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Abst r act

This meno provides an analysis of the Host Density netric as it is
currently used to guide registry allocations of |IPv6 unicast address
bl ocks. This docunent contrasts the address efficiency as currently
adopted in the allocation of |Pv4 network addresses and that used by
the 1 Pv6 protocol. Note that for large allocations there are very
significant variations in the target efficiency netric between the
two approaches.
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1

I ntroduction

Metrics of address assignment efficiency are used in the context of
the Regional Internet Registries’ (RIRs’) address allocation
function. Through the use of a comobn address assignnent efficiency
metric, individual networks can be conpared to a threshold value in
an objective fashion. The comon use of this netric is to form part
of the supporting material for an address allocation request,
denmonstrating that the network has net or exceeded the threshold
address efficiency value, and it fornms part of the supportive
material relating to the justification of the allocation of a further
addr ess bl ock.

Public and private | P networks have significant differences in

pur pose, structure, size, and technology. Attenpting to inpose a
single efficiency nmetric across this very diverse environment is a
chal  engi ng task. Any address assignnent efficiency threshold val ue
has to represent a bal ance between stating an achi evabl e outcone for
any conpetently designed and operated service platformwhile wthout
setting a |l evel of consunption of address resources that inperils the
protocol’s longer termviability through consequent address scarcity.
There are a nunber of views relating to address assi gnment
efficiency, both in ternms of theoretic anal yses of assignment
efficiency and in terns of practical targets that are part of current
address assignnent practices in today's Internet.

Thi s docunent contrasts the address efficiency nmetric and threshold
value as currently adopted in the allocation of |Pv4d network
addresses and the franmework used by the address allocation process
for the I Pv6 protocol

| Pv6 Address Structure

Bef ore | ooki ng at address allocation efficiency netrics, it is
appropriate to sunmarize the address structure for |Pv6 gl oba
uni cast addresses.

The general format for | Pv6e gl obal unicast addresses is defined in
[ RFC4291] as follows (Figure 1).

| 64 - mbits | mbits | 64 bits |

| global routing prefix | subnet ID | interface ID |

| Pv6 Address Structure

Figure 1
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Wthin the current policy franework for allocation of |Pv6 addresses
in the context of the public Internet, the value for '"m in the
figure above, referring to the subnet ID, is commonly a 16-bit field.
Therefore, the end-site global routing prefix is 48 bits in length,
the per-customer subnet IDis 16 bits in length, and the interface ID
is 64 bits in length [ RFC3177].

In relating this address structure to the address allocation
function, the efficiency netric is not intended to refer to the use
of individual 128-bit | Pv6 addresses nor that of the use of the 64-
bit subnet prefix. Instead, it is limted to a neasure of efficiency
of use of the end-site global routing prefix. This allocation nodel
assunes that each customer is allocated a mininumof a single /48
address block. Gven that this block allows 2716 possi bl e subnets,

it is also assuned that a /48 allocation will be used in the overal
majority of cases of end-custoner address assignment.

The foll owi ng di scussion nmakes the assunption that the address
allocation unit in IPv6 is an address prefix of 48 bits in |ength,
and that the address assignnent efficiency in this context is the
efficiency of assignment of /48 address allocation units. However,
the analysis presented here refers nore generally to end-site address
al l ocation practices rather than /48 address prefixes in particul ar
and is applicable in the context of any size of end-site gl obal
routing prefix.

3. The Host Density Ratio

The "Host Density Ratio" was first described in [ RFC1715] and
subsequently updated in [ RFC3194].

The "H Ratio", as defined in RFC 1715, is:
| og (nunber of objects)
avail able bits
Figure 2

The argunent presented in [RFCL715] draws on a nunber of exanples to
support the assertion that this nmetric reflects a useful generic
measure of address assignnent efficiency in a range of end-site
addressed networks, and furthernore that the optimal point for such a
utilization efficiency netric lies in an H Ratio val ue between 0. 14
and 0.26. Lower H Ratio values represent inefficient address use,
and higher H Ratio values tend to be associated with various forns of
addi ti onal network overhead related to forced re-addressing
operations.
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This particular netric has a nmaxinal value of |og base 10 of 2, or
0. 30103.

