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Abst r act

| SO 10646 defines a |l arge character set called the Universa
Character Set (UCS), which enconpasses nost of the world' s witing
systens. The sane set of codepoints is defined by Unicode, which
further defines additional character properties and other

i npl enentation details. By policy of the relevant standardization
committees, changes to Unicode and amendnents and additions to

| SO | EC 646 track each other, so that the character repertoires and
code point assignnents renain in synchronization

The current representation formats for Unicode (UTF-7, UTF-8, UTF-16)
are not storage and conputation efficient on platfornms that utilize
the 9 bit nonet as a natural storage unit instead of the 8 bit octet.

Thi s docunent describes a transformation format of Unicode that takes
advant age of the nonet so that the fornmat will be storage and
conmput ation efficient.

1. I nt roducti on

A nunber of Internet sites utilize platforns that are not based upon
the traditional 8-bit byte or octet. One such platformis the PDP-
10, which is based upon a 36-bit word. On these platforns, it is
wasteful to represent data in octets, since 4 bits are left unused in
each word. The 9-bit nonet is a nuch nore sensible representation

Al t hough these platforns support |ETF standards, nmany of these
platforns still utilize a text representati on based upon the septet,
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which is only suitable for [US-ASCII] (although it has been used for
various | SO 10646 national variants).

To maxim ze international and nmulti-lingual interoperability, the | AB
has recomrended ([1 AB- CHARACTER]) that [l SO 10646] be the default
coded character set.

Al t hough other transformation formats of [UN CODE] exist, and
concei vably can be used on nonet-oriented machi nes (nost notably
[UTF-8]), they suffer significant di sadvantages:

[ UTF- 8]
requires one to three octets to represent codepoints in the
Basic Multilingual Plane (BMP), four octets to represent
[ UNI CODE] codepoi nts outside the BMP, and six octets to
represent non-[UNI CODE] codepoints. Wen stored in nonets,
this results in as nany as four wasted bits per [ UN CODE]
character.

[ UTF- 16]
requires a hexadecet to represent codepoints in the BW, and
two hexadecets to represent [UN CODE] codepoints outside the
BMP. Wen stored in nonet pairs, this results in as many as
four wasted bits per [UNICODE] character. This transformation
format requires conplex surrogates to represent codepoints
outside the BMP, and can not represent non-[ UNI CODE] codepoints
at all.

[ UTF-7]
requires one to five septets to represent codepoints in the
BMP, and as many as eight septets to represent codepoints
outside the BMP. \When stored in nonets, this results in as
many as sixteen wasted bits per character. This transfornmation
format requires very conplex and conputationally expensive
shifting and "nodified BASE64" processing, and can not
represent non-[ UNl CODE] codepoints at all

By conparison, UTF-9 uses one to two nonets to represent codepoints
in the BMP, three nonets to represent [UN CODE] codepoints outside
the BMP, and three or four nonets to represent non-[ UN CODE]
codepoints. There are no wasted bits, and as the exanples in this
docunent denonstrate, the conputational processing is mninal.

Transformati on between [UTF-8] and UTF-9 is straightforward, with
nost of the conplexity in the handling of [UTF-8]. It is hoped that
future extensions to protocols such as SMIP will permit the use of
UTF-9 in these protocols between nonet platforns w thout the use of
[UTF-8] as an "on the wire" fornat.
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Simlarly, transformation between [UN CODE] codepoints and UTF-18 is
also quite sinple. Although (like UCS-2) UTF-18 only represents a
subset of the avail able [UNI CODE] codepoints, it enconpasses the
non-private codepoints that are currently assigned in [ UNl CODE]

1.1. Conventions Used in This Docunent

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119

[ KEYWORDS] .

2. Overview

UTF-9 encodes [UNI CODE] codepoints in the low order 8 bits of a
nonet, using the high order bit to indicate continuation. Surrogates
are not used.

[ UNI CODE] codepoints in the range U+0000 - WHOOFF ([US-ASCII] and
Latin 1) are represented by a single nonet; codepoints in the range
W0100 - WFFFF (the remai nder of the BMP) are represented by two
nonets; and codepoints in the range U+1000 - W10FFFF (remai nder of
[ UNI CODE] ) are represented by three nonets.

