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1.1 Introduction

1 STDLIB User's Guide

1.1 Introduction

1.1.1 Scope

The Standard Erlang Libraries application, STDLIB, is mandatory in the sense that the minimal system based on
Erlang/OTP consists of STDLIB and Kernel.

STDLIB contains the following functional aress:

e Erlang shell

e Command interface

e Query interface

* Interfaceto standard Erlang /O servers

« Interfaceto the Erlang built-in term storage BIFs

* Regular expression matching functions for strings and binaries
e Finite state machine

e Event handling

*  Functionsfor the server of aclient-server relation

e Function to control applicationsin a distributed manner

e Start and control of slave nodes

e Operations on finite sets and relations represented as sets
e Library for handling binary data

»  Disk-based term storage

e List processing

* Mapsprocessing

1.1.2 Prerequisites

It is assumed that the reader is familiar with the Erlang programming language.

1.2 The Erlang I/O Protocol

The 1/O protocol in Erlang enables bi-directional communication between clients and servers.

e Thel/O serverisaprocessthat handlesthe requests and performsthe requested task on, for example, an 1/O device.
* Theclientisany Erlang process wishing to read or write data from/to the 1/O device.

The common 1/0 protocol has been present in OTP since the beginning, but has been undocumented and has also
evolved over the years. In an addendum to Robert Virding's rationale, the original 1/O protocol is described. This
section describes the current 1/O protocol.

Theoriginal 1/0 protocol was simple and flexible. Demandsfor memory efficiency and execution time efficiency have
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 is too complex, but this section describes how
it looks today, not how it should have looked.
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The basic ideas from the origina protocol still hold. The 1/0 server and client communicate with one single, rather
simplistic protocol and no server stateis ever present in the client. Any 1/O server can be used together with any client
code, and the client code does not need to be aware of the I/O device that the 1/O server communicates with.

1.2.1 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 tupleto the I/O server and the server eventually sendsacorrespondingi o_r epl y
tuple.

 Fromisthepi d() of the client, the process which the I/O server sends the I/O reply to.

* Repl yAs can be any datum and is returned in the corresponding i o_r epl y. Thei o module monitors the the
I/0 server and uses the monitor reference as the Repl yAs datum. A more complicated client can have many
outstanding 1/0 regqueststo the same /O server and can use different references (or something el se) to differentiate
among the incoming 1/0 replies. Element Repl yAs isto be considered opaque by the 1/O server.

Noticethat the pi d() of the I/O server is not explicitly presentin tuplei o_r epl y. Thereply can be sent from
any process, not necessarily the actual 1/0 server.
 Request and Repl y are described below.

When an 1/O server receives an i 0_r equest tuple, it acts upon the Request part and eventually sends an
i o_reply tuplewith the corresponding Repl y part.

1.2.2 Output Requests

To output characters on an 1/0 device, the following Request sexist:

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

 Encodi ngisuni code orl ati nl, meaning that the characters are (in case of binaries) encoded as UTF-8 or
ISO Latin-1 (pure bytes). A well-behaved /O server is also to return an error indication if list elements contain
integers > 255 when Encodi ngissettol ati nl.

Notice that this does not in any way tell how characters are to be put on the 1/O device or handled by the I/O
server. Different 1/O servers can handle the characters however they want, this only tells the I/O server which
format the data is expected to have. In the Modul e/Funct i on/Ar gs case, Encodi ng tells which format the
designated function produces.

Notice also that byte-oriented datais simplest sent using the 1SO Latin-1 encoding.

e Charact ers are the data to be put on the I/O device. If Encodi ng isl ati nl, thisisaniolist().If
Encodi ng is uni code, this is an Erlang standard mixed Unicode list (one integer in a list per character,
charactersin binaries represented as UTF-8).

e Modul e,Functi on,and Ar gs denoteafunctionthat iscalled to producethedata(likei o_I i b: f or mat / 2).

Ar gs isalist of arguments to the function. The function is to produce data in the specified Encodi ng. The I/
O server isto call thefunction asappl y( Mod, Func, Args) and put the returned data on the I/O device as
ifitwassentina{put _chars, Encodi ng, Characters} request. If the function returns anything else
than abinary or list, or throws an exception, an error isto be sent back to the client.

The /O server repliesto the client withani o_r epl y tuple, where element Repl y isone of:
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1.2 The Erlang I/O Protocol

ok
{error, Error}

e Error describesthe error to the client, which can do whatever it wants with it. Thei o moduletypically
returnsit "asis".

1.2.3 Input Requests

To read characters from an 1/0O device, the following Request sexist:

{get until, Encoding, Prompt, Module, Function, ExtraArgs}

* Encodi ng denotes how data is to 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 a list, the data is converted to this
encoding. If the function supplied returns data in 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 ati nl, listsof integers0. . 255 or binaries containing plain bytes are sent back to the client
when possible. If Encodi ng isuni code, listswith integers in the whole Unicode range or binaries encoded in
UTF-8 are sent to the client. The user-supplied function always sees lists of integers, never binaries, but the list
can contain numbers > 255 if 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 I/O
device. Pr onpt isoftenignored by the /O server; if setto' ', it isawaysto beignored (and results in nothing
being written to the 1/0 device).
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 Mbodul e, Functi on, and Ext r aAr gs denote a function and arguments to determine when enough data is
written. The function is to take two more arguments, the last state, and a list of characters. The function is to
return one of:

{done, Result, RestChars}
{more, Continuation}

Resul t canbeany Erlangterm, butifitisal i st () ,thel/O server canconvertittoabi nar y() of appropriate
format before returning it to the client, if the 1/0 server is set in binary mode (see below).

The function is called with the data the 1/O server finds on its 1/O device, returning one of:

e {done, Result, RestChars} whenenoughdataisread. InthiscaseResul t issent totheclient and
Rest Char s iskept in the I/O server as a buffer for later input.

« {nore, Continuation},whichindicatesthat more characters are needed to complete the request.

Cont i nuat i on is sent as the state in later cals to the function when more characters are available. When no
more characters are available, the function must return { done, eof, Rest}. Theinitia state is the empty
list. The datawhen an end of fileis reached on the |O device isthe atom eof .

An emulation of theget _| i ne request can be (inefficiently) implemented using the following functions:

-module(demo) .
-export([until newline/3, get line/1]).

until newline( ThisFar,eof, MyStopCharacter) ->
{done,eof, [1};
until newline(ThisFar,CharList,MyStopCharacter) ->
case
lists:splitwith(fun(X) -> X =/= MyStopCharacter end, CharList)
of
{L, 11} ->
{more,ThisFar++L};
{L2, [MyStopCharacter|Rest]} ->
{done, ThisFar++L2++[MyStopCharacter],Rest}
end.

get line(IoServer) ->
IoServer ! {io request,

self(),
IoServer,
{get until, unicode, '', ?MODULE, until newline, [$\n]}},
receive
{io_reply, IoServer, Data} ->
Data
end.

Noticethat thelast element in the Request tuple ([ $\ n] ) is appended to the argument list when the functionis
called. Thefunctionistobecalledlikeappl y( Modul e, Function, [ State, Data | ExtraArgs ])
by the 1/O server.

A fixed number of charactersis requested using the following Request :

{get chars, Encoding, Prompt, N}

e« Encodi ng and Pronpt asforget _until.
¢ Nisthe number of charactersto be read from the I/O device.

A singleline (asin former example) is requested with the following Request :
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{get line, Encoding, Prompt}
* Encodi ng and Pronpt asforget _until.

Clearly, get _chars and get _| i ne could be implemented with the get _unt i | request (and indeed they were
originaly), but demands for efficiency have made these additions necessary.

The 1/O server repliesto the client with ani o_r epl y tuple, where element Repl vy is one of:

Data
eof
{error, Error}

» Dat aisthecharactersread, in list or binary form (depending on the 1/O server mode, see the next section).
e eof isreturned when input end is reached and no more data is available to the client process.

e Error describesthe error to the client, which can do whatever it wants with it. Thei o module typically returns
itasis.

1.2.4 1/O Server Modes

Demands for efficiency when reading data from an /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 1/0 server options. No options are mandatory to implement,
but al 1/O servers in the Erlang standard libraries honor the bi nar y option, which alows element Dat a of the
i 0_reply tupleto be abinary instead of alist when possible. If the data is sent as a binary, Unicode data is sent
in the standard Erlang Unicode format, that is, UTF-8 (notice that the function of theget _unti | request till gets
list data regardless of the 1/0O server mode).

Notice that the get _unti | request alows for a function with the data specified as aways being a list. Also, the
return value data from such afunction can be of any type (asisindeed the casewhen ani o: f r ead/ 2, 3 request is
senttoan 1/0 server). The client must be prepared for data received as answersto those requeststo bein variousforms.
However, the I/O server isto convert the results to binaries whenever possible (that is, when the function supplied to
get _until returnsalist). Thisisdonein the examplein section An Annotated and Working Example 1/0 Server.

An |/O server in binary mode affects the data sent to the client, so that it must be able to handle binary data. For
convenience, the modes of an I/O server can be set and retrieved using the following I/O requests:

{setopts, Opts}
e Optsisalist of optionsin the format recognized by the pr opl i st s module (and by the 1/0 server).
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)

Options bi nary and encodi ng are common for al 1/0 serversin OTP, while echo and expand are valid only
for this1/O server. Option uni code notifies how characters are put on the physical 1/0 device, that is, if the terminal
itself is Unicode-aware. It does not affect how characters are sent in the 1/O protocol, where each request contains
encoding information for the provided or returned data.

The 1/O server isto send one of the following as Repl y:
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ok
{error, Error}

An error (preferably enot sup) is to be expected if the option is not supported by the I/O server (like if an echo
optionissentinaset opt s request to aplain file).

To retrieve options, the following request is used:

getopts

This request asks for acomplete list of al options supported by the I/O server aswell astheir current values.
The I/O server replies:

OptlList
{error, Error}

e OptlList isalist of tuples{ Opti on, Val ue}, where Opti on awaysisan atom.

