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The H Ratio for Address Assignnent Efficiency
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

Thi s docunent was submitted to the |ETF IPng area in response to RFC
1550. Publication of this docunent does not inply acceptance by the
I Png area of any ideas expressed within. Conments shoul d be
submitted to the author and/or the sipp@unroof.eng.sun.commailing
Iist.
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1. Efficiency of address assignnent

A substantial part of the "IPng" debate was devoted to the choice of
an address size. A recurring concept was that of "assignnent

ef ficiency", which nost people involved in the discussion expressed
as a the ratio of the effective nunber of systens in the network over
the theoretical maxi mum For exanple, the 32 bits I P addressing plan
could in theory nunmber over 7 billions of systens; as of today, we
have about 3.5 millions of addresses reported in the DNS, which would
translate in an efficiency of 0.05%
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But this classic evaluation is msleading, as it does not take into
account the nunber of hierarchical elenments. |P addresses, for
exanpl e, have at |east three degrees of hierarchy: network, subnet
and host. In order to renove these dependencies, | propose to use a
|l ogarithmc scale for the efficiency ratio:

I og (nunber of objects)

avail able bits

The ratio His not too dependent of the number of hierarchica

| evel s. Suppose for exanple that we have the choi ce between two

| evel s, encoded on 8 bits each, and one single |level, encoded in 16
bits. W will obtain the sanme efficiency if we allocate in average
100 el enents at each 8 bits level, or sinply 10000 el enents in the
single 16 bhits |evel.

Note that | use base 10 logs in what foll ows, because they are easier
to conpute nentally. Wen it comes to | arge nunbers, people tend to
use "powers of 10", as in "IPng should be capabl e of numbering 1 E+15
systens”. It follows fromthis choice of units that H varies between
0 and a theoretical maxi mum of 0.30103 (log base 10 of 2).

2. Estimating reasonable values for the ratio H

I ndeed, we don't expect to achieve a ratio of 0.3 in practice, and
the interesting question is to assert the values which can be
reasonably expected. We can try to evaluate them from existing
nunbering plans. What is especially interesting is to consider the
monent where the plans broke, i.e. when people were forced to add
digits to phone nunber, or to add bits to computer addresses. | have
a nunber of such figures handy, e.g.

* Adding one digit to all French tel ephone nunbers, noving from8
digits to 9, when the nunber of phones reached a threshold of 1.0
E+7. The log value is 7, the nunber of bits was about 27 (1 decinual
digit is about 3.3 bits). The ratio is thus 0.26

* Expendi ng the nunber of areas in the US tel ephone system naking it
effectively 10 digits long, for about 1.0 E+8 subscribers. The |og
value is 8, the number of bits is 33, the ratio is about 0.24

* Expendi ng the size of the Internet addresses, from 32 bits to

somet hing el se. There are currently about 3 million hosts on the
net, for 32 bits. The log of 3.E6 is about 6.5; this gives a ratio
of 0.20. Indeed, we believe that 32 bhits will still be enough for

sonme years, e.g. to multiply the nunber of hosts by 10, in which
case the ratio would clinmb to 0.23
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* Expendi ng the size of the SITA 7 characters address. According to
their documentation, they have about 64000 addressed points in
their network, scattered in 1200 cities, 180 countries. An upper
case character provides about 5 bits of addressing, which results
in an efficiency of 0.14. This is an extreme case, as SITA uses
fixed length tokens in its hierarchy.

* The gl obal | y-connect ed physi cs/space sci ence DECnhet (Phase 1V)
st opped growi ng at about 15K nodes (i.e. new nodes were hidden)
which in a 16 bit space gives a ratio of 0.26

* There are about 200 million | EEE 802 nodes in a 46 bit space, which
gives a ratio of 0.18. That nunber space, however, is not
sat ur at ed.

From t hese exanples, we can assert that the efficiency ratio usually
lies between 0.14 and 0. 26

3. Eval uating proposed address pl ans

Using a reverse conputation, we get the follow ng popul ati on counts
in the network:

Pessim stic (0.14) Optimstic (0.26)
32 bhits 3 E+4 (1) 2 E+8
64 bits 9 E+8 4 E+16
80 bits 1.6 E+11 2.6 E+27
128 bits 8 E+17 2 E+33

I guess that the figure explains well why sone feel that 64 bits is
"not enough” while other feel it is "sufficient by a |arge margin":
dependi ng of the assignment efficiency, we are either well below the
target or well above. But there is no question, in nmy view, that 128
bits is "nore than enough". Even if we presunme the | owest efficiency,
we are still way above the hyperbolic estimate of 1.E+15 Internet
host s.

It is also interesting to note that if we devote 80 bits to the
"network" and use 48 bits for "server |ess autoconfiguration", we can
nunber nore that E. 11 networks in the pessimistic case - it would
only take an efficiency of 0.15 to reach the E+12 networks hyperbol e.

I guess this explains well why | feel that 128 bits is entirely safe
for the next 30 year. The |level of constraints that we will have to
incorporate in the address assignnent appears very much in line with
what we know how to do, today.
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4. Security Considerations
Security issues are not discussed in this meno.
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