simply compile the included module demo.erl, and execute
deno: run() from the Erlang shell. It will compile the remaining modules and give you further instructions.
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1.1 Erlang Syntax and Metaprogramming tools

2 Reference Manual

Syntax_Tools contains modulesfor handling abstract Erlang syntax trees, in away that iscompatiblewith the"external
format" parsetreesof the STDLIB moduleer | _par se, together with utilitiesfor reading sourcefiles, pretty-printing
syntax trees, merging and renaming modules, cleaning up obsol ete constructs, and doing metaprogramming in Erlang.
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epp_dodger

epp_dodger

Erlang module

epp_dodger - bypasses the Erlang preprocessor.

This module tokenises and parses most Erlang source code without expanding preprocessor directives and macro
applications, as long as these are syntactically "well-behaved". Because the normal parse trees of the er | _par se
modul e cannot represent these things (normally, they are expanded by the Erlang preprocessor epp(3) before the parser
sees them), an extended syntax treeis created, using the erl_syntax module.

DATA TYPES

errorinfo() = erl_scan:error_info()

option() = atom() | { atom(), term()}

Exports

parse(Dev::file:io device()) -> {ok, erl syntax:forms()}
Equivalent to parse(IODevice, 1).

parse(Dev::file:io device(), L::erl anno:location()) -> {ok,
erl syntax:forms()}

Equivalent to parse(IODevice, StartL ocation, []).
See also: parse/l.

parse(Dev::file:io device(), LO::erl anno:location(), Options::[option()]) ->
{ok, erl syntax:forms()}

Reads and parses program text from an 1/0O stream. Characters are read from | ODevi ce until end-of-file; apart from
this, the behaviour isthe same as for parse file/2. St art Locat i on istheinitial location.

See also: parse/2, parse_file/2, parse form/2, quick_parse/3.

parse file(File::file:filename()) -> {ok, erl syntax:forms()} | {error,
errorinfo()}

Equivalent to parse_file(File, []).

parse file(File::file:filename(), Options::[option()]) -> {ok,

erl syntax:forms()} | {error, errorinfo()}

Reads and parses a file. If successful, { ok, Forns} is returned, where For ns is a list of abstract syntax
trees representing the "program forms' of the file (cf. erl _syntax:is_form 1). Otherwise, {error,
errorinfo()} isreturned, typicaly if thefile could not be opened. Note that parse errors show up as error markers
in the returned list of forms; they do not cause this function to fail or return{error, errorinfo()}.

Options:
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{no_fail, boolean()}

Ift r ue, thismakesepp_dodger replace any program formsthat could not be parsed with nodes of typet ext
(see erl_syntax:text/1), representing the raw token sequence of the form, instead of reporting a parse error. The
default valueisf al se.

{cl ever, boolean()}

If set to t r ue, this makes epp_dodger try to repair the source code as it seems fit, in certain cases where
parsing would otherwise fail. Currently, it inserts ++-operators between string literals and macros where it looks
like concatenation was intended. The default valueisf al se.

See also: parse/2, quick_parse file/l, erl_syntax:is form/1.

parse form(Dev::file:io device(), LO::erl _anno:location()) -> {ok,
erl syntax:forms(), erl anno:location()} | {eof, erl anno:location()} |
{error, errorinfo(), erl anno:location()}

Equivalent to parse_form(IODevice, StartLocation, []).
See also: quick_parse form/2.

parse form(Dev::file:io device(), LO::erl _anno:location(), Options::
[option()]) -> {ok, erl syntax:forms(), erl anno:location()} | {eof,
erl anno:location()} | {error, errorinfo(), erl anno:location()}

Reads and parses a single program form from an 1/0 stream. Characters are read from | ODevi ce until an end-of-
form marker isfound (a period character followed by whitespace), or until end-of-file; apart from this, the behaviour is
similar to that of par se/ 3, except that the return values also contain the final location giventhat St art Locat i on
istheinitial location, and that { eof , Locat i on} may be returned.

See also: parse/3, parse_form/2, quick_parse form/3.

quick parse(Dev::file:io device()) -> {ok, erl syntax:forms()}
Equivalent to quick_parse(IODevice, 1).

quick parse(Dev::file:io device(), L::erl anno:location()) -> {ok,
erl syntax:forms()}

Equivalent to quick_parse(IODevice, StartLocation, []).
See also: quick_parse/1.

quick parse(Dev::file:io device(), LO::erl anno:location(), Options::
[option()]) -> {ok, erl syntax:forms()}

Similar to parse/3, but does a more quick-and-dirty processing of the code. See quick_parse file/2 for details.
See also: parse/3, quick_parse/2, quick_parse file/2, quick_parse form/2.

quick parse file(File::file:filename()) -> {ok, erl syntax:forms()} | {error,

errorinfo()}
Equivalent to quick_parse_file(File, []).
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quick parse file(File::file:filename(), Options::[option()]) -> {ok,
erl syntax:forms()} | {error, errorinfo()}

Similar to parse file/2, but does a more quick-and-dirty processing of the code. Macro definitions and other
preprocessor directives are discarded, and all macro calls are replaced with atoms. Thisis useful when only the main
structure of the code is of interest, and not the details. Furthermore, the quick-parse method can usually handle more
strange cases than the normal, more exact parsing.