The netric was 'normalized’ in RFC 3194, and a new netric, the "HD
Rati o" was introduced, with the follow ng definition

| og(nunber of allocated objects)
I og( maxi mum nunmber of all ocatabl e objects)
Figure 3

HD- Rati o val ues are proportional to the Hratio, and the val ues of
the HD-Ratio range fromO to 1. The analysis described in [ RFC3194]
applied this HD-Ratio netric to the exanples given in [RFCL715] and,
on the basis of these exanples, postulated that HD Ratio val ues of
0.85 or higher force the network into some form of renunbering. HD
Rati o val ues of 0.80 or |ower were considered an acceptabl e network
efficiency nmetric.

The HD-Ratio is referenced within the I Pv6 address allocation
policies used by the Regional Internet Registries, and their |Pv6
address all ocation policy docunents specify that an HD-Ratio netric
of 0.8 is an acceptable objective in terns of address assi gnnent
efficiency for an | Pv6 network.

By contrast, the generally used address efficiency metric for IPv4 is
the sinple ratio of the nunmber of allocated (or addressed) objects to
t he maxi num nunber of all ocatable objects. For 1Pv4, the comonly
applied value for this ratiois 0.8 (or 80%.

A conparison of these two netrics is given in Table 1 of Attachnent
A

4. The Role of an Address Efficiency Metric

The role of the address efficiency netric is to provide objective
nmetrics relating to a network’ s use of address space that can be used
by both the allocation entity and the applicant to determ ne whether
an address allocation is warranted, and provide sone indication of
the size of the address allocation that should be undertaken. The
metric provides a target address utilization level that indicates at
what point a network’'s address resource nay be considered "fully
utilized".

The objective here is to allow the network service provider to depl oy

addresses across both network infrastructure and the network’s
custoners in a manner that does not entail periodic renunbering, and

Hust on I nf or mat i onal [ Page 4]



RFC 4692 | Pv6 Host Density Metric Cct ober 2006

in a nmanner that allows both the internal routing systemand inter-
domai n routing systemto operate w thout excessive fragnmentation of
t he address space and consequent expansion of the number of route
objects carried within the routing systens. This entails use of an
addressi ng plan where at each level of structure within the network
there is a pool of address blocks that all ows expansion of the
network at that structure |evel w thout requiring renunbering of the
remai nder of the network.

It is recognized that an address utilization efficiency nmetric of
100%is unrealistic in any scenario. Wthin a typical network
address plan, the network’s address space is exhausted not when all
address resources have been used, but at the point when one el enent
within the structure has exhausted its pool, and when augnmentation of
this pool by drawing fromthe pools of other el enents would entai
extensive renunbering. While it is not possible to provide a
definitive threshold of what overall efficiency |level is obtainable
in all IP networks, experience with I Pv4 network depl oynents suggests
that it is reasonable to observe that at any particular level within
a hierarchically structured address depl oynent plan an efficiency

| evel of between 60%to 80%is an achievable netric in the genera
case.

This I Pv4 efficiency threshold is significantly greater than that
observed in the exanples provided in conjunction with the HD Ratio
description in [RFC1715]. Note that the exanples used in the HD
Ratio are drawn from anong ot her sources, the Public Sw tched

Tel ephone Network (PSTN). This conparison with the PSTN warrants
some additional exam nation. There are a nunber of differences

bet ween public I P network depl oynents and PSTN depl oynents that may
account for this difference. |P addresses are deployed on a per-
provider basis with an alignnent to network topol ogy. PSTN addresses
are, on the whol e, deployed using a geographical distribution system
of "call areas" that share a common nunber prefix. Wthin each cal
area, a sufficient nunber bl ocks fromthe nunber prefix nust be
available to all ow each operator to draw their own nunber block from
the area pool. Wthin the IP environnent, service providers do not
draw address bl ocks from a comon geographi ¢ nunber pool but receive
address bl ocks fromthe Regional Internet Registry on a 'whole of
network’ basis. This difference in the address structure allows an

I P environnent to achieve an overall higher |evel of address
utilization efficiency.

