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1.1 The Erlang I/O-protocol

1 STDLIB User's Guide

The Erlang standard library STDLIB.

1.1 The Erlang I/O-protocol

The 1/O-protocol in Erlang specifies a way for a client to communicate with an 1/O server and vice versa. The I/0O
server is a process that handles the requests and performs the requested task on e.g. an 1O device. The client is any
Erlang process wishing to read or write data from/to the 10 device.

The common |/O-pratocol has been present in OTP since the beginning, but has been fairly undocumented and has al so
somewhat evolved over the years. In an addendum to Robert Virdingsrational e the original 1/O-protocol is described.
This document describes the current I/O-protocol.

The original 1/O-protocol was simple and flexible. Demands for spacial and execution time efficiency has triggered
extensions to the protocol over the years, making the protocol larger and somewhat less easy to implement than the
original. It can certainly be argued that the current protocol istoo complex, but thistext describes how it looks today,
not how it should have looked.

The basic ideas from the original protocol still hold. The 1/0 server and client communicate with one single, rather
simplistic protocol and no server state is ever present in the client. Any /O server can be used together with any client
code and client code need not be aware of the actual 10 device the 1/O server communicates with.

1.1.1 Protocol Basics

As described in Robert's paper, 1/0 servers and clients communicate using i o_r equest /i o_repl y tuples as
follows:

{io_request, From, ReplyAs, Request}

{io_reply, ReplyAs, Reply}

Theclient sendsani o_r equest tupletothel/O server and the server eventually sendsacorrespondingi o_r epl y
tuple.

e Fromisthepi d() of theclient, the process which the /O server sendsthe IO reply to.

* Repl yAs can be any datum and is returned in the corresponding i o_r epl y. Theio module monitors the I/O
server, and uses the monitor reference asthe Repl yAs datum. A more complicated client could have several
outstanding I/O requests to the same 1/0 server and would then use different references (or something else) to
differentiate among the incoming 10 replies. The Repl yAs element should be considered opague by the I/O
server. Notethat the pi d() of thel/O server isnot explicitly presentinthei o_r epl y tuple. The reply can
be sent from any process, not necessarily the actual 1/0 server. The Repl yAs element isthe only thing that
connects one 1/O request with an I/O-reply.

 Request and Repl y are described below.

When an I/O server receivesani o_r equest tuple, it acts upon the actual Request part and eventually sends an
i o_reply tuplewith the corresponding Repl y part.

1.1.2 Output Requests
To output characters on an IO device, the following Request sexist:
{put_chars, Encoding, Characters}
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1.1 The Erlang I/O-protocol

{put_chars, Encoding, Module, Function, Args}

« Encodi ng iseither uni code or | at i n1, meaning that the characters are (in case of binaries) encoded as
either UTF-8 or 1SO-latin-1 (pure bytes). A well behaved 1/0 server should also return error if list elements
contain integers > 255 when Encodi ng issettol at i n1. Note that this does not in any way tell how
characters should be put on the actual 10 device or how the I/O server should handle them. Different 1/0
servers may handle the characters however they want, this simply tellsthe I/O server which format the data
is expected to have. In the Modul e/Funct i on/Ar gs case, Encodi ng tellswhich format the designated
function produces. Note that byte-oriented datais simplest sent using the 1SO-latin-1 encoding.

»  Characters are the datato be put on the 10 device. If Encodi ngisl ati nl, thisisani ol i st (). If
Encodi ng isuni code, thisisan Erlang standard mixed Unicode list (oneinteger in alist per character,
charactersin binaries represented as UTF-8).

* Mbdul e, Functi on, and Ar gs denote afunction which will be called to produce the data (like
io_lib:format/2).Args isalist of argumentsto the function. The function should produce datain the
given Encodi ng. The l/O server should call the function asappl y(Mdd, Func, Args) andwill put the
returned data on the IO device asif itwassentina{ put _chars, Encodi ng, Charact er s} request.
If the function returns anything else than a binary or list or throws an exception, an error should be sent back to
theclient.

The /O server repliesto theclient withani o_r epl y tuple wherethe Repl y element is one of:

ok
{error, Error}

» Error describesthe error to the client, which may do whatever it wants with it. The Erlang io module typically
returnsit asis.

For backward compatibility the following Request s should also be handled by an 1/O server (these requests should
not be present after R15B of OTP):

{put_chars, Characters}
{put_chars, Module, Function, Args}

These should behave as { put _chars, latinl, Characters} and{put_chars, latinl, Module,
Functi on, Args} respectively.

1.1.3 Input Requests
To read characters from an 1O device, the following Request s exist:
{get_until, Encoding, Prompt, Module, Function, ExtraArgs}

* Encodi ng denotes how dataisto be sent back to the client and what data is sent to the function denoted by
Modul e/Funct i on/Ext r aAr gs. If the function supplied returns data as alist, the datais converted to this
encoding. If however the function supplied returns datain some other format, no conversion can be done and it
is up to the client supplied function to return datain a proper way. If Encodi ngisl at i n1, lists of integers
0..255 or binaries containing plain bytes are sent back to the client when possible; if Encodi ng isuni code,
lists with integers in the whole Unicode range or binaries encoded in UTF-8 are sent to the client. The user
supplied function will always see lists of integers, never binaries, but the list may contain numbers > 255 if the
Encodi ng isuni code.

e Pronpt isalist of characters (not mixed, no binaries) or an atom to be output as a prompt for input on the IO
device. Pr onpt isoftenignored by the I/O server and if setto' ' it should always beignored (and result in
nothing being written to the 10 device).

e Mbdul e, Functi on, and Ext r aAr gs denote a function and arguments to determine when enough data is
written. The function should take two additional arguments, the last state, and a list of characters. The function
should return one of:
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{done, Result, RestChars}
{more, Continuation}

The Resul t can be any Erlang term, but if itisal i st (), the I/O server may convert it to abi nary() of
appropriate format before returning it to the client, if the 1/O server is set in binary mode (see below).

The function will be called with the data the 1/O server finds on its 10 device, returning { done, Result,
Rest Char s} when enough dataisread (in which case Resul t issent to the client and Rest Char s iskeptin
the 1/0O server as a buffer for subsequent input) or { nor e, Conti nuati on}, indicating that more characters
are needed to complete the request. The Cont i nuat i on will be sent as the state in subsequent calls to the
function when more characters are available. When no more characters are available, the function shall return
{done, eof, Rest}.Theinitia stateisthe empty list and the data when an end of file is reached on the
IO device isthe atom eof . An emulation of theget _| i ne request could be (inefficiently) implemented using
the following functions:

- modul e( deno)
-export([until_newine/3, get_linel1l])

unti |l _new i ne(_Thi sFar, eof, _M/St opCharacter) ->
{done, eof ,[1};
unti | _new i ne( Thi sFar, CharLi st, M/St opCharacter) ->
case
lists:splitwith(fun(X) -> X =/= MyStopCharacter end, Charlist)
of

{L[1} ->
{nor e, Thi sFar ++L};
{L2, [ MySt opChar acter| Rest]} ->
{done, Thi sFar ++L2++[ MySt opChar act er], Rest }
end

get _line(loServer) ->
| oServer ! {io_request,
sel f(),

| oServer
{get _until, unicode, '', ?MODULE, until_newine, [$\n]}},
recei ve
{io_reply, loServer, Data} ->
Dat a
end

Note especialy that the last element in the Request tuple ([ $\ n] ) is appended to the argument list when the
function is called. The function should be called like appl y(Modul e, Function, [ State, Data |
ExtraArgs ]) by thel/O server

A fixed number of charactersis requested using this Request :

{get_chars, Encoding, Prompt, N}

Encodi ng and Pr onpt asforget _until.
Nisthe number of charactersto be read from the IO device.

A singleline (likein the example above) is requested with this Request :

{get_line, Encoding, Prompt}

Encodi ng and Pr onpt asabove.

Obvioudly, theget chars andget | i ne could beimplemented withtheget _unti | request (and indeed they

were originally), but demands for efficiency has made these additions necessary.
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The 1/O server repliesto the client with ani o_r epl y tuple where the Repl y element is one of:

Data
eof
{error, Error}

» Dat aisthecharactersread, in either list or binary form (depending on the 1/0O server mode, see below).

e Error describesthe error to the client, which may do whatever it wants with it. The Erlang io module typically
returnsit asis.

« eof isreturned when input end is reached and no more data is available to the client process.

For backward compatibility the following Request s should also be handled by an 1/O server (these regeusts should
not be present after R15B of OTP):

{get_until, Prompt, Module, Function, ExtraArgs}
{get_chars, Prompt, N}
{get_line, Prompt}

These should behave as {get _until, latinl, Pronpt, Mdule, Function, ExtraArgs},
{get_chars, latinl, Pronpt, N} and{get_line, latinl, Pronpt} respectively.

1.1.4 1/O-server Modes

Demands for efficiency when reading data from an 1/O server has not only lead to the addition of theget _| i ne and
get _char s requests, but has also added the concept of 1/O server options. No options are mandatory to implement,
but all 1/0 serversin the Erlang standard libraries honor the bi nar y option, which allows the Dat a element of the
i o_reply tupleto be abinary instead of alist when possible. If the data is sent as a binary, Unicode data will be
sent in the standard Erlang Unicode format, i.e. UTF-8 (note that the function of the get _unti | request till gets
list data regardless of the 1/0 server mode).

Notethat i.e. theget _unti | request allows for afunction with the data specified as aways being a list. Also the
return value data from such a function can be of any type (asisindeed the case when ani o: f r ead request is sent
to an I/O server). The client has to be prepared for data received as answers to those requests to be in a variety of
forms, but the 1/0 server should convert the results to binaries whenever possible (i.e. when the function supplied to
get _until actually returnsalist). The example shown later in thistext doesjust that.

An 1/O-server in binary mode will affect the data sent to the client, so that it has to be able to handle binary data. For
convenience, it is possible to set and retrieve the modes of an /O server using the following /O requests:

{setopts, Opts}
« Optsisalist of optionsin the format recognized by proplists (and of course by the I/O server itself).
Asan example, the I/O server for the interactive shell (in gr oup. er | ) understands the following options:

{binary, boolean()} (or binary/list)

{echo, boolean()}

{expand_fun, fun()}

{encoding, unicode/latinl} (or unicode/latinl)

- of which the bi nary and encodi ng options are common for all 1/0 serversin OTP, while echo and expand
arevalid only for this I/O server. It isworth noting that the uni code option notifies how characters are actually put
on the physical 10 device, i.e. if theterminal per seis Unicode aware, it does not affect how characters are sent in the
I/O-protocol, where each request contains encoding information for the provided or returned data.

The I/O server should send one of the following as Repl y:

ok
{error, Error}
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An error (preferably enot sup) is to be expected if the option is not supported by the I/O server (like if an echo
optionissentin aset opt s request to aplain file).

To retrieve options, this request is used:

getopts

Theget opt s request asksfor acompletelist of all options supported by the 1/0O server aswell astheir current val ues.
The I/O server replies:

OptList
{error, Error}

e OptList isalist of tuples{ Opti on, Val ue} where Qpt i on isawaysan atom.

1.1.5 Multiple I/O Requests

The Request element caninitself contain several Request s by using the following format:
{requests, Requests}

e Requestsisalistof vaidi o_request tuplesfor the protocol, they shall be executed in the order in which
they appear in the list and the execution should continue until one of the requests result in an error or thelistis
consumed. The result of the last request is sent back to the client.

The 1/O server can for alist of requests send any of the valid resultsin the reply:

ok

{ok, Data}
{ok, Options}
{error, Error}

- depending on the actual requestsin the list.

1.1.6 Optional I/O Requests

Thefollowing I/0 request is optional to implement and a client should be prepared for an error return:
{get_geometry, Geometry}

» Ceonetry iseither the atom r ows or the atom col umms.

The 1/O server should send the Repl y as:

{ok, N}
{error, Error}

* Nisthe number of character rows or columnsthe IO device has, if applicable to the 1O device the I/O server
handles, otherwise{ error, enotsup} isagood answer.

1.1.7 Unimplemented Request Types

If an 1/0O server encounters arequest it does not recognize (i.e. thei o_r equest tupleisin the expected format, but
the actual Request isunknown), the I/O server should send avalid reply with the error tuple:

{error, request}

This makes it possible to extend the protocol with optiona requests and for the clients to be somewhat backwards
compatible.
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1.1.8 An Annotated and Working Example 1/0O Server

An 1/O server is any process capable of handling the 1/O protocol. There is no generic I/O server behavior, but could
well be. The framework is simple enough, a process handling incoming requests, usually both 1/0O-requests and other
IO device-specific requests (for i.e. positioning, closing etc.).

Our example 1/0 server stores charactersin an ETS table, making up afairly crude ram-file (it is probably not useful,
but working).

The module begins with the usual directives, afunction to start the I/O server and a main loop handling the requests:

-nmodul e(ets_i o_server).
-export([start_link/0, init/0, loop/1l, until_newine/3, until_enough/3]).
- defi ne(CHARS_PER REC, 10).

-record(state, {

tabl e,

posi tion, % absol ute
mode % binary | |ist
b

start_link() ->
spawn_l i nk( ?MODULE, i nit,[]).

init() ->
Tabl e = ets: new(nonane, [ ordered_set]),
?MODULE: | oop(#state{tabl e = Table, position = 0, node=list}).

| oop(State) ->
recei ve
{io_request, From ReplyAs, Request} ->
case request (Request, State) of
{Tag, Reply, NewState} when Tag =:= ok; Tag =:= error ->
repl y(From Repl yAs, Reply),
?MODULE: | oop( NewSt at e) ;
{stop, Reply, _NewState} ->
repl y(From Repl yAs, Reply),
exit (Reply)
end;
%% Private message
{From rew nd} ->
From! {self(), ok},
?MODULE: | oop( St at e#st at e{ position = 0});
_Unknown ->
?MODULE: | oop( St at e)
end.

The main loop receives messages from the client (which might be using the io module to send requests). For each
request the function r equest / 2 iscaled and areply is eventually sent using ther epl y/ 3 function.

The "private” message { From rew nd} results in the current position in the pseudo-file to be reset to O (the
beginning of the"file"). Thisisatypica example of 10 device-specific messages not being part of the 1/O-protocol. It
isusually abad ideato embed such private messagesini o_r equest tuples, asthat might be confusing to the reader.

Let uslook at the reply function first...

repl y(From ReplyAs, Reply) ->
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From! {io_reply, ReplyAs, Reply}.

Simple enough, it sends the i o_r epl y tuple back to the client, providing the Repl yAs element received in the
reguest along with the result of the request, as described above.

Now look at the different requests we need to handle. First the requests for writing characters:

request ({put _chars, Encoding, Chars}, State) ->
put _char s(uni code: characters_to_|ist(Chars, Encodi ng), State);
request ({put _chars, Encoding, Mdule, Function, Args}, State) ->
try
request ({put _chars, Encoding, apply(Mdule, Function, Args)}, State)
catch
_->
{error, {error, Function}, State}
end;

TheEncodi ng tellsushow the charactersin the request are represented. Wewant to store the charactersaslistsinthe
ETS table, so we convert them to lists using the uni code: characters_to_| i st/ 2 function. The conversion
function conveniently accepts the encoding typesuni code or | ati n1, so we can use Encodi ng directly.

When Modul e, Funct i on and Ar gunent s are provided, we simply apply it and do the same thing with the result
asif the data was provided directly.

Let us handle the requests for retrieving data too:

request ({get _until, Encoding, _Pronpt, M F, As}, State) ->
get _until (Encoding, M F, As, State);

request ({get _chars, Encoding, _Pronpt, N}, State) ->
%6 To sinplify the code, get _chars is inplenmented using get_until
get _until (Encodi ng, ?MODULE, until _enough, [N], State);

request ({get _|ine, Encoding, _Pronpt}, State) ->
%% To sinplify the code, get line is inplenented using get_until
get _until (Encodi ng, ?MODULE, until_newine, [$\n], State);

Herewe have cheated alittle by more or lessonly implementingget _unt i | and using internal hel persto implement
get _chars and get _| i ne. In production code, this might be too inefficient, but that of course depends on
the frequency of the different requests. Before we start actually implementing the functions put _char s/ 2 and
get _until /5, letuslook into the few remaining requests:

request ({get _geonetry, _}, State) ->
{error, {error,enotsup}, State};

request ({setopts, Opts}, State) ->
setopts(Opts, State);

request (getopts, State) ->
getopts(State);

request ({requests, Reqs}, State) ->
mul ti _request (Reqs, {ok, ok, State});

Theget _geonet ry request has no meaning for this 1/O server, so the reply will be{error, enotsup}.The
only option we handleisthebi nar y/l i st option, which is done in separate functions.

The multi-request tag (r equest s) is handled in a separate loop function applying the requests in the list one after
another, returning the last result.
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What is left is to handle backward compatibility and the file module (which uses the old requests until backward
compatibility with pre-R13 nodes is no longer needed). Note that the 1/O server will not work with a simple
file:wite/?2ifthesearenot added:

request ({put _chars, Chars}, State) ->

request ({put _chars, |l atinl, Chars}, State);
request ({put _chars, M F, As}, State) ->

request ({put _chars,latinl, M F, As}, State);
request ({get _chars, Pronpt, N}, State) ->

request ({get _chars,latinl, Pronpt, N}, State);
request ({get _|ine, Pronpt}, State) ->

request ({get _line,latinl, Pronpt}, State);
request ({get _until, Pronpt,MF, As}, State) ->

request ({get _until,latinl, Pronpt, M F, As}, State);

OK, what isleft now istoreturn{error, request} if therequestis not recognized:

request (_CQther, State) ->
{error, {error, request}, State}.

Let us move further and actually handle the different requests, first the fairly generic multi-request type:

mul ti _request([R Rs], {ok, _Res, State}) ->
mul ti _request (Rs, request(R State));
multi _request([_|_], Error) ->
Error;
multi _request([], Result) ->
Resul t .

We loop through the requests one at the time, stopping when we either encounter an error or the list is exhausted.
The last return value is sent back to the client (it is first returned to the main loop and then sent back by the function

i o_reply).
Theget opt s and set opt s requests are also simple to handle, we just change or read our state record:

setopt s(OptsO, State) ->
Opts = proplists:unfol d(
proplists:substitute_negations(
[{list,binary}],
Opt s0)),
case check_valid_opts(Opts) of
true ->
case proplists:get_val ue(binary, Opts) of
true ->
{ ok, ok, St at e#st at e{ nnde=bi nary}};
fal se ->
{ ok, ok, St at e#st at e{ nnde=bi nary}};
->
{ ok, ok, St at e}

end;
fal se ->
{error, {error, enot sup}, St at e}
end.
check_valid_opts([]) ->
true;
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check_val i d_opts([{bi nary, Bool }| T]) when is_bool ean(Bool) ->
check_valid_opts(T);

check_valid opts(_) ->
fal se.

get opt s(#state{node=M = S) ->
{ok, [{binary, case M of
bi nary ->
true;
_ ->
fal se
end}], S}.

As a convention, all 1/0O servers handle both {set opts, [ binary]}, {setopts, [list]} and
{setopts, [{binary, boolean()}]}, hencethetrick with proplists:substitute_negations/2
and propl i sts: unfol d/ 1.If invalid optionsare sent to us, wesend { error, enot sup} back to the client.

Theget opt s request shouldreturnalist of { Opt i on, Val ue} tuples, which hasthetwofold function of providing
both the current values and the available options of this 1/O server. We have only one option, and hence return that.

So far our 1/0 server has been fairly generic (except for ther ewi nd request handled in the main loop and the creation
of an ETStable). Most 1/0 servers contain code similar to the one above.

To make the example runnable, we now start implementing the actual reading and writing of the datato/fromthe ETS
table. First the put _char s/ 3 function:

put _chars(Chars, #state{table = T, position = P} = State) ->
R = P div ?CHARS PER REC,
C = P rem ?CHARS_PER REC,
[ apply_update(T,U) || U<- split_data(Chars, R, O ],
{ok, ok, State#tstate{position = (P + length(Chars))}}.

We aready have the data as (Unicode) lists and therefore just split the list in runs of a predefined size and put each
run in the table at the current position (and forward). The functionsspl i t _dat a/ 3 and appl y_updat e/ 2 are
implemented below.

Now we want to read data from the table. Theget _unti | / 5 function reads data and applies the function until it
saysit isdone. Theresult is sent back to the client:

get _until (Encodi ng, Md, Func, As,
#state{position = P, nbde = M table = T} = State) ->
case get_I| oop(Md, Func, As, T, P,[]) of
{done, Data, _, NewP} when is_binary(Data); is_list(Data) ->
if
M =:= binary ->
{ ok,
uni code: characters_t o_bi nary(Data, unicode, Encoding),
St at e#st at e{ posi ti on = NewP}};
true ->
case check(Encodi ng,
uni code: characters_to_list(Data, unicode))
of
{error, _} = E->
{error, E, State};
List ->
{ok, List,
St at e#st at e{ posi ti on = NewP}}
end
end;
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{done, Dat a, _, NewP} ->

{ok, Data, State#state{position = NewP}};
Error ->

{error, Error, State}

end.

get loop(MF, AT P, C ->
{NewP, L} = get(P, T),
case catch apply(MF,[C L|A]) of
{done, List, Rest} ->
{done, List, [], NewP - length(Rest)};
{nore, NewC} ->
get _l oop(M F, A, T, NewP, NewC) ;
->
{error, F}
end.

Here we also handle the mode (bi nary or | i st) that can be set by the set opt s request. By default, al OTP 1/O
servers send data back to the client as lists, but switching modeto bi nar y might increase efficiency if the 1/O server
handlesitin an appropriate way. Theimplementation of get _unt i | ishardto get efficient asthe supplied functionis
defined to take lists as arguments, but get _char s andget _I| i ne can be optimized for binary mode. This example
does not optimize anything however. It is important though that the returned data is of the right type depending on
the options set, so we convert the lists to binaries in the correct encoding if possible before returning. The function
suppliedintheget _unti | request tuple may, asitsfinal result return anything, so only functions actually returning
lists can get them converted to binaries. If the request contained the encoding tag uni code, the lists can contain all
Unicode codepoints and the binaries should be in UTF-8, if the encoding tag was | at i n1, the client should only
get characters in the range 0..255. The function check/ 2 takes care of not returning arbitrary Unicode codepoints
inlistsif the encoding was given as| at i n1. If the function did not return alist, the check cannot be performed and
the result will be that of the supplied function untouched.

Now we are more or less done. We implement the utility functions below to actually manipulate the table:

check(uni code, List) ->
Li st;
check(latinl, List) ->
try
[ throw(not_unicode) || X <- List,
X > 255 ],
Li st
catch
throw _ ->
{error, {cannot _convert, unicode, latinl}}
end.

The function check takes care of providing an error tuple if Unicode codepoints above 255 is to be returned if the
client requested latinl.

Thetwofunctionsunti | _new i ne/ 3andunti | _enough/ 3 arehelpersused together withtheget _until/5
function to implement get _char s andget _I| i ne (inefficiently):

until _new ine([],eof, MStopCharacter) ->
{done, eof ,[1};
unti |l _new i ne(Thi sFar, eof, _M/St opCharacter) ->
{done, Thi sFar,[]};
unti |l _new i ne( Thi sFar, CharLi st, MySt opCharacter) ->
case
lists:splitwith(fun(X) -> X =/= MyStopCharacter end, Charlist)
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of

{L. 11} ->
{nore, Thi sFar ++L};
{L2, [ M/St opChar acter| Rest]} ->
{done, Thi sFar ++L2++[ MySt opChar acter], Rest}
end.

until _enough([],eof, N ->
{done, eof ,[]};

unti | _enough(Thi sFar, eof, N) ->
{done, Thi sFar,[]};

unti | _enough(Thi sFar, CharLi st, N)

when | engt h(Thi sFar) + |ength(CharList) >= N ->

{Res, Rest} = ny_split(N, ThisFar ++ CharList, []),
{done, Res, Rest };

unti | _enough(Thi sFar, CharList,_N) ->
{nore, Thi sFar ++Char Li st}.

As can be seen, the functions above are just the type of functions that should be provided inget _unt i | requests.
Now we only need to read and write the table in an appropriate way to complete the /0O server:

get (P, Tab) ->
R = P div ?CHARS PER REC,
C = P rem ?CHARS_PER REC,
case ets:|ookup(Tab, R) of
[1 ->
{P, eof };
[{R List}] ->
case nmy_split(C List,[]) of
{_ (1Y ->
{ P+l engt h(List), eof };
{_,Data} ->
{ P+l engt h(Dat a) , Dat a}
end
end.

my_split(0, Left, Acc) ->
{lists:reverse(Acc), Left};

ny_split(_,[],Acc) ->
{lists:reverse(Acc),[1};

ny_split(N, [H T], Acc) ->
ny_split(N1, T, [H Acc]).

split_data([],_,_ ) ->
[1;

split_data(Chars, Row, Col) ->
{This, Left} = my_split(?CHARS PER REC - Col, Chars, []),
[ {Row, Col, This} | split_data(Left, Row + 1, 0) ].

appl y_updat e(Tabl e, {Row, Col, List}) ->
case ets:|ookup(Tabl e, Row) of
[1->
ets:insert(Table, {Row, |ists:duplicate(Col,0) ++ List});
[{Row, A dData}] ->
{Partl, } = ny_split(Col,ddData,[]),
{ ,Part2} = ny_split(Col +l ength(List),ddData,[]),
ets:insert(Table, {Row, Partl ++ List ++ Part2})
end.

