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Abst r act

The 128-bit Iength of | Pv6 addresses (RFC 4291) allows for new and
i nnovati ve address schenes that can adapt to the chal |l enges of

today’s complex network world. It also allows for new and i nproved
security neasures and supports advanced cl oud conputing chal |l enges.

Status of This Menp

Thi s docunent is not an Internet Standards Track specification; it is
publ i shed for exam nation, experinental inplementation, and
eval uati on.

Thi s docunent defines an Experinental Protocol for the Internet
comunity. This is a contribution to the RFC Series, independently
of any other RFC stream The RFC Editor has chosen to publish this
docunent at its discretion and makes no statenment about its value for
i mpl enent ati on or deployment. Docunents approved for publication by
the RFC Editor are not a candidate for any | evel of Internet

St andard; see Section 2 of RFC 7841.

I nformati on about the current status of this document, any errata,
and how to provide feedback on it may be obtained at
http://ww.rfc-editor.org/info/rfc8135

Copyri ght Notice

Copyright (c) 2017 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the I ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this docunent.
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3.

3.

3.

| ntroducti on

Thi s docunent introduces the fundamental concepts of conpl ex
addressing in IPv6, allowing for a wi de range of conpl ex addressing
schenes to be supported and further devel oped.

Tradi tional network addressing schenes such as those used in |Pv4

[ RFC791] and | Pv6 [ RFC4291] have been confined to unsigned or integer
nunbers, representing fixed-point nunbers. This has provided natura
nunbers for early inplenentations but is not well adapted to the
chal | enges of future networks. Further, these fixed addresses have
been proven unsuitable for nobility and virtualization in today’s
wor |l d, where cloud conputing defies the traditional fixed addressing
nodel . The increased size of addresses as allowed in |Pv6, the
significant drop in price of floating-point hardware, and the
availability of a well-established floating-point format in | EEE 754
[ EEE754] allow for taking not only the step to floating-point
addressing but also the step to conpl ex addressing.

Requi renent s Language

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

Nat ural Addresses
1. Integer Addresses

Traditional addresses are integer addresses and can be expressed in a
three-dot format, for exanple, 113.129.213.11 for the integer
1904334091, a rare | Pv4 doubl e-palindronic address. These fixed-
poi nt addresses were well adapted to early network usage where each
conputer on the Internet had a fixed location and thus a fixed
address. These addresses are al so known as natural addresses. As
conput ers have becone nore powerful and able to handle |arger nunbers
and thus | arger addresses, they have al so becone nore transportable
(e.g., laptops and nobil e phones). The transportable aspect of
conput ers makes fixed-point addresses noot, as machi nes can nove
around rather than be confined to a relatively fixed point.

2. Prinme Addresses

The prime address (that is, the prinary address of a recipient) is an
i mportant subclass of integer addresses. Such an address is not

di visi bl e by anything but the recipient itself, which neans it nust
be regarded as a uni que address. VWhile many prime addresses have
been experinmentally identified, it has proven to be quite hard to
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3.

4.

4.

identify a prinme address anbngst ot her addresses without resorting to
ti me-consum ng conputations. Current use includes security and
intelligence, where post boxes are obscured anongst others using

| arge prime addresses.

3. Composite Addresses

Conposite addresses are formed by two or nore prine addresses and
thus constitute a shared address, allow ng the address to be hone for
mul tiple prime addresses. Large conposite addresses can be difficult
to distinguish fromprime addresses, which can be a factor to

consi der. Conposite addresses have al so becone quite inmportant in
addressing new | ight structures and are used in airplanes to make
them |'i ght wei ght and durable. This is inportant in connecting to the
cl oud.

Conpl ex Addresses
1. Floating Addresses

Fl oati ng-poi nt addresses allow for a nmore flexible addressing schene
better adapted for today’'s nobile conputers, thus allow ng for nobile
| P [ RFC5944]. Support for floating-point nunbers is well established
in the formof floating nunbers as described in | EEE 754 [| EEE754],
which allows both 32-bit and 64-bit floating-point nunbers to be
represented; this is well matched to the requirenents of fitting into
a 128-bit | Pv6 address.

The use of floating addresses does not, however, inply that devices
will be watertight. Please download the watertight app from your app
store or distribution server. Also, keep your device well patched,
as long-termdurability of duct tape is limted, particularly if
exposure to salt water is expected. Apply suitable environnentally
sound lubricants for best sliding perfornmance.