1.2.5 Multiple I/0 Requests

The Request element can initself contain many Request s by using the following format:

{requests, Requests}

« Requestsisalistof vaidi o_request tuplesfor the protocol. They must be executed in the order that
they appear in the list. The execution isto continue until one of the requests resultsin an error or the list is
consumed. The result of the last request is sent back to the client.

Thel/O server can, for alist of requests, send any of the following valid resultsin the reply, depending on the requests
inthelist:

ok

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

1.2.6 Optional I/0O Request

The following I/O request is optional to implement and a client isto be prepared for an error return:

{get geometry, Geometry}
e Ceonetry istheatomr ows or theatom col umms.
The 1/O server isto send the Repl y as:

{ok, N}
{error, Error}

* Nisthe number of character rows or columns that the 1/O device has, if applicable to the 1/O device handled by
the 1/O server, otherwise{ er r or, enot sup} isagood answer.
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1.2.7 Unimplemented Request Types

If an 1/O server encounters a request that it does not recognize (that is, thei o_r equest tuple has the expected
format, but the Request isunknown), the I/O server isto send avalid reply with the error tuple;

{error, request}

This makes it possible to extend the protocol with optional requests and for the clients to be somewhat backward
compatible.

1.2.8 An Annotated and Working Example I/O Server

An 1/O server is any process capable of handling the I/O protocol. There is no generic 1/0 server behavior, but could
well be. The framework is ssimple, a process handling incoming requests, usualy both 1/O-requests and other 1/0
device-specific requests (positioning, closing, and so on).

The example 1/O server stores charactersin an ETS table, making up afairly crude RAM file.
The module begins with the usua directives, afunction to start the I/O server and a main loop handling the requests:

-module(ets io server).
-export([start link/0, init/@, loop/1, until newline/3, until enough/31]).
-define(CHARS PER REC, 10).

-record(state, {
table,
position, % absolute
mode % binary | list
b

start _link() ->
spawn_link(?MODULE,init,[]).

init() ->
Table = ets:new(noname, [ordered set]),

?MODULE: loop (#state{table = Table, position 0, mode=list}).

loop(State) ->
receive
{io_request, From, ReplyAs, Request} ->
case request(Request,State) of
{Tag, Reply, NewState} when Tag =:= ok; Tag =:
reply(From, ReplyAs, Reply),
?MODULE: loop (NewState);
{stop, Reply, NewState} ->
reply(From, ReplyAs, Reply),
exit(Reply)
end;
%% Private message
{From, rewind} ->
From ! {self(), ok},
?MODULE: loop (State#state{position = 0});
_Unknown ->
?MODULE: loop(State)
end.

error ->

The main loop receives messages from the client (which can usethethei o moduleto send requests). For each request,
thefunction r equest / 2 iscalled and areply is eventually sent using functionr epl y/ 3.
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1.2 The Erlang 1/O Protocol

The "private" message { From rewi nd} results in the current position in the pseudo-file to be reset to 0 (the
beginning of the "file"). Thisis atypical example of 1/0O device-specific messages not being part of the 1/O protocol.
It isusually abad ideato embed such private messagesini o_r equest tuples, asthat can confuse the reader.

First, we examine the reply function:

reply(From, ReplyAs, Reply) ->
From ! {io reply, ReplyAs, Reply}.

It sendsthei o_r epl y tuple back to the client, providing element Repl yAs received in the request along with the
result of the request, as described earlier.

We need to handle some requests. First the requests for writing characters:

request({put_chars, Encoding, Chars}, State) ->
put_chars(unicode:characters to list(Chars,Encoding),State);
request({put _chars, Encoding, Module, Function, Args}, State) ->
try
request({put_chars, Encoding, apply(Module, Function, Args)}, State)
catch
i ->
{error, {error,Function}, State}
end;

The Encodi ng says how the characters in the request are represented. We want to store the characters as listsin
the ETS table, so we convert them to lists using function uni code: characters_to | i st/ 2. The conversion
function conveniently accepts the encoding typesuni code and| at i n1, so we can use Encodi ng directly.

When Modul e, Functi on, and Ar gunent s are provided, we apply it and do the same with the result as if the
data was provided directly.

We handle the requests for retrieving data:

request({get until, Encoding, Prompt, M, F, As}, State) ->
get until(Encoding, M, F, As, State);
request({get chars, Encoding, Prompt, N}, State) ->
%% To simplify the code, get chars is implemented using get until
get until(Encoding, ?MODULE, until enough, [N], State);
request({get line, Encoding, Prompt}, State) ->
%% To simplify the code, get line is implemented using get until
get until(Encoding, ?MODULE, until newline, [$\n], State);

Herewe have cheated alittle by more or lessonly implementingget _unt i | and using internal hel persto implement
get _chars and get _I i ne. In production code, this can be inefficient, but that depends on the frequency of the
different requests. Before we start implementing functionsput _char s/ 2 andget _unti | / 5, weexaminethefew
remaining requests:

request({get geometry, }, State) ->
{error, {error,enotsup}, State};
request({setopts, Opts}, State) ->
setopts(Opts, State);
request(getopts, State) ->
getopts(State);
request({requests, Reqs}, State) ->
multi request(Reqs, {ok, ok, State});

Request get _geonet r y hasno meaning for this1/O server, sothereplyis{ error, enot sup}.Theonly option
we handleisbi nar y/l i st , whichisdonein 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.

{error, request} must bereturned if the request is not recognized:
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request( Other, State) ->
{error, {error, request}, State}.

Next we handle the different requests, first the fairly generic multi-request type:

multi request([R|Rs], {ok, Res, State}) ->
multi request(Rs, request(R, State));
multi request([ | 1, Error) ->
Error;
multi request([], Result) ->
Result.

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 function

io_reply).
Requests get opt s and set opt s are also simpleto handle. We only change or read the state record:

setopts(Opts0,State) ->
Opts = proplists:unfold(
proplists:substitute negations(
[{list,binary}],
Opts0)),
case check valid opts(Opts) of
true ->
case proplists:get value(binary, Opts) of
true ->
{ok,ok,State#state{mode=binary}};
false ->
{ok,ok,State#state{mode=binary}};
->
{ok,ok,State}
end;
false ->
{error,{error,enotsup},State}
end.
check valid opts([]) ->
true;
check valid opts([{binary,Bool}|T]) when is boolean(Bool) ->
check valid opts(T);
check valid opts( ) ->
false.

getopts (#state{mode=M} = S) ->
{ok, [{binary, case M of
binary ->
true;
>

e
end}],S}.

As a convention, al 1/0O servers handle both {setopts, [binary]}, {setopts, [list]}, and

{setopts,[{binary, boolean()}]}, hencethetrick with proplists:substitute_negations/2

and propl i st s: unfol d/ 1. If invalid options are sent to us, wesend { err or, enot sup} back to theclient.

Request get opt s istoreturnalistof { Opt i on, Val ue} tuples. This hasthe twofold function of providing both
the current values and the available options of this1/O server. We have only one option, and hence return that.

So far this I/O server is fairly generic (except for request r ewi nd handled in the main loop and the creation of an
ETStable). Most I/O servers contain code similar to this one.

To make the example runnable, we start implementing the reading and writing of the datato/from the ETS table. First
function put _char s/ 3:
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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, C) 1,
{ok, ok, State#state{position = (P + length(Chars))}}.

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

Now we want to read data from the table. Function get _unt i | / 5 reads data and applies the function until it says
that it is done. The result is sent back to the client:

get until(Encoding, Mod, Func, As,
#state{position = P, mode = M, table = T} = State) ->
case get loop(Mod,Func,As,T,P,[]) of
{done,Data, ,NewP} when is binary(Data); is list(Data) ->
if
M =:= binary ->
{ok,
unicode:characters to binary(Data, unicode, Encoding),
State#state{position = NewP}};
true ->
case check(Encoding,
unicode:characters to list(Data, unicode))
of
{error, } =E ->
{error, E, State};
List ->
{ok, List,
State#state{position = NewP}}
end
end;
{done,Data, ,NewP} ->
{ok, Data, State#state{position = NewP}};
Error ->
{error, Error, State}
end.

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

Hereweaso handlethemode (bi nary orl i st)that canbeset by request set opt s. By default, all OTP1/O servers
send data back to the client as lists, but switching mode to bi nar y can increase efficiency if the I/O server handles
it in an appropriate way. The implementation of get _unt i | isdifficult to get efficient, as the supplied function is
defined to take lists as arguments, but get _char s and get _| i ne can be optimized for binary mode. However,
this example does not optimize anything.

It is important though that the returned datais of the correct type depending on the options set. We therefore convert
the lists to binaries in the correct encoding if possible before returning. The function supplied in the get _unt i |

request tuple can, asitsfinal result return anything, so only functions returning lists can get them converted to binaries.
If the request contains encoding tag uni code, thelists can contain al Unicode code points and the binaries are to be
inUTF-8. If theencodingtagisl at i nl,theclientisonly to get charactersintherangeO. . 255. Functioncheck/ 2
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takes care of not returning arbitrary Unicode code points in lists if the encoding was specified as| ati nl. If the
function does not return alist, the check cannot be performed and the result is that of the supplied function untouched.

To manipulate the table we implement the following utility functions:

check(unicode, List) ->
List;

check(latinl, List) ->
try

[ throw(not unicode) || X <- List,

X > 2551,

List
catch

throw: ->

{error, {cannot convert, unicode, latinl}}

end.

The function check provides an error tuple if Unicode code points > 255 are to be returned if the client requested
latinl.

The two functions until _new ine/3 and until_enough/ 3 are helpers used together with function
get _until/5toimplement get _chars andget _I i ne (inefficiently):

until newline([],eof, MyStopCharacter) ->
{done,eof, [1};

until newline(ThisFar,eof, MyStopCharacter) ->
{done, ThisFar,[1};

until newline(ThisFar,CharList,MyStopCharacter) ->
case

lists:splitwith(fun(X) -> X =/= MyStopCharacter end, CharList)

of

{L, 11} ->

{more,ThisFar++L};
{L2, [MyStopCharacter|Rest]} ->
{done,ThisFar++L2++[MyStopCharacter],Rest}

end.

until enough([],eof, N) ->
{done,eof,[]1};

until enough(ThisFar,eof, N) ->
{done, ThisFar, [1};

until enough(ThisFar,CharList,N)

when length(ThisFar) + length(CharList) >= N ->

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

until enough(ThisFar,CharList, N) ->
{more,ThisFar++CharList}.