Options: see parse file/2. Note however that for qui ck_parse_fi |l e/ 2,theoptionno_f ai | ist r ue by default.
See also: parse_file/2, quick parse/2.

quick parse form(Dev::file:io device(), LO::erl anno:location()) -> {ok,
erl syntax:forms(), erl anno:location()} | {eof, erl anno:location()} |
{error, errorinfo(), erl anno:location()}

Equivalent to quick_parse form(IODevice, StartL ocation, []).
See also: parse_form/2.

quick parse form(Dev::file:io device(), LO::erl anno:location(), Options::
[option()]) -> {ok, erl syntax:forms(), erl anno:location()} | {eof,
erl anno:location()} | {error, errorinfo(), erl anno:location()}

Similar to parse_form/3, but does a more quick-and-dirty processing of the code. See quick_parse file/2 for details.

See also: parse/3, parse_form/3, quick_parse form/2.
tokens to string(Ts::[term()]) -> string()

Generates a string corresponding to the given token segquence. The string can be re-tokenized to yield the same token
list again.
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erl_comment_scan

Erlang module

Functions for reading comment lines from Erlang source code.

DATA TYPES
comment() = { Line::integer(), Column::integer(), Indentation::integer(), Text::[string()]}

commentLine() = { Line::integer(), Column::integer(), Indent::integer(), Text::string()}
Exports

file(Name::file:filename()) -> [comment()]

Extracts comments from an Erlang source code file. Returns alist of entries representing multi-line comments, listed
in order of increasing line-numbers. For each entry, Text isalist of strings representing the consecutive comment
linesin top-down order; the strings contain all characters following (but not including) the first comment-introducing
%character on the line, up to (but not including) the line-terminating newline.

Furthermore, Li ne istheline number and Col unm theleft column of the comment (i.e., the column of the comment-
introducing %character). | ndent is the indentation (or padding), measured in character positions between the last
non-whitespace character before the comment (or the left margin), and the left column of the comment. Li ne and
Col unm are aways positive integers, and | ndent at i on isanonnegative integer.

Evaluation exitswith reason { r ead, Reason} if aread error occurred, where Reason is an atom corresponding
to aPosix error code; see the module file(3) for details.

join lines(Lines::[commentLine()]) -> [comment()]

Joinsindividual comment linesinto multi-line comments. Theinputisalist of entriesrepresenting individual comment
lines, in order of decreasing line-numbers; see scan lines/1 for details. The result is alist of entries representing
multi-line comments, still listed in order of decreasing line-numbers, but where for each entry, Text isalist of
consecutive comment linesin order of increasing line-numbers (i.e., top-down).

See also: scan_lines/1.

scan_lines(Text::string()) -> [commentLine()]

Extractsindividual comment lines from a source code string. Returnsalist of comment linesfound in thetext, listed in
order of decreasing line-numbers, i.e., the last comment linein theinput isfirst in theresulting list. Text isasingle
string, containing all characters following (but not including) the first comment-introducing %character on the line,
up to (but not including) the line-terminating newline. For detailson Li ne, Col unm and | ndent , seefile/1.

string(Text::string()) -> [comment()]

Extracts commentsfrom astring containing Erlang source code. Except for reading directly from astring, the behaviour
isthe same asfor file/1.

See also: file/l.
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erl_prettypr

Erlang module

Pretty printing of abstract Erlang syntax trees.

This module is a front end to the pretty-printing library module pr et t ypr, for text formatting of abstract syntax
trees defined by the module er | _synt ax.

DATA TYPES
clause t() = case_expr | fun_expr | if_expr | maybe_expr | receive_expr | try_expr | {function, prettypr:document()} |
spec

context() = #ctxt{ prec=integer(), sub_indent=non_neg_integer(), break_indent=non_neg_integer(),
clause=clause t() | undefined, hook=hook(), paper=integer(), ribbon=integer(), user=term(),
encoding=epp:source_encoding(), empty_lines=sets:set(integer())}

hook() = none | (erl_syntax:syntaxTreg(), term(), term()) -> prettypr:document()

syntaxTree() = erl_syntax:syntaxTree()

An abstract syntax tree. See the erl_syntax module for details.

Exports

best(Node::erl syntax:syntaxTree()) -> empty | prettypr:document()
Equivalent to best(Tree, []).

best(Node::erl syntax:syntaxTree(), Options::[term()]) -> empty |
prettypr:document()

Creates afixed "best" abstract layout for asyntax tree. Thisissimilar tothel ayout / 2 function, except that here, the
final layout has been selected with respect to the given options. The atom enpt y isreturned if no such layout could
be produced. For information on the options, seethe f or mat / 2 function.