Non-[ UNI CODE] codepoints in [I1SO 10646] (that is, codepoints in the
range 0x110000 - ox7fffffff) can also be represented in UTF-9 by
obvi ous extension, but this is not discussed further as these
codepoi nts have been renmpoved from[I SO 10646] by | SO

UTF- 18 encodes [ UNI CODE] codepoints in the Basic Miltilingual Plane
(BWP, plane 0), Supplenmentary Miltilingual Plane (SMP, plane 1),
Suppl enent ary | deographic Plane (SIP, plane 2), and Suppl ementary
Speci al - purpose Plane (SSP, plane 14) in a single 18-bit value. It
does not encode planes 3 though 13, which are currently unused; nor
pl anes 15 or 16, which are private spaces.

Nornmal |y, UTF-9 and UTF-18 should only be used in the context of 9
bit storage and transport. Al though sone protocols, e.g., [FTPF],
support transport of nonets, the current |ETF protocol suite is quite
deficient in this area. The IETF is urged to take action to inprove
| ETF protocol support for nonets.

3. UTF-9 Definition
A UTF-9 streamrepresents [|I SO 10646] codepoints using 9 bit nonets.

The | ow order 8-bits of a nonet is an octet, and the high order bit
i ndi cates continuation
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UTF-9 does not use surrogates; consequently a UTF-16 val ue nust be
transforned into the UCS-4 equival ent, and U+D800 - W+DBFF are never
transmitted in UTF-9.

Cctets of the [ UNI CODE] codepoint value are then copied into
successive UTF-9 nonets, starting with the nost-significant non-zero
octet. Al but the least significant octet have the continuation bit
set in the associ ated nonet.

Exanpl es:
Character Nanme UTF-9 (in octal)
U+0041 LATI N CAPI TAL LETTER A 101
U+00C0 LATI N CAPI TAL LETTER A WTH GRAVE 300
U+0391 GREEK CAPI TAL LETTER ALPHA 403 221
U+611B <CJK i deograph meaning "l ove"> 541 33
U+10330 GOTHI C LETTER AHSA 401 403 60
WEO041  TAG LATI N CAPI TAL LETTER A 416 400 101
UW10FFFD <Pl ane 16 Private Use, Last> 420 777 375
0x345ecf1b (UCS-4 val ue not in [UN CODE]) 464 536 717 33

4. UTF- 18 Definition

A UTF- 18 streamrepresents [|I SO 10646] codepoints using a pair of 9
bit nonets to forman 18-bit val ue.

UTF- 18 does not use surrogates; consequently a UTF-16 val ue nust be
transforned into the UCS-4 equival ent, and U+D800 - W+DBFF are never
transmtted in UTF- 18.

[ UNI CODE] codepoi nt values in the range U+0000 - WU+2FFFF are copied
as the same value into a UTF-18 value. [UN CODE] codepoint values in
t he range WEO000 - W+EFFFF are copied as val ues 0x30000 - Ox3ffff;
that is, these values are shifted by 0x70000. O her codepoint val ues
can not be represented in UTF-18.

Exanpl es:
Character Nane UTF-18 (in octal)
U+0041 LATI N CAPI TAL LETTER A 000101
U+00C0 LATI N CAPI TAL LETTER A WTH GRAVE 000300
U+0391 CGREEK CAPI TAL LETTER ALPHA 001621
U+611B <CJK i deograph neaning "l ove"> 060433
U+10330 GOTHI C LETTER AHSA 201460
U+E0041  TAG LATIN CAPI TAL LETTER A 600101
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5. Sanpl e Routines
5.1. [UN CODE] Codepoint to UTF-9 Conversion

The follow ng routines denonstrate conversion fromUCS-4 to UTF-9.
For sinplicity, these routines do not do any validity checking.
Routines used in applications SHOULD reject invalid UTF-9 sequences;
that is, the first nonet with a value of 400 octal (0x100), or
sequences that result in an overflow (exceeding Ox10ffff for

[ UNI CODE] ), or codepoints used for UTF-16 surrogates.