In terms of considering the nunber of levels of internal hierarchy in
| P networks, the interior routing protocol, if uniformy depl oyed,
admts a hierarchical network structure that is only two | evels deep
with a fully connected backbone "core" and a nunber of satellite
areas that are directly attached to this "core". Additional |evels
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of routing hierarchy nmay be obtained using various fornms of routing
confederations, but this is not an extremely conmon depl oynent
techni que. The nost comon form of network structure used in large
I P networks is a three-level structure using regions, individua

Poi nts of Presence (POPs), and end-customers.

Also, note that |arge-scale | P deploynents typically use a relatively
flat routing structure, as conpared to a deeply hierarchica

structure. 1In order to inprove the dynam c performance of the
interior routing protocol the nunber of routes carried in the
interior routing protocol, is commonly restricted to the routes

correspondi ng to next-hop destinations for i BGP routes, and custoner
routes are carried in the i BG® donain and aggregated at the point
where the routes are announced in eBGP sessions. This inplies that
per - POP or per-region address aggregati ons according to sone fixed
address hierarchy is not a necessary feature of large I P networks, so
strict hierarchical address structure within all parts of the network
is not a necessity in such routing environnents.

5. Network Structure and Address Efficiency Metric

An address efficiency netric can be expressed using the nunber of

| evel s of structure (n) and the efficiency achieved at each |evel

(e). If the sane efficiency threshold is applied at each |evel of
structure, the resultant efficiency threshold is e*n. This then
allows us to make some additional observations about the HD Ratio

val ues. Table 2 of Appendix A (Figure 8) indicates the nunber of

| evel s of structure that are inplied by a given HD-Ratio value of 0.8
for each address allocation block size, assuming a fixed efficiency
level at all levels of the structure. The inplication is that for

| arge address bl ocks, the HD-Rati o assunes a | arge nunber of elenents
in the hierarchical structure, or a very |low |level of address
efficiency at the lower levels. 1In the case of IP network

depl oynents, this latter situation is not commonly the case.

The nost common formof interior routing structure used in IP
networks is a two-level routing structure. It is consistent with
this constrained routing architecture that network address plans
appear to be comonly devised using up to a three-1level hierarchica
structure, while for larger networks a four-level structure may
general |y be used.
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Table 3 of Attachment A (Figure 9) shows an exanpl e of address

ef ficiency outconmes using a per-level efficiency nmetric of 0.75 (75%
and a progressively deeper network structure as the address bl ock
expands. This nmodel (ternmed here "limted levels") limts the

maxi mal nunber of levels of internal hierarchy to 6 and uses a nodel
where the nunber of |evels of network hierarchy increases by 1 when
the network increases in size by a factor of a little over one order
of magni tude

It isillustrative to conpare these netrics for a | arger network
depl oynent. If, for exanple, the network is designed to enconpass 8
mllion end custoners, each of which is assigned a 16-bit subnet ID
for their end site, then the following table Figure 4 indicates the
associ ated all ocation size as deternined by the address efficiency
nmetric.

Al l ocation: 8M Custoners

Al l ocation Rel ative Ratio
100% Al | ocation Efficiency /25 1
80% Efficiency (IPv4) /24 2
0.8 HDRatio /19 64
75% with Limted Level /23 4
0.94 HD- Ratio /23 4
Figure 4

Note that the 0.8 HD-Ratio produces a significantly |ower efficiency
| evel than the other metrics. The linmted-1evel nobdel appears to
point to a nore realistic value for an efficiency value for networks
of this scale (corresponding to a network with 4 levels of interna

hi erarchy, each with a target utilization efficiency of 75%. This
limted-1evel nodel corresponds to an HD-Ratio with a threshold val ue
of 0.945.