Duct tape can be used to affix a floating address to a fixed address,
such as a physical address. For |ong-term outdoor adhesion, please
use UV-stable, nuclear-grade duct tape in layers: Layer 1 [OSI], the
physical |ayer, for affixing the floating address to the physica
address and then final layer, called Layer 7, for the application of
WV protection. Internediate |ayers can be applied depending on the
conpl exity needed.
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4.2. Real Addresses

An inportant aspect of floating-point addresses is that one needs to
establish the real address of a device that has a floating address,
such that | P packets can be routed to it through the network.
Letting part of the address act as the real floating-point value

all ows neans to express real addresses within this address scheneg,
thus solving a conpl ex addressi ng probl em

Real addresses are typically assigned to real estate. Milti-hom ng
is supported when the real estate connects to two or nore road

net wor ks over individual road interfaces. Each road interface can
often handle multiple real addresses. Modbile honmes are assigned
their current real address.

4.3. | magi nary Addresses

Anot her inportant aspect of floating-point addresses is that they can
be in several possible |ocations; thus, one nust be able to inmagine
the address as bei ng somewhere ot her than where the real address
woul d nmake you believe. The imagi nary address provides this

ort hogonal property. \When the imaginary address is found to be O,
then the i magi nary address and the real address are considered equal
and the real address has been found.

| magi nary addresses are inportant in handling hone | ocations above
the normal real estate, that is, for cloud conputing. The cloud can
be identified using the imagi nary address, whose floating address is
adapted to a real address as the cloud gently floats by. During

wi ndy conditions, this may be difficult to achieve; during network
storns, the real address of a cloud can becone very unstable. Such
storns can occasionally beconme so strong that they inmpact real estate
and rearrange honmes, maeking the real address quite surreal

4.4. Flying Addresses

An extension to the inmaginary address is the flying address fornat,
which is adapted to the nobility of avian carriers. Avian carriers
and their datagrans, as described in [RFC6214], are best addressed
with flying addresses, which typically take up I CAO dass G

[1 CAO- A11] airspace, below the cloud, as can be expected froma

| ower -1 ayer technol ogy.
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5.

5.

5.

5.

5. Compl ex Addresses

Wth the introduction of the real address and inaginary address
parts, the full width of conplex addresses can be realized. Both the
real and inmaginary parts are represented in 64-bit floating-point
nunbers as described in [I EEE754], thus allowing for the floating-
poi nt aspect of addresses. The real address part provides for the
real address of a device, whereas the imaginary part allows for the
ort hogonal addressing of the floating-point address. This allows for
conpl ex addressing schenes where both the real and imagi nary
addresses can be found.

Conpl ex addresses allow for address arithnetic in the usual way but
can now go beyond the fixed-point linitations. Adding imaginary
parts to the address has not been possible before due to the high
cost of early floating-point hardware, which hanpered imagi nation.

Supported Addressing Schenes
1. Absolute Addresses

It has becone increasingly inportant to establish the absolute
address of a device for many purposes, including but not linmted to,
use by law enforcenent. This was nanageable with fixed-point
addresses but has becone increasingly difficult with increased
address nobility and fl oati ng-point addresses. The conpl ex address
schene provides a nmethod for getting the absol ute address by
perform ng the absolute function on the conpl ex address.

2. Address Argunent

It has becone increasingly obvious that there is debate about the
address of certain services or functions, |eading to address
argunents. This is another difficulty with fixed-point addresses, as
their one-di mensional form does not allow for an argunent to be

resol ved. The conpl ex addressi ng schenme provi des an el egant sol ution
to these address argunents, as the result of the address argunment can
trivially be found by taking the argunent (i.e., arctan or atan)
function of the conplex address. Using the appropriate function

full argument resolution can be found w thout signs of ambiguity.