See also: best/1, format/2, layout/2, prettypr:best/3.

format(Node::erl syntax:syntaxTree()) -> string()
Equivalent to format(Tree, []).

format (Node::erl syntax:syntaxTree(), Options::[term()]) -> string()

Prettyprint-formats an abstract Erlang syntax tree as text. For example, if you have a . beamfile that has been
compiled with debug_i nf o, the following should print the source code for the module (as it looks in the debug
info representation):
{ok,{ _,[{abstract code,{ ,AC}}]}} =
beam 1lib:chunks("myfile.beam", [abstract codel),
io:put chars(erl prettypr:format(erl syntax:form list(AC)))

Available options:
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{hook, none | hook()}

Unlessthe value isnone, the given function is called for each node whose list of annotations is not empty; see
below for details. The default valueisnone.

{ paper, integer()}
Specifiesthe preferred maximum number of characterson any line, including indentation. The default valueis80.
{ribbon, integer()}

Specifies the preferred maximum number of characters on any line, not counting indentation. The default value
is 65.

{user, term()}

User-specific data for use in hook functions. The default value isundef i ned.
{ encoding, epp:source_encoding()}

Specifies the encoding of the generated file.

A hook function (cf. the hook() type) is passed the current syntax tree node, the context, and a continuation. The
context can be examined and manipulated by functionssuchasget _ct xt _user/ landset ctxt _user/2.The
hook must return a"document" data structure (see layout/2 and best/2); this may be constructed in part or in whole by
applying the continuation function. For example, the following isatrivial hook:

fun (Node, Ctxt, Cont) -> Cont(Node, Ctxt) end
which yields the same result as if no hook was given. The following, however:

fun (Node, Ctxt, Cont) ->
Doc = Cont(Node, Ctxt),
prettypr:beside(prettypr:text("<b>"),
prettypr:beside(Doc,
prettypr:text("</b>")))
end

will place the text of any annotated node (regardless of the annotation data) between HTML "boldface begin" and
"boldface end" tags.

See also: erl_syntax, best/2, format/1, get_ctxt_user/1, layout/2, set_ctxt_user/2.

get ctxt hook(Ctxt::context()) -> hook()
Returns the hook function field of the prettyprinter context.
See also: set_ctxt_hook/2.

get ctxt linewidth(Ctxt::context()) -> integer()
Returnsthe line widh field of the prettyprinter context.
See also: set_ctxt_linewidth/2.

get ctxt paperwidth(Ctxt::context()) -> integer()
Returns the paper widh field of the prettyprinter context.
See also: set_ctxt_paperwidth/2.

get ctxt precedence(Ctxt::context()) -> integer()
Returns the operator precedence field of the prettyprinter context.
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See also: set_ctxt_precedence/2.

get ctxt user(Ctxt::context()) -> term()
Returns the user data field of the prettyprinter context.
See also: set_ctxt_user/2.

layout(Node::erl syntax:syntaxTree()) -> prettypr:document()
Equivalent to layout(Tree, []).

layout(Node::erl syntax:syntaxTree(), Options::[term()]) ->
prettypr:document()

Creates an abstract document layout for a syntax tree. The result represents a set of possible layouts (cf. module
pr et t ypr). For information on the options, see format/2; note, however, that the paper and ri bbon options are
ignored by this function.

This function provides a low-level interface to the pretty printer, returning a flexible representation of possible
layouts, independent of the paper width eventually to be used for formatting. This can be included as part of another
document and/or further processed directly by the functionsin the pr et t ypr module, or used in a hook function
(seef or mat / 2 for details).

See also: prettypr, format/2, layout/1.

set ctxt hook(Ctxt::context(), Hook::hook()) -> context()
Updates the hook function field of the prettyprinter context.
See also: get_ctxt_hook/1.

set ctxt linewidth(Ctxt::context(), W::integer()) -> context()
Updates the line widh field of the prettyprinter context.

Note: changing this value (and passing the resulting context to a continuation function) does not affect the normal
formatting, but may affect user-defined behaviour in hook functions.

See also: get_ctxt_linewidth/1.

set ctxt paperwidth(Ctxt::context(), W::integer()) -> context()
Updates the paper widh field of the prettyprinter context.

Note: changing this value (and passing the resulting context to a continuation function) does not affect the normal
formatting, but may affect user-defined behaviour in hook functions.

See also: get_ctxt _paperwidth/1.

set ctxt precedence(Ctxt::context(), Prec::integer()) -> context()

Updates the operator precedence field of the prettyprinter context. See the erl_parse(3) module for operator
precedences.

See also: erl_parse(3), get_ctxt_precedence/1.

set ctxt user(Ctxt::context(), X::term()) -> context()
Updates the user data field of the prettyprinter context.
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See also: get_ctxt_user/1.
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erl_recomment

Erlang module

Inserting comments into abstract Erlang syntax trees

This module contains functions for inserting comments, described by position, indentation and text, as attachments
on an abstract syntax tree, at the correct places.

DATA TYPES
syntaxTree() = erl_syntax:syntaxTree()

An abstract syntax tree. See the erl_syntax module for details.