The table is read or written in chunks of 2CHARS PER REC, overwriting when necessary. The implementation is
obviously not efficient, it isjust working.
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This concludes the example. It isfully runnable and you can read or write to the I/O server by usingi.e. theio module
or even the file module. It is as simple as that to implement afully fledged 1/O server in Erlang.

1.2 Using Unicode in Erlang

1.2.1 Unicode Implementation

Implementing support for Unicode character sets is an ongoing process. The Erlang Enhancement Proposal (EEP)
10 outlined the basics of Unicode support and also specified a default encoding in binaries that all Unicode-aware
modules should handle in the future.

The functionality described in EEP10 was implemented in Erlang/OTP R13A, but that was by no means the end of
it. In Erlang/OTP R14B01 support for Unicode file names was added, athough it was in no way complete and was
by default disabled on platforms where no guarantee was given for the file name encoding. With Erlang/OTP R16A
came support for UTF-8 encoded source code, among with enhancements to many of the applications to support both
Unicode encoded file names as well as support for UTF-8 encoded files in several circumstances. Most notable is
the support for UTF-8 in filesread by fi | e: consul t/ 1, release handler support for UTF-8 and more support
for Unicode character setsin the 1/0-system. In Erlang/OTP 17.0, the encoding default for Erlang source files was
switched to UTF-8.

This guide outlines the current Unicode support and gives a couple of recipes for working with Unicode data.

1.2.2 Understanding Unicode

Experience with the Unicode support in Erlang has made it painfully clear that understanding Unicode characters and
encodings is not as easy as one would expect. The complexity of the field as well as the implications of the standard
requires thorough understanding of concepts rarely before thought of.

Furthermore the Erlang implementation requires understanding of conceptsthat never were an issue for many (Erlang)
programmers. To understand and use Unicode characters requires that you study the subject thoroughly, evenif you're
an experienced programmer.

As an example, one could contemplate the issue of converting between upper and lower case letters. Reading the
standard will make you realize that, to begin with, there's not a simple one to one mapping in all scripts. Take German
asan example, wherethere'saletter "[3' (Sharp s) in lower case, but the uppercase equivalentis"SS'. Or Greek, where
"#"' hastwo different lowercase forms: "#" in word-final position and "#" elsewhere. Or Turkish where dotted and dot-
less"i" both exist in lower case and upper caseforms, or Cyrillic 1" which usually has no lowercase form. Or of course
languages that have no concept of upper case (or lower case). So, aconversion function will need to know not only one
character at atime, but possibly the whole sentence, maybe the natural language the trandation should bein and also
take into account differences in input and output string length and so on. There is at the time of writing no Unicode
to_upper/to_lower functionality in Erlang/OTP, but there are publicly available libraries that address these issues.

Another example is the accented characters where the same glyph has two different representations. Let's look at the
Swedish "8". There's a code point for that in the Unicode standard, but you can also write it as "0" followed by U
+0308 (Combining Diaeresis, with the simplified meaning that the last letter should have a "™ above). They have
exactly the same glyph. They are for most purposes the same, but they have completely different representations. For
example MacOS X converts all file names to use Combining Diaeresis, while most other programs (including Erlang)
try to hide that by doing the opposite when for example listing directories. However it's done, it's usually important
to normalize such charactersto avoid utter confusion.

The list of examples can be made as long as the Unicode standard, | suspect. The point is that one need a kind of
knowledge that was never needed when programs only took one or two languages into account. The complexity of
human languages and scripts, certainly has made this a challenge when constructing a universal standard. Supporting
Unicode properly in your program will require effort.
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1.2.3 What Unicode Is

Unicodeis a standard defining code points (numbers) for all known, living or dead, scripts. In principle, every known
symbol used in any language has a Unicode code point.

Unicode code points are defined and published by the Unicode Consortium, which is a non profit organization.

Support for Unicode isincreasing throughout the world of computing, asthe benefits of one common character set are
overwhelming when programs are used in aglobal environment.

Along with the base of the standard: the code points for all the scripts, there are a couple of encoding standards
available.

Itisvital to understand the difference between encodings and Unicode characters. Unicode characters are code points
according to the Unicode standard, while the encodings are ways to represent such code points. An encoding isjust a
standard for representation, UTF-8 can for example be used to represent a very limited part of the Unicode character
set (e.g. 1ISO-Latin-1), or the full Unicode range. It's just an encoding format.

Aslong asall character setswere limited to 256 characters, each character could be stored in one single byte, so there
was more or less only one practical encoding for the characters. Encoding each character in one byte was so common
that the encoding wasn't even named. When we now, with the Unicode system, have alot more than 256 characters,
we need acommon way to represent these. The common ways of representing the code points are the encodings. This
means awhole new concept to the programmer, the concept of character representation, which was before anon-issue.

Different operating systems and tools support different encodings. For example Linux and MacOS X has chosen the
UTF-8 encoding, which is backwards compatible with 7-bit ASCII and therefore affects programs written in plain
English the least. Windows on the other hand supports alimited version of UTF-16, namely all the code planes where
the characters can be stored in one single 16-bit entity, which includes most living languages.

The most widely spread encodings are:

Bytewise representation
Thisis not a proper Unicode representation, but the representation used for characters before the Unicode
standard. It can still be used to represent character code points in the Unicode standard that have numbers
below 256, which corresponds exactly to the ISO-Latin-1 character set. In Erlang, thisis commonly denoted
I ati n1 encoding, which is slightly misleading as | SO-Latin-1 is a character code range, not an encoding.

UTF-8
Each character is stored in one to four bytes depending on code point. The encoding is backwards compatible
with bytewise representation of 7-bit ASCII as all 7-bit characters are stored in one single bytein UTF-8. The
characters beyond code point 127 are stored in more bytes, letting the most significant bit in the first character
indicate a multi-byte character. For details on the encoding, the RFC is publicly available. Note that UTF-8 is
not compatible with bytewise representation for code points between 128 and 255, so a|SO-Latin-1 bytewise
representation is not generally compatible with UTF-8.

UTF-16
This encoding has many similaritiesto UTF-8, but the basic unit is a 16-bit number. This means that al
characters occupy at least two bytes, some high numbers even four bytes. Some programs, libraries and
operating systems claiming to use UTF-16 only allows for characters that can be stored in one 16-bit entity,
which isusualy sufficient to handle living languages. As the basic unit is more than one byte, byte-order issues
occur, why UTF-16 existsin both a big-endian and little-endian variant. In Erlang, the full UTF-16 range is
supported when applicable, likein the uni code module and in the bit syntax.

UTF-32
The most straight forward representation. Each character is stored in one single 32-bit number. Thereisno
need for escapes or any variable amount of entities for one character, all Unicode code points can be stored
in one single 32-bit entity. Aswith UTF-16, there are byte-order issues, UTF-32 can be both big- and little-
endian.
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UCs4
Basically the same as UTF-32, but without some Unicode semantics, defined by |EEE and hasllittle use
as a separate encoding standard. For all normal (and possibly abnormal) usages, UTF-32 and UCS-4 are
interchangeable.

Certain ranges of numbers are left unused in the Unicode standard and certain ranges are even deemed invalid. The
most notable invalid range is 16#D800 - 16#DFFF, as the UTF-16 encoding does not allow for encoding of these
numbers. It can be speculated that the UTF-16 encoding standard was, from the beginning, expected to be able to hold
all Unicode characters in one 16-hit entity, but then had to be extended, |eaving a hole in the Unicode range to cope
with backward compatibility.

Additionally, the code point 16#FEFF isused for byte order marks (BOM's) and use of that character is not encouraged
in other contexts than that. It actually is valid though, as the character "ZWNBS" (Zero Width Non Breaking Space).
BOM's are used to identify encodings and byte order for programs where such parameters are not known in advance.
Byte order marks are more seldom used than one could expect, but their use might become more widely spread as they
provide the means for programs to make educated guesses about the Unicode format of a certain file.

1.2.4 Areas of Unicode Support

To support Unicode in Erlang, problems in several areas have been addressed. Each area is described briefly in this
section and more thoroughly further down in this document:

Representation
To handle Unicode characters in Erlang, we have to have a common representation both in lists and binaries.
The EEP (10) and the subseguent initial implementation in Erlang/OTP R13A settled a standard representation
of Unicode charactersin Erlang.

Manipulation
The Unicode characters need to be processed by the Erlang program, why library functions need to be able to
handle them. In some cases functionality was added to already existing interfaces (as the string module now
can handle lists with arbitrary code points), in some cases new functionality or options need to be added (asin
thei o-module, the file handling, the uni code module and the bit syntax). Today most modules in kernel and
STDLIB, aswell asthe VM are Unicode aware.

Filel/O
1/0 is by far the most problematic areafor Unicode. A fileis an entity where bytes are stored and the lore of
programming has been to treat characters and bytes as interchangeable. With Unicode characters, you need to
decide on an encoding as soon as you want to store the datain afile. In Erlang you can open atext file with
an encoding option, so that you can read characters from it rather than bytes, but you can also open afile for
bytewise I/0O. The I/O-system of Erlang has been designed (or at least used) in away where you expect any 1/
O-server to be able to cope with any string data, but that is no longer the case when you work with Unicode
characters. Handling the fact that you need to know the capabilities of the device where your dataends up is
something new to the Erlang programmer. Furthermore, portsin Erlang are byte oriented, so an arbitrary string
of (Unicode) characters can not be sent to a port without first converting it to an encoding of choice.

Termina 1/0
Terminal 1/0O isdlightly easier than file 1/0. The output is meant for human reading and is usually Erlang
syntax (e.g. in the shell). There exists syntactic representation of any Unicode character without actually
displaying the glyph (instead written as\ x{ HHH} ), so Unicode data can usually be displayed even if the
terminal as such do not support the whole Unicode range.

File names
File names can be stored as Unicode strings, in different ways depending on the underlying OS and file system.
This can be handled fairly easy by a program. The problems arise when the file system is not consistent in
it's encodings, like for example Linux. Linux allows files to be named with any sequence of bytes, leaving to
each program to interpret those bytes. On systems where these "transparent” file names are used, Erlang has
to be informed about the file name encoding by a startup flag. The default is bytewise interpretation, which is
actually usually wrong, but alows for interpretation of all file names. The concept of "raw file names' can be
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used to handle wrongly encoded file names if one enables Unicode file name translation (+f nu) on platforms
where thisis not the default.

Source code encoding
When it comes to the Erlang source code, there is support for the UTF-8 encoding and bytewise encoding. The
default in Erlang/OTP R16B was bytewise (or latinl) encoding; in Erlang/OTP 17.0 it was changed to UTF-8.
Y ou can control the encoding by a comment like:

%6 -*- coding: utf-8 -*-

in the beginning of the file. This of course requires your editor to support UTF-8 as well. The same comment
isasointerpreted by functionslikef i | e: consul t/ 1, the release handler etc, so that you can have all text
filesin your source directoriesin UTF-8 encoding.

The language
Having the source codein UTF-8 also allows you to write string literals containing Unicode characters with
code points > 255, although atoms, module names and function names are restricted to the |SO-Latin-1 range.
Binary literals where you use the/ ut f 8 type, can also be expressed using Unicode characters > 255. Having
module names using characters other than 7-bit ASCII can cause trouble on operating systems with inconsistent
file naming schemes, and might also hurt portability, so it's not really recommended. It is suggested in EEP 40
that the language should also alow for Unicode characters > 255 in variable names. Whether to implement that
EEP or not is yet to be decided.

1.2.5 Standard Unicode Representation

In Erlang, strings are actually lists of integers. A string was up until Erlang/OTP R13 defined to be encoded in the
ISO-latin-1 (1SO8859-1) character set, which is, code point by code point, a sub-range of the Unicode character set.

The standard list encoding for strings was therefore easily extended to cope with the whole Unicode range: A Unicode
string in Erlang is simply a list containing integers, each integer being a valid Unicode code point and representing
one character in the Unicode character set.

Erlang stringsin ISO-latin-1 are a subset of Unicode strings.

Only if a string contains code points < 256, can it be directly converted to a binary by using i.e
erlang:iolist_to_binary/ 1 orcanbesentdirectly toaport. If the string contains Unicode characters > 255,
an encoding has to be decided upon and the string should be converted to a binary in the preferred encoding using
uni code: characters_to_binary/ {1, 2, 3}. Strings are not generally lists of bytes, as they were before
Erlang/OTP R13. They arelists of characters. Characters are not generally bytes, they are Unicode code points.

Binaries are more troublesome. For performance reasons, programs often store textual datain binariesinstead of lists,
mainly because they are more compact (one byte per character instead of two words per character, as is the case
with lists). Using erl ang: | i st _to_bi nary/ 1, an ISO-Latin-1 Erlang string could be converted into a binary,
effectively using bytewise encoding - one byte per character. Thiswasvery convenient for those limited Erlang strings,
but cannot be done for arbitrary Unicode lists.

Asthe UTF-8 encoding is widely spread and provides some backward compatibility in the 7-bit ASCII range, it is
selected as the standard encoding for Unicode charactersin binaries for Erlang.

The standard binary encoding is used whenever alibrary function in Erlang should cope with Unicode datain binaries,
but isof course not enforced when communi cating externally. Functions and bit-syntax exist to encode and decode both
UTF-8, UTF-16 and UTF-32 in binaries. Library functions dealing with binaries and Unicode in general, however,
only deal with the default encoding.

Character datamay be combined from several sources, sometimes availablein amix of stringsand binaries. Erlang has
for long had the concept of i odat a ori ol i st s, where binaries and lists can be combined to represent a sequence of
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bytes. Inthe sameway, the Unicode aware modul es often all ow for combinations of binariesand listswherethebinaries
have characters encoded in UTF-8 and the lists contain such binaries or numbers representing Unicode code points:

uni code_bi nary() = binary() with characters encoded i n UTF-8 codi ng standard
chardata() = charlist() | unicode_binary()

charlist() = maybe_inproper_list(char() | unicode_binary() | charlist(),
uni code_binary() | nil())

Themoduleuni code in STDLIB even supports similar mixes with binaries containing other encodings than UTF-8,
but that is a special case to allow for conversions to and from external data:

ext ernal _uni code_binary() = binary() with characters coded in
a user specified Unicode encoding other than UTF-8 (UTF-16 or UTF-32)

external _chardata() = external charlist() | external _unicode_binary()

external _charlist() = maybe_i nproper _list(char() |
ext ernal _uni code_bi nary() |
external _charlist(),
external _uni code_binary() | nil())

1.2.6 Basic Language Support

As of Erlang/OTP R16 Erlang source files can be written in either UTF-8 or bytewise encoding (ak.a | ati nl
encoding). The details on how to state the encoding of an Erlang source file can be found in epp( 3) . Strings and
comments can be written using Unicode, but functions still have to be named using characters from the 1SO-latin-1
character set and atoms are restricted to the same 1SO-latin-1 range. These restrictions in the language are of course
independent of the encoding of the sourcefile.

Bit-syntax

The hit-syntax contains types for coping with binary data in the three main encodings. The types are named ut f 8,
ut f 16 and ut f 32 respectively. Theut f 16 and ut f 32 types can bein abig- or little-endian variant:

<<Ch/utf8,_/binary>> = Binl,

<<Ch/utfi16-little,_/binary>> = Bin2,

Bin3 = <<$H utf32-little, $e/utf32-little, $l/utf32-little, $l/utf32-little,
$o/utf32-little>>,

For convenience, literal strings can be encoded with a Unicode encoding in binaries using the following (or similar)
syntax:

Bin4d = <<"Hell 0"/ utf16>>,

String and Character Literals

For source code, thereisan extension to the\ OOO (backsl ash followed by three octal numbers) and\ x HH (backslash
followed by x, followed by two hexadecimal characters) syntax, namely \ x{ H ...} (a backslash followed by an x,
followed by l€ft curly bracket, any number of hexadecimal digits and a terminating right curly bracket). This allows
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for entering characters of any code point literally in a string even when the encoding of the source file is bytewise
(atinl).

Intheshédll, if using aUnicodeinput device, or in source code stored in UTF-8, $ can befollowed directly by aUnicode
character producing an integer. In the following example the code point of a Cyrillic # is output:

7> $#.
1089

Heuristic String Detection

In certain output functions and in the output of return valuesin the shell, Erlang triesto heuristically detect string data
in lists and binaries. Typically you will see heuristic detection in a situation like this:

1> [97, 98, 99] .

"abc"

2> <<97, 98, 99>>.

<<"abc">>

3> <<195, 165, 195, 164, 195, 182>>.
<<"4a0"/ utf 8>>

Here the shell will detect lists containing printable characters or binaries containing printable characters either in
bytewise or UTF-8 encoding. The question here is: what is a printable character? One view would be that anything
the Unicode standard thinks is printable, will aso be printable according to the heuristic detection. The result would
be that almost any list of integers will be deemed a string, resulting in all sorts of characters being printed, maybe
even characters your terminal does not have in its font set (resulting in some generic output you probably will not
appreciate). Another way isto keep it backwards compatible so that only the 1 SO-L atin-1 character set is used to detect
astring. A third way would beto let the user decide exactly what Unicode ranges are to be viewed as characters. Since
Erlang/OTP R16B you can select either the whole Unicode range or the 1SO-Latin-1 range by supplying the startup
flag +pc Range, where Rangeiseither | at i nl or uni code. For backwards compatibility, the defaultis| at i n1.
This only controls how heuristic string detection is done. In the future, more ranges are expected to be added, so that
one can tailor the heuristics to the language and region relevant to the user.

Letslook at an example with the two different startup options:

$ erl +pc latinl
Erl ang R16B (erts-5.10.1) [source] [async-threads: 0] [hipe] [kernel-poll:false]

Eshell V5.10.1 (abort with "G

1> [1024] .

[ 1024]

2> [ 1070, 1085, 1080, 1082, 1086, 1076] .

[ 1070, 1085, 1080, 1082, 1086, 1076]

3> [ 229, 228, 246] .

" 346"

4> <<208, 174, 208, 189, 208, 184, 208, 186, 208, 190, 208, 180>>.
<<208, 174, 208, 189, 208, 184, 208, 186, 208, 190, 208, 180>>
5> <<229/ utf8, 228/ utf 8, 246/ ut f 8>>.

<<" 346"/ ut f 8>>

$ erl +pc unicode
Erl ang R16B (erts-5.10.1) [source] [async-threads: 0] [hipe] [kernel-poll:false]
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Eshell V5.10.1 (abort with QG

1> [1024] .

u g

2> [ 1070, 1085, 1080, 1082, 1086, 1076] .
" HBH AR

3> [ 229, 228, 246] .

"&a6"

4> <<208, 174, 208, 189, 208, 184, 208, 186, 208, 190, 208, 180>>
<<" #####H" [ ut f 8>>

5> <<229/utf8, 228/ utf8, 246/ ut f 8>>
<<" 846"/ ut f 8>>

In the examples, we can see that the default Erlang shell will only interpret characters from the ISO-Latinl range as
printable and will only detect lists or binaries with those "printable” characters as containing string data. The valid
UTF-8 binary containing "#####", will not be printed as a string. When, on the other hand, started with all Unicode
characters printable (+pc uni code), the shell will output anything containing printable Unicode data (in binaries
either UTF-8 or bytewise encoded) as string data.

These heuristicsareasoused by i o(_I i b): f or mat / 2 and friendswhen thet modifier isused in conjunction with
~p or ~P:

$ erl +pc latinl
Erl ang R16B (erts-5.10.1) [source] [async-threads: 0] [hipe] [kernel-poll:false]

Eshell V5.10.1 (abort with QG

1> jo:format ("~tp~n", [{<<"a406">>, <<"a&ac"/utf8>> <<208, 174, 208, 189, 208, 184, 208, 186, 208, 190, 208, 180>>}])
{<<"a4a0" >>, <<" 440"/ ut f 8>>, <<208, 174, 208, 189, 208, 184, 208, 186, 208, 190, 208, 180>>}

ok

$ erl +pc uni code
Erl ang R16B (erts-5.10.1) [source] [async-threads: 0] [hipe] [kernel-poll:false]

Eshell V5.10.1 (abort with QG

1> io:format ("~tp~n", [{<<"a&6">> <<"aa6"/utf8>> <<208, 174, 208, 189, 208, 184, 208, 186, 208, 190, 208, 180>>}])
{<<" 440" >>, <<" 440"/ ut f 8>>, <<" ######" | ut f 8>>}

ok

Please observethat thisonly affects heuristic interpretation of listsand binaries on output. For examplethe~t s format
sequence does always output avalid lists of characters, regardless of the +pc setting, asthe programmer has explicitly
reguested string output.

1.2.7 The Interactive Shell

The interactive Erlang shell, when started towards a terminal or started using the wer | command on windows, can
support Unicode input and output.

On Windows, proper operation requires that a suitable font isinstalled and selected for the Erlang application to use.
If no suitable font is available on your system, try installing the DejaVu fonts (dej avu- f ont s. or g), which are
freely available and then select that font in the Erlang shell application.

On Unix-like operating systems, the terminal should be able to handle UTF-8 on input and output (modern versions
of XTerm, KDE konsole and the Gnome terminal do for example) and your locale settings have to be proper. As an
example, my LANG environment variableis set as this:

$ echo $LANG
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en_US. UTF- 8

Actualy, most systems handle the LC_CTYPE variable before LANG, so if that is set, it hasto be set to UTF- 8:

$ echo $LC CTYPE
en_US. UTF- 8

The LANGor LC_CTYPE setting should be consistent with what the terminal is capable of, thereisno portable way for
Erlang to ask the actual terminal about its UTF-8 capacity, we haveto rely on the language and character type settings.

To investigate what Erlang thinks about the terminal, thei o: get opt s() call can be used when the shell is started:

$ LC CTYPE=en_US. | SO-8859-1 erl
Erl ang R16B (erts-5.10.1) [source] [async-threads: 0] [hipe] [kernel-poll:false]

Eshel| V5.10.1 (abort with ~Q
1> |ists: keyfind(encoding, 1, io:getopts()).
{encodi ng, | ati n1}

2> q() -
ok

$ LC CTYPE=en_US. UTF-8 erl
Erl ang R16B (erts-5.10.1) [source] [async-threads: 0] [hipe] [kernel-poll:false]

Eshel| V5.10.1 (abort with ~Q

1> |ists: keyfind(encoding, 1, io:getopts()).
{encodi ng, uni code}

2>

When (finally?) everything isin order with thelocal e settings, fonts and the terminal emulator, you probably a so have
discovered a way to input characters in the script you desire. For testing, the simplest way is to add some keyboard
mappings for other languages, usually done with some applet in your desktop environment. In my KDE environment, |
start the KDE Control Center (Personal Settings), select "Regional and Accessibility" and then "Keyboard Layout”. On
Windows XP, | start Control Panel->Regional and Language Options, select the Language tab and click the Details...
button in the square named "Text services and input Languages'. Y our environment probably provides similar means
of changing the keyboard layout. Make sure you have a way to easily switch back and forth between keyboards if
you are not used to this, entering commands using a Cyrillic character set is, as an example, not easily done in the
Erlang shell.

Now you are set up for some Unicodeinput and output. The simplest thing to doisof courseto enter astring in the shell:

$ erl
Erl ang R16B (erts-5.10.1) [source] [async-threads: 0] [hipe] [kernel-poll:false]

Eshell V5.10.1 (abort with ~Q

1> |ists: keyfind(encoding, 1, io:getopts()).
{encodi ng, uni code}

2> RS

" HHRRHH

3> jo:format ("~ts~n", [v(2)]).

Hitttitit

ok

4>
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While strings can be input as Unicode characters, the language elements are still limited to the 1SO-latin-1 character
set. Only character constants and strings are allowed to be beyond that range:

$ erl
Erl ang R16B (erts-5.10.1) [source] [async-threads: 0] [hipe] [kernel-poll:false]

Eshell V5.10.1 (abort with ~Q

1> $#.

958

2>

* 1. illegal character

2>

1.2.8 Unicode File Names

Most modern operating systems support Unicode file names in some way or another. There are several different ways
to do this and Erlang by default treats the different approaches differently:

Mandatory Unicode file naming

Windows and, for most common uses, MacOS X enforces Unicode support for file names. All files created in
the file system have names that can consistently be interpreted. In MacOS X, al file names are retrieved in
UTF-8 encoding, while Windows has selected an approach where each system call handling file names has a
special Unicode aware variant, giving much the same effect. There are no file names on these systems that are
not Unicode file names, why the default behavior of the Erlang VM isto work in "Unicode file name trandation
mode", meaning that a file name can be given as a Unicode list and that will be automatically trandlated to the
proper name encoding for the underlying operating and file system.

