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Internet Gowmh (1981-1991)

Status of this Meno

This meno provides information for the Internet conmunity. |t does
not specify an Internet standard. Distribution of this nmeno is
unlimted.

Abstract
This docunent illustrates the growh of the Internet by examination

of entries in the Domain Nanme System (DNS) and pre-DNS host tabl es.
DNS entries are collected by a programcalled ZONE, which searches
the Internet and retrieves data fromall known domains. Pre-DNS host
table data were retrieved fromsystem archive tapes. Various
statistics are presented on the nunmber of hosts and donai ns.
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| nt roducti on

Thi s docunent provides statistics on the growmh of the Internet by
exam ning the nunber of Internet hosts and domai ns over a 10-year
period. Before the Domain Nanme System was established, practically
all hosts on the Internet were registered with the Network
Information Center (SRI-NIC) and entries were placed in the Oficial
Host Table for each one. Data on the nunber of hosts for pre-DNS
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years comes from copies of the host table at selected tines. The DNS
system was introduced around 1984 but took al nbst 4 years before it
was fully inplenented on the Internet. However, by this tinme many
hosts were no |longer registered in the Host Table.

In 1986, the ZONE (Zeal ot OF Nanme Edification) programwas witten.
ZONE was originally intended to be used during the host-tabl e-to-DNS
transition period. ZONE would "wal k" the DNS tree and build a host
table of all the information it collected. This host table could
then be used by sites that had not yet nade the DNS transition
However, ZONE was never used for this purpose. Instead, it was found
to be useful for collecting statistics on the size of the donain
system and the Internet.

ZONE coul d not collect conplete data on the DNS until around 1988,
because early versions of BIND (the popular Unix DNS inpl enentation)
had maj or problens with the zone transfer function of the DNS
protocol. ZONE has been used in varying ways ever since to collect
this information. In the first few years, it was used to produce a
wal | -size chart of the domain tree. However, the nunber of domains
qui ckly outgrew the size of the wall and the charts were abandoned.
In later years, statistics on the nunber of hosts and domai ns were
extracted fromthe resulting host table, sonetinmes categorizing data
based on top-1evel donmain names or on conputer systemtype or
manuf act ur er.

The tinme to gather the data also grew fromhours to a week, and the
size of the host table produced soon reached 50 negabytes. [|n order
to reduce the anpbunt of data collected, ZONE is now run in a node
collecting only host names and | P addresses, ignoring protocol, host
i nformati on and MX record data. The host table is then grovel ed over
by sonme utilities (such as sort, uniq and grep) to produce the
statistics required. ZONE is currently run every 3 nonths at SRI.

How ZONE Wor ks

ZONE maintains a list of domains and their servers and a flag

i ndi cating whether information for a domain has been successfully

| oaded fromone of the servers. Because of another bug in BIND, ZONE
must be primed with a list of all the top-level domains and their
nane servers. It then cycles through the donain list, attenpting to
contact one of the servers for each domain not yet transferred. Wen
a server is contacted (via TCP), a Start of Authority (SOA) query is
first sent to make sure the server is authoritative for the domain
bei ng requested. |If so, then a zone transfer query (AXFR) is sent to
request all the resource records for the domain to be retrieved.

When a nane server record (NS) is received, the referenced domai n and
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server are added to the list of domains to process. Wen host
records (A, CNAME, HINFO MX) are received, they are added to an in-
core table of host information. The program ends when it has cycled
through the entire list of domains wthout receiving any new
information. It then dunps the table of host information to a
HOSTS. TXT fornmat file.

Problens with Data Col |l ection

For various reasons, sone Internet sites do not allow zone transfers
of their domain servers. ZONE also eventually gives up trying to
transfer a domain after too nany failures. The nunber of donains
that could not be zone transferred during the 1-Jan-92 ZONE run was
around 800 out of 17,000. Additionally, it is assunmed that not al
hosts on the Internet are registered in a donain server. These
probl ens cause the statistics gathered by ZONE to be | ower than the
actual anounts.