6. Varying the HD Ratio

One way to nodel the range of outcones of taking a nore limted
approach to the nunmber of |evels of aggregateable hierarchy is to

| ook at a conparison of various values for the HD-Ratio with the
nodel of a fixed efficiency and the "Linited Levels" nodel. This is
indicated in Figure 5.
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Prefix Length (bits)

Limted HD- Rati o
Level s 0.98 0.94 0. 90 0. 86 0. 82 0. 80

0.750 0.986 0.959 0.933 0.908 0.883 0.871

0.750 0.946 0.847 0.758 0.678 0.607 0.574

0.750 0.895 0.717 0.574 0.460 0.369 0.330
12 0.563 0.847 0.607 0.435 0.312 0.224 0.189
16 0.563 0.801 0.514 0.330 0.212 0.136 0.109
20 0.422 0.758 0.435 0.250 0.144 0.082 0.062
24 0.422 0.717 0.369 0.189 0.097 0.050 0.036
28 0.316 0.678 0.312 0.144 0.066 0.030 0.021
32 0.316 0.642 0.264 0.109 0.045 0.018 0.012
36 0.237 0.607 0.224 0.082 0.030 0.011 0.007
40 0.237 0.574 0.189 0.062 0.021 0.007 0.004
44 0.178 0.543 0.160 0.047 0.014 0.004 0.002
48 0.178 0.514 0.136 0.036 0.009 0.003 0.001

Figure 5

As shown in this figure, it is possible to select an HD-Rati o val ue
that nodels IP level structures in a fashion that behaves nore
consistently for very large deploynents. |In this case, the choice of
an HD-Ratio of 0.94 is consistent with a linited-1evel nodel of up to
6 levels of hierarchy with a nmetric of 75%density at each |evel

This correlation is indicated in Table 3 of Attachnent A

6.1. Sinulation Results

In attenpting to assess the inpact of potentially changing the HD
Ratio to a lower value, it is useful to assess this using actua
address consunption data. The results described here use the |IPv4
al l ocation data as published by the Regional Internet Registries
[RIR-Data]. The sinulation work assunes that the |IPv4 del egation
data uses an | Pv4 /32 for each end custoner, and that assignnments
have been nade based on an 80%density netric in terns of assuned
customer count. The custoner count is then used as the basis of an
| Pv6 address allocation, using the HD-Ratio to map from a cust oner
count to the size of an address allocation

Hust on I nf or mat i onal [ Page 8]



RFC 4692 | Pv6 Host Density Metric Cct ober 2006

The result presented here is that of a sinmulation of an | Pv6 address
all ocation registry, using IPv4 allocation data as published by the
RI Rs spanning the period fromJanuary 1, 1999 until August 31, 2004.
The aimis to identify the relative level of |1Pv6 address consunption
using a I Pv6 request size profile based on the application of various
HD- Rati o val ues to the derived custoner nunbers

The profile of total address consunption for selected HD-Ratio val ues
isindicated in Figure 6. The sinulation results indicate that the
choice of an HD-Ratio of 0.8 consunes a total of 7 tines the address
space of that consuned when using an HD-Ratio of 0.94.

HD- Rati o Total Address Consunption

| Prefix Length  Count of

| Not at i on /32 prefixes

0. 80 /14. 45 191, 901

0.81 /14.71 160, 254

0.82 /15. 04 127, 488

0.83 /15, 27 108, 701

0.84 /15. 46 95, 288

0. 85 /15.73 79, 024

0. 86 /15. 88 71, 220

0. 87 /16. 10 61, 447

0.88 /16. 29 53, 602

0. 89 /16.52 45, 703

0.90 /16.70 40, 302

0.91 /16.77 38,431

0.92 /16. 81 37, 381

0.93 /16. 96 33, 689

0.94 /17. 26 27, 364

0.95 /17,32 26, 249

0. 96 /17. 33 26, 068

0.97 /17. 33 26, 068

0.98 117.40 24,834

0.99 /17. 67 20, 595

Figure 6

The inplication of these results inply that an | Pv6 address registry
wi |l probably see sufficient distribution of allocation request sizes
such that the choice of a threshold HD-Ratio will inpact the total