3. Safe Addresses

A safe address is the address of a safe house. This is used in
various security scenarios -- the safety lies in that those in need
can reach the safe house at the safe address but there is no

i ndication that the address has this role. By use of the

i magi nation, this address can be made less real, sinmply by making the
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i magi nary part |arge enough not to be taken as a real address. Since
it is a floating address, the real address can be made 0, thus naking

it conpletely imginary, and the address argunment will be orthogona
to any real address, providing it is hard to establish its rea
address. It is naturally still possible to establish the absolute

addr ess when needed.
5.4. Virtual Addresses

Virtual addresses, where the same network interface can have nultiple
addresses, have traditionally been an inportant concept. Wth the
conpl ex addressing schenme, the imaginary part allows for a nuch w der
range of virtualization than just normal nultiple real addresses for
a particular interface. This goes beyond nornmal cloud conputing,
where virtualization just allows you to operate sonebody else’s
conputer. The new i nagi nati ve address capabilities and hi gher
altitude addresses due to the increased range allow you to operate a
cloud within a cloud, so that you just run on top of sonebody else's
cloud. This high altitude allows for supersonic cruise speed for

hi gh- per f or mance conputi ng.

5.5. Rational Addresses

Engi neers tend to always | ook at problens rationally, including the
probl em of addressing. The traditional fixed-point address has,
however, only supported a subset of rational addresses, but with the
new conpl ex addressi ng scheme, a |larger subset of rational addresses
can be reached or approxinmated, allowing for a larger rationale to be
f ound.

The rationale for this is that with the use of floating addresses,
the power of 2 now can perfectly divide. Further, approxinations for
ot her dividends can often be sufficiently precise. The full scope of
rati onal nunbers has not been reached, however, as the conmittee was
quite inprecise on the use of floating addresses but agreed that this
initial support of rational addresses could be acknow edged and

hel pful while its usage is TBD

5.6. Irrational Addresses

Support for irrational addresses has been very poor in the
traditional addressing schenme, since fixed-point addresses did not
support any irrational behavior by design, even if proofs for
irrational addresses have been known to be jotted down. The new
schenme allows for approximations of irrational addresses to be
supported; even though no rationale for why this would be needed
could be found, it is a neat feature to handle the irrationality of
the world today.
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5.7. Transcendent Addresses

As a natural extension to irrational addresses, one can include
approxi mation to the transcendent addresses, which transcend beyond
the physical address or even the real address. Wile only
approxinated due to limted precision, they can still be used to

| ocate the floating address for the life of Pi [PI], as Pi's life
fl oats by.

6. GCeonetric Addresses
6.1. Round Addresses

In order to cope with the conplexity of the real world, rea
addresses (both rational or irrational) have al ways needed to be
rounded up for themto be represented. This rounding provides what
is known as round addresses and is achi eved using a rounding
function. This practice is maintained in the conpl ex addressing
schene and is a necessity for support of rational and irrationa
addr esses.

Round addresses are needed to efficiently forward packets around
ring-type networks |ike Token Ring [| EEE-802.5] or Resilient Packet
Ring (RPR) [IEEE-802.17].

Comon round words include "ring", "circle", and "sphere"; other
round words are di scouraged, especially when using the network.

6.2. Square Addresses

As is well established, sone addresses regularly in use cannot be
directly used on the Internet. Addresses in text formare often
referred to as square addresses, because the characters traditionally
take up a square on the screen and because they act as a square peg
in the round hole of Internet addresses. |In order to convert these
squar e addresses into round floating-point nunbers, the Domai n Nane
Service (DNS) was introduced to replace the host tabl es.

Host tables are the ol d-school way of |ooking up a square nunber and
converting it to round form Such tables were published for al

known square nunbers, but they where inherently out of date as new
squar e nunbers kept occurring -- new round nunbers had to be

cal cul ated fromthese square nunbers and then had to be tabul ated and
publ i shed.

Squar e addresses often use square pi (see Appendix A).
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6.3. Pol ar Addresses

A m sconception on square addresses is that they would represent the
worl d as being a flat earth. Wile the conpl ex addressing schene
supports Cartesian coordi nates, alternative pol ar addresses can be
formed. Since a flat earth would not have pol es through which the
rotation axis would fit, this proves that the earth is not flat in
terns of square addresses but only has a square address
representation. Polar addresses are trivially achieved using the
absol ute address and address argunent nethods. Recovering the
conpl ex address is trivially achieved using the exponential function
on the conpl ex pol ar address.