Doingi.e.afile:list_dir/1 ononeof these systems may return Unicode lists with code points beyond
255, depending on the content of the actual file system.

Asthe featureisfairly new, you may still stumble upon non core applications that cannot handle being provided
with file names containing characters with code points larger than 255, but the core Erlang system should have
no problems with Unicode file names.

Transparent file naming

Most Unix operating systems have adopted a simpler approach, namely that Unicode file naming is not enforced,
but by convention. Those systems usually use UTF-8 encoding for Unicode file names, but do not enforce it.
On such a system, a file name containing characters having code points between 128 and 255 may be named
either as plain 1SO-latin-1 or using UTF-8 encoding. As no consistency is enforced, the Erlang VM can do no
consistent translation of all file names.

By default on such systems, Erlang starts in ut f 8 file name mode if the terminal supports UTF-8, otherwise
inl ati nl mode.

Inthel ati n1 mode, file names are bytewise endcoded. This alows for list representation of all file names
in the system, but, for example, a file named "Ostersund.txt", will appear infile:list_dir/1 as either
"Ostersund.txt” (if the file name was encoded in bytewise 1SO-L atin-1 by the program creating the file, or more
probably as[ 195, 150, 115, 116, 101, 114, 115, 117, 110, 100] ,whichisalist containing UTF-8 bytes
- not what you would want... If you on the other hand use Unicode file name translation on such a system, non-
UTF-8 file names will simply be ignored by functions likefi |l e: i st _di r/ 1. They can be retrieved with
file:list _dir_all/21,butwrongly encoded file nameswill appear as "raw file names".

The Unicode file naming support was introduced with Erlang/OTP R14B01. A VM operating in Unicode file name
translation mode can work with files having namesin any language or character set (aslong asit is supported by the
underlying OS and file system). The Unicode character list is used to denote file or directory names and if the file
system content is listed, you will also get Unicode lists as return value. The support liesin the Kernel and STDLIB
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modules, why most applications (that does not explicitly require the file names to be in the 1SO-latin-1 range) will
benefit from the Unicode support without change.

On operating systems with mandatory Unicode file names, this means that you more easily conform to the file
names of other (non Erlang) applications, and you can also process file names that, at least on Windows, were
completely inaccessible (due to having names that could not be represented in ISO-latin-1). Also you will avoid
creating incomprehensible file names on MacOS X asthe vislayer of the OSwill accept all your file namesas UTF-8
and will not rewrite them.

For most systems, turning on Unicode file name tranglation is no problem even if it uses transparent file naming.
Very few systems have mixed file name encodings. A consistent UTF-8 named system will work perfectly in
Unicode file name mode. It was still however considered experimental in Erlang/OTP R14B01 and is still not
the default on such systems. Unicode file name tranglation is turned on with the +f nu switch to the On Linux,
a VM started without explicitly stating the file name translation mode will default to | ati n1 as the native file
name encoding. On Windows and MacOS X, the default behavior is that of Unicode file name trandation, why the
file:native_nane_encodi ng/ 0 by default returns ut f 8 on those systems (the fact that Windows actually
doesnot use UTF-8 onthefile system level can safely beignored by the Erlang programmer). The default behavior can,
as stated before, be changed using the +f nu or +f nl optionstothe VM, seetheer | program. If theVM isstarted in
Unicode file name translation mode, f i | e: nati ve_name_encodi ng/ O will return the atom ut f 8. The +f nu
switch can be followed by w, i or e, to control how wrongly encoded file names are to be reported. w means that a
warning is sent to theer r or _| ogger whenever awrongly encoded file name is "skipped" in directory listings, i
meansthat those wrongly encoded file names are silently ignored and e meansthat the API function will return an error
whenever awrongly encoded file (or directory) nameisencountered. wisthedefault. Notethatfi | e: read_I i nk/ 1
will always return an error if the link pointsto an invalid file name.

In Unicode file name mode, file names given to the BIF open_port/2 with the option
{spawn_execut abl e, ...} areadso interpreted as Unicode. So is the parameter list given in the ar gs option
availablewhen using spawn_execut abl e. The UTF-8 trand ation of arguments can be avoided using binaries, see
the discussion about raw file names below.

It is worth noting that the file encodi ng options given when opening a file has nothing to do with the file name
encoding convention. Y ou can very well open files containing dataencoded in UTF-8 but having file namesin bytewise
(I ati n1) encoding or vice versa.

Note:

Erlang drivers and NIF shared objects still can not be named with names containing code points beyond 127. This
is a known limitation to be removed in a future release. Erlang modules however can, but it is definitely not a
good idea and is still considered experimental.

Notes About Raw File Names

Raw file names were introduced together with Unicode file name support in erts-5.8.2 (Erlang/OTP R14B01). The
reason "raw file names" was introduced in the system was to be able to consistently represent file names given in
different encodings on the same system. Having the VM automatically trandate a file name that is not in UTF-8 to
alist of Unicode characters might seem practical, but this would open up for both duplicate file names and other
inconsistent behavior. Consider a directory containing a file named "bjérn" in 1SO-latin-1, while the Erlang VM is
operating in Unicode file name mode (and therefore expecting UTF-8 file naming). The | SO-latin-1 nameis not valid
UTF-8 and one could be tempted to think that automatic conversion in for examplefil e: i st_dir/ 1 isagood
idea. But what would happen if welater tried to open the file and have the name asa Unicode list (magically converted
from the 1SO-latin-1 file name)? The VM will convert the file name given to UTF-8, as thisis the encoding expected.
Effectively this meanstrying to open the file named <<"bjorn"/utf8>>. Thisfile does not exist, and evenif it existed it
would not be the same file as the one that was listed. We could even create two files named "bjérn”, one named in the
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UTF-8encodingandonenot. If fi | e: i st _dir/ 1wouldautomatically convert the ISO-latin-1 filenameto alist,
we would get two identical file names as the result. To avoid this, we need to differentiate between file names being
properly encoded according to the Unicode file naming convention (i.e. UTF-8) and file names being invalid under
the encoding. By the common fi |l e: i st _dir/ 1 function, the wrongly encoded file names are simply ignored
in Unicode file name tranglation mode, but by thefil e: 1i st_dir_al I /1 function, the file names with invalid
encoding are returned as "raw" file names, i.e. as binaries.

The Erlang f i | e module accepts raw file names asinput. open_port ({ spawn_executable, ...} ...)
aso accepts them. As mentioned earlier, the arguments given in the option list to
open_port ({spawn_executable, ...} ...) undergothesame conversion asthefile names, meaning that

the executable will be provided with arguments in UTF-8 as well. This translation is avoided consistently with how
the file names are treated, by giving the argument as a binary.

To force Unicode file name translation mode on systems where this is not the default was considered experimental
in Erlang/OTP R14B01 due to the fact that the initial implementation did not ignore wrongly encoded file names, so
that raw file names could spread unexpectedly throughout the system. Beginning with Erlang/OTP R16B, the wrongly
encoded filenamesareonly retrieved by specia functions(e.g.fi l e: | i st _di r_al I / 1), sotheimpact on existing
codeis much lower, why it is now supported. Unicode file name translation is expected to be default in future releases.

Even if you are operating without Unicode file naming transl ation automatically done by the VM, you can access and
create fileswith namesin UTF-8 encoding by using raw file names encoded as UTF-8. Enforcing the UTF-8 encoding
regardless of the mode the Erlang VM is started in might, in some circumstances be a good idea, as the convention
of using UTF-8 file namesiis spreading.

Notes About MacOS X

MacOS X's vfs layer enforces UTF-8 file namesin a quite aggressive way. Older versions did this by smply refusing
to create non UTF-8 conforming file names, while newer versions replace offending bytes with the sequence "%HH",
whereHH istheoriginal character in hexadecimal notation. As Unicode trandlation is enabled by default on MacOS X,
the only way to come up against thisisto either start the VM with the +f nl flag or to use araw file namein bytewise
(I at i n1) encoding. If using araw filename, with a bytewise encoding containing characters between 127 and 255,
to create afile, the file can not be opened using the same name as the one used to createit. Thereis no remedy for this
behaviour, other than keeping the file names in the right encoding.

MacOS X also reorganizes the names of files so that the representation of accents etc is using the "combining
characters', i.e. the character 0 is represented as the code points [111,776], where 111 is the character o and 776 is
the special accent character "combining diaeresis'. Thisway of normalizing Unicode is otherwise very seldom used
and Erlang normalizes those file namesin the opposite way upon retrieval, so that file names using combining accents
are not passed up to the Erlang application. In Erlang the file name "bjérn" is retrieved as [98,106,246,114,110], not
as[98,106,117,776,114,110], even though the file system might think differently. The normalization into combining
accents are redone when actually accessing files, so this can usually be ignored by the Erlang programmer.

1.2.9 Unicode in Environment and Parameters

Environment variables and their interpretation is handled much in the same way as file names. If Unicode file names
are enabled, environment variables as well as parameters to the Erlang VM are expected to be in Unicode.

If Unicode file names are enabled, the calls to os: getenv/0, os:getenv/1, os:putenv/2 and
os: unset env/ 1 will handle Unicode strings. On Unix-like platforms, the built-in functions will trandate
environment variablesin UTF-8 to/from Unicode strings, possibly with code points > 255. On Windows the Unicode
versions of the environment system API will be used, also alowing for code points > 255.

On Unix-like operating systems, parameters are expected to be UTF-8 without trandation if Unicode file names are
enabled.
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1.2.10 Unicode-aware Modules

Most of the modulesin Erlang/OTP are of course Unicode-unaware in the sense that they have no notion of Unicode
and really should not have. Typically they handle non-textual or byte-oriented data (likegen_t cp etc).

Modules that actually handle textual data (likei o_|i b, string etc) are sometimes subject to conversion or
extension to be able to handle Unicode characters.

Fortunately, most textual data has been stored in lists and range checking has been sparse, why moduleslikest r i ng
workswell for Unicode lists with little need for conversion or extension.

Some modules are however changed to be explicitly Unicode-aware. These modules include:
uni code

The module uni code is obviously Unicode-aware. It contains functions for conversion between different
Unicode formats aswell as some utilities for identifying byte order marks. Few programs handling Unicode data
will survive without this module.

Thei o module has been extended along with the actual 1/0O-protocol to handle Unicode data. This means that
several functionsrequire binariesto bein UTF-8 and there are modifiersto formatting control sequencesto allow
for outputting of Unicode strings.

file,group,user

1/O-serversthroughout the system are able to handle Unicode dataand has optionsfor converting data upon actual
output or input to/from the device. Asshown earlier, theshel | hassupport for Unicodeterminalsandthefi | e
module alows for translation to and from various Unicode formats on disk.

The actual reading and writing of files with Unicode data is however not best done with the f i | e module as
its interface is byte oriented. A file opened with a Unicode encoding (like UTF-8), is then best read or written
using thei o module.

re

The r e module alows for matching Unicode strings as a specia option. As the library is actually centered on
matching in binaries, the Unicode support is UTF-8-centered.

Thewx graphical library has extensive support for Unicode text

The module st ri ng works perfectly for Unicode strings as well as for | SO-latin-1 strings with the exception of the
language-dependent t o_upper andt o_| ower functions, which are only correct for the | SO-latin-1 character set.
Actually they can never function correctly for Unicode characters in their current form, as there are language and
locale issues as well as multi-character mappings to consider when converting text between cases. Converting casein
an international environment is a big subject not yet addressed in OTP.

1.2.11 Unicode Data in Files

The fact that Erlang as such can handle Unicode data in many forms does not automatically mean that the content of
any file can be Unicode text. The external entities such as ports or 1/0O-servers are not generally Unicode capable.

Ports are always byte oriented, so before sending data that you are not sure is bytewise encoded to a port, make sure
to encode it in a proper Unicode encoding. Sometimes this will mean that only part of the data shall be encoded as
e.g. UTF-8, some parts may be binary data (like alength indicator) or something else that shall not undergo character
encoding, so ho automatic translation is present.

I/O-serversbehavealittledifferently. Thel/O-serversconnected to terminal s (or stdout) can usually copewith Unicode
data regardless of the encodi ng option. This is convenient when one expects a modern environment but do not
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want to crash when writing to a archaic terminal or pipe. Files on the other hand are more picky. A file can have
an encoding option which makes it generally usable by the io-module (e.g. { encodi ng, ut f 8} ), but is by default
opened as a byte oriented file. The f i | e module is byte oriented, why only ISO-Latin-1 characters can be written
using that module. The i 0 module is the one to use if Unicode data is to be output to a file with other encodi ng
than| at i nl (ak.a. bytewise encoding). It is slightly confusing that a file opened with eg. fi | e: open( Nane,
[read, {encodi ng, ut f8}]), cannot be properly read using fi | e: read(Fi | e, N) but you have to use the
i 0 moduleto retrieve the Unicode datafromit. Thereasonisthatfil e: read andfil e: wri t e (and friends) are
purely byte oriented, and should so be, asthat isthe way to access files other than text files - byte by byte. Just aswith
ports, you can of course write encoded data into afile by "manually” converting the data to the encoding of choice
(using the uni code module or the bit syntax) and then output it on a bytewise encoded (I at i n1) file.

The rule of thumb is that the file module should be used for files opened for bytewise access
({encodi ng, I ati n1}) and the i 0 module should be used when accessing files with any other encoding (e.g.
{encodi ng, uf 8}).

Functions reading Erlang syntax from files generally recognize the codi ng: comment and can therefore handle
Unicode data on input. When writing Erlang Termsto afile, you should insert such comments when applicable:

$ erl +fna +pc uni code
Erl ang R16B (erts-5.10.1) [source] [async-threads:0] [hipe] [kernel-poll:false]

Eshell V5.10.1 (abort with G

1> file:wite file("test.ternl', <<"9%b codi ng: utf-8\n[{\"######\ ", 4711}] .\ n"/ utf8>>).
ok

2> file:consult("test.ternt).

{ok, [ [{"###HH#1" , 4711111}

1.2.12 Summary of Options

The Unicode support is controlled by both command line switches, some standard environment variables and the
version of OTPyou areusing. Most optionsaffect mainly theway Unicode dataisdisplayed, not the actual functionality
of the API'sin the standard libraries. This meansthat Erlang programs usually do not need to concern themselves with
these options, they are more for the devel opment environment. An Erlang program can be written so that it works well
regardless of the type of system or the Unicode options that are in effect.

Here follows a summary of the settings affecting Unicode:
The LANGand LC_CTYPE environment variables

The language setting in the OS mainly affects the shell. The terminal (i.e. the group leader) will operate with
{encodi ng, uni code} onlyif theenvironment tellsit that UTF-8 isallowed. This setting should correspond
to the actual terminal you are using.

The environment can also affect file name interpretation, if Erlang is started with the +f na flag (which is default
from Erlang/OTP 17.0).

You can check the setting of this by calling i o: get opt s(), which will give you an option list containing
{encodi ng, uni code} or{encodi ng, | atinl}.

The+pc {uni codell atinl} flagtoerl (1)

This flag affects what is interpreted as string data when doing heuristic string detection in the shell and in
iofio_lib:format withthe"~t p" and ~t P formatting instructions, as described above.

You can check this option by caling io:printable range/O, which will return uni code or | atinl.
To be compatible with future (expected) extensions to the settings, one should rather use
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io_ lib:printable_list/1tocheckifalistisprintable according to the setting. That function will take
into account new possible settings returned fromi o: pri nt abl e_r ange/ 0.

The +f n{l |aju} [{Wi |e}] flagtoer] (1)

Thisflag affects how the file names are to be interpreted. On operating systems with transparent file naming, this
has to be specified to allow for file naming in Unicode characters (and for correct interpretation of file names
containing characters > 255.

+f nl means bytewise interpretation of file names, which was the usual way to represent 1SO-L atin-1 file names
before UTF-8 file naming got widespread.

+f nu means that file names are encoded in UTF-8, which is nowadays the common scheme (athough not
enforced).

+f na means that you automatically select between +f nl and +f nu, based on the LANG and LC_CTYPE
environment variables. This is optimistic heuristics indeed, nothing enforces a user to have aterminal with the
same encoding asthefile system, but usually, thisisthe case. Thisisthe default on al Unix-like operating systems
except MacOS X.

The file name translation mode can be read with thefi | e: nati ve_nane_encodi ng/ 0 function, which
returns| at i n1 (meaning bytewise encoding) or ut f 8.

epp: defaul t _encodi ng/ 0

This function returns the default encoding for Erlang source files (if no encoding comment is present) in the
currently running release. In Erlang/OTP R16B | at i n1 was returned (meaning bytewise encoding). In Erlang/
OTP 17.0 and forward it returns ut f 8.

The encoding of each file can be specified using comments as described in epp( 3) .
i 0: setopts/{1,2} andthe- ol dshel | /-noshel | flags.

When Erlang is started with - ol dshel | or - noshel I , the I/O-server for st andar d_i o is default set to
bytewise encoding, while an interactive shell defaults to what the environment variables says.

With the i o: set opt s/ 2 function you can set the encoding of a file or other I/O-server. This can aso be
set when opening a file. Setting the terminal (or other st andar d_i o server) unconditionally to the option
{encodi ng, ut f 8} will for example make UTF-8 encoded characters being written to the device regardless
of how Erlang was started or the users environment.

Opening fileswith encodi ng option is convenient when writing or reading text filesin a known encoding.

Y ou can retrieve the encodi ng setting for an 1/O-server using i 0: get opt s() .

1.2.13 Recipes

When starting with Unicode, one often stumbles over some common issues. | try to outline some methods of dealing
with Unicode datain this section.

Byte Order Marks

A common method of identifying encoding in text-filesis to put a byte order mark (BOM) first in the file. The BOM
is the code point 16#FEFF encoded in the same way as the rest of the file. If such afileisto be read, the first few
bytes (depending on encoding) is not part of the actual text. This code outlines how to open afile which isbelieved to
have a BOM and set the files encoding and position for further sequential reading (preferably using thei o module€).
Note that error handling is omitted from the code:

open_bom file_for_reading(File) ->
{ok,F} = file:open(File,[read,binary]),
{ok,Bin} = file:read(F,4),
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{Type, Byt es} = uni code: bom to_encodi ng(Bin),
file:position(F, Bytes),

i 0: setopts(F, [{encodi ng, Type}]),

{ok, F}.

The uni code: bom t o_encodi ng/ 1 function identifies the encoding from a binary of at least four bytes. It
returns, along with an term suitable for setting the encoding of the file, the actual length of the BOM, so that the file
position can be set accordingly. Notethat f i | e: posi ti on/ 2 alwaysworks on byte-offsets, so that the actual byte-
length of the BOM is needed.

To open afilefor writing and putting the BOM first is even simpler:

open_bom file for_witing(File, Encoding) ->
{ok,F} = file:open(File,[wite,binary])
ok = file:wite(File,unicode: encoding to_bon Encodi ng))
i 0: setopts(F, [{encodi ng, Encodi ng}])
{ok, F}.

In both casesthe fileisthen best processed using thei o module, asthefunctionsini o can handle code points beyond
the 1SO-latin-1 range.

Formatted I/O

When reading and writing to Unicode-aware entities, like the User or afile opened for Unicode translation, you will
probably want to format text strings using the functionsini o ori o_I i b. For backward compatibility reasons, these
functions do not accept just any list as astring, but require a special translation modifier when working with Unicode
texts. The modifier ist . When applied to the s control character in aformatting string, it accepts all Unicode code
points and expect binariesto bein UTF-8:

1> jo:format ("~ts~n", [<<"&&6"/utf8>>]).
EETo)

ok

2> jo:format ("~s~n",[<<"846"/utf8>>]).
A¥AcA|

ok

Obviously thesecondi o: f or mat / 2 givesundesired output because the UTF-8 binary isnot in latinl. For backward
compatibility, the non prefixed s control character expects bytewise encoded 1SO-latin-1 characters in binaries and
lists containing only code points < 256.

Aslong as the data is always lists, thet modifier can be used for any string, but when binary datais involved, care
must be taken to make the right choice of formatting characters. A bytewise encoded binary will also be interpreted as
astring and printed even when using ~t s, but it might be mistaken for avalid UTF-8 string and one should therefore
avoid using the ~t s control if the binary contains bytewise encoded characters and not UTF-8.

Thefunctionformat/ 2 ini o_| i b behaves similarly. This function is defined to return a deep list of characters
and the output could easily be converted to binary data for outputting on a device of any kind by a simple
erlang: list_to_binary/ 1. Whenthetrandation modifier isused, thelist can however contain characters that
cannot be stored in one byte. Thecall toer | ang: | i st _t o_bi nary/ 1 will in that case fail. However, if the [/O
server you want to communicate with is Unicode-aware, the list returned can still be used directly:

$ erl +pc uni code
Erl ang R16B (erts-5.10.1) [source] [async-threads: 0] [hipe] [kernel-poll:false]
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Eshel | V5.10.1 (abort with "G

1> io_lib:format ("~ts~n", ["########RE"]).

[ " #Hp##AR" "\ n" )

2> io:put_chars(io_lib:format("~ts~n", ["#########H#H"])).
RHHBHHBHHH

ok

The Unicode string is returned as a Unicode list, which is recognized as such since the Erlang shell uses the Unicode
encoding (and is started with all Unicode characters considered printable). The Unicode list is valid input to the
i 0: put _char s/ 2 function, so data can be output on any Unicode capable device. If the device is a terminal,
characters will be output inthe\ x{ H ...} format if encodingisl ati n1 otherwisein UTF-8 (for the non-interactive
terminal - "oldshell" or "noshell") or whatever is suitable to show the character properly (for an interactive terminal -
the regular shell). The bottom line is that you can always send Unicode datato the st andar d_i o device. Fileswill
however only accept Unicode code points beyond I SO-latin-1 if encodi ng is set to something elsethan| at i n1.

Heuristic Identification of UTF-8

Whileit is strongly encouraged that the actual encoding of charactersin binary datais known prior to processing, that
is not always possible. On atypical Linux system, there is amix of UTF-8 and 1SO-latin-1 text files and there are
seldom any BOM'siin the files to identify them.

UTF-8 isdesigned in such away that |SO-latin-1 characters with numbers beyond the 7-bit ASCII range are seldom
considered valid when decoded as UTF-8. Therefore one can usually use heuristics to determineif afileisin UTF-8
or if it isencoded in ISO-latin-1 (one byte per character) encoding. The uni code module can be used to determine
if data can be interpreted as UTF-8:

heuri stic_encodi ng_bi n(Bin) when is_binary(Bin) ->
case uni code: characters_to_binary(Bin, utf8, utf8) of
Bin ->
ut f 8;
_ ->
latinl
end.

If one does not have a complete binary of the file content, one could instead chunk through the file and check
part by part. Thereturn-tuple {i nconpl et e, Decoded, Rest} fromuni code: characters_to_bi nary/
{1, 2, 3} comesinhandy. Theincompleterest from one chunk of dataread from thefileisprepended to the next chunk
and we therefore circumvent the problem of character boundaries when reading chunks of bytesin UTF-8 encoding:

heuristic_encoding file(FileNane) ->
{ok, F} = file:open(FileNang,[read, binary]),
| oop_t hrough file(F, <<>> file:read(F, 1024)).

| oop_t hrough_file(_, <<>> eof) ->
ut f 8;
| oop_t hrough_file(_,_,eof) ->
latinl;
| oop_t hrough_fil e(F, Acc, {ok, Bin}) when is_binary(Bin) ->
case uni code: characters_to_bi nary([Acc, Bin]) of
{error, , } ->
latinl;
{inconplete, _, Rest} ->
| oop_through file(F, Rest,file:read(F, 1024));
Res when is_bi nary(Res) ->
| oop_t hrough_file(F, <<>> file:read(F, 1024))
end.
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Another option isto try to read the whole filein UTF-8 encoding and seeif it fails. Here we need to read thefile using
i 0: get _char s/ 3, aswe have to succeed in reading characters with a code point over 255:

heuristic_encoding _file2(FileNanme) ->
{ok, F} = file:open(FileNang, [read, bi nary, {encodi ng, utf8}]),
| oop_t hrough_file2(F,io:get_chars(F,'"', 1024)).

| oop_t hrough_file2(_,eof) ->
ut f 8;
| oop_t hrough_file2(_,{error, _Err}) ->
| atini;
| oop_t hrough_fil e2(F, Bin) when is_binary(Bin) ->
| oop_t hrough_file2(F,io:get_chars(F,'"', 1024)).