As can be seen, the functions above are just the type of functions that are to be providedinget _unt i | requests.
To complete the I/O server, we only need to read and write the table in an appropriate way:
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get(P,Tab) ->
R = P div ?CHARS PER REC,
C = P rem ?CHARS PER REC,
case ets:lookup(Tab,R) of
[1->
{P,eof};
[{R,List}] ->
case my split(C,List,[]) of
{11} ->
{P+length(List),eof};
{ ,Data} ->
{P+length(Data),Data}
end
end.

my split(0,Left,Acc) ->
{lists:reverse(Acc),Left};
my split( ,[],Acc) ->
{lists:reverse(Acc),[1};
my split(N,[H|T],Acc) ->
my split(N-1,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) 1.

apply update(Table, {Row, Col, List}) ->
case ets:lookup(Table,Row) of
[1->
ets:insert(Table, {Row, lists:duplicate(Col,0) ++ List});
[{Row, OldData}] ->
{Partl, } = my split(Col,OldData,[]),
{ ,Part2} = my split(Col+length(List),0ldData,[]),
ets:insert(Table,{Row, Partl ++ List ++ Part2})
end.

The table is read or written in chunks of ?CHARS PER REC, overwriting when necessary. The implementation is
clearly not efficient, it isjust working.

This concludes the example. It isfully runnable and you can read or write to the 1/O server by using, for example, the
i 0 module or eventhef i | e module. Itisassimple asthat to implement afully fledged I/O server in Erlang.

1.3 Using Unicode in Erlang

1.3.1 Unicode Implementation

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

Hereis an overview what has been done so far:

*  Thefunctionality described in EEP10 was implemented in Erlang/OTP R13A.

e Erlang/OTP R14B01 added support for Unicode filenames, but it was not complete and was by default disabled
on platforms where no guarantee was given for the filename encoding.

*  With Erlang/OTP R16A came support for UTF-8 encoded source code, with enhancements to many of
the applications to support both Unicode encoded filenames and support for UTF-8 encoded files in many
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circumstances. Most notableisthe support for UTF-8infilesread by f i | e: consul t / 1, release handler support
for UTF-8, and more support for Unicode character setsin the I/O system.

e InErlang/OTP 17.0, the encoding default for Erlang source files was switched to UTF-8.

e InErlang/OTP 20.0, atoms and function can contain Unicode characters. Module names, application names, and
node names are still restricted to the ISO Latin-1 range.

Support was added for normalizations formsin uni code and the st r i ng module now handles utf8-encoded
binaries.

This section outlines the current Unicode support and gives some recipes for working with Unicode data.

1.3.2 Understanding Unicode

Experience with the Unicode support in Erlang has made it clear that understanding Unicode characters and encodings
isnot as easy as one would expect. The complexity of the field and the implications of the standard require thorough
understanding of concepts rarely before thought of.

Also, the Erlang implementation requires understanding of concepts that were never an issue for many (Erlang)
programmers. To understand and use Unicode characters requires that you study the subject thoroughly, even if you
are an experienced programmer.

Asan example, contemplate the issue of converting between upper and lower case |etters. Reading the standard makes
you realize that thereis not a simple one to one mapping in all scripts, for example:

* InGerman, theletter "[3' (sharp s) isin lower case, but the uppercase equivaent is"SS".

* InGreek, theletter "#"' has two different lowercase forms, "#" in word-final position and "#" elsewhere.
e InTurkish, both dotted and dotless "i" exist in lower case and upper case forms.

e Cyrillic"I" has usualy no lowercase form.

»  Languages with no concept of upper case (or lower case).

So, a conversion function must know not only one character at atime, but possibly the whole sentence, the natural
language to trandate to, the differences in input and output string length, and so on. Erlang/OTP has currently no
Unicode upper case/l ower case functionality with language specific handling, but publicly available libraries
address these issues.

Another example is the accented characters, where the same glyph has two different representations. The Swedish
letter "6" is one example. The Unicode standard has a code point for it, but you can also write it as 0" followed by
"U+0308" (Combining Diaeresis, with the simplified meaning that the last letter isto have "™ above). They have the
same glyph, user perceived character. They are for most purposes the same, but have different representations. For
example, MacOS X converts al filenamesto use Combining Diaeresis, while most other programs (including Erlang)
try to hide that by doing the opposite when, for example, listing directories. However it isdone, it is usually important
to normalize such charactersto avoid confusion.

The list of examples can be made long. One need a kind of knowledge that was not needed when programs only
considered one or two languages. The complexity of human languages and scripts has certainly made this a challenge
when constructing a universal standard. Supporting Unicode properly in your program will require effort.

1.3.3 What Unicode Is

Unicode is astandard defining code points (numbers) for al known, living or dead, scripts. In principle, every 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, some encoding standar ds are available.
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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 isonly a
standard for representation. UTF-8 can, for example, be used to represent avery limited part of the Unicode character
set (for example | SO-Latin-1) or the full Unicode range. It is only an encoding format.

As long as all character sets were 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 was not even named. With the Unicode system there are much more than 256 characters, so
acommon way is needed 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 anon-issue earlier.

Different operating systems and tools support different encodings. For example, Linux and MacOS X have chosen
the UTF-8 encoding, which is backward compatible with 7-bit ASCII and therefore affects programs written in plain
English the least. Windows 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 following are the most widely spread encodings:
Bytewise representation

Thisisnot aproper Unicoderepresentation, but the representation used for charactersbefore the Unicode standard.
It can still be used to represent character code pointsin the Unicode standard with numbers < 256, which exactly
corresponds to the ISO Latin-1 character set. In Erlang, thisis commonly denoted | at i n1 encoding, which is
dlightly 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 backward compatible
with bytewise representation of 7-bit ASCII, as all 7-bit characters are stored in one single byte in 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.

Notice that UTF-8 is not compatible with bytewise representation for code points from 128 through 255, so an
SO Latin-1 bytewise representation is generally incompatible with UTF-8.

UTF-16

Thisencoding has many similaritiesto UTF-8, but the basic unit isa 16-bit number. Thismeansthat all characters
occupy at least two bytes, and some high numbers four bytes. Some programs, libraries, and operating systems
claimingtouse UTF-16 only allow for charactersthat can be stored in one 16-bit entity, which isusually sufficient
to handleliving languages. Asthe basic unit is more than one byte, byte-order issues occur, whichiswhy UTF-16
existsin both abig-endian and alittle-endian variant.

In Erlang, the full UTF-16 rangeis supported when applicable, likeintheuni code moduleand in the bit syntax.
UTF-32

The most straightforward representation. Each character is stored in one single 32-bit number. There is no need
for escapes or any variable number 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-endian and little-endian.

Ucs4

Basically the same as UTF-32, but without some Unicode semantics, defined by IEEE, and has little use as a
separate encoding standard. For all normal (and possibly abnormal) use, UTF-32 and UCS-4 are interchangeabl e.

Certain number ranges are 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.
This is possibly because the UTF-16 encoding standard, from the beginning, was expected to be able to hold all
Unicode charactersin one 16-bit entity, but wasthen extended, |eaving aholein the Unicode range to handl e backward
compatibility.
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Code point 16#FEFF is used for Byte Order Marks (BOMs) and use of that character is not encouraged in other
contexts. It isvalid though, as the character "ZWNBS" (Zero Width Non Breaking Space). BOMs are used to identify
encodings and byte order for programs where such parameters are not known in advance. BOMs are more seldom
used than expected, but can become more widely spread as they provide the means for programs to make educated
guesses about the Unicode format of a certain file.

1.3.4 Areas of Unicode Support

To support Unicode in Erlang, problemsin various areas have been addressed. This section describes each area briefly
and more thoroughly later in this User's Guide.

Representation

To handle Unicode characters in Erlang, a common representation in both lists and binaries is needed. EEP (10)
and the subsequent 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, which iswhy library functions must be able
to handle them. In some cases functionality has been added to already existing interfaces (asthe st r i ng module
now can handle strings with any code points). In some cases new functionality or options have been added (as
inthei o module, the file handling, the uni code module, and the bit syntax). Today most modulesin Kernel
and STDLIB, aswell asthe VM are Unicode-aware.

Filel/O

1/0 is by far the most problematic area for Unicode. A file is an entity where bytes are stored, and the lore of
programming hasbeen to treat characters and bytes asinterchangeabl e. With Unicode characters, you must decide
on an encoding when you want to store the data in 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 1/O.

The Erlang 1/0-system has been designed (or at | east used) in away whereyou expect any 1/O server to handle any
string data. That is, however, no longer the case when working with Unicode characters. The Erlang programmer
must now know the capabilities of the device wherethe dataends up. Also, portsin Erlang are byte-oriented, so an
arbitrary string of (Unicode) characters cannot be sent to aport without first converting it to an encoding of choice.

Terminal 1/0O

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

Filenames

Filenames can be stored as Unicode strings in different ways depending on the underlying operating system and
file system. This can be handled fairly easy by aprogram. The problems arise when the file system isinconsistent
initsencodings. For example, Linux allowsfilesto be named with any sequence of bytes, leaving to each program
tointerpret those bytes. On systemswhere these "transparent” filenames are used, Erlang must be informed about
the filename encoding by a startup flag. The default is bytewiseinterpretation, which isusually wrong, but allows
for interpretation of all filenames.

The concept of "raw filenames" can be used to handlewrongly encoded filenamesif one enables Unicodefilename
tranglation (+f nu) on platforms where thisis not the default.
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Source code encoding

The Erlang source code has support for the UTF-8 encoding and bytewise encoding. The default in Erlang/OTP
R16B was bytewise (I at i n1) encoding. It was changed to UTF-8 in Erlang/OTP 17.0. You can control the
encoding by a comment like the following in the beginning of the file:

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

This of course requires your editor to support UTF-8 aswell. The same comment is also interpreted by functions
likefile:consult/1, the release handler, and so on, so that you can have al text files in your source
directoriesin UTF-8 encoding.