Exports

quick recomment forms(Tree::erl syntax:forms(), Cs::
[erl comment scan:comment()]) -> erl syntax:syntaxTree()

Like recomment_forms/2, but only inserts top-level comments. Comments within function definitions or declarations
("forms") are ssimply ignored.

recomment forms(Tree::erl syntax:forms(), Cs::[erl comment scan:comment()]) -
> erl _syntax:syntaxTree()

Attaches commentsto the syntax tree/trees representing aprogram. The given For ns should be asingle syntax tree of
typef orm | i st, oralist of syntax treesrepresenting "program forms". The syntax trees must contain valid position
information (for details, seer ecomment _t r ee/ 2). Theresult is a corresponding syntax tree of typef orm | i st
in which all commentsin the list Conment s have been attached at the proper places.

Assuming For ns represents a program (or any sequence of "program forms'), any commentswhose first lines are not
directly associated with aspecific program form will become standal one commentsinserted between the neighbouring
program forms. Furthermore, comments whose column position is less than or equal to one will not be attached to a
program form that begins at a conflicting line number (this can happen with preprocessor-generated | i ne-attributes).

If Forms is a syntax tree of some other type than f orm | i st, the comments will be inserted directly using
recoment _tree/ 2, and any comments left over from that process are added as postcomments on the result.

Entriesin Comrent s represent multi-line comments. For each entry, Li ne isthe line number and Col urm the | eft
column of the comment (the column of the first comment-introducing "% character). | ndent at i on isthe number
of character positions between the last non-whitespace character before the comment (or the left margin) and the left
column of the comment. Text is alist of strings representing the consecutive comment lines in top-down order,
where each string contains al characters following (but not including) the comment-introducing "% and up to (but
not including) the terminating newline. (Cf. moduleer | _conment _scan.)

Evaluation exits with reason { bad_posi ti on, Pos} if the associated position information Pos of some subtree
in the input does not have a recognizable format, or withreason{ bad_tree, L, C} if insertion of acomment at
line L, column C, fails because the tree structureis ill-formed.

See also: erl_comment_scan, quick_recomment_forms/2, recomment_tree/2.
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recomment tree(Tree::erl syntax:syntaxTree(), Cs::
[erl comment scan:comment()]) -> {erl syntax:syntaxTree(),
[erl comment scan:comment()]}

Attaches comments to a syntax tree. Theresult isa pair { NewTr ee, Remai nder} where NewTr ee isthe given
Tr ee where comments from the list Comment s have been attached at the proper places. Remai nder isthelist of
entriesin Comrent s which have not been inserted, because their line numbers are greater than those of any node in
the tree. The entries in Corment s are inserted in order; if two comments become attached to the same node, they
will appear in the same order in the program text.

The nodes of the syntax tree must contain valid position information. This can be single integers, assumed to represent
a line number, or 2- or 3-tuples where the first or second element is an integer, in which case the leftmost integer
element is assumed to represent the line number. Line numbers less than one are ignored (usually, the default line
number for newly created nodesis zero).

For details on the Li ne, Col utm and | ndent ati on fields, and the behaviour in case of errors, see
recoment forns/ 2.

See also: recomment_forms/2.
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erl_syntax

Erlang module

Abstract Erlang syntax trees.

Thismodul e defines an abstract datatypefor representing Erlang source code as syntax trees, in away that isbackwards
compatiblewith the datastructures created by the Erlang standard library parser moduleer | _par se (oftenreferredto
as"parsetrees’, whichisabit of amisnomer). Thismeansthat all er | _par se treesarevalid abstract syntax trees, but
thereverseisnot true: abstract syntax trees can in general not be used asinput to functions expectinganer | _par se
tree. However, as long as an abstract syntax tree represents a correct Erlang program, the function revert/1 should be
able to transform it to the corresponding er | _par se representation.

A recommended starting point for the first-time user is the documentation of the syntaxTree() data type, and the
function type/1.

NOTES:

This module deals with the composition and decomposition of syntactic entities (as opposed to semantic ones); its
purpose isto hide all direct references to the data structures used to represent these entities. With few exceptions, the
functionsin this module perform no semantic interpretation of their inputs, and in general, the user is assumed to pass
type-correct arguments - if thisis not done, the effects are not defined.

With the exception of the erl_parse() data structures, the internal representations of abstract syntax trees are subject to
change without notice, and should not be documented outside this modul e. Furthermore, we do not give any guarantees
on how an abstract syntax tree may or may not be represented, with the following exceptions: no syntax tree is
represented by a single atom, such as none, by alist constructor [ X | Y], or by the empty list [ ] . This can be
relied on when writing functions that operate on syntax trees.