Lists of UTF-8 Bytes

For various reasons, you may find yourself having a list of UTF-8 bytes. This is not a regular string of Unicode
characters as each element in the list does not contain one character. Instead you get the "raw" UTF-8 encoding that
you havein binaries. Thisis easily converted to a proper Unicode string by first converting byte per byteinto abinary
and then converting the binary of UTF-8 encoded characters back to a Unicode string:

utf8 list_to_string(StrangelList) ->
uni code: characters_to _list(list_to_binary(StrangeList)).

Double UTF-8 Encoding

When working with binaries, you may get the horrible"double UTF-8 encoding", where strange characters are encoded
in your binaries or files that you did not expect. What you may have got, is a UTF-8 encoded binary that is for the
second time encoded as UTF-8. A common situation is where you read a file, byte by byte, but the actual content is
aready UTF-8. If you then convert the bytesto UTF-8, using i.e. theuni code module or by writing to afile opened
with the { encodi ng, ut f 8} option. You will have each byte in the in the input file encoded as UTF-8, not each
character of the original text (one character may have been encoded in several bytes). Thereisno real remedy for this
other than being very sure of which dataiis actually encoded in which format, and never convert UTF-8 data (possibly
read byte by byte from afile) into UTF-8 again.

The by far most common situation where this happens, is when you get lists of UTF-8 instead of proper Unicode
strings, and then convert them to UTF-8 in abinary or on afile:

wrong_t hing_to_do() ->
{ok,Bin} =file:read_file("an_utf8_encoded file.txt"),
M/List = binary_to_list(Bin), % Wong! It is an utf8 binary!
{ok, C} = file:open("catastrophe.txt",[wite,{encoding,utf8}]),
i 0:put_chars(C, M/Li st), 9%% Expects a Uni code string, but get UTF-8
%6 bytes in a |ist!
file:close(C). Wb The file catastrophe.txt contains nore or |ess unreadabl e
%% gar bage!

Make very sureyou know what abinary contains before converting it to astring. If no other option exists, try heuristics:
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i f_you_can_not _know() ->
{ok,Bin} =file:read_file("naybe_utf8_encoded_file.txt"),
M/Li st = case uni code: characters_to_list(Bin) of
L when is_list(L) ->
L;
_->
binary_to_|list(Bin) %6t The file was bytew se encoded
end,
%% Now we know that the list is a Unicode string, not a list of UTF-8 bytes
{ok,G = file:open("greatness.txt",[wite,{encoding,utf8}]),
i 0:put_chars(G M/List), 9%% Expects a Unicode string, which is what it gets!
fileiclose(Q. %o The file contains valid UTF-8 encoded Uni code characters!
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2 Reference Manual

The Standard Erlang Libraries application, STDLIB, contains modules for manipulating lists, strings and files etc.
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STDLIB

Application

The STDLIB ismandatory in the sense that the minimal system based on Erlang/OTP consists of Kernel and STDLIB.
The STDLIB application contains no services.

Configuration

The following configuration parameters are defined for the STDLIB application. See app( 4) for more information
about configuration parameters.

shell _esc = icl | abort

This parameter can be used to alter the behaviour of the Erlang shell when *G is pressed.
restricted_shell = nodul e()

This parameter can be used to run the Erlang shell in restricted mode.
shel | _cat ch_exception = bool ean()

This parameter can be used to set the exception handling of the Erlang shell's evaluator process.
shell _history length = integer() >= 0

This parameter can be used to determine how many commands are saved by the Erlang shell.
shel | _pronpt _func = {Md, Func} | default

where

e Md = atom()

e Func = atom()

This parameter can be used to set a customized Erlang shell prompt function.
shel | _saved_results = integer() >= 0

This parameter can be used to determine how many results are saved by the Erlang shell.
shel | _strings = bool ean()

This parameter can be used to determine how the Erlang shell outputs lists of integers.

See Also
app(4), application(3), shell(3),
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array

Erlang module

Functional, extendible arrays. Arrays can have fixed size, or can grow automatically as needed. A default valueis used
for entries that have not been explicitly set.

Arrays uses zero based indexing. Thisis a deliberate design choice and differs from other erlang datastructures, e.g.
tuples.

Unlessspecified by the user whenthearray iscreated, the default valueistheatomundef i ned. Thereisno difference
between an unset entry and an entry which has been explicitly set to the same value as the default one (cf. reset/2). If
you need to differentiate between unset and set entries, you must make sure that the default value cannot be confused
with the values of set entries.

The array never shrinks automatically; if anindex | has been used successfully to set an entry, al indicesin therange
[O,1 ] will stay accessible unless the array sizeis explicitly changed by calling resize/2.

Examples:
%6 Create a fixed-size array with entries 0-9 set to 'undefined'

A0 array: new 10).
10 array: si ze(A0) .

%6 Create an extendible array and set entry 17 to 'true',
%6 causing the array to grow automatically

Al array:set (17, true, array:new)).

18 array:si ze(Al).

%% Read back a stored val ue
true = array:get (17, Al).

%% Accessing an unset entry returns the default val ue
undefined = array: get(3, Al).

%% Accessing an entry beyond the |ast set entry also returns the
%o default value, if the array does not have fixed size
undefined = array: get (18, Al).

%% "sparse” functions ignore default-valued entries
A2 = array:set(4, false, Al).
[{4, false}, {17, true}] = array:sparse_to_orddi ct (A2).

%% An extendi bl e array can be made fixed-size |ater
A3 = array: fix(A2).

%6 A fixed-size array does not grow autonmtically and does not
%% al | ow accesses beyond the | ast set entry

{"EXIT ,{badarg, }} = (catch array:set(18, true, A3)).

{"EXIT ,{badarg, }} (catch array: get(18, A3)).

Data Types

array(Type)

A functional, extendible array. The representation is not documented and is subject to change without notice. Note
that arrays cannot be directly compared for equality.
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array() = array(term))
array_indx() = integer() >= 0
array_opts() = array_opt() | [array_opt()]
array_opt() =

{fixed, boolean()} |

fixed |

{default, Type :: term()} |
{size, N:: integer() >= 0} |
(N:: integer() >= 0)

i ndx_pairs(Type) = [indx_pair(Type)]
i ndx_pair(Type) = {Index :: array_indx(), Type}

Exports

default (Array :: array(Type)) -> Value :: Type
Get the value used for uninitialized entries.
See also: new/2.

fix(Array :: array(Type)) -> array(Type)
Fix the size of the array. This preventsit from growing automatically upon insertion; see also set/3.
See also: relax/1.

foldl (Function, InitialAcc :: A Array :: array(Type)) -> B
Types:
Function =
fun((Index :: array_indx(), Value :: Type, Acc :: A -> B)

Fold the elements of the array using the given function and initial accumulator value. The elements arevisited in order
from the lowest index to the highest. If Funct i on isnot afunction, the call fails with reason badar g.

See also: foldr/3, map/2, sparse foldl/3.

foldr(Function, InitialAcc :: A Array :: array(Type)) -> B
Types:
Function =
fun((Index :: array_indx(), Value :: Type, Acc :: A -> B)

Fold the elements of the array right-to-left using the given function and initial accumulator value. The elements are
visited in order from the highest index to thelowest. If Funct i on isnot afunction, thecall failswith reasonbadar g.

See also: foldl/3, map/2.

fromlist(List :: [Value :: Type]) -> array(Type)
Equivalent to from list(Li st , undefined).

fromlist(List :: [Value :: Type], Default :: term)) ->
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array(Type)

Convert alist to an extendible array. Def aul t isused as the value for uninitialized entries of the array. If Li st is
not a proper list, the call fails with reason badar g.

See also: new/2, to_list/1.

fromorddict(Orddict :: indx_pairs(Value :: Type)) -> array(Type)
Equivalent to from_orddict(Or ddi ct , undefined).

fromorddict(Oddict :: indx_pairs(Value :: Type),
Default :: Type) ->
array(Type)

Convert an ordered list of pairs{ | ndex, Val ue} to a corresponding extendible array. Def aul t is used as the
value for uninitialized entries of the array. If Or ddi ct isnot aproper, ordered list of pairs whose first elements are
nonnegative integers, the call fails with reason badar g.

See also: new/2, to_orddict/1.

get(l :: array_indx(), Array :: array(Type)) -> Value :: Type

Getthevalueof entry | . If | isnot anonnegativeinteger, or if thearray hasfixedsizeand | islarger than the maximum
index, the call failswith reason badar g.

If the array does not have fixed size, this function will return the default value for any index | greater than
size(Array)- 1.

See also: set/3.

is_array(X :: term()) -> bool ean()

Returnst r ue if X appearsto bean array, otherwisef al se. Notethat the check isonly shallow; thereis no guarantee
that X isawell-formed array representation even if this function returnst r ue.

is fix(Array :: array()) -> bool ean()
Check if the array hasfixed size. Returnst r ue if the array isfixed, otherwisef al se.
See also: fix/1.

map( Function, Array :: array(Typel)) -> array(Type2)
Types:
Function = fun((Index :: array_indx(), Typel) -> Type2)

Map the given function onto each element of the array. The elements are visited in order from the lowest index to the
highest. If Funct i on isnot afunction, the call fails with reason badar g.

See also: foldl/3, foldr/3, sparse_map/2.

new() -> array()
Create anew, extendible array with initial size zero.

See also: new/1, new/2.

Ericsson AB. All Rights Reserved.: STDLIB | 35



array

new( Options :: array_opts()) -> array()

Create a new array according to the given options. By default, the array is extendible and has initial size zero. Array
indices start at O.

Opt i ons isasingleterm or alist of terms, selected from the following:
N::integer() >= Oor{size, N :integer() >= 0}

Specifiestheinitia size of the array; thisalso implies{ f i xed, true}.If Nisnot anonnegative integer, the
call failswith reason badar g.

fixedor{fixed, true}
Creates afixed-size array; see also fix/1.
{fixed, false}
Creates an extendible (non fixed-size) array.
{default, Value}
Sets the default value for the array to Val ue.
Options are processed in the order they occur inthelist, i.e., later options have higher precedence.
The default value is used as the value of uninitialized entries, and cannot be changed once the array has been created.

Examples:
array: new( 100)

creates a fixed-size array of size 100.
array: new {default, 0})

creates an empty, extendible array whose default valueis 0.
array: new([{si ze, 10}, {fi xed, f al se}, {defaul t,-1}])

creates an extendible array with initial size 10 whose default valueis-1.
See also: fix/1, from list/2, get/2, new/O, new/2, set/3.

new(Size :: integer() >= 0, Options :: array_opts()) -> array()

Create a new array according to the given size and options. If Si ze is not a nonnegative integer, the call fails with
reason badar g. By default, the array has fixed size. Note that any size specificationsin Opt i ons will override the
Si ze parameter.

If Opti ons isaligt, thisissimply equivalenttonew( [ { si ze, Size} | Options],otherwiseitisequivalent
tonew([{size, Size} | [Options]].However, using thisfunction directly is more efficient.

Example:

array: new( 100, {default, 0})

creates a fixed-size array of size 100, whose default valueis 0.
See also: new/1.
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relax(Array :: array(Type)) -> array(Type)
Make the array resizable. (Reverses the effects of fix/1.)
Seealso: fix/l.

reset(l :: array_indx(), Array :: array(Type)) -> array(Type)

Reset entry | to the default value for the array. If the value of entry | isthe default value the array will be returned
unchanged. Reset will never change size of the array. Shrinking can be done explicitly by calling resize/2.

If I isnot a nonnegative integer, or if the array hasfixed sizeand | islarger than the maximum index, the call fails
with reason badar g; cf. set/3

See also: new/2, set/3.

resize(Array :: array(Type)) -> array(Type)

Change the size of the array to that reported by sparse size/1. If the given array has fixed size, the resulting array
will also have fixed size.

See also: resize/2, sparse_size/l.

resize(Size :: integer() >= 0, Array :: array(Type)) ->
array(Type)

Change the size of the array. If Si ze is not a nonnegative integer, the cal fails with reason badar g. If the given
array has fixed size, the resulting array will also have fixed size.

set(l :: array_indx(), Value :: Type, Array :: array(Type)) ->
array(Type)

Set entry | of the array to Val ue. If | isnot anonnegative integer, or if the array has fixed sizeand | islarger than
the maximum index, the call fails with reason badar g.

If the array does not have fixed size, and | isgreater thansi ze( Arr ay) - 1, thearray will grow tosizel +1.
See also: get/2, reset/2.

size(Array :: array()) ->integer() >=0
Get the number of entriesinthe array. Entriesare numbered from0tosi ze( Arr ay) - 1; hence, thisisaso theindex
of thefirst entry that is guaranteed to not have been previously set.

See also: set/3, sparse_size/l.

sparse_foldl (Function, InitialAcc :: A Array :: array(Type)) -> B
Types.
Function =
fun((Index :: array_indx(), Value :: Type, Acc :: A -> B)

Fold the elements of the array using the given function and initial accumulator value, skipping default-valued entries.
The elements are visited in order from the lowest index to the highest. If Funct i on isnot afunction, the call fails
with reason badar g.

See also: foldl/3, sparse foldr/3.
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sparse_foldr(Function, InitialAcc :: A Array :: array(Type)) -> B
Types:
Function =
fun((Index :: array_indx(), Value :: Type, Acc :: A -> B)

Fold the elements of the array right-to-left using the given function and initial accumulator value, skipping default-
valued entries. The elements are visited in order from the highest index to the lowest. If Funct i on isnot afunction,
the call fails with reason badar g.

See also: foldr/3, sparse foldl/3.

sparse_nap(Function, Array :: array(Typel)) -> array(Type2)
Types:
Function = fun((Index :: array_indx(), Typel) -> Type2)

Map the given function onto each element of the array, skipping default-valued entries. The elements are visited in
order from the lowest index to the highest. If Funct i on isnot afunction, the call fails with reason badar g.

See also: map/2.

sparse_size(Array :: array()) ->integer() >=0

Get the number of entriesin the array up until the last non-default valued entry. In other words, returns| +1 if | isthe
last non-default valued entry in the array, or zero if no such entry exists.

See also: resize/l, size/l.

sparse_to list(Array :: array(Type)) -> [Value :: Type]
Convertsthe array to alist, skipping default-valued entries.
See also: to_list/1.

sparse_to_orddict(Array :: array(Type)) ->
i ndx_pairs(Value :: Type)

Convert the array to an ordered list of pairs{ | ndex, Val ue}, skipping default-valued entries.
See also: to_orddict/1.

to list(Array :: array(Type)) -> [Value :: Type]
Convertsthe array to alist.
See also: from list/2, sparse to list/1.

to_orddict(Array :: array(Type)) -> indx_pairs(Value :: Type)
Convert the array to an ordered list of pairs{ | ndex, Val ue}.
See also: from_orddict/2, sparse to_orddict/1.
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assert.hrl

Name

Theincludefileassert . hrl provides macrosfor inserting assertionsin your program code.

These macros are defined in the Stdlib includefileasser t . hr | . Include the following directive in the module from
which the function is called:

-include_lib("stdlib/include/assert.hrl").

When an assertion succeeds, the assert macro yieldsthe atom ok . When an assertion fails, an exception of typeer r or
isinstead generated. The associated error termwill havetheform{ Macr o, | nf 0}, whereMacr o isthename of the
macro, for exampleasser t Equal , and | nf o will bealist of tagged valuessuch as[ { rodul e, M, {li ne,
L}, ...] giving moreinformation about the location and cause of the exception. All entriesin the | nf o list are
optional, and you should not rely programatically on any of them being present.

If the macro NOASSERT is defined whentheassert . hrl include fileisread by the compiler, the macros will be
defined as equivalent to the atom ok. The test will not be performed, and there will be no cost at runtime.

For example, using er | ¢ to compile your modules, the following will disable all assertions:

erl c - DNOASSERT=true *.erl

(The value of NOASSERT does not matter, only the fact that it is defined.)
A few other macros a so have effect on the enabling or disabling of assertions:

* If NODEBUGIs defined, it implies NOASSERT, unless DEBUG is also defined, which is assumed to take
precedence.

e |f ASSERT isdefined, it overrides NOASSERT, that is, the assertions will remain enabled.

If you prefer, you can thus use only DEBUG/NODEBUG as the main flags to control the behaviour of the assertions
(which is useful if you have other compiler conditionals or debugging macros controlled by those flags), or you can
use ASSERT/NQASSERT to control only the assert macros.

Macros
assert ( Bool Expr)
Teststhat Bool Expr completes normally returningt r ue.
assert Not ( Bool Expr)
Teststhat Bool Expr completes normally returning f al se.
assert Mat ch(Guar dedPattern, Expr)
Teststhat Expr completes normally yielding a value that matches Guar dedPat t er n. For example:

?assertMatch({bork, _}, f())

Note that aguard when . .. canbeincluded:
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?assert Match({bork, X} when X > 0, f())

assert Not Mat ch( Guar dedPattern, Expr)
Teststhat Expr completes normally yielding a value that does not match Guar dedPat t er n.
Asinassert Mat ch, Guar dedPat t er n can have awhen part.
assert Equal ( Expect edVal ue, Expr)
Teststhat Expr completes normally yielding avalue that is exactly equal to Expect edVal ue.
assert Not Equal ( Expect edVal ue, Expr)
Teststhat Expr completes normally yielding avalue that is not exactly equal to Expect edVal ue.
assert Exception(Cd ass, Term Expr)

Tests that Expr completes abnormally with an exception of type Cl ass and with the associated Ter m The
assertion failsif Expr raises adifferent exception or if it completes normally returning any value.

Note that both Cl ass and Ter mcan be guarded patterns, asin asser t Mat ch.
assert Not Exception(Cl ass, Term Expr)

Teststhat Expr does not evaluate abnormally with an exception of type Cl ass and with the associated Ter m
The assertion succeedsif Expr raises adifferent exception or if it completes normally returning any value.

Asinassert Excepti on, both O ass and Ter mcan be guarded patterns.
assertError(Term Expr)

Equivalenttoassert Exception(error, Term EXxpr)
assertExit(Term Expr)

Equivalenttoassert Excepti on(exit, Term Expr)
assert Throw Term Expr)

Equivalenttoassert Excepti on(throw, Term Expr)

SEE ALSO

compile(3)
erle(3)
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base64

Erlang module

Implements base 64 encode and decode, see RFC2045.

Data Types
ascii_string() = [1..255]
ascii_binary() = binary()

A bi nary() with ASCII charactersin therange 1 to 255.

Exports

encode(Data) -> Baseb64
encode_to_string(Data) -> Base64String
Types:

Data = ascii_string() | ascii_binary()

Base64 = ascii _binary()

Base64String = ascii_string()

Encodes aplain ASCII string into base64. The result will be 33% larger than the data.

decode(Base64) -> Data
decode _to_string(Base64) -> DataString
m ne_decode(Base64) -> Data
m ne_decode_to_string(Base64) -> DataString
Types:
Base64 = ascii_string() | ascii_binary()
Data = ascii_binary()
DataString = ascii_string()
Decodes a base64 encoded string to plan ASCIl. See RFC4648. mine_decode/1 and

m ne_decode_to_string/ 1 strips away illega characters, while decode/ 1 and decode_to_string/1
only strips away whitespace characters.
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beam_lib

Erlang module

beam | i b providesaninterfaceto files created by the BEAM compiler ("BEAM files"). The format used, avariant
of "EA IFF 1985" Standard for Interchange Format Files, divides datainto chunks.

Chunk data can be returned as binaries or as compound terms. Compound terms are returned when chunks are
referenced by names (atoms) rather than identifiers (strings). The names recognized and the corresponding identifiers
are

e abstract_code ("Abst")

e attributes ("Attr")

e conpile_info ("CInf")

+ exports ("ExpT")

e |abeled exports ("ExpT")

e inports ("l mpT")

e indexed_inports ("InpT")

e Jlocals ("LocT")

e labeled locals ("LocT")

e atons ("Atont)

Debug Information/Abstract Code

The option debug_i nf o can be given to the compiler (see compile(3)) in order to have debug information in the
form of abstract code (see The Abstract Format in ERTS User's Guide) stored intheabst r act _code chunk. Tools
such as Debugger and Xref require the debug information to be included.

Warning:

Source code can be reconstructed from the debug information. Use encrypted debug information (see below) to
prevent this.

The debug information can also be removed from BEAM filesusing strip/1, strip_files/1 and/or strip_release/1.

Reconstructing source code

Hereis an example of how to reconstruct source code from the debug information in aBEAM file Beam

{ok,{_,[{abstract_code,{_,ACt}]}} = beam.|ib: chunks(Beam [ abstract _code]).
io:fwite("~s~n", [erl_prettypr:format(erl_syntax:formlist(AC))]).

Encrypted debug information

The debug information can be encrypted in order to keep the source code secret, but still being able to use tools such
as Xref or Debugger.
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To use encrypted debug information, a key must be provided to the compiler and beam | i b. The key isgiven asa
string and it is recommended that it contains at least 32 characters and that both upper and lower case letters as well
as digits and special characters are used.

The default type -- and currently the only type -- of crypto algorithm is des3_cbc, three rounds of DES. The key
string will be scrambled using er | ang: nd5/ 1 to generate the actual keys used for des3_chbc.

Note:

Asfar aswe know by the time of writing, it isinfeasibleto break des3_chbc encryption without any knowledge
of the key. Therefore, aslong asthe key is kept safe and is unguessable, the encrypted debug information should
be safe from intruders.

There are two ways to provide the key:

*  Usethe compiler option { debug_i nf o, Key}, see compile(3), and the function crypto_key fun/1 to register a
fun which returns the key whenever beam | i b needs to decrypt the debug information.

If no such funisregistered, beam | i b will instead search for a. er | ang. crypt file, see below.
» Storethekeyinatextfilenamed. erl ang. crypt.

In this case, the compiler option encr ypt _debug_i nf o can be used, see compile(3).

.erlang.crypt

beam | i b searchesfor. er | ang. cr ypt inthecurrent directory and then the home directory for the current user.
If thefileisfound and contains akey, beam | i b will implicitly create a crypto key fun and register it.

The. erl ang. crypt fileshould contain asingle list of tuples:

{debug_i nfo, Mdde, Mdul e, Key}

Mode isthetype of crypto agorithm; currently, the only allowed valuethusisdes3_cbc. Modul e iseither an atom,
in which case Key will only be used for the module Modul e, or [ ] , in which case Key will be used for all modules.
Key isthe non-empty key string.

The Key in the first tuple where both Mode and Mbdul e matches will be used.

Hereisan exampleof an. er | ang. cr ypt filethat returns the same key for al modules:

[{debug_i nfo, des3 cbc, [], "%7}|pc/ DM6Cga*68$SM\ L#& CGejr] G \"}].

And here is a slightly more complicated example of an . er | ang. cr ypt which provides one key for the module
t , and another key for al other modules:

[{debug_i nfo, des3_chc, t, "My KEY"},
{debug_i nfo, des3_cbc, [], "%7}|pc/ DMbCga*68$M\ L#& CGejr] G'\"}].

Ericsson AB. All Rights Reserved.: STDLIB | 43



beam_lib

Note:

Do not use any of the keysin these examples. Use your own keys.