The language

Having the source code in UTF-8 also allows you to write string literals, function names, and atoms containing
Unicode characters with code points > 255. M odule names, application names, and node names are still restricted
to the 1SO Latin-1 range. Binary literals, where you use type / ut f 8, can also be expressed using Unicode
characters > 255. Having module names or application names using characters other than 7-bit ASCII can
cause trouble on operating systems with inconsistent file naming schemes, and can hurt portability, so it is not
recommended.

EEP 40 suggests that the language is also to allow for Unicode characters > 255 in variable names. Whether to
implement that EEP is yet to be decided.

1.3.5 Standard Unicode Representation

In Erlang, strings are lists of integers. A string was until Erlang/OTP R13 defined to be encoded in the ISO Latin-1
(1SO 8859-1) character set, which is, code point by code point, a subrange of the Unicode character set.

The standard list encoding for strings was therefore easily extended to handle the whole Unicode range. A Unicode
string in Erlang is a list containing integers, where each integer is a valid Unicode code point and represents one
character in the Unicode character set.

Erlang stringsin 1SO 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, for example,
erlang:iolist_to_binary/1 orcan be sent directly to a port. If the string contains Unicode characters >
255, an encoding must be decided upon and the string is to be converted to a binary in the preferred encoding using
uni code: characters_to_binary/ 1, 2, 3. Stringsarenot generally listsof bytes, asthey 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_bhi nary/ 1, an ISO Latin-1 Erlang string can be converted into a binary,
effectively using bytewise encoding: one byte per character. This was 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 is to handle Unicode datain binaries, but
is of course not enforced when communicating externally. Functions and bit syntax exist to encode and decode both
UTF-8, UTF-16, and UTF-32 in binaries. However, library functions dealing with binaries and Unicode in general
only deal with the default encoding.

Character data can be combined from many sources, sometimes available in amix of strings and 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 bytes. In the same way, the Unicode-aware modules often alow for combinations of binaries and lists, where the

16 | Ericsson AB. All Rights Reserved.: STDLIB



1.3 Using Unicode in Erlang

binaries have characters encoded in UTF-8 and the lists contain such binaries or numbers representing Unicode code
points:

unicode binary() = binary() with characters encoded in UTF-8 coding standard
chardata() = charlist() | unicode binary()

charlist() = maybe improper list(char() | unicode binary() | charlist(),
unicode binary() | nil())

The module uni code even supports similar mixes with binaries containing other encodings than UTF-8, but that is
aspecia caseto alow for conversions to and from external data:

external unicode 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 improper list(char() | external unicode binary() |
external charlist(), external unicode binary() | nil())

1.3.6 Basic Language Support

As from Erlang/OTP R16, Erlang source files can be written in UTF-8 or bytewise (I ati nl) encoding. For
information about how to state the encoding of an Erlang source file, seethe epp( 3) module. As from Erlang/OTP
R16, strings and comments can be written using Unicode. As from Erlang/OTP 20, also atoms and functions can be
written using Unicode. Modules, applications, and nodes must till be named using characters from the 1SO Latin-1
character set. (These restrictions in the language are independent of the encoding of the source file))

Bit Syntax

Thebit syntax containstypesfor handling binary datain thethree main encodings. Thetypesarenamedut f 8, ut f 16,
and ut f 32. Theut f 16 and ut f 32 types can be in abig-endian or alittle-endian variant:

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

<<Ch/utfl16-little, /binary>> = Bin2,

Bin3 = <<$H/utf32-little, $e/utf32-little, $1/utf32-little, $1/utf32-little,
$o/utf32-little>>,

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

Bin4 = <<"Hello"/utfl6>>,

String and Character Literals

For source code, there is an extension to syntax \ OOO (backdlash followed by three octal humbers) and \ xHH
(backslash followed by x, followed by two hexadecimal characters), namely \ x{ H ...} (backslash followed by x,
followed by left curly bracket, any number of hexadecimal digits, and a terminating right curly bracket). This allows
for entering characters of any code point literally in a string even when the encoding of the source file is bytewise
(Iatinl).

Intheshdll, 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> $c.
1089
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Heuristic String Detection

In certain output functions and in the output of return values in the shell, Erlang tries to detect string datain lists and
binaries heuristically. 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>>.

o

<<"@ad"/utf8>>

Here the shell detects lists containing printable characters or binaries containing printable characters in bytewise or
UTF-8 encoding. But what is aprintable character? One view is that anything the Unicode standard thinksis printable,
is also printable according to the heuristic detection. The result is then that almost any list of integers are deemed a
string, and all sorts of characters are printed, maybe also characters that your terminal lacks in its font set (resulting
in some unappreciated generic output). Another way is to keep it backward compatible so that only the SO Latin-1
character set is used to detect a string. A third way is to let the user decide exactly what Unicode ranges that are to
be viewed as characters.

Asfrom Erlang/OTP R16B you can select the | SO Latin-1 range or the whole Unicode range by supplying startup flag
+pc latinlor+pc unicode, respectively. For backward compatibility, | at i nl isdefault. Thisonly controls
how heuristic string detection is done. More ranges are expected to be added in the future, enabling tailoring of the
heuristics to the language and region relevant to the user.

The following examples show the two startup options:

$ erl +pc latinl
Erlang 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].

"8a6"

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/utf8,246/utf8>>.

no

<<"@ad"/utf8>>

$ erl +pc unicode
Erlang R16B (erts-5.10.1) [source] [async-threads:0] [hipe]l [kernel-poll:false]

Eshell V5.10.1 (abort with "G)

1> [1024].

||E||

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

3> [229,228,246].

"846"

4> <<208,174,208,189,208,184,208,186,208,190,208,180>>.
<<"lOHnkop" /utf8>>

5> <<229/utf8,228/utf8,246/utf8>>.
<<"846"/utf8>>

In the examples, you can see that the default Erlang shell interprets only characters from the 1SO Latinl range as
printable and only detectslists or binaries with those "printable" characters as containing string data. The valid UTF-8
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binary containing the Russian word "######", is not printed as a string. When started with all Unicode characters
printable (+pc uni code), the shell outputs anything containing printable Unicode data (in binaries, either UTF-8
or bytewise encoded) as string data.

These heuristicsarealsoused by i o: format/ 2,i o_l i b: f or mat/ 2, and friends when modifier t is used with
~p or ~P:

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

Eshell V5.10.1 (abort with "G)

1> io:format("~tp~n", [{<<"330">>, <<"336"/utf8>>, <<208,174,208,189,208,184,208,186,208,190,208,180>>}]).

{<<"346">>,<<"3546" /utf8>>,<<208,174,208,189,208,184,208,186,208,190,208,180>>}
ok

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

Eshell V5.10.1 (abort with ~G)
1> io:format("~tp~n", [{<<"330">>, <<"3&46"/utf8>>, <<208,174,208,189,208,184,208,186,208,190,208,180>>}]).

n2 nQ

{<<"aa0">>,<<"aad" /utf8>>,<<"l0HuKopn" /utf8>>}
ok

Notice that this only affects heuristic interpretation of lists and binaries on output. For example, the ~t s format
sequence always outputs a valid list of characters, regardless of the +pc setting, as the programmer has explicitly
requested string output.

1.3.7 The Interactive Shell

The interactive Erlang shell, when started to a termina or started using command wer | 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 DegjaVu fonts, which are freely available, and then
select that font in the Erlang shell application.

On Unix-like operating systems, the terminal is to be able to handle UTF-8 on input and output (this is done by, for
example, modern versions of XTerm, KDE Konsole, and the Gnome terminal) and your local e settings must be proper.
As an example, a LANG environment variable can be set as follows:

$ echo $LANG
en US.UTF-8
Most systems handle variable LC_CTYPE before LANG, o if that is set, it must be set to UTF- 8:
$ echo $LC CTYPE
en US.UTF-8

The LANGor LC_CTYPE setting are to be consistent with what the terminal is capable of. There is no portable way
for Erlang to ask the terminal about its UTF-8 capacity, we have to rely on the language and character type settings.

To investigate what Erlang thinks about the terminal, thecall i 0: get opt s() can be used when the shell is started:
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$ LC CTYPE=en US.IS0-8859-1 erl
Erlang R16B (erts-5.10.1) [source] [async-threads:0] [hipe] [kernel-poll:false]

Eshell V5.10.1 (abort with ~G)

1> lists:keyfind(encoding, 1, io:getopts()).

{encoding, latinl}

2> q().

ok

$ LC CTYPE=en US.UTF-8 erl

Erlang R16B (erts-5.10.1) [source] [async-threads:0] [hipe] [kernel-poll:false]

Eshell V5.10.1 (abort with ~G)

1> lists:keyfind(encoding, 1, io:getopts()).
{encoding,unicode}

2>

When (finally?) everything is in order with the locale settings, fonts. and the terminal emulator, you have probably
found away to input charactersin the script you desire. For testing, the simplest way isto add some keyboard mappings
for other languages, usually done with some applet in your desktop environment.

In aKDE environment, select KDE Control Center (Personal Settings) > Regional and Accessibility > Keyboar d
Layout.

On Windows XP, select Control Panel > Regional and L anguage Options, select tab L anguage, and click button
Details... in the square named Text Servicesand I nput L anguages.

Y our environment probably provides similar means of changing the keyboard layout. Ensure that you have a way to
switch back and forth between keyboards easily if you are not used to this. For example, entering commands using a
Cyrillic character set is not easily done in the Erlang shell.

Now you are set up for some Unicode input and output. The simplest thing to do isto enter a string in the shell:

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

Eshell V5.10.1 (abort with "G)

1> lists:keyfind(encoding, 1, io:getopts()).
{encoding,unicode}

2> "lOHukop" .

"lHnkop"

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

I0HMKOR

ok

4>

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

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

Eshell V5.10.1 (abort with ~G)
1> $E.

958

2> l0HuKonO.