DATA TYPES
annotation_or_|ocation() = erl_anno:anno() | erl_anno:location()
encoding() = utf8 | unicode | latinl

erl_parse() = erl_parse:abstract_clause() | erl_parse:abstract_expr() | erl_parse:abstract form() |
erl_parse:abstract_type() | erl_parse:form_info() | erl_parse:af _binelement(term()) | erl_parse:af_generator() |
erl_parse:af _remote function()

forms() = syntaxTreg() | [syntaxTree()]

guard() = none | syntaxTree() | [syntaxTree()] | [[syntaxTree()]]
padding() = none | integer()

syntaxTree() = tree() | wrapper() | erl_parse()

syntaxTreeAttributes() = #attr{ pos=term(), ann=[term()], com=none | #com{ pre=[syntaxTree()],
post=[syntaxTree()]} }

tree() = #treg{ type=atom(), attr=#attr{ pos=term(), ann=[term()], com=none | #con pre=[syntaxTree()],
post=[syntaxTree()]}}, data=term()}

wrapper() = #wrapper{ type=atom(), attr=#attr{ pos=term(), ann=[term()], com=none | #com{ pre=[syntaxTree()],
post=[syntaxTree()]}}, tree=erl_parse()}
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Exports

abstract(T::term()) -> syntaxTree()

Returns the syntax tree corresponding to an Erlang term. Ter mmust be aliteral term, i.e., one that can be represented
as a source code literal. Thus, it may not contain a process identifier, port, reference or function value as a subterm.
The function recognises printable strings, in order to get a compact and readable representation. Evaluation fails with
reason badar g if Ter misnot aliteral term.

See also: concretell, is literal/1.

add ann(A::term(), Node::syntaxTree()) -> syntaxTree()
Appends the term Annot at i on to the list of user annotations of Node.

Note: this is equivalent to set _ann(Node, [Annotation | get_ann(Node)]), but potentially more
efficient.

See also: get_ann/1, set_ann/2.

add postcomments(Cs::[syntaxTree()], Node::syntaxTree()) -> syntaxTree()
Appends Conmmrent s to the post-comments of Node.

Note: Thisis equivalent to set _post conment s( Node, get _post coment s( Node) ++ Commrents),
but potentially more efficient.

See also: add_precomments/2, comment/2, get_postcomments/1, join_comments/2, set_postcomments/2.

add precomments(Cs::[syntaxTree()], Node::syntaxTree()) -> syntaxTree()
Appends Conment s to the pre-comments of Node.

Note: Thisis equivalent to set _pr econment s( Node, get precoment s(Node) ++ Comments), but
potentially more efficient.

See also: add_postcomments/2, comment/2, get_precomments/1, join_comments/2, set_precomments/2.

annotated type(Name::syntaxTree(), Type::syntaxTree()) -> syntaxTree()
Creates an abstract annotated type expression. The result represents "Nane @ : Type".
See also: annotated _type body/1, annotated_type name/1.

annotated type body(Node::syntaxTree()) -> syntaxTree()
Returns the type subtrees of an annot at ed_t ype node.
See also: annotated_type/2.

annotated type name(Node::syntaxTree()) -> syntaxTree()
Returns the name subtree of an annot at ed_t ype node.
See also: annotated_type/2.
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application(Operator::syntaxTree(), Arguments::[syntaxTree()]) ->
syntaxTree()

Creates an abstract function application expression. If Argunents is[Al, ..., An], the result represents
"Operator (A1, ..., An)".

See also: application/3, application_arguments/1, application_operator/1.

application(Module::none | syntaxTree(), Name::syntaxTree(), Arguments::
[syntaxTree()]) -> syntaxTree()

Creates an abstract function application expression. If Mdule is none, this is cdl
is equivalent to application(Function, Argunents), otherwise it is equivaent to
application(nodul e_qualifier(Mdule, Function), Arguments).

(Thisisautility function.)

See also: application/2, module_qualifier/2.

application arguments(Node::syntaxTree()) -> [syntaxTree()]
Returnsthe list of argument subtrees of an appl i cat i on node.
See also: application/2.

application operator(Node::syntaxTree()) -> syntaxTree()
Returns the operator subtree of anappl i cat i on node.

Note: if Node represents"M F( . . . )", then the result is the subtree representing "M F".
See also: application/2, module_qualifier/2.

arity qualifier(Body::syntaxTree(), Arity::syntaxTree()) -> syntaxTree()
Creates an abstract arity qualifier. The result represents "Body/ Ari t y".
See also: arity_qualifier_argument/1, arity _qualifier_body/1.

arity qualifier argument(Node::syntaxTree()) -> syntaxTree()
Returns the argument (the arity) subtreeof anarity_qual i fi er node.
See also: arity_qualifier/2.

arity qualifier body(Node::syntaxTree()) -> syntaxTree()
Returnsthe body subtreeof anarity_qual i fi er node.
See also: arity_qualifier/2.

atom(Name::atom() | string()) -> syntaxTree()
Creates an abstract atom literal. The print name of the atom is the character sequence represented by Narre.
See also: atom literal/1, atom literal/2, atom_name/1, atom_value/l, is_atom/2.

atom literal(Node::syntaxTree()) -> string()

Returnstheliteral string represented by an at omnode. Thisincludes surrounding single-quote charactersif necessary.
Characters beyond 255 will be escaped.
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Note that e.g. the result of at om( " x\ ny") represents any and al of “x\ny", x\12y", "x\012y" and “x\"\Jy\"; see
string/1.

See also: atom/1, string/1.

atom literal(Node, X2) -> term()

Returnstheliteral string represented by an at omnode. Thisincludes surrounding single-quote charactersif necessary.
Depending on the encoding a character beyond 255 will be escaped (I at i n1) or copied asis (ut f 8).