Data Types
beam() = module() | file:filename() | binary()

Each of the functions described below accept either the module name, the filename, or a binary containing the beam
module.

chunkdata() =
{chunkid(), dataB()} |
{abstract _code, abst_code()} |
{attributes, [attrib_entry()]} |
{conpile_info, [compinfo_entry()]} |

{exports, [{aton(), arity()}]} |
{l abel ed_exports, [labeled_entry()]} |

{imports, [nfa()]} |
{i ndexed_i nports,
[{index(), nodule(), Function :: aton(), arity()}]} |

{l'ocal's, [{aton(), arity()}]} |
{label ed_l ocal s, [labeled_entry()]} |

{atoms, [{integer(), aton()}]}

Thelist of attributesissortedon At t ri but e (in attrib_entry()), and each attribute name occurs oncein thelist. The
attribute values occur in the same order asin the file. The lists of functions are also sorted.

chunki d() = nonenpty_string()
"Abst" | "Attr" | "CInf" | "ExpT" | "ImpT" | "LocT" | "Atom"
dataB() = binary()
abst _code() =
{AbstVersion :: atom(), fornms()} | no_abstract_code

It is not checked that the forms conform to the abstract format indicated by Abst Ver si on.no_abstract _code
meansthat the" Abst " chunk is present, but empty.
forns() = [erl _parse:abstract_form()]
compinfo_entry() = {InfoKey :: atom(), term()}
attrib_entry() =
{Attribute :: atonm(), [AttributeValue :: term()]}
| abel ed_entry() = {Function :: atom(), arity(), label()}
index() = integer() >=0
| abel () = integer()
chunkref () = chunknanme() | chunkid()

chunkname() =
abstract code |
attributes |
conpile_info |
exports |
| abel ed_exports |
i mports |
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i ndexed_i nports |
| ocal s |
| abel ed_I| ocal s |
at ons
chnk_rsn() =
{unknown_chunk, file:filename(), atom()} |
{key_missing or_invalid, file:filenanme(), abstract_code} |
info_rsn()
info rsn() =
{chunk_t oo _bi g,
file:filenane(),

chunki d(),
ChunkSi ze :: integer() >= 0,
FileSize :: integer() >= 0} |

{invalid_beamfile,

file:filenane(),

Position :: integer() >= 0} |

{invalid _chunk, file:filenane(), chunkid()} |
{m ssing_chunk, file:filename(), chunkid()} |
{not_a_beamfile, file:filenane()} |
{file_error, file:filename(), file:posix()}

Exports

all _chunks(File :: beanm()) ->
{ok, beamlib, [{chunkid(), dataB()}]}

Reads chunk data for all chunks.

chunks(Beam ChunkRefs) ->
{ok, {nodule(), [chunkdata()]}} |
{error, beamlib, chnk_rsn()}

Types:
Beam = bean()
ChunkRefs = [chunkref ()]

Reads chunk data for selected chunks refs. The order of the returned list of chunk data is determined by the order of
thelist of chunks references.

chunks(Beam ChunkRefs, Options) ->
{ok, {nodule(), [ChunkResult]}} |
{error, beamlib, chnk _rsn()}

Types.
Beam = beam()
ChunkRefs = [chunkref ()]
Options = [all ow_m ssing_chunks]
ChunkResul t =
chunkdata() | {ChunkRef :: chunkref(), m ssing_chunk}

Reads chunk data for selected chunks refs. The order of the returned list of chunk data is determined by the order of
thelist of chunks references.
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By default, if any requested chunk is missing in Beam an error tuple is returned. However, if the option
al | ow_mi ssi ng_chunks has been given, aresult will be returned even if chunks are missing. In the result list,
any missing chunks will be represented as { ChunkRef , m ssi ng_chunk} . Note, however, that if the " At ont
chunk if missing, that is considered afatal error and the return value will bean er r or tuple.

bui | d_nodul e( Chunks) -> {ok, Binary}

Types:
Chunks = [{chunkid(), dataB()}]
Bi nary = binary()

Builds aBEAM module (as a binary) from alist of chunks.

versi on(Beam) ->
{ok, {nodule(), [Version :: term()]}} |
{error, beamlib, chnk _rsn()}
Types:
Beam = beam()

Returns the module version(s). A version is defined by the module attribute - vsn( Vsn) . If this attribute is not
specified, the version defaults to the checksum of the module. Note that if the version Vsn is not alist, it is made
into one, that is{ ok, { Modul e, [ Vsn] }} isreturned. If there are several - vsn module attributes, the result is the
concatenated list of versions. Examples:

1> beam | i b:version(a). %-vsn(1l).

{ok,{a, [1]}}

2> beam | i b:version(b). %-vsn([1]).

{ok, {b, [1]}}

3> beam | i b:version(c). %-vsn([1]). -vsn(2).

{ok,{c,[1,2]}}
4> peam | i b:version(d). % no -vsn attribute
{ok, {d, [275613208176997377698094100858909383631] } }

md5(Bean) -> {ok, {nodule(), MD5}} | {error, beamlib, chnk_rsn()}
Types:
Beam = beam()
MD5 = binary()
Calculates an MD5 redundancy check for the code of the module (compilation date and other attributes are not
included).

info(Bean) -> [InfoPair] | {error, beamlib, info_rsn()}

Types:
Beam = beam()
InfoPair =

{file, Filenanme :: file:filename()} |
{binary, Binary :: binary()} |
{nodul e, Module :: nodule()} |

{chunks,
[{Chunkld :: chunkid(),
Pos :: integer() >= 0,
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Size :: integer() >= 0}]}

Returns alist containing some information about a BEAM fileastuples{1tem | nf 0}:
{file, Filenane} | {binary, Binary}

The name (string) of the BEAM file, or the binary from which the information was extracted.
{odul e, Modul e}

The name (atom) of the module.
{chunks, [{Chunkld, Pos, Size}]}

For each chunk, the identifier (string) and the position and size of the chunk data, in bytes.

cnp(Beanl, BeanR) -> ok | {error, beamlib, cnp_rsn()}

Types:
Beanl = Bean? = bean()
cnp_rsn() =

{rodul es_di fferent, nodul e(), nodule()} |
{chunks_different, chunkid()} |

di f ferent _chunks |

info_rsn()

Compares the contents of two BEAM files. If the module names are the same, and all chunks
except for the "CI nf" chunk (the chunk containing the compilation information which is returned by
Modul e: modul e_i nf o( conpi | €)) have the same contents in both files, ok is returned. Otherwise an error
message is returned.

cnp_dirs(Dirl, Dir2) ->
{Onlyl, Only2, Different} | {error, beamlib, Reason}
Types:
Dirl =Dir2 =atom() | file:filenane()
Onlyl = Only2 = [file:filename()]

Different =
[{Filenamel :: file:filename(), Filenane2 :: file:filename()}]
Reason = {not_a directory, term()} | info_rsn()

The cnp_di r s/ 2 function compares the BEAM files in two directories. Only files with extension " . beant' are
compared. BEAM filesthat exist in directory Di r 1 (Di r 2) only arereturned in Onl y1 (Onl y2). BEAM files that
exist on both directories but are considered different by cnrp/ 2 are returned as pairs{Fi | enanel, Fi | enane2}
whereFi | enanel (Fi | enane2) existsin directory Di r 1 (Di r 2).

diff dirs(Dirl, Dir2) -> ok | {error, beamlib, Reason}

Types:
Dirl =Dir2 = atonm() | file:filename()
Reason = {not_a directory, term()} | info_rsn()

Thedi ff _di r s/ 2 function compares the BEAM files in two directories the way cnp_di r s/ 2 does, but names
of filesthat exist in only one directory or are different are presented on standard outpui.

strip(Beaml) ->
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{ok, {nodule(), Bean2}} | {error, beamlib, info_rsn()}
Types:
Beanl = Bean? = bean()

Thestri p/ 1 function removes all chunks from a BEAM file except those needed by the loader. In particular, the
debug information (abst r act _code chunk) is removed.

strip files(Files) ->
{ok, [{rodule(), Beani]} |
{error, beamlib, info_rsn()}
Types:
Files = [beam()]
Beam = beam()
Thestri p_fil es/ 1 functionremovesall chunksexcept those needed by theloader from BEAM files. In particular,

the debug information (abst r act _code chunk) isremoved. The returned list contains one element for each given
filename, in thesame order asinFi | es.

strip_release(Dir) ->
{ok, [{rmodule(), file:filename()}]} |
{error, beamlib, Reason}

Types:
Dir = atom() | file:filenane()
Reason = {not_a directory, term()} | info_rsn()

Thestri p_rel ease/ 1 function removes all chunks except those needed by the loader from the BEAM files of a
release. Di r should be the installation root directory. For example, the current OTP release can be stripped with the
cal beam | ib:strip_rel ease(code:root_dir()).

format _error(Reason) -> io_lib:chars()
Types:
Reason = term()

Given the error returned by any function in this module, the function f or mat _er r or returns adescriptive string of
the error in English. For file errors, the functionf i | e: f or mat _error ( Posi x) should be called.

crypto_key fun(CryptoKeyFun) -> ok | {error, Reason}
Types.
Crypt oKeyFun = crypto_fun()
Reason = badfun | exists | term()
crypto_fun() = fun((crypto_fun_arg()) -> term))
crypto fun_arg() =
init | clear | {debug_info, node(), nodule(), file:filenane()}
node() = des3_cbc

The crypt o_key_fun/ 1 function registers a unary fun that will be caled if beam | i b needs to read an
abstract _code chunk that has been encrypted. The funisheld in aprocessthat is started by the function.

If there aready is afun registered when attempting to register afun, { err or, exi st s} isreturned.
The fun must handl e the following arguments:
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Crypt oKeyFun(init) -> ok | {ok, NewCryptoKeyFun} | {error, Tern}

Called when the fun is registered, in the process that holds the fun. Here the crypto key fun can do any necessary
initializations. If { ok, NewCr ypt oKeyFun} isreturned then NewCr ypt oKeyFun will be registered instead of
Crypt oKeyFun. If {error, Tern} isreturned, the registration is aborted and cr ypt o_key_fun/ 1 returns
{error, Tern} aswell.

Crypt oKeyFun({debug_i nfo, Mdde, Mdule, Filenane}) -> Key

Called when the key is needed for the module Modul e in the file named Fi | enane. Mode is the type of crypto
algorithm; currently, the only possible value thusisdes3_cbc. The cal should fail (raise an exception) if there is
no key available.

Crypt oKeyFun(clear) -> term()

Called beforethefunisunregistered. Here any cleaning up can bedone. Thereturn valueisnot important, but is passed
back to the caller of cl ear _crypt o_key_ fun/ 0 aspart of its return value.

clear _crypto_key fun() -> undefined | {ok, Result}
Types:
Result = undefined | term()
Unregisters the crypto key fun and terminates the process holding it, started by cr ypt o_key_fun/ 1.

Thecl ear _crypto_key fun/1 either returns{ ok, undefi ned} if there was no crypto key fun registered,
or{ok, Tern},whereTer misthereturnvaluefrom Cr ypt oKeyFun(cl ear),seecrypto_key fun/ 1.
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Erlang module

This module contains functions for manipulating byte-oriented binaries. Although the majority of functions could be
implemented using bit-syntax, the functions in this library are highly optimized and are expected to either execute
faster or consume less memory (or both) than a counterpart written in pure Erlang.

The module isimplemented according to the EEP (Erlang Enhancement Proposal) 31.

Note:

Thelibrary handles byte-oriented data. Bitstrings that are not binaries (does not contain whole octets of bits) will
result in abadar g exception being thrown from any of the functions in this module.

Data Types

cp()

Opaque data-type representing a compiled search-pattern. Guaranteed to be a tuple() to allow programs to distinguish
it from non precompiled search patterns.

part() = {Start :: integer() >= 0, Length :: integer()}

A representaion of a part (or range) in a binary. Start is a zero-based offset into a binary() and Length is the length
of that part. Asinput to functionsin this module, a reverse part specification is allowed, constructed with a negative
Length, so that the part of the binary begins at Start + Length and is -Length long. Thisis useful for referencing the
last N bytes of abinary as{ size(Binary), -N}. Thefunctionsin this module always return part()'s with positive Length.

Exports

at (Subj ect, Pos) -> byte()
Types.

Subj ect = binary()

Pos = integer() >= 0

Returns the byte at position Pos (zero-based) in the binary Subj ect as an integer. If Pos >=
byt e_si ze( Subj ect) ,abadar g exception is raised.

bin_to_list(Subject) -> [byte()]
Types:
Subj ect = binary()
Thesameasbi n_to_list(Subject, {0, byte size(Subject)}).

bin_to |ist(Subject, PosLen) -> [byte()]
Types:
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Subj ect = binary()
PosLen = part()

Converts Subj ect toalist of byt e() s, each representing the value of one byte. Thepar t () denotes which part
of thebi nar y() to convert. Example:

1> binary:bin_to_list(<<"erlang">> {1, 3}).
"rla
%6 or [114,108,97] in list notation.

If PosLen in any way references outside the binary, abadar g exception israised.

bin to |ist(Subject, Pos, Len) -> [byte()]
Types.

Subj ect = binary()

Pos integer() >=0

Len i nteger()

Thesameas bin_to_|ist(Subject, {Pos, Len}).

conpil e pattern(Pattern) -> cp()
Types:
Pattern = binary() | [binary()]
Builds an internal structure representing a compilation of a search-pattern, later to be used in the match/3, matches/3,

split/3 or replace/4 functions. The cp() returned is guaranteed to be at upl e() to allow programs to distinguish
it from non pre-compiled search patterns

When a list of binaries is given, it denotes a set of adternative binaries to search for.
l.e if [<<"functional">> <<"programm ng">>] is given as Pattern, this means "either
<<"functional ">> or <<" programi ng" >>". The pattern is a set of aternatives; when only a single binary
isgiven, the set has only one element. The order of alternativesin a pattern is not significant.

Thelist of binaries used for search alternatives shall be flat and proper.
If Pat t er nisnot abinary or aflat proper list of binarieswith length > 0, abadar g exception will be raised.

copy(Subj ect) -> binary()
Types:

Subj ect = binary()
Thesameascopy( Subj ect, 1).

copy(Subject, N) -> binary()
Types:
Subj ect = binary()
N = integer() >= 0
Creates a binary with the content of Subj ect duplicated Ntimes.

This function will always create a new binary, evenif N = 1. By using copy/ 1 on abinary referencing a larger
binary, one might free up the larger binary for garbage collection.
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Note:

By deliberately copying a single binary to avoid referencing a larger binary, one might, instead of freeing up
the larger binary for later garbage collection, create much more binary data than needed. Sharing binary datais
usually good. Only in special cases, when small parts reference large binaries and the large binaries are no longer
used in any process, deliberate copying might be a good idea.

If N< O, abadar g exception israised.

decode_unsi gned( Subj ect) -> Unsi gned
Types:

Subj ect = binary()

Unsigned = integer() >= 0
Thesameasdecode_unsi gned( Subj ect, big).

decode_unsi gned( Subj ect, Endi anness) -> Unsi gned

Types:
Subj ect = binary()
Endi anness = big | little

Unsigned = integer() >= 0

Converts the binary digit representation, in big or little endian, of a positive integer in Subj ect to an Erlang
i nteger().

Example:

1> bi nary: decode_unsi gned(<<169, 138, 199>>, bi g) .
11111111

encode_unsi gned( Unsi gned) -> binary()
Types:

Unsigned = integer() >= 0
Thesameasencode_unsi gned( Unsi gned, big).

encode_unsi gned( Unsi gned, Endi anness) -> binary()

Types:
Unsigned = integer() >= 0
Endi anness = big | little

Converts a positive integer to the smallest possible representation in a binary digit representation, either big or little
endian.

Example:

1> bi nary: encode_unsi gned(11111111, bi g) .
<<169, 138, 199>>
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first(Subject) -> byte()
Types:
Subj ect = binary()

Returns the first byte of the binary Subj ect as an integer. If the size of Subj ect is zero, a badar g exception

israised.

| ast (Subj ect) -> byte()
Types.
Subj ect = binary()

Returns the last byte of the binary Subj ect as an integer. If the size of Subj ect is zero, abadar g exception

israised.

list to bin(ByteList) -> binary()
Types.
BytelLi st = iodata()

Worksexactly aser | ang: | i st _t o_bi nary/ 1, added for completeness.

| ongest _conmon_prefix(Binaries) -> integer() >= 0
Types:
Bi naries = [binary()]

Returns the length of the longest common prefix of the binariesin thelist Bi nar i es. Example:

1> binary: | ongest _common_prefi x([<<"erl ang">>, <<"ergonony">>]).
2

2> binary: | ongest_common_prefix([<<"erlang">>, <<"perl|">>]).

0

If Bi nari es isnot aflat list of binaries, abadar g exception israised.

| ongest _common_suffix(Binaries) -> integer() >= 0
Types:
Bi naries = [binary()]
Returns the length of the longest common suffix of the binariesinthelist Bi nar i es. Example:

1> binary: | ongest _common_suffi x([<<"erl ang">>, <<"fang">>]).
3
2> binary: | ongest _comon_suf fi x([ <<"erl ang">>, <<"perl|">>]).
0

If Bi nari es isnot aflat list of binaries, abadar g exception is raised.
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mat ch( Subj ect, Pattern) -> Found | nomatch
Types.
Subj ect = binary()
Pattern = binary() | [binary()] | cp()
Found = part ()

Thesameasmat ch( Subj ect, Pattern, []).

mat ch( Subj ect, Pattern, Options) -> Found | nomatch
Types.
Subj ect bi nary()
Pattern = binary() | [binary()] | cp()
Found = part ()
Options = [ Option]
Option = {scope, part()}
part() = {Start :: integer() >= 0, Length :: integer()}

Searches for the first occurrence of Pat t er n in Subj ect and returns the position and length.

The function will return{ Pos, Lengt h} for thebinary in Pat t er n starting at the lowest positionin Subj ect
Example:

1> bi nary: mat ch(<<"abcde">>, [<<"bcde">>, <<"cd">>],[]).
{14}

Even though <<" cd" >> ends before <<" bcde" >>, <<" bcde" >> begins first and is therefore the first match. If
two overlapping matches begin at the same position, the longest is returned.

Summary of the options:
{ scope, { Start, Length}}

Only the given part is searched. Return values still have offsets from the beginning of Subj ect . A negative
Lengt h isalowed as described in the DATA TYPES section of this manual.

If none of the stringsin Pat t er n isfound, the atom nomat ch isreturned.
For adescription of Pat t er n, see compile_pattern/1.

If {scope, {Start, Length}} isgivenin the options such that St art islarger than the size of Subj ect,
Start + Lengthislessthanzeroor St art + Lengt hislarger thanthesizeof Subj ect , abadar g exception
israised.

mat ches( Subj ect, Pattern) -> Found

Types:
Subj ect = binary()
Pattern = binary() | [binary()] | cp()

Found = [part()]
Thesameasnmat ches( Subj ect, Pattern, []).

mat ches( Subj ect, Pattern, Options) -> Found
Types:
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Subj ect = binary()

Pattern = binary() | [binary()] | cp()

Found = [part()]

Options = [Option]

Option = {scope, part()}

part() = {Start :: integer() >= 0, Length :: integer()}
Workslike mat ch/ 2, but the Subj ect is searched until exhausted and alist of all non-overlapping parts matching
Pat t er n isreturned (in order).

Thefirst and longest match is preferred to a shorter, which isillustrated by the following example:

1> bi nary: mat ches(<<"abcde" >>
[ <<"bcde">>, <<"bc">>>, <<"de">>],[]) .

[{1,4}]

Theresult showsthat <<"bcde">> is selected instead of the shorter match <<"bc">> (which would have given raise to
one more match,<<"de">>). This corresponds to the behavior of posix regular expressions (and programs like awk),
but is not consistent with alternative matches in re (and Perl), where instead lexical ordering in the search pattern
selects which string matches.

If none of the strings in pattern is found, an empty list is returned.
For adescription of Pat t er n, see compile_pattern/1 and for a description of available options, see match/3.

If {scope, {Start, Length}} isgivenin the options such that St art islarger than the size of Subj ect,
Start + Lengthislessthanzeroor St art + Lengt hislarger thanthesizeof Subj ect ,abadar g exception
israised.

part (Subj ect, PosLen) -> binary()

Types:

Subj ect = binary()
PosLen = part()

Extracts the part of the binary Subj ect described by PosLen.
Negative length can be used to extract bytes at the end of a binary:

1> Bin = <<1,2,3,4,5,6,7,8,9, 10>>
2> binary:part(Bin, {byte_size(Bin), -5}).
<<6,7,8,9, 10>>

Note:
part/2and part/3 are also available in the erl ang module under the names bi nary part/2 and
bi nary_part/ 3. Those BlFs are alowed in guard tests.

If PosLen in any way references outside the binary, abadar g exception israised.
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part (Subj ect, Pos, Len) -> binary()
Types.

Subj ect = binary()

Pos integer() >= 0

Len i nteger ()

Thesameaspart (Subj ect, {Pos, Len}).

referenced_byte size(Binary) -> integer() >= 0
Types:
Bi nary = binary()

If a binary references a larger binary (often described as being a sub-binary), it can be useful to get the size of the
actual referenced binary. This function can be used in a program to trigger the use of copy/ 1. By copying a binary,
one might dereference the original, possibly large, binary which asmaller binary is areference to.

Example;

store(Binary, GBSet) ->
NewBi n =
case binary:referenced_byte_ size(Binary) of
Large when Large > 2 * byte_size(Binary) ->
bi nary: copy(Bi nary);
->
Bi nary
end,
gb_sets:insert(NewBi n, GBSet) .

In this example, we chose to copy the binary content before inserting it in the gb_set s: set () if it referencesa
binary more than twice the size of the datawe're going to keep. Of course different rules for when copying will apply
to different programs.

Binary sharing will occur whenever binaries are taken apart, this is the fundamental reason why binaries are
fast, decomposition can always be done with O(1) complexity. In rare circumstances this data sharing is however
undesirable, why this function together with copy/ 1 might be useful when optimizing for memory use.

Example of binary sharing:

1> A = binary: copy(<<1>>, 100).
<<1,1,1,1,1 ...

2> byte_size(A).

100

3> binary:referenced_byte_size(A)
100

4> << :10/ bi nary, B: 10/ bi nary, /bi nary>> = A
<<1,1,1,1,1 ...

5> byte_size(B).

10

6> binary:referenced_byte_ size(B)
100
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Note:

Binary datais shared among processes. If another process till references the larger binary, copying the part this
process uses only consumes more memory and will not free up the larger binary for garbage collection. Use this
kind of intrusive functions with extreme care, and only if areal problem is detected.

repl ace( Subj ect, Pattern, Replacenent) -> Result
Types:

Subj ect = binary()

Pattern = binary() | [binary()] | cp()

Repl acement = Result = binary()

Thesameasr epl ace( Subj ect, Patt ern, Repl acenent,[]).

repl ace( Subj ect, Pattern, Replacenent, Options) -> Result
Types:

Subj ect = binary()

Pattern = binary() | [binary()] | cp()

Repl acenment = binary()

Options = [ Option]

Option gl obal | {scope, part()} | {insert_replaced, |nsPos}

I nsPos = OnePos | [ OnePos]

OnePos = integer() >=0

Aninteger() =< byte _size(Replacement)

Result = binary()

Constructsanew binary by replacing the partsin Subj ect matching Pat t er n with the content of Repl acenent .

If the matching sub-part of Subj ect giving raise to the replacement is to be inserted in the result, the option
{insert_replaced, |nsPos} will insert the matching part into Repl acenent at the given position (or
positions) before actually inserting Repl acemnent into the Subj ect . Example:

1> bi nary: repl ace(<<"abcde">>, <<"b">> <<"[]">> [{insert_repl aced, 1}]).

<<"a[ b] cde" >>

2> bi nary: repl ace(<<"abcde">>, [ <<"b">>, <<"d">>], <<"[] " >>
[ gl obal , {insert_repl aced, 1}]).

<<"a[b]c[d] e">>

3> binary:repl ace(<<"abcde">>, [ <<"b">>, <<"d">>], <<"[] " >>
[gl obal ,{insert_replaced,[1,1]}]).

<<"a[ bb] c[ dd] e" >>

4> binary:repl ace(<<"abcde">>, [ <<"b">>, <<"d">>] , <<"[-]">>
[gl obal ,{insert_replaced,[1,2]}]).

<<"a[b-b]c[d-d] e">>

If any position givenin | nsPos is greater than the size of the replacement binary, abadar g exception is raised.
Theoptionsgl obal and{scope, part ()} work asfor split/3. Thereturn typeisawaysabi nary() .
For adescription of Pat t er n, see compile_pattern/1.
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split(Subject, Pattern) -> Parts

Types.
Subj ect = binary()
Pattern = binary() | [binary()] | cp()
Parts = [binary()]

Thesameasspl it (Subj ect, Pattern, []).

split(Subject, Pattern, Options) -> Parts

Types:
Subj ect = binary()
Pattern = binary() | [binary()] | cp()

Options = [Option]
Option = {scope, part()} | trim| global | trimall
Parts = [binary()]

Splits Subj ect into alist of binaries based on Pat t er n. If the option global is not given, only the first occurrence
of Patt erninSubj ect will giveriseto asplit.

The parts of Pat t er n actually found in Subj ect are not included in the result.

Example:

1> binary:split(<<1,255,4,0,0,0,2,3>>, [<<0,0,0>> <<2>>],[]).

[ <<1, 255, 4>>, <<2, 3>>]

2> binary:split(<<0,1,0,O0,4, 255, 255, 9>>, [<<0, 0>>, <<255, 255>>],[global]).
[ <<0, 1>>, <<4>>, <<9>>]

Summary of options:

{scope, part()}

Works as in match/3 and matches/3. Note that this only defines the scope of the search for matching strings,
it does not cut the binary before splitting. The bytes before and after the scope will be kept in the result. See
example below.

trim

Removes trailing empty parts of the result (asdoestriminre: split/ 3)
trim_all

Removes all empty parts of the resullt.
global

Repeats the split until the Subj ect is exhausted. Conceptualy the global option makes split work on the
positions returned by matches/3, while it normally works on the position returned by match/3.

Example of the difference between a scope and taking the binary apart before splitting:

1> binary:split(<<"banana">>,[<<"a">>],[{scope, {2,3}}]).

[ <<"ban">>, <<"na" >>]

2> binary:split(binary:part(<<"banana">>, {2,3}),[<<"a">>],[]).
[<<"n">>, << n" >>]
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The return type is always alist of binaries that are all referencing Subj ect . This means that the datain Subj ect

is not actually copied to new binaries and that Subj ect cannot be garbage collected until the results of the split are
no longer referenced.

