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Internationalizing IPv6 Using 128-Bit Uni code
Abst r act

It is clear that Unicode will eventually exhaust its supply of code
points, and nore will be needed. Assum ng |ISO and the Uni code
Consortiumfollow the practices of the I ETF, the next Unicode code
point size will be 128 bits. This docunent describes how this future
128-bit Unicode can be | everaged to inprove | Pv6 adoption and finally
bring internationalization support to |Pv6.

Status of This Meno

Thi s docunent is not an Internet Standards Track specification; it is
published for informational purposes.

This is a contribution to the RFC Series, independently of any other
RFC stream The RFC Editor has chosen to publish this document at
its discretion and makes no statenent about its value for

i npl ementation or depl oynent. Docunents approved for publication by
the RFC Editor are not candidates for any |evel of Internet Standard;
see Section 2 of RFC 7841.

I nformation about the current status of this docunent, any errata,
and how to provide feedback on it may be obtained at
https://ww. rfc-editor.org/info/rfc8369

Copyri ght Notice

Copyright (c) 2018 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(https://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunments
carefully, as they describe your rights and restrictions with respect
to this docunent.
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1.

1.

I nt roducti on

Uni code [Unicode] is currently limted to 1,114,112 code points,
encoded in various encoding formats (e.g., UTF-8, UTF-16, UTF-32).

At the time of this docunent’s publication, 136,755 code points have
been allocated, with nore already in the approval process. Every
year, nore witing scripts, synbols, and enpjis are added, while none
are renoved. After consulting expert mathenmaticians, we have
determned that the world will run out of code points soneday in the
future.

Wiile it mght appear that the current rate of code point allocation
gives us plenty of time to deal with the exhaustion problem the
Internet’s history has shown that popul ar nunber spaces do not fill
up linearly, but rather exponentially. And once the size of a
particul ar nunber space becones entrenched, it takes decades to
mgrate to a | arger one. Therefore, the code point nunber space nust
be increased as soon as possi bl e.

The details for expanding the Uni code code point space are not
covered in this docunment. Such details need to be worked out between
the 1ETF, 1SO the Unicode Consortium and various gods. W assune,
however, that the code point space will need to grow dramatically,
and there will continue to be a need for a fixed-I|ength encoding
schene sinmlar to UTF-32. Naturally, the next size increment should
go fromUTF-32 to UTF-128, and thus the rest of this document follows
this assunption.

This new 128-bit Uni code code point space can be | everaged by the
| ETF to address one of the lingering issues with I Pv6: there's not
much left to standardize. Wth the changes described in this

docunent, the IETF will be kept busy for decades to conme. It also
enabl es new features and market opportunities, to help the gl oba
econony. This in turn will increase tax revenues for governnents,

whi ch eventually may | ead to increased funds for conbating gl oba
warm ng. Therefore, the ultimate goal of this document is to reduce
gl obal warm ng.

1. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here. Al other words SHOULD be interpreted as
described by the Oxford English Dictionary CED [ CED], which MAY be
consi dered al nost as authoritative for word definitions as the | ETF.
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1. 2. Definitions

UTF-128: A fixed-length encoding for 128-bit Unicode. It is
i npl emented as an array of bytes in the sane manner as | egacy
| Pv6 addresses to avoi d endi anness i ssues.

Short-Name Tag: A short descriptive nane for a Uni code character
code point, surrounded by colons (:). For example ":garfield:"
represents the Unicode code point for the Garfield cat inoji.

Enoji: Pictographic synbol encoded in Unicode, used to express a
general item concept, or enotion.

Imoji: Pictographic synbol encoded in Unicode, used to represent an
i ndividual, specific thing: a specific human, a favorite pet, a
fanous aninal, etc.

Ampji: Pictographic synbol encoded in Unicode, used to represent an
i ndi vidual of an alien species.

Uroji: Pictographic synbol encoded in Unicode, used to represent
unknown things not covered by the other nojis.