* 1: illegal character

2>
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1.3.8 Unicode Filenames

Most modern operating systems support Unicode filenames in some way. There are many different ways to do this
and Erlang by default treats the different approaches differently:

Mandatory Unicode file naming

Windows, Android and, for most cases, MacOS X enforce Unicode support for filenames. All files created in the
file system have namesthat can consistently beinterpreted. In MacOS X and Android, al filenames areretrieved
in UTF-8 encoding. In Windows, each system call handling filenames hasaspecial Unicode-awarevariant, giving
much the same effect. There are no filenames on these systems that are not Unicode filenames. So, the default
behavior of the Erlang VM isto work in "Unicode filename trandation mode". This means that a filename can
be specified as a Unicode list, which is automatically translated to the proper name encoding for the underlying
operating system and file system.

Doing, for example, afil e: i st _di r/ 1 on one of these systems can return Unicode lists with code points
> 255, depending on the content of the file system.

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 filenames, but do not enforce it.
On such a system, a filename containing characters with code points from 128 through 255 can be named as
plain ISO Latin-1 or use UTF-8 encoding. As no consistency is enforced, the Erlang VM cannot do consistent
trandlation of al filenames.

By default on such systems, Erlang startsin ut f 8 filename mode if the terminal supports UTF-8, otherwisein
I ati n1 mode.

Inl ati nl mode, filenames are bytewise encoded. This allows for list representation of al filenames in the
system. However, a afile named "Ostersund.txt", appearsinfil e: 1 i st _di r/ 1 either as"Ostersund.txt" (if
the filename was encoded in bytewise 1SO Latin-1 by the program creating the file) or more probably as
[ 195, 150, 115, 116, 101, 114, 115, 117, 110, 100], which isalist containing UTF-8 bytes (not what
you want). If you use Unicode filename translation on such a system, non-UTF-8 filenames are ignored by
functions like fil e:1ist_dir/1. They can be retrieved with function file:list_dir_all/1, but
wrongly encoded filenames appear as "raw filenames".

The Unicode file naming support was introduced in Erlang/OTP R14B01. A VM operating in Unicode filename
translation mode can work with files having names in any language or character set (as long as it is supported by
the underlying operating system and file system). The Unicode character list is used to denote filenames or directory
names. If the file system content is listed, you also get Unicode lists as return value. The support lies in the Kernel
and STDLIB modules, which is why most applications (that do not explicitly require the filenames to be in the ISO
Latin-1 range) benefit from the Unicode support without change.

On operating systems with mandatory Unicode filenames, this means that you more easily conform to the filenames of
other (non-Erlang) applications. Y ou can also process filenamesthat, at least on Windows, were inaccessible (because
of having names that could not be represented in SO Latin-1). Also, you avoid creating incomprehensible filenames
on MacOS X, asthevf s layer of the operating system accepts all your filenames as UTF-8 does not rewrite them.

For most systems, turning on Unicode filename translation is no problem even if it uses transparent file naming. Very
few systems have mixed filename encodings. A consistent UTF-8 named system works perfectly in Unicode filename
mode. It wasstill, however, considered experimental in Erlang/OTP R14B01 and isstill not the default on such systems.

Unicode filename trandlation is turned on with switch +f nu. On Linux, a VM started without explicitly stating the
filenametrandation mode defaultsto| at i n1 asthe native filename encoding. On Windows, MacOS X and Android,
the default behavior is that of Unicode filename trandlation. Therefore fi | e: nati ve_nane_encodi ng/ 0 by
default returns ut f 8 on those systems (Windows does not use UTF-8 on the file system level, but this can
safely be ignored by the Erlang programmer). The default behavior can, as stated earlier, be changed using option
+f nu or +f nl to the VM, see the er| program. If the VM is started in Unicode filename trandation mode,
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file:native_nane_encodi ng/ 0 returns atom ut f 8. Switch +f nu can be followed by w; i , or e to control
how wrongly encoded filenames are to be reported.

e wmeansthat awarning is sent to the er r or _| ogger whenever a wrongly encoded filename is "skipped" in
directory listings. wis the default.

e i meansthat wrongly encoded filenames are silently ignored.
e e means that the API function returns an error whenever a wrongly encoded filename (or directory name) is
encountered.

Noticethatfi | e: read_I i nk/ 1 alwaysreturns an error if the link pointsto an invalid filename.

In Unicode filename mode, filenames given to BIF open_port/ 2 with option { spawn_execut abl e, ...}
are also interpreted as Unicode. So is the parameter list specified in option ar gs available when using
spawn_execut abl e. The UTF-8 trandation of arguments can be avoided using binaries, see section Notes About
Raw Filenames.

Notice that the file encoding options specified when opening a file has nothing to do with the filename encoding
convention. You can very well open files containing data encoded in UTF-8, but having filenames in bytewise
(I at i n1) encoding or conversely.

Erlang drivers and NIF-shared objects still cannot be named with names containing code points > 127. This
limitation will be removed in a future release. However, Erlang modules can, but it is definitely not a good idea
and is still considered experimental.

Notes About Raw Filenames

Note that raw filenames not necessarily are encoded the same way as on the OS level.

Raw filenames were introduced together with Unicode filename support in ERTS 5.8.2 (Erlang/OTP R14B01). The
reason "raw filenames' were introduced in the system was to be able to represent filenames, specified in different
encodings on the same system, consistently. It can seem practical to have the VM automatically translate a filename
that is not in UTF-8 to alist of Unicode characters, but this would open up for both duplicate filenames and other
inconsistent behavior.

Consider a directory containing a file named "bjorn" in 1SO Latin-1, while the Erlang VM is operating in Unicode
filename mode (and therefore expects UTF-8 file naming). The 1SO Latin-1 nameis not valid UTF-8 and one can be
tempted to think that automatic conversion in, for example, fil e: 1ist_dir/ 1 isagood idea But what would
happen if we later tried to open the file and have the name as a Unicode list (magically converted fromthe SO Latin-1
filename)? The VM converts the filename to UTF-8, as this is the encoding expected. Effectively this means trying
to open the file named <<"bjorn"/utf8>>. This file does not exist, and even if it existed it would not be the same file
asthe one that was listed. We could even create two files named "bjérn", one named in UTF-8 encoding and one not.
Iffile:list_dir/1wouldautomaticaly convertthe SO Latin-1 filename to alist, we would get two identical
filenames asthe result. To avoid this, we must differentiate between filenames that are properly encoded according to
the Unicode file naming convention (that is, UTF-8) and filenamesthat areinvalid under the encoding. By the common
functionfil e: 1ist_dir/ 1, thewrongly encoded filenames are ignored in Unicode filename translation mode,
but by functionfil e: i st _dir_al I /1 thefilenameswith invalid encoding are returned as"raw" filenames, that
is, as binaries.

The fil e module accepts raw filenames as input. open_port ({spawn_executable, ...} ...)
aso accepts them. As mentioned earlier, the arguments specified in the option list to
open_port ({spawn_executable, ...} ...) undergothesame conversion asthefilenames, meaning that
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the executable is provided with arguments in UTF-8 as well. This trandation is avoided consistently with how the
filenames are treated, by giving the argument as a binary.

To force Unicode filename trand ation mode on systems where thisis not the default was considered experimental in
Erlang/OTP R14B01. This was because the initial implementation did not ignore wrongly encoded filenames, so that
raw filenames could spread unexpectedly throughout the system. As from Erlang/OTP R16B, the wrongly encoded
filenames are only retrieved by special functions (suchasfil e: 1ist_dir_al |/ 1). Sincetheimpact on existing
code is therefore much lower it is now supported. Unicode filename trandlation 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 filenames encoded as UTF-8. Enforcing the UTF-8 encoding
regardless of the mode the Erlang VM is started in can in some circumstances be a good idea, as the convention of
using UTF-8 filenames is spreading.

Notes About MacOS X

The vf s layer of MacOS X enforces UTF-8 filenames in an aggressive way. Older versions did this by refusing to
create non-UTF-8 conforming filenames, while newer versions replace offending bytes with the sequence "%HH",
where HH isthe origina character in hexadecimal notation. As Unicode translation is enabled by default on MacOS
X, the only way to come up against thisis to either start the VM with flag +f nl or to use araw filename in bytewise
(I at i n1) encoding. If using araw filename, with a bytewise encoding containing characters from 127 through 255,
to create afile, the file cannot be opened using the same hame as the one used to create it. Thereis no remedy for this
behavior, except keeping the filenames in the correct encoding.

MacOS X reorganizes the filenames so that the representation of accents, and so on, uses the "combining characters'.
For example, character 6 isrepresented as code points[ 111, 776] , where111 ischaracter o and 776 isthe special
accent character "Combining Diaeresis’. This way of normalizing Unicode is otherwise very seldom used. Erlang
normalizes those filenames in the opposite way upon retrieval, so that filenames using combining accents are not
passed up to the Erlang application. In Erlang, filename "bjérn" is retrieved as[ 98, 106, 246, 114, 110] , not as
[98, 106, 117, 776, 114, 110] , athough the file system can think differently. The normalization into combining
accents is redone when accessing files, so this can usually be ignored by the Erlang programmer.

1.3.9 Unicode in Environment and Parameters

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

If Unicode filenames are enabled, the callsto os: get env/ 0, 1, os: put env/ 2, and os: unset env/ 1 handle
Unicode strings. On Unix-like platforms, the built-in functions trandate environment variables in UTF-8 to/from
Unicode strings, possibly with code points > 255. On Windows, the Unicode versions of the environment system API
are used, and code points > 255 are allowed.

On Unix-like operating systems, parameters are expected to be UTF-8 without trandation if Unicode filenames are
enabled.

1.3.10 Unicode-Aware Modules

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

Modules handling textual data (such asi o_| i b and st ri ng 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, so moduleslikest ri ng
work well for Unicode strings with little need for conversion or extension.

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

Theuni code moduleisclearly Unicode-aware. It contains functions for conversion between different Unicode
formats and some utilitiesfor identifying byte order marks. Few programs handling Unicode data survive without
this module.

Thei o module has been extended along with the actual 1/0 protocol to handle Unicode data. This means that
many functions require binaries to be in UTF-8, and there are modifiersto format control sequencesto allow for
output of Unicode strings.

file,group,user

1/O-servers throughout the system can handle Unicode data and have options for converting data upon output or
input to/from the device. As shown earlier, the shel | module has support for Unicode terminals and thef i | e
module allows for translation to and from various Unicode formats on disk.