For adescription of Pat t er n, see compile_pattern/1.
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Erlang module

The ¢ module enables users to enter the short form of some commonly used commands.

Note:

These functions are are intended for interactive use in the Erlang shell only. The module prefix may be omitted.

Exports

bt (Pid) -> ok | undefined
Types:
Pid = pid()
Stack backtrace for a process. Equivalent to er | ang: process_di spl ay( Pi d, backtrace).

c(File) -> {ok, Mdule} | error
c(File, Options) -> {ok, Mddule} | error
Types:
File = file:name()
Options = [conpile:option()]
Modul e = nodul e()
¢/ 1, 2 compiles and then purges and loads the code for afile. Opt i ons defaultsto []. Compilation is equivalent to:

conpile:file(, ++ [report_errors, report_warnings])

Note that purging the code means that any processes lingering in old code for the module are killed without warning.
Seecode/ 3 for moreinformation.

cd(Dir) -> ok
Types.
Dir = file:nane()

Changes working directory to Di r, which may be a relative name, and then prints the name of the new working
directory.

2> cd("../erlang").
/ hone/ ron/ erl ang

flush() -> ok
Flushes any messages sent to the shell.
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hel p() -> ok

Displays help information: all valid shell internal commands, and commands in this module.

i() -> ok
ni() -> ok

i / 0 displays information about the system, listing information about all processes. ni / 0 does the same, but for all
nodes the network.

i(X Y, Z2) ->[{atom), term)}]
Types.
X=Y=2Z=linteger() >=0

Displaysinformation about a process, Equivalent to pr ocess_i nfo(pi d( X, Y, 2Z)),butlocation transparent.

| (Mbdul e) -> code:load_ret()
Types:
Modul e = nodul e()

Purges and loads, or reloads, a module by caling code: purge(Mdul e) followed by
code: |l oad_fil e(Mdule).

Note that purging the code means that any processes lingering in old code for the module are killed without warning.
See code/ 3 for moreinformation.

lc(Files) -> ok
Types:
Files = [File]
File = file:fil enane()

Compiles alist of filesby callingconpile:file(File, [report_errors, report_warnings]) for
eachFileinFil es.

Is() -> ok
Listsfilesin the current directory.

Is(Dir) -> ok
Types:
Dir = file:nane()
Listsfilesindirectory Di r or, if Dirisafile, only listit.

m) -> ok
Displaysinformation about the loaded modules, including the files from which they have been loaded.

m( Modul ) -> ok
Types:

Modul e = nodul e()
Displaysinformation about Mbdul e.
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menory() -> [{Type, Size}]

Types.
Type = atom()
Size = integer() >= 0

Memory allocation information. Equivalent to er | ang: menory/ 0 .

menory(Type) -> Size
menory( Types) -> [{Type, Size}]
Types.

Types = [Type]

Type = aton()

Size = integer() >=0

Memory allocation information. Equivalenttoer | ang: nenory/ 1.

nc(File) -> {ok, Mddule} | error
nc(File, Options) -> {ok, Mdule} | error
Types:

File = file:name()

Options = [Option] | Option

Option = conpile:option()

Modul e = nodul e()

Compiles and then loads the code for afile on al nodes. Opt i ons defaultsto []. Compilation is equivalent to:

conpile:file(, ++ [report_errors, report_warnings])

nl (Modul e) -> abcast | error
Types:

Modul e = nodul e()
Loads Mbdul e on al nodes.

pid(X Y, 2) -> pid()
Types.
X=Y=2Z=linteger() >=0

Converts X, Y, Z to the pid <X. Y. Z>. This function should only be used when debugging.

pwd() -> ok
Prints the name of the working directory.

g() -> no_return()
Thisfunction is shorthand for i ni t : st op() , that is, it causes the node to stop in a controlled fashion.

62 | Ericsson AB. All Rights Reserved.: STDLIB



regs() -> ok
nregs() -> ok

r egs/ 0 displaysinformation about all registered processes. nr egs/ 0 doesthe same, but for all nodesin the network.

uptine() -> ok

Prints the node uptime (asgiven by er | ang: stati sti cs(wal | _cl ock)), in human-readable form.

xn( MbdSpec) -> voi d()

Types.
ModSpec = Modul e | Fil enane
Modul e = atom()

Fil ename = string()

This function finds undefined functions, unused functions, and calls to deprecated functions in a module by calling

xref:n 1.

y(File) -> YeccRet

Types:
File = nane() -- see filenane(3)
YeccRet = -- see yecc:filel2

Generates an LALR-1 parser. Equivalent to:

yecc:file(File)

y(File, Options) -> YeccRet

Types:
File = name() -- see fil ename(3)
Options, YeccRet = -- see yecc:file/2

Generates an LALR-1 parser. Equivalent to:

yecc:file(File, Options)

See Also
compile(3), filename(3), erlang(3), yecc(3), xref(3)
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calendar

Erlang module

Thismodule provides computation of local and universal time, day-of-the-week, and several time conversion functions.

Timeisloca whenit isadjusted in accordance with the current time zone and daylight saving. Timeisuniversal when
it reflects the time at longitude zero, without any adjustment for daylight saving. Universal Coordinated Time (UTC)
timeisalso called Greenwich Mean Time (GMT).

Thetimefunctions| ocal _ti me/ 0 anduni ver sal _ti me/ 0 provided in this module both return date and time.
Thereason for thisisthat separate functionsfor date and time may result in a date/time combination which is displaced
by 24 hours. This happensif one of the functionsis called before midnight, and the other after midnight. This problem
also applies to the Erlang BIFsdat e/ 0 and t i me/ 0, and their use is strongly discouraged if areliable date/time
stamp is required.

All dates conform to the Gregorian calendar. This calendar was introduced by Pope Gregory XlII in 1582 and was
used in al Catholic countries from this year. Protestant parts of Germany and the Netherlands adopted it in 1698,

England followed in 1752, and Russia in 1918 (the October revolution of 1917 took place in November according
to the Gregorian calendar).

The Gregorian calendar in this module is extended back to year 0. For a given date, the gregorian days is the number
of days up to and including the date specified. Similarly, the gregorian seconds for a given date and time, is the the
number of seconds up to and including the specified date and time.

For computing differences between epochs in time, use the functions counting gregorian days or seconds. If epochs
are given as local time, they must be converted to universal time, in order to get the correct value of the elapsed time
between epochs. Use of the functiont i me_di f f er ence/ 2 is discouraged.

There exists different definitions for the week of the year. The calendar module contains a week of the year
implementation which conforms to the ISO 8601 standard. Since the week number for a given date can fall on the
previous, the current or on the next year it is important to provide the information which year is it together with the
week number. The function i so_week nunber/ 0 andi so_week_nunber/ 1 returns a tuple of the year and
the week number.

Data Types

datetine() = {date(), time()}

dateti nel1970() = {{year1970(), nonth(), day()}, tinme()}
date() = {year(), month(), day()}

year() = integer() >=0

Y ear cannot be abbreviated. Example: 93 denotes year 93, not 1993. Valid range depends on the underlying OS. The
date tuple must denote avalid date.
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year 1970() = 1970.. 10000

month() = 1..12

day() = 1..31

time() = {hour(), mnute(), second()}
hour() = 0..23

m nut e() 0..59

second() 0..59

daynum() = 1..7

Idom() =28 | 29| 30| 31

year weeknum() = {year(), weeknum()}
weeknunm() = 1..53

Exports

date_to_gregori an_days(Date) -> Days
date_to_gregori an_days(Year, Mnth, Day) -> Days

Types.
Date = date()
Year = year()
Mont h = nont h()
Day = day()

This function computes the number of gregorian days starting with year 0 and ending at the given date.

datetinme_to_gregorian_seconds(DateTi ne) -> Seconds

Types:
Dat eTi me = datetine()
Seconds = integer() >= 0

This function computes the number of gregorian seconds starting with year 0 and ending at the given date and time.

day_of the week(Date) -> daynuni()
day_of _t he_week(Year, Mnth, Day) -> daynum()

Types:
Date = date()
Year = year()
Mont h = nont h()
Day = day()

This function computes the day of the week given Year , Mont h and Day. The return value denotes the day of the
week as 1: Monday, 2: Tuesday, and so on.

gregori an_days_to_dat e(Days) -> date()
Types:
Days = integer() >= 0
This function computes the date given the number of gregorian days.
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gregori an_seconds_to_dateti ne(Seconds) -> datetine()
Types:
Seconds = integer() >= 0
This function computes the date and time from the given number of gregorian seconds.

is_|eap_year(Year) -> bool ean()
Types.
Year = year()

This function checksif ayear isaleap year.

i so_week_numnber () -> yearweeknun()

This function returns the tuple {Year, WeekNum} representing the iso week number for the actual date. For
determining the actual date, the function| ocal _ti me/ 0 isused.

i so_week nunber (Date) -> yearweeknum()
Types:
Date = date()
This function returns the tuple { Y ear, WeekNum} representing the iso week number for the given date.

| ast _day_of the nmonth(Year, Mnth) -> LastDay
Types:

Year = year()

Mont h = nont h()

Last Day = | dom()

This function computes the number of days in a month.

| ocal _time() -> datetine()
This function returns the local time reported by the underlying operating system.

| ocal _time_to_universal tinme(DateTinel) -> DateTi ne2
Types.
Dat eTi mel = DateTine2 = datetinel970()

This function convertsfrom local timeto Universal Coordinated Time (UTC). Dat eTi mel must refer to alocal date
after Jan 1, 1970.

Warning:

This function is deprecated. Usel ocal _tine_to_uni versal time_dst/ 1 instead, as it gives a more
correct and complete result. Especially for the period that does not exist since it gets skipped during the switch
to daylight saving time, this function still returns a result.
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| ocal _time_to_universal tinme_dst(DateTinel) -> [DateTine]
Types:
DateTimel = DateTine = dateti nel970()

This function convertsfrom local timeto Universal Coordinated Time (UTC). Dat eTi mel must refer to aloca date
after Jan 1, 1970.

Thereturn valueisalist of 0, 1 or 2 possible UTC times:

[]

For alocal { Dat el, Ti mel} during the period that is skipped when switching to daylight saving time, there
is no corresponding UTC since the local timeisillegal - it has never happened.

[ Dst Dat eTi neUTC, Dat eTi neUT(C]

For alocal { Dat el, Ti nmel} during the period that is repeated when switching from daylight saving time,
there are two corresponding UTCs. One for the first instance of the period when daylight saving time is still
active, and one for the second instance.

[ Dat eTi neUTC]
For al other local timesthereisonly one corresponding UTC.

now to | ocal _tine(Now) -> datetinmel970()
Types:
Now = erl ang: ti nestanp()
This function returnslocal date and time converted from the return value from er | ang: ti nest anp/ 0.

now to_universal _tinme(Now) -> datetinel970()
now to _dateti me(Now) -> datetinel970()
Types.

Now = erl ang: tinestanmp()

This function returns Universal Coordinated Time (UTC) converted from the return value from
erl ang: ti nestanp/ 0.

seconds_to_daysti ne(Seconds) -> {Days, Ti ne}
Types:
Seconds = Days = integer()
Time = tine()
This function transforms a given number of seconds into days, hours, minutes, and seconds. The Ti e part is aways
non-negative, but Days is negative if the argument Seconds is.

seconds_to_tinme(Seconds) -> tine()
Types:
Seconds = secs_per_day()
secs_per _day() = 0..86400

Thisfunction computesthe time from the given number of seconds. Seconds must belessthan the number of seconds
per day (86400).
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tinme_difference(T1l, T2) -> {Days, Tine}
Types:

Tl = T2 = datetinme()

Days = integer()

Time = time()

This function returns the difference betweentwo { Dat e, Ti ne} tuples. T2 should refer to an epoch later than T1.

Warning:

This function is obsolete. Use the conversion functions for gregorian days and seconds instead.

tinme_to_seconds(Tine) -> secs_per_day()
Types:
Time = tine()
secs_per _day() = 0..86400
This function computes the number of seconds since midnight up to the specified time.

universal tinme() -> datetine()

Thisfunction returns the Universal Coordinated Time (UTC) reported by the underlying operating system. Local time
isreturned if universal timeis not available.

universal tine_to local tinme(DateTine) -> datetinme()
Types:
Dat eTi me = dateti nel970()

This function converts from Universal Coordinated Time (UTC) to local time. Dat eTi ne must refer to a date after
Jan 1, 1970.

val i d_date(Date) -> bool ean()
val i d_date(Year, Month, Day) -> bool ean()

Types:
Date = date()
Year = Month = Day = integer()

This function checks if adateisavalid.

Leap Years

The notion that every fourth year is aleap year is not completely true. By the Gregorian rule, ayear Y is aleap year
if either of the following rulesisvalid:

e Y isdivisible by 4, but not by 100; or
» Y isdivisible by 400.
Accordingly, 1996 is aleap year, 1900 is not, but 2000 is.
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Date and Time Source

Local time is obtained from the Erlang BIF | ocal ti me/ 0. Universal time is computed from the BIF
uni versal tine/0.

The following facts apply:

there are 86400 secondsin a day

there are 365 daysin an ordinary year
there are 366 daysin aleap year

there are 1461 daysin a4 year period
there are 36524 daysin a 100 year period
there are 146097 daysin a 400 year period

there are 719528 days between Jan 1, 0 and Jan 1, 1970.
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dets

Erlang module

The module det s provides a term storage on file. The stored terms, in this module called objects, are tuples such
that one element is defined to be the key. A Dets table is a collection of objects with the key at the same position
stored on afile.

Dets is used by the Mnesia application, and is provided as is for users who are interested in an efficient storage of
Erlang termson disk only. Many applications just need to store some termsin afile. Mnesiaadds transactions, queries,
and distribution. The size of Detsfiles cannot exceed 2 GB. If larger tables are needed, Mnesias table fragmentation
can be used.

There are three types of Detstables: set, bag and duplicate_bag. A table of type set has at most one object with agiven
key. If an object with akey already present in the table isinserted, the existing object is overwritten by the new object.
A table of type bag has zero or more different objects with a given key. A table of type duplicate bag has zero or
more possibly matching objects with a given key.

Dets tables must be opened before they can be updated or read, and when finished they must be properly closed. If a
table has not been properly closed, Detswill automatically repair the table. This can take a substantial timeif the table
islarge. A Detstableisclosed when the process which opened the table terminates. If several Erlang processes (users)
open the same Dets table, they will share the table. The table is properly closed when all users have either terminated
or closed the table. Dets tables are not properly closed if the Erlang runtime system is terminated abnormally.

Note:

A ~C command abnormally terminates an Erlang runtime system in a Unix environment with a break-handler.

Since all operations performed by Dets are disk operations, it is important to realize that a single look-up operation
involves a series of disk seek and read operations. For this reason, the Dets functions are much slower than the
corresponding Ets functions, although Dets exports a similar interface.

Dets organizes dataas alinear hash list and the hash list grows gracefully as more dataisinserted into the table. Space
management on the file is performed by what is called a buddy system. The current implementation keeps the entire
buddy system in RAM, which implies that if the table gets heavily fragmented, quite some memory can be used up.
The only way to defragment atableisto closeit and then open it again with ther epai r optionsettof or ce.

Itisworth noting that the ordered_set type present in Etsis not yet implemented by Dets, neither isthe limited support
for concurrent updates which makes asequence of fi r st and next calls safeto use on fixed Ets tables. Both these
features will be implemented by Detsin afuture release of Erlang/OTP. Until then, the Mnesia application (or some
user implemented method for locking) has to be used to implement safe concurrency. Currently, no library of Erlang/
OTP has support for ordered disk based term storage.

Two versions of the format used for storing objects on file are supported by Dets. The first version, 8, is the format
always used for tables created by OTP R7 and earlier. The second version, 9, is the default version of tables created
by OTP R8 (and later OTP releases). OTP R8 can create version 8 tables, and convert version 8 tables to version 9,
and vice versa, upon request.

All Detsfunctionsreturn{ er r or, Reason} if anerroroccurs(fi r st/ 1 andnext / 2 areexceptions, they exit the
process with the error tuple). If given badly formed arguments, all functions exit the processwith abadar g message.
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Data Types
access() =read | read_wite
auto_save() = infinity | integer() >=0

bi ndi ngs_cont ()

Opaque continuation used by mat ch/ 1 and mat ch/ 3.

cont ()

Opaque continuation used by bchunk/ 2.

keypos() = integer() >=1

mat ch_spec() = ets: match_spec()

Match specifications, see the match specification documentation in the ERTS User's Guide and ms_transform(3).
no_slots() = integer() >= 0 | default

object() = tuple()

obj ect _cont ()

Opaque continuation used by mat ch_obj ect/ 1 and mat ch_obj ect/ 3.
pattern() = aton() | tuple()

See ets:match/2 for a description of patterns.

sel ect _cont ()

Opaque continuation used by sel ect/ 1 and sel ect/ 3.

tab_nane() = term))
type() = bag | duplicate_bag | set
version() =8| 9| default

Exports

all () -> [tab_nane()]
Returns alist of the names of all open tables on this node.

bchunk( Narme, Continuation) ->
{Continuation2, Data} |
"$end_of table' |
{error, Reason}

Types:
Name = tab_nane()
Continuation = start | cont()
Conti nuati on2 = cont ()
Data = binary() | tuple()
Reason = term()
Returns a list of objects stored in atable. The exact representation of the returned objects is not public. The lists of

data can be used for initializing a table by giving the value bchunk to thef or mat option of thei nit _t abl e/ 3
function. The Mnesia application uses this function for copying open tables.

Unlessthetableisprotected using saf e_f i xt abl e/ 2, callsto bchunk/ 2 may not work as expected if concurrent
updates are made to the table.
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Thefirst timebchunk/ 2 iscalled, aninitial continuation, the atom st ar t , must be provided.

The bchunk/ 2 function returns a tuple { Conti nuati on2, Data}, where Data is a list of objects.
Cont i nuat i on2 isanother continuation which isto be passed on to a subsequent call to bchunk/ 2. With aseries
of callsto bchunk/ 2 it is possible to extract al objects of the table.

bchunk/ 2 returns' $end_of _t abl e' when all objects have been returned, or { error, Reason} if anerror
OCCUrs.

cl ose(Nane) -> ok | {error, Reason}
Types:
Name = tab_nane()
Reason = term()
Closes atable. Only processes that have opened atable are allowed to close it.

All open tables must be closed before the system is stopped. If an attempt is made to open atable which has not been
properly closed, Dets automatically triesto repair the table.

del ete(Nane, Key) -> ok | {error, Reason}
Types:

Name = tab_nane()

Key = Reason = term))

Deletes al objects with the key Key from the table Nane.

delete_all _objects(Nane) -> ok | {error, Reason}
Types:

Name = tab_nane()

Reason = term()

Deletes all objectsfrom atablein almost constant time. However, if thetableif fixed, del et e_al | _obj ect s(T)
isequivalenttomat ch_del ete(T, ' _').

del et e_obj ect (Nanme, oject) -> ok | {error, Reason}
Types.

Name = tab_nane()

hj ect = object()

Reason = term()

Deletes all instances of a given object from atable. If atableis of type bag or dupl i cat e_bag, thedel et e/ 2
function cannot be used to delete only some of the objects with a given key. This function makes this possible.

first(Nane) -> Key | '$end_of _table'

Types:
Name = tab_nane()
Key = term)

Returns the first key stored in the table Nanme according to the table's internal order, or ' $end_of _t abl e' if the
tableis empty.
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Unless the table is protected using saf e_f i xt abl e/ 2, subsequent callsto next / 2 may not work as expected if
concurrent updates are made to the table.

Should an error occur, the process is exited with an error tuple{ error, Reason}. The reason for not returning
the error tupleisthat it cannot be distinguished from akey.

There aretwo reasonswhy f i r st / 1 and next / 2 should not be used: they are not very efficient, and they prevent
theuse of thekey ' $end_of _t abl e' sincethisatomisused to indicate the end of thetable. If possible, themat ch,
mat ch_obj ect , and sel ect functions should be used for traversing tables.

fol dl (Function, AccO, Nanme) -> Acc | {error, Reason}
fol dr (Function, AccO, Nane) -> Acc | {error, Reason}

Types:
Name = tab_nane()
Function = fun((Cbject :: object(), Accln) -> AccQut)

AccO = Acc = Accln = AccQut = Reason = term()

Calls Funct i on on successive elements of the table Nane together with an extra argument Accl n. The order in
which the elements of the table are traversed is unspecified. Funct i on must return a new accumulator which is
passed to the next call. AccO isreturned if the tableis empty.

fromets(Nane, EtsTab) -> ok | {error, Reason}
Types.
Name = tab_nane()
EtsTab = ets:tab()
Reason = term)
Deletes all objects of the table Name and then inserts all the objects of the Ets table Et sTab. The order in which

the objects are inserted is not specified. Since et s: saf e_fi xt abl e/ 2 is called the Ets table must be public or
owned by the calling process.

i nfo(Nane) -> InfolList | undefined
Types.

Name = tab_nane()

I nfoList = [InfoTupl e]

I nfoTuple =
{file_size, integer() >= 0} |
{filename, file:nanme()} |

{keypos, keypos()}
{size, integer() >= 0} |

{type, type()}
Returns information about the table Nane as alist of tuples:
« {file_size, integer() >= 0},thesizeof thefilein bytes.
« {filename, fileename()}, the name of the file where objects are stored.
« {keypos, keypos()}, theposition of the key.
e {size, integer() >= 0},thenumber of objects stored in the table.
« {type, type()},thetypeof thetable.
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i nfo(Nane, Item -> Value | undefined
Types:

Name = tab_nane()

Item =
access |
aut o_save |
bchunk_format |
hash |
file_size |
filenane |
keypos |
menory |
no_keys |
no_obj ects |
no_slots |
owner |
ramfile |
safe_fixed |
safe_fixed_nonotonic_time |
size |
type |
version

Value = term)

Returnstheinformation associated with | t emfor thetable Nane. In additiontothe{ 1t em Val ue} pairsdefined
fori nf o/ 1, the following items are allowed:

{access, accesy()}, the access mode.

{aut o_save, auto_save()}, the auto saveinterval.

{bchunk format, binary()}, an opaque binary describing the format of the objects returned by
bchunk/ 2. The binary can be used as argument toi s_conpati bl e _chunk_f ormat/ 2. Only available
for version 9 tables.

{ hash, Hash} . Describeswhich BIF is used to calculate the hash values of the objects stored in the Dets table.
Possible values of Hash arehash, whichimpliesthat theer | ang: hash/ 2 BIFisused, phash, whichimplies
thattheer | ang: phash/ 2 BIFisused, andphash2, whichimpliesthat theer | ang: phash2/ 1 BIFisused.
{menory, integer() >= 0}, thesize of thefile in bytes. The same value is associated with the item
file_size.

{no_keys, integer >= 0()},thenumber of different keys stored in the table. Only available for version
9 tables.

{no_objects, integer >= 0()},thenumber of objects stored in the table.

{no_slots, {Min, Used, Max}}, thenumber of dots of the table. M n isthe minimum number of dots,
Used isthe number of currently used slots, and Max isthe maximum number of slots. Only available for version
9 tables.

{owner, pid()},thepid of the processthat handles requests to the Dets table.

{ramfile, boolean()},whetherthetableiskeptin RAM.

{safe_fixed_nonotonic_tine, Saf eFi xed}. If the table is fixed, Saf eFi xed is a tuple
{Fi xedAt Tine, [{Pid, RefCount}]}.Fi xedAtTi ne is the time when the table was first fixed, and

Pi d isthe pid of the processthat fixesthe table Ref Count times. There may be any number of processesin the
list. If thetableis not fixed, SafeFixed isthe atom f al se.
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Fi xedAt Ti me will correspond to the result returned by erlang:monotonic_time/O at the time of fixation. The
usage of saf e_fi xed_nonot oni c_ti e istimewarp safe.

e {safe fixed, SafeFixed}.Thesameas{safe fixed nonotonic tinme, SafeFi xed} with
the exception of the format and value of Fi xedAt Ti ne.

Fi xedAt Ti me will correspond to the result returned by erlang:timestamp/O at the time of fixation. Note that
when the system is using single or multi time warp modes this might produce strange results. This since the usage
of saf e_fi xed isnot time warp safe. Time warp safe code need tousesaf e _fi xed_nonotoni c_ti ne
instead.

« {version, integer()},theversionof theformat of thetable.

init_table(Nanme, InitFun) -> ok | {error, Reason}
init_table(Nanme, InitFun, Options) -> ok | {error, Reason}
Types:
Name = tab_nane()
InitFun = fun((Arg) -> Res)
Arg = read | close
Res =
end_of _i nput |
{[object()], InitFun} |
{Data, |nitFun} |
term))
Options = OQption | [Option]
Option = {mn_no_slots, no_slots()} | {format, term| bchunk}
Reason term)

Data = binary() | tuple()
Replacesthe existing objects of thetable Nane with objects created by calling theinput function | ni t Fun, seebelow.