Omwji: Pictographic synbol encoded in Unicode, used to represent
obfuscated identities, used as addresses for the purpose of
privacy.

2. The Need for 128-Bit Code Points

The exponentially increasing demand for Unicode character code points
m ght not be obvious at first glance. Wile it is true that the
nunber of | anguages and their witing scripts do not grow quickly
over time, one type of "character”™ will: empjis. Unicode has barely
begun providing code points for all of the various enmpjis currently
inuse, and it is likely that nore enpjis will be created in the
future. For exanple, there are still missing enpji synbols for nost
types of food and drink, the flags of each town and city on Earth,

all human sporting and leisure activities including all |ocal and
nati onal sports teans and players, and every plant and ani mal species
and gender.

Furthernore, it has beconme common for sone applications to allow
their users to create customenpojis, whereby the user can provide the
graphic to display for a new "character"”. For exanple, a user m ght
set their chat application to display a graphic of Carlos Ramirez’'s
popul ar "Trol |l face" nmenme [ TROLL], using the short-nane tag
":trollface:’” in their chat application. Al other users of the sane
chat app will be able to see and use the sane customtrollface enpji.
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However, since there is no Unicode code point for :trollface:, the
chat app cannot export the trollface empji to other chat apps or
protocol s, such as Internet Relay Chat (IRC) or the Extensible
Messagi ng and Presence Protocol (XMPP). This represents a clear
interoperability issue.

In the future, it mght al so becone desirable to assign each hunan a
Uni code code point to represent them simlar to names, with the

gl yph being a picture of their face or a custom graphic. These
personal code points are not truly "enpjis" in the classical sense of
bei ng generic concepts, so we've decided to give thema new nanme to
avoi d confusion: inoji. Unlike human nanes, code points for inojis
wi |l be unique per human, for all space and tinme. Favorite pets and
famous ani mal s can al so be assigned inpjis.

Lastly, if we ever encounter sentient species fromother planets,

they too will need Unicode code points for their witing scripts and
enpjis; and they will each need unique anpbjis (inpjis for aliens),

for whatever formtheir individual identity mght take. Section 4 of
RFC 8136 [ RFC8136] clearly supports such a scenario, with the new UFO
| Pv6 opti on.

Based on the above obvi ous use cases, it is clear that the current ~1
mllion code points are nowhere near enough. |Increasing to 64 bits
m ght be sufficient for now, but since this will be a painfu
transition process no matter the size, we believe junping to 128 bhits
is the appropriate choice.

Note: The current limt of ~1 mllion code points is a formal limt
due to what UTF-16 can encode today. |Increasing the linmt wll

either require deprecating UTF-16 or paying a hefty overhead penalty
to encode 128 bits across many pairs of surrogate code points. Since
the ultimte goal of this document is to reduce global warm ng, the
chal | enge of choosi ng between deprecating UTF-16 or paying the
overhead price is a trivial dilemma to solve by conparison

Kapl an I nf or mat i onal [ Page 5]



RFC 8369 Uni code | Pv6 Addressing 1 April 2018

3.

3.

Uni code | Pv6 Addresses

Assum ng the new Uni code code point space is 128 bits -- excl uding
sonme reserved bits for backwards conpatibility and future expansion
-- it seens only natural to use Unicode code points for |Pv6
addresses, and vice versa. This |leads to some exciting changes, such
as:

o |Pv6e addresses no | onger need to be typed as hex val ues --
instead, the glyph for the script character, synbol, enoji, or
imji representing that address can be input by the user, and it
wi Il be displayed by the application as the graphic itself. From
the user’s perspective, this will also be nore conpact than the
representation described in RFC 1924 [ RFC1924].

0 Network nonitoring and troubl eshooting tools can now di spl ay
pretty glyphs in place of ugly IPv6 addresses, leading to |ess
stress on the eyes of network adm nistrators.

o For cases where graphical glyphs cannot be used, such as | ETF
docunents, we can deprecate the | egacy textual notation of |Pv6
addresses of the style '2001: db8: 85a3: : 8a2e:370: 7334’ to the
simpl er Uni code textual notation
" U+20010DB885A3000000008A2E03707334’ . Using the short-name tag is
al so possible, such as ':v6address-1:".