Manual review of sone of the data collected by ZONE al so shows a | ot
of randomentries in the DNS. Msfornmatted entries nay cause bogus
server or host records to appear. Many tinmes a server is found to
not be authoritative for the domain listed. Sonmetinmes entire domains
are renaned and their old entries left in place for a transition
period, thus causing each host within that domain to be counted
twice. These problens cause the results of ZONE to be higher than

t he actual anounts.

Manual scanning of the data indicates that the additional entries are
i nsignificant conpared to the mssing entries discussed earlier.

ZONE data can thus be viewed as the m ni mum nunber of Internet hosts,
and not the actual figures.

A final problemwth data collection is that of expense. Downl oadi ng
domai n information fromevery domain on the Internet generates a

| arge anmount of network traffic. It also puts an extra CPU | oad on
each domain server it nust contact. An organized effort might be
consi dered to have only one such program doing this on the Internet

at regularly scheduled intervals to keep the problemof nultiple data
collectors from occurring.

Scope of the Study

A problemw th counting hosts and domains on the Internet is defining
what the Internet really is. Finding host entries in the DNS does
not necessarily indicate that the host is reachable fromthe
Internet. Many conpani es have nmail gateways between the Internet and
their local nets, thus disallowi ng direct access. However, sone of

t hese conpani es advertise all their hosts, and sone advertise only
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the gateway. Are these hosts on the Internet or not?

Furthernmore, many domains in the DNS are just mail-forwarding (MX)
entries for off-Internet (such as Usenet) sites. Are these domains
really part of the Internet and should they be counted in an Internet
size study?

For the purposes of this study, a host has been defined as a

[ name(s), | P-address(es)] grouping discovered fromthe DNS. This
prevents us fromcounting a host with nmultiple nanes or addresses
nmore than once. However, this does not consider whether the host is
directly accessible or not. Wen ZONE counts the nunber of domains
it includes all domains referenced by an NS record in the DNS, thus
i ncluding MX-only domain sites in the final results.

N. Results

This section presents data fromarchive tapes of SRI-NIC from 1981 to
1986, and statistics gathered by runs of ZONE from 1986 to 1992.

N. 1 Nunber of Internet Hosts

The chart bel ow shows the nunber of IP hosts on the Internet. These
are hosts with at |east one |P address assigned. Data was collected
by ZONE except where noted. The following two sections are graphs of
the data in this chart.

Dat e Host s
08/ 81 213 Host table #152
05/ 82 235 Host table #166
08/ 83 562 Host table #300
10/ 84 1,024 Host tabl e #392
10/ 85 1,961 Host tabl e #485
02/ 86 2,308 Host table #515
11/ 86 5, 089
12/ 87 28,174
07/ 88 33, 000
10/ 88 56, 000
01/ 89 80, 000
07/ 89 130, 000
10/ 89 159, 000
10/ 90 313, 000
01/91 376, 000
07/ 91 535, 000
10/ 91 617, 000
01/ 92 727, 000
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Nunmber of Internet Hosts (linear)
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This graph is a linear plot of the nunmber of Internet hosts.
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Nunber of Internet Hosts (logarithm c)
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This graph is a logarithmc plot of the nunber of Internet hosts.
N. 2 Nunber of Domains

This chart shows the nunber of dommins existing in the Internet
Dormai n Nane System as col |l ected by ZONE.

Dat e Donai ns
07/ 88 900
10/ 88 1, 280
01/ 89 2,600
07/ 89 3, 900
10/ 89 4, 800
10/ 90 9, 300
01/91 11, 200
07/ 91 16, 000
10/ 91 18, 000
01/ 92 17, 000
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N.3 Distribution of I P Addresses per Host

This chart shows how many hosts have how nany | P addresses. This
data was collected on 1-Jan-92 and only the first 10 entries are
shown.