The pol ar address al so has a use for addressing Santa C aus, who is
wel | known for living at the North Pole. This address can only be
reached by use of the inmaginary address, as it takes a certain anount
of imagination in order to address Santa Claus. Traditional integer
and fixed addressing schenes do not allow for such inmaginative
addresses, but the conpl ex addressing schenme trivially handles it.
The North Anerican Aerospace Defense Command (NORAD) Santa Tracker
woul d not have been possible wi thout imaginative use of polar
addresses when their secret phone address was reveal ed.

6. 4. Root Server

The DNS systemuses a small set of known root servers, which provides
the root service in order to attain the address of a node. The
conpl ex address provides a solution such that each client can in
itself act as a root server as they now can use built-in floating-
poi nt hardware or software to get the root address fromthe squared
address. This offloads the root servers for common benefits, but the
traditional root servers can operate in parallel, easing the
transition to the conpl ex address system

6.5. Inplenmentation Considerations

| mpl enent ation of floating-point addresses and conpl ex addresses, as
needed for conpl ex addressing schenes, is trivial in today' s context.
| EEE 754 [| EEE754] allows for a common and agreed-upon format for
representing floating-point nunbers. The 64-bit floating-point
representation is well established and supported throughout a w de
range of devices. Support also exists in a wi de range of conputer

| anguages, including C and FORTRAN. The C standard library (or libc)
essentially nakes all nopdern | anguages support it in a consistent
manner. An independent inplenmentation exists for Intercal. Wth |ISO
C99 [C99], the <conmpl ex. h> include provides even nore direct support
for conpl ex nunbers, enabling efficient handling of all aspects of
conpl ex addressing with mninmal inplenmentation effort.
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7.

| Pv6 Address Mappi ng

In order to convey conpl ex addresses in the |Pv6 address format, the
foll owi ng mappi ng i s provided:

3322222222221111111111
10987654321098765432109876543210
T S T s i S i i S S S S ok
| 6 3|
| 3 conpl ex address (real part) 2
o m e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e em— o +
| 3 |
| 1 conpl ex address (real part) 0]
i +
| 6 3|
| 3 conpl ex address (imaginary part) 2
o m e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e em— o +
| 3 o |
| 1 conpl ex address (inmagi nary part) 0
e +

The 128-bit |1 Pv6 address is divided into two 64-bit parts, where the
upper half holds the real part of the address while the | ower half
hol ds the imagi nary part of the conplex address. These are
represented as 64-bit floating-point nunbers as defined in [| EEE754];
therefore, the real and inmagi nary address MJUST be in the fornat
described in | EEE 754.

Since the real address is held in the real part of the conpl ex
address and the imginary address is held in the imagi nary part of
the conpl ex address, the proposed representation allows for compiler
optim zation such that these operations can be performed w thout
performance hits, as could otherw se be expected with any real or
conpl ex addressing schene.

| ANA Consi der ati ons

Thi s docunent does not require any | ANA actions, though | ANA nay find
it mldly anusing.

Security Considerations

Conpl ex addressing is considered unsafe, as division by 0 stil

provi des Not a Number (NaN) values. Users will have to be careful to
identify the NaN as they can indicate infinity addresses, which are
unrealistic as one needs to confine the address length to the address
space. Many other traditional unsafe operations for fixed-point
addresses have, however, been resolved. For exanple, the error
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10.

10.

condition of having the square address of -1 is readily resolved as
the root address becones the conplex address i. Thus, it has the
real part of 0, which is reasonable for an address that is not real,
and an imaginary part of 1, which is in itself reasonable since one
can imagine this error to occur.

Division by 0 and other floating-point address cal cul ati ons can cause
a floating-point interrupt, which causes the execution address to
deviate; it is typically pushed on a stack and replaced by the

i nterrupt handl er address. Recovery from such interrupts may require
further recursive calls; hence, the overall conputation tine is
unpredictable. It can cause a conplete core dunp, and dunping the
core can have significant effects on the propul sion systemand the
time to reach anywhere in the address space. Care nust be taken to
avoi d such neasures, or engineering will be quite upset. Dunping the
core also widely breaks security protocols, as |eaks can have

wi despread consequences. NaN is al so known as "No Agency Number™, to
mark the inportance of keeping things secure.
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Appendi x A.  Square P

When using square nunbers, it is customary to use square pi, a number
that has seen limted exposure in traditional texts but is wdely
used in conputer science. It is thus appropriate to publish a few
rel ated notes on square pi in order to assist users of square
addresses on its correct usage.