See also: atom/1, atom_literal/1, string/1.

atom name(Node::syntaxTree()) -> string()
Returns the printname of an at omnode.
See also: atom/1.

atom value(Node::syntaxTree()) -> atom()
Returns the value represented by an at omnode.
See also: atom/1.

attribute(Name::syntaxTree()) -> syntaxTree()
Equivalent to attribute(Name, none).

attribute(Name::syntaxTree(), Args::none | [syntaxTree()]) -> syntaxTree()

Createsan abstract program attribute. If Ar gurent s is[ A1, ..., An],theresultrepresents”- Name( Al, ...,
An) . ". Otherwise, if Ar gunment s isnone, the result represents "- Namne. ". The latter form makes it possible to
represent preprocessor directives such as”- endi f . ". Attributes are source code forms.

Note: The preprocessor macro definition directive - def i ne( Nane, Body) . " hasrelatively few requirementson
the syntactical form of Body (viewed as a sequence of tokens). The t ext node type can be used for a Body that
isnot anormal Erlang construct.

See also: attribute/l, attribute_arguments/1, attribute_name/1, is form/1, text/1.

attribute arguments(Node::syntaxTree()) -> none | [syntaxTree()]

Returns the list of argument subtrees of an at t ri but e node, if any. If Node represents "- Nane. ", the result is
none. Otherwise, if Node represents”- Nane(E1, ..., En).",[El, ..., E1] isreturned.

See also: attribute/1.

attribute name(Node::syntaxTree()) -> syntaxTree()
Returns the name subtree of anat t r i but e node.
See also: attribute/1.

binary(List::[syntaxTree()]) -> syntaxTree()

Creates an abstract binary-object template. If Fi el ds is[ F1, ..., Fn],theresult represents"<<F1, ...,
Fn>>",

See also: binary_field/2, binary_fields/1.
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binary comp(Template::syntaxTree(), Body::[syntaxTree()]) -> syntaxTree()

Creates an abstract binary comprehension. If Body is[ E1, ..., En],theresult represents"<<Tenpl ate ||
El, ..., En>>".

See also: binary_comp_body/1, binary_comp_template/1, generator/2.

binary comp body(Node::syntaxTree()) -> [syntaxTree()]
Returnsthelist of body subtrees of abi nary_conp node.
See also: binary_comp/2.

binary comp template(Node::syntaxTree()) -> syntaxTree()
Returns the template subtree of abi nary_conp node.

See also: binary_comp/2.

binary field(Body::syntaxTree()) -> syntaxTree()
Equivalent to binary_field(Body, []).

binary field(Body::syntaxTree(), Types::[syntaxTree()]) -> syntaxTree()

Creates an abstract binary template field. If Types isthe empty list, the result ssimply represents "Body", otherwise,
if Typesis[T1, ..., Tn],theresultrepresents"Body/ T1-...-Tn".

See also: hinary/1, binary field/1, binary_field/3, binary_field body/1, binary field size/1, binary field_types/1.

binary field(Body::syntaxTree(), Size::none | syntaxTree(), Types::
[syntaxTree()]) -> syntaxTree()

Creates an abstract binary template field. If Si ze is none, this is equivalent to "bi nary_fi el d( Body,
Types) ", otherwiseitisequivalentto"bi nary_fi el d(si ze_qualifier(Body, Size), Types)".

(Thisisautility function.)
See also: hinary/1, binary field/2, size qualifier/2.

binary field body(Node::syntaxTree()) -> syntaxTree()
Returnsthe body subtree of abi nary_fi el d.
See also: hinary_field/2.

binary field size(Node::syntaxTree()) -> none | syntaxTree()

Returns the size specifier subtree of a bi nary_fi el d node, if any. If Node represents "Body: Si ze" or
"Body: Si ze/ T1, ..., Tn" theresultisSi ze, otherwise none isreturned.

(Thisisautility function.)
See also: binary _field/2, binary field/3.

binary field types(Node::syntaxTree()) -> [syntaxTree()]

Returns the list of type-specifier subtrees of abi nary_fi el d node. If Node represents™. . ./ T1, ..., Tn",
theresultis[ T1, ..., Tn], otherwisetheresultisthe empty list.

See also: binary_field/2.
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binary fields(Node::syntaxTree()) -> [syntaxTree()]
Returnsthelist of field subtrees of abi nar y node.
See also: binary/1, binary_field/2.

binary generator(Pattern::syntaxTree(), Body::syntaxTree()) -> syntaxTree()
Creates an abstract binary_generator. The result represents"Pat t ern <- Body".
See also: binary_comp/2, binary_generator_body/1, binary _generator_pattern/1, list_comp/2.

binary generator body(Node::syntaxTree()) -> syntaxTree()
Returns the body subtree of agener at or node.
See also: binary_generator/2.

binary generator pattern(Node::syntaxTree()) -> syntaxTree()
Returns the pattern subtree of agener at or node.
See also: binary_generator/2.

bitstring type(M::syntaxTree(), N::syntaxTree()) -> syntaxTree()
Creates an abstract bitstring type. Theresult represents'<<_: M _:  *N>>",
See also: hitstring_type m/1, bitstring_type n/1.

bitstring type m(Node::syntaxTree()) -> syntaxTree()
Returns the number of start bits, M of abi t st ri ng_t ype node.
See also: hitstring_type/2.

bitstring type n(Node::syntaxTree()) -> syntaxTree()
Returnsthe segment size, N, of abi t st ri ng_t ype node.
See also: hitstring_type/2.

block expr(Body::[syntaxTree()]) -> syntaxTree()

Creates an abstract block expression. If Body is[B1, ..., Bn], theresult represents "begin B1, ...,
Bn end".