Reading and writing of files with Unicode datais, however, not best donewith thef i | e module, asitsinterface
isbyte-oriented. A file opened with a Unicode encoding (like UTF-8) isbest read or written using thei o module.

re

Ther e module alows for matching Unicode strings as a special option. Asthe library is centered on matching
in binaries, the Unicode support is UTF-8-centered.

The graphical library wx has extensive support for Unicode text.

The st ri ng module works perfectly for Unicode strings and SO Latin-1 strings, except the language-dependent
functions string: uppercase/ 1 and string: | owercase/ 1. These two functions can never function
correctly for Unicode characters in their current form, as there are language and locale issues to consider when
converting text between cases. Converting case in an international environment is a large subject not yet addressed
in OTP.

1.3.11 Unicode Data in Files

Although Erlang 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 and 1/O 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, ensure to
encode it in a proper Unicode encoding. Sometimes this means that only part of the data must be encoded as, for
example, UTF-8. Some parts can be binary data (like a length indicator) or something else that must not undergo
character encoding, so no automatic translation is present.

I/0 servers behave a little differently. The I/O servers connected to terminals (or st dout ) can usually cope with
Unicode data regardless of the encoding option. This is convenient when one expects a modern environment but do
not want to crash when writing to an archaic terminal or pipe.

A file can have an encoding option that makes it generaly usable by the i o module (for example
{encodi ng, ut f 8}), but is by default opened as a byte-oriented file. The f i | e module is byte-oriented, so only
ISO Latin-1 characters can be written using that module. Use the i 0 module if Unicode data is to be output to afile
with other encodi ng than| at i n1 (bytewise encoding). It isdightly confusing that afile opened with, for example,
file:open(Name, [read, {encodi ng, utf8}]) cannotbeproperlyreadusingfil e: read(Fil e, N), but
using the i o module to retrieve the Unicode data from it. The reasonisthatfil e:read andfil e: wite (and
friends) are purely byte-oriented, and should be, asthat isthe way to accessfiles other than text files, byte by byte. As
with ports, you can write encoded datainto afile by "manually” converting the data to the encoding of choice (using
theuni code module or the hit syntax) and then output it on abytewise (I at i n1) encoded file.

Recommendations:
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e Usethefil e modulefor files opened for bytewise access ({ encodi ng, | ati n1}).
« Usethei o module when accessing files with any other encoding (for example{ encodi ng, ut f 8}).

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

$ erl +fna +pc unicode
Erlang R16B (erts-5.10.1) [source] [async-threads:0] [hipe] [kernel-poll:false]

Eshell V5.10.1 (abort with ~G)

1> file:write file("test.term",<<"%% coding: utf-8\n[{\"lOHukopg\",4711}].\n"/utf8>>).
ok

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

{ok, [[{"0OHukon",4711}11}

1.3.12 Summary of Options

The Unicode support is controlled by both command-line switches, some standard environment variables, and the OTP
version you are using. Most options affect mainly how Unicode datais displayed, not the functionality of the APIsin
the standard libraries. This means that Erlang programs usually do not need to concern themselves with these options,
they are more for the development 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 operating system mainly affects the shell. The terminal (that is, the group leader)
operates with { encodi ng, uni code} only if the environment tells it that UTF-8 is allowed. This setting is
to correspond to the terminal you are using.

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

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

The+pc {uni code|l ati n1} flagtoerl (1)
This flag affects what is interpreted as string data when doing heuristic string detection in the shell and ini o/
i o_lib:format withthe" ~t p" and ~t P formatting instructions, as described earlier.

Y ou can check this option by calling i o: pri nt abl e_range/ 0, which returns uni code or | ati nl. To
be compatible with future (expected) extensions to the settings, rather usei o_| i b: printable_list/1to
check if alist is printable according to the setting. That function takes into account new possible settings returned
fromi o: printabl e_range/ 0.

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

This flag affects how the filenames are to be interpreted. On operating systems with transparent file naming,
this must be specified to alow for file naming in Unicode characters (and for correct interpretation of filenames
containing characters > 255).

« +fnl means bytewise interpretation of filenames, which was the usual way to represent 1SO Latin-1
filenames before UTF-8 file naming got widespread.

e +f nu means that filenames are encoded in UTF-8, which is nowadays the common scheme (although not
enforced).

e +f na meansthat you automatically select between +f nl and +f nu, based on environment variables LANG
and LC_CTYPE. This is optimistic heuristics indeed, nothing enforces a user to have a terminal with the
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same encoding as the file system, but thisis usually the case. Thisis the default on al Unix-like operating
systems, except MacOS X.

Thefilename translation mode can be read with functionf i | e: nati ve_name_encodi ng/ 0, which returns
| at i n1 (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 (bytewise encoding) was returned. As from Erlang/
OTP 17.0, ut f 8 isreturned.

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

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

You can set the encoding of a file or other 1/O server with function i 0: set opt s/ 2. This can also be
set when opening a file. Setting the terminal (or other st andar d_i o server) unconditionally to option
{'encodi ng, ut f 8} impliesthat UTF-8 encoded characters are written to the device, regardless of how Erlang
was started or the user's environment.

Opening files with option encodi ng is convenient when writing or reading text filesin a known encoding.
You can retrieve the encodi ng setting for an 1/0 server with functioni o: get opt s() .

1.3.13 Recipes

When starting with Unicode, one often stumbles over some common issues. This section describes some methods of
dealing with Unicode data.

Byte Order Marks

A common method of identifying encoding in text filesisto put a Byte Order Mark (BOM) first in the file. The BOM
isthe code point 16#FEFF encoded in the same way astheremaining file. If such afileisto beread, thefirst few bytes
(depending on encoding) are not part of the text. This code outlines how to open afile that is believed to have aBOM,
and sets the files encoding and position for further sequential reading (preferably using thei o module).

Notice that error handling is omitted from the code:

open bom file for reading(File) ->
{ok,F} = file:open(File, [read,binaryl),
{ok,Bin} = file:read(F,4),
{Type,Bytes} = unicode:bom to encoding(Bin),
file:position(F,Bytes),
io:setopts(F, [{encoding,Type}l),
{ok,F}.

Function uni code: bom t o_encodi ng/ 1 identifies the encoding from abinary of at least four bytes. It returns,
along with aterm suitable for setting the encoding of thefile, the byte length of the BOM, so that the file position can
be set accordingly. Notice that functionf i | e: posi ti on/ 2 always works on byte-offsets, so that the byte length
of the BOM is needed.

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

open bom file for writing(File,Encoding) ->
{ok,F} = file:open(File, [write,binary]),
ok = file:write(File,unicode:encoding to bom(Encoding)),
io:setopts(F, [{encoding,Encoding}]),
{ok,F}.
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The file is in both these cases then best processed using the i 0 module, as the functions in that module can handle
code points beyond the SO Latin-1 range.

Formatted I/O

When reading and writing to Unicode-aware entities, like afile opened for Unicode translation, you probably want to
format text strings using the functionsin thei o module or thei o_I| i b module. For backward compatibility reasons,
thesefunctionsdo not accept any list asastring, but require aspecial translation modifier whenworking with Unicode
texts. The modifier ist . When applied to control character s in aformatting string, it accepts all Unicode code points
and expects binariesto be in UTF-8:;

1> io:format("~ts~n", [<<"3&0"/utf8>>]).

EED)

ok

2> io:format("~s~n", [<<"380"/utf8>>]).

A¥AxAq

ok
Clearly, the second i o: f or mat / 2 gives undesired output, as the UTF-8 binary isnot in| at i n1. For backward
compatibility, the non-prefixed control character s expects bytewise-encoded ISO Latin-1 charactersin binaries and
lists containing only code points < 256.

Aslong asthe datais always lists, modifier t can be used for any string, but when binary dataisinvolved, care must
be taken to make the correct choice of formatting characters. A bytewise-encoded binary isalso interpreted asastring,
and printed even when using ~t s, but it can be mistaken for a valid UTF-8 string. Avoid therefore using the ~t s
control if the binary contains bytewise-encoded characters and not UTF-8.

Functioni o_| i b: f or mat / 2 behaves similarly. It is defined to return a deep list of characters and the output can
easily be converted to binary datafor outputting on any deviceby asimpleer | ang: | i st _to_bi nary/ 1. When
the trandation modifier is used, the list can, however, contain characters that cannot be stored in one byte. Thecall to
erlang:list_to_binary/ 1 thenfails. However, if the I/O server you want to communicate with is Unicode-
aware, the returned list can still be used directly:

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

Eshell V5.10.1 (abort with "G)

1> io lib:format("~ts~n", ["FtoVvikovt"]).
["Tovvikovt","\n"]

2> io:put chars(io lib:format("~ts~n", ["ltovOvikovt"])).
Iovvikovt

ok

The Unicode string is returned as a Unicode list, which is recognized as such, as the Erlang shell uses the Unicode
encoding (and is started with all Unicode characters considered printable). The Unicode list is valid input to function
i 0: put _char s/ 2, so data can be output on any Unicode-capable device. If the device isaterminal, characters are
output in format \ x{ H...} if encodingis| 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).

So, you can always send Unicode datato thest andar d_i o device. Files, however, accept only Unicode code points
beyond ISO Latin-1if encodi ng isset to something elsethan| at i nl.

Heuristic Identification of UTF-8

Whileit is strongly encouraged that the encoding of charactersin binary datais known before processing, that is not
always possible. On atypical Linux system, thereisamix of UTF-8 and 1SO Latin-1 text files, and there are seldom
any BOMs in the filesto identify them.
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UTF-8isdesigned so 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 determine if a file isin UTF-8 or if it
is encoded in SO Latin-1 (one byte per character). The uni code module can be used to determine if data can be
interpreted as UTF-8:

heuristic _encoding bin(Bin) when is binary(Bin) ->
case unicode:characters to binary(Bin,utf8,utf8) of
Bin ->
utf8;
7—>
latinl
end.