address consunption rates, and the variance between an HD- Rati o of
0.8 and an HD-Ratio of 0.99 is a factor of one order of nagnitude in
relative address consunption over an extended period of time. The
simulation also indicates that the overall najority of allocations
fall within a /32 mninmmallocation size (between 74%to 95% of all
address all ocations), and that the selection of a particular HD Ratio
value has a significant inpact in terns of allocation sizes for a
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smal | proportion of allocation transactions (the renai nder of
al | ocations range between a /19 to a /31 for an HD-Ratio of 0.8 and
between a /26 and a /31 for an HD-Ratio of 0.99).

The concl usion here is that the choice of the HD-Ratio will have some
i mpact on one quarter of all allocations, while the remainder are
serviced using the minimumallocation unit of a /32 address prefix.

O these 'inpacted allocations that are larger than the m ni nrum

al | ocation, approximately one tenth of these allocations are 'large
al l ocations. These large allocations have a significant inmpact on
total address consunption, and varying the HD-Ratio for these

al |l ocations between 0.8 to 0.99 results in a net difference in tota
address consunption of approxinmately one order of magnitude. This is
a heavy-tail distribution, where a small proportion of |arge address
all ocations significantly inpact the total address consunption rate.
Altering the HD-Ratio will have little inpact on nore than 95% of the
I Pv6 allocations but will generate significant variance within the

| argest 2% of these allocations, which, in turn, will have a
significant inpact on total address consunption rates.

7. Considerations

The HD-Ratio with a value of 0.8 as a nodel of network address
utilization efficiency produces extrenely | ow efficiency outcones for
net wor ks spanni ng of the order of 10**6 end custoners and | arger

The HD-Ratio with a 0.8 val ue nmakes the assunption that as the
address all ocation block increases in size, the network within which
the addresses will be depl oyed adds additional |evels of hierarchica
structure. This increasing depth of hierarchical structure to
arbitrarily deep hierarchies is not a coomonly observed feature of
public I P network depl oyments.

The fixed efficiency nodel, as used in the |IPv4 address allocation
policy, uses the assunption that as the allocation bl ock becones

| arger, the network structure renmains at a fixed level of levels; if
the nunber of levels is increased, then efficiency achieved at each
| evel increases significantly. There is little evidence to suggest
that increasing a number of levels in a network hierarchy increases
the efficiency at each |evel

It is evident that neither of these nodels accurately enconpass |IP
network infrastructure nodels and the associated requirenents of
address deploynent. The fixed efficiency nodel places an excessive
burden on the network operator to achieve very high | evels of
utilization at each level in the network hierarchy, leading to either
customer renunbering or depl oynent of technol ogi es such as Network
Address Transl ation (NAT) to neet the target efficiency value in a

Hust on I nf or mat i onal [ Page 10]



RFC 4692 | Pv6 Host Density Metric Cct ober 2006

hierarchically structured network. The HD Rati o nodel using a val ue
of 0.8 specifies an extrenely |ow address efficiency target for

| arger networks, and while this places no particular stress on
network architects in terns of forced renunbering, there is the
concern that this represents an extrenely inefficient use of address

resources. |If the objective of IPv6 is to enconpass a nunber of
decades of deploynent, and to span a public network that ultinately
enconpasses many billions of end custoners and a very high range and

nunber of end use devices and conponents, then there is legitimte
cause for concern that the HD-Ratio value of 0.8 may be setting too
conservative a target for address efficiency, in that the tota
address consunption targets may be achieved too early.