See also: block_expr_body/1.

block expr body(Node::syntaxTree()) -> [syntaxTree()]
Returnsthelist of body subtrees of abl ock _expr node.
See also: block_expr/1.

case_expr(Argument::syntaxTree(), Clauses::[syntaxTree()]) -> syntaxTree()

Creates an abstract case-expression. If Cl auses is[ Cl, ..., Cn],theresultrepresents"case Argunent of
Cl; ...; Cn end".Moreexactly,if eachC represents”(Pi) G -> Bi ", thentheresult represents"case
Argument of P1 GL -> Bl; ...; Pn G -> Bn end".
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See also: case _expr_argument/1, case_expr_clauses/1, clause/3, if_expr/1.

case_expr_argument(Node::syntaxTree()) -> syntaxTree()
Returns the argument subtree of acase_expr node.
See also: case_expr/2.

case_expr_clauses(Node::syntaxTree()) -> [syntaxTree()]
Returnsthelist of clause subtrees of acase_expr node.
See also: case_expr/2.

catch expr(Expr::syntaxTree()) -> syntaxTree()
Creates an abstract catch-expression. The result represents "cat ch Expr .
See also: catch_expr_body/1.

catch_expr body(Node::syntaxTree()) -> syntaxTree()
Returns the body subtree of acat ch_expr node.
See also: catch_expr/1.

char(Char::char()) -> syntaxTree()
Creates an abstract character literal. The result represents "$Nane", where Nane correspondsto Val ue.

Note: the literal corresponding to a particular character value is not uniquely defined. E.g., the character "a" can be
written both as"$a" and "$\ 141", and a Tab character can bewritten as"$\ 11", "$\ 011" or "$\ t ".

See also: char_literal/l, char_literal/2, char_value/l, is_char/2.

char literal(Node::syntaxTree()) -> nonempty string()

Returnstheliteral string represented by achar node. Thisincludestheleading "$" character. Characters beyond 255
will be escaped.

See also: char/1.

char literal(Node::syntaxTree(), X2::encoding()) -> nonempty string()

Returns the literal string represented by a char node. This includes the leading "$" character. Depending on the
encoding a character beyond 255 will be escaped (I at i n1) or copied asis (ut f 8).

See also: char/1.

char _value(Node::syntaxTree()) -> char()
Returns the value represented by achar node.
See also: char/1.

class qualifier(Class::syntaxTree(), Body::syntaxTree()) -> syntaxTree()
Creates an abstract class qualifier. The result represents"Cl ass: Body".
See also: class qualifier_argument/1, class qualifier_body/1, class qualifier_stacktrace/1, try_expr/4.
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class qualifier(Class::syntaxTree(), Body::syntaxTree(),
Stacktrace::syntaxTree()) -> syntaxTree()

Creates an abstract class qualifier. The result represents"Cl ass: Body: St ackt race”.
See also: class_qualifier_argument/1, class qualifier_body/1, try_expr/4.

class qualifier argument(Node::syntaxTree()) -> syntaxTree()
Returns the argument (the class) subtree of acl ass_qual i fi er node.
See also: class_qualifier/2.

class qualifier body(Node::syntaxTree()) -> syntaxTree()
Returnsthe body subtree of acl ass_qual i fi er node.
See also: class_qualifier/2.

class qualifier stacktrace(Node::syntaxTree()) -> syntaxTree()
Returns the stacktrace subtree of acl ass_qual i fi er node.
See also: class_qualifier/2.

clause(Guard::guard(), Body::[syntaxTree()]) -> syntaxTree()
Equivalent to clause([], Guard, Body).

clause(Patterns::[syntaxTree()], Guard::guard(), Body::[syntaxTree()]) ->
syntaxTree()

Creates an abstract clause. If Patterns is[ P1, ..., Pn] andBody is[B1, ..., Bnj,thenif Guard is
none, theresult represents"(P1, ..., Pn) -> B1, ..., Bnl,otherwise unlessGuar d isalist, the result
represents”(P1, ..., Pn) when Guard -> B1, ..., Bni.

For simplicity, the Guar d argument may also be any of the following:

e Anempty list[] . Thisisequivalent to passing none.

e Anonemptylist[ E1, ..., Ej] of syntax trees. Thisisequivalent to passing conj uncti on([ E1,
E1).