Addr esses Host s

715143
9015
1027

556
314
213
100
85
58
71
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=

N. 4 Distribution of Hosts by Top-Ievel Donain

This chart shows the nunber of hosts per top-level domain (top 40
only) on 1-Jan-92. The percentage listed is the increase since 1-
Cct-91. Large variations are probably due to problens and variations
in the collection process; these figures are not neant to be

aut horitative, but serve as reasonabl e estimtes.

243020 edu 13% 13011 fr 4% 1791 dk 4% 357 be -5%
181361 com 12% 12770 nl 21% 1662 es 15% 334 gr 14%
46463 gov 13% 12647 ch 10% 1506 kr 9% 308 br 26%
31622 au 19% 11994 fi 15% 1111 nz -16% 284 mx -5%
31016 de 20% 10228 no 9% 1016 tw n/a 207 is 0%
27492 m| 26% 8579 jp 6% 929 za nl/a 146 pl  97%
27052 ca 22% 4109 net -49% 784 pt nla 127 us 25%
19117 org 10% 3324 at 19% 484 sg 251% 25 tn 0%
18984 uk 139% 2719 it 197% 448 hk 78% 24 hu 71%
18473 se 34% 2020 il 14% 374 ie -7T% 6 arpa 0%
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N. 5
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Di stribution of Hosts by Host Nane

This chart shows the distribution of hosts by their host name on 1-
Jan-92. The host nane is defined to be the first part of a fully
qualified donmain name. Only the top 100 nanes are shown.

venus 204 nmac4 172 mac9 155 pol I ux 138 chaos
pl ut o 201 hobbes 172 macll 155 frodo 136 bart
mar s 201 hernes 170 mac8 153 helios 135 pc5
jupiter 198 t hor 169 phoeni x 152 nmacl7 135 larry
saturn 198 sirius 169 macl2 151 vega 135 cs
pcl 196 gw 169 hal 151 nacl8 133 odin
zeus 195 calvin 168 snoopy 150 fal con 131 tiger
iris 194 mac5 168 macl3 150 bach 131 sparky
nmer cury 191 nacl0 167 nmacl5 146 castor 131 ari el
macl 190 fred 167 macl4 145 sol 130 sneezy
orion 189 titan 167 grunpy 145 dopey 128 nac
nac?2 189 pc3 163 gandal f 144 mac20 127 sunl
newt on 186 opus 162 pc4 144 macl9 127 rocky
nept une 186 nmac6 160 uranus 142 spock 126 pc6
pc2 185 charon 159 macl6 142 eul er 125 hydra
gauss 185 apollo 158 sl eepy 141 m ckey 125 honer
eagl e 179 nmac7 158 io 141 atl as 124 isis
mac3 179 at hena 157 earth 140 maxwel | 123 noe
nerlin 177 al pha 156 europa 140 happy 123 delta
ci sco 172 nozart 155 ri gel 140 doc 122 pclo
ure | ssues

ZONE currently runs on a DECsystem 20 and is witten in assenbler.
The anpunt of data is quickly reaching the limts of the DEC 20
section address space, and the hardware’s ability to survive gets
slimer each day. ZONE assenbles all its data in core before dunping
it to disk. The inplenentation does this in order to be able to

mat ch host nicknanmes with official nanmes before dunping conpl ete host
records. Sonetinmes a nicknane can be in a different domain than the
of ficial name, conplicating sinpler methods.

A new version of ZONE needs to be witten to run on a nodern conputer
system A conpletely new architecture should be designed to handl e

t he enornous anmount of data coll ected and expected in the future.
Dat a shoul d be kept on disk so that a systemcrash will not w pe out
days of collection. Miltiple zone transfers could be occurring in
parall el to reduce the tine needed for data gathering. A new ZONE

m ght run continuously, cycling through the donain systemon a cycle
| asti ng weeks to a nonth, updating a |ocal database with statistics
collected for each domain. In this way, current statistics on the
size of the Internet would al ways be known. The resulting database
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may al so be useful for other network infornation services.
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Security Considerations

Security issues are not discussed in this neno.
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