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Abstract

Thi s docunment provides an update on the "H ratio" defined in RFC
1715. It defines a newratio which the authors claimis easier to
under st and.

1. BEvaluating the efficiency of address allocation

A nai ve observer mght assune that the nunber of addressable objects
in an addressing plan is a linear function of the size of the
address. If this were true, a tel ephone nunbering plan based on 10
digits would be able to nunber 10 billion tel ephones, and the |Pv4 32
bit addresses woul d be adequate for nunbering 4 billion conmputers
(using the Anerican English definition of a billion, i.e. one
thousand mllions.) We all know that this is not correct: the 10
digit plan is stressed today, and it handles only a few hundred
mllion tel ephones in North Arerica; the Internet registries have
started to inplenent increasingly restrictive allocation policies
when there were only a fewtens of mllion computers on the Internet.

Addressing plans are typically organized as a hierarchy: in

tel ephony, the first digits will designate a region, the next digits
wi || designate an exchange, and the last digits will designate a
subscri ber within this exchange; in conmputer networks, the npst
significant bits will designate an address range allocated to a
network provider, the next bits will designate the network of an
organi zati on served by that provider, and then the subnet to which
the individual conputers are connected. At each |evel of the
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hi erarchy, one has to provide some margins: one has to allocate nore
digits to the region code than the current nunber of regions would
necessitate, and nore bits in a subnet than strictly required by the
nunber of conmputers. The nunber of elenents in any given |evel of

t he hi erarchy will change over time, due to growth and nobility.
If the current allocation is exceeded, one has to engage in
renunbering, which is painful and expensive. 1In short, trying to

squeeze too nmany objects into a hierarchical address space increases
the level of pain endured by operators and subscri bers.

Back in 1993, when we were debating the revision of the Internet
Protocol, we wondered what the acceptable ratio of utilization was of
a given addressing plan. Coming out with such a ratio was useful to
assess how many conputers could be connected to the Internet with the
current 32-bit addresses, as well as to decide the size of the next
generation addresses. The second point is now decided, with 128-bits

addresses for I1Pv6, but the first question is still relevant:
knowi ng the capacity of the current address plan will help us predict
the date at which this capacity will be exceeded.

Participants in the | PNG debates initially nmeasured the efficiency of
address allocation by sinply dividing the nunber of allocated
addresses by the size of the address space. This is a sinple
nmeasure, but it is largely dependent on the size of the address
space. Loss of efficiency at each | evel of a hierarchical plan has a
mul tiplicative effect; for exanple, 50%efficiency at each stage of a
three level hierarchy results in a overall efficiency of 12.5% |If
we want a "pain level indicator"”, we have to use a ratio that takes
into account these nultiplicative effects.

The "H Rati 0" defined in RFC 1715 proposed to neasure the efficiency
of address allocation as the ratio of the base 10 | ogarithm of the
nunber of all ocated addresses to the size of the address in bits.
This provides an address size independent ratio, but the definition
of the Hratio results in values in the range of 0.0 to 0.30103, with
typi cal values ranging fromO0.20 to 0.28. Experience has shown that
these nunbers are difficult to explain to others; it would be easier
to say that "your address bits are used to 83% of their H Density",
and then explain what the HDensity is, than to say "you are hitting
a Hratio of 0.25" and then explain what exactly the range is.

This nenp i ntroduces the Host Density ratio or "HD Ratio", a proposed
repl acenent for the HRatio defined in RFC 1715. The HD val ues range
fromO to 1, and are generally expressed as percentage points; the
authors believe that this new fornulation is easier to understand and
nmore expressive than the H Rati o.
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2. Definition of the HD-ratio

When consi dering an addressing plan to allocate objects, the host
density ratio HD is defined as foll ow

| og(nunber of allocated objects)
| og(maxi mum nunber of all ocatabl e objects)

This ratio is defined for any nunber of allocatable objects greater
than 1 and any nunber of allocated objects greater or equal than 1
and | ess than or equal the maxi num nunber of allocatabl e objects.

The ratio is usually presented as a percentage, e.g. 70% It varies
between 0 (0%, when there is just one allocation, and 1 (100%, when
there is one object allocated to each avail able address. Note that
for the calculation of the HD-rati o, one can use any base for the
logarithmas long as it is the sane for both the nunerator and the
denomi nat or .