A nonempty list of lists of syntax trees[[E1_1, ..., E1 k1], ..., [E _1, ..., EH Kkjl],
which is equivalent to passing di sj unction([conjunction([E1_1, ..., E1_k1]), ...,
conjunction([E _1, ..., E _Kki])1).

See also: clause/2, clause body/1, clause _guard/1, clause patterns/1.

clause body(Node::syntaxTree()) -> [syntaxTree()]
Return thelist of body subtrees of acl ause node.
See also: clause/3.

clause guard(Node::syntaxTree()) -> none | syntaxTree()

Returns the guard subtree of acl ause node, if any. If Node represents”(P1, ..., Pn) when Guard ->
B1, ..., Bnf, Guard isreturned. Otherwise, theresult isnone.

See also: clause/3.
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clause patterns(Node::syntaxTree()) -> [syntaxTree()]
Returnsthelist of pattern subtrees of acl ause node.
See also: clause/3.

comment (Strings::[string()]) -> syntaxTree()
Equivalent to comment(none, Strings).

comment (Pad: :padding(), Strings::[string()]) -> syntaxTree()

Createsan abstract comment with the given padding and text. If St r i ngs isa(possibly empty) list[ " Txt 1", ...,
"Txt N'], theresult represents the source code text

%STxtl
STxtN
Paddi ng states the number of empty character positions to the left of the comment separating it horizontally from

sourcecodeonthesameline(if any). If Paddi ng isnone, adefault positive number isused. If Paddi ng isaninteger
less than 1, there should be no separating space. Comments are in themselves regarded as source program forms.

See also: comment/1, is form/1.

comment padding(Node::syntaxTree()) -> padding()
Returns the amount of padding before the comment, or none. The latter means that a default padding may be used.
See also: comment/2.

comment text(Node::syntaxTree()) -> [string()]
Returns the lines of text of the abstract comment.
See also: comment/2.

compact list(Node::syntaxTree()) -> syntaxTree()

Yieldsthe most compact form for an abstract list skeleton. Theresult either represents”[ E1, ..., En | Tail]",
where Tai | isnot alist skeleton, or otherwise simply "[ E1, ..., En]". Annotations on subtrees of Node that
represent list skeletons may be lost, but comments will be propagated to the result. Returns Node itself if Node does
not represent alist skeleton.

See also: list/2, normalize list/1.

concrete(Node: :syntaxTree()) -> term()

Returnsthe Erlang term represented by asyntax tree. Evaluation failswith reason badar g if Node does not represent
aliteral term.

Note: Currently, the set of syntax trees which have a concrete representation is larger than the set of trees which can
be built using the function abstract/1. An abstract character will be concretised as an integer, while abstract/1 does not
at present yield an abstract character for any input. (Use the char/1 function to explicitly create an abstract character.)

Noterari ty_qual i fi er nodesarerecognized. Thisistofollow The Erlang Parser whenit comesto wild attributes:
both {F, A} and F/A arerecognized, which makesit possibleto turn wild attributesinto recognized attributeswithout at
the same time making it impossible to compile files using the new syntax with the old version of the Erlang Compiler.
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See also: abstract/1, char/1, is_literal/1.

conjunction(Tests::[syntaxTree()]) -> syntaxTree()
Creates an abstract conjunction. If Li st is[ E1l, ..., En],theresultrepresents"E1l, ..., En".
See also: conjunction_body/1, disjunction/1.

conjunction body(Node::syntaxTree()) -> [syntaxTree()]
Returnsthelist of body subtrees of aconj unct i on node.
See also: conjunction/1.

cons(Head: :syntaxTree(), Tail::syntaxTree()) -> syntaxTree()

"Optimising” list skeleton cons operation. Creates an abstract list skeleton whosefirst element is Head and whose tail
correspondsto Tai | . Thisissimilartol i st ([ Head], Tail ), exceptthat Tai | may not be none, and that the
result does not necessarily represent exactly "[ Head | Tai | ] ", but may depend ontheTai | subtree. E.g., if Tai |
represents[ X, Y], theresult may represent "[ Head, X, Y] ", ratherthan"[Head | [X, Y]]". Annotations
onTai | itself may belostif Tai | representsalist skeleton, but commentson Tai | are propagated to the result.

See also: list/2, list_head/1, list_tail/1.

constrained function type(FunctionType::syntaxTree(), FunctionConstraint::
[syntaxTree()]) -> syntaxTree()

Creates an abstract constrained functiontype. If Funct i onConstrai nt is[ C1, ..., Cn],theresultrepresents
"Functi onType when C1, ...Cn"

See also: constrained_function_type_argument/1, constrained_function_type body/1.

constrained function type argument(Node::syntaxTree()) -> syntaxTree()
Returns the function constraint subtree of aconst r ai ned_f uncti on_t ype node.
See also: constrained _function_type/2.

constrained function type body(Node::syntaxTree()) -> syntaxTree()
Returns the function type subtree of aconst r ai ned_f uncti on_t ype node.
See also: constrained_function_type/2.

constraint(Name: :syntaxTree(), Types::[syntaxTree()]) -> syntaxTree()
Creates an abstract (subtype) constraint. The result represents"Nane :: Type".
See also: constraint_argument