Thereason for using thisfunction rather than callingi nser t / 2 isthat of efficiency. It should be noted that the input
functions are called by the process that handles requests to the Dets table, not by the calling process.

When called with the argument r ead thefunction | ni t Fun isassumed to returnend_of _i nput whenthereisno
moreinput, or { Obj ects, Fun}, where Obj ect s isalist of objects and Fun isanew input function. Any other
valueValueisreturned asanerror {error, {init_fun, Val ue}}.Eachinputfunctionwill be called exactly
once, and should an error occur, the last function is called with the argument cl ose, the reply of which isignored.

If thetype of thetableisset and thereis more than one object with a given key, one of the objectsis chosen. Thisis
not necessarily the last object with the given key in the sequence of objects returned by the input functions. Duplicate
keys should be avoided, or the file will be unnecessarily fragmented. This holds also for duplicated objects stored in
tables of type bag.

Itisimportant that the table has a sufficient number of slotsfor the objects. If not, the hash list will start to grow when
i nit_tabl e/ 2 returns which will significantly slow down access to the table for a period of time. The minimum
number of slotsisset by theopen_fi | e/ 2 optionmi n_no_sl ot s andreturned by thei nf o/ 2 itemno_sl ot s.
Seealsothem n_no_sl ot s option below.

The Opt i ons argumentisalist of { Key, Val } tupleswhere the following values are allowed:

« {mn_no_slots, no_slots()}. Specifiesthe estimated number of different keys that will be stored in
the table. The open_f i | e option with the same name is ignored unless the table is created, and in that case
performance can be enhanced by supplying an estimate when initializing the table.
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« {format, Format}. Specifiesthe format of the objects returned by the function | ni t Fun. If For mat is
t er m(thedefault), | ni t Fun isassumed to return alist of tuples. If For mat isbchunk, | ni t Fun isassumed
to return Dat a as returned by bchunk/ 2. This option overridesthem n_no_sl ot s option.

i nsert(Nanme, bjects) -> ok | {error, Reason}
Types:

Name = tab_nane()

hjects = object() | [object()]

Reason = term()

Inserts one or more objectsinto the table Nane. If there already exists an object with akey matching the key of some
of the given objects and the table typeis set , the old object will be replaced.

i nsert_new( Nane, Objects) -> boolean() | {error, Reason}
Types:
Name = tab_nane()
hjects = object() | [object()]
Reason = term()
Inserts one or more objects into the table Narre. If there already exists some object with a key matching the key of

any of the given objects the table is not updated and f al se isreturned, otherwise the objects areinserted and t r ue
returned.

i s_conpati bl e_bchunk_f ormat (Name, BchunkFormat) -> bool ean()
Types:
Name = tab_nane()
BchunkFormat = binary()
Returns true if it would be possible to initialize the table Nane, using i nit_tabl e/ 3 with the

option {f ormat, bchunk}, with objects read with bchunk/ 2 from some table T such that calling
i nfo(T, bchunk_fornmat) returnsBchunkFor mat .

is _dets file(Filenane) -> boolean() | {error, Reason}
Types.

Filename = fil e: nanme()

Reason = term()

Returnst r ue if thefile Fi | enane isaDetstable, f al se otherwise.

| ookup(Nare, Key) -> Objects | {error, Reason}

Types:
Name = tab_nane()
Key = term)

hjects = [object()]
Reason = term()
Returns alist of all objects with the key Key stored in the table Narre. For example:

2> dets:open_file(abc, [{type, bag}]).
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{ ok, abc}

3> dets:insert(abc, {1,2,63}).
ok

4> dets:insert(abc, {1,3,4}).
ok

5> dets: | ookup(abc, 1).
[{1,2,3},{1, 3, 4}]

If thetableis of type set , the function returns either the empty list or alist with one object, as there cannot be more
than one object with a given key. If the table is of type bag or dupl i cat e_bag, the function returns a list of
arbitrary length.

Note that the order of objects returned is unspecified. In particular, the order in which objects were inserted is not
reflected.

mat ch( Conti nuation) ->
{[Match], Continuation2} |
'$end_of _table' |
{error, Reason}

Types:
Continuation = Continuation2 = bindings_cont ()
Match = [term()]
Reason = term()
Matches some objects stored in a table and returns a non-empty list of the bindings that match a given pattern

in some unspecified order. The table, the pattern, and the number of objects that are matched are al defined by
Cont i nuat i on, which has been returned by aprior call tormat ch/ 1 or mat ch/ 3.

When all objects of the table have been matched, ' $end_of _t abl e' isreturned.

mat ch(Name, Pattern) -> [Match] | {error, Reason}
Types:
Nane = tab_nane()
Pattern = pattern()
Match = [term()]
Reason = term()
Returns for each object of the table Nane that matches Pat t er n alist of bindings in some unspecified order. See

ets:match/2 for a description of patterns. If the keyposth element of Pat t er n isunbound, all objects of the table are
matched. If the keyposth element is bound, only the objects with the right key are matched.

mat ch(Name, Pattern, N) ->
{[Match], Continuation} |
'$end_of table' |
{error, Reason}

Types:
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Name = tab_nane()

Pattern = pattern()

N = default | integer() >=0
Conti nuati on = bindi ngs_cont ()
Match = [term()]

Reason = term()

Matches some or all objects of the table Nane and returns a non-empty list of the bindings that match Pat t er n in
some unspecified order. See ets:match/2 for a description of patterns.

A tuple of the bindings and a continuation is returned, unless the table is empty, in which case' $end_of _t abl e’
isreturned. The continuation is to be used when matching further objects by calling mat ch/ 1.

If thekeyposth element of Pat t er nisbound, all objectsof thetable are matched. If the keyposth element isunbound,
all objects of the table are matched, N objects at atime, until at least one object matches or the end of the table has
been reached. The default, indicated by giving N the value def aul t , isto let the number of objects vary depending
on the sizes of the objects. If Nane isaversion 9 table, al objects with the same key are always matched at the same
time which implies that more than N objects may sometimes be matched.

Thetable should alwaysbe protected usingsaf e_fi xt abl e/ 2 beforecalling mat ch/ 3, or errors may occur when
calingmat ch/ 1.

mat ch_del et e(Nane, Pattern) -> ok | {error, Reason}
Types.

Name = tab_nane()

Pattern = pattern()

Reason = term()

Deletes all objects that match Pat t er n from the table Nane. See ets:match/2 for a description of patterns.
If the keyposth element of Pat t er n isbound, only the objects with the right key are matched.

mat ch_obj ect (Conti nuati on) ->
{Obj ects, Continuation2} |
'$end_of table' |
{error, Reason}

Types:
Continuation = Continuation2 = object_cont()
hjects = [object()]
Reason = term()
Returns a non-empty list of some objects stored in a table that match a given pattern in some unspecified order. The

table, the pattern, and the number of objects that are matched are al defined by Cont i nuat i on, which has been
returned by aprior call tomat ch_obj ect/ 1 or mat ch_obj ect / 3.

When all objects of the table have been matched, ' $end_of _t abl e' isreturned.

mat ch_obj ect (Nane, Pattern) -> Objects | {error, Reason}
Types:
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Nanme = tab_nane()
Pattern = pattern()
hj ect s [ object()]
Reason = term()

Returns a list of al objects of the table Name that match Pat t er n in some unspecified order. See ets:match/2 for
adescription of petterns.

If the keyposth element of Pat t er n is unbound, all objects of the table are matched. If the keyposth element of
Pat t er n isbound, only the objects with the right key are matched.

Using thermat ch_obj ect functionsfor traversing all objects of atableis more efficient than callingfi r st/ 1 and
next/2orslot/2.

mat ch_obj ect (Nane, Pattern, N) ->
{Qbj ects, Continuation} |
"$end_of table' |
{error, Reason}

Types:
Nanme = tab_nane()
Pattern = pattern()
N = default | integer() >=0
Conti nuati on = object_cont ()
hj ects = [object()]
Reason = term()

Matches some or al objects stored in the table Nare and returns a non-empty list of the objectsthat match Pat t er n
in some unspecified order. See ets:match/2 for a description of patterns.

A list of objects and a continuation is returned, unless the table is empty, in which case ' $end_of _t abl e' is
returned. The continuation is to be used when matching further objects by calling mat ch_obj ect/ 1.

If thekeyposth element of Pat t er n isbound, all objectsof thetable are matched. If the keyposth element isunbound,
all objects of the table are matched, N objects at atime, until at least one object matches or the end of the table has
been reached. The default, indicated by giving N the value def aul t , isto let the number of objects vary depending
on the sizes of the objects. If Nane isaversion 9 table, all matching objects with the same key are always returned in
the same reply which implies that more than N objects may sometimes be returned.

The table should always be protected using saf e_f i xt abl e/ 2 beforecalling mat ch_obj ect/ 3, or errors may
occur when calling mat ch_obj ect/ 1.

menber (Name, Key) -> boolean() | {error, Reason}
Types.

Name = tab_nane()

Key = Reason = term)

Works like | ookup/ 2, but does not return the objects. The function returnst r ue if one or more elements of the
table has the key Key, f al se otherwise.

next (Nane, Keyl) -> Key2 | '$end_of _table'
Types.
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Nare tab_nane()
Keyl = Key2 = term)

Returns the key following Key1 in the table Nane according to the table's internal order, or ' $end_of _t abl €'
if thereis no next key.

Should an error occur, the processis exited with an error tuple{ err or, Reason}.
Usefirst/1tofindthefirst key inthetable.

open_file(Filenane) -> {ok, Reference} | {error, Reason}
Types:

Filename = fil e: name()

Ref erence = reference()

Reason = term()

Opens an existing table. If the table has not been properly closed, it will be repaired. The returned reference is to be
used as the name of the table. This function is most useful for debugging purposes.

open_file(Name, Args) -> {ok, Name} | {error, Reason}

Types:
Name = tab_nane()
Args = [ OpenArg]
OpenArg =

{access, access()} |
{auto_save, auto_save()} |
{estimated_no_obj ects, integer() >= 0} |
{file, file:name()} |
{max_no_slots, no_slots()} |
{m n_no_slots, no_slots()} |
{keypos, keypos()} |
{ramfile, boolean()} |
{repair, boolean() | force} |
{type, type()} |

{version, version()}

Reason = term()
Opens atable. An empty Detstableis created if no file exists.

The atom Nane is the name of the table. The table name must be provided in all subsequent operations on the table.
The name can be used by other processes as well, and several process can share one table.

If two processes open the same table by giving the same name and arguments, then the table will have two users. If
one user closesthetable, it still remains open until the second user closes the table.

The Ar gs argument isalist of { Key, Val } tupleswherethe following values are allowed:

« {access, access()}.Itispossibletoopen existing tablesin read-only mode. A table which is opened in read-
only modeis not subjected to the automatic file reparation algorithm if it islater opened after a crash. The default
vaueisread_write.

« {auto_save, auto save()},theauto saveinterval. If theinterval isaninteger Ti ne, the table is flushed to
disk whenever it is not accessed for Ti me milliseconds. A table that has been flushed will require no reparation
when reopened after an uncontrolled emulator halt. If theinterval istheatomi nf i ni ty, auto save is disabled.
The default value is 180000 (3 minutes).
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e {estimated _no_objects, no doty()}.Equivaenttothem n_no_sl ot s option.
« {file, filename()}, the name of thefileto be opened. The default value isthe name of the table.

e {max_no_slots, no_dots()},the maximum number of slotsthat will be used. The default value as well as
the maximal valueis 32 M. Note that a higher value may increase the fragmentation of the table, and conversely,
that a smaller value may decrease the fragmentation, at the expense of execution time. Only available for version
9tables.

« {mn_no_slots, no dots()}.Application performance can be enhanced with thisflag by specifying, when
the table is created, the estimated number of different keys that will be stored in the table. The default value as
well asthe minimum valueis 256.

« {keypos, keypos()},theposition of the element of each object to be used as key. The default valueis 1. The
ability to explicitly state the key position is most convenient when we want to store Erlang records in which the
first position of the record is the name of the record type.

« {ramfile, boolean()},whether thetableisto be keptin RAM. Keeping the table in RAM may sound
like an anomaly, but can enhance the performance of applications which open atable, insert a set of objects, and
then close the table. When the table is closed, its contents are written to the disk file. The default valueisf al se.

e {repair, Val ue}.Val ue canbeeither abool ean() ortheatomf or ce. The flag specifies whether the
Dets server should invoke the automatic file reparation algorithm. The default ist r ue. If f al se is specified,
thereis no attempt to repair thefileand{error, {needs _repair, FileName}} isreturnedif thetable
needs to be repaired.

The value f or ce means that a reparation will take place even if the table has been properly closed. This
is how to convert tables created by older versions of STDLIB. An example is tables hashed with the
deprecated er | ang: hash/ 2 BIF. Tables created with Dets from a STDLIB version of 1.8.2 and later use the
er | ang: phash/ 2 function or theer | ang: phash2/ 1 function, which is preferred.
Ther epai r optionisignored if thetableis already open.

« {type, type()},thetypeof thetable. The default valueisset .

 {version, version()},theversionof theformat used for thetable. Thedefault valueis9. Tableson the format
used before OTP R8 can be created by giving the value 8. A version 8 table can be converted to aversion 9 table
by giving the options{ ver si on, 9} and{repair, force}.

pi d2nanme(Pi d) -> {ok, Nane} | undefined
Types:

Pid = pid()

Name = tab_nane()

Returns the name of the table given the pid of a process that handles requests to atable, or undef i ned if thereis
no such table.

This function is meant to be used for debugging only.

repai r_continuation(Continuation, MitchSpec) -> Continuation2
Types:
Continuation = Continuation2 = select_cont ()
Mat chSpec = mat ch_spec()
Thisfunction can be used to restore an opaque continuation returned by sel ect / 3 or sel ect / 1 if the continuation
has passed through external term format (been sent between nodes or stored on disk).

The reason for this function is that continuation terms contain compiled match specifications and therefore will
be invalidated if converted to external term format. Given that the original match specification is kept intact, the
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continuation can be restored, meaning it can once again be used in subsequent sel ect / 1 calls even though it has
been stored on disk or on another node.

Seealso et s(3) for further explanations and examples.

Note:

Thisfunction isvery rarely needed in application code. It isused by Mnesiato implement distributed sel ect / 3
and sel ect / 1 sequences. A normal application would either use Mnesia or keep the continuation from being
converted to externa format.

The reason for not having an external representation of compiled match specificationsis performance. It may be
subject to change in future rel eases, while this interface will remain for backward compatibility.

safe fixtabl e(Narme, Fix) -> ok
Types:

Name = tab_nane()

Fi x = bool ean()

If Fi x ist r ue, the table Nane isfixed (once more) by the calling process, otherwise the table is released. The table
is also released when afixing process terminates.

If several processesfix atable, thetablewill remain fixed until all processes havereleased it or terminated. A reference
counter is kept on a per process basis, and N consecutive fixes require N releases to release the table.

It is not guaranteed that callsto fi rst/ 1, next/ 2, select and match functions work as expected even if the table
has been fixed; the limited support for concurrency implemented in Ets has not yet been implemented in Dets. Fixing
atable currently only disables resizing of the hash list of the table.

If objects have been added while the table was fixed, the hash list will start to grow when the table is released which
will significantly slow down access to the table for a period of time.

sel ect (Conti nuation) ->
{Sel ection, Continuation2} |
"$end_of table' |
{error, Reason}

Types:
Continuation = Continuation2 = select_cont ()
Selection = [term()]

Reason = term()

Applies a match specification to some objects stored in a table and returns a non-empty list of the results. The table,
the match specification, and the number of objects that are matched are all defined by Cont i nuat i on, which has
been returned by aprior call tosel ect/ 1 orsel ect/ 3.

When all objects of the table have been matched, ' $end_of _t abl e' isreturned.

sel ect (Nane, MatchSpec) -> Selection | {error, Reason}
Types:

82 | Ericsson AB. All Rights Reserved.: STDLIB



dets

Nanme = tab_nane()

Mat chSpec mat ch_spec()
Selection = [term()]
Reason = term()

Returns the results of applying the match specification Mat chSpec to all or some objects stored in the table Nane.
The order of the objectsis not specified. See the ERTS User's Guide for a description of match specifications.

If the keyposth element of Mat chSpec is unbound, the match specification is applied to all objects of the table. If
the keyposth element is bound, the match specification is applied to the objects with the right key(s) only.

Usingthesel ect functionsfor traversing all objects of atableis more efficient than callingf i r st/ 1 andnext / 2
orslot/2.

sel ect (Nanme, MatchSpec, N ->
{Sel ection, Continuation} |
"$end_of table' |
{error, Reason}
Types:
Name = tab_nane()
Mat chSpec = mat ch_spec()
N = default | integer() >=0
Conti nuation = select_cont ()
Selection = [term()]
Reason = term()

Returns the results of applying the match specification Mat chSpec to some or al objects stored in the table Nane.
The order of the objectsis not specified. See the ERTS User's Guide for a description of match specifications.

A tuple of the results of applying the match specification and a continuation is returned, unless the table is empty,
in which case ' $end_of _t abl e' is returned. The continuation is to be used when matching further objects by
cdlingsel ect/ 1.

If the keyposth element of Mat chSpec is bound, the match specification is applied to all objects of the table with
theright key(s). If the keyposth element of Mat chSpec is unbound, the match specification is applied to al objects
of thetable, Nobjects at atime, until at least one object matches or the end of the table has been reached. The defaullt,
indicated by giving Nthe value def aul t , isto let the number of objects vary depending on the sizes of the objects.
If Nare isaversion 9 table, all objects with the same key are always handled at the same time which implies that the
match specification may be applied to more than N objects.

The table should always be protected using saf e_fi xt abl e/ 2 before calling sel ect/ 3, or errors may occur
when calling sel ect/ 1.

sel ect _del ete(Nane, MatchSpec) -> N | {error, Reason}
Types.
Name = tab_nane()
Mat chSpec = mat ch_spec()
N =integer() >=0
Reason = term()
Deletes each object from the table Narre such that applying the match specification Mat chSpec to the object returns

thevaluet r ue. Seethe ERTS User's Guide for a description of match specifications. Returns the number of deleted
objects.
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If the keyposth element of Mat chSpec is bound, the match specification is applied to the objects with the right
key(s) only.

slot(Nane, |) -> "$end_of _table' | bjects | {error, Reason}
Types:

Name = tab_nane()

| =integer() >=0

bjects = [object()]

Reason = term()

The objects of atable are distributed among slots, starting with slot 0 and ending with slot n. This function returnsthe
list of objects associated with slot | . If | isgreater thann' $end_of _t abl e' isreturned.

sync(Nane) -> ok | {error, Reason}
Types.

Name = tab_nane()

Reason = term()

Ensuresthat al updates made to the table Nane are written to disk. This also appliesto tables which have been opened
withtheram fil e flagsettot r ue. Inthis case, the contents of the RAM file are flushed to disk.

Note that the space management data structures kept in RAM, the buddy system, is also written to the disk. This may
take some time if the table is fragmented.

tabl e(Nane) -> QueryHandl e
tabl e(Name, Options) -> QueryHandl e
Types:
Name = tab_nane()
Options = Option | [Option]
Option = {n_objects, Limt} | {traverse, TraverseMet hod}
Limt = default | integer() >=1
TraverseMethod = first_next | select | {select, match_spec()}
QueryHandl e = gl c: query_handl e()
Returns a QLC (Query List Comprehension) query handle. The module gl ¢ implements a query language aimed

mainly at Mnesia but Ets tables, Dets tables, and lists are also recognized by gl ¢ as sources of data. Calling
det s: t abl e/ 1, 2 isthe means to make the Dets table Nane usableto gl c.

When thereare only simplerestrictionson thekey positiongl ¢ usesdet s: | ookup/ 2 tolook up the keys, but when
that is not possible the whole table is traversed. The optiont r aver se determines how thisis done:

« first_next.Thetableistraversed onekey at atimeby calingdet s: first/ 1 anddet s: next/ 2.

e sel ect.Thetableistraversed by callingdet s: sel ect/ 3 anddet s: sel ect/ 1. Theoptionn_obj ect s
determines the number of objects returned (the third argument of sel ect/ 3). The match specification (the
second argument of sel ect/ 3) is assembled by gl c: simple filters are trandated into equivalent match
specifications while more complicated filters have to be applied to all objects returned by sel ect/ 3 givena
match specification that matches all objects.

« {select, match_spec()} . As for sel ect the table is traversed by calling dets: sel ect/ 3 and
det s: sel ect/ 1. Thedifferenceis that the match specification is explicitly given. Thisis how to state match
specifications that cannot easily be expressed within the syntax provided by gl c.

The following example uses an explicit match specification to traverse the table:
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1> dets:open_file(t, []),

ok dets:insert(t, [{1,a},{2,b},{3,c},{4,d}]),

Ms = ets: fun2ns(fun({X Y}) when (X > 1) or (X < 5) -> {Y} end),
QHL = dets:table(t, [{traverse, {select, Ms}}]).

An example with implicit match specification:

2> QH2 = qglc:q([{Y} || {X Y} <- dets:table(t), (X > 1) or (X< 5)]).

The latter example isin fact equivalent to the former which can be verified using the function gl c: i nf o/ 1:

3> glc:info(QHl) =:= qglc:info(Q2).
true

gl c: i nf o/ 1 returnsinformation about a query handle, and in this case identical information is returned for the two
query handles.

to_ets(Nane, EtsTab) -> EtsTab | {error, Reason}
Types:

Name = tab_nane()

Et sTab = ets:tab()

Reason = term()

Inserts the objects of the Dets table Nane into the Ets table Et sTab. The order in which the objects are inserted is
not specified. The existing objects of the Ets table are kept unless overwritten.

traverse(Nane, Fun) -> Return | {error, Reason}
Types:
Name = tab_nane()
Fun = fun((Qbject) -> FunReturn)
hj ect = object()
FunReturn =
continue | {continue, Val} | {done, Value} | OherVal ue
Return = [term()] | OherVal ue
Val = Value = QtherValue = Reason = term()

Applies Fun to each object stored in the table Name in some unspecified order. Different actions are taken depending
on the return value of Fun. The following Fun return values are allowed:

conti nue
Continue to perform the traversal. For example, the following function can be used to print out the contents of
atable:
fun(X) -> io:format("~p~n", [X]), continue end.
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{continue, Val}

Continue the traversal and accumulate Val . The following function is supplied in order to collect all objects of
atableinalist:

fun(X) -> {continue, X} end.

{done, Val ue}
Terminate the traversal and return [ Val ue | Acc] .
Any other value Ot her Val ue returned by Fun terminates the traversal and isimmediately returned.

updat e_count er (Nane, Key, Increnent) -> Result

Types:
Name = tab_nane()
Key = term)
Increnent = {Pos, Incr} | Incr
Pos = Incr = Result = integer()

Updates the object with key Key stored in the table Name of typeset by adding | ncr to the element at the Pos:th
position. The new counter value is returned. If no position is specified, the element directly following the key is
updated.

This functions provides a way of updating a counter, without having to look up an object, update the object by
incrementing an element and insert the resulting object into the table again.

See Also
ets(3), mnesia(3), qglc(3)
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dict

Erlang module

Di ct implementsaKey - Val ue dictionary. The representation of adictionary is not defined.

This module provides exactly the same interface as the module or ddi ct . One difference is that while this module
considers two keys as different if they do not match (=: =), or ddi ct considers two keys as different if and only if
they do not compare equal (==).