; Return UCS-4 value from UTF-9 string (PDP-10 assenbly version)
; Accepts: P1/ 9-bit byte pointer to UTF-9 string
; Returns +1. Always, T1/ UCS-4 value, P1l/ updated byte pointer

Cl obbers T2
uro2u4: TDZA T1,T1 ; start with zero
Uo2uU41: XOR T1, T2 ; insert octet into UCS-4 val ue
LSH T1, D8 shift UCS-4 val ue

ILDB T2, P1 ; get next nonet

TRZE T2, 400 extract octet, any continuation?
JRST W2u41 yes, continue

XOR T1, T2 insert final octet

POPJ P,

/* Return UCS-4 value from UTF-9 string (C version)
* Accepts: pointer to pointer to UTF-9 string

* Returns: UCS-4 character, nonet pointer updated
*/

Ul NT31 UTF9_to_UCS4 (Ul NT9 **utf9PP)

U NT9 nonet;
Ul NT31 ucs4;
for (ucs4 = (nonet = *(*utf9PP)++) & Oxff;
nonet & 0x100;
ucs4 | = (nonet = *(*utf9PP) ++) & Oxff)
ucs4 <<= 8;
return ucsé;

}
5.2. UTF-9 to UCS-4 Conversion

The follow ng routines denonstrate conversion fromUTF-9 to UCS-4.
For sinmplicity, these routines do not do any validity checking.
Routines used in applications SHOULD reject invalid UCS-4 codepoints;
that is, codepoints used for UTF-16 surrogates or codepoints wth

val ues exceedi ng 0x10ffff for [ UN CODE]
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; Wite UCS-4 character to UTF-9 string (PDP-10 assenbly version)
; Accepts: P1/ 9-bit byte pointer to UTF-9 string

; T1/ UCS-4 character to wite

; Returns +1: Always, P1/ updated byte pointer

; Clobbers T1, T2; (T1, T2) nust be an accumrul ator pair

U42UT9: SETO T2, ;. we'll need sone of these 1-bits |ater
ASHC T1, -~D8 | ow octet beconmes nonet with high 0-bit
U32U91: JUMPE T1, 429X done if no nore octets
LSHC T1, -~D8 shift next octet into T2
ROT T2,-1 turn it into nonet with high 1 bit
PUSH] P, 4291 recurse for remainder
U42U9X: LSHC T1, D9 get next nonet back from T2
IDPB T1, P1 write nonet
POPJ P,

/* Wite UCS-4 character to UTF-9 string (C version)
* Accepts: pointer to nonet string

* UCS-4 character to wite
* Returns: updated pointer
*/

U NT9 *UCS4_to_UTF9 (U NT9 *utf 9P, U NT31 ucs4)
{
if (ucs4 > 0x100) {
if (ucs4 > 0x10000) {
if (ucs4 > 0x1000000)
*ut f 9P++ = 0x100 | ((ucsd >> 24) & Oxff);
*utf 9P++ = 0x100 | ((ucs4 >> 16) & Oxff);

}
*utf 9P++ = 0x100 | ((ucs4 >> 8) & Oxff);

}
*ut f 9P++ = ucs4 & Oxff;
return utf9P

}

6. I nplenentati on Experience

As the sanple routines denonstrate, it is quite sinple to inplenent
UTF-9 and UTF-18 on a nonet-based architecture. Mre sophisticated
routi nes can be found in ftp://panda. conftops-20/utools.mc.txt or
fromlingling. panda.comvia the file <UTF9>UTOOLS. MAC vi a ANONYMOUS
[ FTP].
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We are now in the process of inplenenting support for nonet-based
text files and autonated transformati on between septet, octet, and
nonet textual data.
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8. Security Considerations

As with UTF-8, UTF-9 can represent codepoints that are not in
[ UNI CODE]. Applications should validate UTF-9 strings to ensure that
al | codepoints do not exceed the [ UNI CODE] naxi num of U+10FFFF.

The sanple routines in this docunent are for exanpl e purposes, and
make no attenpt to validate their argunments, e.g., test for overfl ow
([ UNI CODE] val ues great than Ox10ffff) or codepoints used for
surrogates. Besides resulting in invalid data, this can also create
covert channel s.

9. | ANA Consi derati ons

The | ANA shall reserve the charset nanmes "UTF-9" and "UTF-18" for
future assignnment.
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This docunment is subject to the rights, licenses and restrictions
contained in BCP 78 and at ww. rfc-editor.org/copyright.htm, and
except as set forth therein, the authors retain all their rights.

Thi s docunent and the information contained herein are provided on an
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OR |'S SPONSCORED BY (I F ANY), THE | NTERNET SCCI ETY AND THE | NTERNET
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Intell ectual Property
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http://ww.ietf.org/ipr.

The 1ETF invites any interested party to bring to its attention any
copyrights, patents or patent applications, or other proprietary
rights that may cover technology that may be required to inpl enent
this standard. Please address the infornation to the IETF at ietf-
ipr@etf.org.
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