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UTF-8, a transformation format of Uni code and | SO 10646
Status of this Meno

This menmo provides information for the Internet community. This meno
does not specify an Internet standard of any kind. Distribution of
this meno is unlimted.

Abst r act

The Uni code Standard, version 1.1, and | SO | EC 10646-1:1993 jointly
define a 16 bit character set which enconpasses nost of the world' s
witing systenms. 16-bit characters, however, are not conpatible with
many current applications and protocols, and this has led to the
devel opment of a few so-called UCS transformation formats (UTF), each
with different characteristics. UTF-8, the object of this nenp, has
the characteristic of preserving the full US-ASCI| range: US-ASCl I
characters are encoded in one octet having the usual US-ASCI| val ue,
and any octet with such a value can only be an US-ASCI| character.
This provides conpatibility with file systens, parsers and ot her
software that rely on US-ASCI| val ues but are transparent to other
val ues.

1. Introduction

The Uni code Standard, version 1.1 [UNI CODE], and |1SQ' | EC 10646-1: 1993
[1SO 10646] jointly define a 16 bit character set, UCS-2, which
enconpasses nost of the world s witing systens. |SO 10646 further
defines a 31-bit character set, UCS-4, with currently no assignnents
outside of the region corresponding to UCS-2 (the Basic Miltilingual
Pl ane, BWMP). The UCS-2 and UCS-4 encodi ngs, however, are hard to use
in many current applications and protocols that assune 8 or even 7
bit characters. Even newer systens able to deal with 16 bit
characters cannot process UCS-4 data. This situation has led to the
devel opment of so-called UCS transformation formats (UTF), each with
different characteristics.

UTF-1 has only historical interest, having been renoved from | SO
10646. UTF-7 has the quality of encoding the full Unicode repertoire
using only octets with the high-order bit clear (7 bit US-ASClI
values, [US-ASCII]), and is thus deened a nuil-safe encodi ng
([RFC1642]). UTF-8, the object of this meno, uses all bits of an
octet, but has the quality of preserving the full US-ASCI| range:
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US- ASCI | characters are encoded in one octet having the normal US-
ASCI | value, and any octet with such a value can only stand for an
US- ASClI | character, and nothing el se.

UTF-16 is a scheme for transform ng a subset of the UCS-4 repertoire
into a pair of UCS-2 values froma reserved range. UTF-16 inpacts
UTF-8 in that UCS-2 values fromthe reserved range nmust be treated
specially in the UTF-8 transformation

UTF-8 encodes UCS-2 or UCS-4 characters as a varyi ng nunber of
octets, where the nunber of octets, and the val ue of each, depend on
the integer value assigned to the character in | SO 10646. This
transformation format has the follow ng characteristics (all val ues
are in hexadeci mal):

- Character values from 0000 0000 to 0000 007F (US-ASCI| repertoire)
correspond to octets 00 to 7F (7 bit US-ASCI| val ues).

- US-ASCI| values do not appear otherwi se in a UTF-8 encoded charac-
ter stream This provides conpatibility with file systenms or
other software (e.g. the printf() function in Clibraries) that
parse based on US-ASCI| val ues but are transparent to other val -
ues.

- Round-trip conversion is easy between UTF-8 and either of UCS-4,
UCS- 2 or Uni code.

- The first octet of a nulti-octet sequence indicates the nunber of
octets in the sequence.

- Character boundaries are easily found from anywhere in an octet
stream

- The | exicographic sorting order of UCS-4 strings is preserved. O
course this is of limted interest since the sort order is not
culturally valid in either case.

- The octet values FE and FF never appear.

UTF-8 was originally a project of the X/ Open Joint
Internationalization Goup XQJIGwith the objective to specify a File
System Safe UCS Transformation Format [FSS-UTF] that is conpatible
with UNI X systens, supporting multilingual text in a single encoding.
The original authors were Gary MIler, Geger Leijonhufvud and John
Ent enmann. Later, Ken Thonpson and Rob Pi ke did significant work for
the formal UTF-8.
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A description can also be found in Unicode Technical Report #4 [UNI -
CODE]. The definitive reference, including provisions for UTF-16
data within UTF-8, is Annex R of |1SO | EC 10646-1 [l SO 10646] .