If you do not have a complete binary of the file content, you can instead chunk through
the file and check part by part. The return-tuple {i nconpl ete, Decoded, Rest} from function
uni code: characters_to_binary/ 1, 2, 3 comesinhandy. Theincomplete rest from one chunk of data read
fromthefileis prepended to the next chunk and we therefore avoid the problem of character boundaries when reading
chunks of bytesin UTF-8 encoding:

heuristic encoding file(FileName) ->
{ok,F} = file:open(FileName, [read,binary]),
loop_through file(F,<<>>,file:read(F,1024)).

loop_through file( ,<<>>,eof) ->
utfs;
loop through file( , ,eof) ->
latinl;
loop_through file(F,Acc,{ok,Bin}) when is binary(Bin) ->
case unicode:characters to binary([Acc,Bin]) of
{error, , } ->
latinl;
{incomplete, ,Rest} ->
loop_through file(F,Rest,file:read(F,1024));
Res when is binary(Res) ->
loop_through file(F,<<>>,file:read(F,1024))
end.

Another option isto try to read the whole filein UTF-8 encoding and seeif it fails. Here we need to read thefile using
functioni o: get _char s/ 3, aswe have to read characters with a code point > 255:

heuristic _encoding file2(FileName) ->
{ok,F} = file:open(FileName, [read,binary, {encoding,utf8}1),
loop through file2(F,io:get chars(F,"'',1024)).

loop through file2( ,eof) ->
utfs;

loop through file2( ,{error, Err}) ->
latinl;

loop through file2(F,Bin) when is binary(Bin) ->
loop through file2(F,io:get chars(F,"'',1024)).

Lists of UTF-8 Bytes

For variousreasons, you can sometimes have alist of UTF-8 bytes. Thisisnot aregular string of Unicode characters, as
each list element does not contain one character. Instead you get the "raw" UTF-8 encoding that you havein binaries.
Thisiseasily converted to a proper Unicode string by first converting byte per byte into abinary, and then converting
the binary of UTF-8 encoded characters back to a Unicode string:

utf8 list to string(StrangelList) ->
unicode:characters to list(list to binary(StrangelList)).
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Double UTF-8 Encoding

When working with binaries, you can get the horrible "double UTF-8 encoding", where strange characters are encoded
in your binaries or files. In other words, you can get a UTF-8 encoded binary that for the second time is encoded
as UTF-8. A common situation is where you read a file, byte by byte, but the content is already UTF-8. If you then
convert the bytes to UTF-8, using, for example, the uni code module, or by writing to a file opened with option
{encodi ng, ut f 8}, you have each byte in the input file encoded as UTF-8, not each character of the original text
(one character can have been encoded in many bytes). Thereis no real remedy for this other than to be sure of which
data is encoded in which format, and never convert UTF-8 data (possibly read byte by byte from afile) into UTF-8

again.

By far the most common situation where this occurs, iswhen you get lists of UTF-8 instead of proper Unicode strings,
and then convert them to UTF-8 in abinary or on afile:

wrong thing to do() ->

{ok,Bin} = file:read file("an utf8 encoded file.txt"),

MyList = binary to list(Bin), %% Wrong! It is an utf8 binary!
{ok,C} = file:open("catastrophe.txt", [write,{encoding,utf8}]),
io:put chars(C,MyList), %% Expects a Unicode string, but get UTF-8

%% bytes in a list!
file:close(C). %% The file catastrophe.txt contains more or less unreadable
%% garbage!

Ensure you know what a binary contains before converting it to a string. If no other option exists, try heuristics:

if you can not know() ->
{ok,Bin} = file:read file("maybe utf8 encoded file.txt"),
MyList = case unicode:characters to list(Bin) of
L when is list(L) ->
L;
_ ->
binary to list(Bin) %% The file was bytewise 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", [write,{encoding,utf8}]),
io:put_chars(G,MyList), %% Expects a Unicode string, which is what it gets!
file:close(G). %% The file contains valid UTF-8 encoded Unicode characters!

1.4 Uniform Resource ldentifiers
1.4.1 Basics

At the time of writing this document, in October 2020, there are two major standards concerning Universal Resource
Identifiers and Universal Resource L ocators:

* RFC 3986 - Uniform Resource | dentifier (URI): Generic Syntax

e  WHAT WG URL - Living standard

The former isaclassical standard with a proper formal syntax, using the so called Augmented Backus-Naur Form
(ABNF) for describing the grammar, while the latter is aliving document describing the current pratice, that is, how

amajority of Web browsers work with URIs. WHAT WG URL is Web focused and it has no formal grammar but a
plain english description of the algorithms that should be followed.

What is the difference between them, if any? They provide an overlapping definition for resource identifiers and they
are not compatible. Theur i _st ri ng module implements RFC 3986 and the term URI will be used throughout this
document. A URI isan identifier, astring of characters that identifies a particular resource.

For a more complete problem statement regarding the URIs check the URL Problem Statement and Directions.
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1.4.2 What is a URI?

Let's start with what it isnot. It is not the text that you type in the address bar in your Web browser. Web browsers do
all possible heuristics to convert the input into avalid URI that could be sent over the network.

A URI isan identifier consisting of a sequence of characters matching the syntax rule named URI in RFC 3986.

It is crucia to clarify that a character is a symbol that is displayed on atermina or written to paper and should not
be confused with its internal representation.

A URI more specifically, is a sequence of characters from a subset of the US ASCII character set. The generic
URI syntax consists of a hierarchical sequence of components referred to as the scheme, authority, path, query, and
fragment. Thereis aformal description for each of these componentsin ABNF notation in RFC 3986:

URI = scheme ":" hier-part [ "?" query ] [ "#" fragment ]
hier-part = "//" authority path-abempty

/ path-absolute

/ path-rootless

/ path-empty
scheme = ALPHA *( ALPHA / DIGIT / "+" / "-" / "." )
authority = [ userinfo "@" ] host [ ":" port ]
userinfo = *( unreserved / pct-encoded / sub-delims / ":" )
reserved = gen-delims / sub-delims
gen-delims = ":" / "/" / "?" / "#* / "["/ "]1" / "@"
sub-delims = "I" / "¢" / "&" / "'" / "("/ ")"

/MR

unreserved = ALPHA / DIGIT / "-" / “." / " " / "~"

1.4.3 The uri_string module

As producing and consuming standard URI's can get quite complex, Erlang/OTP providesamodule, uri _stri ng,
to handle all the most difficult operations such as parsing, recomposing, normalizing and resolving URIs against a
base URI.

The APl functions in uri_string work on two basic data types uri_string() and uri_map().
uri _string() represents a standard URI, while uri _map() is a wider datatype, that can represent URI
components using Unicode characters. uri _map( ) isaconvenient choice for enabling operations such as producing
standard compliant URIs out of components that have special or Unicode characters. It is easier to explain this by
an example.

Let's say that we would like to create the following URI and send it over the network: htt p: // ci ti es/ 6r ebr 0?
foo bar. Thisisnot avalid URI as it contains characters that are not allowed in a URI such as"8" and the space.
We can verify this by parsing the URI:

1> uri string:parse("http://cities/6rebro?foo bar").
{error,invalid uri,":"}

The URI parser tries al possible combinations to interpret the input and fails at the last attempt when it encounters
the colon character " : " . Note, that theinital fault occurs when the parser attempts to interpret the character " 6" and
after afailure back-tracks to the point where it has another possible parsing alternative.

The proper way to solvethis problemistouseuri _stri ng: reconpose/ 1 withauri _nmap() asinput:
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2> uri string:recompose(#{scheme => "http", host => "cities", path => "/dérebro",
query => "foo bar"}).
"http://cities/%(C3%B6rebro?foo%20bar"

The result is a valid URI where al the special characters are encoded as defined by the standard. Applying
uri _string: parse/landuri_string: percent_decode/ 1 onthe URI returnsthe origina input:

3> uri string:percent decode(uri string:parse("http://cities/%C3%B6rebro?foo%20bar")).
#{host => "cities",path => "/6rebro",query => "foo bar",
scheme => "http"}

This symmetric property is heavily used in our property test suite.

1.4.4 Percent-encoding

As you have seen in the previous chapter, a standard URI can only contain a strict subset of the US ASCII character
set, moreover the allowed set of characters is not the same in the different URI components. Percent-encoding is a
mechanism to represent a data octet in a component when that octet's corresponding character is outside of the allowed
set or is being used as adelimiter. Thisiswhat you see when " 6" is encoded as %C3%B6 and space as %20. Most
of the API functions are expecting UTF-8 encoding when handling percent-encoded triplets. The UTF-8 encoding of
the Unicode character " 6" istwo octets: OxC3 0xB6. The character space isinthefirst 128 characters of Unicode
and it is encoded using a single octet 0x20.

Unicode is backward compatible with ASCII, the encoding of the first 128 characters is the same binary value
asin ASCII.

It is a major source of confusion exactly which characters will be percent-encoded. In order to make it easier to
answer this question the library provides a utility function, uri _stri ng: al | omed_charact ers/ 0 , that lists
the allowed set of charactersin each major URI component, and also in the most important standard character sets.

1> uri_string:allowed characters().