Thi s study concludes that consideration should be given to the
viability of specifying a higher HD-Rati o value as representing a
nore rel evant nodel of internal network structure, internal routing,
and internal address aggregation structures in the context of |IPv6
net wor k depl oynent .

8. Security Considerations

Consi derations of various fornms of host density netrics create no new
threats to the security of the Internet.
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Appendi x A, Conparison Tabl es

The first table conpares the threshold nunber of /48 end user

al l ocations that would be performed for a given assigned address
block in order to consider that the utilization has achieved its
threshold utilization |evel.

Fi xed Efficiency Value 0.8
HD- Rati o Val ue 0.8

Nunber of /48 allocations to fill the
address block to the threshold | evel

Prefix Si ze Fi xed Efficiency HD- Rati o
0.8 0.8

/48 1 1 100% 1 100%
147 2 2 100% 2 87T%
/46 4 4 100% 3 76%
/45 8 7 88% 5 66%
/ 44 16 13 81% 9 57%
/43 32 26 81% 16 50%
/42 64 52 81% 28  44%
/41 128 103 80% 49  38%
/40 256 205 80% 84 33%
/39 512 410 80% 147 29%
/38 1,024 820 80% 256  25%
/37 2,048 1,639 80% 446  22%
/ 36 4,096 3,277 80% 776 19%
/35 8,192 6,554 80% 1,351 16%
/ 34 16, 384 13,108 80% 2,353 14%
/33 32,768 26,215 80% 4,096 13%
/32 65, 536 52,429 80% 7,132 11%
/31 131, 072 104, 858 80% 12, 417 9%
/30 262, 144 209,716 80% 21, 619 8%
/29 524, 288 419,431 80% 37, 641 7%
/28 1, 048,576 838,861 80% 65, 536 6%
/27 2,097, 152 1,677,722 80% 114,105 5%
/26 4,194, 304 3,355,444 80% 198, 668 5%
/25 8, 388, 608 6, 710,887 80% 345, 901 4%
/24 16, 777, 216 13,421,773 80% 602, 249 4%
/23 33, 554, 432 26, 843,546 80% 1, 048,576 3%
/22 67, 108, 864 53, 687,092 80% 1, 825, 677 3%
/121 134,217,728 107, 374,180 80% 3,178, 688 2%
/20 268, 435, 456 214,748,365 80% 5,534, 417 2%
/19 536, 870, 912 429, 496, 730 80% 9, 635, 980 2%
/18 1,073,741, 824 858, 993, 460 80% 16, 777, 216 2%
/17 2,147, 483, 648 1,717,986,919 80% 29, 210, 830 1%
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/16 4,294,967, 296 3,435,973,837 80% 50, 859, 008 1%
/15 8, 589, 934, 592 6, 871,947,674 80% 88, 550, 677 1%
/14 17,179, 869, 184 13, 743, 895, 348 80% 154, 175, 683 1%
/13 34, 359, 738, 368 27,487,790, 695 80% 268, 435, 456 1%
/12 68, 719, 476, 736 54,975, 581, 389 80% 467, 373, 275 1%
/11 137,438, 953,472 109, 951, 162, 778 80% 813, 744,135 1%
/10  274,877,906,944 219,902, 325,556 80% 1, 416, 810, 831 1%
/9 549, 755, 813,888 439, 804, 651, 111 80% 2, 466, 810, 934 0%
/8 1,099,511, 627,776 879, 609, 302,221 80% 4, 294, 967, 296 0%
/17 2,199, 023, 255,552 1, 759, 218, 604, 442 80% 7,477,972, 398 0%
/6 4,398,046, 511, 104 3,518, 437, 208,884 80% 13, 019, 906, 166 0%
/5 8,796,093, 022,208 7, 036,874, 417,767 80% 22, 668, 973, 294 0%

Tabl e 1.