2. UTF-8 definition

In UTF-8, characters are encoded using sequences of 1 to 6 octets.
The only octet of a "sequence" of one has the higher-order bit set to
0, the remaining 7 bits being used to encode the character value. In
a sequence of n octets, n>1, the initial octet has the n higher-order
bits set to 1, followed by a bit set to 0. The renaining bit(s) of
that octet contain bits fromthe value of the character to be
encoded. The followi ng octet(s) all have the higher-order bit set to
1 and the following bit set to 0, leaving 6 bits in each to contain
bits fromthe character to be encoded

The tabl e bel ow summari zes the format of these different octet types.
The letter x indicates bits available for encoding bits of the UCS -4
character val ue.

UCS-4 range (hex.) UTF- 8 octet sequence (binary)
0000 0000-0000 O0O7F OXXXXXXX

0000 0080-0000 O7FF T110XXXXX 1OXXXXXX

0000 0800- 0000 FFFF 1110xXxXX L1OXXXXXX L1OXXXXXX

0001 0000-001F FFFF 11110xXX L1OXXXXXX L1OXXXXXX L1OXXXXXX
0020 0000- O3FF FFFF 111110xX L1OXXXXXX L1OXXXXXX LOXXXXXX 1OXXXXXX
0400 0000- 7FFF FFFF 1111110x 1OXXXXXX ... LOXXXXXX

Encodi ng from UCS-4 to UTF-8 proceeds as foll ows:

1) Deternine the nunmber of octets required fromthe character val ue
and the first colum of the table above.

2) Prepare the high-order bits of the octets as per the second col um
of the table.

3) Fill inthe bits marked x fromthe bits of the character val ue,
starting fromthe | ower-order bits of the character val ue and
putting themfirst in the | ast octet of the sequence, then the
next to last, etc. until all x bits are filled in.
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3.

1)

2)

3)

The al gorithm for encoding UCS-2 (or Unicode) to UTF-8 can be

obt ai ned fromthe above, in principle, by sinply extending each
UCS-2 character with two zero-val ued octets. However, UCS-2 val -
ues between D800 and DFFF, being actually UCS-4 characters trans-
fornmed through UTF- 16, need special treatnent: the UTF-16 trans-
formati on nmust be undone, yielding a UCS-4 character that is then
transformed as above.

Decoding from UTF-8 to UCS-4 proceeds as foll ows:

Initialize the 4 octets of the UCS-4 character with all bits set
to O.

Det erm ne which bits encode the character value fromthe nunmber of
octets in the sequence and the second colum of the table above
(the bits marked x).

Distribute the bits fromthe sequence to the UCS-4 character,
first the lower-order bits fromthe |last octet of the sequence and
proceeding to the left until no x bits are left.

If the UTF-8 sequence is no nore than three octets |ong, decoding
can proceed directly to UCS-2 (or equival ently Unicode).

A nore detailed algorithmand formul ae can be found in [ FSS_UTF],
[ UNI CODE] or Annex R to [ISO 10646].

Exanpl es

The Uni code sequence "A<NOT | DENTI CAL TO><ALPHA>." (0041, 2262, 0391,
002E) may be encoded as foll ows:

41 E2 89 A2 CE 91 2E

The Uni code sequence "H Mm <WH TE SM LI NG FACE>!" (0048, 0069,
0020, 004D, 006F, 006D, 0020, 263A, 0021) may be encoded as foll ows:

48 69 20 4D 6F 6D 20 E2 98 BA 21

The Uni code sequence representing the Han characters for the Japanese

word "ni hongo" (65E5, 672C, 8A9E) may be encoded as foll ows:

E6 97 A5 E6 9C AC E8 AA 9E
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M ME registrations
This menmo is meant to serve as the basis for registration of a MM
character encoding (charset) as per [RFC1521]. The proposed charset
paraneter value is "UTF-8". This string would | abel nedia types
containing text consisting of characters fromthe repertoire of 1SO
10646-1 encoded to a sequence of octets using the encoding schene
outlined above.

Security Considerations
Security issues are not discussed in this nmeno.
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