Due to the nature of having | Pv6 addresses be Uni code code points,
RFC 8135 [ RFC8135] is nmde obsolete by this docunent. 1t was found
to be too conplex to inplenent anyway.

1. Reserved Addresses

Sone address code points will be inappropriate for |Pv6 addressing,
such as formatting characters and control codes. Such code points
MUST NOT be used for |Pv6 addresses.

We do, however, still need to reserve sone code points for private
network use. Since no sentient |ife has been found on Mars, the code
poi nts that would have been allocated for Martian inojis are hereby
all ocated for this private use. These addresses are thus called
"Martians", also known as "Bogons" due to them bei ng bogus.

Note: Should life be found on Mars in the future, new code points

will be allocated for them To avoid confusion, they will be called
"Barsoom I ndi genous G yph O f-world Networ k" addresses, or "Bigons”
(pronounced "bye-gons"). W ’'re certain the Martians will |et Bogons

be bygones, and Bi gons be Bi gons.
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3.2. Milticast

In both 1Pv4 and |1 Pv6, nulticast addresses have been relegated to
predefined | P address ranges, limting how many nul ticast groups
could be used simultaneously. Gven the rise of broadcasting-style
social media platfornms, and the market demand for individuals to be
wat ched/ f ol | owed by numerous random strangers constantly, it seens
clear that we need to be able to multicast everything, all the tinme.

To address this need, the high-order bit of the 128-bit code point
space SHALL be reserved to indicate nmulticast. Al valid code points
(i.e., IPv6 addresses) will thus have nulticast counterparts. For
exanpl e, the code point allocated for :cat: is WU1F408. The
mul ti cast group W+8000000000000000000000000001F408 is thus for
content about cats. Note that this is for general cat content --
other code points are allocated for specific cat content, such as joy
cat, grinning cat, pouty cat, etc. For an individual cat |ike
Garfield, setting the high-order bit to the code point allocated for
cgarfield: will indicate that it is nulticast content about Garfield.

Source-specific nmulticast also plays a role; for example, joining the
cgarfield: multicast group and restricting it to a source of
:garfield: results in only receiving content about Garfield, from
Garfield.

3.3. 1Pv6 Routing

There should be little inpact on routing using code-point-based | Pv6
addresses. There might be sonme exponential growh in routing and
forwarding tables due to difficulties in aggregating code points;
hopefully, this will be offset by increases in processor and menory
capacity. O course this will also drive the need to frequently
upgr ade networ ki ng hardware, resulting in a boost to the gl oba
econony, and thus a reduction in global warn ng.

One inprovenent to routing that MAY be considered is for scenic
routing as defined by RFC 7511 [ RFC7511]. Wth enojis and imojis
bei ng avail abl e for addressing, we can now specify which exact type
of scenery to visit along the way, or even which exact avian carrier

[ RFC6214] to ride with. Note that avian carriers as described in RFC
1149 [ RFC1149] are not supported, since they only support |Pv4.
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4. Using Unicode | Pv6 Addresses
4.1. Uniform Resource ldentifiers

Uni form Resource ldentifiers (URIs) and Uniform Resource Locators
(URLs) al ready support Unicode through Internationalized Resource
Identifiers (IRIs), but these are nerely a neans to use nultiple

Uni code characters to indicate a resource. Wth 128-bit Uni code, the
nunber space is large enough to identify each resource with a single
Uni code character. Wy waste space and tine typing out nultiple
characters, when you can just use one?

For URLs, this new nmodel might only nean using a single Unicode
character for the hostname portion -- for exanple, a corporate |ogo
in place of the | egacy corporate domain name. Another alternative is
to allocate a code point for the entire host and path, possibly even
including the scheme. These types of decisions can be nade in future
| ETF Wor ki ng G oups.