HD- Rati o Threshol d

Figure 7

One possi bl e assunption behind the HD-Ratio is that the

Conpari son of Fixed Efficiency Threshold vs

inefficiencies that are a consequence of |arge-scale deploynents are
an outcome of an increased nunmber of |evels of hierarchical structure
within the network. The follow ng table calculates the depth of the
hierarchy in order to achieve a 0.8 HD-Ratio, assumng a 0.8
utilization efficiency at each level in the hierarchy.

Prefix Si ze 0.8 Structure

HD- Rati o Level s
/48 1 1 1
/47 2 2 1
/46 4 3 2
/45 8 5 2
/44 16 9 3
/43 32 16 4
142 64 28 4
/41 128 49 5
/40 256 84 5
/39 512 147 6
/ 38 1, 024 256 7
/37 2,048 446 7
/36 4,096 776 8
/35 8,192 1,351 9
/ 34 16, 384 2,353 9
/33 32,768 4,096 10
/32 65, 536 7,132 10
/31 131,072 12, 417 11
/30 262, 144 21, 619 12
/29 524, 288 37, 641 12
/28 1, 048,576 65, 536 13
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127
/26
/25
/24
/23
/22
/21
/20
/19
/18
/17
/16
/15
/14
/13
/12
/11
/10
/9
/18 1,

2,097, 152
4,194, 304

8, 388, 608

16, 777, 216

33, 554, 432
67,108, 864
134,217,728
268, 435, 456
536, 870, 912
1,073, 741, 824
2,147, 483, 648
4,294, 967, 296
8, 589, 934, 592
17,179, 869, 184
34, 359, 738, 368
68, 719, 476, 736
137, 438, 953, 472
274,877, 906, 944
549, 755, 813, 888
099, 511, 627, 776
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114, 105

198, 668

345, 901

602, 249

1, 048, 576

1, 825, 677
3,178, 688
5,534, 417

9, 635, 980

16, 777, 216
29, 210, 830
50, 859, 008
88, 550, 677
154, 175, 683
268, 435, 456
467, 373, 275
813, 744, 135
1, 416, 810, 831
2,466, 810, 934
4,294,967, 296

14
14
15
15
16
17
17
18
19
19
20
20
21
22
22
23
23
24
25
25
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Tabl e 2: Nunber of Structure Levels Assuned by HD Ratio

Figure 8

An alternative approach is to use a node

the nu

nber of

the follow ng table.

Si ze Stepped
Level s

0. 94.
Per - Level
Prefix
/48 1
147 2
/ 46 4
/45 8
/44 16
/43 32
/42 64
/41 128
/ 40 256
/39 512
/38 1,024
/37 2,048
Hust on

of network depl oynent where

One such npde

| evel s of hierarchy increases at a | ower rate than that

indicated in a 0.8 HD- Rati o nodel . is indicated in

This is conpared to using an HD-Ratio val ue of

NNNRRRRRRERERR

Target Efficiency: 0.75

1

2

3

6
12
24
48
96
192
384
576
1, 152

I nf or mat i ona

St epped Efficiency
0.75

100%
100%
75%
75%
75%
75%
75%
75%
75%
75%
56%
56%

HD- Rati o
0.94

1 100%
2 100%
4 100%
7 88%
13 81%
25 78%
48 T75%
92 72%
69%
66%
63%
61%
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/36
/35
/34
/33
/32
/31
/30
/29
/28
127
/26
/25
/24
/23
/22
/21
/20
/19
/18
/17
/16
/15
/14
/13
/12
/11
/10
/9
/8 1,

Aut hor’ s

Ceof f
APNI C

EMai | :

Hust on

4,096

8,192

16, 384

32,768

65, 536

131, 072

262, 144

524,288

1, 048, 576
2,097, 152
4,194, 304

8, 388, 608

16, 777, 216

33, 554, 432
67,108, 864
134,217,728
268, 435, 456
536, 870, 912
1,073, 741, 824
2,147, 483, 648
4,294,967, 296
8, 589, 934, 592
17,179, 869, 184
34, 359, 738, 368
68, 719, 476, 736
137, 438, 953, 472
274,877, 906, 944
549, 755, 813, 888
099, 511, 627, 776