{scheme,

"+-,0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz"},
{userinfo,

"1$%&"' ()*+,-.0123456789: ; =ABCDEFGHIJKLMNOPQRSTUVWXYZ abcdefghijklmnopqrstuvwxyz~"},
{host,

"1$&" () *+,-.0123456789: ; =ABCDEFGHIJKLMNOPQRSTUVWXYZ abcdefghijklmnopgrstuvwxyz~"},
{ipv4,".0123456789"},
{ipv6,".0123456789:ABCDEFabcdef"},
{regname,

"1$%&"' ()*+,-.0123456789;=ABCDEFGHIJKLMNOPQRSTUVWXYZ abcdefghijklmnopgrstuvwxyz~"},
{path,

"1$%&"' ()*+,-./0123456789: ; =@GABCDEFGHIJKLMNOPQRSTUVWXYZ abcdefghijklmnopgrstuvwxyz~"},
{query,

"1$%&"' ()*+,-./0123456789: ; =?@ABCDEFGHIJKLMNOPQRSTUVWXYZ abcdefghijklmnopgrstuvwxyz~"},
{fragment,

"1$%&"' ()*+,-./0123456789: ; =?@ABCDEFGHIJKLMNOPQRSTUVWXYZ abcdefghijklmnopgrstuvwxyz~"},
{reserved, "!#$&' ()*+,/:;=?@[1"},
{unreserved,

"-.0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZ abcdefghijklmnopqrstuvwxyz~"}]
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If a URI component has a character that is not allowed, it will be percent-encoded when the URI is produced:

2> uri string:recompose(#{scheme => "https", host => "local#host", path => ""}).
"https://local%s23host"

Consuming a URI containing percent-encoded triplets can take many steps. The following example shows how
to handle an input URI that is not normalized and contains multiple percent-encoded triplets. First, the input
uri_string() istobeparsedintoauri _map() . The parsing only splits the URI into its components without
doing any decoding:

3> uri string:parse("http://%6C%6Fcal%23host/%F6re%26bro%s20") .
#{host => "%6(%6Fcal%23host",path => "/%F6re%26bro%s20",
scheme => "http"}}

Theinputisavalid URI but how can you decode those percent-encoded octets? Y ou can try to normalize theinput with
uri _string: nornalize/ 1. The normalize operation decodes those percent-encoded triplets that correspond to
acharacter in the unreserved set. Normalization is a safe, idempotent operation that converts a URI into its canonical
form:

4> uri string:normalize("http://%6C%6Fcal%23host/%F6re%s26bro%20").
"http://local%23host/%F6re%26bro%s20"
5> uri string:normalize("http://%6C%6Fcal%23host/%F6re%s26bro%20", [return map]).
#{host => "local%23host",path => "/%F6re%26bro%20",

scheme => "http"}

There are still a few percent-encoded triplets left in the output. At this point, when the URI is already parsed, it
is safe to apply application specific decoding on the remaining character triplets. Erlang/OTP provides a function,
uri _string: percent _decode/ 1 for raw percent decoding that you can use on the host and path components,
or on the whole map:

6> uri string:percent decode("local%23host").

"local#host"

7> uri_string:percent_decode("/%F6re%26bro%s20").

{error,invalid utf8,<<"/6re&bro ">>}

8> uri_string:percent_decode(#{host => "local%23host",path => "/%F6re%26bro%20",
scheme => "http"}).

{error,{invalid, {path, {invalid utf8,<<"/6re&bro ">>}}1}}

The host was successfully decoded but the path contains at least one character with non-UTF-8 encoding. In order
to be able to decode this, you have to make assumptions about the encoding used in these triplets. The most obvious
choiceislatin-1, soyoucantry uri _stri ng: transcode/ 2, totranscode the path to UTF-8 and run the percent-
decode operation on the transcoded string:

9> uri string:transcode("/%F6re%26bro%20", [{in encoding, latinl}]).
"/%C3%B6re%26bro%20"

10> uri string:percent decode("/%C3%B6re%26bro%20").

"/ore&bro "

It isimportant to emphasize that it is not safeto apply uri _stri ng: per cent _decode/ 1 directly on an input
URI:
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11> uri _string:percent decode("http://%6C%6Fcal%s23host/%C3%B6re%s26bro%s20").
"http://local#host/6re&bro "

12> uri string:parse("http://local#host/dre&bro ").

{error,invalid uri,":"}

Percent-encoding is implemented in uri _string: reconpose/ 1 and it happens when converting a
uri _map() intoauri _string(). Thereis no equivaent to a raw percent-encoding function as percent-
encoding shall be applied on the component level using different sets of allowed characters. Applying percent-
encoding directly on aninput URI would not be safejust asinthecaseof uri _stri ng: percent _decode/ 1,
the output could be aninvalid URI.

1.4.5 Normalization

Normalization isthe operation of converting theinput URI into acanonical form and keeping the reference to the same
underlying resource. The most common application of hormalization is determining whether two URIs are equivalent
without accessing their referenced resources.

Normalization has 6 distinct steps. First the input URI is parsed into an intermediate form that can handle Unicode
characters. This datatype is the uri _map(), that can hold the components of the URI in map elements of type
uni code: char dat a() . After having the intermediate form, a sequence of normalization algorithms are applied
to the individual URI components:

Case normalization

Convertsthe schene and host components to lower case as they are not case sensitive.
Percent-encoding normalization

Decodes percent-encoded triplets that correspond to charactersin the unreserved set.
Scheme-based normalization

Applying rules for the schemes http, https, ftp, ssh, sftp and tftp.
Path segment normalization

Converts the path into a canonical form.

After these steps, the intermediate data structure, an uri _map(), is fully normaized. The last step is applying
uri _string: reconpose/ 1 that convertsthe intermediate structure into avalid canonical URI string.

Notice the order, theuri _stri ng: normal i ze(URI Map, [return_map]) that we used many timesin this
user guideisashortcut in the normalization process returning the intermediate datastructure, and allowing usto inspect
and apply further decoding on the remaining percent-encoded triplets.

13> uri string:normalize("hTTp://LocalHost:80/%c3%B6rebro/a/../b").
"http://localhost/%C3%B6rebro/b"
14> uri string:normalize("hTTp://LocalHost:80/%c3%B6rebro/a/../b", [return map]).
#{host => "localhost",path => "/%(C3%B6rebro/b",

scheme => "http"}
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1.4.6 Special considerations

The current URI implementation provides support for producing and consuming standard URIs. The API is not meant
to be directly exposed in aWeb browser's address bar where users can basically enter free text. Application designers
shall implement proper heuristics to map the input into a parsable URI.
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STDLIB

Application

The STDLIB application is mandatory 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. For more information about
configuration parameters, seethe app(4) modulein Kernel.

shell _esc = icl | abort
Can be used to change the behavior of the Erlang shell when ~G is pressed.
restricted_shell = nodul e()

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

Can be used to set the exception handling of the evaluator process of Erlang shell.
shell _history length = integer() >= 0

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()

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

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

Can be used to determine how the Erlang shell outputs lists of integers.

See Also
app(4),application(3),shdl(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 zer o-based indexing. Thisis a deliberate design choice and differs from other Erlang data structures, for
example, tuples.

Unless specified by the user when the array is created, the default value is the atom undef i ned. There is no
difference between an unset entry and an entry that has been explicitly set to the same value asthe default one (compare
reset/ 2). If you need to differentiate between unset and set entries, ensure that the default value cannot be confused
with the values of set entries.

The array never shrinks automatically. If anindex | has been used to set an entry successfully, al indicesin therange
[0, ] stay accessible unlessthe array size is explicitly changed by callingr esi ze/ 2.

Examples:
Create afixed-size array with entries 0-9 set to undef i ned:

A0
10

array:new(10).
array:size(A0).

Create an extendible array and set entry 17 tot r ue, causing the array to grow automatically:

Al
18

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

Read back a stored value:

true = array:get(17, Al).

Accessing an unset entry returns default value:

undefined = array:get(3, Al)

Accessing an entry beyond the last set entry also returns the 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 orddict(A2).

An extendible array can be made fixed-size |ater:

A3 = array:fix(A2).

A fixed-size array does not grow automatically and does not allow accesses beyond the last set entry:
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{'EXIT',{badarg, }}
{'EXIT',{badarg, }}

(catch array:set(18, true, A3)).
(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. Notice
that arrays cannot be directly compared for equality.

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)
indx_pairs(Type) = [indx pair(Type)]
indx_pair(Type) = {Index :: array indx(), Type}

Exports

default(Array :: array(Type)) -> Value :: Type
Gets the value used for uninitialized entries.
Seealsonew 2.

fix(Array :: array(Type)) -> array(Type)
Fixesthe array size. This prevents it from growing automatically upon insertion.
Seeadsoset/ 3 andrel ax/ 1.

foldl(Function, InitialAcc :: A, Array :: array(Type)) -> B
Types:
Function =
fun((Index :: array indx(), Value :: Type, Acc :: A) -> B)
Folds the array elements using the specified function and initial accumulator value. 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.

Seeasofol dr/ 3, map/ 2,sparse_fol dl /3.

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

Folds the array elements right-to-left using the specified function and initial accumulator value. The elements are
visited in order from the highest index to thelowest. If Funct i on isnot afunction, the call failswith reasonbadar g.
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Seeasofol dl /3, map/ 2.

from list(List :: [Value :: Typel]) -> array(Type)
Equivalenttof rom | i st (Li st, undefi ned).

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

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

Seealsonew 2,to_list/1.

from orddict(0Orddict :: indx pairs(Value :: Type)) -> array(Type)
Equivalenttof r om or ddi ct (Orddi ct, undefined).

from orddict(Orddict :: indx pairs(Value :: Type),
Default :: Type) ->
array(Type)

Converts an ordered list of pairs{ | ndex, Val ue} to acorresponding extendible array. Def aul t isused asthe
value for uninitialized entries of the array. If Or ddi ct isnot aproper, ordered list of pairs whose first elements are
non-negative integers, the call fails with reason badar g.

Seedsonew 2,to_orddict/ 1.

get(I :: array indx(), Array :: array(Type)) -> Value :: Type

Gets the value of entry | . If | is not a non-negative integer, or if the array has fixed size and | is larger than the
maximum index, the call fails with reason badar g.

If the array does not have fixed size, the default value for any index | greater than si ze( Arr ay) - 1 isreturned.
Seealsoset/ 3.

is array(X :: term()) -> boolean()

Returnst r ue if Xisan array, otherwise f al se. Natice that the check is only shallow, as there is no guarantee that
Xisawell-formed array representation even if thisfunction returnst r ue.

is fix(Array :: array()) -> boolean()
Checksif the array hasfixed size. Returnst r ue if the array isfixed, otherwisef al se.
Seedsofi x/ 1.

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

Maps the specified function onto each array element. 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.

Seeasofoldl/3,foldr/3,sparse_nap/ 2.
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new() -> array()
Creates anew, extendible array with initial size zero.
Seeadsonew 1, new 2.

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

Creates a new array according to the specified otions. By default, the array is extendible and has initia size zero.
Array indices start at 0.

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

Specifies the initial array size; thisalso implies{fi xed, true}. If Nisnot anon-negative integer, the call
failswith reason badar g.

fixedor{fixed, true}
Creates afixed-sizearray. Seeadsofi x/ 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 inthe list, that is, 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.