Wiile traditional pi or round pi is an irrational number, it can be
rounded off to 3.14 or 3.14159; it has an inconprehensi bl e nunber of
decimals, which is quite inappropriate for a round nunber, but as we
keep rounding it to fit our needs, we keep rationalizing it fromits
irrati onal behavi or.

The radius of an object is the closest to the center of the object
you get. The circunference is the radius times 2 pi. The dianeter
is the shortest distance across the object, which is thus the radius
times 2. The area is pi tinmes the square of radius.

For a round circle, the radius is fromthe center to anywhere on the
circunference. For a square circle, the radius only reaches the
circunference on the four points |ocated closest to the center.
These are typically oriented such that the real and inaginary axis
goes through them which is helpful in calculations, and no rotation
symmetries need to be considered.

The square pi fills the same purpose as the round pi, but rather than
bei ng adapted to round objects, it is adapted to square objects. For
a square circle, the math is exactly the sane as for round circles,
provided that the square pi is used with square circles and that
round pi is used with round circles.

The val ue of square pi is 4.

The val ue of square pi adapts really well to the way that computers
calcul ate, which is also why conputer results often are represented
in square nunbers, providing a bit of a square feeling. It should be
noted that the square root of pi is often used, and the square root
of square pi is naturally 2, which is very easy to handle in

cal cul ati ons and effectively reduces the risk of irrational nunbers.

Pl ease note that the square pi should not be confused with the
Indiana Pi Bill [pibill], which does not discuss the square pi but a
failed attenpt to do square cal culation of the area and circunference
of a round circle using traditional tools like rulers and compasses.
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Appendi x B. I nplenentation Exanple

The following is a sinple inplenmentation exanple to illustrate how
some core concepts can be inplenmented in <conplex.h> (as defined in
| SO C99 [C99]).

#i ncl ude <conpl ex. h>
#i ncl ude <math. h>
#i ncl ude <stdio. h>

/1 Define type for conpl ex address
typedef conplex ca;

/1l Create conpl ex address

ca ca_create_conpl ex_address(doubl e real _address,
doubl e i magi nary_addr ess)

{

}

/] Get real address
double ca_get_real address(ca ca_val)

{

}

/1 Get inmaginary address
doubl e ca_get_imagi nary_address(ca ca_val)

{

}

/1 Get conpl ex address
conpl ex ca_get_conpl ex_address(ca ca_val)

{

}

/1 Get floating address
double ca_get_floating_address(ca ca_val)

{

}

/1 Get physical address
doubl e ca_get_physical _address(ca ca_val)

{

return real _address + | * inmgi nary_address;

return creal (ca_val);

return cimg(ca val);

return ca_val;

return creal (ca_val);

return cimg(ca val);
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}

/1 Get absol ute address
doubl e ca_get_absol ute_address(ca ca_val)

{
}

/1 Get address argunent
doubl e ca_get_address_argument(ca ca_val)

{
}

int main()

return cabs(ca_val);

return carg(ca_val )*360/(2*M Pl );

ca cal, caz?;

cal = ca_create_conpl ex_address(1.0, 0.0);
printf("The conpl ex address (% ,%)\n",
creal (cal), cinmag(cal));
printf("has the real address % and imagi nary address %\n",
ca_get _real address(cal),
ca_get _immgi nary_address(cal));
printf("This represents the floating address % and \
physi cal address %\n", \
ca_get floating_address(cal),
ca_get _physical _address(cal));
ca2 = ca_create_conpl ex_address(0.0, 1.0);
printf("The conpl ex address (% ,%)\n",
creal (ca2), cimg(ca2));
printf("This represents the absol ute address %\n",
ca_get _absol ute_address(ca2));
printf("The address argument resolution is %\n",
ca_get _address_argunent (ca2));
return O,

Dani el son & Ni | sson Experi ment al [ Page 15]



RFC 8135 Conpl ex Addressing in | Pv6

Aut hors’ Addr esses

Magnus Dani el son
Net | nsight AB
Vastberga Alle 9
Hagersten 12630
Sweden

Emai | : nagda@et i nsi ght . net

Mans Ni | sson
Besserw sser Networ ks

Emai | ©: mansaxel @esserw sser.org

Dani el son & Ni | sson

Experi ment al

1 April 2017

[ Page 16]