Table 3: Limted Level s of

Addr ess

Hust on

gi h@pni c. net
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QOO OB DMEDREADIMNDRDWOWWWWWWWWNNNNDN

5

2,304

4,608

9,216

18, 432

36, 864

73,728

110, 592

221, 184

442, 368

884, 736

1,769, 472
3,538, 944
7,077, 888

14, 155, 776

21, 233, 664

42, 467, 328

84, 934, 656
169, 869, 312
339, 738, 624
679, 477, 248

1, 358, 954, 496
2,717,908, 992
4,076, 863, 488
8, 153, 726, 976
16, 307, 453, 952
32,614,907, 904
65, 229, 815, 808
130, 459, 631, 616

5 260, 919, 263, 232

Figure 9

I nf or mat i onal

Cct ober
56% 2, 386
56% 4,577
56% 8, 780
56% 16, 845
56% 32, 317
56% 62, 001
42% 118, 951
42% 228, 210
42% 437, 827
42% 839, 983
42% 1, 611, 531
42% 3, 091, 767
42% 5, 931, 642
42% 11, 380, 022
32% 21,832,894
32% 41, 887, 023
32% 80, 361, 436
32% 154, 175, 684
32% 295, 790, 403
32% 567, 482, 240
32% 1, 088, 730, 702
32% 2,088, 760, 595
24% 4,007, 346, 185
24% 7,688, 206, 818
24% 14, 750, 041, 884
24% 28, 298, 371, 876
24% 54,291, 225, 552
24% 104, 159, 249, 331
24% 199, 832, 461, 158
Structure

2006

58%
56%
54%
51%
49%
47%
45%
44%
42%
40%
38%
37%
35%
34%
33%
31%
30%
29%
28%
26%
25%
24%
23%
22%
21%
21%
20%
19%
18%

[ Page 16]



RFC 4692 | Pv6 Host Density Metric Cct ober 2006

Ful I Copyright Statenent
Copyright (C) The Internet Society (2006).

This docunment is subject to the rights, licenses and restrictions
contained in BCP 78, and except as set forth therein, the authors
retain all their rights

Thi s docunent and the information contained herein are provided on an
"AS | S" basis and THE CONTRI BUTOR, THE ORGAN ZATI ON HE/ SHE REPRESENTS
OR |'S SPONSCORED BY (I F ANY), THE | NTERNET SCCI ETY AND THE | NTERNET
ENG NEERI NG TASK FORCE DI SCLAI M ALL WARRANTI ES, EXPRESS CR | MPLI ED,

I NCLUDI NG BUT NOT LIM TED TO ANY WARRANTY THAT THE USE OF THE

I NFORMATI ON HEREI N W LL NOT | NFRI NGE ANY RI GHTS OR ANY | MPLI ED
WARRANTI ES OF MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE.

Intell ectual Property

The | ETF takes no position regarding the validity or scope of any
Intellectual Property Rights or other rights that nmight be clained to
pertain to the inplenentation or use of the technol ogy described in
this docunent or the extent to which any |icense under such rights

m ght or might not be available; nor does it represent that it has
made any independent effort to identify any such rights. [Information
on the procedures with respect to rights in RFC docunents can be
found in BCP 78 and BCP 79.

Copi es of I PR disclosures nmade to the | ETF Secretariat and any
assurances of licenses to be nade available, or the result of an
attenpt nade to obtain a general |icense or permission for the use of
such proprietary rights by inplenenters or users of this
specification can be obtained fromthe | ETF on-line |IPR repository at
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 information to the |ETF at
ietf-ipr@etf.org.

Acknowl edgenent

Funding for the RFC Editor function is provided by the | ETF
Admini strative Support Activity (IASA)

Hust on I nf or mat i onal [ Page 17]