The HD-ratio can, in nost cases, be derived fromthe Hratio by the
formul a:

 0g10( 2)
3. Using the HD-ratio as an indicator of the pain |evel

In order to assess whether the HHRatio was a good predictor of the
"pain |l evel" caused by a specific efficiency, RFC1715 used several
exanpl es of networks that had reached their capacity linmt. These
coul d be for exanple tel ephone networks at the point when they
decided to add digits to their nunbering plans, or conputer networks
at the point when their addressing capabilities were perceived as
stretched beyond practical Iinmts. The idea behind these exanples is
t hat network managers woul d del ay renunbering or changi ng the network
protocol until it became just too painful; the ratio just before the
change is thus a good predictor of what can be achieved in practice.
The exanpl es were the foll ow ng:

* Adding one digit to all French tel ephone nunbers, noving fromS8

digits to 9, when the nunber of phones reached a threshold of 1.0
E+7.
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 og( 1. OE+7)

HD( FrenchTel ephone8digit) = ----------- = 0.8750 = 87.5%
| og(1. OE+8)
 og( 1. OE+7)

HD( FrenchTel ephone9digit) = ----------- = 0.7778 = 77. 8%
| og(1. OE+9)

* Expandi ng the nunber of areas in the US tel ephone system naking
t he phone nunber effectively 10 digits long instead of "9.2" (the
second digit of area codes used to be limted to O or 1) for about
1.0 E+8 subscri bers.

| og(1. OE+8)

HD( USTel ephone9. 2digit) = ------------ = 0.8696 = 87.0 %
| 0g( 9. 5E+9)
| og(1. OE+8)

HD( USTel ephonelOdigit) = ------------ = 0.8000 = 80.0 %
| og( 1E+10)

* The gl obal | y- connect ed physi cs/space science DECnet (Phase |V)
st opped growi ng at about 15K nodes (i.e. new nodes were hidden) in a
16 bit address space.

| 0og(15000)
HD(DecNET V) = ---------- = 0.8670 = 86.7 %
| 0og(2716)

From t hose exanples, we can note that these addressing systens
reached their limts for very close values of the HD-ratio. W can
use the sane exanples to confirmthat the definition of the HD-ratio
as a quotient of logarithms results in better prediction than the
direct quotient of allocated objects over size of the address space.
In our three exanples, the direct quotients were 10% 3.2% and 22. 8%
three very different nunbers that don't |ead to any obvious
general i zation. The exanpl es suggest an HD-ratio value on the order
of 85% and above correspond to a high pain level, at which operators
are ready to make drastic deci sions.

We can al so exam ne our exanpl es and hypot hesi ze that the operators
who renunbered their networks tried to reach, after the renunbering,
a pain level that was easily supported. The HD-ratio of the French
or US network imedi ately after renunbering was 78% and 80%
respectively. This suggests that values of 80% or |ess corresponds
to confortable trade-offs between pain and efficiency.
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4. Using the HD-ratio to evaluate the capacity of addressing pl ans

Directly using the HD-ratio nakes it easy to evaluate the density of
al | ocated objects. Evaluating how well an addressing plan will scale
requires the reverse calculation. W have seen in section 3.1 that
an HD-ratio |l ower than 80%is manageabl e, and that HD-ratios higher
than 87% are hard to sustain. This should enable us to conpute the
acceptabl e and "practical maxi mum' nunber of objects that can be

al l ocated given a specific address size, using the fornmul a:

nunber all ocatabl e of objects
= exp( HD x | og(maxi mum nunber all ocatabl e of objects))
= (maxi mum nunber all ocat abl e of objects)”~HD

The followi ng table provides exanple values for a 9-digit tel ephone
plan, a 10-digit tel ephone plan, and the 32-bit |Pv4 Internet:

Very Practi cal

Reasonabl e Pai nf ul Pai nf ul Maxi mum

HD=80% HD=85% HD=86% HD=87%

9-digits plan 16 M 45 M 55 M 68 M
10-digits plan 100 M 316 M 400 M 500 M
32-bits addresses 51 M 154 M 192 M 240 M

Note: 1M = 1,000, 000

I ndeed, the practical naxi nrum depends on the | evel of pain that the

users and providers are willing to accept. W may very well end up
with nmore than 154M al |l ocated | Pv4 addresses in the next years, if we
are willing to accept the pain.

5. Security considerations
Thi s docunent has no security inplications.
6. | ANA Consi derations

This nenp does not request any | ANA acti on.
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Thi s docunent and translations of it nmay be copied and furnished to
ot hers, and derivative works that comment on or otherw se explain it
or assist inits inplenentation may be prepared, copied, published
and distributed, in whole or in part, without restriction of any

ki nd, provided that the above copyright notice and this paragraph are
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docunent itself may not be nodified in any way, such as by renoving
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copyrights defined in the Internet Standards process nust be
followed, or as required to translate it into |Ianguages other than
Engli sh.
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