Data Types

di ct (Key, Val ue)

Dictionary as returned by new/ 0.
dict() =dict(tern(), tern())

Exports

append(Key, Value, Dictl) -> Dict2
Types:
Dictl = Dict2 = dict(Key, Value)

This function appends anew Val ue to the current list of values associated with Key.

append_|ist(Key, VallList, Dictl) -> Dict2
Types:

Dictl = Dict2 = dict(Key, Value)

Val Li st = [ Val ue]

This function appends a list of values Val Li st to the current list of values associated with Key. An exception is
generated if theinitial value associated with Key isnot alist of values.

erase(Key, Dictl) -> Dict2
Types.
Dictl = Dict2 = dict(Key, Value)

This function erases al items with a given key from adictionary.

fetch(Key, Dict) -> Value
Types:
D ct = dict(Key, Value)

This function returns the value associated with Key in the dictionary Di ct . f et ch assumesthat the Key is present
in the dictionary and an exception is generated if Key isnot in the dictionary.

fetch_keys(Dict) -> Keys
Types.
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Di ct
Keys

dict(Key, Value :: tern())
[ Key]
Thisfunction returns alist of al keysin the dictionary.

filter(Pred, Dictl) -> Dict2

Types:
Pred = fun((Key, Value) -> boolean())
Dictl = Dict2 = dict(Key, Value)

Di ct 2 isadictionary of al keysand valuesin Di ct 1 for which Pr ed( Key, Val ue) istrue.

find(Key, Dict) -> {ok, Value} | error
Types:
D ct = dict(Key, Value)

This function searches for akey in adictionary. Returns{ ok, Val ue} where Val ue isthe value associated with
Key, or er r or if thekey isnot present in the dictionary.

fol d(Fun, AccO, Dict) -> Accl

Types.
Fun = fun((Key, Value, Accln) -> AccCut)
Dict = dict(Key, Value)
AccO = Accl = Accln = AccQut = Acc

Calls Fun on successive keys and values of Di ct together with an extraargument Acc (short for accumulator). Fun
must return a new accumulator which is passed to the next call. AccO isreturned if the dict is empty. The evaluation
order is undefined.

fromlist(List) -> Dict

Types:
Dict = dict(Key, Value)
Li st = [{Key, Val ue}]

This function convertsthe Key - Val ue list Li st to adictionary.

i s_key(Key, Dict) -> bool ean()
Types:

Dict = dict(Key, Value :: tern())
Thisfunction testsif Key is contained in thedictionary Di ct .

map(Fun, Dictl) -> Dict2

Types.
Fun = fun((Key, Valuel) -> Value2)
Dictl di ct (Key, Val uel)
Dict2 = dict(Key, Value2)

map calls Fun on successive keys and values of Di ct 1 to return a new value for each key. The evaluation order
is undefined.
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merge(Fun, Dictl, Dict2) -> Dict3
Types.
Fun = fun((Key, Valuel, Value2) -> Val ue)

Dictl = dict(Key, Valuel)
Dict2 = dict(Key, Value2)
D ct3 = dict(Key, Value)

nmer ge merges two dictionaries, Di ct 1 and Di ct 2, to create a new dictionary. All the Key - Val ue pairs from
both dictionaries are included in the new dictionary. If a key occurs in both dictionaries then Fun is called with the
key and both values to return anew value. ner ge could be defined as:

mer ge( Fun, D1, D2) ->
fold(fun (K, V1, D ->
update(K, fun (V2) -> Fun(K, V1, V2) end, V1, D)
end, D2, D1).

but isfaster.

new() -> dict()

This function creates a new dictionary.

size(Dict) -> integer() >= 0
Types.

Dict = dict()
Returns the number of elementsinaDbDi ct .

is_empty(Dict) -> bool ean()
Types:
Dict = dict()
Returnst r ue if Di ct hasno elements, f al se otherwise.

store(Key, Value, Dictl) -> Dict2

Types:
Dictl = Dict2 = dict(Key, Value)

This function stores a Key - Val ue pair in adictionary. If the Key already existsin Di ct 1, the associated value
isreplaced by Val ue.

to list(Dict) -> List

Types:
D ct = dict(Key, Value)
Li st = [{Key, Val ue}]

This function converts the dictionary to alist representation.

updat e(Key, Fun, Dictl) -> Dict2
Types:

Ericsson AB. All Rights Reserved.: STDLIB | 89



dict

Dictl = Dict2 = dict(Key, Value)
Fun = fun((Valuel :: Value) -> Value2 :: Val ue)

Update a value in a dictionary by calling Fun on the value to get a new value. An exception is generated if Key is
not present in the dictionary.

updat e(Key, Fun, Initial, Dictl) -> Dict2

Types:
Dictl = Dict2 = dict(Key, Value)
Fun = fun((Valuel :: Value) -> Value2 :: Val ue)
Initial = Val ue

Update avaluein adictionary by calling Fun on the value to get a new value. If Key is not present in the dictionary
thenl ni ti al will be stored asthefirst value. For example append/ 3 could be defined as:

append(Key, Val, D) ->
update(Key, fun (Ad) -> Add ++ [Val] end, [Val], D).

update_counter (Key, Increnent, Dictl) -> Dict2
Types:

Dictl = Dict2 = dict(Key, Value)

I ncrenment = nunber ()

Add | ncr enment to the value associated with Key and store this value. If Key is not present in the dictionary then
I ncr enent will be stored as thefirst value.

This could be defined as:

updat e_counter (Key, Incr, D) ->
updat e(Key, fun (dd) -> dd + Incr end, Incr, D).

but is faster.

Notes

The functions append and append_| i st are included so we can store keyed values in a list accumulator. For
example:

> D0 = dict:new),
DL = dict:store(files, [], DO),
D2 = dict:append(files, f1, D1),
D3 = dict:append(files, f2, D2),
D4 = dict:append(files, f3, D3),

dict:fetch(files, D4).
[f1,f2,f3]

This saves the trouble of first fetching a keyed value, appending a new value to the list of stored values, and storing
the result.

Thefunction f et ch should be used if the key is known to be in the dictionary, otherwisef i nd.
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See Also
gb_trees(3), orddict(3)
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digraph

Erlang module

The di gr aph module implements a version of labeled directed graphs. What makes the graphs implemented here
non-proper directed graphsis that multiple edges between vertices are allowed. However, the customary definition of
directed graphs will be used in the text that follows.

A directed graph (or just "digraph™) is a pair (V, E) of afinite set V of vertices and a finite set E of directed edges
(or just "edges"). The set of edges E is a subset of V x V (the Cartesian product of V with itself). In this module,
V is alowed to be empty; the so obtained unique digraph is called the empty digraph. Both vertices and edges are
represented by unique Erlang terms.

Digraphs can be annotated with additional information. Such information may be attached to the vertices and to the
edges of the digraph. A digraph which has been annotated is called alabeled digraph, and the information attached
to avertex or an edgeiscalled alabel. Labels are Erlang terms.

An edge e = (v, w) is said to emanate from vertex v and to be incident on vertex w. The out-degree of avertex isthe
number of edges emanating from that vertex. Thein-degree of avertex isthe number of edgesincident on that vertex.
If there is an edge emanating from v and incident on w, then w is said to be an out-neighbour of v, and v is said to be
an in-neighbour of w. A path P from v[1] to v[K] in adigraph (V, E) is a non-empty sequence v[1], v[2], ..., V[K] of
vertices in V such that there is an edge (v[i],v[i+1]) in E for 1 <=i < k. The length of the path Pisk-1. Pissimple
if al vertices are distinct, except that the first and the last vertices may be the same. P isacycle if the length of Pis
not zero and v[1] = v[K]. A loop is acycle of length one. A simple cycleis a path that is both acycle and ssmple. An
acyclic digraph is a digraph that has no cycles.

Data Types

d type() = d cyclicity() | d_protection()
d_cyclicity() = acyclic | cyclic

d protection() = private | protected
graph()

A digraph asreturned by new/ 0, 1.

edge()

| abel () = tern()
vertex()

Exports

add_edge(G V1, V2) -> edge() | {error, add_edge_err_rsn()}
add_edge(G V1, V2, Label) -> edge() | {error, add_edge_err_rsn()}

add_edge(G E, Vi, V2, Label) ->
edge() | {error, add_edge err_rsn()}

Types.
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G = graph()
E = edge()
V1 = V2 = vertex()
Label = | abel ()
add_edge_err _rsn() =
{bad_edge, Path :: [vertex()]} | {bad_vertex, V :: vertex()}

add_edge/ 5 creates (or modifies) the edge E of the digraph G, using Label asthe (new) label of the edge. The
edge is emanating from V1 and incident on V2. Returns E.

add_edge(G V1, V2, Label) isequivaenttoadd edge(G E, V1, V2, Label),whereEisa
created edge. The created edgeisrepresented by theterm [ ' $e' | N], where N isaninteger >= 0.
add_edge(G V1, V2) isequivalenttoadd_edge(G V1, V2, []).

If the edge would create acyclein an acyclic digraph, then{ error, {bad_edge, Path}} isreturned. If either
of V1 or V2 isnot avertex of thedigraph G then{error, {bad vertex, V}} isreturned,V=V1orV =V2.

add_vertex(Q -> vertex()
add_vertex(G V) -> vertex()
add_vertex(G V, Label) -> vertex()

Types.
G = graph()
V = vertex()
Label = | abel ()

add_vert ex/ 3 creates (or modifies) the vertex V of the digraph G, using Label asthe (new) labdl of the vertex.
Returns V.

add_vertex(G V) isequivdenttoadd _vertex(G, V, []).

add_vert ex/ 1 creates a vertex using the empty list as label, and returns the created vertex. The created vertex is
represented by theterm [ $v' | N], where N isaninteger >= 0.

del _edge(G E) -> true

Types:
G = graph()
E = edge()

Deletes the edge E from the digraph G

del _edges(G Edges) -> true
Types:
G = graph()
Edges = [edge()]
Deletesthe edgesin the list Edges from the digraph G.

del _path(G Vi, V2) -> true
Types:
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G = graph()
V1 = V2 = vertex()
Deletes edges from the digraph Guntil there are no paths from the vertex V1 to the vertex V2.

A sketch of the procedure employed: Find an arbitrary simple path v[1], v[2], ..., v[K] from V1 to V2 in G. Remove
all edges of Gemanating from v[i] and incident to v[i+1] for 1 <=i <k (including multiple edges). Repeat until there
is no path between V1 and V2.

del _vertex(G V) -> true

Types.
G = graph()
V = vertex()

Deletes the vertex V from the digraph G. Any edges emanating from V or incident on V are also deleted.

del _vertices(G Vertices) -> true
Types:
G = graph()
Vertices = [vertex()]
Deletesthe verticesinthelist Ver t i ces from the digraph G

delete(@ -> true
Types.
G = graph()

Deletes the digraph G This call is important because digraphs are implemented with ETS. There is no garbage
collection of ETS tables. The digraph will, however, be deleted if the process that created the digraph terminates.

edge(G E) -> {E, V1, V2, Label} | false

Types:
G = graph()
E = edge()
V1l = V2 = vertex()
Label = | abel ()

Returns{E, V1, V2, Label} wherelLabel isthelabel of the edge E emanating from V1 and incident on V2
of the digraph G. If there is no edge E of the digraph G, then f al se isreturned.

edges(Q -> Edges
Types:
G = graph()
Edges = [edge()]
Returns alist of all edges of the digraph G, in some unspecified order.

edges(G V) -> Edges
Types.
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G = graph()
V = vertex()
Edges = [edge()]
Returns alist of all edges emanating from or incident on V of the digraph G, in some unspecified order.

get _cycle(G V) -> Vertices | false

Types:
G = graph()
V = vertex()
Vertices = [vertex(), ...]
If thereisasimple cycle of length two or more through the vertex V, thenthecycleisreturned asalist[ V, ..., V]

of vertices, otherwiseif thereisaloop through V, then theloop isreturned asalist [ V] . If there are no cyclesthrough
V, thenf al se isreturned.

get _pat h/ 3 isused for finding asimple cycle through V.

get _path(G Vi, V2) -> Vertices | false

Types:
G = graph()
V1 = V2 = vertex()
Vertices = [vertex(), ...]

Tries to find a simple path from the vertex V1 to the vertex V2 of the digraph G Returns the path as a list
[V1, ..., V2] of vertices, or f al se if no simple path from V1 to V2 of length one or more exists.

The digraph Gistraversed in a depth-first manner, and the first path found is returned.

get _short_cycle(G V) -> Vertices | fal se

Types:
G = graph()
V = vertex()
Vertices = [vertex(), ...]

Tries to find an as short as possible simple cycle through the vertex V of the digraph G. Returns the cycle as a list
[V, ..., V] of vertices, or f al se if no simple cycle through V exists. Note that a loop through V is returned
asthelist[V, V].

get _short _pat h/ 3 isused for finding a simple cycle through V.

get _short_path(G V1, V2) -> Vertices | false

Types:
G = graph()
V1 = V2 = vertex()
Vertices = [vertex(), ...]

Triesto find an as short as possible simple path from the vertex V1 to the vertex V2 of the digraph G. Returnsthe path
asalist[ V1, ..., V2] of vertices, or f al se if no simple path from V1 to V2 of length one or more exists.

The digraph Gistraversed in a breadth-first manner, and the first path found is returned.
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in_degree(G V) -> integer() >=0

Types.
G = graph()
V = vertex()

Returns the in-degree of the vertex V of the digraph G

i n_edges(G V) -> Edges

Types:
G = graph()
V = vertex()

Edges = [edge()]
Returns alist of all edgesincident on V of the digraph G, in some unspecified order.

i n_nei ghbours(G V) -> Vertex

Types:
G = graph()
V = vertex()

Vertex = [vertex()]
Returnsalist of al in-neighbours of V of the digraph G, in some unspecified order.

info(G -> Infolist

Types:
G = graph()
I nfoList =
[{cyclicity, Cyclicity :: d_cyclicity()} |
{menmory, NoWords :: integer() >= 0} |
{protection, Protection :: d_protection()}]

d_cyclicity() = acyclic | cyclic
d_protection() = private | protected
Returnsalist of { Tag, Val ue} pairsdescribing the digraph G The following pairs are returned:

e {cyclicity, Cyclicity},whereCyclicityiscyclicoracycli c,according tothe optionsgiven
tonew.
« {nenory, NoWrds}, where NoWbr ds isthe number of words allocated to the ETS tables.

« {protection, Protection},whereProtectionisprotectedorprivat e,accordingtotheoptions
givento new.

new() -> graph()
Equivalenttonew([]) .

new( Type) -> graph()
Types.
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Type = [d_type()]
d_type() = d_cyclicity() | d_protection()
d cyclicity() = acyclic | cyclic
d_protection() = private | protected
Returns an empty digraph with properties according to the optionsin Ty pe:

cyclic
Allow cyclesin the digraph (default).
acyclic
The digraph is to be kept acyclic.
pr ot ect ed
Other processes can read the digraph (default).
private
The digraph can be read and modified by the creating process only.

If an unrecognized type option T isgiven or Type is not a proper list, there will be abadar g exception.

no_edges(G -> integer() >= 0
Types:

G = graph()
Returns the number of edges of the digraph G

no_vertices(QG -> integer() >=0
Types:

G = graph()
Returns the number of vertices of the digraph G

out _degree(G V) ->integer() >=0

Types:
G = graph()
V = vertex()

Returns the out-degree of the vertex V of the digraph G

out _edges(G V) -> Edges

Types.
G = graph()
V = vertex()

Edges = [edge()]

Returns alist of all edges emanating from V of the digraph G, in some unspecified order.

out _nei ghbours(G V) -> Vertices
Types.

G = graph()

V = vertex()

Vertices = [vertex()]

Returns alist of all out-neighbours of V of the digraph G, in some unspecified order.
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vertex(G V) -> {V, Label} | false

Types.
G = graph()
V = vertex()
Label = | abel ()

Returns{V, Label } where Label isthe label of the vertex V of the digraph G or f al se if there is no vertex
V of the digraph G.

vertices(G@ -> Vertices
Types:
G = graph()
Vertices = [vertex()]
Returnsalist of al vertices of the digraph G, in some unspecified order.

See Also
digraph_utils(3), ets(3)
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digraph_utils

Erlang module

The di graph_ut i | s module implements some agorithms based on depth-first traversal of directed graphs. See
thedi gr aph module for basic functions on directed graphs.

A directed graph (or just "digraph") isapair (V, E) of afiniteset V of vertices and afinite set E of directed edges (or
just "edges"). The set of edges E isasubset of V x V (the Cartesian product of V with itself).

Digraphs can be annotated with additional information. Such information may be attached to the vertices and to the
edges of the digraph. A digraph which has been annotated is called a labeled digraph, and the information attached
to avertex or an edgeiscalled alabel.

Anedgee= (v, w) issaid to emanate from vertex v and to be incident on vertex w. If there is an edge emanating from
v and incident on w, then w is said to be an out-neighbour of v, and v is said to be an in-neighbour of w. A path P
from v[1] to v[K] in adigraph (V, E) isanon-empty sequence v[1], v[2], ..., V[K] of verticesin V such that thereisan
edge (v[i],v[i+1]) in Efor 1 <=i < k. Thelength of the path Pisk-1. Pisacycleif the length of Pis not zero and v[1]
=v[K]. A loop isacycle of length one. An acyclic digraph is a digraph that has no cycles.

A depth-first traversal of adirected digraph can be viewed as a process that visits all vertices of the digraph. Initially,
all vertices are marked as unvisited. The traversal starts with an arbitrarily chosen vertex, which is marked as visited,
and follows an edge to an unmarked vertex, marking that vertex. The search then proceeds from that vertex in the same
fashion, until there is no edge leading to an unvisited vertex. At that point the process backtracks, and the traversal
continues as long asthere are unexamined edges. If there remain unvisited verticeswhen all edgesfrom thefirst vertex
have been examined, some hitherto unvisited vertex is chosen, and the process is repeated.

A partial ordering of aset Sisatransitive, antisymmetric and reflexive rel ation between the objects of S. The problem
of topological sorting isto find atotal ordering of Sthat isa superset of the partial ordering. A digraph G = (V, E) is
equivalent to arelation E on V (we neglect the fact that the version of directed graphs implemented in the di gr aph
modul e allows multiple edges between vertices). If the digraph has no cycles of length two or more, then the reflexive
and transitive closure of E isapartia ordering.

A subgraph G' of G is adigraph whose vertices and edges form subsets of the vertices and edges of G. G' is maximal
with respect to aproperty Pif all other subgraphsthat include the vertices of G' do not have the property P. A strongly
connected component is a maximal subgraph such that there is a path between each pair of vertices. A connected
component is a maximal subgraph such that there is a path between each pair of vertices, considering all edges
undirected. An arborescence is an acyclic digraph with a vertex V, the root, such that there is a unique path from V
to every other vertex of G. A treeisan acyclic non-empty digraph such that there is a unique path between every pair
of vertices, considering all edges undirected.

Data Types

di graph()
A digraph asreturned by di gr aph: new/ 0, 1.

Exports

arborescence_root (D graph) -> no | {yes, Root}
Types:
Di graph = di graph: graph()
Root = di graph: vertex()
Returns{yes, Root} if Root istheroot of the arborescence Di gr aph, no otherwise.
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conponent s(Di graph) -> [ Conponent ]
Types.
Di graph = di graph: graph()
Conponent = [di graph: vertex()]

Returns alist of connected components. Each component is represented by its vertices. The order of the vertices and
the order of the components are arbitrary. Each vertex of the digraph Di gr aph occurs in exactly one component.

condensati on(Di graph) -> CondensedDi graph
Types:
Di graph = CondensedDi graph = di graph: graph()
Creates a digraph where the vertices are the strongly connected components of Di gr aph as returned by
strong_conponent s/ 1. 1f X and Y are two different strongly connected components, and there exist vertices x

andyin X and Y respectively such that there is an edge emanating from x and incident on y, then an edge emanating
from X and incident on Y is created.

The created digraph has the same type as Di gr aph. All vertices and edges have the default label [ ] .

Each and every cycle is included in some strongly connected component, which implies that there aways exists a
topological ordering of the created digraph.

cyclic_strong conponents(Di graph) -> [StrongConponent]
Types:
Di graph = di graph: graph()
St rongConponent = [di graph: vertex()]
Returnsalist of strongly connected components. Each strongly component is represented by its vertices. The order of

the vertices and the order of the components are arbitrary. Only vertices that are included in some cyclein Di gr aph
are returned, otherwise the returned list is equal to that returned by st r ong_conponent s/ 1.

i s_acyclic(Di graph) -> bool ean()
Types:
Di graph = di graph: graph()
Returnst r ue if and only if the digraph Di gr aph isacyclic.

i s_arborescence(D graph) -> bool ean()
Types:
Di graph = di graph: graph()
Returnst r ue if and only if the digraph Di gr aph isan arborescence.

is_tree(Di graph) -> bool ean()
Types:
Di graph = di graph: graph()
Returnst r ue if and only if the digraph Di gr aph isatree.

| oop_vertices(Digraph) -> Vertices
Types:
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Di graph = di graph: graph()
Vertices = [digraph:vertex()]
Returnsalist of all verticesof Di gr aph that are included in some loop.

post order (Di graph) -> Vertices
Types:
Di graph = di graph: graph()
Vertices = [digraph:vertex()]
Returns all vertices of the digraph Di gr aph. The order is given by a depth-first traversal of the digraph, collecting

visited vertices in postorder. More precisely, the vertices visited while searching from an arbitrarily chosen vertex are
collected in postorder, and al those collected vertices are placed before the subsequently visited vertices.

preorder (Di graph) -> Vertices
Types:
Di graph = di graph: graph()
Vertices = [digraph:vertex()]

Returns all vertices of the digraph Di gr aph. The order is given by a depth-first traversal of the digraph, collecting
visited verticesin pre-order.

reachabl e(Vertices, Digraph) -> Reachabl e
Types.

Di graph = di graph: graph()

Vertices = Reachable = [digraph:vertex()]

Returns an unsorted list of digraph vertices such that for each vertex inthelist, thereisapathin Di gr aph from some
vertex of Ver ti ces to the vertex. In particular, since paths may have length zero, the vertices of Verti ces are
included in the returned list.

reachabl e_nei ghbours(Vertices, Digraph) -> Reachabl e
Types.

Di graph = di graph: graph()

Vertices = Reachable = [digraph:vertex()]

Returns an unsorted list of digraph vertices such that for each vertex in thelist, thereisapath in Di gr aph of length
one or more from some vertex of Ver t i ces to the vertex. As a consequence, only those verticesof Ver t i ces that
are included in some cycle are returned.

reachi ng(Vertices, Digraph) -> Reaching
Types.

Di graph = di graph: graph()

Vertices = Reaching = [digraph:vertex()]

Returns an unsorted list of digraph vertices such that for each vertex in the list, there is a path from the vertex to
some vertex of Ver ti ces. In particular, since paths may have length zero, the vertices of Ver ti ces are included
in the returned list.
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reachi ng_nei ghbours(Vertices, Digraph) -> Reaching
Types.

Di graph = di graph: graph()

Vertices = Reaching = [digraph:vertex()]

Returns an unsorted list of digraph vertices such that for each vertex in the list, there is a path of length one or more
from the vertex to some vertex of Ver t i ces. Asaconsequence, only those verticesof Ver t i ces that areincluded
in some cycle are returned.

strong_conponent s(Di graph) -> [ StrongConponent ]
Types:
Di graph = di graph: graph()
St rongConponent = [di graph: vertex()]
Returns alist of strongly connected components. Each strongly component is represented by its vertices. The order

of the vertices and the order of the components are arbitrary. Each vertex of the digraph Di gr aph occursin exactly
one strong component.

subgr aph(Di graph, Vertices) -> SubG aph
subgraph(Di graph, Vertices, Options) -> SubG aph
Types.
Di graph = SubG aph = di graph: graph()
Vertices = [digraph:vertex()]
Options = [{type, SubgraphType} | {keep_l abels, bool ean()}]
SubgraphType = inherit | [digraph:d_type()]
Creates a maximal subgraph of Di gr aph having as vertices those vertices of Di gr aph that are mentioned in
Verti ces.

If thevalue of theoptiont ype isi nheri t , whichisthe default, then thetype of Di gr aph is used for the subgraph
aswell. Otherwise the option value of t ype isused asargument to di gr aph: new/ 1.

If the value of the option keep_| abel s istr ue, which is the default, then the labels of vertices and edges of
Di gr aph areused for the subgraph aswell. If thevalueisf al se, thenthedefaultlabel, [ ] , isused for the subgraph's
vertices and edges.

subgraph(Di graph, Vertices) isequivaenttosubgraph(Di graph, Vertices, []).

Therewill beabadar g exception if any of the arguments are invalid.

topsort (Di graph) -> Vertices | false
Types:
Di graph = di graph: graph()
Vertices = [digraph:vertex()]

Returns atopological ordering of the vertices of the digraph Di gr aph if such an ordering exists, f al se otherwise.
For each vertex in the returned list, there are no out-neighbours that occur earlier in thelist.

See Also
digraph(3)
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epp

Erlang module

The Erlang code preprocessor includes functions which are used by conpi | e to preprocess macros and include files
before the actual parsing takes place.

The Erlang source file encoding is selected by a comment in one of the first two lines of the source file. The first
string that matches the regular expression codi ng\ s*[: =] \ s* ([ - a- zA- Z0- 9] ) + selects the encoding. If the
matching string is not a valid encoding it is ignored. The valid encodings are Lat i n- 1 and UTF- 8 where the case
of the characters can be chosen freely. Examples:

%% codi ng: utf-8

%6 For this file we have chosen encoding = Latin-1

%o -*- coding: latin-1 -*-

Data Types

macros() = [aton() | {atom(), term()}]
epp_handl e() = pid()

Handle to the epp server.

source_encoding() = latinl | utf8

Exports

open(Options) ->
{ok, Epp} | {ok, Epp, Extra} | {error, ErrorDescriptor}

Types.
Options =
[{defaul t _encoding, DefEncoding :: source_encoding()} |
{includes, IncludePath :: [DirectoryNane :: file:name()]} |
{macros, PredefMacros :: macros()} |
{name, FileNane :: file:name()} |
extra]

Epp = epp_handl e()
Extra 