The interesting aspect of this change for URIs/URLs is that no
address | ookup needs to be perforned. The single 128-bit Uni code for
the URL *is* the I Pv6 address. An additional step is only needed if
the user inputs a private Unicode character or short-nane tag that
needs to be converted to a publicly allocated one. This would
require Network Address Translation (NAT) fromthe private code point
or short-nanme tag to a public Unicode code point. This can be done
locally, thus finally bringing NATs into the last part of the
Internet in which they are not currently deployed: the user’s
appl i cation.

4.2. Address Allocation and Resol ution

It is obvious that once a single 128-bit Unicode character is used
for addresses and URlI's, using donain names w |l quickly becone
obsol ete. The subsequent collapse of the donmain name industry
presents a threat to the world econony, which MJIST be addressed.

One solution to this danger is to establish a Unicode registry node
and an acconpanyi ng Code Poi nt Uni code Resol uti on System ( CPURS
pronounced "keepers"). CPURS woul d replace DNS and provi de an
architecture and resol ution mechanismto resol ve Uni code code points
to their registered glyphs and short-nanme tags, and vice versa. The
new Uni code registries and registrars would thus replace the | egacy
domai n nane counterparts. This would lead to a new gold rush for
regi stering Uni code code points for corporate | ogos and product

i cons, and thus usher in an era of economi c prosperity, which would
eventual |y reduce gl obal warni ng.
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Once Unicode registries and CPURS are in place, |Pv6 addresses woul d
be all ocated by registering code points through that system they
woul d no | onger be registered by 1ANA and RIRs. This is not a nmjor
concern, however, because any tax revenue loss will be nore than

of fset by Unicode registries allocating code points. Furthernore, in
order to make CPURS possible, the actual graphic files for the glyphs
need to be standardi zed and created in nunmerous formats and sizes,
with various intellectual property rules. This will provide nore
work for graphic artists and | awers, further increasing tax revenue.

The astute reader mght ask why we need CPURS if Unicode translation
is perfornmed |l ocally on hosts today. The answer is volune: it is
unl i kely that host applications can keep up with the rate of new

Uni code code points being allocated for emojis, inojis, and unojis.
VWi |l e application and operating system updates have been occurring at
an ever-increasing rate, and will soon reach the same rate as human
births, it is doubtful that it will ever reach the rate of sentient
extraterrestrial births. Therefore, we need a systemthat can scale
to reach such volume before we nmake first contact; otherw se, the
diplomatic failure to quickly provide the aliens with anojis of their
own may lead to armed conflict. An arned conflict with other
sentient beings capable of reaching Earth m ght increase gl oba

warm ng, defeating this docunment’s ultinmate purpose

5. Summary

There is still much to be decided on, nbst of which is frankly rather
boring. It is clear, however, that 128-bit Unicode code points will
be needed eventually, and | Pv6 addressing MJST be migrated to it.
Thus, the time to act is now

6. | ANA Consi der ati ons
Thi s docunent has no | ANA acti ons.
7. Security Considerations

The main security concern with using 128-bit Unicode for |Pv6
addressing is the need for privacy, in ternms of anonymty. |If an

| Pv6 packet is sent with an inmpji or anpji address, then man-in-the-
m ddl e devices in the network will know the specific human or alien
that sent or received the packet. Using such information m ght |ead
to heated di scussions, thereby increasing gl obal warm ng.

To address this concern, an |IPv6 address MAY be obfuscated by using
an onoji. An ompji is sinply the original Unicode code point but
with the least-significant bit set; all other types of 128-bit

Uni code code points MJST have the | east-significant bit cleared. The
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graphi cal representation of an onoji is the same as its unobfsucated
moj i counterpart, except that it is covered over by a solid black
bl ock.

By setting the least-significant bit of the source or destination and
thus turning it into an onoji, the |Pv6 address is obfuscated and the
true identity cannot be determ ned, while IPv6 routers can still
route the packet appropriately. Note that this only provides a bit
of privacy, but every bit hel ps.
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